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I. INTRODUCTION

Transfusions of platelets prepared in various ways are in-

dicated for the control of bleeding in a number of conditions 

in which the hemorrhagic manifestations are due to a quant-

itative or qualitative platelet deficiency. These includ idio-

pathic thrombocytopenic purpura (slightly benificial); secondary 

11amegakaryocytic1
' thrombocytopenic purpura (before the develop­

ment of resistance and platelet agglutinins); thrombocytoasthenias; 

before and during surgery in all patients with thrombocytopenia 

or thrombocytoasthenia; and for control of bleeding manifes­

tations in thrombocytbpenia due to myelosuppressive agents 

during the treatment of leukemias and lymphomas (drug induced 

thrombocytopenias). 

It is the purpose of this paper to review the various techniques 

available at the present for collection, preservation, and trans­

fusion of plate lets; their therapeutic effect in various thrombocyto­

penic states and the factors that influence their preservation in 

vitro, and their survival in vivo. Platelet groups and types will 

also be presented. 
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II. METHODS OF COLLECTIO:I'{ PRESERVATION, & TRANSFUSION 

OF PLATELETS 

Many different method s of collection, preservation. and transfusion 

of platelets have been d eveloped. Some methods are simple enough 

that they may be carrie d out in most any hospital with a minimum 

of special equipment. Other methodsJ while quite successful, are 

of re search value only because of thebr intricacy and vast amount 

of special and expensiv e equipment necessary. The various 

methods in uee today a re as follows: 

Method One--

Freeman (1) and Tullis (2) ... Blood collecting and transfusion sets 

made of translucent p lastic material (polyvinyl chloride acetate 

copolymer) and containing a c olumn of ion exchange resin (sulfon­

ated polysterone divinyl benzene copolymer) for making blood in­

coagulable by decalcification were used. Needles were coated 

with tris (2 hydroxye thyl) dodecylamine. The column of resin 

was contained in 28 mm. plastic tubing. The ion exchange con• 

sisted of 50 g of Dowex ... 50 beads on the sodium cycle. The resin 

was washed with saline solu t ion and kept moist. Platelet sus .. 

pensions were received in clean silicone lined flasks or bottles. 

The eluting fluid was an unbuffered solution of O. 85% NaCl in dis ... 

tilled H2O. At the end of the 500 cc donation, the re sin container 

was cut free and the content s were washed with saline. If it is 
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de sired to eliminate red blood cells caught in the re sin, one can 

allow the suspension to settle in the cold for several hours or by 

light centrifugation at 1000 rpm for 5-8 minutes at 4 1 C. Furthur 

centrifugation can be c a rried o ut if morphology or individuality 

need not be preserved. 

Method Two--

Dillard, Brecher, Cronkite (3 ) and Stefanini (4) - Sequesterene Na2, 

1 gram and 0. 7 gm. o f NaCl were disolved in 100 cc of H2.Q. Nine 

parts of blood were added to one part of sequesterene solution. 

Venous blood is collected by g ravity flow through a coated 15 g_auge 

nylon hub electro-polis hed needle, and plastic tubing into 200 ml. 

siliconed centrifuge b o ttles, e ach containing 20 cc. of sequesterene 

solution. The bottles are balanced and centrifuged at 30xG for 50 min. 

at 5 1 C and the supernatant s iph oned off leaving the platelets as a 

loosely packed mass in the bottom of the tube. The platelets are 

then re suspended in an aliquo t of the supernatant plasma. 

Method Three .. -

Gardner, Howell, Hir sch (5 ) plus Thomas (6) - A plastic bag de­

vised for whole blood collec tions is used with 30 cc. 3% Na2EDTA. 

All air is excluded from the plastic bag. All bags have 10 inches 

of tubing ending with a doub l e ... ended nylon luer adaptor covered 

by a plastic shield. A 15 Ga uge arquad coated male hub fenwal 

needle is used. This needle is designed to prevent eddy currents 

3 



at this attachment of th e plastic tubing. A # 15 needle allows a 

rapid flow so that a 600 cc. p l astic bag can be filled in 8-10 min .. 

utes. Size 17 or 19 Fenwal needles coated with arquard may be 

used if the recipient h a s small veins. 

a. Direct transfusion: Withdraw 10 cc. blood in a syringe to 

avoid tissue contamina tion. The blood flows into the bag by 

gravity. The bag is a g itated by hand during the collection. Fresh 

whole blood may be infused rapidly, ie. 10 .. 1~ minutes with a #15 

needle. With children , a small bag, 125 cc. is given. 

b. Platelet rich plasma: The filled bag is centrifuged at 1, 200 rpm. 

for 15 minutes at 4 1 C. The plasma is then siphoned off. The 

plasma from one liter of blood is put in one bag. The plasma is 

chilled with crushed ice till t ime of administration. It takes approx­

imately 45--60 minutes to pre pare the platelet rich plasma. 

c. Platelet concentra tes: The platelets in the plasma are con­

centrated by centrifugation in the plastic bag. Af ter centrifuga­

tion, the supernatant plasm a is removed from the bag by positive 

pressure. No prepar ations of aggregates or clumped platelets 

has been given. The volum e of platelet concentrate to be trans ... 

fused is determined b y weighing the plastic bag. One may antici ... 

pate platelet counts i n the p latelet rich concentrate of 1-5 million 

per mm 3. It takes approximately one and one half hours to pre­

pare platelet concent~ates. 
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Method Four ...... 

Minor, Burnett (7, 8 } and Tullis (9} - A method usind ACD blood. 

Basis of this ,J method : A plasma suspension of white blood cells and 

platelets may be obtained from fresh citrated blood by the addition 

of an agent which accelerates red blood cell sedimentation. This 

suspension will contain most of the platelets present in the whole 

blood, providing plate let agglutination does not occur in the pres .. 

ence of this agent. F urthurm ore, the addition of a surface-active 

agent will permit complete r e suspension of the plate lets following 

prolonged centrifugation. 

