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‘I'N'T RO DU CT IO N

The haemorrhagic disorders Eérm only a small, although
often most alafming part of the diseases inflicted upon
mankind, and in spite of the enthusiasm of the disproportionally
grgat pumber of erkers investigating the problem of the
coagulation of the blood, this problem.until Quite recehtly
could only be looked upon aé being mainly of academic
physiological interest. With the advent and daily increasing
use of the highly dangerous anti-coagulant therapy for
thrombosis and embolism, demanding st least a general
understanding ofvthe mechanism of.blood clotting, every aspect
of this mechanism has become of practical clinical importance,
and no serious effort tc clarify the question can be |
considered wasted. | o

It is peculiar that the last phase of coagulation, the
contraction of the clot,‘which is by no means the least
spectacular, has receiVedrrather scanty attention compared to

the enormous amount of work that has been expended on the
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earlier stages.. No agreement exists with regard to the .
mechanism or purppsé of clot retraction; the factors
controlling it are to a large -extent unknown, and eveﬁ the
fundamental question of the part played by the platelefs is
undecided.

The first aim of this work was to collect and review
the whole literature dealing with clot retraction. This has
never been attempted before, and as the work progressed it
became very apparent that a real purpose would be served by
such a survey. -Unnecessary repetition and the presentation
of old fact and fiction as new have occurred before in the
history of Medicine, but rarely tc the extent as in this smallé ‘
branch of the subject. It is hoped that this review will W
lighten the task for future workeré interested in clot
retraction.

The literaturé on other aspects of coagulation has
naturally been consulted, but as the blbllography on these
questlons would fill a volume of its own, reference has only
been made to works of essential importance for the problem
under discussion. The same applies to publications on
platelets and colloidal chemistry, which played a considerable
role in the elucidation of ﬁany of the problems attacked. Due
to the complex and contradictory nature of the literature it
was found unsuitable to deal with it in one historical

introduction, and it has therefore been discussed under the

apprépriate sections. This has introduced some unavoidable
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repetition and cross—references,‘but it is ventured that the
arrangements have led to greater ease of reading.

The second aim of the work was to confirm those very few
observations on which general agreement had béen reached, and
to re-investigate the numerous unsettled problems of the
retraction of the clot. In many instances satisfactory
explanations for previous disagreement were found, in a.few
the temptation to speculation was irresistible. An endeavour
was made to keep the investigations within the framework bf
human physiology, péthology and therapeutics, as it was felt
that occasionally research on coagulation has become so remote
from the natural state, that any inference drawn would be
hazardous and unwarranted. The possibility reméins that
further information may be gained by such procedures. v'

After the demonstration of the simple external factors
influencing clot retraction, the effect of the red and white
cells, the rolé played by the platelets, the fibrinogen, and
other plasma fractions, the undeflying mechanismbof the
retraction is explained. The physiologiCal function of élot
retraction is then discussed, and its behaviour'and importance
in clinical medicine pointed out., It was, perhaps, a slight
disaﬁpbintment that at the end of the work the conclusion was
reachéd, that clot retraction serves no purpose in human

life, but is only a manifestation of a haemostatic mechanism
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carried down from some prehisforic ancestors of all mammals.
However, even negative conclusions may have some value as
long as they help to bring the right perspective into more
positive thought. It is the humble hope that these

investigations may add something to the intricate problem

of haemostasis.,



CEAPTER 1.

ot o o G i Wt g i e G S O S e ol AR a7 daY iy

METHODS FOR THE ESTIMATION OF CLOT RETRACTION.

Much of the confusion and most of the conflicting
Opinioﬁs with regard to the physiological and clinical
significance of clot retraction can be ascribed to the
unsatisfactory methods which have been used for its
estimation. This fact has been known and repeatedly pointed
out for more than 150 years, but has nevertheless,wittingly
or not,been neglected in much of the work on the problem. |

In the days of the Phlebotomists great attention was
naturslly paid to the behavibur of the blood from the
unfortunate patients subjected to blood letting. William
Hewson (1772) wrote: "When fresh blood is received into a
basin, and suffered to reét, in a few minutes it jellies, or
eoagulates, and soon after seperates into two parts,
distinguished by the names of Craséaﬁentum and Serum. These
two parfs differ in their proportions in different
constitutions, in a strong person, the crassamentﬁm is in

greater proportionvto the serum than in a weak one; and the
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same difference is found to take place in diseases; thence

is deduced the general conclusion, that the less quentity of

serum is in prdportion to the crassamantum, bleeding, diluting
liquors, and a low diet, are the more necessary; whilst in
some dropsies, and other diseases where the serum is'great,
and_the crassementum is small in proportion, bleeding and
dilution would be highly imppoper".

It would be of historical interest to attach a name to.
the first method of clot retraction estimatione It is described
in detail by Thackrseh (1819), but it is clear from the context
of his work that the procedure was commonly used at the time.
The method had the virtue of simplicity and was quentitatively
as exact as any since proposed, The blood was fun directly from

‘the arm vein into a vessel and allowed to stsnd until no

further contrdction took place, i.e. from three to twenty~four
hours. The vessel with the total blood was weighed, the serum

was poured off, and the vessel with the clot weighed again;

the difference in the weights gave the amount of serum expressed.
Thackrsh found the average amount of serum squeezed out in
normal blood to be about 42 per'cent which agrees with most
figures since published. He was fully aware, as was Hewson,

that the temperatufe must be controlled during the teét@

Palmer in a comment in his edition of the Works of John
Hunter (1837 ) gave more explicit times for coagulation and
contraction:~ "Coagulation commences in about 3 to 4 minutes

on an sverage, and is completed in about 10, In about 15 or

20 minutes the coagulum assumes a pretty thick consistency;
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but it continves still further to contract and to express
the serum for at lesst 3 to 4 hours, and sometimes much fbngér".
He then compares the behaviour of the clot to that of gelatines

As blood letting fell into disrepute, so the interest in
blood coagulation, and especially clot retracinn, waned
- Schklarewsky (1868) watched the‘phenomenon in capillary tubes
under the microscope which led him to the use of‘the word
"retraction™, because the clot retracted from the glass walle
This has remained the general deséription, although |
"sontraction" would be preferablee.

