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Abstract. We studied platelet number  and function in nine 
anaemic children with end-stage renal disease during a 
clinical trial with recombinant  human erythropoietin (rHu- 
EPO). All the children showed a correction in both haema- 
tocrit and haemoglobin  levels which was fol lowed by a 
significant reduction in bleeding time. We  also observed a 
significant increase in platelet count after both 6 and 
12 weeks of  therapy; at the same time mean platelet 
volume decreased and a normal  ptatelet mass was main-  
tained. The mean baseline platelet aggregation response to 
A D P  was normal,  but was decreased to collagen (P <0.05 
vs normal  control). Platelet production o f  thromboxane B2 
in serum was also lower  than normal controls. After cor- 
rection o f  anaemia with rHu-EPO, platelet aggregation im- 
proved in patients with a decreased baseline response, and 
mean levels o f  thromboxane B 2 became normal. In conclu- 
sion, the treatment with rHu-EPO improved haemostatic 
balance not only by correcting anaemia, but also by in- 
creasing platelet count and function. 
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Introduction 

Anaemia  is a predictable and severe complication o f  end- 
stage renal disease requiring regular red cell transfusions 
with the consequent risks o f  viral infection, iron overload 
and sensitization to H L A  antigens [1]. However ,  recent 
trials have shown the efficacy and safety o f  recombinant  
human erythropoietin (rHu-EPO) in improving the 
uraemic anaemia [2]. Red blood cell number  seems to have 
an important role in the pathogenesis of  haemorrhage in 
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uraemic patients [3, 4]. In fact an inverse relationship was 
demonstrated between haematocrit  and prolongation of  
bleeding time [3], which seems to be the only haemostatic 
factor correlating with clinical bleeding [5]. Moreover,  
bleeding time is affected by platelet number, platelet func- 
tion and by yon  Willebrand factor, all o f  which have often 
been described as abnormal in uraemic patients [ 6 -8 ] .  

We studied haemostasis in nine children with end-stage 
renal disease and severe chronic anaemia treated with rHu- 
EPO. Bleeding time, platelet count, platelet aggregation 
and thromboxane production were related to rHu-EPO-in-  
duced improvement  o f  anaemia. 

Patients and methods 

Patients. Nine patients (4 males, 5 females, mean age 13• 3.7 years) 
entered the study after parental or, when appropriate, personal informed 
consent. All patients were on regular, haemodialysis 2 -  3 times/week for 
an average time of 24.7 months (range 2-85 months); their main clinical 
features are summarized in Table 1. 

The criteria for rHu-EPO administration were: (1) regular hospital 
haemodialysis for at least 2 months; (2) post-dialysis haematocrit level 
below 25%; (3) age between 1 and 18 years; and (4) no other causes of 
anaemia 

rHu-EPO was injected i.v. after each dialysis session in an increas- 
ing dose regimen at 2-week intervals, with the following schedule: 
75-150, 300-450 IU/per week. The target haemoglobin (Hb) level was 
set for each patient on the basis of the lower end of the normal range for 
age and sex (mean-2SD). After reaching the target Hb value, the amount 
of rHu-EPO was halved to maintain the desired Hb concentration. 
Coagulation studies and haematocrit readings were carried out at the start 
of the study, and after 6 (300 IU/kg per week) and 12-16 weeks of 
rHu-EPO therapy (300 IU/kg per week in 6 patients and 450 IU in 
2 patients). One patient (no. 6) received a transplant during the 7th week 
of treatment. Ferritin levels were low or normal (range 25-100 ~xg/I) in 
six patients (nos. 3-6, 8, 9) who were all treated with oral iron 
throughout the study; in these patients no change in ferritin was observed 
during treatment. The other three patients (nos. 1, 2, 7) had high basal 
values of serum ferritin (3300, 330, 250 ktg/1) which normalized dm'ing 
the study. 

