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Summary

Nephrotic syndrome is associated with an increased incidence
of arterial and venous thrombosis. Platelet function was evaluated
in 6 children with active disease (group I) and in S children in
remission (group I1). Platelet malonyldialdehyde in the presence
of N-ethyl maleimide (1 mM) or thrombin (0.5 unit/ml) was used
as an indicator of platelet prostaglandin endoperoxide formation
in all patients evaluated. and platelet survivals were performed in
3 of 11. Platelet hyperaggregability was present in group 1 and
was associated with a significant increase (P < 0.001) in platelet
MDA formation in the presence of either N-ethyl maleimide [4.0
+ 0.29 (1 S.D.) nmoles/10° platelets| or thrombin (1.77 = 0.32)
when compared to normal controls (3.20 = 0.26: 1.26 = 0.18).
Other evidence for a “hypercoagulable™ state included a marked
reduction (P < 0.001) in plasma antithrombin Il levels to 9.4 +
3.8 mg/dl (controls, 24 * 3) and a reduction in platelet life span
in both children in whom this study was performed (half-life of 2.1
and 2.5 days). Group II patients in remission did not demonstrate
platelet hyperaggregability, and platelet malonyldialdehyde was
normal (3.21 = 0.4; 1.13 = 0.19). Antithrombin 1] levels were
normal (26.5 + 4.8), and platelet life-span was normal in both
Group II children in whom this parameter was measured (half-life
of 3.6 and 4.4 days). The normal half-life of 4.4 days was obtained
in the same child in whom a half-life of 2.5 days was present during
active disease. Platelet hyperaggregability in this syndrome ap-
pears to be due to increased prostaglandin endoperoxide synthesis.
Inasmuch as a reduction in plasma antithrombin I levels predis-
poses to thrombosis and a decrease in platelet survival has been
documented to increase the risk of thromboembolism in a number
of pathologic states. these findings appear to be of importance in
the etiology of hypercoagulability associated with nephrotic syn-
drome.

Speculation

Platelet hyperaggregability and increased prostaglandin endo-
peroxide formation is seen in the nephrotic syndrome during
disease activity, This platelet hyperfunctional state does not ap-
pear to be solely due to concomitant hypoalbuminemia, Other
possible factors include a young, reactive platelet population with
enhanced functional and thrombogenic potential or the presence
of hypercholesterolemia which can be associated with platelet
hyperaggregability (25).

Antiplatelet aggregating agents have been used therapeutically
in various disease states associated with a shortened platelet life
span and an increased risk of thromboembolic complications.
These agents may prove to be beneficial in decreasing the inci-

dence of thromboembolic disease in children with the nephrotic
syndrome.

An increase in the incidence of thrombosis and thromboembolic
phenomena is a well-recognized complication of the nephrotic
syndrome. Thrombosis may be cither arterial or venous. with
renal vein. deep venous. and primary arterial thrombosis occurring
both in adults and children during the acute phase of their disease
(3. 6. 7. 9. 12, 14-16. 19). In addition. patients with nephrotic
syndrome have been shown to have an increased incidence and
earlier onset of atherosclerotic vascular disease (4. 20). The cause
of this clinical hypercoagulable state has been variously attributed
1o an increase in circulating plasma coagulation factors (9. 12, 31).
a decrease in plasma antithrombin I (10. 11). thrombocytosis
(12). or platelet hyperaggregability (1. 22. 32). Recently. Yoshida
et al. (32). have suggested that platelet hyperaggregability in one
patient with nephrotic syndrome may have been related in part to
an increased availability of arachidonic acid released from the
platelet membrane. We have evaluated the relationship between
the presence ol platelet hyperaggregability and platelet prosta-
glandin endoperoxide synthesis in children with the nephrotic
syndrome. Platelet survival measurements were also performed
because a decrease in platelet life span correlates with clinical
hypercoagulable states and the presence of thromboembolic man-
ifestations in various other diseases (8). This report details the
results of our studies.