Siliconized apparatus is used. Four pints of blood are used in 

preparing one platelet concentrate (any blood groups}. The blood 

is collected by gravity into A C D siliconized bottles. It is pro ... 

cessed within three hours. Blood plus 60 cc. dextran (mw. 240,000 

or above} is sedimented at room temperature for two hours. The 

supernatant is transfe r red into a bottle with 20 cc. 2% triton (a 

non-ionic sufrace activ e agent ) and centrifuged at 2000 rpm. for 

30 minutes. 40 cc. of saline i s then added to the sediment remain­

ing after all but 10 cc. of supe rnatant plasma has been removed. 

The sediments are then pooled and mixed by vigerous shaking. 

The concentrate is now reagy for use. The final total volume is 

200 cc. Saline, 160, ·plasma 2 1, AGD 11, dextran, 6, and triton 

2 cc. 
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Method Five--

Tullis (9, 2, 10) - Fresh donor blood is passed over a cation .. exchange 

resin column or collec ted in a plastic bag containpig standard 

ACD (acid-citrate-dext rose). The plate lets complexed by re sin 

beads are eluted or the ACD plasma separated after red blood ce 11 

sedimentation, or re sin treated plasma, are passed through a 

plastic falling film centrifuge bowl and the separated platelets 

re suspended in the pre serving medium. Gravity flow is used 

throughout, and unnece ssary agitation avoided. Promptly after 

withdrawal, the blood is chilled to 4 1 C and maintained at this 

temperature during preservation. Preservation is best in a 

protein-containing hypertonic solution as no buffer is required. 

The total salt concentr ation is maintained at hypertonic levels in 

an effort to inhibit the premat ure formation of blebbed and bal­

looned forms. Some c hanges of this type inevitably occur with 

prolonged preservation and probably represent the normal aging 

process. Platelets from 500 cc. of blood are added to 40cc. of 

the following solution: plastic bag containing NaCl O. 85 gm. /100cc, 

sodium acetate O. 2 gm. /100 cc, sterile gelatine solution (specially 

prepared commercially) 2 gm./ 100cc, and glucose 5 gm./ 100cc. 

On transfusion, the p r eserving gel was liquefied and added to a 

small ~olumn of IV s a line. Non-wettable surfaces were main­

tained in all equipmen t, and only intra-ABO group transfusions 

were given. 
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Method Six--

Stefanini, Dameshek (11) 

Blood collected by gra vity in 0. 1 vol. of Sequesterene Na2 in saline 

centrifugatio n at 4l C ( 1000 rpm /15 min.) 

separa tion of superl atant plasma 

I 
0. 1 vol. of 2% t riton Wr 1339 solution added 

I 
centr ifugation at 4 D C (1000 rpm/10 min.) 

platelet rich plasma, relative+ y free of rbc and wbc 

centr ifugation at 4 l C (3000 rpm for 20 min.) 

l 
platelet free sup ernatant plasma removed 

saline solution conta ining 0 . 1 vol.
1 
of 2% solution of Triton Wr 1339 

added in volumn equ al to half the plasma originally collected 

centrifuga t ion at lb C (3000 rpm/ 20 min.) 

I 
Packed platelets re s uspended in saline solution or in other solu-
tion~ added in vol. e qual to 1 / 4 of the plasma originally collected 

J., 
fina l platelet preparation 

Method Seven ... -

Hirsch and Gardner (12, 13) Sprague (14) Stefanini (15, 16) .. Direct 

transfusion tech nique . Multiple sili::,:one treated 50 to 100 cc. 

syringes are used, with # 15 Arquad coated needles . Each aliquot 

of blood remains outs ide the body 3 .. 6 minutes, and a 500 cc. trans ... 

fusion may be accomp lish ed in 15 to 30 minutes. No clotting ha s 

b een observed. Polyc yth emic b lood is preferable. 
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III. EFFECT OF DIFF ERENT METHODS OF COLLECTION ON 

THE NUMBER OF PLATELETS RECOVERED FROM WHOLE 

BLOOD 

Dillard and Brech er (3) emplo ying gravity flow of venous blood 

into siliconed centrifug e bottle s via plastic tubing and sequesterene 

as an anticoagulant, w e re able to recover 70% of th e platelets 

originally pre sent in th e wh ole blood. T h e supernatant after the 

first centrifugatioD:_, u s ually c ontained double th e platelet count 

of the w h ole blood. A constan t loss of supernatant plasma, 10%, 

was encountered since it could not be siphoned off with out disturb .. 

ing th e buffy coat. 

Freeman ( 1) collected platele ts as a by-product of blood collection 

during w h ich ion-exch ange r e sin was used to prevent coagulation. 

Platelets were eluted with normal saline and received into sili--

coned lined flaske s v i a plasti c tubing. T h e average concentration 

of recovered platelets was a p proximately 119, 000 mm3 or about 

40% of th e total normal platelet complement. Actually, 88% of 

the platelets filtered from th e blood were recovered. Between 

90-95% of the total p latelet c omplement is generally filtered out 

with four columns. Wh en e lution is carried out with smaller 

volumns of saline, i e . 25% o f original blood volume, 70% of a pos­

sible total yield could be re c overed. Purification and concentra ... 

tion were always pe r forme d at the sacrifice of absolute quantity. 
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Hirsch and GArdner (6) using platelets concentrated by cent­

rifugation methods, Na citrate as anticoagulant, state that 50--90% 

of the platelets originally present in the w h ole blood were recovered. 

1, 000, 000 platelets/mm3 (600 wbc and no rbc) can be prepared 

with this method. 

Minor and Burnett (7) using platelets concentrated by the use of 

red blood cell sedimen tation, anticoagulant ACD (accelerated by 

dextran), state that 80% of the platelets originally present in 

the ACD solution are s aved. They are concentrated 8-10 times. 

An assay of the total v olumn of concentrate, 200 cc., is 350 

billion platelets. They furthur state in another paper that 85% of 

the platelets in normal blood may be separated out and concen­

trated by this method (8). 

Tullis (2) states that sequestration of platelets onto resin beads 

(cation columns) provides the single chemical method for isolating 

one cell type from another. T he final yield is about 30%. 