Methods. Venous blood was collected pre-dialysis by clean venipuncture 
in polyethylene tubes containing sodium citrate 3.8% (1 : 9); the blood/ci- 
trate ratio was corrected for the haematocrit level. 
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Table 1. Main clinical features of the patients 

Patient Age Sex Dialysis duration Bleeding diathesis Nephropathy 
no. (years) (months) 

1 I2.8 F 44 None MPGN 
2 16.2 M 2 a None IgA 
3 18.9 M 85 a None Reflux 
4 13.11 F 5 a None HUS 
5 9.5 M 28 a None Congenital/hypoplasia 
6 11.1 F 15 None Congenital/hypoplasia 
7 17.6 F 32 a Yes Reflux 
8 9.11 F 10 None Reflux 
9 10 M 2 a None Prune-belly 

HUS, Haemolytic-uraemic syndrome; MPGM, membrano-proliferative glomerulonephritis 
a Haemodialfiltration 

Table 2. Changes of main laboratory features during treatment with recombinant human erythropoietin (rHu-EPO) 

Patient Haematocrit (%) Bleeding time (min) Platelet count (109/1) 
n o .  

Before +6 weeks +12 weeks Before +12 weeks Before +6 weeks +12 weeks 

1 17 31 32 9.25 7.4 180 339 629 
2 24 32 37 10 7.2 229 309 315 
3 24 31 40 12 8 !75 253 372 
4 21 37 33 13.2 6.3 469 253 494 
5 18 23 36 15 5.5 231 507 321 
6 18 24 - 17 - 234 201 - 
7 18 32 36 10.4 5.1 197 363 202 
8 20 35 38 10.1 11.1 217 296 607 
9 18 22 34 i8.3 t5.3 199 184 195 

Mean(SD) 19.7(2)** 29.6 (5)* 35.7(2.4)* 12.8(3.1)** 8.2 (3.2)* 236 (84)** 330 (112)* 391 
Consols 38.2(2) <8 309 (65) 

(157)* 

* P <0.05 vs before rHu-EPO values; ** P <0.05 vs controls values 

Platelet aggregation was performed on citrated platelet-rich plasma 
as previously described [9] using 2 btM ADP, 2 btg/ml collagen and 
1.5 mg/ml ristocetin (Mascia Brunelli, Milan, Italy). Platelet production 
of thromboxane B2 (TxB2) was obtained by thrombin-induced clotting of 
citrated blood as reported elsewhere [10]. TxB2 assay was performed 
using a commercially available radio-immunoassay (New England 
Nuclear Boston, Ma., USA) and results were expressed as nanograms per 
108 platelets. Normal values of platelet aggregation and TxB2 were 
obtained in eight normal children age- and sex-matched to the patients 
(ADP 56.25 _+ 9.4% as irreversible wave; collagen 59.7 + 14% as tangent 
of the aggregation slope; ristocetin 57_+4.75% as irreversible wave; 
TxB2 44 + 10 ng/10 s platelets). 

Bleeding time (normal range 2-8  min) was measured on the fore- 
arm by Ivy's method (Simplate II, General Diagnostic, Morris Blaiws, 
N.J., USA). Platelet count, mean platelet volume (MPV), platelet distri- 
bution width (PDW) and platelet mass were electronically evaluated 
in blood treated with K3 EDTA anticoagulant (5 btM final concentra- 
tion) using a Technicon 6000 counter (Technicon Terrytown, N.Y., 
USA) [11]. 

Statistical significance was calculated using Student's t-test for 
paired data. Pearson's linear correlation coefficient r was obtained by 
linear regression analysis. 

Results  

Haematocr i t  and Hb  levels rose  s ignif icant ly  (P <0.001) in 
all patients both  after 6 and 12 weeks  o f  t rea tment  with 
rHu-EPO (Table  2). No  t ransfusion reg imen  was necessary  
during rHu-EPO therapy.  Six pat ients  reached target  Hb 

levels  after the 8 - 9  weeks  using 300 IU/kg per  week  of  
rHu-EPO;  in two patients (nos. 5, 9) only  a dose  o f  450 IU 
was eff icacious.  

