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CHAPTER I

AN HISTORICAL REVIEW



vp1atelets wére in fact merely the results ofbfragmentation of
‘1eucocytes."’ Wéigéft‘(1987) claimed that the findings were
artefaétual_and a result of vessel compression, circulation
disturbance and the typé of anaeéthetic used; By repeating

his experiments\on the intact vessels of the wing of an
unanaesthetized bat, Bizzozero confirmed his previous work. In
1885 his observations were reinforced by Eberth and Schimmelbusch
and again in 1889 by Laker who studied the circulating blood in

the vessels of living dogs and other mammals.

Counting Platelets

The first attempts to count the number of platelets in the
blood were made by Reiss in 1872, but in many instances the
results he obtained were erroneous as he found increased numbers
of platelets in conditions which are now known to be accompanied
by thrombocytopenia.

The first accurate counts of platelets were probably those
of Hayem in 1878 and the present range of normal is not
sighificantly different from that of Hayem.

As a result of Bizzozero's work showing platelets to play
a considerabie role in thrombus formation, Hayem postulated in
1882 that the platelet played an important paft in haemostasis
and that alteration in numbers of platelets, fof example, a
decrease or absence, should result in disorganization of the

of the haemostatic mechanism.



Kraués_11883) and Denys (1887) in part supported this concept
when they noted a dimunition in platelets in purpura
haemorrhagica, followed by an increase after the arrest of

the haemorrhage.

source of Platelets

Throughout the nineteenth century controversy raged.’
On the one hand were those who would not allow that
plételets eVén existed, and on the other the protagonists
in conflict as to their source. Engel (1893) believed
they arose from the nuclei ofynormbblasts, while Wlassov
(1894) and Bremer (1894) held that they arose from dis-
integrated erythrocytes and would not allow them to be
third elements of the blood.

Dominiéi remained an antagonist to the theory of the
platelet being defived from red cell destruction, and in
1900 introduced the concept that platelets were "organites",
that is, formed elements liberated by cells and lacking a
nucleus. Aé the parent cell he described mononuclear cells
with pedicles of protoplasm which, when broken off, made up
the platelet. |

Foa and Salvioli (1880) observedvgiant'cells of bone



marrow (the megakaryocyte of Howell), and commented on its
fragmentation into colcurless hyaline bodies and thought
these to be red cell precursors.

The consensus since Wright's work in 1906 and 1910,
however, has been that platelets are produced by mega-
karyocytes. These cells are distributed mainly in the
bone marrow in man while in rodents the spleen contains
varying numbers. Platelet formation was described as
follows:

“All of the blood platelets are detached portions

or fragments of the cytoplasm of the megakaryocytes;

which are in such relation to the blood channels in
the marrow that detached portions of their cyto-
plasm are quickly carried by the blocd current into
the circulation, The breaking up of the cytoplasm
into the platelets occurs only in cells which have
reached a certain stage of growth and development
and is probably rapidly completed once begun. It
takes place in various ways but usually by the
pinching off of small rounded projections or
pseudopods from the cell body or from larger
pseudopods, or by the segmentation of slender

pseudopods, or by the pinching off of longer or



shorter pesudopods which may or may not undergo
segmentation later. All or most of the cytoplasm
of the giant cell is given off to the blood stream
and the nucleus degensrates. The more or less
naked nucleus is often carried by the blood stream
to the lungs where it lodges in the capillaries.

Before the separation of a platelet takes place,

the red to purple staining granules in that portion

of the cytoplasm which is to form the platelet are
separated from the rest by a zone of hyaline cyto-
plasm and this sharply outlined mass of granules
becomes the central granular mass of the blood
platelet which has been regarded by some workers

as a nucleus."”

Wright's conception of platelet formation was
obtained from the study of stained sections of tissue and
supravital preparations. The socurce and mechanism of
platelet production proposed by Wright was met with some
opposition initially and such workers as Brown (1913)
proposed that under conditions of increased demand plate-
lets could develop by cytoplasmic fragmentation of leuco-
cytes thus disputing Wright's theory.

Bunting (1909) was one of the first to uphold



Wright's work experimentally and he did this by noting an
increase in the number of megakaryocytes and the fragments
issuing from their pseudopods coincident with the rise in
the number of platelets induced by repeated bleeding or by
the injection of haemolytic substances.

Downey (1913) and 8mith et alii (1938) followed suit,
but irrefutable evidence of the correct nature of origin of
platelets was eventually put forward by Humphrey (195%3).
With the technique of using fluorescent antibodies devised
by Coons and Kaplan (1950) for identifying substances of
similar antigenic structure, he produced antisera against
rabbit platelets and the bone marrow was then stained with
the fluorescent antisera. Fluoreseence was seen only in
the cytoplasm of megakaryccytes and he deduced that mega-
karyocytes and platelets possess some characteristic anti-
genic structure which may be interpreted as direct evidence
of their relationship.

Subsequently Kinosita et alii (1961) have developed
a technigue for placing windows in bone which permit the
marrow to grow into the thin space between the windows.
They then exteriorigze the femur and observe platelet
production directly from the megakaryocytes of hone marrow

with an intact blcod supply. This accumulated evidence



now proves that blood platelets do indeed arise from the
megakaryocytes of the bone marrow.

The Fine Structure of Blood Platealets

The small dimensions of platelets have always
limited their morphological study, but with the development
of the electron microscope new possibilities were opened
for their full examination in minute detail, The firet
description of blcod platelets by this method was published
by Wolpers and Ruska in 1939. As a result of this new
technique, data concerning their morphology, physiolegy
and pathology have been gathered. Platelets are now
known to consist of a limiting membrane which is identical
to the cell membrane. In the hyalomere several granulo-
mere elements are dispersed. These consist of dense
granules, mitochondria - some of which may be seen to have
cristae, cytosomes, vecuoles, vesiclez and tubules or
canaliculi, and small granules. Glycogen granules have
been i{dentified either dispersed or forming aggregates in
the hyalomere. The fine structure of the platelet has
been fully reviewed by David-Ferreira (1964).

The Regulation of Platelet Production

Thrombopoiesis is influenced by several factors. The

number of circulating platelets per se is of importance as
acute stimulation of platelet production may be caused by
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thrombopheresis (Finch, 1961) producing a release of
megakaryocyte cytoplasm with an increase in platelet count
within three or four days. Chronic stimulation of this
type causes an increased number of megakaryocytes.

Humoxral substances capable of stimulating platelet
production are known to occur and may be fractioned from
plasma. Steinberg, Dietz and Martin (1959) fractionated
normal human plasma and injected rabbits producing several
different effects on the cellular content of the bone
marrow and peripheral blood including megakaryocytic hyper-
plasia and thrombocytosis as well as effects on the granulo-
cytic series and erythrocytes. They postulated that the
fractions represented hasmocytopoietins which regulated

the hasmopoietic mechanism. It is likely that a balance
between plasma fractions is necessary normally to maintain
platelet levels.

Linman (19€62) in expsriments on rats using anaemic
rat plasma induced a leucocytosis and thromboeytosis and
tended to support the theory that all aspects of haemo-
polesis may be subject to humoral regulatory control.
Other factors reported to mobilize platelet reserves are
ACTH, epinephrine, serotonin and hypothermia, while
pyridine, fats, batyl alcohol and citrovorum factor will

also increase thrombopoiesis.
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Platelet Metabolism

The platelet is now recognised as a highly metabolic
functional unit with a complete biochemical and bhiophysical
machinery. Its enzxymatic activity was considered for some
time to be rudimentary and Rogskam (1924) and Tocantins (1938)
afforded it brief mention only, while as recently as 1953
Tullis acknowledged it to have only a feeble matabolic
function. However, with constant improvement in techniques
it has been found to contain most of the enzymes and co-
enzymes for the major pathways of intermediary metabolism,
especially those involved in glycolysis, The greater part
of the glucose metabolized is converted to pyruvate while a
proportion is converted to glycogen, lipids and amino acids.

No demonstrable desoxyribonucleic acid has heen found
but small amounts of ribonucleic acid have been identified.
A sulphated mucopclysaccharide is present (Odell and
Anderson, 1957) but this is probably of a structural
nature, There are also high concentrations of adenine and
adenosine triphosphate (Born, 1956), almost all of the
enerqy produced by adenosine triphosphate being used in
structural metamorphosis and clot retraction.

This link between energy metabolism and the morphologic
aspecte of platelet function was established by Battex-~

calland and Lfischer (1959) with the isolation of a contractile
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protein from human platelets. This material, named
thrombosthenin, acoounts for 1% per cent of the total
protein and is an actomyosin, in many ways similar to
muscle actomyosin. It contracts in the presence of
magnesium and adenosine triphosphate and is an adenosine
triphosphatase, breaking a phosphate gxoup from adenosine
triphosphate to form adenosine diphosphate,

The platelet lipids contain the thromboplastic activity
of blood platelets (Monkhouse, 1960; Troup, 1961). Most of
this activity has been found to be dus to phosphatidyl serine
and may be enhanced by lecithin. Phosphatidyl enthanolamine
shows some activity only in the presence of the individually
inactive lipids lecithin and sphingomyelin, Inositol
phosphatide and cholestercl are alsc present in platelets
but have no thromboplastic effect. All these lipids are
present in approximately the same concentrations as in red
cells, but there is somewhat wmore lecithin and slightly less
phosphatidyl serine in platelets. Serotonin and histamine
(Bumphrey and Jaques, 1954) and the catechol amines (Hughes
and Brodie, 1959) are present in significant quantities in
platelets.

Platelet Lifespan

Platelet lifespan has been determined by a variety of
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different methods over the years. Studies carried out
have tended to fall into well defined categories.
1. Depletion studies

(a) Animals have been made thrombocytopenic
by chemical means and the rate of
regeneration of the platelets determined.

(b) Radiation studies.

2., Transfusion studies

3. Labelling of cells using radiocactive isotopes

Depletion
Duke (1911) using dogs, and Pirket (1922) using rabbits
both found that after removing blood from the circulation,
defibrinating it and returning it, one-fifth of the normal
platelet mass was regenerated per day. Pirket also
observed a similar response to the injection of small
amounts of saponin. Bedson (1923) induced thrombocytopenia
in guinea pigs and again noted the rate of regeneration of
platelets to be similar to that of Duke and Firket, while
Tocantins (1936), using the same method to make dogs
thrombocytopenic, found that preinjecticn platelet lavels
were reached 3 - 5 days after the last day of thrombocyto-
penia. Roy (1962) was able to observe the rate of
regeneration of blood platelets in rats by infusions of

bacterial endotoxin.
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The behaviour of circulating platelets and marrow
megakaryocytes after total hody irradiation has also been
studied for information about platelet survival, In 1931
Shouse et alii exposed dogs to large doses of irradiation
and it was found that the platelets had disappeared
after 7 - 8 days. These workers alsc observed that at
autopsy the megakaryocytes of the dogs had been destroyed
by the radiation and suggested that the platelet
disappearance time indicated the life cycle of the plate-
lets in circulation.

lLawrence and Valentine (1947) cross circulated a
normal cat with a cat made thrombocytopenic by irradiation
and found that the platelets derived from the normal cat
disappeared from the thrombocytopenic cat 2 -~ 4 days after
the cross circulation was severed. Further information
has been gained from the examination of humans who have
accidentally received single doses of total body irradiation.

In several criticality aceidents (Andrews et alii, 1959;
Hempelmann et alii, 1952; Mathe et alii, 1959; Jammet et
alii, 1959) and in patients who did not have marrow disease
who received doses of radiation of the order of 2%0 - 400r,
a Arop in the level of circulating platelets occurred after

a latent period of about 10 days and reached low levels
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within 21 days, a level which was maintained over a period
of 10 -~ 14 Qays. Gradual recovery began between 31 and
33 days of the initial radiation. This has been inter-
preted as meaning that the pre-existing megakaryocytes
continued to function soon after the irradiation but
production of new megakaryocytes was suspended. When
those megakaryocytes which were present initially were
exhausted, there followed a phase of falling platelet
levels which lasted about 10 days - commensurate with the
life-span of normal platelets. In fatal accidents
(Hempelmann et alii, 1952; Mathe et alii, 1959) resultant
on larger doses of irradiation having been received there
was a rapid fall in platelets due to immediate megakaryo-
cyte inhibition. This fall in platelet levels took place
over a period of 9 days, a time which once again would
represent the lifespan of circulating platelets.

Transfusion Studies

There are numerous observations on the circulation of
platelets transfused into thrombocytopenic subjects. In
1910 Duke performed direct (vein to vein) blood transfusions
on three patients with thrombocytopenia. In two of the
recipients the platelet count was increased for 3 - 4 days

and the bleeding was controlled for this period in all
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three. Stefanini and Chatterjea (19351) and Stefanini et
alii (1952) transfused polycythsemic bloocd into patients
with idiopathic thrombocytopenia and secondary thrombo-
cytopenia. The platelets disappeared in 0 - 3 hours in
the first group and in the latter 12 -~ 96 hours. Hirsh et
alii (1950, 1951) transfused platelet rich blood into
thrombocytopenic patients and found platelet survival time
to vary between 1 and 8 days, depending on the type of
thrombocytopenia from which the patient was suffering.

The Use of Radioactive Isotopes for Platelet Labelling

The introduction of radicisotopes as a clinical tool
has been of considerable use,. The advantages of radio-
active isotopes are:

(a) the ease of performance)

(b) some information may be gained which is not

readily available by other techniques;

(¢) The functional state of organs or cells may

be examined under physiolcgical conditions;
(d) measurements may be made in vivo;
(e) experimental data obtained may be amenable
to mathematical analysie; and
(f) they may allow 2 kinetic study of the turnover

of cells etc.
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The main disadvantage is that the fate of the label
is not necessarily the fate of the cell and some elution
of the label may take place or reutilisation occur with
some labels. There has been a variety of different
experimental methods using labelled platelets in the
study of platelet lifespan. In the earlier studies
performed, platelets were labellad in vitro by incubation
with a radioisoctope compound. After washing, often
several times, the platelets were reinfused and their
disappearance from circulation noted. In general this
method suggested shorter platelet survival times than other
isotope methods varying from one hour to several days.
Undoubtedly in these early experiments the damage caused
by excessive in vitro handling was largely responsible for
the shortened survival time and in addition some label may
be eluted from the platelets after reinfusion. Isotopes
that have been used in labelling of cells include:

32

Radiocactive phosphorus - P a beta emitting isotope

with a2 half life of 14.5 days. In 1952 Julliard et alii

32 and after

labelled human blcod platelets in vitro with P
injecting them into the rabbit were able to estimate thelr
survival. Later using the same technique of labelling

they estimated the survival of platelets in man. Mueller
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in 1953 also utilised this isotope to label platelets and
noted that the cells were rapidly removed from circulation.
The evidence of his experiments suggested that damage to
the cells had occurred during their manipulation prior to
infusion, Estimates of platelet lifespan using this
technique showed considerable variation as evidenced in the
work of Desai et alii (19%5) who tagged polycythaemic

32 and found the apparant half

platelet rich plasma with P
1life of platelets from polycythaemics to normal individuals
to be only 35 - 50 hours, It was not until in vivo

labelling with p>2

became the practice that more exact
values of platelet lifespan were obtained.
The first to use the in vivo technigque of labelling

32

with P”° were Adelson and Rheingold in 1956. They

accomplished this by injecting a donor subject with 932
and one weiak later, following the incorporation of the
isotope into platelets, they took 3500 ml. of blood from

the donor and transfused it into the recipient. This
allowed a far more accurate determination of platelet life-
span than had previously been found possible, the average
duration of platelet survival in circulation being 7 days.

As well as using P32

alone as 2 cell label, many
workers have found that the isotope incorporated into di-

isopropyl fluorophosphate (DFF) serves as a useful label
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(Leeksma and Cohen, 1955, 1936; Polycove et alii, 1958;
Alfos et alii, 1939; Zucker, Ley and Mayer, 1960). DPY

is a potent esterase inhibitor which becomes rapidly and
irreversibly bound to blood cells as well as to other
tissues after injection. 1If DPP contains radiocactive
phosphorus, the survival within the circulation of a
particular type of blood cell may be determined by measuring

. activity from that particular

the disappearance rate of P
type of cell. Using this method, platelet lifespan has
been estimated as 8 - 9 days (Leeksma and Cohen, 193%, 1956)
and 8 - 14 days (fucker, Ley and Mayer, 1961).

Iodine - 1131. Radioactive iodine was used by

Morgan et alii (15354) but following injection there was a
rapid disappearance of platelet bound radiocactivity and a
subsequent rise in plasma radiocactivity which indicated the
possibility that the injected platelets did not survive the
labelling procedure. This isotope has not been used for
further platelet studies.

Gold - aul?®.  Maupin and Loverdo (1959) found

radicactive gold to be a stable platelet label but thought
that the integrity of the cells was affected and d4id not
recommend its further use as a cell label.

Carbon - Cl4, is a further isotope which has been
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widely employed in studies of platelet survival in animals
but to a lesser extent in man owing to its long half life

(5760 years) . In 1953 Odell et alii determined the life

span of rat platelets following the administration of C14

14

formate and in 1961, Heysell, utilising C~ -labelled sero-

tonin, determined the platelet survival in man and found
a half life of 5 days.

Tritium - H3. Adelson et alii (1964) have carried

out platelet survival studies using tritiated diisopropyl-
fluorophosphate (DFP-H?)in dogs. The advantages of this
technique are that the platelets are labelled in vivo and
that the long half life of tritium (12.3 years) results in an
additional two-fold increase in specific activity towards the
later stages of the platelet survival, Survival curves
obtained by this method are exponential.

Chromium ~ Cr51, a gamma emitting isotope with a half

life of 27.7 days, is one of the most frequently employed
radioactive isotopes used in measurements of platelet life
span, The technique here involves the in vitro labelling
of cells and although the site of binding has not yet been
determined with any certainty, attachment of the label to
the cells occurs quite readily, Gray and Stirling first
reported the use of chromium in the radioactive form as a

cell label in 1950, and it was not until 3 years later (1953)
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that Visek et alii attempted to use it as a platelet labal
by 1incorporating the isotope into chromium chloride

51

Cr Cl After labelling with chromie chloride,

3
however, there was a rapld loss of radicactivity from the
labelled platelets following indsction into the subject

owing to the high affinity of the plasma proteins for the
chromic ions.

In 1954 Robertson et alii, pursuing the idea that
radiocactive chromium may be a suitabl: platelet label,
affectively utilised the chromate form in tagging rat
platelets, and in 1955 Morgan et aliil in experiments on
rabbits showed that platelets survived for several days
following reinjection and that they retained their function.

By 1956 Reisnexr et alii had rerorted the rasults of
their investigations in both animals and man. In man they
showed a platelet survival of 5 - 6 days, increasing to 8 -
11 days in splenectomised individuals and reduced in subjects
with idiopathic thrombocytopenic purpura or hypersplenism.
They also noted that the platelets disappeared immediately
following injection and gradually reappeared, to reach a
maximum the day after injection, suggasting that they were
sequestered somewhere in the body and slowly released into

the circulation. Lewis and Szeto (1953) also found radio-



23

active chromium to be a suitable label, and Aas and Gardner
(1958) described in some detail.their method of platelet
preparation, The technique that they amployed, or
modifications of it, has been widely accepted (Najean,
1959; Davey and Lender, 1963, etc.). The lifespan of

51

chromium”™ labelled platelets iz 9 - 11 days when thise

method of preparation is employed.

Radioactive sulphur - 533, Dzlewiatkowski (1949)

while studying the rate of excretion of radicactive sulphur
and its concentration. in some tissues of the rat after intra-

peritoneal administration of labelled sodium sulphate noted

35

that § activity reached a maximum in the bone marrow in

24 hours and then gradually declined, Lathja et alii

s to be taken up by human bone marrow cells

(1953) noted S
in vitro and Belanger {(1954) observed that the megakaryo-
cytes of the spleen of the rat and hamster readily took up

835 35

following the injection of 8" -labelled H,50,. Odell

and his workers (Tauche and Gude, 1955) further observed

uptake of 835

by platelets, megakaryocytes and the myeloid
elements of the bone marrow of rats and commented that
their results provided additional evidence of the origin
of platelets from megakaryocytes as well as giving a

measure of platelet lifespan.
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Vodopick and Xnisley (1963) labelled human platelets
with this isotope and determined platelet survival to be
9 days, which {s in accordance with the results of other
workers using different isctopes in man.

Platelet Lifespan and Kinetics in Circulation

It is now generally accepted that the lifespan of
human platelets in circulation is 9 - 11 days in normal
subjects, and figures of this order may be obtained using
any of the techniques at present available which do not
cause excessive damage to the cells, Divergent views,
however, have been expressed in relation to the mode of
destruction of normal platelets in health. Investigators

32 .35 and c14

using compounds of P°°, S as labels (Adelson et
alii, 1961; Murphy and Mustard, 196l1; Heysell, 1961
Battacharya and Stewart, 1964) have generally found that

the fallout of platelet activity from circulation can be
expressed as a simple first order function suggesting random
destruction. However, the use of such labels has been
criticised for they are subject to metabolic turnover and
loss from the cell (Parker-wWilliams et alii, 1963;

Grossman et alii, 1963). Using radiochromate, most

workers have obtained rectilinear survival curves suggesting

that platelets have a finite lifespan, death being the result
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of aging processes (Aas and Gardner, 1959; Najean 1959;
Firkin, 1963). Davay, Lander and Robson (1964) have
devised a model which closely approximates their
experimental data and have suggested that both mechanisms
of platelet utilisation are occurring simultaneously.

The question could now be asked - "wWhat is the
fate of the platelet uvltimately?"

Normally, platelets are used to maintain the integrity
of capillary endothelium (Danielldi, 1940; Woods et alil,
1953: Cronkite and Brecher, 1954). Autoradiograms of
capillaries of X-irradiated rats that have been injected an
hour prior to sacrifice with platelets heavily labelled
with radioactive sulphur suggested that platelets (or
sas-labollod nucopolysaccharides derived from platelets)
were deposited along the capillary walls (Cronkite et alii,
1957). The distribution of transfused labelled platelets
has been studied by ashing or homogenizxing varicus organs
and counting their radiocactivity. Rabbits or rats were
killed after transfusion of platelets labelled with radio-
active phosphorus or radiocactive chromic chloride (Julliard
et alii, 1932; Mueller, 1953)., The greatest specific
activity under these circumstances was found in the spleen

and the largest percentage of the total recovered radio-
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activity was found in the liver while smaller amounts were
detected in the bone marrow, kidney and lungs. Reisner

et alii (1958) using sodium chronat051

-labelled platelets
noted, in rabbits, that significant amounts of radioactivity
were detectable in the spleen only. Cronkite et aliil
(1957) demonstrated in rats that following transfusion of
labelled platelets, radiocactivity was confined almost
exclusively to splenic macrophages. Najean et alii (1959)
injected normal subjects with radiocactive labelled plate-
lets and found that the radioactivity in spleen and liver
was proportional to the declining platelet activity over a
pexiod of 6 days. These findings all appear consistent
with the removal of effete platelets from circulation by
the spleen. Handling of platelets before transfusion,
however, causes damage to the cells and results in the
rapid removal of some platelets from circulation,

possibly in an sbnormal fashion. Nonetheless, results do
seem to implicate the spleen and possibly other reticulo-
endothelial tissue as sites of removal of senescent and
damaged platelets from circulation. In spite of this
evidence it is of interest that splenectomy does not
affect platelet survival times (Hjort and Paputchis,

1960) . It is possible that other reticuloendothelial
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tissue takes over the function of the spleen after its
reEoval, and Aster and Jandl (1964) suggested that although
cells damaged in handling may be removed from circulation
initially by the spleen, the majority of platelets normally
die in the reticuloendothelial cells of the liver.
Knowledge of the fate of platelets is still rudimentary

and the evidence for any one site of platelet destruction
to take precedence over cthers is only fragmentary,

Platelet Transfusions in Haemorrhagic Disease

Richard Lower in 1665 performed the first recorded
successful blood transfusion in animals. The first
transfusion in man is said to have been carried out by Jean
Baptiste Dennis (1667) who transfused a young man with the
blood of a lamb. At this time there was no consensus as
to the indicationsg for transfusion, and it is not clear
when blood transfusions were first advised for haemorrhagic
disease. The ftalian physicians in the early part of the
20th century are known to have employed blood transfusions
for the treatment of thrombocytopenic purpura (cited by
E.J. Cohn). At that time anticoa§ulantn were not
available and the transfusion was performed with paraffin
coated syringes. Following the intreduction of iodium

citrate as an anticoagulant (Mustin, 1914; Lewisohn, 19158)
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transfusion in thrombocytopenic states fell into disrepute
as the trisodium citrate used damaged the platelets
resulting in impairment of their survival and function.