MATLERIALS AND METHODS

Blood samples were obtained after informed consent from 6
children with nephrotic syndrome during the active phase of their
illness as defined by edema, proteinuria (6.3 to 74.8 g/24 hr).
hypercholesterolemia (312 to 1118 mg/dl). and hypoalbuminemia
(1.0 10 2.5 g/dl) (Table |, group I). Five children ranged in age
from S 1o 17 years, and all had renal biopsy proven “Nil™ Disease
or “Minimal Change™ Disease. Patient 6 was a 4-day-old infant
with biopsy-proven congenital nephrosis who presented with an
abdominal mass that on laparotomy proved to be an enlarged left
kidney due to the presence of left renal vein thrombosis. None of
the other 5 children had any clinical signs of thrombosis or
thromboembolic phenomena. After informed consent. evaluations
were also performed on five children aged 5 1o 13 years with
nephrotic syndrome in remission as defined by no clinical edema.
proteinuria less than 150 mg/24 hr. serum albumin greater than
3.7 g/dl. and cholesterol less than 220 mg/dl (Table 2. group 1.
One of the five (patient 5) had been previously evaluated during
the active phase of his disease. The majority of the children were
on either prednisone or immunosuppressive medication (cytoxan
or chlorambucil) at the time of the study (Tables 1 and 2). Except
for this therapy. none of the children evaluated had ingested any
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other drugs for a period of 10 days before their evaluation.
Following informed parental consent. blood samples were ob-
tained by a two-syringe technique and anticoagulated with 0.1 M
buffered citrate anticoagulant in a ratio of 9 parts of blood to 1
part of citrate: a clotted sample was also obtained.

Hemoglobin estimations, venous platelet counts, serum albu-
min. cholesterol, blood urea nitrogen, and creatinine levels were
performed by routine techniques. Fibrinogen was assayed by the
method of Ellis and Stransky (5). fibrin degradation products
(FDP) by the Merskey hemagglutination inhibition assay (17).
whereas serum antithrombin Ill determinations were performed
by radial immunodiffusion (Behring). Plasma vitamin E levels
were performed by the method of Quaife er al. (21).

Platelet aggregation studies were performed as previously de-
scribed (2). using platelet rich plasma (PRP) prepared by centri-
fuging the citrated blood at 150 X g (800 rpm) at 22°C for 8 min
and adjusting the platelet count to approximately 200.000 to
300.000/mm’”. Besides evaluating the PRP for spontaneous aggre-
gation, aggregating agents used included various dilutions of ADP
(0.05 to 6 uM). epinephrine (0.005 to 6 pM), and human collagen
suspensions. The PRP was kept in full, tightly capped plastic test
tubes before use, and all aggregation studies were performed
within 120 min of platelet harvesting. Platelet malonyldialdehyde
(MDA) formation in the presence of cither N-ethyl maleimide
[NEM (1 mM)] or thrombin (0.5 unit/ml) was used as an indicator
of platelet prostaglandin endoperoxide synthesis (28). The con-
tamination of the washed platelet buttons used in the assay was
minimal (erythrocytes, <50 per mm™ leucocytes, <20/mm") and
was not found to influence the values obtained. Platelet survival
measurements were performed by a nonradioisotopic technique
(28) in 3 patients with nephrotic syndrome, one of whom had
sequential determinations performed at various stages of his illness
(patient 5). Platelet survival measurements were also performed
on two other children. One was evaluated during the active phase
of her illness (patient 3). whereas the other was studied during
remission (patient 8). Platelet sizing was performed from blood
smears by the method of Rivard and Lazerson (23). Statistical
comparison of results was made using the unpaired Student ¢ test.

RESULTS

Tables | and 2 depict the results of the hemostatic evaluation in
children with the nephrotic syndrome during active disease
(Group 1. patients 1 to 6). and during remission (Group I, patients
5 and 7 to 10), respectively, when compared to normal controls.
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PLATELET COUNT. LIFE SPAN. AND SIZING MEASUREMENTS

The mean platelet count in Group I was 288.000 + 82.000 (1
S.D.) per mm” and was not different from the control value of
250.000 + 50,000/cu mm. The mean platelet count in Group I
nephrotics in remission, however, was significantly elevated (P <
0.005) to 379,000 + 162,000/mm* when compared 1o the control
group. Platelet survivals were evaluated in 2 children in Group 1.
A decrease in platelet life span was seen in both children evaluated
during the course of active disease. Patient 3 demonstrated a
platelet half-life of 2.1 days, and patient 5 had a value of 2.5 days
(normal range. 2.9 to 5.9 days). The latter patient when restudied
during remission had normalized his platelet life span (half-life of
4.4 days; Fig. 1). One other child was also studied during remis-
sion. and platelet half-life was found to be normal at 3.6 days
(Table 2. patient 8). Platelet sizing did not reveal any significant
differences between the controls or patient groups evaluated.