In the three patients (nos. 2, 3, 8) with the h ighest  
haematocr i t  values  after 12 weeks  o f  therapy,  rHu-EPO 
was subsequent ly  decreased  to prevent  th rombot ic  events.  
No  sys temic  or  vascular  access th rombos is  occurred  during 
the study. Base l ine  b leed ing  t ime was p ro longed  in all 
patients (mean ___ SD, 1 2 . 8 + 3 . 1  min,  Table  2); after 
12 weeks  of  therapy this value  was s ignif icant ly  reduced  
(8.2_+3.2, P <0.01), and only in two patients (nos. 8, 9) 
was it still  abnormal .  A s ignif icant  inverse  corre la t ion be- 
tween r ise in haematocr i t  levels  and the shortening of  
b leed ing  t ime (r  = 0.73, P <0.05) was observed.  No  acute 
or chronic  b leed ing  occurred during the study. Mean  plate-  
let count  (Table  2) increased  above  basa l  values  
(236_+84x109/1)  both after 6 (330_+112) and 12 
(391 _+ 157) weeks  o f  therapy  (P <0.05). At  the s ame  time, 
we obse rved  a s ignif icant  decrease  (P <0.05 in M P V  
(Fig. 1) and a secondary  increase  in P D W  (Fig. 2). Mean  
pla te le t  mass  (platele t  count  x pla te le t  vo lume)  was un- 
changed both  after 6 and t2  weeks  of  therapy (before ,  
0.2_+0.07; at 6 weeks,  0.2_+0.06; at 12 weeks,  
0.26_+ 0.13). Four  pat ients  (nos. 3 - 5 ,  7) had  a decreased  
basel ine  aggregat ion  response  to A D P  and three (nos. 3, 
7, 9) to col lagen (Table 3). Compared  with normal ,  mean  
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Fig. 1. Mean platelet volume (MPV) ha the nine children with end-stage 
renal disease before and after 6 and 12 weeks of therapy with recombi- 
nant human erythropoietin (rHu-EPO). We observed a significant 
decrease in the mean _+ SD values both after the 6th and 12th week of 
treatment (P <0.01) with rHu-EPO in comparison with the baseline value 
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Fig. 2. Platelet distribution width (PDW) in the nine children with end- 
stage renal disease before and after 6 and 12 weeks of therapy with 
rHu-EPO. A significant increase in PDW was observed after correction 
of anaemia ha comparison with the baseline value (P <0.05) 

aggregation values were significantly decreased only using 
collagen (P <0.05). Normal aggregation values were ob- 
tained using ristocetin in all patients (data not shown). 

During rHu-EPO treatment platelet aggregation im- 
proved in the four patients who were hypo-responsive to 
ADP. After 6 and 12 weeks of therapy, the mean value of 
platelet aggregation by collagen increased significantly 
(P <0.05 and became normal (Table 3). 
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The mean baseline level of serum TxB2 
(19.3 + 8.8 ng/108 platelets) production in our patients was 
significantly (P <0.005) lower than normal (44 + 10) and 
reduced in all but one patient (no. 3) (Table 3). We ob- 
served a very low production of serum TxB2 (4 ng) in 
patient no. 7 who had a history of bleeding and the lowest 
aggregation response to collagen. In this patient, both col- 
lagen aggregation response and TxB2 production improved 
only after 12 weeks of treatment. 

An overall significant increase in TxB2 production 
(P <0.005) both after 6 (31 +22) and 12 weeks (27 ___ 13) of 
rHu-EPO treatment was observed, and mean values of 
TxB2 became normal. 

Discussion 

Several haemostatic abnormalities may contribute to the 
abnormal bleeding often shown by uraemic patients [6, 7]. 
A qualitative platelet defect with a low in vitro aggregation 
response [6, 8], impaired TxB2 production [8, 12] and 
increased release of vascular prostacyclin [13] have been 
described, but anaemia seems to be the main cause of 
bleeding [3, 7]. In these subjects correction of anaemia 
with transfusion or recently with rHu-EPO [14], shortens 
the bleeding time [3, 4] which is strictly related to the 
haemorrhagic tendency [5]. Only one of our patients with 
end-stage renal disease (no. 7) had a history of bleeding, 
but all had prolonged bleeding times. This same subject 
had no response to collagen and a very low production of 
TxB2. 

Treatment with rHu-EPO clearly increased the haemo- 
tocrit level, which correlated with a shortening in bleeding 
time in all our patients. This finding confirms the key role 
of the red cell mass in the pathogenesis of uraemic bleed- 

-ing. However, anaemia is not the only factor associated 
with abnormal bleeding time. In fact, compared with non- 
uraemic subjects with the same degree of anaemia, uraemic 
patients show a significantly longer bleeding time [3]. In 
addition, a partial improvement in platelet function was 
obtained in the patients following dialysis [8, 15]. 