Subsequently attempts were made to infuse platelet
concentrates into patients with platelet deficiency states
(Krasso, 1927;: Fonio, 1936; Benhamou and Puglieme, 1945;
Lawrence, Valentine and Adams, 1948) but with only
modarate success. Further improvement, however, followed
a series of advances in transfusion techniques. These
included the introduction of silicones to provide non
wettable surfaces for glass containers and needles, thus
reducing platelet adhesion and loss (Jacgues et alii,
1946) and the elaboration of techniques of differential
centrifugation at low temperaturses for the separation of
blood components (Dillard et alii, 1951; Hirsch et alii,
1952), The use of surface active agents to facilitate
platelet resuspension during these procedures was
suggested by Minor and Burnett (1952) and non wettable
plastic containers for handling blood were developed
(Gardner et alii, 19%4).

Not only have theses adaptations to collection
techniques been devised over the years, but recipients

have received fresh whole blood collected into ethylens



diaminetetraacetic acid (EDTA) (Dillard, Brecher and
Cronkite, 1951). Transfusions of fresh platelet rich
plasna (Gardner, Howell and Hirsch, 1954; Stefanini,
1955), fresh platelet concentrates, platelets preserved
in gelatin (Tullis et alii, 1959), lyophilised platelets
(Kléin et alii, 1956) and platelet suspensions derived
from stored blood (Mustard, 1956; Tobin and Friedman,
1960) have been employed.

In many instances the response to platelet pre-
parations has been assessed by clinical interpretation
and generally the bleeding associated with thrombocyto-
penia has been corrected successfully only when viable
platelets are circulating in the recipient. In order to
be effective in haemostasis, platelets must be “viable"
and capable of remaining in circulation for some time after
infusion. The demonstration that a given platelet concen-
trate is active in a coagulation system in vitro does not
necessarily mean that the platelets possess all their
physioclogical properties and are therefore viable cells
which will be effective in the entire haemostatic processes
in vivo. Their viability has been defined (Baldini et alii,
1960) as "the ability to recirculate and to survive, that is,

to carry on their normal functions after infusion into a
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normal recipient"”. It is evident that platelets prepared
by certain procedures are viable, as indicated by the
circulation of platelets in the recipients. In contrast,
transfusion of platelets prepared by other procedures may
not result in circulation of platelets, or ray even induce
a further degree of thrombocytopenia. The methods
employed which have changed the platelet environment
considerably, such as trapping and elution, separation and
storage in media of plasma, freezing and thawing or lyo-
philisation, have resulted in platelets whose morphology
has been distorted and which are not viable as the platelet
count of normal or thrombocytopenic subjects has not been
elevated following their infusion. The infusion of fresh
blood usually results in an increase in platelet count
except {in those conditions known to be associated with
excessive platelet destructicn, for example, idiopathic
thrombocytopenic purpura.

In all cases in which infused platelets do not
circulate, a clear separation of the responsible factors
should be elucidated, It may be as previously stated that
lack of circulation is inherent to the disease; that
irreversible injury has occurrea during separation or

storage, or that sensitisation to human platelets dues to
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previous transfusion may have occurred (Stefanani et ali{,
1952).

The development of the atomic bomb and the incidence
of thrombocytopenic purpura as a potential component of
modern warfare provided further incentive for research into
the development of platelet preservation ond effician. mesans
of platelet tyansfusion.

Cf the most recent developments in this field are the
use of dimethyl sulfoxide as a preservative of frosen
platelets by Djerassi and Roy (1963) and the use of & new
anticoagulant for the preparation of platelet concentrates
by Aater and Jandl (1964). This latter will be discussed

in more detail in Chapter IIIX.

The Platelet and Atheroma

Morphologically atherosclerosis has been defined as
a éisease of the intimal layers of the arterial wall,
occurring focally and associated with intimal thickening
and lipid deposition. The frequent sites of these
thickenings are the aorta, coronary, cerebral and lower
leg arteries.

Thickened arteries were first noted by Aretaeus of
Capadocia nearly two thousand years ago. The term

atheromatous was probably first coined in recent times by
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Morgagni (1728) although according to Pareé (1575) the word
atheroma was first used in ancient Greek works for any
cystic space containing gruel-like material. It was not
until the Napleonic era that the French physicians
developed some of the more modern ideas of the disease.
Lobstein (1829) classified the disease as a definite entity
and was the first to use the term arteriosclerosis. It
was he who first postulated that the disease was related

to vascular accidﬁnts. After Lobstein's description
theories of the pathogenesis of the diseass were developed.
In Vienna Carl von Rokitansky described in detail pathological
lesions in the arteries and in the heart. Rokitansky
demonstrated lesions which he called fibrinous deposits on
the arterial intima and‘which he considered to be the cause
of various pathological changes. These included intimal
hypertrophy, intimal vascularisation, calcification,
atheroma formation and weakening of the media with aneurysm
formation, Similar deposits of fibrin on the endocardium
were described and he assumed they led to endocardial
thickening and fibrosis. Rokitansky believed that the
fibrinous deposits were produced by the interaction of an
exudate releassd by local inflammatory processes in the

vessel wall or of blood and mediated by a catalytic process.
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Rokitansky's concepts were arrived at by brilliant
intuition and were premature only because they were
impossible to prove or disprove at the time because the
physiological and biochemical background naeded for this
was non-existent. With the foundation of cellular
pathology by Rudolph Virchow, Rokitansky's ideas were
considered obsolete and erroneous and they soon ceased to
form the basis of investigative work and over the years
were nearly forgotten.

At the turn of the century it was discovered that
early atherosclerotic lesions occur in children
(Bimnitsky, 1903) and this was later extended te infants
(8trong et alii, 19%8). The rapid progress in biochemistry
and nutrition began to influence the work on atherosclerosis
s0 that for a time most investigations centred around
disturbances of lipid metabolism and their asscocliation with
dietary fat, The accumulation of fatty substances in the
atheromatous areas was good evidence that investigations
on these lines would be profitable. Lemoine (1911)
established that the serum cholesterol was elevated in
patients with advanced atherosclerosis and it was also
found that the serum is lipaemic in these subjects
(Rusunoki, 1914). Further work elucidated other disturbances
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of lipid metabolism in this disease. When these lipiad
disturbances were first examined investigators considered
them a consequence rather than a cause of the lesions

as many chronic diseases are accompanied by similar lipiad
changes. However, since Anitschkow's (1913) experiments
with cholestercl feeding which resulted in atherosclerosis
in animals, many leading investigators have been inclined
to accept disturbancas of lipid metabolism as aetiological
factors in athercsclerosis and the "lipid imbibition®
theory largely over-shadowed any other.

It was not until nearly a century had elapsed that
Rokitansky's suggestion came to notice again when Duguid
(1946) studied thrombosed and recanalised corcnary
arteries, He obsarved that at sites where the thrombus
had net occluded the whole lumen of the vessel but had
apparently formed a mural fibrin deposit on the intimal
surface, the resulting pathological processes consisted
of an intimal hyperplasia leading to intimal proliferation
and intimal thickening. This resembled organisation of a
parietal thrombus with connective tissue. The existence
of several layers clearly separating or overlapping one
another suggesated the recurrent formation of fibrin

deposits followed by fibroblastic proliferation and
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organisation. When deeper layers of thickening occurred
secondary intramural processes appearing as cellular
necrosis and lipid deposition were observed. In such
proceases Duguid saw an aetiological factor in the devel-
opment of the atherosclerotic lesion. In reaching this
conclusion he revised the o0ld suggestion of Rokitansky
and laid the foundation for the thrombogenic theory of
the pathogenesis of atherosclerosis.

There is good evidence that platelets are normally
required to preserve an intact vascular tree. Danielli
(1940) perfused the isoclated hind limb of a frog with
platelet-free fluid and this led to increased fluid loss
to the tissues. This d4id not occur following perfusion
with platelet-rich fluid. Furthermore, injection of
fresh platelets into haemorrhaging rats or dogs that were
thrombocytopenic after total body irradiation rapidly
stopped the bleeding (Woods et alii, 1953; Cronkite and
Brecher, 1954) . As well as the continucus need for
platelets to maintain vascular integrity, increased
deposition occurs if any local injury arises (Bizzozero,
1882) and any accumulation of material may become
incorporated into the intima and be overgrown by endo-

thelium (Duguid, 1946, 1948; Haust et alii, 1959; More
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and Haust, 1961),

In 1958, Pilshie and Scott showed that in rabbits,
injection of thrombin into an isolated venous segment
produced a mixed thrombus which was endothelialised over
28 days. Many of the organised thrombi contained foanmy
phagocytes and resembled the lesions found in the arteries
of rabbits fed lipid enriched diets. Hand and Chandler
(1962) produced atheromatous lesions, again rich in foam
cells, by injecting homologous thrombi consisting mainly
of platelets into the pulmonary circulation. These
findings have led Mustard et alii (1962) to modify the
more classical fibrin theory of encrustation and to
relate the development of atheroma more directly to the
blood platelet and to its role firstly in thrombogenesis
and subsequently to atherogenesis. Study of this type
has proved a complex problem, however, as there are many
facets of platelet behaviour to be considered.

Undoubtedly one of the first considerations involves
coagulation studies. These have heen widely carried out
in people suffering from the complications of atheroma
(Mustard et alii, 1962; Spittel et alii, 1960; Mcdonald,
1937, 1959, and many others) and have revealed an increase

in the activity of various coagulation factors in subjects
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with occlusive vascular disease. Other workers (Burn et
alii, 1947; Merskey et alii, 1960) have failed to show
any difference when comparing coagulation activity in
normal and atheromatous individuals. McDonald (1957,
1959) reported that subjects who have had the complications
of atheroma, for example, myocardial infarction, have more
adhesive platelets than normal individuals and Horlick
(1961) using a different technique, has confirmed this
finding. Overall, to date it has been difficult to
determine from in vitro tests how coagulation relates to
atheroma formation and its subsequent complications.

Two in vitro methods of determining platalet
behaviour have recently been developed which allow direct
visualisation of the platelets throughout the study.

One of these involves use of a spectrophotometric
technique, and the other the formation of a true thrombus
by artificial means.

A number of attempts have been made over the years
to produce objects having the histological structure of a
thrombus. Por a variety of reasons the early methods
failed to yield as much new information as could be hoped
for., In 1958 Chandler showed that when blood is made to

flow continuously round a closed circular loop of plastic
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tubing mounted on a rotating turntable the blood eventually
solidified., When the solidified blood was examined
histologically it was found to contain areas which were
similar in many ways to the appearances found in naturally
occurring thrombi. In 1959, Poole, using a slight
modification of the Chandler apparatus, was able to cbtain
conditions under which blood did not solidify completely.
Instead a small firm object was formed just behind the
advancing edge of the column of blood and which floated
around independently after reaching maximum size, usually
within & few minutes. Histological examinagion showed
that the objact so formed consisted of a white head
composed of platelets and leucocytes and a red tail
composed of fibrin, trapped red blood cells and a few
scattered leucocytes reproducing many of the characteristic
features of a natural thrombus. This technique cbviously
has many ap_.iications and has been used for a variety of
purposes associated with determinations of platelet
behaviour and thrombus formation, It has been used to
study the effects of anticoagulants (Poole, 1960a); the
incorporation of bacteria (Poole, 1960b); the effect of
fatty acids (Connor and Poole, 1961) and the subsequent
fate of the artificial thrombus when returned to



- 39

circulation (Hand and Chandler, 1962). Owing to the
apparently direct relationship between thrombosis and
atheroma formation, this provides an in vitro technique
of determining abnormal platelet behaviour in subjects
predisposed to atheroma or its complications.

The formation of the white head of a thrombus involves
adhesion of platelets to each other. As platelets in the
blood stream do not normally stick to each other, it is
probable that the surface or environment of a2 platelet
which has stuck must change rapidly because within
seconds of platelets sticking more platelets stick to
each other. The actual mechanisms involved in platelet
adherence to each other and to andothelial surfacaes are
not fully determined. Platelet adhesion occurs when
blood clots (Wright and Minot, 1917), when a vessel is
injured (Bizzoszero, 1882), when platelets are exposed to
factors released from red cells (Hellem, 1960; Cardner et
alii, 1961), and when platelets are in contact with
connective tissue (Zucker and Borelli, 1962). Any local
injury to the vessel wall will result in the accumulation
of material which may become incorporated into the endo-
thelium (Duguid, 1946, 1948). The spectrophotometric
technigue (O'Brien, 1962) which ias dependent on increased

trunsmission of light through a platelet suspension if
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the platelets aggregate has provided a sensitive method for
determining increased platelet adhesiveness which occurs
in subjects with thrombotic tendencies.

The introduction of radioisotopes into clinical
nedicine has provided a further tool for the investigation
of abnormal platelet behaviour. The advantage of studies
of this type axe that they give an index of platelet
behaviour in vive. Pursuing the encrustation theory of
atherogenesis with particular emphasia on platelet
utilisation, Murphy and Mustaxd (1962) have carried out a
series of investigations on atheromatous and normal

individuvals using prp32

labelled platelets, Results of
their studies have revealed that the mean platelet survival
is shorter and the mean platelet turnover greater in
atheromatous subjects than in othars, These studies were
carried out in the quiescent phase of the disease. In an
effort to obtain information on the effect of diet on
platelet behaviour in vivo they also investigated the
platelet behaviour of saven subjects on three different
diets controliled in a metabolic ward., It was found that
platelet survival was shortest when the diet was rich in
dairy fat and eggs and longest when it contained little

fat (Murphy and Mustard, 1962). Thexe was also a tendency
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for the platelet adhesive index to increase in subjects on
dairy produce and these subjects also had the highest
serum lipid levels. These findings tend to parallel, in
part, those of McDonald and Edgill (19%8) in which subjects
on low fat diets were found to have less adhesive plate-
lets. Further studies have been carried out on subjects
a:tor paying particular attention to factors whigh have
been incriminated in atherogenesis or increased tendenocy
to thrombotic episodes. Data have indicated a reduced
platelet survival in patients who smcke (Mustard and
Murxphy, 1963b), and in gouty subjects (Mustaxd et alii,
1963). The effect of anticoagulant therapy on platelet
survival and turnover in patients with atheroma has also
been determined because of its wide therapeutic use.
Dicoumarol in doses that prolong the prothrombin time to
greater than two and one-half times normal, prolongs
platelet survival and decreases platelet turnover (Murphy
and Mustard, 1961). Inadequate doses of dicoumarol
(prothrombin time less than one and one-half times normal)
do not prelong platelet survival and,if anything, have the
reverse effect, A similar effect is obtained with
heparin (Mustard and Murphy, 1963a). Atromid has also

been found to prolong platelet survival in "atheromatous”
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individuals (Gilbert and Mustard, 1963).

O'Neill and rirkin (1964) performed platelet survival
studies in a group of subjects with coagulation disorders,
thrombocythaemia and cenditions associated with athero-
sclerosis. Their results indicate that under most
conditions random removal of platelets, in particular by
the processes of continuous intravascular coagulation,
doces not play a significant part in the deatruction of
blood platelets in either normal subjects or in subjects
prone to atherosclerosis. This is in contradistinction
to the findings of Murphy and Mustard, and has raised some
doubt as to the validity of their attractive hypothesis.
On the whole, such divergence of opinion and multiplicity
of theories on the pathogenesis of disease is usually a
good indication that any one theory does not satisfy all
the facts that are available. Such 1s the case with
atheroma. Of all the factors incriminated in the aetiology
of the disease, one factor which constantly recurs is the
blood platelet and any elucidation of its role may permit
the course of the disease to be influenced decisively in

the future.
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Purpose of the Present Study

The work in this thesis is related to a number of
aspects of platelet bshaviour in health and in disease.

1. The introduction of disodium ethylene diamine
tetraacetate (NazEDTA) as an anticoagqulant used for the
collection of blood (Dillard, Brecher and Cronkite, 193%))
led to its widespread use for platelet transfusion. The
arguments in its favour were that it obviated platelet
clumping and allowed platelets to be handled more aasily.
In 1961 Kissmeyer-Nielson and Madsen concluded from their
studies of radiophosphorus labellad platelets that acid-
citrate dextrose (ACD-USP formula A) was superior to EDTA
and more recently Aster and Jandl claimed outstanding
merit for a particularly acidic solution of sodium citrate
and dextrose (ACD '8").

Owing to the need for effective platelet transfusion
in many haemorrhagic states and in view of these divergent
claims, a comparative study was undertaken to assess the
relative merits of anticoagulant solutions used in plate-
let transfusions. Studies had previously been carried
out in this laboratory using ethylenediamine tetraacetic
acid (EDTA) and ACD 'A®., Further studies were therefore

planned using the newer formula (see Chapter II) of acid
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citrate dextrose in an effort to determine the afficiency
of this anticoagulant in relation to those previocusly
recommended for use in platelet transfusion,

2, Study of the relationship of the platelet to
the development of athercma and its complications has
been a difficult problam in the past. The introduction
of isotope labelling of cells allowed the hope that this
technique may be of use in determining platelet utilisation
and behaviour in circulation in this condition. Howaver,
results of studies carried out by two major groups working
in this field have been contradictory. It was with the
hope of clarifying this problem that a systematic study was
instituted to determine the behaviour and survival in
circulation of blood platelets in persons suffering from
atheroma or its complications. Furthermore, there appears
to be a close relationship between thrombosis and atheroma.
A study of platelet behaviocur and of the tendency to
thrombosis in subjects predisposed to vascular disease is
varranted as of all the factors incriminated in the aetiology
of the disease one factor which constantly recurs is the
blood platelet. Any elucidation of its role in the
pathogenesis of atheroma may eventually influence future

management of the disease.
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). Until recently the surgical treatment of
valvular heart disease has been concerned primarily with
the relief of obstruction caused by stenosis. Diseased
aortic and mitral valves, however, are fraequently
incompetent as well as stenosed since fibrosis and
calcification render them rigid and unable to open and
close efficiently. Thus, for a number of years attsntion
has been focused on devisirig methods of valve replacement
either by the use of homografts or of prosthetic material.
In 1956 Murray reported the successful insertion of aortic
valve homografts in dogs with mitral and aortic
insufficiency, and he also described the insertion of
aortic valves into the thoracic aorta of thres patients,
all of whom derived benefit from operation.

Another approach to valve prosthesis has been made
by 8tarr and Edwards. In 1960 Starr reported the results
of mitral valve replacement on 25 mongrel dogs. The
valves consisted of a rigid frame that supported a variety
of shapes of silicone rubber leaflets oxr enclosed ball of
nylon, lucite or silicone rubber. Fixation was achieved
py means of a teflon cloth, Thrombosis was a majorxr

problem in these animals. The thrombus appeared first at

the zone of fixation to the mitral annulus and extended
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over the valve ring despite changes in the materials used
and despite anticoagulant drugs. This always interfered
with leaflet function but was less likely to interfere with
the ball valve. In 1961 Starr and Edwards reported eight
cases who had undergone mitral replacement with the Starr-
Edwards ball valve prosthesis (Figure 1). In humans
clotting had not been a problem to that time (as had been
the case with dogs) and nc deaths or complications from
thrombo-ambolic disease, thrombotic occlusion of the
prosthesis or hasmorrhage from postoperative anticoagulant
therapy had occurred.

In 1962, Starr et alii, reporting on further results
of mitral valve replacement, commented: "The use of
foreign material in the heart, however, is associated with
the danger of infection and thrombo-embolism®, two of the
patients in this series of 16 having suffered cerebro-
vascular accidents postoperatively. Bince this report
and following the increased use of the Starr-Edwards
prosthesis in patients with severe valvular disease, the
nunber of persons who have had otherwise successful
operations but who have experienced the sequelas of
thrombo~embolism, is increasing. A study of the plate-

let behaviour in these individuals was undertaken as, at
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autopsy, many of the thrombi were found adherent to the
valve or in close proximity to it, and were composed
almost entirely of platelets and fibrin,

4. Cohen (1961) suggested that the only satisfactory
method of classifying the thrombocytopenias at present
depends on whether the survival of platelets in circul-
ation is short or normal, Najean et alii (1963), using
radiochromate labelled platelets, found that splenic
localisation of platelets in subjects with thrombocyto-
penia showed good correlation with the subsequant response
te splenectomy. Castaldi and Firkin (1963) also noted
that of six subjects responding to splenectomy for
thrombocytopenia, five showed an uptake of labelled
platelets by the spleen. Subjects with thrombocytopenia
were studied therefore to determine whether surface
scanning data obtained in conjunction with eatimates of

51 technique might

platelet lifespan using the chromium
provide a suitable method for the prediction of the
outcome of splensctomy in these subjects.

5. The mechanism of platelet destruction and
particularly the aite of platelet destruction remain
problems of considerable interest and to which no

solution has yet been detexrmined. Removal from
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circulation has been attributed to reticuvlo-endothelial
sequestration of effete platelets, the liver and spleen
playing a major role in this respect. It remains
uncertain, however, why in some inastances the principal
site of removal is the splsen, while under other
circumstances most cells appear to be removed by the
liver. Jacob and Jandl (1962), writing of red cells,
postulated that the shift in site of red cell sequest-
ration is duve to alterations in cell membrane, a faature
which has been adequately confirmed, most recently by
Kimber and Lander (1965). ‘To determine the sites of
removal of platelets from circulation therefore, studies
were devised in which the cells could be damaged to
varying degrees and their removal from circulation traced.
A total of 87 platelet survival studies were carried
out on 78 subjects. These could be grouped as follows.

1. Athercma or its complications

36 gtudies on 34 patients.

2. Valvular disease of the heart

i. Precperative studies - 6 subjects.
ii. rollowing the insertion of Starr-Edwards
prosthesis ~ 12 studies (10 subjects).

3. Thrombooytopenia

14 studies on % subjects.
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4. Postoperative patients

6 studies on 6 subjects.

5. Following treatment of platelets with sulphydryl
inhibitors

6 studies on 6 subjects.

6. Normal healthy young controls

7 studies on 7 subjects.

In addition, studies were carried out on the blcocod of
117 patients for a total of 746 days using the Chandler
apparatus, This part of the work was carried out in
collaboration with Dr. Colin Schwartz and Dr. Neville
Ardlie of the Institute of Medical and Veterinary Science,
Adelaide. All subjects studied were selected and person-
ally interviewed by myself and full olinical documentation
carried out including results of electrocardiographic
examinations, recent blood pictures and serum enzyme
levels, and results of relevant X-ray examinations
particularly arteriography. The blood of all patients
was taken daily by myself using the same techniques.
Platelst counts were pexformed on every sample,
Observations in the Chandler tube were performed by Dr.
Schwartz and Dr. Adrlie, and the final evaluation and

interpretation of results Was carried out as a group

correlating all available data.
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8tudies carried out using this technique may be sub-
divided accordingly.
1. Healthy control subjects

1. Subjects ¢ 40 years - 24 subjects studied on
142 days.
ii. Subjects > 40 years - 28 subjects studied on
161 days.
Total control subjects: 52 subjects studied on 303 days.

2. Patients with myocardial infarction

I. SBubjects treated with anticoagulants - 24
subjects studied on 148 days.
ii. Subjects not treated with anticoagulants - 26
subjects studied on 169 days.
Total myocardial infarction: 50 subjects studied on
317 days.