PLATELET AGGREGATIONS AND MDA FORMATION

In 15 normal children aged 4 to 18 years, irreversible, complete
aggregation was not seen below an ADP concentration of 0.8 uM,
an epinephrine concentration of 0.2 uM. or with human collagen
suspensions at dilutions below 1:32. Also, no spontaneous aggre-
gation was observed. All 6 children in group | demonstrated
platelet hyperaggregability with spontaneous aggregation being
present only in those children who demonstrated hyperaggrega-
bility to all the three aggregating agents (Table I, patients I, 3,
and 5). All group Il children in remission from their disease were
normal. Platelet hyperaggregability in group 1 was accompanied
by an increase in platelet MDA formation both in the presence of
NEM or thrombin. Mean control values for NEM- (I mM) or
thrombin-induced platelet MDA formation was 3.20 = 0.26 (1
S.D.) and 1.26 £ 0.18 nmoles MDA per 10" platelets. respectively.
Platelet MDA in the presence of NEM or thrombin was signifi-
cantly increased (P < 0.001) in group I children with mean levels
of 4.0 £ 0.29 and 1.77 + 0.32, respectively. MDA values in group
1l were normal at 3.21 * 0.40 and 1.13 % 0.19, respectively.
Comparison between groups 1 and II platelet MDA values either
in the presence of NEM or thrombin revealed a significant differ-
ence at the P < 0.01 level.

RESULTS OF FIBRINOGEN, FDP, AND ANTITHROMBIN III ASSAYS

Mean values for fibrinogen was significantly increased (P <
0.001) to 466 £ 217 in group | children when compared to the

Table 1. Evaluation of 6 children with nephrotic syndrome (active disease)

Patients
Parameter measured Normal values' i —
i 2 3 4 5 6

Platelet count (X 10*/mm’*) 250 + 100° 295 320 420° 237 280 176
Platelet half-life (days) 44 = 1.50 N.D? N.D. 2.1 N.D. 2.5 N.D.
Spontaneous aggregation (>25% within 10 min) Absent +! Absent +* Absent +! Absent
Irreversible, >70% aggregation with ADP =0.8 uM 0.05" 1.6 0.1 0.1 0.05" 0.2"
Irreversible, >707 aggregation with Epi >0.2 tM 0.005" 0.01" 0.01" 0.05" 0.005" 0.05"
Irreversible, >70% aggregation with collagen =<1:32 1:128° 1:32 N.D. 1:128" 1:256" 1:04"
Platelet MDA (NEM) (nmoles/ 107 platelets) 3.20 £ 0.52 4.24' 3.65 3.93° 3.68 436" 4.14"
Platelet MDA (thrombin) (nmoles/ 10" platelets) 1.26 = 0.36 2.10° 1.77¢ 1.58 1.23 2.04° 1.89"
Fibrinogen (mg/d!) 250 £ 90 370° 410" 620° 770" 490" 140
Serum FDP (ug/ml) <10 1.25 25 1.25 25 2.5 10
Antithrombin I11 (mg/dl) 4 +6 12.4° 7.6 8.4" 4.4' 15.2¢ 84"
Plasma vitamin E (mg/dl) 127 + 0.8 1.2 0.9 1.8 2.7 1.1 0.6
Serum albumin (g/dl) 43 + 0.6 1.8 2.1° 1.8 1.0 1.7 25"
Serum cholesterol (mg/dl) 170 = S0 362" 500° 118! 319’ 488" 312°
Therapy at time of study P. Ch P p P. Cy L

' Numbers of controls evaluated varied between 15 and 25, with ages and sex distribution similar to patient groups.

“Mean = 28.D.
" Abnormal value.
' N.D.. not done: P. prednisone; Ch, chlorambucil: Cy, cytoxan.



