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Summary 

Umbili ca ! "waste" Cord Blood is a very rich source of progenitor stem cell s. Coll ection needs to be done 
in an eff ic ient and timely manner in amounts sufficient for engraftment at Umbilical Cord Blood Stem 
Cell transplant. 

The aim of the study was to establish the optimized methods of cord blood coll ection, and to estimate 
the volume of blood coll ection. 

Umbilical cord blood was coll ected after deli very in 60 cases (open method - 30 cases and closed 
method - 30 cases). Umbilical cord was clamped and cut immediately after delivery of baby, clfter 20 
seconds or on cessati on of cord pulsati ons. Mean volume of blood coll ected were 67.8 ± 22.7 ml and 55.7 
± 21.0 ml w ith open and closed methods respectiv ely. Maximum volume of blood was obtained when 
cord 1vas clamped immediately after deli very of baby (77.0 ± 22.5 ml). 

Introduction 

Many hematol ogical diseases lik e a plastic 
anemia, B thalassemia, leukaemia ori ginate from 
disorders of functi on or number of stem cell s. They are 
potentially curable by replacing these stem cell s with 
those from normal HLA matched donors. Traditionally, 
the hematopoieti c progenitor cell s necessary for 
engraftment have been obtained from bone-marrow for 
bone marrow transplant (BMT) (Thomas & Strol, 1975). 
However bone marrow harvesting is an invasi ve and 
painful procedure. The search for other sources of 
progenitor cells have led to development of stem cell 
transplant protocols fro m sources lik e fe tal li ver 
(Kochupillai & Sharma, 1991) and mobili zed peripheral 
blood (Levm et al 1963). As earl y as 1974, Knudtzon 
demonstrated the presence of hematopoieti c progenitor 
cells in umbilical cord blood (UCB) coll ected at deli very. 
It was Ted Boyse (w1published work) who fir st proposed 
that cord blood could serve as a potential source of 
transplantable progenitor cell s. Since then "in vi tro" 
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studies have shown that UCB is a r ich �~�o �u�r�c�e� of 
hematopoietic stem cell s. Enough stem cell s appear to 
be present in a typical60-100ml of cord blood that can 
be obtained after deli very of the infant, and reliably 
engraft by Umbilical Cord Blood Transplant (UCBT) a 
child weighing upto 40kg and possibly even adult 
patients (Broxmeyer et al 1992). 

In this set up, the obstetrician plays a major role 
in collection of cord blood after deli very. Coll ection �n�e�e�d�~� 

to be done in an effi cient and timely manner without 
neglecting the needs of the mother or baby immediately 
after birth. Umbili cal cord blood coll ecti on as a �~�o�u�r�c�e� of 
hematopoietic progenitor cell s for umbili cal cord blood 
tra11splant must be of amount suff icient for engraftmen t. 
For most obstetri cians, there is li ttle experience in 
coll ection of UCB other than for diagnostic �t �e�~ �t�i�.�n�g� where 
only 5-lOml blood is coll ected. 

A term baby has around 300ml of blood, another 
100-125ml in the placenta and cord, with a total volume 
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of 400--+25ml in the Feto-Placental Unit. Most 
invest1gators are able to coll ect 40-125ml of blood (50-
70ml on ,werage), though using "optimi zed method" as 
much ,1;, 200m! has also been harvested. Studies by 
Broxmeyer et al (1989), Bertolini et al (1995), Cai eta! 
( 1996), O'Neil (1996) indicate that 50-200 ml of cord blood 
could be coll ected from " waste" cord and placenta. A 
100 ml sample of cord blood is expected to contain 2 x 
10'' myeloid (CFU-GM) and 1 x 10" ery throid progenitor 
celb (I inch ct all989). 

rhe pre;.ent study was undertaken to establish 
the optimi zed technique of umbilical cord blood 
collection and to estimate the volume of cord blood 
coll ected. 

Material and Methods 

Umbili cal cord blood collection at delivery was 
carried out in 60 cases. This group was further 
subdivided according to the method of collect-ion and 
time of cord clamping: 

a. Open method: 
Immediate clamping of cord after delivery of baby
I () CdSeS 

Cord clamping after 20 seconds - 10 cases 
Delayed clamping after cord pulsations ceased -10 
cases 

b. Closed method: 
Immediate clamping - 10 cases 
After 20 seconds - 10 cases 
Delayed - 10 cases 

Informed consent was taken. Age, parity, period 
of gest<Jti on at delivery and pregnancy complications 
were noted. Weight of newborn, sex, time of birth and 
apgar score we.-c recorded. Cases with antepartum 
haemorrhage and Rh isoimmunization were excluded. 
Blood coll ection bags/sterile bottles containing 
antico<1gulant were kept ready before deliv ery. 