3. Patients with valvular disease of the heart

I. Uncorrected valvular disease - 6 subjects studied
on 41 days.
i1, After valve replacement with Starr-Edwards
prosthesis - 9 subjects studied on 85 days.
Total valvular disease: 15 subjects studied on

126 days.
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The assessment of the relative merits of anti-
coagulant solutions used in platelet transfusions and
the svaluation of the new Aster-Jandl anticoagulant were
made possible through the help of Dr. Martin G. Davey.
He had previously performed platelet survival studies
using ethylene diamine tetraacetic acid and the standard
formula of acid citrate dextrose (ACD'A'), making it
possible to utilise some of the data he had obtained for
the purposes of the comparative assessment of the new

anticoagulant sclution.



CHAPTER II

MATERIALS AND METHODS
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A, MATERIALS USED

1. Polyvinyl chloride collection packs were used
for the initial venesection. These were double packs
consistii, of a 550 ml. collection pack which contained
the anticoagulent, connected to a second compartment of
300 ml. capacity by PVC tubing (rigure 2). Packs were
supplied by Tuta I'roducts Ltd. of Sydney.

2. Polyvinyl (PVC) coupler sets were used where
required for the transfer of plasma or platelet
suspensions (Figure 2),

3. Polypropylene centrifuge tubes (MSE) were used
for all blcod samples collected during the course of
platelet survival studies. These vere of 10 ml. or 15
ml, capacity and their use precluded the need for silicone
treatment to reduce platelet adhesiveness to the surface.

4. Cellulose acetate tubes, flat bottomed with
close fitting plastic stoppers, were employed for the
storage of platelets isolated fxrom the daily blood samples
prior to final estimations of radicactivity in the
specimen. Following use the tubes were discarded.

5. Blood for Chandler studies wewe collected into
siliconised glass centrifuge tubes of 15 ml. total

capacity.
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Figure 2: Double platelet pack.
Collection pack containing anticoagulant on
the left and transfer pack to the right.
Coupler set also illustrated on far right.
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6. Anticoagulants.

(1) The anticoagqulant uveed for the initial
collection of blood for platelet labelling was of two
types.

(a) That used in the majority of studies was a
special form of acid-citrate dextrose anticocagulant as
described by Aster and Jandl (1963, 1964) and called here
ACD '8'. This formula consists of

i. 26 dextrose )
, ii. 1.37G citric acia ; pexr 100 nl,

111, 2.5G trisodium citrate;

For each 100 ml. whole blood collected 18 ml.
anticoagulant were required.

(b) EDTA - 1.5% (w/v) disodium dihydrogen EDTA.
2320 in 0.7% saline for which 1 volume of the anticoagulant
golution is required for each 9 vols of whole blood. The
third anticoagulant with which comparison has been made
was aclid-citrate dextrose (USP formula 'A') of which 18
ml. are required for addition to 100 ml., of whole blood.

(2) Anticoagulant for blood samplas was composed of
ethylene diamine tetraacetic acid (EDTA) 1.5%¢ and superinone
1% in normal saline. Superinone is a nontoxic surface

active substance which facilitates platelet resuspension.



54

2 ml. of this anticoagulant were used for each 10 ml. of

whole bloed collected.

7. Needles and syringes were coated with silicone.

Gauge 19 needles were used for all venepunctures.

8. Silicones. The silicone compounds used were

supplied by Dow Corning and the varieties employved were:

(1)

(2)

(3)

(4)

9. Choice of isotope. Radiocactive chromium

R chlorosilane No. 1107 as a 1% solution
in acetone to treat pipettes and glassware.
This was later substituted by a further
compound "siliclad®.

A lacgquer No. 2210 in xylol to proof the
needles used for venepuncture.

A dimethyl fluid (200/200) to lubricate
glass syringeas.

A mﬁxture of a dimethyl and a phenylmethyl
fluid (200/2Cand 585) for the purpose of
isolating platelets from samples of whole
blood. Four parts of the 5535 solution
ware added to one part of the 200/20

and adjusted to a final SG of 1.036-1.040
after thorough mixing.

1 was

chosen for use in platelet labelling in this study. The



sS

reasons for this choice were several.

(1) The isotope has a suitable half life of 27.7
days. Any isotope with an extremely short
half life would be inefficient because of the
short platelet lifespan (9~11 days), and isotopes
of long half life are assoclated with an increased
radiation hazard to the individual under
investigation.

(2) There are no harmful side effects related to
the use of chromiumSI.

(3) It is relatively easy to label cells with radio-
chromate.

(4) Relabelling of platelets does not occur if any
isotope is eluted following injection.

(35) The functional state of organs could be
deternined by using surface counting techniques.
This is possible because radicactive chromium51

is a A-emitting isotope whose rays are able to

pass through the body without being absorbed

by surrounding tissues and which may be measured

by suitable detectors placed on the body surface,

(6) The technique of labelling with radiocactive

chromium had been widely used in this laboratory
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previously and found to compare favourably and
to bhe equally as accurate as measurements of
lifespan using other isotopes.

10. 1Isotope supply. Radicactive disodium chromate

510‘) vwas supplied by the Commonwealth X-Ray and

(N12Cr
Radium Laboratories, Melbourne, made up in a sterile
solution of physiological saline and autoclaved to BP
specifications, The specific activity of the chronium51
during the course of these investigations varied between
63 uc./ug. Cr and 22% ue./ug, Cr. The mean specific
activity during this period was 104 uc./ug. Cr.

11. Plastic intravenous catheters used on the first
day of each study when repeated sampling was regquired were
"Bardic Intracaths" No. 1814, Needle gauge was l4 and

the plastic catheters were 12 inches in length.

B. LABORATORY METHODS

1. Sterilisation procedures. Syringes and needles
were sterilised following package in paper containers by
placing in a hot air oven for at least 60 minutes at a
temperature of 120°c, Pluids for use in preparation of
platelet suspensions, for example, 0.2% superinone in
saline and 2% superinone in saline were sterilised {(n an

autoclave at 15 lb. pressure for 30 minutes. Platelat



57

packs, coupler sets and intravenous catheters were provided
by the manufacturers in a sterile form.

2, Technique of labelling platelets with ChromiumSI.

The method used for the labelling of platelets was that
described by Davey and Lander (1963), a modification of
the technique used by Ras and Gardner.

Procedure:

1. 300 ml., of whole bloocd (500 ml. in thrombocyto-
penic individuals) were collected from the ante-
cutibal vein of the donor. Blood flowed into
the sterlile plastic bag containing the anti-
coagulant solution. Admixture of blood with
the anticoagulant was ensured by gentle tilting
or massage of the pack throughout the collection
periocd.

2. Blood was then centrifuged in a refrigerated
centrifuge (4 °C) at 3100g for 20 minutes, The
red cells were thus separated from the platelet-
rich plasma., The supernatent platelet-rich
plasma was then transferred to the adjocining
smaller plastic bag by means of a spring press
and 10 ml. of 2% superinone in saline added.

3. The platslet-rich plasma in this smaller bag was

centrifuged at 4 ¢ at 1000g for 30 minutes. At
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the end of this time platelets could be readily
identified as a creamish button at the bottom of
the plastic bag. Platelet-poor plasma was
removed and stored under sterile conditions.

300 uCi of sterile radiocactive sodium chromatesl
were added to the platelet button. The ampoules
containing the radiocactivity were well washed out
with 5 ml, 0.2% superinone in saline and this
solution was also added to the platelets, The
contents of the plastic bag (platelets and radio-
active solution) were gently but thoroughly mixed
and allowed to incubate at room temperatura for

30 minutes. intermittent tilting to ensure equal
suspension was carried ocut over this time.

At the end of the incubation period platelet-

poor plasma was added to the plastic bag and
centrifuged for 15 minutes at 1000q. Platelets
wvere again concentrated at the bottom of the bag.
The plasma containing radiocactive chromium whicﬁ
had not been bound to platelets was decanted.

The labelled platelets were resuspended in a
mixture of 10 ml. platelet-poor plasma (previously

isolated from that used to wash platelets) and
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10 ml. of 0.2% superinone in saline. 20 mg.
of a 5% ascorbic acid solution was added to the
suspension to reduce any free sodium chromate
to the chromic form. In this form there is
ready attachment of non-platelet bound radio-
activity to plasma proteins and this excess
radiocactivity {s readily excreted from
cireculation.

The final platelet suspension was infumsed into’

the patient through an antecubital vein

approximately 2 hours after the initial collection

of blood.

Blood samples, each of 10 ml, volume, were taken
from the patient at frequent intervals for 4
hours following the infusion of the labelled
platelet concentrate, This was facilitated

by using a Bardic intracath in an antecubital
vein to obtain samples. Subrequently bleod
samples of 20 ml, were taken at daily intervals
for 10-12 days following infusion. These
samples were collected intol.5% EDTA and 1%
superinone in saline. 2 ml. of this anti-
coagulant were used for each 10 ml. of whole

blood collected.
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3. Preparation of platelets treated with N-ethyl-

maleimide (NEM).

1.

3.

All stages in the preparation of platelets
for treatment with the sulphydryl inhibitor
NEM were as described for the usual
preparation of radiocactive labelled plate-
lets to the point following incubation with
300 uCi of radiocactivity.

Following incubation of platelets with radio-
active chromium, a freshly-prepared Seitz-
filtexred solution of NEM was added to the
platelets in the plastic bag. Quantities

of NEM sufficient to result in final
concentrations of 0.25 micromoles NEM/1 ml,
platelets: 1.0 micromoles, 2.5 micromoles,
5.0 micromoles, 10.0 micromoles, 15.0
micromoles NEM/1 ml. of platelets were added.
The mixture was allowed to incubate at room
temperature for 30 minutes.

At the end of this time platelet-poor plasma
was added once more to the plastic bag
containing platelets and NEM. The plastic

bag and contents were then centrifuged for
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15 minutes at 1000 9 following which the
plasma containing any unbound radioactivity
or free NEM was decanted and discarded.

4. Labelled NEM~treated platalets wore ra-
suspended in a mixture of equal parts of
platelet-poor plasma and 0.2% superinone in
s2zline to a final volume of 20 ml. 20 mg.
of 5% asceorbic acid solution were added and
the platelets were ready for reinfusion into
the subiect.

S. Pollowing platelet infusion, samples of
blood were taken at 1, 2, 3, 5, 10, 15, 20,
30, 45 and 60 minute intervals from the
plastic catheter placed in the antecubital
vein of the forearm. The platelet radio-
activity in each sample of blood was
estimated as described following separation
of the platelats from whole blood.

4. Separation of platelets from whole blocod.
Separation of platelets from whole blood samples collected
during the course of an experiment was carried out by the
method of Morgan ané Szafir (1961). 1-2 cc. of silicone

of §.G. 1.036~1,040 were layered on the whole blood sample
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Diagrammatic representation of bloecd components
following addition of silicone s8¢ 1.036 - 1.040

and centrifugation. Clear separation of blood
componente occurs as shown.
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which was then spur at 1000g in a refrigerated centrifuge
at 4°C for 15 minutes. This resulted in a separation of
the blood into its various components (see Figure 3).

The platelet-poor plasma was removed with a Pasteur
pipette to within 1 cm. of the silicene surface and
discarded. It was then possible to pipette the remsining
plasma and the platelets lying on the surfacs of the
silicone into a separste polypropylene test tube. The
platelets thus isolated ware washed once in 0.2t super-
inone in saline nn& recentrifuged at 4°C for 1% minutes at
1000g. The supernatant fluid was pipetted away and the
platelets transferred to & cellulose acetate tube. The
volune in the cellulose acetate tube was adjusted to 4 ml.
by the addition of 0.2% superinone in saline. Samples
vere sealed in these tubes by means of a plastic cap and
stored in a refrigerator until the end of the experiment
vhen the radiocactivity in each specimen was determined.

S. Platelet counts wers carried cut using the method
of Brecher and Cronkite (19351). Samples of whole blood
wvere diluted 1:100 in red cell counting pipettes with a
solution of 1% ammonium oxalate in distilled water. After
mixing for 15 minutes, counts were carried ocut on a double

Heubauer counting chamber using a Leitz microscope adapted
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to phase contrast.

Counting of radicactive samples, Radicactivity
was deternined in platelet samples by a sodium iodide
well crystal (EKCO N397) adapted to a Philips Univexsal
gamma spectrometer. An automatic sample changer (Paton
Industries Ltd.) was able tc handle up to 50 4 ml. samples
at a time (Figure 4), The detector crystal was placed in
the centre of a circular sample storage platform which
rotated around the detector. With this symmetrical
construction there was no variation in the contribution of
strong waiting samples to the background of the weak
samples in the same batch, As all samples were counted
at the end of each study the need to apply decay
corrections for the isotops was obviated., The number of
counts obtained in each specimen in a preselected time
period was automatically printed by means of a Victor
digitmatic apparatus.

Surface counting. Determinations of the radio-
activity of organs wers carried out using the Philips
scintillation detector (PW4119) which was designed
particularly for gamma spectrometry. The PW4ll9 contains
a thallium activated sodium iodide crystal 1-3/4" Aiameter
and 2" height and impulses received here are amplified by
a photonultipliuxltubc. To prevent the photomultiplier



Plgure 4:

Automatic sample changer (Paton Industries
Ltd,} capable of handling up to 50 specimens.
The well erystal is situated at the centre
of the rotating turntable.
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from being influenced by magnetic fields, a heavy metal
casing was providad. Tha collimator used has a large
angle aperture which is suitable for measuring radio-
active sources of larger surface area. The output
measured by this system was further amplified and counted
in 2 Philips Universal gamma spectrometer (PW4032) which
was fitted with facilities for channel counting (Philips
PW4082) . Results representing the number of gamma
emissions could be read directly from the counting panel
(PR4032) at the end of a preset time sequence or from the
ratemeter (PW4042). Results were also recorded
graphically from an ink-writing electronic recording potent-
lometer (type PR2210A/21). Apparatus and detecting probe
are seen in rigure 5. Decay corrections for the isotope
were applied to the daily readings obtained by this method
to account for disintegration of the isotope.

Counting efficiency.

1. Platelet samplea. Throughout the course of each
atudy backgroun? and counting efficiency of the
apparatus ware determined daily. The counting
efficiency was daterminad by the use of a sealed
natural uranium standard (uranyl nitrate). The

background count rate was found to be 13 c.p.s.



Floure 5:

Scintillaticn counter and probe.

Probe, on far right of picture, contains the
detecting crystal and photomultiplier tube,
Impulses are smplified and pass through panel
on right which iz set for optimal detection
of gamma rays of NeyCr3log and recordings

are made on the panel on the left of picture.
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and the standard source 125 c.p.s. Whenever the
background or standard count rate deviated by more
than t 15% of these values, the counting equipment
was examined and any errors of setting corrected
or faulty components replaced. The counting

51 standard sclution

efficlency for a 4 ml. Cr
was determined at the beginning of the estudy and
found to be 4.3%.

Surface counting. The apparatus used in counting
over surface projections of various organs would
generally vield a background count of the order of
38 c.p.s, and the standard uranyl nitrate source

a count rate of 123 c.p.s. The overall
efficiency of surface counting with chromiumsl
was 1.1%, Surface counting differed from sample
counting in that whereas the latter could be
carried out at the completion of a study, it was
necessary to sstimate counts over the various
surface projections on each day of study. This
allows for greater variability in the results
obtained owing to factors beyond control, for

example, dally variations in electrical mains

output. Corrections in the count rate over
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surface projections could be made where regquired
under these circumstances by applying a
correction factor obtained from consideration of
variations in the count rate emitted by the
standard uranium source.

6. The Chandler apparatus. This consists of a
circular disc of perspex attached to a larger perspex disc
inclined at 30° from the horizontal and mounted on an
electrically driven motor rotating at 9 r.p.m. The
apparatus is pictured in Fiqures 6§ and 7.

Technique using Chandler apparatus: 1 ml, of
citrated whole blood or platelet-rich plasma was placed
in a closed circular loop of polyvinyl chloride tubing
(Portex NT/F) with an internal bore of 3 mm. This was
recalcified by the addition of 0.1 ml, of M/4 calcium
chloride solution and a stop watch started at the time of
this addition, The tube was closed with a short cuff of
plastic tubing of slightly greater diameter (Portex NT/K),
and the closed loop fitted arocund the smaller perspex
disc which had a small recess to accommodate the cuff,
The motor was started. The length of each loop was 37.9

cm, and with rotation the column of whole blood and of

platelet-rich plasma had a constant linear velocity of
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Pigure 6: The Chandler apparatus.
The plastic tube containing the blood is
fitted around the inner perspex disc,
The protractor for measuring the angle of

the advancing head of blood is readily
identifiable.



Pigure 7:

\\
A

The Chandler apparatus shown with the
dissecting microscope in place over the
advancing head of the column of blood.
Pitting attached to microscope is light
attachment to provide adeguate
illumination.
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340 cm./min. A fixed protractor was mounted beneath the
perspex discs and the angle of the advancing column of
blocod or plasma was recorded at 30 second intervals.
Changes occurring in the advancing edge were observed
through a wide-angle stereoscopic dissecting microscope
under bright obligque illumination. The following
observations were made.

Thrombus formation time. This term was first coined
by Connor and Pocle (1961) and denotes the time at which
the angle of the advancing edge of whole blood or platelet-
rich plasma changes.

Whole blood thrombus length. In all cases rotation
of the Chandler tube was allowed to continue for 7 minutes
after an angle change had occurred. The thrombus formed
was emptied into a Petri dish containing 0.9% saline and
its length measured in millimetres. The mean thrombus
length for sach subject was the mean of the values obtained
on each day of study.

Whole blood thrombus weight. The thrombi were fixed
in 10% formalin and later weighed in milligrams after
blotting dry between filter papers. The mean thrombus
weight for each patient was again the mean of the values

obtained on each of the days studied.
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Platelet aggregation. Platelet-rich plasma was
observed in the transparent plastic tube through a
dissecting microscope at 12 magnifications. The level
at which visible platelet aggregates formed, their
nurber, size and time of persistence were recorded.

Three patterns were observed.

(1) Normal pattern: the intermittent appearance
and disappearance of visible platelet aggregates rarely
exceeding 1-2 in number and persisting for 1 minute or less
before a change in the angle of the advancing column of
plasma occurred, Just before this angle change there
was invariably a rapid and dramatic increase in the
number of aggregates, which increased in size and
coalesced to form a solid mass at the advancing edge.

(2) Persistence pattern: The continuous presence
of visible platelet aggregates for a minimum of 4 minutes.
In many cases aggregates formed within 1-2 minutes of re-
calcification and persiited throughout the experiment,

(3) Snowstorm phsnomenon: The formation of
hundreds or thousands of small platelet aggregates often
within 1-2 minutes of recalcification. These invariably
persisted for at least 4 minutes. On a number of occasions

the process was either completely or partially reversible.



This phenomenon is distinct from the large number of
aggregates seen normally just prior to a change in the
angle of the advancing column of plasma.

Special diagnostic procedures carried out in the
laboratories of the Institute of Medical and Veterinary
Science:

Complete blood pictures and tests of blood coagulation
were carried out using standard techniques.

Platelet thromboplastic function was estimated by the
method of Bonnin and Cheney (1961).

Plasma fibrinogen estimations were determined by the
method of Coles and Roman (1957), and

Serum cholestercl levels were estimated with a Technicon
autoanalyser using a modification of the method of
Zlatkis, Zak and Boyle (19%3).

7. Statistical methods. Results were analysed
according to the statistical methods outlined by Bailey
(1959) .

List of symbols used in statistical formulae:

n, nl, n, = Numbers of observations in samples.
P = Significance level achieved by data.
a, b = Numbers in one sample which have and have

not a particular characteristic.
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Numbers in second sample which have and have
not a particular characteristic,
Chi-squared,

Estimated correlation coefficient.

Estimated standard deviation.

Summation symbol,

"Student'a” t,

Observed measurements, independent variables
in regression,

Mean of sample of measurements x.

Observed measurements, dependent variables in
regression,

Mean of sample of measurements y.

Statistical formulae:

1.

2.

Calculation ¢f mean and standard deviation.

mean (X) = x = % L x.

standard deviation (s) -’ L (x - x)?

1
n

Comparing means of two samples,

“Student's” ¢t test,




n

3. Comparing the percentage of two samples in 2 x 2

contingency tables using Yates' correction.

x® = n {(ad - be) ~ % n}?

(atb) (c+d) (a+e) (b+d)

4. Calculation of the correlation coefficient (r)

r = I (x-%) (y-y)

(x-x)*  (y-y)?
The significance levels for the various lists were
obtained from published tables (Bailey, 1959). The

following notations have been used in this thesis:

p »0.08 not significant.

p €0.08 significant at p <0.05 or almost
significant.

p €0.01 significant at p <0,.01 or significant.

p <0.001 significant at p «<0.001 or highly

significant.



CHAPTER III

RESULTS
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The following section includes the results of platelet
studies using the technigque of platelet survival in vivo as
determined by the labelling of platelets with radiocactive
chromium. Furthermore the results of studies using the
in vitro technique utilising the Chandler apparatus are
included.

I. RESULTS OF STUDIES DESIGNED TO COMPARE THE EFFICIENCY
OF ANTICOAGULANT SOLUTIONS USED IN THE PREPARATION OF
PLATELET CONCENTRATES.

Subjects studied were healthy male volunteers batween
the ages of 18 and 47 yaears. None showed evidence of any
haematological abnormality which might be expected to
influence platelet survival.

Thirty-nine studies were performed usiﬁq ACD 'S' as
the anticoagulant into which the blood was collected.

Use of this anticoagulant solution resulted in a final
whole blood pH of 6.5.

Results were compared with those obtained in this
laboratory previocusly. This included 23 studies with
blood collected into ethylene diamine tetraacetic acid
(EDTA) which conferred a whole blcod pH of 7.3; and 6
studies in which acid-citrate dextrose formula A (ACD 'A')

had been used, and which resulted in a final blood pH of 6.7,



73

Results

Irrespective of the anticoagulant used, the appearance
of radiocactivity in circulation after injection was followed
by a phase of rapid clearance of the labelled platelets, a
period@ of return of portion of the infused platelets to
circulation, and a final decline of circulating platelet
activity in a curvilinear fashion over the course of 9 to
11 days, an interval reflecting the lifespan of viable
platelets.

Appearance of radicactivity in circulation. Following

- ———

the infusion of labelled platelets, a procedure occupying
approximately 60 seconds, frequent sampling of venous blood
was carried out through the indwelling catheter and the
radioactivity in each sample of blood determined. The
peak of radiocactivity generally occurred between 30 and 90
seconds of the completion of the infusion.

Clearance of platelets from circulation. This was

studied in detail in 3 subjects with ACD 'S’ anticoagulant
and compared with the results that had been obtained
similarly in 3 patients with EDTA platelets and 3 with

ACD 'A' platelets (Piqure 8), In all studies, platelet
radioactivity fell rapidly after peak mixing values had been

reached. The rate of platelet clearance was most rapid in
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Comparison of the immediate c¢learance
patterns of platelet radiocactivity

from circulation with three anticoagulant
solutions.



Table 1 - Percentage platelet recovery in circulation at five and thirty minutes after
- infusion (maximum & recowvery also shown).