Tablg 2. Evaluation of 5 children with nephrotic .vyfg{{qme (in remission)
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Patients
Parameter measured Normal values' s o

7 8 9 10 5
Platelet count (X 10'/mm") 250 % 100° 605" 220 325 485" 260
Platelet half-life (days) 44 + 150 N.D.* 3.6 N.D. N.D. 44
Spontaneous aggregation (>25% within 10 min) Absent Absent Absent Absent Absent Absent
Irreversible >70% aggregation with ADP >0.8 uM 1.6 1.6 32 1.6 1.6
Irreversible >70% aggregation with Epi =0.2 uM 0.4 0.4 0.2 0.4 0.4
Irreversible >70% aggregation with collagen =1:32 .16 1:32 1:32 1:16 1:32
Platelet MDA (NEM) (nmoles/10” platelets) 320 + 0.52 KRy 3.65 2.62 3.09 351
Platelet MDA (Thrombin) (nmoles/10° platelets) 1.26 £ 0.36 1.06 1.35 0.86 1.1 1.29
Fibrinogen (mg/dl) 250 + 90 200 450° 340 235 280
FDP (ug/ml) <10 25 25 25 25 1.26
Antithrombin 111 (mg/dl) 24 +6 208 N.D. 32 248 284
Plasma vitamin E (mg/dl) 127 £ 0.8 09 0.8 1.0 09 13
Serum albumin (gm/dl) 43 + 06 48 4.7 45 4.7 4.6
Serum cholesterol (mg/dl) 170 = 50 197 152 132 200 164
Therapy at time of study P P.Ch P P P

' Numbers of controls evaluated varied between 15 and 25, with ages and sex distribution stmilar to patient groups.

‘Mean + 28.D.
* Abnormal values.
*N.D., not done; P = prednisone; Ch = chlorambucil; Cy = cytoxan.
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Fig. 1. Platelet survival measurements on a patient with nephrotic

syndrome (patient 5) evaluated both during active disease (@) and during
remission (O). Platelet half-life was decreased to 2.5 days (normal range,
2.9 to 5.9 days) during the period of disease activity. but had normalized
1o 4.4 days during remission.

normal value of 250 + 45 mg/dl. Group II children demonstrated
a mean value of 301 + 98 mg/dl, which was not different from
the controls. Assays for serum FDP were within the normal range
for both groups (Tables | and 2). In group I, the mean antithrom-
bin I1I level was significantly decreased (P < 0.001) to 9.4 + 3.8
mg/dl when compared to a value of 24 + 3 mg/dl in the normal

controls. Antithrombin 111 levels in group 1l were normal at 26.5
+ 4.8 mg/dl. Comparison between the antithrombin Il levels in
groups I and I showed that the differences in levels were signifi-
cant at the P < 0.001 levels.

RESULTS OF PLASMA VITAMIN E. SERUM ALBUMIN, AND
CHOLESTEROL

Mean plasma vitamin E levels in groups I and 1l were 1.38 +
0.8 and 0.98 + 0.2 mg/dl, respectively, and was similar to the
control values of 1.27 + 0.4 mg/dl. As expected, in Group I
children with active disease hypoalbuminemia was marked, with
a mean value of 1.82 + 0.50 g/dl when compared to the normal
level of 4.3 + 0.3 (P < 0.001).

Group II children were normal with levels of 4.66 + 0.11 g/dl.
Similarly, hypercholesterolemia was a hallmark of group I chil-
dren with mean levels of 517 = 306 mg/dl when compared to a
normal value of 170 + 25 (P < 0.005). Group II children were
normal at 169 + 29 mg/dl.

DISCUSSION

In this study, children with nephrotic syndrome during the
active phase of their disease (group I) manifested platelet hyper-,
aggregability with or without the presence of spontaneous platelet;
aggregation. The increased platelet sensitivity to aggregating
agents was associated with an increased formation of platelet’
MDA in the presence of either NEM or thrombin. Platelet survival|
was found to be decreased in 2 of 2 children with active disease
during the period of platelet hyperaggregability. Other abnormal-
ities in hemostasis included a reduction in plasma levels of anti-
thrombin Il and hyperfibrinogenemia. No abnormalities were
found in children (group II) evaluated during remission.