Platelet aggregation studies showed a significant sub- 
normal response to collagen in all our patients and to ADP 

Table 3. Changes of platelet aggregation and serum thromboxane B2 (TxB2) during treatment with rHu-EPO 

Patients ADP 2 btM (%) Collagen 2 btg 
no,  

Before +6 weeks +12 weeks Before +6 weeks +12 weeks 

TxB2 (ng 108 platelets) 

Before +6 weeks +12 weeks 

1 63 74 60 46 57 48 12 8 20 
2 64 57 54 49 63 83 17 22 17 
3 27 73 59 25 62 46 36 62 7 
4 30 58 42 43 60 100 25 70 28 
5 22 49 43 42 72 66 19 23 30 
6 58 66 - 53 83 - 23 46 - 
7 24 40 49 7 10 30 2 1 37 
8 71 64 49 67 57 43 23 15 54 
9 62 42 57 26 27 29 17 32 31 

Mean(SD) 46(19) 58(11) 51(6.5) 39(16)** 54(21)* 55(24)* 19(8.8)** 31(22)* 27(13)* 
ConSols 56(9) 59.7(14) 44(10) 

* P <0.05 vs before rHu-EPO values; ** P <0.05 vs control values 
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in 44%. After correction o f  anaemia with rHu-EPO we 
obtained an improvement  in platelet aggregation, as re- 
ported by van Geet et al. [16]. This finding cannot be 
explained by the haematocri t  increase since no effect of  red 
cell transfusion on platelet aggregat ion has been reported 
in uraemic patients [17]. In our patients TxB2 generation 
during blood clotting was significantly reduced, as already 
reported [8, 12, 18]. Moreover  TxB2 product ion improved 
significantly after rHu-EPO treatment. So the improve- 
ment  of  bleeding time observed in our patients might  be 
due to the increase in both haematocri t  level and platelet 
function. During anaemia correction, we also observed a 
significant increase in platelet number  after both 6 and 
12 weeks of  therapy and a related reduction in platelet 
volume. A relative iron deficiency could be also responsi- 
ble for rising platelet count. However  the iron store balance 
was effectively stabilized by administering oral iron during 
treatment with rHu-EPO. Therefore,  a direct effect of  rHu- 
EPO on thrombopoiesis  may  be advanced. The mechanism 
that regulates thrombopoiesis  remains to be understood. 
Thrombopoie t in  is the putative major  regulator but other 
regulator factors should be considered in steady-state 
thrombopoiesis  [19]. For  instance, the continuous infusion 
of  granulocyt ic-macrophage-colony-s t imulat ing factor  in- 
duced a platelet count increase and the concomitant  M P V  
fall in monkeys  [20]. On the other hand, the effect o f  
erythropoietin on thrombopoiesis  is doubtful. Nevertheless 
erythropoietin affects the differentiation of  murine mega-  
karyocytes  in vitro [21] and a temporary increase in throm- 
bocytes was observed after rHu-EPO infusion in humans 
[16, 22]. 

Platelet count  and MPV are inversely related and con- 
stitute the main  control o f  thrombopoiesis  [20]. In normal  
subjects it was demonstrated that the product  of  platelet 
count and volume (platelet mass) remains constant over a 
platelet range o f  1 5 0 - 5 0 0  platelets 109/1 [20]. In fact, after 
rHu-EPO treatment, we observed an increase o f  platelet 
count ranging f rom 1 8 0 - 6 0 0  platelets 109/1 and a concom- 
itant reduction in p!atelet volume which contributed to the 
maintenance o f  a normal  platelet mass. The secondary 
increase in the P D W  was due to the inverse relationship 
existing between platelet volume and P D W  [11]. The 
smaller platelets seen after rHu-EPO therapy could reflect 
either release by the bone marrow of  smaller platelets, or 
fragmentat ion o f  platelets during blood circulation. How-  
ever, platelet size seems to be determined during platelet 
product ion and this may  well occur in response to a throm- 
bopoietic stimulus [20]. 

As a result o f  the increased thrombopoiesis  induced by 
rHu-EPO, younger  and probably more active platelets 
[20, 23] can contribute to the improvement  in the in vitro 
platelet response observed in our patients after rHu-EPO 
therapy. 

In conclusion, during treatment with rHu-EPO we ob- 
tained an improvement  in the haemostatic balance which 
may  be explained not  only by  the correction of  anaemia but 
also by the increase in platelet count and function. 
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