S mins. 30 min. Maximum
EDTA Mean 24 ¢ 11 4.4 ¢ 3 24 2 11
23 studies Range g8 ~ 49 1-12 7 -51
ACD °'A° Mean 44 2 7 37 £ 7 45 2 6
6 studies Range 36 - 52 28 - 45 39 - 51
ACD °'S* Mean 30 & 14 26 & 12 32 ¢ 12

39 studies Range 3 - 54 6 - 51 10 - 52
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the EDTA studiesa, espacially during the first 3 to 5
minutes. After 5 minutes, the rate of clearance

slowed in all subjects and the minimum level ofcirculating
platelet radicactivity was invariably found 15 to 20
minutes after injection. This nadir of circulating
platelet radiocactivity tendsd to occur earlier when the
platelets were collected in ACD 'S‘', and the extent of
platelet clearance was greateast when collected in EDTA.
The proportions of labelled platelets injected and still
presant in circulation 5 and 30 minutes after injection
are shown in Table 1,

Recirculation of platelets. The return of platelets

to circulation was fully studied in 35 instances with
rlatelets collected in ACD 'S‘, The remaining subjects

(4) were excluded from the study because of failure to
obtain a 30 minute sample. The general pattern of
behavicur with this anticoagulant is illustrated in Figure
9, and has been related to that founé with EDTA platelets
(19) and ACD 'A' platelete (5). Davey and Lander (1964)
have shown that with EDTA studies circulating platelet
activity increasez from a nadir in a simple exponential
fashion. Maximum levels of circulating activity were

generally found within 24 hours when EDTA platelets were
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Table 2 - Yield, recovery and efficiency of different platelet preparations

Platelet Platelet Bfficiency
Anticoagulant yield (%) Recovery (%) index

EDTA Mean 62 ¢ 17 24 11 15
Range (20 - %0) {7 - 51)

ACD °*A° Mean 49 ¢ 12 45 2 6 22
Range (40 - 71) 39 51

ACD ’8" Mean 55 ¢ 16 32 12 18
Range 26 - 100 10 52
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used but were occasionally delaved for 4% hours, and in
cne study, for 72 hours after infusion. In studies with
ACD 'S' platelets (and ACD 'A' platelets) the circulating
platelet radiocactivity always increased after 15 to 30
minutes but the pattern of platelet return was not as
reqular as with EDTA (FPigure 9). wWith both solutions of
ACD, maximum recirculation invariably occurred within 24
houxrs and usually within the first 4 hours following re-
injection.

Maximum platelet recovery. For purposes of

comparison, the recovery of platelets in circulation in
each study was estimated as the maximum proportion of
those platelets infused which reappeared in circulation
after the nadir of activity had been reached, irrespective
of the time at which the maximum occurred. For thisas
calculation the subjects were assumed to have a total
blood volume equivalent to 67 ml./kg. body weight. The
maximum recovery in circulation was significantly lower
when platelets were collected into EDTA than in either of
the acid citrate dextrose solutions (Table 2.).

Platelet survival. Maximum recirculation was followed

in all subjects by a slow decline in circulating platelet
radioactivity over the course of 9 to 1l days, a period

representing the lifespan of viable platelets.
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Survival "curve". Because of differences in the

amount of platelet-bound radioactivity infused into the
subjects studied and the variations encountered in the
time and extent of maximum platelet recirculation, an
expression independent of these variables is required for
comparison of platelet survival. This is obtained by
considering the maximum value of platelet radiocactivity
appearing in circulation as the 100% reference to which
all subsequent values are related, irrespective of when
this maximum occurs.

The survival curve obtained with platelets collected
in ACD 'S' is shown in Figure 10 and compared with that
obtained with EDTA and ACD 'A' platelets. Statistical
analysis showed no significant difference between the
values obtained with the three anticoagulants. The
common survival curve obtained is curvilinear and cannot
be expressed either as a linear or simple exponential
function.

Reproducibility. The reproducibility of ACD 'S'

platelet survival studies in normal subjects was tested
by repetition of the autologous studies in 2 subjects
using the same anticoagulant. In addition simultaneous

determination of the survival of the same platelets in
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their donor and in a normal ABO/Rh compatible subject,

was carried out (1 study). Close correlation was
demonstrated in each instance (Figure 1l1) as had previously
bheen determined with both ACD 'A' and EDTA studies.

Surface counting. External scintillation counting

over surface projections of the praecordium, liver, spleen,
lungs and sacrum was performed in 36 subjects given ACD
'S' platelets and related to the findings in 22 subjects
given EDTA platelets and 6 given ACD 'A' platelets. The
results of these observations may be considered in two
phases: (1) An early period occupying the first 24

hours after infusion, and

(2) A late period, occupying the remainder
of the study.

The early phase. Distinct patterns were observed in

the surface counts performed during the first 24 hours
for each of the three groups studied. These are evident
both in mean surface counts and, allowing for experi-
mental variation, in individual studies. With EDTA
platelets (Figure 12), the early phase was characterised
by a marked initial uptake of activity in the liver which
declined steadily in the first 4 hours, and generally

continued to fall for 24 hours. This was in contrast to
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showing identical platelet survival in
both donor and recipient and the
reproducibility of survival studies
carried out on the one subject on
different occasions (ACD '8' anti-
coagulant.
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the situation with platelets collected in either of the
ACD solutions, where hepatic activity usuvally approximated
that over the praecordium throughout this period (Figures
13 and 14).

Splenic activity with EDTA platelets was generally low
initially and tended to rise in association with the fall
in hepatic activity. With ACD 'A' platelets (Pigure 13)
high initial splenic activity generally decreased
markedly during the first few hours; while intermediate
splenic activity with ACD 'S platelets tended to remain
at the same level or to increase only slightly (Pigure
14).

Late phase. After the first 24 hours, activities over

the spleen exceeded those over any other organ, irrespective
of the anticoagulant in which the platelets had been
collected. The spleen-praecordial ratio generally remained
constant with EDTA and ACD 'A' platelets, but tended to rise
progressively during the course of the studies with ACD 'S’
platelets.

In all studies, there was a progressive uptake of
activity in the liver as judged by increasing liver/
praecordial ratios. This was most marked with ACD ‘A

platelets and least with EDTA platelets.
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Irrespective of the anticoagulant used, lung
activities approximated those over the praecordium, while
sacral activities generally remained at a low level
throughout the studies. .

The mean surface activities recorded for each group
during this phase aré illustrated in Pigures 12, 13 and
14.

Platelet efficiency. To compare the relative merits

of each of the anticoagulant solutions, three criteria
were employed.

Platelet 'yield' - the proportion of platelets
collected which remained available for transfusion after
preparation of the platelet concentrate.

Platelet 'recovery'* - the maximum proportion of
those cells injected which reappeared in circulation.

Platelet 'efficiency'* - an index of the maximum
proportion of those platelets collected which finally
reappeared in circulation and obtained from the formula

platelet yield x platelet recovery

100

The values obtained for each anticoagulant are

*For the purposes of these calculations it was assumed that
all platelets were equally labelled with radiochromate.
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contained in Table 2. Although more platelets were
avallable for transfusion when whole blood was collected
in EDTA than in either ACD 'A' or ACD 's', only a
relatively small proportion of EDTA piételets survived
in circulation as viable units. Thus, in terms of
overall efficiency, ihese studies demonstrate that both

solutions of citrate-dextrose are superior to EDTA.

II. RESULTS OF STUDIES CARRIED OUT IN PATIENTS

SUFFERING FROM ATHEROMA OR ITS COMPLICATIONS

Platelet survival

Subjects studied: 36 studies were carried out in
34 subijects. Two subiects were studied both while
receiving anticoagulant treatment and again at a later
date when anticoagulant therapy had been discontinued.
Phenindione was the therapeutic anticoagulant usad in all
cases (19) and prothrombin levels measured by Quick's one
séage method were maintained between 15 and 25% activity.
Blood taken for labelling was collected into two anti-
coagulant solutions. In 12 subjects EDTA was used, and
in 24 ACD 'S’ was the anticoagulant employed.
Results

Following infusion of platelets into patients after



Table 3 - Daily mean percentage radioactivity im circulation of control subjects and of
subjects with atheroma receiving and not receiving anticcagulant treatment - EDTA

platelets enly.

*Atheroma* *Atheroma’
Day Controls Anticoagulant Ro
Treatment Anticoagulant
0 100 100 100
1 77.8 £ 11.2 76 ¢ 15.5 84.4 ¢ 11.7
2 68.0 ¢ 15.6 59.8 £ 11.1 76.8 & 21.7
3 55.3 ¢ 14.7 55.0 ¢ 2.8 62.4 £ 11.8
4 45.1 ¢ 7.3 35.3 £ 6.5 47.3 £ 9.5
5 33.3 # 9.7 34.3 ¢ 4.9 39.3 £ 5.7
6 26.3 ¢ 7.7 22,32 8.2 29.3 £ 6.7
7 16.4 ¢ 7.7 17.0 ¢ 5.5 21.3 ¢ 8.8
8 8.7 £ 5.3 6.3 & 3.4 12.2 ¢ 5.0
9 4.7 ¢t 4.6 3.5 ¢ 3.5 5.3 ¢ 5.9
10 1 2.0 4.7 ¢ 4.1
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labelling with radiocactive chromium the general pattern of
behaviour did not differ from that described earliex.
Infusion was followed by immediate clearance of a
proportion of platelets. Gradual reﬁbpearance of some
platelets occurred and maximum levels of circulating
plateleat radicactivity were found within the first four
hours with acid citrate dextrose anticoagulants and within
24 hours in subjects whose blood had been collected in EDTA,.
This was again followed by the gradual fall off of platelet
radioactivity over a period of davs.

Results in patients with untreated vascular diseasge,

The mean values of radiocactivity for each day of study are
represented graphically in Pigure 15 and are also tabulated
(Tablgs 3 and 4). In EDTA studies points fell within the
range of normal as also occurred in ACD 'S studies.

Results in patients with treated vascular disease. The

mean platelet survival curves in this group are also
illustrated in rigure 14. Again the curve falls within

the range of normal and platelet lifespan in circulation was
between 9 and 11 days. There is a tendency, however, for
the curve in this group to be "shifted to the left",
suggesting that anticoagqulant therapy has a tendency to

reduce plataelet survivel in circulation in subjects with



Table 4 - Daily mean percentage radicactivity im circulation of control subjects and of
subjects with atheroma receiving and not receiving anticoagulant treatment - ACD 'S’

platelets only.

‘Atheroma’ 'Atheroma’
Day . Controls Anticoagulant No
Treatment Anticoagulant
o 100 100 100
1 79.8 ¢ 10.3 78.3 ¢ 11.9 85 2 8.7
2 64.6 ¢+ 9.9 65.7 ¢ 10.7 71.1 ¢ 10.6
3 57.7 ¢ 10.7 53.7 ¢ 10.2 57.7 £ 9.3
4 44.4 2 8.1 46.1 + 4.4 45.2 & 10.8
5 33.1 ¢ 4.5 30.6 & 4.6 42.4 ¢t 9.4
6 25.7 2 6.2 27.6 & 3.4 29.25 £ 6.2
7 14.3 ¢ 3.4 18.7 ¢ 5.3 19.5 ¢ 4.7
g 8.0 £ 1.4 10.8 ¢ 4.6 12.1 ¢ 4.4
b 4.3 ¢ 3.1 5.8 ¢ 2.5 6.2 £ 2.1
10 1.5 2.8 £ 0.9 3.2 £ 2.2
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Table 5 - Platelet turnover in subjects with atheroma

"Atheroma”
Hozmals Anticoagulant Ko anticoagulant

A, EDTA
Platelet life (days) 9 - 11 9 - 11 9 ~-11
Platslet turnover

t per die (range) 12 - 20 15 - 17 15 - 28
B. ACD 'S8°
Platelet life {(days) ’ - 11 9 - 11 ? -~ 11
Turnover

t per die (range) 15 - 23 15 - 35 12 - 28

Differences in platelet turnover were not statistically significant (p> 0.05).



82

atheroma. This is particularly obvious in those subjects
who have been studied both while receiving anticoagulant
therapy and again several months after cessation of
phenindione.

Platelet turnover. Although the precise mode of plate-

let utilisation is still subject to some dispute, platelet
turnover in individual subjects was calculated on an
exponential basis assuming firstly that platelet production
remained steady for the duration of the study and secondly,
that the function uued'for these calculations is probably
unimportant prov;ded the same method is used throughout,
This was subsequently expressed as a percentage of the
total platelet count and the results are illustrated in
Table 5. Statistically there was no difference in
platelet turnover between groups.

Results in isolated studies not included above. 0.G.,

a 57 year old female, was admitted to hospital with
impending gangrene of the right foot following a 12 month
history of intermittent claudication. A lumbar sympath-
ectomy was planned and a prooporagivn electrocardiograph
carried out. Thexe was evidence of old myocardial
infarction. On the seventh day after operation a plate-

let survival study was commenced in conijunction with
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Chandler studies. On the sixth day of study there was
good clinical evidence of a deep vein thrombosis of the
right leg. Calculation of platelet survival (rigure 16)
revealed blood platelat radioactivity to have fallen
markedly on days 4 - 6 corresponding with the clinical
development of venous thrombosis. Platelet behaviour
in the Chandler tube was grossly abnormal from the fourth
day.

W.B., a 64 year 0ld male, had an operation for
resection of an aortic.aneurysm. The aorta was athero-
sclerotic and the aneurysm, which was of 10 cm. diameter,
was replaced with a dacron graft 19 om. in length.
Labelling of blcod platelets with radioactive chromium
was carried out on the seventh postoperative day and the
study continued for 11 days thereafter. There was a
reduction in platelat survival (Figure 16) and platelet
behaviour in the Chandler tube was grossly abnormal
throughout. A further survival study carried out three
months postcoperatively was completely normal, as were

Chandler studies.

Chandler Studies

Subjects studied. The blood of 102 subjects was

studied in the Chandler tube. Fifty-two subjects were



Table 6 - Age distribution of the 102 subjects studied with the Chandler apparatus.
Patients with myocardial infarction have been subdivided into those receliving
or not receiving anticoagulant therapy.

Subject Categories

Age Group (years)

11 - 20 21-30 31-40 41-50 51-60 61-70 71-80
Controls 3 9 12 15 10 3 -
:zg::;:;:i.::f"ct' - = 1 . 15 3 1
Myocaraial iafarct. - - 1 Y :
Total 1 - 1 5 19 17 7

Myocardial infarct.
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healthy control subjects made up of colleagues, laboratory
assistants and hospital porters, in all of whom there was
neither electrocardiographic nor clinical evidence of
myocardial infarction. |

Fifty patients had suffered from myocardial
infarction. Thesa were smelected from both hospital
inpatient and outpatient services and all had ¢linical,
laboratory and electrocardiographic evidence consistent
with the diagnosis of myocardial infarction.

2ix of the controi subjects and 10 of the subiects
with myocardial infarction were women. The age
distribution of individuals studied is tabulated in Table 6.
Results

Subjects have been subdivided into four main categories.
The control group was divided into two age groups - those
of 40 years or less and those greate; than 40 years of
age. Patients with myocardial infarction have been sub-
divided into those either receiving or not receiving anti-
coagulant therapy.

Thrombus length and thrombus weight, Values obtained

for mean thrombus length and mean thrombus weight are
represented in Figqures 17 and 18. There was a tendency

for both thrombus length and weight to increase with age
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in control subjects. In patients with myocardial infarction
the inorease in both these parameters is even more obvious
when compaxed with controls over the age of 40 years. It
can also be seen that subjects who are receiving anticoagulant
therapy following myocardial infaretion produce thrombi which
are both shorter and less heavy than in patients who are not
being treated in this fashion,

Time after myocardial infarction, Mean thrombus weight

and length have also been analysed according to the time
aftexr myocardial infarction. The subdivisions considered
were 0 -~ 7 days, 8 -~ 42 days and gresater than 42 days after
ayocardial infarction, A further subdivision was made
according to the presence or sbsence of anticoagulant thexapy.
Pigures 19 and 20 denote the results in these subjects.
Thrombus weight and length decline steadily with the passage
of time after myocardial infarction independently of
anticoagulant therapy. In patients studied more than 42
days after the clinical event the values for thrombus

weight and length had returned to within the normal

range in only 7 of the 12 subjects studied,

It is again obvious that thrombus size in each of

the subdivisions tends to be slightly less in subjects
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who are receiving anticoagulant therapy.

Thrombus size and plasma fibrinogen. FPlasma fibrin-

ogen levels were determined in all subjects studied and
were found to be elevated in patients following myocardial
infarction (Figure 21). Both in control subjects and

in patients with infarction there was a statistically
significant correlation between thrombus weight and

plasma fibrinogen levels (Figure 22). In healthy

control subjects the correlation cosfficlent r was 0.4136
(p <0.01) while in patients with myocardial infarction r =
0.7180 (p «0.001).

Thrombus size and platelet count. The platelet

count was determined daily for the duration of study in
each patient. The mean platelet count was calculated
for each subject and related to the mean thrombus weight
determined over the same period. There was no
statistically significant correlation between thrombus
vweight and platelat count in either healthy control
subjects or in patients with myocardial infarction.

Total serum cholesterol. Total serum cholostofol

(Figure 23) was estimated and found to be greater in
healthy subjects over the age of 40 ysars than in younger

control subjects. Cholesterol levels for patients with
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myocardial infarction were of the same order as in controls
over 40 years of age,

Total serum cholesterol and thrombus size. There was

no significant correlation between thrombus weight and
serum cholesterol levels neither in controls nor in
patients with myocardial infarction (Figure 24).
Thrombus formation time. The range of values for
whole hlood (Figure 25) and platelet rich plasma (Figure
26) thrombus formation time did not differ significantly
between controls over 40 yvears of age and patients with
myocardial infarction. Thrombus formation time (except
in one instance) was virtually unchanged in patients
receiving oral anticoagulant therapy. This is contrary
to the findings of Cunningham et alii (1965) who found
platelet aggregation in the Chandler tube to be much
delayed in patients receiving treatment with anticoagulants.

Platelet rich plasma. In healthy subjects less than

40 years of age the normal pattern of platelet aggregation
was observed in 98.6% of days studied (Table 7). In none
of the subjects in this age group was the snowstorm
phenomenon of platelet aggregation observed. Thus
abnormal platelet aggregation in the younger contrcls was

found with an overall frequency of only l.4% of ths total
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Table 7 - The frequency (expressed as percentage of the number of days studied) of
abnormal platelet aggregation in control subjects and in patients with myocardial

infarction.
Total
Days Fersistence Showstorm Platelet
Subject Categories Studied (%) Phenomenon Abnormality
(%) (v)
Controls ¢ 40 years 142 1.4 0.0 1.4
Controls > 40 years 161 4.3 2.5 6.8
Myocardial infarct.
On anticoagnlant 148 16.2 11.5 27.7
Myocardial infarct.
No anticoagulant 169 20.7 4.7 28.4
Myocardial infarct. 317 18.6 7.9 26.5

Combined




days (142) studied. In controls over 40 years of age
abnormal platelet persiatence was noted in 4.3% of 161
days studied. In addition the snowstorm phenomenon
occurred on 2.5% of days studied giving a total of 6.8%
of days showing abnormal platelet aggregation. There
was therefore a tendency for the frequency of spontaneous
platelet aggregation to increase with age in control
subjects, and analysis has shown this difference to be
statistically significant (p lies between 0.0l and 0.05).

In contrast to the findings in healthy controls,
abnormal platelet aggregation was observed with an overall
frequency of 26.5% of 317 days studied in patients with
myocardial infarction. Persistence accounted for 18,6%
and the snowstorm phenomenon for 7.9% of the days studied
showing abnormal platelet aggregation (Table 7).

Table 7 also shows the percentage incidence of days
of abnormality in patients with and without anticoagulant
therapy. The overall frequency of platelet abnormality
was found to be 25.4% and 27.7% in patients on and off
anticoagulants respectively, a difference which is not
statistically significant.

Persistence occurred less frequently in patients

receiving anticcagulants (1€.2%) than in those not



Table 8 - The frequency (expressed as a percentage of the number of days studied) of the
patterns of abnormal platelet aggregation according to the time after myocardial
infarction and the use of anticoagulant therapy.
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On anticcagulant 47 21.3 14.9 36.2 76 18.4 13.2 31.6 25 0.0 0.0t O0.0*
No anticoagulant 52 2].2 1.9 23.1 §1 25.5 3.9 27.5 66 18.2 7.6 25.8
Combined 99 21.2 8.1 2%5.3 127 20.5 9.4 29.9 81 13.2 5.5 18.7

*Only four patients in this group.
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receiving anticoagulants (20.7%), but again this difference
was not statistically significant. The snowstorm phenomenon
however, was more fregquent in patients on anticoaqulants
(11.5%) than in those not receiving anticoagulants (4.7%).
This trend 4id not attain statistical significance.

The frequency of abnormal platelet aggregation was
also considered in relation_to the time after infarction
(Table 8). The overali frequency of platelet abnormality
was practically the same at 0 - 7 days (29.3%) and 8 - 42
days (29.9%), but in patients 42 or more days after
infarction the number of days showing abnormality has
decreased to 18.7%, When the two patterns of abnormal
platelet aggregation are considered separately (Table 8)
it i8 apparent that the freguency of persistence 0 - 7
days after infarction (21.3%) was similar to the fregquency
of 8 - 42 days (20.5%) after infarction, but in patients
vho had sustained infarcts more than € weeks before the
time of study, only 13.2% of days studied showed this
pattern.

The overall frequency of the snowstorm phenomenon
varied from 8.1% at 0 - 7 days to 9.4% at 8 - 42 days,
while in patients with infarcts over 6 weeks of age the

number of days studied showing this phenomenon had



Table 9 - The freguency of abnormal platelet aggregation in vitro im 16 subjects studied
simultaneously by crol platelet survival and Chandler techniques.

Total

SBubject Category sz:gz ed P crsi(:;:once PW Amtz::::ty
(%)
Healthy Controls (5'{) 303 3.0 1.3 4.3
"Z":::ﬁ;;q:‘;:::"““ (11 %0 20.0 7.7 27.7
Myocardial Infarction (g, a 14.¢ 12,2 26.8

- No anticoagulant
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decreased to 5.5%. It is of interest to note that in
anticoagulated patients 6 or more weeks after infarction
neither persistence nor the snowstorm phenomenon was
observed, As only 4 subjects were studied for a total
of 25 days in this group, it is Aifficult to draw any
conclusions from this latter observation.

Subjects with platelet survival and Chandler studies.

Sixteen patients who had unequivocal evidence of myocardial
infarction were studied by both the platelet survival and
Chandler tube techniques. Eleven patients were not
receiving anticoagulant treatment and the remainder were
well anticoagulated throughout the course of the study
with prothrombin values maintained between 15 and 25%
activity.

Of the 1l subjects who were untreated by anticoag-
ulants, only one had any evidence of reduction in plate-
let survival and this was due to a deep vein thrombosis
which occurred during the study. Chandler studies were
carried cut on a total of 90 days and platelet abnormali-
ties occurred on 27.7% of the days studied (Table 9).

Of this persistence accounted for 20% of the abnormality
and the snowstorm phenomenon occurred in 7.7% of days

gtudied.



Table 10 - Details relating to patients studied prior to heart valve replacement.

Valve Anticoagulant Platelet

Subject Affectad Therapy Embolism Survival
1. R.C. Aortic stenosis Nil - Normal
2. z'.c. Mitral stenosis Nil - Normal

Mitral incompetence
Acortic incospetence

3. G.S. Mitral incompetence Nil - Normal
Aortic incompetence

4. J.deG. Aortic incompetence Hil - Rormal

S. T.M., ' Mitral stenosis Nil - Normal

Mitral incompetence
Tricuspid incompetence

6. J.A. Mitral incompetence il - Normal
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Chandler studies were carried cut on 41 days in the
5 subjects with myocardial infarction wheo were being
treated with anticoagulant therapy. Platelet abnormality
occurred on 26.8% of days studied in which persistence
accounted for 14.6% and tha snowatorm phenomenon for 12.2%
of days studied. One platelet survival study in this
group was ccnsidered to be reduced slightly below the mean

control range.

III. RESULTS OF STUDIES CARRIED OUT IN PATIENTS
SUFFERING VALVULAR DISEASE - OF THE HEART

Subjecta studied. Eighteen platelet survival

studies were carried out in 16 subjects. There were two
categories of patient.

(a) Patients with valvular disease of the heart
whose disease was of such severity that valve replacement
was being agriounly considered. In this group there were
six subjects. There were five males and one female.
Their ages ranged from 32 to 60 years. Details
relating to the lesions encountered are included in Table
10. Blood of all subjects in this category was
simultaneously investigated in the Chandler apparatus.

