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ABSTRACT 

Two blood samples  were  t aken  f rom t h e  co rds  at 17 normal  del iver ies  2-4 min and  5-8 

min a f t e r  birth,  respectively.  T h e  d i f f e rence  in p l a t e l e t  coun t  be tween  ea r ly  and l a t e  

samples  in platelet - r ich plasma was  <5% in nine co rds  (Group A), and  g r e a t e r  in e igh t  
co rds  (Group 8). P l a t e l e t  aggregat ion s tudies  on t h e  ea r ly  and t h e  l a t e  blood samples  

showed cons i s t en t  resul ts  within e a c h  co rd  in Group A but  not  in Group 8. T h e  
co r re l a t ions  be tween  t h e  responses  w e r e  high fo r  Group A. T h e  aggregat ion responses  

w e r e  also sl ightly bu t  significantly higher in t h e  l a t e  samples  in this  group (p<O.OI in 

Group A; n s .  in Group 8). T h e  d i f f e rences  be tween  responses  in ea r ly  and late blood 
samples  could no t  b e  explained by acid-base dissimilari t ies.  T h e  variabil i ty in co rd  blood 

p l a t e l e t  aggregat ion resul ts  c a n  b e  g rea t ly  reduced by p l a t e l e t  count ing in P R P  of t w o  

independent  blood samples ,  accep t ing  onfy samles  with concordant  p l a t e l e t  c o u n t s  ( ~ 5 %  

difference).  

INTRODUCTION 

Platelet aggregat ion of co rd  blood is one  of t h e  tools used for  invest igat ion of 
haemostasis  in t h e  newborn. Dec reased  aggregabi l i ty  of p l a t e l e t s  in response to ADP, 

col lagen and especial ly  epinephrine compared  with t h a t  in adul ts  h a s  been r epor t ed  in 
normal  co rd  blood (1,6,10). Dif fe rences  in t h e  condi t ions of t h e  mothers ,  and in t h e  
pregnancies,  t h e  t y p e  of o b s t e t r i c  analgesia  and t h e  d rug  in t ake  inf luence t h e  resul ts  

profoundly (1,3,4,9,11). Technical  differences,  such as t h e  sodium c i t r a t e  concen t r a t ion  in 

re la t ion to t h e  haematoc r i t ,  may play a ro l e  (12). 

Discrepancies  be tween  resul ts  in d i f f e ren t  s tudies  may b e  due  to par t ia l  ac t iva t ion  
and/or aggregat ion of p l a t e l e t s  during t h e  cour se  of del ivery or during t h e  process  of 

p l a t e l e t  preparation. Act ivat ion in t h e  vessel  o r  during blood col lect ion a r e  e x p e c t e d  to 

reduce  t h e  p l a t e l e t  coun t  in whole blood. P l a t e l e t  ac t iva t ion  during t h e  preparat ion 
procedure,  e.g. during centr i fugat ion will only b e  d e t e c t e d  if t h e  p l a t e l e t s  a r e  coun ted  in 
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t h e  f inal  p l a t e l e t  r ich plasma (PRP). As t h e  normal  var ia t ion in t h e  number of p l a t e l e t s  in 

P R P  varies  within wide ranges,  par t ia l  ac t iva t ion  and/or  aggregat ion result ing in a 

dec reased  p l a t e l e t  coun t  will no t  b e  disclosed in a single specimen,  bu t  will probably 

resul t  in a d i f f e rence  in p l a t e l e t  coun t  be tween  t w o  specimens from t h e  s a m e  cord.  The  
a i m  of th i s  study was  to examine  t h e  relat ion between accordance  in p l a t e l e t  count  and 

acco rdance  in aggregat ion responses in t w o  independent  blood samples  f rom t h e  s a m e  co rd  

in a well-defined group of normal  mothers  and the i r  heal thy infants. 