Previous evaluation of hemostasis in patients with the nephrotic|
syndrome have documented the presence of elevations in the
levels of Factors I, V, VII, VI, and X (9, 12, 31) and a decrease
in plasma antithrombin III levels (10. I1). Platelet abnormalities|
have included thrombocytosis and the presence of platelet hyper-
aggregability (1. 22, 32). Bang ef al. (1) in 1973 first documented
the presence of enhanced platelet aggregation in patients with
active glomerular disease including the nephrotic syndrome. These
authors found that the degree of platelet functional abnormality
was significantly correlated with the degree of proteinuria and the
serum albumin level. Furthermore, they attributed the platelet
hyperaggregability to the urinary losses of plasma proteins nor-
mally responsible for inhibition of platelet aggregation. Most
recently, Yoshida and Aoki (32) have shown that platelet hyper-
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aggregability to arachidonic acid and epinephrine in one patient
with the nephrotic syndrome was normalized in vitro by the
addition of albumin to the patient’s PRP. This finding has been
confirmed by Remuzzi ef al. (22). The former group of workers
also demonstrated that the addition of albumin to washed platelets
from normal individuals inhibited collagen-induced aggregation
and MDA formation and postulated that albumin inhibited plate-
let aggregation by binding to released arachidonic acid, thus
preventing the arachidonic acid from being metabolized through
the platelet prostaglandin pathway.

Arachidonic acid released from platelet membrane phospholip-
ids is metabolized by stimulated platelets to the proaggregatory
cyclic endoperoxides PGG. and PGH. and thromboxane A.. The
cyclic endoperoxides PGG. and PGH. break down to give a C;-
hydroxy fatty acid and MDA (24. 27). Smith er al. (26) have
shown that platelet MDA, a byproduct of the endoperoxides, may
be used as an indicator of platelet prostaglandin synthesis. Platelet
MDA values have also been demonstrated o be elevated in
various pathologic disease states associated with an increased risk
of thrombosis including diabetes mellitus (29, 30). Using this
assay, we have demonstrated that platelet MDA formation was
increased in washed platelets from all 6 patients with nephrotic
syndrome evaluated during the active phase of their disease
comcomitant with platelet hyperaggregability. This finding sug-
gests that the enhanced platelet activity in this syndrome is due to
ncreased platelet prostaglandin endoperoxide formation. The
oresence of an increase in platelet MDA formation in washed
platelets also suggests that other factors in addition to hypoalbu-
minemia may be involved in the causation of the platelet abnor-
malities. Inasmuch as immunosuppressive medication was used
both in children in groups I and Il. this therapeutic modality did
not appear to influence the results of the platelet functional assays.
We have previously shown that a decrease in plasma vitamin E
levels is associated with platelet hyperaggregability (13). Inasmuch
1s vitamin E levels were normal in both groups I and 11, hyper-
aggregability could not be explained on this basis.

“Hypercoagulability™ implies that prethrombotic changes can
be detected in blood and that these changes are pathogenetically
important for the development of thrombosis or can be used to
predict its occurrence. A number of cases of idiopathic venous
hromboses have been reported to occur in familial antithrombin
11 deficiency (8). Thus, the presence of a reduction in the level of
intithrombin 11 in the nephrotic syndrome is of clinical signifi-
:ance and may be an important factor in the development of
1ypercoagulability in this disease. In evaluating the role of platelet
urvival and turnover measurements in patients with thromboem-
volic disorders, a number of investigators have documented a
eduction in platelet life span in subgroups of patients with diffuse
irterial disease. arterial and venous thrombosis. homocystinuria,
rasculitis. valvular heart disease. prosthetic heart valve replace-
nent, arteriovenous shunts, and ischemic heart disease. Moreover.
i decrease in platelet survival occurs in those subgroups who
levelop thromboembolic complications (8). Thus, our finding of
hortened platelet survivals in patients with nephrotic syndrome
luring the active phase of their illness is of possible clinical
ignificance and may identify the patient who is at risk from the
levetopment of thrombotic complications. The incidence of symp-
omatic or asymptomatic thrombosis in this disorder has been
-ariously estimated at 5 to 33%. depending on the methods used
or its detection (16. 18). The problem is therefore of clinical
mportance. A prospective evaluation of platelet survival and
unction together with thorough evaluation for symptomatic and

symptomatic thrombosis in the nephrotic syndrome appears in-
icated to more clearly understand these interrelationships.
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