Umbi li cal cord blood was coll ected after 44 
,·aginal and 16 caesarean section deliveries. At vaginal 
deli,·ery either open or closed method was used 
alternately, w hil e at caesarean section collection was 
made bv closed method only. 

Open Method 

Cord blood was coll ected with placenta-in-utero 
in bottles containing anticoagulant. After delivery of the 
baby, cord was doubly clamped and cut between clamps 
5-7 cnb. in way from the baby (one clamp towards 
maternal side and second clamp towards fetal side) at 
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the specified time in the protocol and baby handed to 
pediatrician. With placenta still in utero, cord Wcl '> 
cleaned with betadine and Lmclamped over steril e, wide 
mouth bottle containing anticoagulant-20m! of ci tr,l fl> 
phosphate dextrose or heparin (2ml, 5000 fU / ml ) 
Collection was made till the blood flow ceased, genll y 
shaking the bottle to mix the anticoagulc1nt. Milkin g ol 
cord was done to enhance blood fl ow. 

Closed Method 

Aft er birth of the baby, the cord was damped c1! 

the specified time. Cord blood coll ection was begun cl ftcr 
delivery of the placenta in standard blood collection bags. 
After delivery of placenta (placenta ex utero), it was held 
at its edges and suspended from a speciall y designed 
frame with the fetal surface and cord downwards. Cord 
was cleaned with betadine. The umbili cal vein �W�c�l �.�~� 

punctured with the needle of sterile blood coll ection bag;, 
and blood was allowed to flow by gravity into the bag 
which was rotated gently continuously to mix blood with 
anticoagulant. Milking of cord was done to enhance 
blood collection. The blood bags contained anticoagulcmt 
(20m!) citrate phosphate dextrose. After the blood flo11 
stopped, the tubing of blood bag was clamped and ncedk, 
removed. Engorged vessels over the fe tal �~�u�r�f�a�c�c� ul 

placenta were cleaned and aspirated with needle <llld 

syinge and volume obtained noted. 

Measurement of Volume of collected cord blood 

The volume of coll ected cord blood w ,h 
measured using 1 or 2 lOOm I graduated cylinder;,. ThL' 
volume of anticoagulant was subtracted and volume ol 
collected cord blood was calculated. 

Descriptive statistics, student's t test, one W<l)' 
ANOV A test and chi-square test were used for analysis 
of the results. 

Results 

At 44 vaginal and 16 caesarean ;.ection 
deliveries, umbilical cord blood was coll ected. Open 
method was used in collection of cord blood at 30 vaginal 
deliveries while closed method was used in coll ecti on ol 
cord blood at 14 vaginal and 16 caesarean section 
deliveries. 

After immediate clamping of the cord, the vol LLlllL' 
(mean± SD) of cord blood coll ected by open method W<ls 
89.9 ± 18.5 mJ while by closed method it was 63.2 ± 18.5ml. 
The total volume (mean ±SO) of cord blood collected 
was 77.0 ± 22.5 ml (Tables I,II). Cord clamping after 20 
sec of delivery, volume of cord blood obtained was 61.1 
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Table 1: Relati onship between volume of cord blood collected with method of collection and time of cord clamping 

Time of cord Open method Closed method p-value Signi f icance 
clampi ng No. of Volume (ml) No. of Volume (ml) , 

Cases M ean± SD 

Immediate 10 89.9 ± 18.5* 
/\t tcr 20 St'C 10 61.1 ± 12.9 
De laved 10 52.5 ± 10.1 
Total 30 67.8 ± 22.7 

± l2.lJ <1 nd 60.6 ± 24.5 mJ by open and closed methods 
�r�e�~�p�e�c �t�i �\�'�c �l �y �.� The total \'Olume (mean± SD) of cord blood 
coll ected aft er 20 sec of cord clamping was 60.8 ± 19.1 
mi. The ,·olume (mean ± SO) of cord blood collected was 
52.5 ± 10. ! <1nd 43.4 ± 16.7 ml by open and closed methods 
respecti vely after delayed clam.pi.ng. Total volume (mean 
± SD) or cord blood after delayed clamping was 48.0 ± 
H.Oml. 