SUBJECTS AND METHODS 

For  incfusion in t h e  study, t h e  mothe r s  had to b e  heal thy non-smokers with normal  

pregnancies  ending in a normal  vaginal del ivery at gestat ional  weeks 38-41. Fur the r  

c r i t e r i a  were  t h a t  only N 2 0 - 0 2  and/or  pudendal nerve block were  given as obs t e t r i c  
analgesia,  and t h a t  no drugs had been taken during t h e  l a s t  month prior to delivery. The  

mothe r s  were  especially questioned concerning in t ake  of non-steroid ant i - inf lammatory 
drugs. Seventeen in fan t s  with Apgar sco res  28 at  1 and 5 rnin and a bir th  weight 

appropr i a t e  fo r  ges t a t iona l  a g e  were  accepted.  Without disturbing t h e  normal  delivery,  

t w o  independent  blood samples  were  drawn f r o m  t h e  clamped co rd  by puncturing t h e  

umbilical  vein 2-4 and  5-8 rnin a f t e r  delivery,  t h e  second sample closer  to t h e  placenta.  

With a 16C sil iconized cannula,  9 ml of blood were  aspirated into a syr inge containing 1 

ml  of sodium c i t r a t e  (3.2%). The  sample was a c c e p t e d  only if i t  was obtained easily within 

20 sec. A f t e r  blood sampling, a l l  handling of t h e  t w o  samples  f rom t h e  s a m e  co rd  was  

simultaneous.  T h e  platelet - r ich plasma (PRP) was  prepared by centr i fugat ion for  15 min 

at  140C at room tempera tu re .  The  p l a t e l e t  coun t  of t h e  P R P  w a s  de te rmined  on a 

Thrombocounter  C (Coulter  Electronics ,  Hialeah, Florida,  USA). A p la t e l e t  suspension of 

300 x lO9/l was  obtained by diluting t h e  P R P  wi th  platelet-poor plasma (PPP), which was  

yielded a f t e r  spinning down t h e  r e s t  of t h e  sample for  10 min a t  27506. 

P l a t e l e t  aggregat ion was  performed in a Pay ton  dual-channel aggregomete r  at 370C, 

with magne t i c  s t i r r ing a t  900 rpm within 30-90 rnin post  par tum. A f t e r  a s t ab le  base-line 

had been establ ished fo r  half a minute,  aggregat ion was  induced in 0.25 ml  of t h e  p l a t e l e t  

suspension by ADP (Sigma, Stockholm, Sweden) 1.1 or  3.3 umol/ l ,  collagen (Hormon- 
Chemie ,  Munich, GDR) 1.0 or  5.5 mg/l, or  epinephrine (ACO, Stockholm, Sweden) 8.3 ug/l 

-final concen t r a t ion  in t h e  cuve t t e .  Light-transmission changes ( A  OD) were  recorded and 

expressed in per  c e n t  of t h e  PRP-PPP light-transmission difference.  

Maximal aggregat ion,  and for collagen also t h e  durat ion of t h e  l ag  phase (sec), were  
measured at a l l  recordings. Qual i ta t ively t h e  recordings were  analyzed according to  type  

of cu rve ,  i.e. revers ible  or i r revers ible  aggregation. As t h e  amoun t s  of p l a t e l e t  suspension 

obtained a f t e r  preparat ion were  too small  in s o m e  cases, a l l  s t imuli  could not  b e  t e s t ed  in 

a l l  cords. All  aggregat ions performed in t h e  17 co rds  a r e  included in t h e  following 

descr ipt ion of t h e  results.  Means and s tandard deviat ions a r e  given. Signif icance analysis 
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was  pe r fo rmed  by paired t-tests. 

RESULTS 

PLATELET COUNT 
T h e  p l a t e l e t  count  in P R P  varied widely f rom one  co rd  to ano the r  (365-1140 x lO9/l), 

but  t h e r e  was  no s y s t e m a t i c  d i f f e rence  be tween  t h e  ea r ly  and t h e  l a t e  samples  (Table  1). 