The other methods of collec t ion and preservation did not state 

the number of platelets recovered from the donor blood (4, 5, 11, 

9, 10, 12, 13, 14, 15, 16). 
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IV. EFFECT OF DIFFERENT METHODS OF COLLECTION ON 

THE MORPHOLOGY OF THE RECOVERED PLATELETS 

Platelets eluted from resin by the method described by Freeman (l} 

appeared entirely normal by visualization in the phase microscope. 

The elimination of high .. speed centr,ifugation, washing, and re sus ... 

pension, which are in present use, favors the natural state of the 

platelets. Also, the e ase with which elution takes place and the 

physiological simplicity of the eluting fluid tend to maintain morph­

ological and physiological integrity. If it is desired to eliminate 

red blood cells caught in the resin, the suspension may be allowed 

to settle in the cold fo r several hours or light centrifuging. Further 

centrifugation can be carried out at the sacrifice of morphology and 

individuality. 

The tendencies of plate lets to become sticky, to agglutinate 

rapidly, and to undergo morph ologic alterations in shed blood 

are well known. Sequesterene Na2 minimized these changes where• 

as other anticoagulants includ ing citrate and ACD were ineffective 

(3, 5, 6). Platelets prep ared by the method of Dillard (3) utilizing 

seque sterene as an anticoagula nt showed no morphologic alteration 

during processing, or in the final suspension, as proven by 

phase microscopy. 

Minor and Burnett (7, 8 ) employing ACD blood, red blood cell 

sedimenting accelerator , and a non-ionic surface acting agent have 

recovered morphologic a lly intact and discrete platelets. 
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Tullis (9, 10) commente d exten sively on the morphology of collected 

and preserved platelets . He b elieves is9lation methods do influence 

morphologic change. He state s that normal appearances persist 

lontest in platelets obta ined b y ACD plasma, and shortest in those 

obtained by re sin bead elution. The significance of morphlogic 

changes is not clear to Tullis (9) as even the most damaged cells 

have some residual ac t ivity. He does state that clot retraction 

decreases with a decre ase in size of fibrils. On studying platelets 

preserved up to one ye ar in a protein containing media, Tullis (10) 

noted the following morpholog ic changes. The platelets gradually 

lost their filaments a n d some t imes there was a concurrent form-

ation of a b1ro~d memgi~ne q r ound the platelet before the spicules 

fully disappeared. T h ere membranous changes occured in only 

a small number of platelets. As storage proceeds, an asymetric 

bleb usually appears on the surface. These blebs generally mul­

tiply and continue to e nlarge, and finally become confluent, giving 

the platelet a ballooned shape . 

The other methods of collection and preservation did not comment 

on the morphology of the collected platelets (11, 12, 13, 14, 15, 16). 
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V. EFFECT OF DIFFERENT METHODS OF COLLECTION ON 

THE ACTIVITY O F THE PLATELETS IN VITRO AND VIVO 

Blood collected in silicone bottles, with sequesterene Na2 as 

anticoagulant corrected the prolonged clotting time, prothrombin 

utilization, and clot re t raction of platelet poor plasma (3). 

Plate lets collected with an ion-exchange re sin returned to normal 

the prolonged clotting t ime of oxalated platelet poor plasma (1). 

Hirsch and co-worker s (12} b e lieve that platelets are metabolically 

quite active. They therefore made every effort to chill the blood 

immediately on collec t ion, d u ring all manipulations, and during 

preservation to inhibit such activity. 

Plate lets collected us ing • 006 M Na citrate and washed twice with 

Na citrate, did not app ear via ble in vivo (6). In vitro they pro­

duced clot retraction a nd normal clotting time in thrombocytopenic 

plasma. The serum p rothrombin time, however, was lengthened 

far beyond that of fre s h plasma containing the same number of 

platelets. 

Washed platelets exhib it oxyg en consumptiomand utilize glucose (6). 

JI'hey produce CO2 and lactic acid. On storage the platelets loose 

their ability to cause clot re t raction within 24 hours. Their effect 

on clotting time and s erum prothrombin time persists for weeks. 

Oxygen consumption decreased rapidly and was always zero after 

three days storage (6). 
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Platelets isolated b y repeated centrifugation of ACD blood induce 

normal proth rombin consumption and clot retraction when added 

to platelet poor plasm a or th rombocytopenic blood (7). 

Plate lets collected in ACD s iliconized flasks and separated by 

sedimentation of red blood c ells by a plasma expander are funct­

ionally active (8). On addition of O. 1 ml of concentrate to 3 ml 

of thrombocytopenic blood, normal prothrombin consumption and 

clot retraction were induced . 

Tullis (9, 10} states that pla telets have little metabolic activity 

and proven this by r e spirato ry studies on platelets. He states 

that viability of a pla telet c a n be assayed only by; retention of 

morphology, retention of ph ysiologic activity, and ability to 

survive on re infusion into p late let deficient recipients. Even the 

most damaged cells h ave some residual activity. Pre served 

platelets converted p rothrombin to thrombin, and although this 

activity was gradually lost in storage, even badly damaged speci ... 

mens retained some thromboplastic activity. When removed from 

the preservation me d ium to a saline acetate solution, the platelets 

deteriorated at the same rate as before preservation. There was 

a significant drop in activity a few days after preservation. A 

rapid loss in clot re t raction was noted. 
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VI. EFFECT OF DIFFERENT METHODS OF COLLECTION ON 

YIELD AND LIFE SPAN IN THE REG IPIENT 

Hirsch and Gardner (12} introduced human blood platelets into 

thrombocytopenic patie nts by transfusion of platelet rich poly-

cythemic glood via silicone c oated syringes and needles. Their 

yield per patient, ave r age, was 90, 000/mm3 platelets. The 

life span of the transfused pla telets varied from a low of 24 hrs. 

(acute idiopathic thrombocytopenia) to 8 days (chronic idiopathic 

thrombocytopenia with out splenomegaly). 

Hirsch and Gardner ( 13) on 42 transfusions on 35 patients, noted 

their highest yields a nd longe st platelet survivals in patients with 

aplastic anemia, acute leukemia, and pancytopenia. Lowest 

yields and shortest p late let s urvival times were seen in acute 

thrombocytopenia. In chroni c idiopathic thrombocytopenia, yields 

were uniformly high, but plate let survival varied. 