Table ll : Time of cord clamping and volume of cord 
blood harvested 

T ime of cord Sample size Volume of cord 
clamping blood (ml) 

Mean± SD 

Immediate 20 77.0 ± 22.5* 
A ft er 20 sec 20 60.8 ± 19.1 * 
Delayed 20 48.0 ± 14.0* 
rota! 60 62.03 ± 20.84 

* < 0.05 

The vo lume of cord b lood coll ected after 
immediate clamping was 26.6'X, and 60.4% larger than 
�\�'�o �l�u �n�1�e�~� coll ected aft er 20 sec and delayed clamping 
respecti vely. This result was statisti call y signifi cant. The 
'olume or cord blood coll ected after 20 sec clamping was 
26.6"" larger than that coll ected after delayed clamping 
and thi s was also statisti call y significant (Table II ). 

Ry open method the volume of cord blood 
coll ected wa.., 89.9 ± 18.5 ml, whi le that coll ected by 
closed method was 63.2 ± 18.5 ml when cord was 
clamped immedi atel y and thi s was statisticall y 
�~�i�g�n�i�f�i�c�a �n�t�.� There was no signifi cant difference in volume 
of cord blood retri e,·ed by open/ closed methods when 
cord �'�~� ilS clamped after 20 sec or at delayed clamping. 

Cases Mean+ SD 

10 63.2 ± 18.5* 0.01 s 
10 60.6 ± 24.5 0. !0 NS 
10 43.4 ± 16.7 0.40 NS 
30 55.7 + 21.0 0.08 NS 

Di scussion 

In our study the mean volume or cord blood 
collected was 62.03 ± 20.84 nd., (range - 28-123ml ). 
Paxson (1979) showed that an average of 70 ml or cord 
blood was obtained followin g a single needle puncture 
of the wnbili cal vein by open method. On three occasion;, 
difficul ty in coll ection of cord blood was encountered 
and only 6, 20 and 25m1 were obtained. Broxmeyer et al 
(1992) coll ected 101 samples of cord blood at deli very 
after immediate clamping of the cord by open method. 
The average blood volume coll ected was 56.3 ± 2.-±ml. 

In validation studies by O'Neil ( !9%) 161 cord 
blood units were collected by 20 obstetri cian" at term 
deliveri es using closed method. The cumulati ve mean 
volume was 67.66 ±25m] (range 20-140ml). In a study 
by A uerbach et al (1990) - cord blood samples were 
collected in 4 cases. Cord was immediately clamped after 
delivery. Blood was recovered with the placenta in utero 
and also af ter delivery of the placenta to optimi ze the 
coll ecti on. 

One of the major determinants of blood \'Olu mc 
coll ecti on is p lacental transfu sion in the time inter\'al 
between the delivery and cord clamping. Studies have 
shown that delayed clamping is associated w ith a 
reduced volume of residual placental blood (DeMarsh 
et al1942, Nyberg & Westin 1958, Whipple et al 1957). 
One-quarter of placental transfu sion or about 40 ml of 
blood enters the infant w ithin 15 �s�e�c�~�,� and one half (80 
ml) within 60 sees after birth (Lind , !965). Delayed 
clamping all ows placental transfu sion to occur hence 
the residual blood volume was less w hereas after 
immediate clamping there is no/ littl e tran"fe r uf 
placental blood to newborn and residual placental blood 

Table II 1: Vo lume of umbilical cord blood collected at delivery 

Study No. of cases Mean volume (ml) 

Bro>.mcvcr et al (1992) 101 56.3 ± 2.4 

Auerbach et a I (1 990) 4 
O'Neil (llJ%) 161 67.6 ± 25 

�P �r �e�~�e �n�t� study 60 62.0 ± 20.8 
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99-283 
20-140 
28-123 



volume and hence cord blood harvest was larger. 
Bertoli ni et al (1995) also harvested greater cord b lood 
volume after 20-30 sec clamping than after delayed 
clamping as also reported by Yao et al (1969) and Philip 
(1971) Bertolini et aJ (1995) made a comparative study 
of diff erent p rocedures for col lecti on and banking of 
umbili cal cord blood. Data coll ected in the study indicate 
that both the open and the closed systems all ow an 
a\·cragc coll ecti on of 75m1 UCB. Timing of umbilical cord 
clamping influ enced tJ1e volume of coll ection. When cord 
was clamped w ithin 30 sec after deli very, 77 ±23m] CB 
wets coll ectc>d whereas this volume was reduced to less 
than one-hal f when cord d amping was delayed. 