T h e  var ia t ion in t h e  d i f f e rence  in p l a t e l e t  count  be tween  t h e  ea r ly  and t h e  l a t e  sample,  
expressed as per  c e n t  of t h e  coun t  in the ea r ly  sample,  was  also considerable  (- 
25.5 - +21.8 %). In nine of t h e  17 c o r d s  th i s  d i f f e rence  was  less than  5% (Table I). In t h e  

following presentat ion w e  h a v e  divided t h e  17 co rds  arbi t rar i ly  in to  t w o  groups - Group A, 

with a d i f f e rence  in p l a t e l e t  coun t  b e t w e e n  the ea r ly  and  t h e  l a t e  co rd  blood s a m p l e  of 

<5%, and Group B, with a d i f f e rence  of >5%. 

Tab le  I .  Platelet coun t  in P R P  of ea r ly  and l a t e  co rd  blood samples.  (Mean +SD) 

Cord No. Early samples  L a t e  samples  Di f f e rence /  Group 
ea r ly  sample  

% 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 
14 
15 
16 
17 

890 
440 
850 
I140 
740 
625 
390 
700 
652 
700 
700 
777 
533 
520 
660 
490 
1035 

885 
380 
840 
960 
740 
660 
475 
750 
659 
670 
680 
77 1 
479 
525 
740 
365 
995 

- 0.6 
- 13.6 
- 1.2 
- 15.8 
+ o  

5.6 
+ 21.8 
+ 7.1 
+ 1.1 
- 4.3 
- 2.9 
- 0.8 
- 10.1 
+ 1.0 
+ 12.1 
- 25.5 
- 3.9 

A 
B 
A 
0 
A 
B 
B 
B 
A 
A 
A 
A 
B 
A 
B 
0 
A 

T o t a l  697 5 2 0 1  681 5 187 
Group A (n=9) 763 5 149 752 A 140 
Group B (n=8) 622 2 235 601 5 2 1 0  

PLATELET AGGREGATION 
Qua l i t a t ive  descr ipt ion 

Epinehrine (8.3 ug/l) produced n o  visible react ions (n = 8). 

Collagen 1.0 mg/l  (n = 16) produced no response in I 1  co rds  and i r reversible  
aggregat ion in one. In t h e  remaining fou r  c o r d s  reversible  aggregat ion was  obtained. 

Col lagen 5.5 mg/l (n = 12) caused  reversible  aggregat ion in one  case and i r reversible  
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aggregation in I 1  cases. 
ADP 1.1 pmol/l (n = 15) produced reversible aggregation in 12 cases. In one cord no 

reaction was seen. In the  remaining two cords, both in Group B, reversible aggregation 
was noted in t h e  early sample, while in the l a t e  sample no significant aggregation was 

seen. 
ADP 3.3 vmol/l (n = 17) produced reversible aggregation in 13 cords and irreversible 

aggregation in four. 

There was no difference between t h e  early and the  la te  sample with respect to 

qualitative responses t o  any of the  stimuli tes ted in Group A, while in Group B there  was 

slight inconsistency for ADP 1.1 pmol/l. 

Quantitative results 

The number of samples studied was sufficient for s ta t is t ical  evaluation in the  case of 
ADP 1.1 and 3.3 umol/ l  and of collagen 5.5 mg/l. In Group A t h e  early and t h e  l a t e  
samples from the  same cord showed very similar peak aggregation responses to  these 
stimuli (Fig.l), the  k values (slopes) for the  regression lines quite close t o  1 (0.81-1.01) 

and correlation coefficients relatively high (r = 0.85-0.95). There was also a strong 
correlation between t h e  early and la te  samples with respect to t h e  lag phases in response 
t o  collagen 5.5 mg/l (r = 0.99). 

Group A 
r = 0.85 

25 %F, k= 1.02 ~ 

0 
0 25 50 AOD% 

3 3,urnol/l 

100 - 100 

50 
Group A.  
r =  0.89 
k.086 

50 

I "  

0 - 0  
50 100 AOD% 0 

5 5 m g I i  

Group A 
r =  0.95 

0 L 50 k=O81 100 AODY. 

Early samples 

Relationship between maximal aggregation (AOD %) in early and l a t e  blood samples 

in response to ADP 1.1 pmol/l, ADP 3.3 pmol/ l  and collagen 5.5 mg/l. Group A (B) and 
Group B (0). The line represents the  equation x = y. 