(b) The remaining 10 subjects were patients who had

undergone successful valve replacement with Starr-Edwards



Table 11 - Details relating to patients studied following the insertion of Starr-Edwards
prostheses.
Valve Time After Platelet
Subiject Replaced Operation Anticoagulant Embolism Survival
l. 2.T. Aortic 17 weeks Phenindione Cerebral Normal
- postoperative
2. J.K. Mitral 25 weeks Phenindione - Normal
3. E.K. Mitral 29 weeks Phenindione Cerebral Normal
- preoperative
~ early post-
operative
4. 8S.Rm. Mitral 32 weeks Phenindicne - Normal
5. E.C. Ahortic 45 weeks Phenindione - Normal
6. R.J. Aortic ) 45 veeks Nil Cerebral ) MWormal
) -~ postoperative )
) 48 weeks Phenindione - )
7. R.L. Mitral 46 weeks Phenindione Cerebral Reduced
- preoperative
8. S.M. Aorxrtic ) 46 weeks Nil - ) Reduced
) )
) 56 weeks Phenindione - ) Reduced
9. P.B. Mitral 52 weeks Phenindione - Reduced
10. G.B. Mitral 96 weeks Phenindione - Reduced
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prostheses. There were four males and six females. All
had been considerably improved by operation and none was
in cardiac fallure. Detalls relating to these subjects
are included in Table 11. Two patients were studied on
two separate occasions. Chandler studies were carried
out on the blood of all but two patients.

Results of Platelet Survival Studies

Results of studies in patients following the insertion

of Starr-Fdwards ball-valve prostheses, All points on

the platelet survival curve in subjects 1 to 6 (Table 11
and Flgure 27) fell within the range of normal. Subjects
1l to 5 were receiving oralhanticoagulant therapy
(phenindione) in doses adequate to maintain their pro-
thrombin index between 15 - 25% of normal., Subdject 6

had been placed on phenindione therapy 10 days after
operation and this was discontinued after 34 weeks. Six
weeks later he presented with a sudden onset of aphasia
and a mild right hemiparesis, A platelet survival study
was begun six days after this episode. At its completion
phenindione therapy was recommenced and a second survival
study was undertaken, On both occasions the platelet
survival pattern fell within normal limits (Figure 28b).

In subjects 7 - 10 the platelet suxvival was reduced, but
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Table 12 -~ Mean platelet count and platelet thromboplastic function in subjects studied
following the insertion of Starr-Edwards prostheses.

Range of Platelet
Subject n.ancgtztelet Platelet Count Thromboplastic
x 10-3 Punction
A.T. 198,000 156 ~ 231 100%
J.K. 313,000 207 ~ 375 1008
E.Ko 232.000 171 el 3‘5 n.l.
S.R. 240,000 180 - 327 1008
E.C. 266,000 207 - 375 1008
) 230,000 168 - 294
R.J.y 251,000 207 - 324 100¢
R.L. 254,000 171 - 360 100%
) 214,000 174 - 273
.M.y 261,000 174 - 324 4098
P.B. - 244,000 180 - 360 1008

G.B. 204,000 159 - 270 100%
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in each instance platelet radioactivity persisted in
circulation for the usual period of 9 to 11 days (Pigure
29). Subjects 7, 9 and 10 were receiving anticoagulant
therapy (phenindione) and subject 8 was studied both while
being treated with phenindione and after it had been
discontinued (Figure 28a).

External scintillation counting initially revealed a
more marked uptake of radiocactivity in the spleen and to a
lesser extent the liver in those subjects with reduced
survivals than in normal patients or in those with valvular
prosthesis who manifested a normal survival pattern.
However, as the number in the series increased, it became
obvious that there was not a consistent pattern of organ
uptake and that this factor was confined to certain
individuals only. No patient was thrombocvtopenic and
platelet function was 100% in all subjects (Table 12).

Studies in patients with uncorrected valvular disease.

Because of the possibility that turbulent flow arising as a
result of severe valvular disorders may account for the
platelet abnotmality found, six studies were carried out in
patients prior to operation. All points on the survival

curve fell within the range of normal in all cases,
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Table 13 - Mean platelet count in subjects studied prior to heart-valve

replacenent.
Subject H“?:ogzulet Platelet Count
’ x 10-3
1. R.C. 242,000 153 - 280
2. E.C. 177,000 120 ~ 240
3. G.S. 199,000 129 - 285
4. J. DeG. 195,000 144 - 252
5. T.N. 166,500 129 - 195

6. J.A. 400,000 270 - 498




94

Ultimate platelet lifespan was between 9 and 1l days.
The mean platelet count and range of platelet counts

are seen in Table 13 where it will be noted that none of
the subjects was thrombocytopenic.

Results of Chandler Tube Studies

Whole blood thrombus length and weight. Figure 30

shows the mean thrombus length (mm.) and the mean thrombus
welght (mg.) in patients with valvular disease of the
heart studied prior to operation (Six subjects) and
patients after the insertion of a Starr-Edwarde

prosthesis (10 studies in 9 patients). In only one case
was there any deviation from the normal control range,

Platelet rich plasma. The overall incidence of

abnormal platelet aggregation of healthy control subjects
has been found to be 4.3% of the total days (303) studied.
Contrasting with these findings are those in patients

with valvular disease of the heart. In subjects studied
following the insertion of Starr-Edwards prostheses, the
overall frequency of abnormal platelet aggregation was
32.9% of total days (85) studied,. Of this persistence
accounted for 15.3% and the snowstorm phenomenon for 17.6%
of days studied (Table 14), This tendency for the

frequency of abnormal platelet aggregation to occur in



Table 14 - The freguency of abnormal platelet aggregatior in subjects with valwvular
‘ disease of the heart.

Snowstorm Total Platelet
Days Persistence .
Subject Categories Studied (%) Phen?:$non Abn?:7allty
Healthy controls 303 3.0 1.3 4.3
Valvular disease of 3 4.9 7.3 12.2

heart - preoperative

Starr-Edwards prostheses 85 15.3 17.6 32.9
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patients with Starr-Edwards prostheses attained a
statistical significance (p <0.001) with both the
persistence and snowstorm phenomena,

In subjects with uncorrected valvular disease plate-
let abnormality occurrxed in 12.2% of days (41) studied.
Persistence accounted for 4,.,9% and the snowstorm
phenomenon for 7.3% of the abnormalities (Table 14). It
is not possible to draw any absolute conclusion as to the
significance of results in these patients studied prior to
opsration, but thers appears to be a greater frequency of
abnormal spontansous platelet aggregation in subjects with
uncorrected valvular discase.

The incidence of platslet abnormality was also

considered in relation to the time for which the prosthesis

had been in situ., The overall frequency of platelet
abnormalities in patients less than 46 weeks after
replacement was 219,38 of days (41) studied and in subjects
46 veeks or longer after replacement, 36.4% of days (44)
studied, This difference did not, however, attain
statistical significance.

Patients with Chandler and platslet survival studies.

Deth Chandlsw =ad nlatelet survival studies were carried



Table 15 - Details relating to subjects studied in the postoperative

period.
subject i operation performea Platelet Mean Platelet Mean Platelet
Operation Survival Count Count for Group
r.v, 7 Hemicolectomy Reduced 526,000
W.B. 7 Resection aortic Reduced 357,000 476,000
aneurysm
0.G. 8 Bilateral lumbar Reduced 544,000
sympathectomy
P.S. 5 Femoro-popliteal Normal 211,000
by-pass
C.¥. 9 Ileo-femoral Normal 321,000 267,000
by-pass
T.L. 3 Pemoro-popliteal Rormal 274,000

by-pass
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out in 10 instances. Four platelet survival studies werxe
considared to be abnormal (reduced) to varying degrees and
six were normal. Chandler studies were carried out on a
total of 36 days in those with reduced platolot/lurvival
and an abnormal pattern was noted in 44.4% of the days
studied. In the 49 days of Chandler investigation in
those with normal platelet survival, abnormalities were
noted in 24.58% of total days studied. This indicates that
the frequency of abnormal platelet bshaviour is greater in
subjects with reduced platelet survival than in subjects
whose survival curve showed a normal comtour. This

tendency was not found to be of statistical significancs.

Iv, PLATELET SURVIVAL STUDIES IN PATIENTS AFTER OPERATION
Platelet survival studies were carried out in six
subjects following major operations (Table 13). In three
subjects the platelet half life was reduced to a varying
degree (Figure 31) and in three the contour of the platelet
survival curve was normal. It is 1n£o:outinq to note that
the platelet survival curve was most abnormal in subjects

whose mean platelet count was hiqh.-tr(rablo 15).

V. RESULTS OF STUDIES IN PATIENTS SUFFERING FROM THROMBO-
CYTOPERIA.
Subjects studied. Fourtesn platelet survival
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Table 1€ - Platelet survival studies in subjects with

thrombocytopenia.
i Type of Platelet Excessive
Subject Diagnosis Platelets Survival Organ Uptake
Autologous Reduced -
M.S. *Chronic I.T.P. '
Isologous Reduced Liver
Autologous Reduced -
P.R. Chronic I.T.P.
Isologous Raduced Liver
Autoleogous Reduced Spleen
C.M, Chronic I.T.P.
Autoclogous Normal -
M.S. Autologous Reduced -
Chronic I.T.P. ' :
Isologous Reduced -
J.L. Chronic I.T.P. Autologous Reduced Livex
Isclogous Reduced i{i;:?s;
B.M, Chroniec I.T.P. ‘ ' °
Rutologous Reduced Spleen
J.M. Acute I.T.P, Isologous Reduced -
E.G. Lymphosarcoma Autclogous Reduced -
A.T. Chronic lymphatic Autologous Reduced -
leuvkaemia

#Chronic I.T.P. hag been defined as thrombocytopenia of unknown cause present for 3 months
or more.
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studies were carried out in 9 subjects suffering from
thrombocytopenia, The clinical details relating to
these subjects are represented in Table 16. There were
seven cases of idiopathic thrombocytopenia, one of
lymphosarcoma and one of chronic lymphatic leukaemia.
Two patients were investigated both before and after
splenectomy. Studies utilising autologous platelets
were curried out in 9 instances, and in 5 it was
necessary to use ABO Rh compatible platelets owing to the
extremely low platelet counts in the subjects at this
time,.

Results

Platelet yield: The mean yield of platelets in

patients with idiopathic thrombocytopenic purpura in
whom autologous studies were carried out was 50% (range
24 - 100%) which compares favourably with that obtained
in haematologically normal subjects.

Platelet recovery: The mean platelet recovery

of autologous platelets in circulation in subjects with
idiopathic thrombocytopenic purpura was 33% (range 7 -
5S%). The mean recovery of isologous platelets in
circulation in patients with idiopathic thrombocytopenic

purpura was 24% (range 1 - 38%). Maximum recovery in the



Table 17 ~ Mean platelet count and platelet turnover in subjects with
thrombocytopenia.

Platelet Turnover

Mean Platelet (Noxrmal = S$5,000 & 21,600/

Subject Range Platslet

Count :k§353 cu.mn,./die)
135,000 40 - 177 134,000
S 148,000 63 - 216 137,000
106,000 10 - 183 141,000
waEs 9,000 5 - 11 6,000
91,000 23 - 130 126,000
e 640,000 402 - 918 177,000
34,000 27 - 1 19,000
.S,
35,000 17 - S8 44,000
J.L. 45,000 26 - 57 62,000
41,000 29 - 79 492,000
B.M.
217,000 168 - 300 100,000
TN, 114,000 75 - 168 158,000
E.G. 61,000 a1 - 83 57,000
AT, 152,000 *3 - 187 106,000




one subject with lymphosarcoma was 6% and in the patient
with chronic lymphatic leukaemia 16%.

Platelet survival: Examples of platelet survival

in circulation are illustrated in Figures 32 and 33, 1In
all cases the general pattern of initial clearance
followed by reappearance of a proportion of cells into
circulation as in normal controls did not occur. Following
infusion there was a sustained cieazance of platelets from
circulation throughout the course of the study. Platelat
half life was markedly reduced in every sﬁbjcct with the
exception of study 2 in C.M. Small amounts of circul-
ating platelet radiocactivity occasionally persisted for
several days despite the markedly increased removal of
platelets from circulation.

Platalet turnover: In 7 studies in patients with

idiopathic thrombocytopenia platelet turnover per day was
increased (Table 17). In 2 studies it was reduced and
in 2 was within the normal range. In the patient with
chronic lymphatic leukaemia platelet turnover was
increased, and in the patient with lymphosarcoma was
within the normal range.

Surface counting: There was clearcut evidence of

splenic uptake of platelet radiocactivity in only 3 studies
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both occasions.
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(carried out on 2 subjects). In subject P.R. (Figure
34) following splenectomy, and in J.L. who had had a
splenectomy some years previously, there was convincing
hepatic uptake of platelet radioactivity with liver/heart
ratios far in excess of that found in normal subjecta.
Both subjects had remained thrombocytopenic after
splenectomy. One subject (M.S. - spleen intact) was
studied on two occasions and marked differences in the
surface counting data were detected. On the firat
occasion maximum uptake occurred in the spleen although
this was not in excess of normal. On the second occasion
there was a marked increase in the liver/heart ratio
beyond the control range indicating excessive hepatic
uptake of radioactive platelets (Figure 35). Subiject
C.M. showed a marked splenic uptake of platelets
initially (Figure 36) but following splenectomy and a
complete haematological remission, further study showed
not only » completely normal platelat survival in
circulaticn, but a normal pattern innsurface counting
data. Splenectomy in J.M. also resulted in complete
hasematological and clinical remission but studies were

not repeated.
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VIi. RESULTS OF STUDIES ON THE SEQUESTRATION OF
PLATELETS TREATED WITH NOR-ETHYL MALEIMIDE - A SULPHYDRYL

INHIBITOR

Subjects studied. 1A total of 6 studies were

carried out in 6 subjects. The treatment of blood
platelets with NEM was carried out as described in
Chapter II. Final concentrations achieved were:

l. 0.25 uM NEM/ml. plataelets

2, 1.00 uM NEM/ml. platelets

3. 2.5 uM NEM/ml. platelets

4. 5.0 uM NEM/ml, platelets

5. 10.0 uM NEM/ml. platelets

6. 15.0 uM NEM/ml. platelets
Pollowing this cells were reinjected into the donor and
continuous surface counting carried out with probes
placed over the hepatic and splenic areas.
Results

Treatment of the platelet concentrate with 0.25 uM

NEM/ml. platelets did not alter the behaviour of platelets
in circulation. The usual segregation phenomenon occurred
followed by the reappearance of a proporticn of cells into
the circulation and by a more gradual fall off of radio-

activity over the course cf several days. Treatment with
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1 u¥ NEM/ml. of platelets resulted in a rapid clearance
of radicactivity from circulation in a matter of minutes,.
Scintillation counting carried out simultaneously showed
the count rate to be equal in both hepatic and splenic
regions followed by a gradual increase in the splenic
area throughout. Radicactivity was completely cleared
from circulation and did not follow the usual pattern of
behaviour following reinjection (Figure 37). Treatment
with 2.5 uM NEM/ml. again revealed the phenomenon of
complete rapid platelet clearance from circulation
associated with splenic uptake (Figure 38), but treatment
with 5.0 uM NEM/ml. platelets, although following the
same trend of clearance of radicactivity from circulation
within minutes plus some splenic uptake, also showed a
tendency towards slight gradual increase in hepatic
uptake (Figure 39). This trend for increasing
concentrations of the sulphydryl inhibitor to be
associated with changes in the site of organ uptake
persisted with increasing the concentration of NEM to
10.0 uw and 15.0 uM/ml. platelets (Pigures 40 and 41).
Under these circumstances, although the rate of clear-
ance cof radioactivity from blood was.unchanged, maximum

uptake occurred in the hepatic area with only slight
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splenic uptake with 10 uM concentration and no increase
in splenic activity when 15 uM NEM/ml., platelets had been
added.

Platelet morphology. As determined by phase

céntrast microscopy platelets appeared to be discrete,
circular or ovoid discs and no overt morphological
abnormality could be detacted. There wae no adverse
reaction on the part of the patient following injection
of the damaged labelled platelets into circulation.
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CHAPTER 1V

DISCUSSION
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An elucidation of many facets of platelet behaviour
has been made possible in this study by the use of both
in vivo and in vitro techniques. Some aspects of the
study confirm the findings of other workers while others
have served to throw a new light on platelet behaviour
and altered platelet kinetics in some Adisease states.

In certain instances the findings have not been described
previously. It has been of particular importance to
evaluate the efficiency of the new anticoagulant of

Aster and Jandl (1964). Obviocusly an anticoagulant
which has claims to such an efficiency warrants full
study as the therapeutic implications will be unbounded.
The ultimate criterion of platelet viability following
handling in vitro is the ability of the platelet to
circulate and behave in a physiological fashion in vivo
following reinfusion.

When normal platelets were reinfused into their
donors or normal ABO/Rh compatible subjects, a variable
but generally substantial proportion disappeared from
circulation within 1% to 30 minutes. From these and
previous studies (Davey and Lander, 1964;: Aster and
Jandl, 1964), it appears that some of the cleared platelets

are permanently removed from circulation - the sequestered



104

fraction; and that the remainder - the segregated
fraction - return to circulation after a variable period,
usually within a few hours. Following maximum platelet
recirculation, the cells which survive in the blcod

stream as viable units are slowly removed from circulation
over the course of 9 - 11 days, a period commensurate with
their life span.

The sequestered fraction. The extent of the

initial platelet loss which is irreversible may be
dexrived from consideration of the maximum proportion of
platelets infused which can be recovered in circulation.
It will be semn from Figure 42 that approximately three-
quarters of all EDTA platelets infused in these studies
were irreversibly lost soon after infusion. Fewest
platelets were lost when ACD 'A' was used as anticoagulant,
nevertheless over one-half of such platelats failed to
survive in circulation as viable units. Intermediate
values were obtained with ACD 'S' platelets, where a mean
of approximately two-thirds of those injected failed to
survive,

Surface counting studies indicate quite clearly that
the spleen is the major site of sequestration of such

platelets, irrespective of the anticoagulant used.
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The segregated fraction. The phenomenon of

transient disappearance followed by return to circulation
of a proportion of injected platelets has been texrmed
"segregation" by Davey and Lander (1964), and the degree
of reversible platelet segregation may ke gauged from

the difference between the maximum and minimum levels of
Platelet radiocactivity found in circulation during the
initial stages.

Once again the proportion of EDTA platelets
involved in this process far exceeded that found with
platelets collected in either of the citrate dextrose
solutions. Furthermore, segregation and re-entry into
circulation was almost invariably complete within a few
hours with platelets collected in citrate dextrose:
completion of the phendnoﬁon vas generally delayed for
24 to 48 hours when EDTA was used.

The mechanism responsible for the transient
segregaticn of platelets from circulation is not known at
present and i{s open to conjecture. The suggestion thﬁt
some platelets are damaged during handling and following
reinjection are immediately destroyed with release of the
label which then becomes attached to circulating platelets,

does not appear tenable. It has been shown (Davey and
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Lander, 1964) that only an extremely small proportion of
circulating activity at any time is not bound to platelets.
Furthex, Baldini et alii (1960) have shown that radio-
active chromium liberated from labelled platelets does

not reattach to platelets in vitro, and Ebbe et alii:

(1965) have shown conclusively that in vivo as well as

in vitro chromium51

is released from destroyed platelets
in a form incapable of attaching itself to other plate-
lets. The evidence at present available suggests that
the phenomenon iu due to the tranlignt adhesion of a
proportion of the infused platelets to vascular endo-
thelium throughout the body (Cronkite et alii, 1957) and
it vas suggested by Davey and Lander (1964) that the
rermoval of platelets from the body for any time is
assocliated with metabolic changes within the platelet,
possibly as the result of the actions of coagulation
factors and changes in the ionic composition of the
milieu. Such alterations may be reversible in some
platelets (segregated fraction) and irreversible in
others (sequestrated fraction). Those in which the
reaction is reversible are capable of apparently normal
survival within the body along with the proportion of
cells which is seemingly unaffected by these changes and



107

which remains in circulation following injection.

With EDTA platelets, the high initial activity
recorded over the liver which subsequently declines over
the course of 4 to 24 hours, suggests that segregated
platelets are particularly concentrated in this organ.
However, their release from this organ is generally
asgsociated with an increasing count rate over the spleen,
which would indicate that at least some of the rlatelets
temporarily segregated in the liver are released from
this organ only to be permanently sequestered in the
spleen.

With ACD 'A' platelets, high initial activity over
the spleen is followed by a decline to a steady level
within a few hours and would suggest that the spleen is
the predominant site of both segregation and sequestration
of such platelets. With ACD 'S' platelets, the proportion
segregated is small and no particular organ could be
implicated in the proceass.

Platelet lifespan and kinetics in circulation, These

studies indicate that the 1lifespan of human platelets in
circulation is in the vicinity of 9 - 11 days. Although
it may be argued that those platelets which ultimately

survive sequestration and segregation to circulate as
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viable units may not be representative of the original
porulation sampled, it must be emphasised that the life-~
span determined from these studies is not influenced by
the particular anticoagulant employed, and is in agree-
ment with that observed by other workers using similar
and different technicques,

Divergent views have been expressed only in relation
to the mode of destruction of normal platelets in health.

It has been noted previously that investigators

32 35 and cll

using compounds of P~°, 8§ as platelet labels
have generally found the fallout of platelet activity
from circulation to be a simple first crder function
suggesting random destruction. The use of these labtels
has been criticised, however, as they are prone to
metabolic turnover and loss from the cell (Parker-wWilliams
et alii, 1963; Grossman et alii, 1963), Most workers
who have used radioactive chromium as the platelet label
have obtained rectilinear survival "curves” suggesting
that platelets have a finite lifespan and that death ie
a result of senescence. More recently it has been
suggested that linear and random processges are involved
in the removal of platelets from circulation (Davey et

alii, 1964; Fbbe et alii, 1965). The platelet survival
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curves obtained in this study support the contention that
both linear and random processes are operating simultan-
eously. By applying the mathematical model devised by
Davey et alii (1964) analysis of the platelat survival
curves conforms to the theory of a finite lifespan being
operative and upon which is superimposed a random loss of
approximately 10 - 12% of platelet radioactivity per day.

Site of destruction. The site of destruction of

normal platelets is alsoc open to question, The present
studies, which show a progressively rising liver/praecord-
ial ratio with time irrespective of the anticoagulant
used, support the conclusion of Rster and Jandl (1964)
that "although areas such as the marrow and lymph nodes
may play a rola in the removal of effete platelets from
the circulation, in man the majority of platelets seem to
normally die in the reticuloendothelial cells of the liver."
However, the slight increase in spleen/praecordial ratios
frequently observed in individual studies and reflected
particularly in the mean values obtained with ACD 'S’
platelets, show that the spleen may play a secondary, but
not unimportant, role in this respect.

Choice of anticoagulant. There can be little

doubt from the results of the present studies and those of
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Aster and Jandl (1964) that in terms of platelet viability
following infusion, the use of EDTA as an anticoagulant
for platelet collection and preservation leaves much to
be desired. Certainly it is inferior to either of the
solutions of citrate dextrose employed. The present
studies would indicate that there is probably little to
chocse between ACD 'A" and ACD 'S' for the preparation of
platelet concentrates. However, ACD 'A' does result in
platelet aggregation in vitro and consequently handling
of the platelets and their rxesuspension is more difficult.
With ACD 'S8', platelets retain their normal shape,
aggregation does not occur in wvitro and, as with EDTA,
the suspensions are easy to handle. Upon infusion
segregation is minimal or absent, vet the proportion of
platelets which survive in circulation is no greater than
with ACD 'A' and the overall efficiency of the transfusion
is lower, In an early communication, Aster and Jandl
(1963) reported “"recoveries" of 80 to 1008 of labelled
platelets in circulation. Latar, presenting their rasults
in 23 studies, they noted a mean recovery of 67% with a
range of 36 to 85%. Although almost complete recovery
has occasionally been noted in recently splenectomised

patients, it has not been possible in the present study to
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achieve a recovery of better than 52% in normal spleen-
intact subjects using this anticoagulant, It appears that
while the low environmental pH achieved with ACD 'S' may
reduce platelet aggregation and the degree of segregation,
the proportion sequestered is greater than with ACD 'A'.
The overall conclusion is that platelet concentrates
prepared from blood collected into ACD 'A' and infused
into recipients are slightly superior in terms of plate-
let viability than those collected into ACD 'S' and are
considerably superior to those prepared from blood
collected into EDTA.