Gardner and Howell (5) prese nted data on plate let transfusions 

of three types - dire c t transfusion of whole blood, plate let rich 

plasma, and platelet rich concentrates. As a basis for comparison 

an original study was done u sing 100 ml. silicone treated syringes. 

In silicone coated syr inges, the average yield in recipients was 
\ 

73% (55-96%). In the transfusions with whole blood the average 

yield was 74%. Plate let rich plasma gave yields averaging 66% 

with average surviva l of 4-6 days. Plate let concentrates gave a 

14 



mean yield of 52% w ith normal survival times. The platelets 

from silicone coated s yringe s and plastic bag wh ole blood dis­

appeared most rapidly during the first 24 hours. The higher 

platelet percentage r e tained for the first day after transfusion 

with platelet concentr ates s u ggests that th is proceedure may be 

of greater therapeutic value and has the added advantage tha t 

less volume need be given. 

Stefanini (16) on trans fusing 22 cases of thrombocytopenic purpurat 

14 idiopathic and 8 s e condary, with platelet rich polycythemic 

blood via multiple s ilicone coated syringes noted a survival time 

from 1/2 to 96 h ours . Sprag ue and Harrington (14) using poly-­

cythemic blood in silicone c o ated bottles noted a survival time 

of 4-6 days in aplas tic anemia, and only a few hours in idiopathic-

thrombocytopenia. tefanini ( 18) using a similar apparatus 

noted a survival tim e of thr e e hours in idiopathic thrombocytopenic 

purpura; 96 hours in seconda ry thrombocytopenic purpura. 

Tullis (10) states an average yield in patients with no antibodies 

of 50% of theoretical yield. These platelets are preserved in 

gelatin at 4 1 C. T h e life spa n was three days. 

Stefanini and Damesh ek (11) state that th e length of survival 

depends in large me a sure on the immediate elevation of the 

platelet count induce d by the transfusion, and therefore on the 

number of platele t s a ucc:e.s.s ful·q,-1tnansfu.s:erl-;: d Wh en a comparable 
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number of platelets a dministered or collected with various tech-

nic s are transfused int such patients. With secondary thrombo -

cytopenic purpura, th e re sul tant:..y'ield s and survival time are 

as shown in Figure I (11) • 
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The other methods of collection and preservation did not state 

their effect on yield a nd life span in the recipient (1, 2, 3, 6, 7, 

8, 9). 
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VII. PLATELET TYPES, GROUPS, & AGGLUTININS 

Since 1905, when Mar ion ( 17) established the hereroantigenicity 

of platelets, many investigators have experimented with "typing" 

of platelets (17, 18, 19, 20, 21, 22, 23). 

In 1923, Toda (23) tr ied to investigate the presence of different 

antigenic structures in plate lets by the use of anti red blood cell 

human sera. After t e sting 40 random patients, Toda concluded 

that the platelets o f human b l ood are not capable of being relegated 

to four groups by means of rbc grouping sera. As recently as 1954 

an investigator attempted to correlate platelet groups with the 

ABO rbc grouping sys tem, and states that platelets do correspond 

to and can be typed w i th ABO typing sera. This is the only report, 

h owever, that states a relationship does exist. Stefanini (17) who 

proposes 6 types and 4 groups of platelets has disproved the A B O 

correlation to the sa:ti sfaction of most investigators. 

Harrington and associates in 1953 discussed the existence of diff.,. 

erent platelet types (20). Eight individual types were established 

by these authors, and one - Type I - 18% incidence - was clearly 

identified by absorption stud ies in vitro and immunization studies 

in vivo. More recent observations suggest the iso and auto anti­

genicity of blood platelets as well. A thrombocytopenic factor 

has been demonstrated in the plasma of some patients with thrombo ... 

cytopenic purpura, id i opathic, and platelet iso and auto agglutinins 
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have been detected in the plasma of these patients (4, 20, 24). 

In one patient a platelet agglut inin titer of 1:1280 was noted. 

This agglutinin had continued activity after submitting the serum 

to acidification or alkalinization; temperatures 4' to 66 1 C; absorp­

tion with gels, filtration through Seitz and dialysis; absorption 

with human rbc and wbc , bee f rbc, and guina pig kidney; storage 

at 4 1 C. The agglutinin was present in the gamma glovulin fraction 

of serum. When injected in human'S athe plasma induced; severe, 

sustained thrombocytopenia, with circulating large bizarre plate• 

lets, increase in the size and number of megakaryocyte s with 

vacuolization and lack of platelet production}: demonstrable 

platelet agglutinin in r ecipients serum for 12-14 days. 7 of 11 

of these patients showed significant Fors sman like antibodies 

against sheep erythrocytes. 

Stefanini and associates (17, 22) show evidence for the existence 

of several platelet groups and types in man. By direct cross .. 

testing techniques it was possible to determine the existence of 

two naturally occuring platelet agglutinins in human beings. Four 

groups probably exis t as determined on the basis of the antigens 

found in platelets: I, II, III(I & II) and IV (O: no antigen). These 

incidences have been determined in 285 white individuals. See 

Table I (22). 
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Table I. 

Agglutinin absorption tests and in vivo immunization tests have 

confirmed the presen ce of s uc h groups. They are unrelated, 

but immunologically h ave the same significance as the A B O 

antigenic system of the rbc, since they are detected by the use of 

naturally o o-cur ing a gglutinin s. 

By the use of "immun e plasmas" (plasma from patients who had 

received repeated pla telet t r ansfusions) it has been possible 

to distinguish 6 sero lo gically different platelet types (23, 24). 

See Table II 
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Table II. 

By agglutinin absorption tech niques and in vivo immunization 

studies, only 3 serolo gic types have been confirmed, 1, 3, 6. 
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Since th ey are detecte d with "immune" plasma, platelet types 

correspond to th e R h - H r system of th e red b lood cells. No anti­

gens comparable to th e M-N system of th e red b lood cells h ave 

b een th us far detected in th e p latelets. 