As  also seen in Fig.1, the  relations between t h e  early and t h e  late samples were less 
consistent in Group B with k values varying from 0.59-2.25 and r = 0.53-0.98. 

There was a small but systematic difference in t h e  maximal AOD between the early 
and la te  samples in Group A, with a significantly lower peak aggregation in the early 

sample for a l l  th ree  tes ted stimuli (Table 2, Fig.1). A similar significant difference, with a 
shorter lag phase for  t h e  l a t e  sample, was also found in response to collagen 5.5 mg/l in 

Group A (p<O.OI) but not in t h e  total  group. No significant difference between the  early 
and t h e  la te  samples was found in Group B (p>O.1 for all stimuli) (Table 2). 
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Table 2. Aggregation responses (AOD) t o  ADP and collagen 

sign i f  icant). 

(Mean +SD)(n.s. = non 

Stimuli Maximal aggregation @OD) 

early sample 

late sample 
ADP 1.1 pmol/ l  

early sample 

late sample 
ADP 3.3 pmol/ l  

early sample 

late sample 
Collagen 5.5 mg/ l  

Total 

(n= 12) 
14.9 54.5 
p<0.02 

18.055.3 

(n=17) 
38.921 6.0 

n.s. 
40.9217.6 

(n= 12) 
77.3515.0 

n.s. 
80.3217.8 

Group A 

(n=8) 
1 4.954.5 
p<o.o1 

18.625.4 

(n=9) 
33.9L12.5 

p<o.o1 
39.4212.0 

(n=9) 
77 .82 I 6.7 

p<o.o1 
84.3514.3 

Group B 

(n=4) 
15.055.1 

n.s. 
16.855.7 

(n=8) 
44.651 8.4 

n.s. 
42.5523.1 

Acid base data are given in Table 3. pC02 was significantly lower in the late samples. 

Table 3. Acid-base data for a l l  samples and for groups A and B. (Mean +SD)(n.s. = non- 

significant). 

pH 

Total (n= 15) 

Group A (n=8) 

Group B (n=7) 

pCO2 

Total (n= 15) 

Group A (n=8) 

Group B (n=7) 

early sample 

late sample 

early sample 

late sample 

early sample 

late sample 

early sample 

late sample 

early sample 

late sample 

early sample 

late sample 

Before aggregation 

7.4320.06 
n.s. 

7.4350.05 

7.4320.05 
n.s. 

7.4320.05 

7.4320.07 
n . s. 

7.4350.06 

3.7020.39 

3.5950.43 

3.7620.34 
~ ~ 0 . 0 5  

3.6750.33 

3.6350.45 

3.5020.53 

p<o . 00 I 

p<o.o1 

Af te r  aggregation 

7.5820.09 
n.s. 

7.5950.10 

7.5920.07 
n.s. 

7.5920.07 

7.5720.1 I 
n.s. 

7.5850.13 

2.720.47 

2.5920.48 

2.6920.37 
n.s. 

2.5820.3 3 

2.75L0.60 

2.6020.64 

p<0.02 

p<o.o1 
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DISCUSSION 

During t h e  f i r s t  minutes  a f t e r  bir th  t remendous biological changes occur  in t h e  child 

and t h e  placenta ,  many of which may b e  expec ted  to inf luence t h e  very complex 
f a c t o r s  underlying p l a t e l e t  aggregaoili ty.  If p l a t e l e t  ac t iva t ion  occur s  during 

del ivery,  t h e  number of circulat ing p l a t e l e t s  might be  decreased. P l a t e l e t  ac t iva t ion  

c a n  also t a k e  p l ace  during blood sampling and preparat ion of p l a t e l e t  suspensions (8). 