Results of studies on patients suffering disorders
known to predispose to thrombosis or to be associated
with increased atherogenesis demonstrated no significant
deviation from those found in normal healthy subjects.
There was no significant increase in the calculated turn-
over of platelets and the contour of the platelet survival
curve did not deviate from that found in normal subjects.
Platelet lifespan remained between 9 and 1l days as with
healthy controls. This is contrary to the findings of
Murphy and Mustard but is in accordance with the findings
of O'Neill and rirkin (1964). The use of phenindione as

a therapeutic anticoagulant in subjects with vascular
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disease was found to exert no beneficial effect in
decreasing platelet utilisation. Platelet survival in
individual subjects who were studied both while receiving
anticoagulant therapy and later following its withdrawal
was found to be either unchanged or appeared to be
slightly reduced. Any reduction which occurred was not
however, of statistical significance anéd was not of
sufficient magnitude to be reflected in turnover data.
The constancy of this trend is of some interest, however.
It may be postulated that subjects who are studied in the
early stages after myocardial infarction may have a more
severe form of the disease (on clinical grounds) than
those who are not anticoagulated. The tendency for the
survival curve to be shifted to the left under these
circumstances would indicate an increased random
consumption of platelets as a result of the disease rather
than to any effect of the anticoagulant, However,
analysis of this problem is complex as although platelet
survival appears to be slightly less in subjects who are
anticoagulated than in subjects who are not receiving
anticoagulants, there is no difference between the curve
obtained in the former and that observed in normal, healthy

control subjects.
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It is acknowledged that platelets are utilised during
thrombosis and it has been shown by Adelson et alii (1961)
and by O'Neill and Firkin (1964) that platelet survival
is reduced in subjects studied during thrombotic
eplsodes, In subject 0,G., the clinical manifestations
of venous thrombosis were associated not only with a
sudden reduction in circulating platelet radiocactivity in
vivo but were also preceded by marked abnormalities in
platelet behaviour in the in vitro Chandler tube system.
Similarly, with subject W.B., both in vivo and in vitro
abnormalities in platelet hehaviour once more coincided.
It seems likely that in this case the changes were
asscciated in part with post-operative deposition of
platelets in considerable numbers during endothelialisation
of the dacron graft and post-operative thrombosis of
damaged vessels, as further studies carried out three
months later showed a completely normal behaviour pattern.
It may ba concluded from these findings that increased
platelet utilisation may be detected by the chromiumsl-
labelling technique, but the degree of thrombosis is
highly significant. Any acute thrombotic episode must be
of some magnitude to alter the contour of the platelet

survival curve,
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Although it is an attractive theory that platelet
encrustation is a contributing factor to the processes
resulting in the development of atheroma, the results of

platelet survival studies using the chromium51

technique
do not support this contention. This may indeed be due
to a deficiency in the sensitivity of the techniqgue rather
than to the fact that platelets are not being incorporated
into the vascular endothelium during atherogenesis. The
accuracy to which some workers have ¢xpressed their
survival data in these conditions known to be assoclated
with atheroma formation has been defined to within an
hour of platelet viability in some cases, an exactitude
which cannot be obtained using this method, and indeed is
unlikely with any of the other methods at present used for
determination of platelet survival.

The thrombi produced in the Chandler apparatus with
blocd from patients after myocardial infarction were
found to be longer and heavier than the thrombi of control
subjects having neither clinical nor electrocardiographic
evidence of myocardial infarction. Thrombus size was
clearly found to decrease with the passage of time after
infarction and had a tendency to be less in patients being
treated with oral anticoagulants. Thrombus weight and

plasma fibrinogen level showed statistically significant
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correlation in contrcl subjects (p <0.01) and in patients
with myocardial infarction (p «0,001). It has previously
been determined that the plasma fibrinogen level is increased
in patients who have suffered myocardial infarction (Meyers,
1948) and this finding has been adequately confirmed in this
study, Losnex (19356) also demonstrated that the plasma
fibrinogen level remains elevated during the period of
healing of the infaroted area. This alteration of the
plasma fibrinogen could either wholly or partly account fox
the gradual return of these parameters towards the normal
range with the passage of time. The possibility remains,
however, that factors other than plasma fibrinogen may
determine thrombus sise,

Connor and Poole (1961) have shown that if long chain
saturated fatty acids are added to blood in the Chandler
tube the length of the thrombus tended to increase markedly
and the time taken for the thrombus to form was reduced.
Unsaturated fatty acids had little or no effect. They
suggested that the greater thrombus length produced by the
"active” fatty acids may indicate that the conversion of
fibrinogen into fibrin had been altered in some way so that
a loose, more strung-out configuration of fibrin resulted.

A similar mechanism could be implicated in the form-
ation of the large thrombi found in patients with myocardial
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infarction, particularly as abnormal lipid metabolism

has been widely incriminated as an aetiological factor in
this disease, It was not possible to demonstrate any
significant correlaticn between thrombus weight and total
sorum cholesterol levels either in healthy control subjects
or in patients with myocardial infarction. Elevated serum
cholestercl levels are however only one parameter of
abnprﬁal lipid metabolism and do not preclude the presence
of other lipid abnormalities as aetiological factors in the
formation of these abnormal thrombi. In this study serum
cholestercl levels were more a function of age than of
presence of overt myocardial disease (Figure 23).

It is not possible to determine whether the factor or
factors responsible for the development of these large
thrombi in patients with myocardial infarcticon were present
prior to infarction or are merely the result of changes
occurring subsequent to the clinical event. It appears
that the latter is moxe likely. This tendency towards
abnormal thrombosis in vitro following myocardial infarct-
ion may in part account for the thrombotic episodes which
are known to occur from time to time in the post-infarction
period.

The results of these studies also clearly indicate
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that there is a significant increase in the frequency of
abnormal, apontgneous platelet aggregation in patients with
myocardial infarction compared with healthy control

subjects greater than 40 vears of age. It is again not
possible to state whather these findings relate to a state
existing prior to infarction or are the sequel of myocardial
necrosis, but it has heen demonstrated that there is a
definite tendency for the frequency of spontaneous plate-
let aggregation and thrombus size to increasa with age in
apparently healthy subjects. This suggests that the factor
or factors responsible for these phenomena are presant to
some extent and that coronary thrombosis may result from an
exaggeration of this trend,

Anticoagulant therapy in patients with myocardial
infarction had no effect on the overall incidence of
platelet abnormality. Two explanations for this finding
may be tenable, Firstly, it could be that in anticoagulated
patients, the initisl overall frequency of platelet
abnormality was greater and that this frequency has in fact
been reduced by therapy. Alternatively, anticoaqulant
therapy may have little or no effect on platelet aggreq-
ation. On the other hand, there was a trend, although not

statistically significant, for the snowstorm phenomenon to
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occur more frequently in anticoagulated patients (11.5%) than
in those not receiving anticoagulant therapy (4.7%). Has
anticoagulant therapy enhanced platalet aggregation and is
this merely a reflection of the fact that those patients
selected for treatment by anticoagulants differed from those
not given anticoagulants, probably én the basis of more
extensive infarction? It is apparent that there is no
answer to this question on the evidence available anéd that
the effect of oral anticoagulants on platelet aggregation

in an in vitro system of this type is inconclusive.

Results of studies in patients who havae had both
platelet survival studies and Chandler tube studies carried
out show that the likelihocod of detecting abnormal platelet
behaviour is greater using the Chandler tube technique than

using the Cr51

method of labelling platelets. Major
episodes of thrombosis can be detected using both methods but
the Chandler technique provides a more seansitive measure of
abnormal behaviour and defects which cannot be measured in
the survival technigque may be obvicus in the in vitro system.

Having determined that it is possibla tc detect active
thrombosis of any degree in estimates of platelet survival
and that the Chandler apparatus provides a useful and

informative measure of abnormal platelet behaviour in wvitro,

studies were carried out on patients with valvular disease
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of the heart. It has been noted previously that the number
of patients who have had otherwise successful replacement of
diseased heart valves with Starr-Edwards prostheses but who
have subsaguently suffered thrombo-embolism and its sequelae
is increasing. At autopsy many of tha thrombi have been
found adherent to, or in close realation to the valve
prosthesis and have been composed almost entirely of plate-
lets and fibrin.

The pattern of the platelet survival curves in subjects
7 to 10 (Table 1l1) who have had valve replacement with Starr-
Edwaxds prostheses suggests that although many of the
labelled platelets survived for their natural lifespan of 9
to 11 days, a considerable number of platelets was being
prematurely removad from circulation in a random fashion.
This increased platelet loss was presumably matched by
increased production, for none of the patiente was thrombo-
cytepenic. There was no suggestion that thase abnormal
findings were related to either age or sex or to the use of
phenindione therapy. The particular valve replaced also
could not be incriminated as a major factor influencing the
alteration in contour of the survival curve. The major
factor which evolved in the consideration of these results
was that abnormal results were obtained in those subjects

in whom prostheaes had been in place for the longest period
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(Table 11).

The premature removal of platelets in these subjects
may be duve tc thelr being consumed in thrombus formation.
Adelson et alil (1961), Firkin (1963) and O'Neill and
Firkin (1964) have observed similar curves in assoclation
with intravascular thrombosis and a similar pattern of
behaviour has also been demonstrated in subjects in this
laboratory. It is conceivable that in these subjects the
abnormal platelet survival patterns are an indication that
continuing platelet deposition and thrombus formation are
occurring in the region of the prosthesis. FPigure 43
illustrates the autopsy findings in a man who had had a
successful aortic valve replacement but who subsegquently
died following a mesenteric artery thrombosis secondary to
gross atheromatous changes in his aorta and mesenteric
vessels, The valve had remained well situated and there
was no disruption of its attachment. In the region of the
teflon ring obvious thrombi were present. These wers of
both ante and post-mortem types and had in no way interfered
with valve function.

It could also be postulated that platelets are being
damaged in circulation by the Starr-Edwards valve. Cellular

damage following the insertion of valve prosthesis has been



Figure 43:

A mixture of both antemorten and post-
mortam thrombi in the region of the
teflcn cuff of a Starr-Edwards ball
valve prosthesis in the aortic region.
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well docurmented. In 1954 Rose et alii reported anaemia
following the insertion of prosthetic material, and in 19%6
Stohlman et alii reported red cell destruction in dogs
following the insertion of a Hufnagel valve. Cell
destruction was accompanied by haemoglobinaemia, haemo-
globinuria, anaemia, reticulocytosis and renal haemosiderosis.

51 red cell survival was markedly reduced.

Chromium

The first reports of haemolytic anasmia of mechanical
origin after open heart surgery in humans wera presented by
Neill et alii (1961) and by Sayed et alii (1961), and
subsequently reports of this phenomenon have continued to
appear (Verdon et alii, 1963; Sigler et alii, 1963).
Stevenson and Baker (1964) and Marsh (1964) simultaneously
noted severe intravascular haemolysis following the insertion
of Starr-Pdwards prostheses and postulated that this type of
hasmolytic anaemia with fragmentation of the red cells was
due to turbulent blcod flow and the presence of a rigid
prosthesis in circulation,

No morphological abnormality of the subjects' plate-
lats or red cells was observed in the studies at present
under discussion. However, it has been noted in individual

studies that platelet radioactivity may accumulate in the
spleen (and liver). This could suggest that in the affected



subjects a proportion of their platelets is being damaged in
circulation and subsequently sequestered in reticulo-
endothelial tissue.

A further possibility for the alteraed survival curve
pattern arises from the recent studies of Pirofsky et alii
(1965) who demonstrated the existence of an auto-immune
phenomenon associated with the haemolysis which may
complicate sortic stenosis or the insertion of a Starr-
Edwards prosthesis. Extension of this arqument to the
present situation would suggest that the platelet surface
membrane may be so altered by mechanical trauma that the
modified platelet appears foreign to the host and antibodies
against it are produced. Once again platelet aggregation
could result. Since such "damaged” platelets might be
more liable to local deposition as well as reticulo-
endothelial sequestration, both these mechanisms of removal
could operate simultaneously. Pacilities for the detection
of platelet antibodies being unavailable, it has not been
possible to axplore thif further.

The results of studies in the Chandler tube indicate
that there is a significant {ncrease in the frequency of
abnormal platelet aggregation in patients with Starr-Fdwards
prostheses compared with healthy control subjects (p < 0.001).

Whether these findings are related solely to the presence of
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the artificial valve or to a state existing prior to valve
replacemant {3 Aifficult to assess. It has been shown
that there is a tendency for the fraquency of spontaneous
aggregation to increase in subjects who have valwvular
disease of the heart but in whom valve replacement has not
been carried out. However, it should be pointed out that
the majority of days of abnormal platelet aggregation in
this section was found in the one subject and did not
reflect an even scatter throughout the group. Exclusion
of this subject would result in a frequency of abnormal
platelet aggregation comparable with that in healthy normal
subjects,

The thrombi produced in the Chandler apparatus from
the blood of subjects with heart disease were neither longer
nor heavier than those of control subjects. This may
indicate that despits the platelet abnormalities detected,
thrombosis was not active to a major degree during the
period of study,

In subjects who have had platelet survival studies and
Chandler studies carried out simultaneously, abnormal plate-
let aggregation determined by the Chandler method occurred
more frequently in subjects with reduced platelet survivals

than in subjects with normal survival curves. This
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correlation between two different measurements of platelet
behaviour indicates that the factors which may be responsible
for the abnormalities of platelet survival in patients with
Starr-Edwards prostheses axe also the factors which cause

the increased platelet abnormalities in the Chandler
apparatus and that the same phencmenon is being measured by
these two quite different methods of study. These factors
are not necessarily exclusive and it is possible that they
may occur either independently or simultaneously to varying
degrees. The various hypotheses may be integrated under the
following scheme:

mechanical damage té platelets by prosthesis

altered surface strucghre of platelets

retigulo- - ~‘\\a
endothelial antibody to
sequestration g —— platelet aggregation g——— "foreign®
in some platelets
patients L

thrombus formation

In 1926 Huek demonstrated a postopexative rise in the
level of blood platelets. These findings have been sub-
sequently confirmed and it is now apparent that the post-

cperative rise in the platelet count is most marked between



125%

10 and 12 days after operation, a time which corresponds with
the tendency to thrombo~embolic complications. Thers have
been varying reports on the immediate effect of operation on
platelet levels. Mustard (1957) found that patients who had
not heen transfused showed s rise in platelet count immediately
after operation and that a proportion of patients receiving up
to € transfusions of bank blood showed no fall in platelet
count. Other workers (Warren et alii, 1953) have
demonstrated an immediate fall in platelets in the early
post-operative pericd and it has been well documented that
greater than eight transfusions are associated with thrombo-
cytopenia in the early stages (Desforges et alii, 193%4;
Krevans and Jackson, 1955). The first suggestion that plate-
let behaviour as well as platelet number may be affected in
the postoperative period was made by Payling-Wright (1242)
who demonstrated that there was an increased adheasiveness of
platelets to glass at this time,

Leeksma and Cohen (1956) carried out platelet survival
studies in patients after operation and, although results
were difficult to interpret, were not inconsistent with
normal lifespan. Further platelet survival studies were
carried out in the early postoperative period by Zucker et
alii (1961) following pre-operative platelet labelling and
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in only two subjects was there a decrease in platelst
survival, In the remaining subjects the contour of the
survival curve was normal and compatible either with a
pattern totally unaffected by surgery or with a reduced
survival combined with continued re-entry of labelled
platelets into circulation. The latter feature was a

32

probability owing to the use of DFP as the labelling

isotope. In the subjects in this study relabelling has not

been a problem as chxomium51

has previously been shown not to
relabel platelets in circulation. Three subjects showed a
normal platelet survival curve and the other three showed
some reduction in platelet survival. None of the patients
had received massive blood transfusicn. An interesting
feature of this study was that platelet survival was most
abnormal in subjects whose mean platelet count was highest,
This indicates that increased platelet utiliszation in these
subjects was well compensated and had been matched by either
increased production or release of platelets from megakaryo-
cytes, or by mobilisation from other platelat pools or
depots. The decrease in platelet survival with a shift of
the curve to the left is compatible with increased random

renoval from circulaticen. This may be accounted for by

increased utilisation during the thrombosis of vessels
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damaged during the course cof the operation, Furthermore,
it is 2 possibility that one influencing factor could be
the release of red cell or tissve factors, for example,
adenosine diphosphate or tissue thromboplastin which may
promote platelet clumping with possible ready adhesion to
vascular endothelium and consequent rsmoval from effactive
circulation. These factors in turn may be associated with
the known tendency to thrombo-embolism that occurs in the
postoperative periced. Two of the three subjects who had
reduced platelet survivals had previously suffered from
myocardial infarction and their reduction in platelet life-
span may be a further reflection of an abnormal tendency to'
thrombosis in these subijects.

Platelet survival studies using radiocisotopes have
been widely carried out in cases of thrombocytopenia. The
mechanisms in the pathogenesis of idiopathic thrombocytopenic
purpura are disputed and the presence of thromboecytopenia in
the blood associated with normal or increased numbers of
megakaryocytes in the bone marrow has been explained by a
number of contragting theories. The findings may be explained
on the basis of a defect of platelet formation, or of excessive
dispcsal or destruction in the peripheral circulation, or in

the peripheral organs (Hayem, 189%5). Frank (1915, 1916)
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attributed the thrombooytopenia of idicpathic thromboeyto-
penic purpura to decreased formation by the megakaryocvtes
and suggested that this mechanism arose as a result of mega~
karyocyte inhibition by "noxious" substances from the spleen,
Kaznelson's suggestion (1916) that the removal of the spleen
could ke of value was based on the concept that the spleen
may be a thromboecytolytic organ. This idea was extended
(Doan et alii, 1949) with the concept of selective splenic
sequestration of circulating platelets. A number of
slgnificant contributions to the mechanism of thromboeyto-
penia have been made in recent years with the elucidation of
the mechanism of sedormid (Ackroyd, 1949); the thromboeyto-~
penic activity of plasma from individuale with idiopathic
thrombeceytopenic purpura when indected inte normal gubjects
(Harrington et &lii, 19%51): the effect on the lifescan of
platelets of heazlthy subjects following their i{ncubaticn in
the plasma of patienta with {dicpathic thrombeeytopenic
purpurs (Penny et alii, 1965); the rate of survival of
normal platslets transfused into patients with thrombocyto-
penic pur;tra (Stefanini and Chatterjea, 1951); the frequent
coexistence of {diopathic thromhocytopenic purpurs and
acquired haemolytic anazemia (Fisher, 1947: Fvans et alii,

1949) and studies on the beneficial effect of ACTH and
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cortisone in the disease (Robson and Duthia, 1950).

It is at present generally accepted that idiopathic
thrombocytopenic purpura is a disease with an autoimmune
background but the site of the immune damage remains
uncertain. Difficulties have arisen with the identification
of platelet antibodies and no reliable in vitro technigue is
available at present, Cchen (1961) has suggested that the
only satisfactory method of classifying thrombocytcpenias
at present depends on whether the platelet survival is short
or normal and, using radiochromate lakelled platelets,
devised a reclassificaticn scheme, Naijean et alii (19263),
alsoc using radioactive chromium~labelled platelets,
attempted to correlate platelet survival with the clinical
picture in thrombocytopenic purpura anéd with the results of
splenectomy. Probably the most noteworthy finding arising
from his studies was that the presence of splenic localisation
showed good correlation with subsequent response to splenectomy.
In patients whose splenic localisation was less pronounced or
absent, the results of splénectomy were less certain.

Results of surface counting data in this series have tended
to support this conclusion. Two subjects with splenic
uptake of radioactivity responded to splenectomy but one

subject who did not have a splenic uptake passed into a
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complete haematological remission immediately after
splenectonmy. Although this suggests that splenic uptake

may allow greater predictive value to be placed on the likely
outcome of splenectomy, such a factor should probably not be
the only criterion for cperative intervention. In two
patients who were studied following splenectomy, surface
counting data showed an hepatic uptake of platelets. It

has been known for some time that the spleen is important in
removing platelets which have beaen damaged immunclogically.
More recently, however, Aster and Jandl have suggested that
the liver plays an important rcle in this respect also,

and that although platelets which have been slightly damaged
by antibody may be removed in the spleen, with increasing
damage induced by higher concentrations of antibody, the site
of sequestration of platelets is predominantly in the liver.
The occurrence of hepatic localisation suggests that in some
subjects, despite splenectomy, some abnormality persists
which affects the platelets and results in their sequestration.
It may be inferred from this that the spleen does not
contribute to any degree tc the elaboration of anti-platslest
antibody, at least in some patients.

It has been widely demonstrated (Laurence et aliil, 1946;

Maupin, 1956, and others) that transfused platelets are
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ramoved from circulation very rapidly in patients suffering
from idiopathic thrombocytopenia. This rapid removal of
platelets under these circumstances is not necessarily
entirely due to platelet injury during handling but is probably
an inherent part of the disease. In some instances previous
sensitisation to human platelets by blcod transfusion cannot
be excluded as a contributing factor. In these studies
platelets were rapidly removed from circulation in each
patient resulting in a reduced platelet half-1life in each
instance and confirming the findings of previous investigators.
Turnover data in patients with idiopathic thrombocyto-
penia in this series show increased turnover associated with
reduced platelet survival in the majority suggesting that
peripheral destruction is a major aetiological factor in the
thrombocytopenia. Of these patients, three (C.M., J.M.,
B.M,) responded to splenectomy and two of them had shown an
increased splenic uptake of radicactivity, In two subjects
(M.8, 8tudy 1; P,R. Study 2) total platelet turnover was
reduced and both had a reduced platelet survival. Bone
marrow examination showed that there was no reduction in mega-
karyocytas. This suggests that there was, in these patients,
some failure of release of platelets into circulation coupled

with an increased periphaeral destruction. Factors such as
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splenic inhibition of platelet release could not be
incriminated here as both subjects had had their spleens
removed., Two patients (B.M. Study 2, and M.8. Study 2),
show evidence of partly compensated thrombocytolysis - a
normal mean platelet count has been maintained despite
evidence of enhanced destruction mirrored both in reduced
platelet survival anéd in excessive organ uptake. It is
probable that this is a stexoid induced phenomenon as both
patients were being treated with prednisolone throughout the
study.

¥hat is it that determines the sites of uptake of cells?
Previcusly it has been shown that when exythrocytes are
mildly damaged by heat (Harrils et alil, 19%7; Wagner et
alii, 1962: Kimber and Lander, 1965) or by low concen-
trations of p-chloromercuribenzoate (PCMB) or n~ethyl-meleimide
(NEM) (Jacol and Jandl, 1962; Wagner et alii, 1962; Ximber
ot alii, 1965) both of which are sulphydryl inhibitors, they
are ramoved in man mainly by the spleen, The same workers
have demonstrated that when erythrocytes are damaged by
higher concentrations of sulphydryl inhibitors or by higher
degrees of heat they are removed principally by the liver.
Lander et alii (1965) have similarly shown that subjecting
bleod plateleta to varying doqraenlof heat prior to re-

injection results in a similar pattern of behaviour.
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Platelet survival in ciroulation was considerably reduced when
platelets were subijected to 45°C heat and no labelled plate-
lets reappeared in circulation after heating at 56°C. These
studies indicate that traatment of platelets with sulphydryl
inhibitors, in this case NEM, results in a similar pattern

of platelet behaviour in vivo following reinjection, The

site of sequestration cf labelled platelets changed from

spleen to liver as increasing damage with higher concentrations
was effacted.