T h ese group and type d ifferences in platelets have important 

practicle aspects. One has b e en indicated b y Harrington and 

cowworkers (20) with t 1e description of a type of neownatal 

t h rom bocytopenia due to mother ... fetus platelet incompatibility. 

Anoth er is th e all significant pro blem as to w heather th e admin ... 

istration of group and t ype compatible platelets to th rombocytopenic 

patients may reduce tb e incidence of development of platelet 

agglutinins in patients receivi ng multiple plate let transfusions, 

a complication w h ich threaten s to nullify efforts toward pre serv ... 

ation and administration of p latelets to some th romb ocytopenic 

patients for h emostatic purposes (14, 17, 221 25). Stefanini and 

Dame sh ek (25) studied the ra te of platelet disappearance or 

platelet survival tim e at regular intervals in four patients with 

h ypoplastic and aplast ic anemia receiving repeated transfusions 

of platelet rich polyc y th emic b lood or of isolated platelets as 

supportive therapy (pl atelets not typed} (25 }. As transfusions 

were repeated, in three of these patients survival time of platelets 

became progressively sh orter• administration of platelets was 

less arid less effective in th e control of the bleeding manifestations. 
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In one patient a platelet agg l utinin was detected in the serum. 

See Figure II. (25) 
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Hirsch and Gardner ( 13) als o pre sent a case h aving multiple 
H 

platelet transfusions w ith sub sequent decrease in yield, s h ortened 

survival time, and de c rease d clinical effectiveness . T h ey do n o t 

state if an agglutinin w as. de m onstrated in th e patient's serum. See 

F igure III. 

Development of plate let agglu tinins was not prevented by ACTH 

and occured more promptly when viable well preserved platelets 

were given ( 17). Re m issions h ave been produced with A C TH o r 

cortisone and seemed to b e associated with disappearance of th e 

agglutinins (20) . 

It remains to be establish ed wheather th e administration of group 

and type c o mpatible p l atelets would materially reduce th e occurence 

of platelet iso ... sensitiz ation in th rombocytopenic states. Stefanini 
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(22) has noted., however, that repeated administration of com ... 

patible plate le ts to normal humans failed to induce iso ... immuni .. 

zation. Otherwise normal plasma infused into a platelet incom ... 

patib le recipient produced str iking thromb ocytopenia. 

Ha:rrington and co•work ers (20) have demonstrated platelet 

agglutinins in the plasma of p a tients with chronic idiopathic throm ... 

bocytopenic purpura. Transfusions of whole blood or plasma from 

patients with chronic idiopathic thrombocytopenic purpara into 

normal recipients caus ed a precipitous drop in the platelet 

count, 16 in 26 instances. T h e depressed platelet level persisted 

4..,7 days. They also n oted the marked decrease in platelet surv ... 

ival time of platelets injected into idiopathic thrombocytopenic purp"' 

ura patients and they a ttributed this phenomenon to the platelet 

agglutinins pre sent. 

Stefanini, Dameshek, and Chatterjea (4) reported a case of idiopathic 

thrombocytopenic purp ura, M. K • ., with a potent platelet agglutinin 

present. It was noted that the agglutinin was found in the beta 2 

globulin area and repr esented 9. 33% of the entire serum protein. 

M. K. 1s plasma injected into a normal recipient caused striking de ... 

generative changes of the bone marrow megakaryocytes with lack 

of formation of platele ts, an extreme degree of platelet reduction 

with the development of h emorrhagic phenomenon, and a detectable 

plate let agglutinin in the pati ents serum for 12 ... 14 days. 
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Adelson and Stefanini (24) de m onstrated a h eterologous (Forssman) 

platelet agglutinin in a patient with th rombotic thrombocytopenic 

purpura. Its significan ce wa s not determined. Stefanini also 

noted th e presence of a Fors s man like antibody in 7 of 11 patients 

with idiopath ic th romb ocytope nic purpura in 1952. 

Stefanini and C h atterje a (21, 22) also report on a th rombocytopenic 

factor in normal h um a n b lood :, plasma, or serum. T h ey noted a 

temporary but signi fic ant th rombocytopenia in 32 of 36 individuals 

receiving ABO compatible blood plasma or serum from non th romb o .. 

cytopenic donors. No spontaneous bleeding manifestations, 

alterations of th e var i ous he m ostatic mech anisms, c hanges in 

numb er or activity of th e b on e marrow megakaryocyte s, alterations 

of function or morph o l ogy of th e remaining platelets~ agglutinating 

or lysing activity of th e recip ients serum against normal platelets 

were noted. T h is throm bocy topenic effect was apparently due to 

a component of plasma stab le at 56 ' C, not a b sorbed by Seitz 

filters nor by ion exch ange resins, but: absorbed on Ca3(P04)2 

gel from w h ich it could be e l uted with Na citrate solution. 
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vm. NUMERICAL RESPONSE OR YIELD NOTED IN VARIOUS 

THR OMBOCYTOPENIC STATES FOLLOWING TRANSFUSION 

Platelets administered to two patients with leukemia raised the 

counts from 281 000/m m 3 to 42, 000/mm3, and 221 000/mm3 to 

401 000/mm3. Although these yields were not great, a definate 

clinical response was noted (9). 

On administration of r e peated transfusions to a patient with 

aplastic anemia11 no differenc e was noted in yield on th e first 

three transfusions (13 ). Howe ver~ on subsequent platelet trans­

fusions a marked decrease in yield was noted, along with a dim ... 

inution of clinical effec tivene s s of the transfusions. This same 

p henomenon was noted by Ste fanini and workers (19). See 

Figure III. also, Figure II. 
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Hirsch (12) on transfu s 1ng a patient with aplastic anemia, noted 

an increase in platelet count of 901 OOO/mm3. 

A consistantly low yield has been noted on transfusing patients 

with idiopathic thrombopath ic purpura (41 12, 16, 28). In one 

patient, the platelet count wa s below pre transfusion levels 

before the platelet tran sfusion was complete (4). 