This is  evident  f rom our findings of d i f f e rences  in p l a t e l e t  counts.  In t w o  independent 

blood samples  t aken  at a n  interval  of 3-5 min t h e r e  was no sys t ema t i c  d i f f e rence  
be tween  t h e  ear ly  and t h e  l a t e  samples  b u t  a randomly dis t r ibuted d i f f e rence  

be tween  -26 and +22 %. The  cut-off point was  set a t  5 %  for two  reasons: 

1. T h e  distribution of t h e  d i f f e rences  was completely symmet r i ca l  bu t  s t i l l  

significantly d i f f e ren t  f r o m  a normal  distribution. Nine cases were  c lus t e red  around a 

mean of -1% (range -5 to +3%). The  remaining e igh t  cases were  evenly dis t r ibuted in t h e  

ranges + 5  to 30% (four  cases)  and -5 to -30% (four cases). This f i t s  with t h e  hypothesis 

t h a t  those clustered around t h e  mean r ep resen t  d i f f e rences  be tween  t w o  biologically 

ident ical  specimens (Group A), while t h e  o t h e r s  r ep resen t  d i f f e rences  between one  

specimen with a reduced number of p l a t e l e t s  and ano the r  with t h e  original p l a t e l e t  count.  

2. The  cut-off l imits  had to exceed  t h e  empi r i ca l  count ing e r ro r  with t h e  coun te r  

used in t h e  hospital  (1-3%). 

The  very high correlat ions between t h e  aggregat ion responses in t h e  ea r ly  and t h e  

l a t e  samples  in Group A, obtained at quan t i t a t ive  analysis, a r e  in a g r e e m e n t  with t h e  

conclusion t h a t  no s ignif icant  change  in p l a t e l e t  aggregabi l i ty  had t aken  place.  The  m o r e  

inconsis tent  resul ts  in Group B suggest,  on t h e  con t r a ry ,  t h a t  changes  in p l a t e l e t  

aggregabi l i ty  had occur red  in one  or both samples.  This funct ional  a l t e r a t ion  might b e  due  

to a re l ease  of small  a m o u n t s  of ADP f rom ac t iva t ed  platelets ,  resul t ing in a t empora ry  

unresponsiveness of some  of t h e  p l a t e l e t s  to aggrega t ing  agen t s  (7). 

The  interest ing finding of a small  but  s y s t e m a t i c  difference,  with higher p l a t e l e t  

aggregabi l i ty  in t h e  l a t e  sample,  was only m a d e  in Group A (0% d i f f e rence  in p l a t e l e t  

count). This  indicates  t h a t  t h e s e  sub t l e  quan t i t a t ive  changes  in p l a t e l e t  aggregabi l i ty  are 

only d e t e c t a b l e  in samples  not  exposed t o  act ivat ion.  Platelet count ing in P R P  f rom t w o  

independent  blood samples  thus  seems  to e f f ec t ive ly  disclose p l a t e l e t  ac t iva t ion  and is  
recommended for  qual i ty  control.  

T h e  reason for  t h e  m o r e  pronounced aggregabi l i ty  in t h e  late samples  canno t  b e  

explained by these  data .  Acid-base changes could not  answer for  t h e  difference,  as t h e  

only significant discrepancy observed in p C 0 2  be tween  ea r ly  and l a t e  s amples  would b e  

expec ted  to inf luence p l a t e l e t  aggregabi l i ty  in t h e  opposi te  direct ion (2). D i f f e ren t  
physiological processes  involved in t h e  normal  delivery,  expulsion of t h e  p l acen ta  and 

constr ic t ion of t h e  umbilical  vessels might resul t  in t h e  r e l ease  of substances influencing 

p l a t e l e t  function, e.g. ca t echo lamines  ( 5 ) ,  5-hydroxytryptamine (5-HT) (14) and prosta- 

glandins (13). 
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This study, in con t r a s t  t o  previous investigations in this  field, combines extremely 

s t r i c t  c r i t e r i a  for inclusion in t h e  mater ia l  with a two-sample technique for exclusion of 

ac t iva t ed  samples. Using this  technique cord blood aggregation studies in newborn infants  
can be  possible to perform for scientific purposes. 
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