These results are analogous to those obtained by Aster
and Jandl (1964) who observed that transfused platelats
reacted with injected iso-antibody and that minimal
sensitisation caused a lesion detectable only by the spleen.
Greater sensitisation caused platelets to be sequestered in
the liver. It has been postulated (Jacob and Jandl, 1962)
that the shift in the site of red cell sequestration is due
to alterations in the cell membrane and it appears likely
from the results of Lander et alii (19€3) using heated plate-
lets, which have also been examined electromicroscopically,
that similar changes in the platelet membrane could induce
altered sites of platelet seguestration. The same mechanism
would operate with NEM-treated platelets. Added evidence

that alterations in the degree of damage cause changes in the
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sites of sequestration of platelets may be abtained from

the results of surface counting data obtained when platelets
are handled in the various anticoagulant solutions. Ethylene
diamine tetra-acetic acid is a powerful chelating agent and
its use in platelet praparation results in the immediate
sequestration and segregation of platelets in the liver. Its
effect, however, is incomplete and partially raeversidble as
many of the platelets are subsequently released from the liver
and a proportion of them is then permanently sequestered in
the spleen. The remainder circulate and live a normal life-
span, The acid-citrate dextrose anticcagulants alter the
platelet less than EDTA and because of this milder action,
most platelets which are sequestered are trapped in the
spleen.

The sites of destruction of normal platelets are
difficult to ascertain., Aster and Jandl (1964) feel that
the majority of platelets dies in the reticulo-endothelial
system, particularly in the liver, and ¢o a i«aser extent
the spleen, As stated previously, the results of studies in
this laboratory indicate that both liver and spleen may be
important in the removal of effete platelets from circul-
ation under normal circumstances. Having ascertained the

normal pattern of platelet behaviour, and having determined
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that platelets damaged by either physical or chemical
agencies are sequestered in wvarious sito; depending on the
degree of damage, it may be possible to relats such findings
to those found in a variety of disorders, but particularly to
states found in individuals suffering from thromboecytopenia.
It will be recalled that subject M.S8. with idiopathic
thrombooytopenia was studied on two occasions and that on
the first most platelets accuxulated in the spleen, and on
the sscond the majority was takern up by the liver. It is
possible that this patient is suffering from thrombocytopenia
associated with circulating anti-platelet antibodies. On
the first occasion the degree of platelet damage may have
been only mild and resulted in maximum counts being obtained
over the spleen, Some months later wvhen the study was
zepeated a greater degree of damage may have arisen, possibly
due to an increased antibody titre, and accounted for the
excessive hepatic uptake of labslled platelets. However,
before such an explanation is taken as convincing evidence
of this eventuality, it must be noted that on the second
occasion isologous platelets wers employed and this, coupled
with the fact that she had had previous blood transfusions,
may represent merely a similar phenomenon but one which is

related rather to a state induced by previous transfusion of
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foreign platelets than to one arising from her original disease.

Criticism of the Techniques Employed

As with most technigues of medical investigation, those
employed in the present study may be criticised,

Firstly, platelet survival studies may not give a true
representation of platelet behaviour inside the body. Not
only are the platelets labelled outside the body, but the
technique involves a moderate degree of handling of the cells
which is reflected in the permanent clearance of a large
proportion of them from circulation,presumably due to damage
during labelling. Interpretation of this feature is made
even more difficult by the variations in this phenomenon which
appear to be dependent in part on the anticcagulant into
which the blood is collected. It may well be argued that
ohramium51 platelet survival studies concern only the fiwed
population of cells which have survived the handling and
sequestration, and may not give a true representation of the
whole population of platelets in circulation. Argument
against this being so, however, is the close correlation in
overall survival data between platelets prepared by the chromium-
51 pethed and those prepared by labolitnq in vivo with P32, as
a further criticism, it may be suggested that following plate-
1ot labelling it is possible that a change may ocour in the
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body which will affect other platelets as they are being
released into circulation but have little or no effect on
those cells which have previously been labelled. Changes
in platelet behaviour may then take place which would not be
reflected in the survival data.

It has been demonstrated that any change in platelet'
utilisation or in platelet destruction must be of some
magnitude to be detected in platelet survival data. Further,
it appears from the results of studies in the Chandler tube
that changes in platelet behaviour may be episodic and in a
proportion of cases reversible, and under these circumstances,
those defects which may be obvious in the Chandler tube may
not be detectable in platelet survival studies. Indeed in
many ways the Chandler tube technigue appears to provide a
more sensitive index of abnormal platelet behaviour at least
in thrombotic disease. Furthermore, the Chandler technique
is far sasier to perform than platelet survival studies and
this is especially so when the subjects studied are
particularly ill. The disadvantage of the Chandler technigue
is that it is an in vitro test. Interpretation of results
obtained in an in vitro system must bs made with resexrvation
as they need not necessarily represent the situation occurring

51

in vivo. The chromium™ " technique is probably most useful
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in subjects who have thrombocytopenia where it may be used
not only to determine platelet lifespan but also to identify
sites of platelet destruction by the aid of external
scintillation counting. Again there are some limitations
with this category of patient as the technical difficulties
are great if the subjects’' platelet count falls below 60,000
per cu.mm.,and the difficulties increase with increasing
degraes of thrombocytopenia, Frequently there is difficulty
in the interpretation of surface counting Aata, and even in
those cases who appear to have a spacific organ uptake by the
spleen in some cases of thrombocytopenia, it is not possible
to predict confidently the outcome of splenectomy. Suffice
it to say that in subjects who on clinical grounds should
respond favourable to splenectomy and whose platelet studies
clearly show a splenic uptake, the likelihood of success of
operation is greater than in subjects who exhibit no asplenic

uptake of radiocactivity during platelet survival astudies.



CHAPTER V

SUMMARY
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1, Radiochromate~labelled platelet concentrates weare prepared
following collection of blcod into a solution of acid-citrate
dextrose anticoagulant (ACD 'S') which resulted in a final
whole blood pH of 6.5 ~ a moxre acidic form of anticoagulant
than that customarily employed. Results were compared with
those previously obtained in this laboratory using ACD 'A' and
EDTA as anticoagulants for collection of blood. Platelet
vield was greatest when EDTA was used but after transfusion
relatively few platelets survived in circulation as viable
units, In terms of overall efficiency both solutions of

ACD were superior to EDTA. Platelet lifespan in circulation
was unaffected by the anticoagulant used for the collection

of blood. External scintillation counting showed that in

man the majority of effete platelets is ncrmally removed by
the liver and that the spleen plays a secondary, but not

unimportant role in this process.

2. It is an attractive theory that platelet encrustation is
a contributing factor in the processes resulting in the

51~labolled

development of atheroma. However, using chromium
platelets, results of investigations carried out on 34

subjects with atheroma do not support the view that platelet
lifespan is reduced and plstelet turnover increased in these

subjects. Furthermore, platelet survival was not prolonged
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by the administration of the anticoagulant phenindione.
Although platelet deposition on vascular endothelium may be
a contributing factor in the pathogenesis of this disorder
it is concluded that the techniques at present available are

not sensitive enough to detect this phenomenon.

3. Studies using the Chandler apparatus have shown that the
bloocd of putiontl suffering from myocardial infarction shows
an increased tendency tc abnormal spontanecus platelet
aggregation and thrombosis in wvitro. Thrombus size tended
to be less in patients treated with anticoagulants and
decreased with the passage of time after my~cardial infarction.
There was a direct relation between thrombus size and the
plasma fibrinogen level in both healthy controls and in
patients studied after myocardial infarction. There was no
such relation between serum cholesterol and thrombus size.
The incidence of abnormal platelet aggregation tended to
increase with age in healthy controls. In patients with
myocardial infarction, treatment with anticoagulants caused
no significant decrease in the incidence of abnormal plate-
let aggregation. No conclusionr can be drawn as to the
significance of these findings. They may be the result of
infarction rather than reflect a state existing prior to the

clinical event. There is some evidence to suggest that there
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is an increase in abnormal platelet behaviour with age and
myocardial infarction may be the result of an exaggeration
of this trend in some subjects. It is likely that the
fxrequency for thrombosis to ococur in subjects following such
episodes may be in paxt related to this inoreased thrombotic
tendency.,

4. It has been demonstrated that reduced platelet survival
indicative of increased random loss of a proportion of
Platelets from circulation occurs in some subjects following
the insertion of Starxr-Edwards prostheses for correction of
valvular disease of the heart, This abnormality in platelet
survival is directly related to the time after operation and
ocours in those in whom the prosthesis has been in place the
longest., Studies in subjects with uncorrected valvular

disease were completely normal.

3. The xesults of studies in the Chandler tube in patients
following the insertion of Starr-Edwards prostheses show that
there is a significant increase in the frequency of abnormal
spontaneous platelet aggregation in these subjects compared
with normal control subjects. Furthermore, the frequency

of abnormal spontaneous platelet aggregation was found to be

greater in subjects with reduced platelet survival than in
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subjects whose survival curve showed a normal contour. These
findings in patients with Starr-Edwards prostheses had not

previocualy been described by other workers.

6. Platelet survival in circulation was found to be reduced
in some patients studied in the postoperative period and
normal in others. Of the three subjects with reduced
platelet survival two had suffered myocardial infarction some
years previously, a factor which may be taken as additions}
evidence of an abnormal thrombotic tendency in these
individuals,

7. Platelet survival studies in patients with thromboecyto-
penia showed a marked reduction of platelet lifespan in all
cases studied, Surface counting data revealed that a more
reliable prediction of the outcome of splenectomy may be
made if there is an increased splenic uptake of labelled
platelets. However, results of uptake studies should not
be the only eriterion to suggest operative intervention as
favourable results may be obtained in subjects who show no
increase in splenic localisation of radicactivity, Numbers
in this series, however, are small - a limiting factor in

the overall interpretation of da‘a.
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8. Studies on platelet sequestration using the sulphydryl
inhibitor N-ethyl maleimide (NEM) have demonstrated that the
site of sequestration of platelets is determined by the
degree of damage they have sustained. Results are analogous
to those found when red cells have been damaged by chemical
and physical agencies and are comparable with the results

of studies in which platelets have been damaged by either
heat or immunoclogical weans. Minor damage causes platelets
to be removed, principally by the spleen, and more severe
damage results in platelet removal, mainly by the liver.
These findings may be related to those in a number of disease
states associated with increased platelet removal from

circulation.
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APPENDIX A

A, Normal Healthy Control Subjects

1.

2,

Platelet Survival

John Curtin
Jamie Shepherd
John Green
Barry Chambers
Rod Boswell
Gary Peutrill
Cynthia Knight

Chandler Studies

Tom White

Ian Robertson
Michael Addison
Martin Hansen
Eric Bardy
Richard Ibbotson
Bill Howarth
Douglas Hardy
Alan Banks

Heidi Taylor

Bob Sheppard

Age
27
26
33
28
19
27
30

44
38
41
43
55
38
40
42
47
42
42

M X 2 X 2 X X

X =» X B 2 X X X X X X

sSource
Norwood Apex
Norwood Apex
Norwood Apex
Noxrwood Apex
Roxwood Apex
Glenelg Apex

Prof. Robson

I.M.V,.8.
I.M.V.8.
I.M.V.8.
I.M.V.8.
I.M.V.8.
I.M. V.8,
I.M.V.5.
I.M.V.8.
I.M.V.8.
I.MV.B.

I.M.V.8.
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Sue Dixon
Raslene Kinlough
Geoff Glaw
Peter Davis
Colin Luke

Ward Dsrrxington
Kevin Clapp
George Davies
John Lloyd
Nancy Mitchell
George Gormley
Earle Hackett
Bill Nolan

David Newman
Eve Looke

Tony Basten
Joseph Barta
Parcy Watts
Elizabeth Irving
John Xleine
Timothy Murrell
Kevin Mattschoss
David Howell
Graham Meyey

Stanl.y Hooper

37
28
27
37
23
h 1)
3s
49
25
43
47
44
49
45
28
25
s
57
37
26
31
19
23
20

19

2 R E M R X2 E M X X2 2 E ®m X X2 X R B X X2 "3 9

-
—

=

144

I.MV.8,.

Dept. Medicine
Student

Dept. Medicine
R.A.H,
I.M.V.8.

I.M V.8,
I.M.V.B.

Dept. Medicine
I.n.v.8,
I.M,V.8.
I.M.V.8,

Dept. Medicine
I.M.V.S.
I.M.V.5.
R.A.H.
I.M.V.S.

I.M. V.8,
I.M.V.8,
I.M.V.8.

Dept. Medicine
I1.M,v.8,
I.M,V.8.
I.M.V.8.

I.M.V.8.



LU I

Barry Gormley 22 M I.M. V.8,

Roy Pain 32 M I.M,V.8.

Alan Addis 37 M I.M. V.8,

Jack Edwards 59 M  R.A.H. Porter
Jack Nicholls 62 M R.A.H. Porter
Charles Martin 55 M  R.A.H, Porter
John E, Lloyd 64 M R.A.H, Porter
Bill Gittine 62 M RJ,A.H. Porter
Horace Jackson 58 M  R.A.H, Porter
Edwin Chadwick 8?7 M  R,A.H. Porter
Francesco Rocca 56 M R,A.H. Porter
Petro Scalsi 53 M  R.A.H. Porter
Archibald Dorsett 50 M R.A.H. Porter
Pasguale Silvestri 57 M R.A.H. Porter
Alan Hutton 62 M R.A.H. Porter
Harold Bain 50 M  R.A.H, Porter
Archibald Heron 58 M R.A.H, Porter

B. Subjects with Myocaxrdial Infarction
1. Chandler Studies
Age Sex Onit No.

Martha McKeough 80 r 002015

Waltexr Edwards 57 M 049338

Myrtle Stacey €4 r 048277



Violet Mulliner
Fred Rogers
Bert Franklin
Keith Bowley
Annie Waters
William Pennett
Thomas Crummey
Ray Harvey
Alice Woodeock
Ted Varga

Gwen Pash
William Abel
Murray Pearce
Edmund Kas
Robert rindlay
Leslie Badman
Lawrence Weller
Icla Allen
Albert Waddle

Matthew Carragher

Errol Winton
Roy Till

Oswald Ragless

71
57
69
54
73
66
58
59
72
54
54
63
55
45
56
75
63
66
69
43
62
75
S4

£ X2 2 X X 3 X X X2 X X Z N X =4 ZXZ X X2 WM X X ®

050627
051153
051886
004404
016943
052855
053399
053387
0376358
062818
064860
037839
068003
036162
0359460
067845

068368
000125
068310
046250
023727
068987
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c.

Subjects with "Atheroma® or Complications

Cyril Rugh

Cyril Noble
Albert Deverill
Harding Tilley
Bruce Swan
Marguerita Hoffman
Henry Fletcher
Albert Lee

57
68
50
70
39
70
78
54

2 X 71 2 X =®E X =X

1-

022892
051336
069258
068527
069715
069149
035296

Platelet Survival Studies (*indicates Chandler

atudies also)
David Thomas (1)
Frederick Gabell
Harold Ryles
Ralph Cock
David Thomas (2)
Alice Brodie
George Moir
Oscar Peto
Eric Stanley (1)
Frank Stedt
Roy Rogers
Joyce Walton
Arthur Johnston (1)

54
57
51
51
54
63
50
52
64
69
46
52
54

Z2 mMm 2 X XX X 2 W R =E X X =X

17838/62
12140/62
0610585
21125/62
17838/62
0277013
028770
002377
032822
033770
032718
035520
034492
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¥William Bowmann
Frank Meissenger
Alfred Ronitis
Rogwald Kennett
*Frank McDonald
Richard Hocking
*Alice Heatley
Rita MoGough
Eidney Corbett
®*Arthur Johnston
Gilbert Johnson
*0live Goodger
*George Colvill
*John Karavenkas
*Douglas Ball
*Haxold Martens
Alfred Parson
*Exic sStanley (2)
*Waltexr Bullen
Efim Konovaloff
*Geoxrge Freeman
*Terence Dodd

*William Moller

(2)

*wWilfred Pavlovich

62
58
60
45
61
62
53
49
62
54
61
$7
51
57
50
53
49
65
64
62
54
16
61
67

2 B 2T X X X XE E X Z X X % 2 X X MM 9 x B2 ®E X X R

148
012194
039242
010636
039690
030513
040492
005499
020540
042006
034492
Private patient
028269
043647
043233
0440089
045065
044416
032822
011190
039914
001412
060990
058097
065934



D. Patients with Valvular Disease of the Heart

1. Uncorrected Valve lesions

*Reginald Casey 59
*Eric Cheney 44
*Gordon Semple se

*John de George
*Thelma Malin 31

*John Anspach 67

M
M
M
M
)4

M

049048
011898
043654
068199
067650
071837

149

2. Corracted Valve Lesions ~ Starr-Edwards Prostheses

Phyllis Bellhouse 52
Rudolph Janeziec (1) 64
*Ethel Kenney 59
*Jenet Xing 41
*Selma Mundy (1) 51
*Raymond Leighton 37
*Rudolph Janesic (2) 64
*Sandra Relidy 24
*Selma Mundy (2) 51
*Geoxge Bulatavas k1
*Alan Tossel S0
*Eleanoxr Congy 41

E. Subjects Studisd Postoperatively

Percy Smith 70
Olive Goodger 57

r

M X X W M X X 9 M W

008366
018724
027774
H.D.8.
015610
025480
018724
005424
015610
014175
048796
003213

028269



r.

G.

Walter Bullen
Charles Wickens
Plorence Wallis

Theodore Lagdins

Subjects with Thrombocytopenia

65
67
59
61

Maria Stergiou (2)
Pauline Russ (2)
Eric Gibson (1)
Betty Mahoney (2)
Clyda May (2)
Mavis Smith (2)
John Langman (1)
Albert Thomas (1)
Joan Mortimer (1)

Subjects given NEM-treated Platelets

26
32
54
30
14

52

41
43
24

Henxry Wells
Milvert Smith
Stanley Millias
William Maller
Kardy Czokas
Robert Gunter

42
67
67
61
47
26

M X T ™M N ¥ X 9 2 ™M X =

X 2 X X X X

150

011190
041124
000409
008997

020370

043642

Private patient
Private patient
005913

Private patient
Repatriation Hosp.
036233

066358

054276
054401
047012
058097
Fast Side Clinic
060362
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APPENDIX B

Copy of letter to patients with uncorrected valvular disease
of the heart.

Dear ’

I am writing to ask you if you would be able to come
to the hospital to have a further blood test done bsfore your
operation. I have spoken with the Cardiac and Thoracic
Clinics about this and we are all anxious to do this test
before the operation.

It is really only a blood test, poseibly a little more
complicated than those you usually have done, but it should
cause you no trouble at all, This {investigation takes about
10 days to complete, On the firat day we should need you
here for the greater part of the day but after that only for
half an hour a day to have a specimen of blood taken. Could
you get in touch with me either by phoning me at 23 4333
extension 429 or by coming in to see me when I could explain
more fully what this test entails and arrange a suitable time
for you to come in to have the investigation completed?

Yours sincerely,
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Copy of letter to patients with Starr-Edwards prostheses.

Dear ’

Dr. Waddy and Dr. McPhie suggested that I get in touch
with you. Pollowing your operation there is another test
we should like you to have done to judge your response to

the operatiocn.

Would you be able to get in touch with me, either by
ringing 23 4333 extension 429, or by calling in to see me
at the above addrxess when I could explain to you what this
would involve and arrange a convenient time for you to have

the test carried out?

Youxs sincerely,
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Copy of leatter to Lay Superintendent, Royal Adelaide Mospital.

August 23, 1963

The Lay Superintendent,
Royal Adelaide Hospital,
Adelaides.

Dear Mr. Kelly,

Dx. Schwartzr and I should like to express our gratitude
to you for allowing the Porters of the Royal Adelaide Hospital
to take part in the investigations we are carrying out on
vascular disease.

Everyons was extremely helpful and we have gained
information which is valuable, not only at present, but
which we expect to be of considerable use in the future.

Yours sincerely,
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Copy of letter to Head Porters, Royal Adelaide Hospital.

August 23, 19635

The Head Porters,
Royal Adelaide Hospital,
Adelaide.

Dear Mr. Bain and Mr, Herxron,

On behalf of Dr. Schwartz and myself I should like to
thank you and the men of your staff for taking part in the
project we are carrying ocut on vascular disease, The
participants were particularly willing and several in fact
came in on their days off duty to have specimens taken.

I think I can say without any reservations that we have
gained much valuable information from the investigations
performed and expect the results to be of considerable use
in the future. We should like you to convey our appreciation
to all those who took part,

Yours sincerely,
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APPENDIX C

Publications

Lander, H., Kinlough, Raelene L., and Robson, H.N,
Reduged platelet survival in patients with Starr-
Edwards prostheses. Brit, Med, J. l: 688 (1963%).

Kinlough, Raelene L., Davey, M.G., and Lander, H. An
evaluation of anticoagulant solutions used in the
preparation of platelet concentrates. Transfusion,
6: 213 (196¢).

Ardlie, N.G., Kinlough, Raelene L., and Schwartsz, C.J,
In vitro thrombosis and platelet aggregation in
myocardial infarction. Brit. Med, J. l: 888 (1966).

Ardlie, N.G., Kinlough, Raelene L,, Glew, G., and
Schwarts, C,J., FPatty acids and in vitro platelet
aggregation. Aust. J. Exp. Bilol. 44: 105 (1966).

Kinlough, Raslene L., Lander, H,, Ardlie, N,.G, and
Schwartx, C,J. Platelet behaviour in patients with
Starr-Edwards prostheses. Submitted to American
Heart Journal.

Kinlough, Raelene L., Davey, M.G,, and Lander H.
Platelet survival in atheroma. Submitted to Aust,
Ann., Med,
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APPENDIX D

Lectures to Scientific Societies

The Hasmatology Society of Australia

*An assessment of the relative maerits of anticoagulant
solutions used in the preparation of platelets for
transfusion,”

Annual Meeting, Adelaide, April 1963,

"Platelet survival in sheep.” (with H. Lander and
B.G. Schultz - presented by B.G, Schults).
Annual Mesting, Adelaide, April 1965,

Medical Sciences Club of South Australia

"anticoagulant solutions used in the preparation of
platelet concentrates.”

Bpril r 1968.

The Cardiac Society of Australia

"platelet kinetics in patients with Starr-Edwards

prostheses.”

Annual Meeting, Melbourne, May 1965.
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The Royal Australasian College of Physicians

“In vitro thrombosis and platelet aggregation

in patients with myccardial infarction."

(with N.G. Ardlie and C.J. Schwartz - presented
by C.J. Schwarts).

XIth Congress of the International Society of Haematology

"Studies of the effacts of heat and of n-ethyl
maleimide on the sequestration and survival of

platelets.”

Accepted for presentation, Sydney, August 1966.
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It is well recognized that patients with valvular disease of the
heart are particularly susceptible to the complications of throm-
bosis and embolism, especially if the mitral orifice is stenosed.
In recent years valvular repair by a variety of prosthetic
procedures allowed the hope that such complications might be
avoided. Unfortunately, thrombosis and embolism have con-
tinued to occur, often at a long interval after successful opera-
tions of this type. The finding of thrombi attached or in close
proximity to artificial prostheses has led to the continued modi-
fication of such prostheses and operative techniques and to the
extensive use of long-term anticoagulant therapy post-
operatively (Lancet, 1962). -

As many such thrombi have been composed mainly of plate-
lets and fibrin, we have investigated the behaviour and survival
of radiochromate-labelled platelets in patients who have under-
gone successful valve replacement with Starr-Edwards ball-valve
prostheses (Starr and Edwards, 1961 ; Starr et al., 1962).