Hirsch (13) on transfus ing 35 patients with 42 transfusions 

noted highest yields in patient s with aplastic anemia21 acute leukemia, 

and pan cytopenia. H i s lowe s t yields were seen in acute thrombo ... 

cytopeniai, and in thrombocytopenias associated with massive 

splenomegaly. In chronic id iopathic thrombocytopenic purpura, 

yields were uniformly high . See Figures III, VIII, IX, X, XI. 
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IX. CLINICAL EFFE CTIVENESS OF PLATELET TRANSFUSIONS 

IN VARIOUS THR OMBOCYTOPENIC STATES 

Dillard and Brecker (3) adm inistered platelet concentrates to 

3 irradiated dogs wh o had pro longed clotting time (30 min. to 

h ours), a fragile, non -retrac table clot and wh ose blood failed to 

utilize prothrombin. T h e clo tting time was reduced to less than 

2 minutes, the clot r e traction became normal, and prothrombin 

was utilized. Woods, Gambl e, Furth , Bigelow (26) state that 

th e appearance of large numbers of rbc in lymph c hannels of dogs 

and rats exposed to m assive doses of ionizing radiation is partially 

or completely prevented b y t r ansfusions of concentrate suspensions 

of intact h omologous b lood p l atelets. T h e anemia of irradiation 

has several factors; depression of eryth ropoietic centers, di.,. 

version of rbc into lym ph spa ces, and destruction of rbc. Platelet 

transfusions will not c orrect th e first, but will certainly correct 

th e second and perh a p s some of th e third. Since depression of the 

rbc mass amounts to only 1% even anemia will not reach critical 

levels if th e h emorrha gic sta te is corrected. They state that 

clearing of the bloody lymph is noted with in 1 h our after trans ... 

fusion 

Mond and Singer (27) noted th at a concentrated homogenate of 

platelets shortened th e coagu lation time of hemoph ilic blood. T h e 

proth rombin consump tion tim e was also increased1 but th is was not 

constant. 
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Many workers noted the prompt cessation of hemorrhage following 

a platelet transfusion (7, 9, 11, 12, 13, 141 16, 27). They noted 

also that the hem ostatic effect often lasted from 1 to 10 days 

following the return of the platelet count to pre transfusion levels. 

Hirsch (13) noted tha s triking result of dramatic cessation of 

oozing from the gums and the site of needle punctures and bone 

marrow aspirations on transfusion of platelets. He also noted 

cessation of hematuria or amelioration of vaginal bleeding within 

24 hours after transfusion in all patients in whom s.uch findings 

were pre sent. In one case, intracranial bleeding was stopped by 

a direct transfusion. When transfused platelets remained in the 

circulation for at least 4 days, no new petechiae and ecchymoees 

appeared during the life span of the transfused platelets. Bleeding 

from needle puncture s did not resume after the platelets had 

dropped to their previously low levels. Similarly hematuria 

and menorrhagia were often relieved beyond the life span of the 

transfused platelets. This excellant correlation between platelet 

survival and the durat ion of i mprovement suggests that improve.,. 

ment of the hemorrhag ic state was due to transfused plate lets 

and not to some other factor in the blood. 

Various laboratory tests we r e also altered by the transfusion of 

platelets to patients with thrombocytopenia (11, 12, 131 14~ 15~ 

16, 27). The bleeding time, Figure IV, prothrombin conversion 
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time, Figure V, clot r etrac tion, Figure VI, and vascular fragility 

were noted to return to norm a l following platelet transfusions . 
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T h e proth rombin conversion time and clot retraction were noted 

to closely paralled the platelet levels, again becoming a b nornal 

with th e return of th e platele t count to prewtransfusion levels 

(15, 16). T h e bleedin g time and, vascular fragility remained 

normal long after (24 ... 48 h o urs) th e return of th e platelet count 

to pre transfusion lev els (15 :J 16). 

Tullis (9) stated that th e clin ical effectiveness of platelet trans .. 

fusions is far greate r than w ould be expected from th e slight rise 
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in total platelet count following th eir administration. 

Remissions were noted in two of Stefanini"s (16) patients with 

idiopath ic thrombocytop enic p urpura transfused with polycyth emic 

blood. T h e platelets d i sappeared promptly after transfusion• b ut 

with in 24 h our Sa th e pla telet counts began to rise and a long-sus ... 

tained remission becam e estab lish ed. This finding suggests th e 

possibility th at polycyth emic b lood may contain a stimula_tory 

principle which can de termine or accelerate a spontaneous re ... 

mission. 

In the experience of H i rsch a nd Gardner (12) platelet transfusions 

were beneficial in acute and c h ronic thrornbocytopenias, con ... 

trolling aaute hemorrh agic e p isodes and preparing patients for 

surgery. 

Sprague and Harrington (14) s tate that on transfusion of platelets 

into idiopathic th rombocytopenic purpura patients~ th e platelets 

are gone in h ours. T h e bleed ing tendencies were temporarily 

h elped1 but th e effect was so transitory that it would not be a 

satisfactory form of m edical management. for patients with idio ... 

pa thic th rornbocytopen ic purp ura. It migh t occasionally be b ene .. 

ficial w h ile preparations are being made for splenectomy. T h e 

platelet survival tim e of 4 ... 6 days following transfusion into 

patients with aplastic anemia makes platelet transfusion of prac ... 

t'ical value in h elping to s ·upport th em during temporary depression 
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in platelet formation. T h e y are limited, h owever~ by th e 

fact that platelet antibodies s eem to develop~ so th at with 

repeated transfusions , th e p latelet survival becomes pro ... 

gressively sh orter (14, 17, 22, 25). 
,, 
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X. LIFE SPAN OF TRANSFUSED PLATELETS IN NORMAL & 

THROMBOCYTOPENIC STATES 

The normal life span o f trans fused platelets has been determined 

by many methods and author s to be 5-6 days in length (5, 11, 12, 13, 

28). The survival ra te of tr a nsfused platelets in thrombocytopenic 

patients varies greatly, depending on the etiology of the thrombo-

cytopenia. See Figgre VII. ( 11). 

1'10 ------- ----·· 

f 
i JI~ 

'-:::.. 
/:" 

Su~V\V"'- \ ,,.e._... c:f. q,\A,IU"-"T ~ 
p.(!..__,,._~SI~ To~~Q..lr\.T..5 

w~""- ""'''-'i;'-"s Co,,, . .-•. "'<:. oQ. 