In our study, after immediate damping, the 
volume of cord blood col lected by open method (placenta 
in utero) was 42°/r, larger than by dosed method (placenta 
ex utero). This is because uterine contractions during 
thi rd stage �e�x�e�~ �t� a squeezing action and force greater 
volume of placental blood to drain into coll ecting bottles 
(Apperley, 1994). With closed method (placenta ex utero) 
the eff ect of uterine contractions are lost. After 20 sec 
and delayed clamping simi lar volumes of cord blood 
were harvested by either open or closed method. This 
may be C'<plained by the fact that uterine contracti ons 
had alreetdy forced suffi cient placental blood into infant 
circulet ti on before the cord was clamped. 

13ecetuse the onset of blood clotting in umbili cal 
cord and placental veins is relati veJy slow a slight delay 
in retrieving the blood is permissib le. Therefore, collection 
could be ace om pI ished outside the deli very room 
wit hout disturbing mother and infant care acti viti es. 
Open method was fo und to be easy but interfered w ith 
the obstetri cian's w ork though the coll ection was 
completed w ithin 5 min. O 'N ei l (1996) reported 
coll ecti on time of 2-4 minutes. The closed method 
requi red procu rem en t of bl ood bags from blood banks, 
and did not interfere with the obstetrician's work. 

Using" optimized method" coll ection of 150-300 
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ml has been described . In many in stil nces gent le 
"milking" of the cord was done. Blood was coll ected 
patien tly for as long as the fl ow lasted. When it ceJ;,ed, 
the umbilical cord was transected 2 ems above the l1-cc 

end and gently "milk ed" until fl ow stopped. Af ter the 
placenta w as deli vered, placental blood was obtained 
by gentle needle aspirati on of engorged vessels on tlw 
fetal surface until vessels coll apsed. 

Harris (1996) analysed 5 methods of cord blood 
coll ection. Human umbilical cord blood (UCB) �s�a �m�p�l �e�~� 
were obtained from norma] full term vaginal dcli vcrieo.. 
Techniques analyzed for blood coll ecti on were: ( I ) 
drawing as much blood as possible fr om the umbili GI I 
vein with two or three, 50 ml syringes whil e the p laccn t,, 
was in uterro (Syringe method); (2) cannulati on of the 
umbili cal vein in a standard blood donor set aftcrdeJiverv 
of the placenta (B lood Bag method); (3) coll ecti on w ith 
syringes with the placenta in utero foll owed by inj ecti on 
of heparinized saline (20-50 ml ) into the deli vered 
placenta and wi thdrawing additi onal blood by syringe 
(Syringe/Flush method); (4) the same method as in (3) 
except that after inj ecti on of heparini zed sc1li ne the end 
of the cord was cut and the cord all owed lo d rain into ,1 

steril e container (Syringe/ Flush and Drain method); ,md 
(5) the same method as in (3) except that aft er injection ol 
the heparin i zed saline the umbili cal vein �"�'�"�~� 

cannulated w i th a standard blood donor set lor 
addit ional blood collection (syringe/flu sh/Bl ood Bag 
method). Prior to coll ection of umbilical cord blood by 
any of these methods the cord was wiped w ith alcohol, 
foJJowed by betadine to ensure sterilit y of the �c�o �l�l �e�c �t�i �o�n�~�.� 

Efforts were made to obtain maximal volumes for �c�<�~�c�h� 

coll ection. 

In conclusion, obstetri cians may soon be call ed 
upon to coll ect adequate umbilical cord blood sample;, 
which we now consider 'waste' for umbi li cal cord blood 
stem cell transpl ant programmes. Therefore, an 
understanding of the feto placental unit ,,nd �e�x�p�c�r �t �i�~�L�'� 

in techniques of coll ection of umbili cal cord blood " ' 

Table IV: Relati onship between time of cord clamping and volume of cord blood harvested. 

Study No. of Cases T ime of cord Volume of cord 
clamping b lood (mean) 

Yao ct ,,] ( 1969) 12 5 sec 126.6 ml 
17 30 sec 95.8ml 

Philip (1973) 28 5 sec 103 ml 
29 94 sec 45 mJ 

Bertolini eta! (1996) 378 30 sec 77 ±23m! 
67 35-180 sec 31 ± 18 ml 

Pre:oent study 20 < 5sec 77.0 ± 22.5 mJ 
20 20-30 sec 60.8 ± 19.1 ml 
20 35-180 sec 48.0 ± 14.1 mJ 
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optimal amount is very essential. Immediate clamping 
of cord with "optimized" methods enables maximum 
collect1on of cord blood necessary for stem cell transplant 
and engraftment. 
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