Subjects Studied and Methods

Eight studies have been carried out in seven subjects. Two
were males and five females. Their ages ranged from 24 to
64 years. In each instance the operation was performed by Mr.
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H. D’Arcy Sutherland with the assistance of members of the
Cardiac Surgery Unit of the Royal Adelaide Hospital. In five
subjects the mitral valve had been replaced and in two the
aortic. All had been considerably improved by operation, and
none was in cardiac failure. One subject (R.].) was studied
twice. Details relating to each subject are included in the Table.

Platelets from each subject were labelled with 70-100 micro-
curies of radiochromate i vitro and reinfused into the donor,
in whom their behaviour, survival, and distribution in the body
were studied.

Details of  the procedure employed have been described
previously (Davey and Lander, 1963), except that the blood
from which the platelets were separated was collected in the
more acid solution of acid-citrate-dextrose (A.C.D. “S7”)
suggested by Aster and Jandl (1964), instead of in a solution
of ethylenediaminetetra-acetic acid (E.D.T.A.).

Platelet radioactivity was measured in samples of blood
collected at frequent imtervals for four hours following infusion
of the labelled platelets and at daily intervals for at least 10 days.
In addition, activity over the heart, lungs, liver, spleen, and
sacrum was determined daily by external scintillation counting
(Lander and Davey, 1964a). Platelet counts were performed on
all samples of blood by the method of Brecher and Cronkite
(1950).

Results

In all subjects infusion of the labelled platelets was followed
by the normal phenomenon of transient “ segregation” and
subsequent re-entry into circulation of a proportion of the
labelled platelets (Davey and Lander, 1964). However, as
found by Aster and Jandl (1964), the degree of segregation is
less when A.C.D. “S” is used as anticoagulant than when
ED.T.A. is used.

The survival curves obtained in the eight studies are
illustrated in the Figure.

All points in the survival curves of subjects J. K., E. K., and
S. R. fell within the curvilinear range found in normal subjects.
All three subjects were receiving phenindione in doses adequate
to maintain their prothrombin index between 10 and 259%
of normal.

Subject R.J. had been placed on phenindione therapy 10
days after operation, and this was discontinued after 34 weeks.
Some six weeks later he presented with a sudden onset of
aphasia and a mild right hemiparesis. A platelet-survival study
was begun six days after this episode. After its completion,
phenindione therapy was recommenced and a second survival



Data Relating to Patients Studied

Time ‘
: Valve After q q g Platelet Count (per c.mm.) Platelet
Subject Sex Age Replaced Operation Anticoagulant Thrombosis or Embolism Mean and Range <
(Weeks) '
1.K. F | 49 Mitral 25 | Phenindjone 313,000 (207,000~369,000) Normal
E.K. F | 59 Mitral 29 Phenindione Cerebral ; pre-operative and early post- 232,000 (183,000-345,000) Normal
| operative
S.R. 1 F | 24 Mitral Zg {Ihem'ndione R . %43,338 %123,000«3%1:%) II:IIorma
N i erebral ; post-operative 30, 168,000~ ormal

RIL. | M 2 Aoric 48 Phenindione ! 251,000 (207,000-324,000 Normal

S.M. F 51 Aortic 46 Nil = 214,000 (180,000-273,000) Reduced

R.L. M 37 Mitral 46 Phenindione Cerebral ; pre-operative 254,000 (207,000-360,000) X

P.B. F 52 Mitral 52 Phenindione 244,000 (180,000-360,000) Reduced

* See text.
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study was undertaken. On both occasions the platelet-survival
pattern fell within normal limits.

In subjects S. M., R. L., and P. B, the platelet half-life was
reduced, but in each instance platelet rad ioactivity persisted in
circulation for the usual period of 9 ta 11 days.

External scintillation counting revealed a more marked
uptake of radiocativity in the spleen and to a less extent in the
liver in those subjects with reduced survivals than in normal
persons or in those with valvular prostheses who manifested
a normal survival pattern.

Discussion

The pattern of the survival curves in subjects S. M., R.L.,
and P. B. suggests that, although many of the labelled platelets
survived for their natural life-span of 9 to 11 days, a consider-
able number of platelets were being prematurely removed from
circulation in a random fashion (Lander and Davey, 1964b ;
Davey, Lander, and Robson, 1964). This increased platelet loss
was presumably matched by increased production, for none of
the patients was thrombocytopenic. There was no suggestion
that these abnormal findings were related either to replacement
of a particular valve or to the administration of phenindione.
However, it is interesting to note thar abnormal results were
obtained in those subjects in whom prostheses had been in place
for the longest period (see Table).

The premature removal of platelets in these subjects could
be due to their being consumed in thrombus formation, for
similar survival curves have been observed in association with
intravascular thrombosis (Adelson, Rheingold, Parker, Buena-
ventura, and Crosby, 1961 ; Firkin, 1963 ; O’Neill and Firkin,
1964). It is possible that in these three individuals the
abnormal platelet-survival patterns are an indication that
continuing platelet deposition and thrombus formation are
occurring in the region of the prosthesis.

It could also be postulated that platelets are being
“damaged ” in circulation by the Starr-Edwards valve.
Although no morphological abnormality of the subjects’
platelets or red cells was observed in these studies, external
scintillation counting showed that much more radioactivity
accumulated in the spleen (and liver) of those cases with
reduced survivals than in.norimal subjects or in those with valve
prostheses and normal survivals. This could suggest that in
the affected subjects a proportion of their platelets are being
damaged in circulation and then sequestered in reticulo-
endothelial tissue.

However, since such “damaged” platelets might well be
more liable to local deposition as well as to reticuloendotheljal
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Survival curves of radiochromate-labelled platelets in seven subjects following valve replacement.
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sequestration, both these mechanisms of removal could be
operating simultaneously.

The significance of this finding of an abnormal platelet
situation in some individuals, present long after apparently
successful valve replacement, would seem to merit further
examination.

Summary

Radiochromate-labelled platelet-survival studies were carried
out on eight occasions in seven subjects following successful
insertion of Starr-Edwards prostheses.
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Abnormal survival, suggestive of increased random loss of a
proportion of circulating platelets, was found in three subjects.

The possible significance of these findings in relation to
post-operative thrombosis and embolism is discussed.

Our thanks are due to those physicians and surgeons of the
Cardiac Investigation and Surgery Unit of the Royal Adelaide
Hospital who allowed us to study patients under their care, and in
patticular to Mr. H. D’Arcy Sutherland and Dr. J. L, Waddy for
the assistance and encouragement they gave us. We wish to thank
Mrs. D. Pyle and Miss J. Devaney for technical and secretarial
assistance.
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In 1958 Chandler showed that when recalcified citrated whole
blood is made to flow in a closed rotating circular plastic loop
it does not clot but forms a discrete mass with the histological
features of a thrombus. This observation, confirmed by Poole
(1959), prompted us to employ the Chandler tube in an attempt
to determine if the circulating blood of patients with, after, or
prone to thrombosis shows any propensity to abnormal throm-
. bosis #n vitro. As part of such a study we report our observa-
tions on 50 patients with myocardial infarction and 52 healthy
controls.

Materials and Methods

Subjects Studied.—The age distribution of the 102 subjects
studied is detailed in Table I. Control subjects consisted of our
colleagues, laboratory assistants, and volunteer hospital porters
in whom there was neither clinical nor electrocardiogaphic
evidence of myocardial infarction. Patients with myocardial
infarction were selected. from both hospital in-patient and out-
patient clinics, and all had clinical, laboratory, and electro-
cardiographic evidence consistent with this diagnosis. Ten of
the 50 patients with myocardial infarction and 6 of the 52
controls were women, numbers which were too small to permit
a separate sex analysis. Most subjects were studied for six or
seven consecutive days.

Blood Samples.—Antecubital venous blood was collected each
morning, with the aid of venous occlusion and mild forearm
exercise, by means of siliconized glass syringes and 19-gauge
needles. Nine parts of blood were added to one part of 3.8%
trisodium citrate in siliconized glass centrifuge tubes, and were

* Deparunent of Pathology, Institute of Medical and Veterinary Science,
Adelaide, South Australia.
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mixed gently by inversion. Citrated platelet-rich plasma was
prepared by centrifuging at 350 g for 15 minutes. On the
first day of study samples for total serum cholesterol and plasma
fibrinogen were collected.

Total serum cholesterol was estimated with a Technicon
Auto-Analyzer, a slight modification of the method described by
Zlatkis, Zak, and Boyle (1953) being used.

Plasma fibrinogen was determined by the method of Soles
and Roman (1957).

The Chandler apparatus was essentially similar to that first
described by Chandler in 1958 and subsequently modified by
Poole (1959). A circular disk of perspex was attached to a
larger perspex disk inclined at 30 degrees from the horizontal
and mounted on an electrically driven motor rotating at 9 r.p.m.

One millilitre of citrated whole blood or platelet-rich plasma
was placed in a closed circular loop of polyvinyl chloride tubing
(Portex, NT/F) having an internal bore of 3 mm. This was
recalcified by the addition of 0.1 ml. of M/4 calcium-chloride
solution, at which time a stopwatch was started. 'The tube
was closed with a short cuff of slightly larger tubing (Portex,
NT/K), the closed loop fitted around the smaller perspex disk,
and the motor started. The latter disk had a short recess to
accommodate the cuff. Each loop had a length of 37.9 cm.
(r=6 cm.), and with rotation the column of bloed er plasma
had a constant linear velocity of 340 cm./min. A fixed pro-
tractor was mounted beneath the perspex disks, and the angle
of the advancing column of blood or plasma was recorded at
30-sec. intervals. Changes occurring at the advancing edge
were. observed through a wide-angle stereoscopic dissecting
microscope under bright oblique illumination.

AN experiments were performed at room temperature main-
tained withiu the range 22-25° C.

Thrombus Formation T$me—This term, coined by Connor
and Poole (1961), relates, to the time at which the angle of the
advancing edge of blood or plasma changed.

TaBLE 1.—Age Distribution of the 102 Subjects Studied. Patients with
Myocardial Infarction are Subdivided Into Those Receiving or not
Receiving Anticoagulan: Therapy

Subject Age Group (years) e |
Gategories 11-20 | 21-30 | 31-40 } 41-50 | 51-60 | 61-70 | 71-80
Controls _ wl 3 | 9 i 12 15 10 Bl =
Myocardial infarct:
Anticoagulant 1 4 15 3 1
No antlcoagulant — 1 4 14 6
Total myocardlal ‘ i
infarct .. 1 I: 5 19 17 7
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Whole-blood Thrombus Length—In all cases rotation con-
tinued for seven minutes after an angle change had occurred.
The thrombus formed was emptied into a Petri dish containing
0.9% saline, and its length was measured to the nearest milli-
metre. Mean thrombus length for each patient was the mean
of the values obtained on each of the days studied.

Whole-blood Thrombus Weight—After fixation in 10%
formalin the thrombi were blotted dry between filter papers
and weighed to the nearest milligram. Mean thrombus weight
for each patient was again the mean of the values obtained
on each of the days studied.

Platelet Aggregation.—Platelet-rich plasma was observed in
the transparent plastic tube through a dissecting microscope at
12 magnifications. The time at which visible platelet aggregates
formed, and their number, size, and time of persistence, were
recorded, Three patterns of spontaneous platelet aggregation
were recognized : ‘

(a) Normal pattern was defined as a sporadic ‘appearance and
disappearance of visible aggregates rarely exceeding one or two
in number and persisting only for one minute or less before a
change in the angle of the advancing column of plasma occurred.
Just before this angle change there was invariably a rapid and
dramatic rise in the number of aggregates, which increased in
size and coalesced to form a solid mass at the advancing edge.

(b) Persistence was defined as the continuous presence of visible
platelet aggregates for a minimum of four minutes. In many
cases aggregates formed within one or two minutes of recalcifica-
tion and persisted throughout the experiment.

(¢) ““ Snowstorm ” phenomenon was defined as the formation
of hundreds or thousands of small platelet aggregates often within
one to two minutes of recalcification. These invariably persisted
for at least four minutes. On a number of occasions the process
was either completely or partially reversible. This phenomenon
should not be confused with the large number of aggregates seen

normally just prior to a change in the angle of the advancing
column of plasma.

Results

W hole-blood Thrombus Length and Wesght.—Figs. 1 and 2
show the mean thrombus length (mm.) and mean thrombus
weight (mg.) in control subjects and patients with myocardial
infarction. The control subjects were divided into two age
groups, under and over 40 years, while patients with myocardial
infarction were subdivided into those receiving or not receiving
anticoagulant therapy.

Thrombus length and weight tended to increase with age in
healthy subjects. Further, there was a marked increase in both
thrombus length and weight in patients with myocardial infarc-
tion when these were compared with controls over 40 years
of age. It can also be seen that, in patients with myocardial
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FiGg. 1.—Mean thrombus length (m;n.)_ in control subjects aged 40 or
less and over 40, and in patients with myocardial infarction subdivided
into those receiving and not receiving anticoagulang therapy. The number
of subjects in each grdug is indicated at the tug of each column. Fig, 2,
—Mean thrombus weight (mg.) in control subjects aged 40 or less and
over 40, and in patients with myocardial infdarction subdivided into those
receiving and not receiving anticoagulant therapy, The number of
subjects in each group is indicated at the top of each column.
infarction, thrombus weight and length showed a tendency to
be less in those receiving anticoagulant therapy.

Effect of Time After Infarction—Fig. 3 A and B shows
mean thrombus length (mm.) and mean thrombus weight (mg.)
in patients with myocardial infarction analysed according to
the time after infarction and the presence or absence of anti-
coagulant therapy. Thrombus length and weight clearly
declined with the passage of time after infarction, irrespective
of the presence or absence of anticoagulant therapy. In patients
six or more weeks after the clinical event the values for thrombus
length and weight returned to within the normal range in only
7 of the 12 subjects studied. Further, thrombus length and
weight in each of the main subdivisions were consistently,
though only slightly, less in those patients receiving anti-
coagulant therapy.
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DAYS AFTER MYOCARDIAL INFARCTION

FiG. 3.—(A) The mean thrombus length (mm.) and (B} the mean

thrombus weight (mg.) in patents with myocardial infarction are analysed

aceording to time after infarction and the presence (/) or absence (&)

of anticpagulant therapy. The range of values for thrombus length and

weight in control subjects over 40 g'cars of age is indicated on the right
of each figure.

Plasma Fibrinogen and Thrombus Size—Plasma fibrinogen
levels were found to be raised in patients with myocardial
infarction. Both in these patients and in control subjects we
found a statistically significant correlation between the plasma
fibrinogen level on the one hand and thrombus weight on the
other. In the case of patients with myocardial infarction the
calculated correlation coefficient r was 0.7180 (P<<0.001), and
in the controls r was 0.4136 (P<<0.01).

Total Serum Cholesterol and Thrombus Size.—Neither in
patients with myocardial infarction nor in healthy controls
(Fig. 4) did we find a significant correlation between thrombus
weight and the total serum cholesterol level.

Thrombus Formation Time.—In patients with myocardial
infarction both the whole blood and plasma thrombus formation
times did net differ significantly from those of controls over
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F1G. 4.—Mean thrombus weight (mg.) plotted against total serum
cholesterol (mg./100 ml) in patients with myocardial infarction (®) and
in control subjects Q).

the age of 40 years. There was no prolongation of the thrombus
formation time iri patients with myocardial infarction receiving
oral anticoagulant therapy, a finding which is not in ‘agreement
with the results of Cunningham, McNicol, and Douglas (1965).

Platelet-rich Plasma

In control subjects aged 40 and less the normal pattern (see
Methods) of platelet aggregation was observed in 98.69% of
days studied (Table IT). In none of the subjects in this age
group was the snowstorm phenomenon of platelet agaregation
observed. Abnormal platelet aggregation in the young controls
was found therefore with an overall frequency of only 1.49%
of the total days (142) studied. In controls over 40 years of
age abnormal persistence of platelet aggrégates was noted in
4.3% of 161 days studied, In addition, the snowstorm pheno-

TABLE Il.—Frequency. (Expressed as a Pércentage of the Niumber af
Days Studied) of the Two Patterns of dAbnormal Plateler Aggregation
Considered Separately and Together, in Gontrols Aged 40 or Less
and Those Over 40, and tn Patients with Myocardial Dnfarction Swub-
divided Inmto Those Receiving and Not Receiving  Anticoagulant
Therapy, and Combined

q . Snowstorm | Total Platelet
Subject Days Persistence g

Categories Studied (%) P hel}%;n)enon Abnc()or/rx):ahty
(] 0
Controls € 40 years 142 14 0-0 1-4
Controls > 40 years 161 4-3 2:5 68

Myocardial infarct: : -
On anticoagulant 148 16-2 11-5 277
No anticoagulant 169 20-7 47 254

Myocardial infarct

combined oo 317 186 79 265
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menon occurred on 2.5% of days studied, giving a total of 6.8%
of days showing abnormal platelet aggregation. This, tendency
for the frequency of spontaneous platelet aggregation to increase
with age in control subjects was found to be statistically
significant (0.01>P<<0.05).

In contrast to the findings in control subjects, abnormal
platelet aggregation was observed in patients with myocardial
infarction with an overall frequency of 26.5% of 317 days
studied (Table II). Persistence accounted for 18.6%, and the
snowstorm phenomenon for 7.9% of the days studied showing
abnormal plateler aggregation. Table II also shows the
percentage prevalence of days of abnormality in patients with
and without anticoagulant therapy. The overall frequency of
abnormal platelet aggregation was found to be 27.7% and
25.49% in patients on and off anticoagulants respectively, a
difference which was not statistically significant. Persistence
occurred less often in patients receiving anticoagulants (16.2%)
than in those not receiving anticoagulants (20.7%), a difference
which did not attain statistical significance. The snowstorm
phenomenon was more frequent in patients on anticoagulants
(11.5%) than in those not receiving anticoagulants (4.7%).
This trend did not, however, attain statistical significance.

The frequency of abnormal platelet aggregation has also been
considered in relation to the time after infarction (Table III).
It can be seen that the overall frequency of platelet abnormality
was practically the same at 0-7 days (29.3%) and 8-42 days
(29.9%), but in patients six or more weeks after infarction the
number of days showing abnormality had decreased. to 18.7%.
When the two patterns of abnormal platelet aggregation are
considered separately (Table III) it is apparent that the
frequency of persistence 0-7 days after infarction (21.2%) was
similar to the frequency at 8—42 days (20.5%) after infarction,
but in patients who had sustained infarcts more than six weeks
before the time of study only 13.2% of days studied showed
this pattern. The frequency of the snowstorm phenomenon
varied from 8.1% at 0-7 days to 9.4% at 8-42 days, while in
patients with infarcts over six weeks old the number of days
studied showing this phenomenon decreased to 5.5%. It is
of interest to note that neither persistence nor the snowstorm
phenomenon was observed in anticoagulated patients six or more
weeks after infarction. In this group only four subjects were
studied for a total of 25 days. We are therefore reluctant to
draw any final conclusions from this latter observation.

Discussion

We have found that the thrombi produced in the Chandler
apparatus with blood from patients after myocardial infarction
are both longer and heavier than the thrombi of control subjects



TABLE III.—Frequency (Expressed as a Percentage of the Number of Days Studied) of the Two Patterns of Abnormal Plateler .
Aggregation (Considered Separately and Togetker), According to Time After the Event, in Patients with Myocardial Infarction,
the Latter Being Subdivided Into Those Receiving and Not Receiving Anticoagulant Therapy, and Combined '

Time After Infarction (i)ays)

0-7 842 | >42
Myocardial Infarct Category Snow- Toral Snow- Total Snow- T
D Per- storm Plateket Dy Per- storm Platelet Da: Per- storm Plateler
Smgs 4 | sistence Pheno- T Stu(%ed sistence Pheno- Abnor- Sden:d sistence | Pheno- Abnor-
< (%) menon mality (%) menon mality (%) menon | mality
(%) (%) (%) (%) (%) (%)
On anticoagulant — ala 47 i 213 149 36-2 76 18-4 13-2 316 25% 0-0* 0-0* 0-0*
No anticoagulant - o 52 | 212 1-9 23- 51 255 39 275 66 18-2 7-6 25-8
Combined .. wia ) 99 ' 21-2 | 81 | 203 127 20-5 9-4 29-9 91 132 55 187

* Only four patients in this group.
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having neither clinical nor electrocardiographic evidence of
infarction. Thrombus size clearly decreases with the passage
of time after infarction, and tends to be less in those patients
receiving anticoagulant therapy (Fig. 3 A and B). Both in the
control subjects (P<<0.01) and in patients with myocardial
infarction (P<<0.001) thrombus weight and the plasma
fibrinogen levels showed statistically significant correlations.
It is well known that the plasma fibrinogen level is elevated
in patients after myocardial infarction (McDonald and Edgill,
1959), a finding which we have confirmed in this study. This
elevation could either wholly or partly account for the longer
and heavier thrombi found in patients with myocardial
infarction.

We do not know whether the factor or factors responsible
for the development of large thrombi were present before
infarction or merely reflect the results of infarction. It appears
that the latter is more likely. Nevertheless, it is interesting to
speculate whether this propensity to abnormal in vitro throm-
bosis after myocardial infarction might be associated with the
tendency of these patients to subsequent thrombotic episodes.

Our results clearly indicate that there is a significant increase
in the incidence of platelet abnormalities in patients with
myocardial infarction' when compared with control subjects
over the age of 40 years. Again we cannot be sure whether
these findings relate to a state existing before infarction or
are wholly or in part a sequel to myocardial necrosis. However,
we have demonstrated that there is a definite tendency for both
the frequency of spontaneous platelet aggregation and thrombus
size to increase with age in apparently healthy subjects. These
findings suggest that the factor or factors responsible for these
phenomena are present to some extent before the clinical event,
and that coronary thrombosis could result from an exaggeration
of this trend.

The overall frequency of platelet abnormality was similar
in patients with myocardial infarction whether or not they
were receiving anticoagulant therapy (Table IT). Two explana-
tions for this finding should be considered. First, it could
be that in anticoagulated patients the initial overall frequency
of platelet abnormality was greater, and that this frequency
has in fact been reduced by therapy. Alternatively, anti-
coagulants may have had little or no effect on platelet aggrega-
tion. On the other hand, there was a trend, though not
statistically significant (Table II), for the snowstorm pheno-
menon to occur more often in anticoagulated patients (11.5%)
than in those not receiving anticoagulant therapy (4.7%). At
first sight this might suggest that anticoagulant therapy had
enhanced platelet aggregation. This trend may, however,
merely reflect the fact that those patients selected for anti-

190/66
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coagulant therapy differed from those not given anticoagulants,’
possibly on the basis of more extensive infarction. It is
apparent that the effect of oral anticoagulants on platelet
aggregation in this in witro system is inconclusive.

Summary

Fifty healthy subjects and 52 patients with myocardial
infarction were investigated, the Chandler apparatus being
used as an in witre model for the study of thrombosis
and plateler aggregation. It was found that thrombus weight
and length increased with age in healthy subjects, and that
both were markedly elevated in patients with myocardial
infarction. Thrombus weight and length were less in patients
receiving oral anticoagulant therapy, and both declined pro-
gressively with the passage of time after infarction. Plasma
fibrinogen levels and thrombus weight showed a statistically
significant correlation in both control subjects and in patients
with myocardial infarction. No significant correlation between
total serum cholesterol levels and thrombus weight was found.

Abnormal plateler aggregation was found to increase in
frequency with age in healthy control subjects, and in patients
with myocardial infarction it was significantly more common
than in control subjects, The overall frequency of abnorma’
platelet aggregation was slightly less in those patients who had
sustained their infarcts more than six weeks before the time of
study.  Patients receiving oral anticoagulants showed no
significant decresse in the frequency of abnormal platelet
aggregation, but a trend for the snowstorm phenomenon to
oceur more often in this group was noted.

This study has shown that the blood of patlents with
myocardial infarction shows a propensity to abnormal in vitro
thrombosis and platelet aggregation. The possible significance
of the findings is discussed.
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