Th"--l,.,6f ,~~"". 

~ I~ 

?) 

~ 
;J 1,.0 

~ a. 
.ao 

ul~!,4--_s I, 

s~" .. "l 
l\..,_....._fl~""J""-'fT,'!_ 

,.'t>, 

\ 'l.. "'-~ +"' ,~ :9l.. \-:U:, \-\~ 

Figure VII. 

The survival rate of p latelets administered directly as platelet 

rich polycythemic blo od into patients with secondary thrombocyto­

penic purpura is 4-5 days. It is however drastically reduced 

when a transfusion r e action occurs; when acute uncontrollable 

bleeding is present; in patien ts with marked splenomegaly; in 

cases of iodopathic th romboc ytopenic purpura (especially acute); 

and as a result of the develo pment of platelet agglutinins in 
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patients who have r e ceived multiple platelet rransfusions (11). 

When the platelet ant ibody titer is high, platelet destruction 

occured e_ven in the absence of the spleen (20). 

Hirsch and Gardner ( 13) administered 42 direct transfusiont to 

35 thrombocytopenic individ uals. Highest yields and longest 

platelet survivals w e re noted in the patients with aplastic anemia, 

Figure III, acute leukemia, and pancytopenia with normal bone 

marrow, Figure VIII, life s pan being 5-6 days. Lowest yields 

and shortest platelet survivals were seen in acute thrombocyto-

penia, Figure IX, a nd in th r ombocytopenias associated with 

massive splenomegal y, Figure X. In chronic idiopathic thrombo-

cytopenic purpura, y ields were uniformly high, but platelet surv-

ival varied. It was a s shor t as in acute thrombocytopenia or 

thrombocytopenia w ith mas s ive splenomegaly, but platelet surv -

ival was never as lon g as in aplastic anemia (Figure XI). Three 

patients were transfu sed re p eatedly, two of these showed decreasing 

yields, shortened pla telet survival and lessening of clinical 

effect , Figures _III, and VIII. 
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Harrington (20) noted normal platelets transfused into patients 

with bone marrow aplasia survived 4-6 days, while those infused 

into idiopathic thromb ocytopenic purpura patients survived only 

a few hours. 

Many workers have noted a norm al survival of transfused platelets 

in patients with bone m arrow aplasia, thrombopathic thrombocyto-
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penia, aplastic anemia , acute leukemia, hypoplastic anemia, 

and some with chronic idiopath ic thrombocytopenic puppura. (6, 

9, 11, 12, 13, 14, 15, 20, 28 ) . Short survival times of transfused 

platelets, some as low as two hours are noted in acute idiopathic 

thrombocytopenic purp ura, id iopathic thrombocytopenic purpura 

with splenomegaly, and secondary thrombocytopenic purpura with 

splenomegaly (4, 11, 12, 13, 15, 16, 20, 24 ). 

Rapid platelet destruc t ion apparently occurs in all types of acute 

thrombocytopenias whe ather p ost-infectious, id iopathic, or d ue 

to drug sensitivity (13 ) . 

Stefanini and Dameshe k (4) p r esented a case of acute idiopathic 

thrombocytopenic purp ura, MK, in whom the platelet level began 

to fall during the trans fusion of platelets. 

Hirsch and Workers (28) were able to accurately determine the 

normal platelet surviv al tim e by transfusing normal platelets into 

a patient with morpho logically abnormal platelets (thrombopathic 

thrombocytopenia), a n d evaluating the response by stained smears. 

They arrived at a normal sur vival of 5-6 days. They also studied 

the normal survival time in p atients with aplastic anemia, by 

noting the return of th e plate let c o unt to pre transfusion levels. 

Stefanini (15) on stud y ing pla telet survival time in 13 cases, gave 

a preliminary fresh b lood transfusion to limit errors due to poss­

ible utilization of pla telets by platelet famished tissues. · 
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Stefanini and Chatterje a, and Dameshek (29) also studied the 

role of the lung in re m oving p latelets from the circulation in 

idiopathic thrombocyto penic p urpura. No difference could be 

noted in the platelet level between the samples collected from the 

arterial and venous sid e of th e pulmonary circuit. 

Many other authors h a ve also noted the decrease in life span a nd 

effectiveness of repeated pla telet transfusions. (11, 12, 13, 17, 

22, 25). 

In patients with norm a l plate l et survival, e ven widspread hemorr­

hages and in one case splene c tomy did not appear to effect the 

life span of the transfused pla telets (12) . 
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XI. DISCUSSION 

The technics for collection of platelets vary from simple fractional 

sedimentation requiring no eq uipment, when viable cells are not 

necessary, to complex , refrig erated centrifuge equipment when 

cells in their true state are d e sired. 

The most common available methods for administration of platelets 

are as follows: Direc t transfusion of polycythemic (preferably) 

or normal blood with s ilicone-coated syringes and arquad 2 G­

coated needles. Adm inistration of polycythemic (preferably) or 

normal blood collected by gravity into plastic bags containing 

acd 3 . 8% solution or Sequeste rene 1% through plastic tubing. Ad­

ministration, through plastic tuving, of platelet rich plasma obtained 
' 

by low-speed centrifug ation, or sedimentation of rbc after addition 

of plasma volume expa nders. A d ministration of concentrated 

platelets, isolated by multiple low - speed centrifugations, with 

or without preliminary use o f plasma - volume expanders, and 

resuspended in a small volume of their 0 /\11/n plasma, in saline 

ot other isotonic preservative solutions, with the help of surface 

active agents, Tween 80 or T riton 1339, to prevent their irrevers­

able agglutination. Adminis t ration of platelets collected on ion 

exchange resin columns and subsequently eluted from them with 

theuse of metal complexing agents (sodium citrate, sequesterene 

Na2). 
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Differential centrifug ation i s used in practically all separation 

methods, with the e x ception of the resin column technic. The 

resin teechnic has the advantage of collecting platelets as a by ­

product of blood colle ction, leaving the rest of the blood for 

other administration , but th e disadvantage of a low recovery 

(30% as opposed to 7 0 -80% w ith methods based on centrifugation). 

By using plate let rich plasma, or platelet concentrates, it is 

possible to administe r large r concentrations of platelets to a 

patient without raisin g the t o tal blo od volume materially. 

NaZEDTA (Sequester e ne, or disodium ethylene diamine tetra 

acetate dihydrate) is the anticoagulant of choice in the collection 

of platelets. It preve nts clumping and adherance to surfaces 

of platelets. Preservation o f platelets is best in a protein-con 

taining hypertonic s o lution. This helps maintain normal plate let 

morphology longer, a nd prev ents premature formation of blebbed 

and ballooned forms o f plate l ets. 

A progression of mo r pholog ical changes occurs in stored platelets, 

probably representing a norm al aging process. T H e various meth­

ods of collection e tc. noted in this paper do not alter materially 

the morphology of the collec t ed plate lets . 

Activity of the platelets in v i tro and in vivo was not altered by the 

different methods of p latelet collection. A rapid loss in clot re ­

traction, though, on long pre servation of platelets was noted . 
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Platelets collected by different methods have the same survival 

rates in comparable thrombm.cytopenic states. Although Stefanini 

(25) offers a graph, Figure I, to illustrate that various methods 

of collection do effect the s u rvival time of infused platelets, it 

must be noted that his different transfusions were all d one on 

the same patient, It is noted elsewhere in this paper that a dec­

rease in the survival time of platelets on multiple transfusions 

is to be expected, if n o platelet typing was done. Also, the 

yield in the recipient with different methods of transfusion varies 

greatly, and this would markedly effect the survival rate of in­

fused platelets. Th i s variation of yield is probably on the basis 

of a decreased yield n oted on multiple platelet transfusions. 

Six platelet types and four platelet groups have been proven. The 

four platelet groups a r e immunologically similar but unrelated 

to the ABO antigenic s ystem of the rbc, since they are detected 

by the use of naturally occur ing agglutinins. The six platelet 

types are detected by " immun e plasma", thus corresponding to 

the Rh-Hr system of th e rbc. These group and type differences 

are clinically importan t, as the formation of potent platelet agg­

lutinins have been reported to have occured following multiple 

whole blood and platele t transfusions. A thrombocytopenic factor 

was proven to be pre s e nt in th e blood, serum and plasma of 32 of 

36 normal, previously untrans fused people. Potent platelet 
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agglutinins have been n oted in some patients with idiopathic 

thrombocytopenic purpura ( th is may be the etiology of their 

disease). 

The numerical respons e or y ield noted in various thrombocytopenic 

states varies somewha t. The yield is low in all cases when com -

pared to the clinical r e spons e -s noted. The yields are highest 

in leukemia, and apla s tic anemia, lowest in acute idiopathic 

thrombocytopenic purp ura. Y ields are also low following multiple 

transfusions. Possib l e mech anisms leading to the lower than ex­

pected yields in all th r ombocytopenic purpura atates are; destruc­

tion or loss during ac t ual transfusion, an increas e in the patients 

blood volumn, therefore a relatively low count, trapping of trans ­

fused platelets in a r e servoir , ie. lung or spleen, platelets utilized 

immediately to satisfy backlo g of need for platelets for hemostasis, 

possible destruction o f patie n ts own plate le st on infusion of type 

and group different p latelets . 

Platelet transfusions are clin ically effective in all thrombocytopenic 

states, but the duration of e ffectiveness varies with the length of 

platelet survival, and the spe cific disease state being treated. On 

transfusion, a hemostatic effect is noted immediately, and persists 

from one to ten days followin g the return of the plate let c o unt to 

pre transfusion levels. The bleeding time, prothrombin conversion 

time, clot retractio n , and vascular fragility are returned to normal 
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with platelet transfusions. The prothrombin conversion and clot 

retraction parallel the platelet levels, becoming abnormal as the 

platelet count returns t o pre transfusion levels. The bleeding 

time, and vascular fragility remain normal long after (24-48 ) 

hours) the return of th e count to pretransfusion levels. Platelet 

transfusions are therefore beneficial in acute and chronic thrombo -

cytopenias, controlling acute hemorrhagic episodes, and in pre­

paring patients for sur gery. 

The normal life span o f transfused platelets is 5-6 days. The life 

span of transfused platelets is markedly reduced when a transfusion 

reaction occurs; when acute uncontrollable bleeding is pre sent; in 

patients with marked splenomegaly; in cases of idiopathic thrombo­

cytopenic purpura (e:s p ecially acute); and as a result of the devel­

opment of platelet agg lutinins in patients who have received 

multiple transfusions . Rapid platelet destruction apparently 

occurs in all types of acute thrombocytopenias wheather post­

infectious, idiopathic, or drug induced. 
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XII. SUMMARY 

One 

Various methods of c o llection, preservation, and transfusion of 

plate lets are outlined . 

Two 

The effect of these different methods on the number of platelets 

recovered from whole blood, platelet morphology, platelet activity 

in vitro and vivo, life span of transfused plate lets, and plate let 

yields in the recipient are d i scussed. 

Three 

The life span of trans fused platelets in different thrombocytopenic 

states is noted. 

Four 

The clinical effectiveness of single and multiple platelet trans­

iusions is presented . 

Five 

A brief resume on platelet groups and types, platelet agglutinins 

in diseased and normal patie nts and their effect on platelet trans-

fusions is given. 
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ADDENDUM: ILLUSTRATIONS OF A BRAND OF COMMERCIALLY 

AVAILABLE PLATELET TRANSFUSION EQUIPMENT. 

Fenwal Pia telet-Pack 

Syringe &  Need I e 

Needle Pack 

P latelet Recipient Set 

Platlet-Pack 

Syringe 

Filled & Centrifuged Pack Transfer 

in Pack Rack Pack 
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Platelet-Pack

Syringe 

COLLECTION OF BLOOD IN PLAT EL ET-PACK 

Fi II ed & Centrifuged Pack 

in Pack Rack 

Transfer 

Pack, 300 cc, 

Transfer 

Packs, 150 cc, 

Infusion Set

Needle Pack
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