A new era begins with Hayem's presentation of his paper
on the examination of the serum of the blood at the Congress
at Grenoble in 1878, From then onwards a great number of new

or allegedly new methods has been published,

Methods using test-tubes.

Hayem's own method for the estimation of clot retraction
was undoubtedly a regression a&s compared with the earlier one
of Thackrsh. Two ccs. of blood were run directly from a prick
in the finger into the bottom of a small test-tube which was
left at room temperature for 4 to 6 hours. The degree of
retraction was roughly estimated by the appearance of the clot,
Le Sourd and Pagniez (1906), whose classical work on the
relationship between clot retraction and platelets will be
discussed later, used much the same method, and Glangmenn (1918)
in his investigation on familial forms of purpura employed it

too. The unreliable results which he obtained with this method
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evoked a confusion in the study of haemorrhagic disturbances
which has not yet been cleared. The test-tubes he used were
of 8 mm., internal diameter, and it wes very soon pointed out
by Finkelstein (1920), and demonstrated experimentally by
Opitz and Matzdorf (1921) that in such narrow tubes retraction,
even when using the same blood, mey be absent in some of the
tubes, whereas it is normal in others,.

A method that has been widely uged in clinical work is
the "Retraktilometer" of Fonio (1921). The procedure is shown
in figure l. The tube is smeared with
liquid paraffin before use. It is

filled with 1 cce of blood which is

Distances in m/m -
of “"retraction" z

allowed to clot with the tube in the

PP upright position, The clot is then

loosened from the sides with a fine
"Retraktilometer" (after Fonlo). :

needle, the tube is inverted and left

Figure 1. for 24 hours. The degres of retraction
" ig the distasnce the clot has sunk

from the original levels

Somewhat surprisingly Levy#Solal and Tzanck (1923) stated
that the measurement of clot retraction until then had been
purely qualitative. Instead their method_should be employed:
Collect 10 ccs. of blood in a testw=tube; next day pour the
expressed serum in to a graduated testwtube and measure the
.amount. A simple calculation gives the percentage of serum

squeezed oute "This precise method demonstrates well, how much

the qualitative estimation is subject to errors',
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Mas y Magro (1924) used small haemolysis test~tubes end

diluted the blood, taeken from the finger, with saline, The
test was carried out at room temperature and the retraction
judged by the shape of the clot. A cylindrical clot indicated
a poor retraction, conicsl was fair, and a clot like a nail
suggested strong retractione.

Katrakis (1931) ran 30 ccs. of blood into a tube of known
weight, placed it in an ice=chest, end watched the progressive
retraction every 15 minutes or half hour. After 24 hours the
amounts of serum and clot were determined by weight. He noticed
that fhe time when the first éigns of retraction were sesen did
not run parallel with the extent of the subsequent retraction,

Tocentins (1934) reverted to the use of small tubes in
the manner of Hayem's. He estimated the extent of contraction
by measuring the size of the clot in three dimensions from
the outside of the tube,

A "serum volume test" was described bj Boyce and
McFetridge (1937 ). Three ccs, of blood were collected in
graduated test~tubes and allowed to stand for 4 hours at room
temperature; the clot was then lifted out of the tube and the
volume of serum read off. They suggested an indéx, i.os the
serum volume over half the volume of the total blqod, which in
normal cases was near l.

Another graduated test<tube method was introduced by
Macfarlane (1938) and is illustrated in figure 2. The tube
was kept at 37°C, for one hour; the glass rod with the

adherent clot was lifted out, and the serum measured on the
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scale of the tube. Aggeler and Lucia (1942)
replaced the glass rod in this method oy
a cork-acrew shaped wire, presumably to
prevent the clot from slipping off in
lifting it.

In the estimation'of the clot retraction

time Hirschboeck and Coffey (1942) used

test~tubes 1 cm. in diameter. They added

Figure 2. 2 ces. of blood to the tubes,which were

closed with a rubber stopper and shaken

to create a certain amount of foam. The coagulation time was
first estimated by inverting the tubes, and after clotting
they were left at room temperature. The time of the first
sign of retraction of the clots from the sides of the tubes
was teken as the retraction time,

Werner (1943) returned to a simpler method; he kept the
blood in ordinary test~tubes at room temperature snd pipetted
off and estimated the serum 24 and 48 hours after clottinge

Slightly more complicated was the procedure of Zahn (1944).
A grasduated glass cylinder, washed out with liquid paraffin,
was filled with 5 ccse of blood and a layer of paraffin placed
on top; the tube was kept for 15 minutes at 38°C, and the clot
then lbosened with a fine needle. The tube was then left for
6 hours after which the serum was poured into another
graduvated tube and the clot removed with a hooke This method

with very slight modifications was also employed by Gleiss(1947).



11.
Methods using watch~gleasses.

Morawitz and Bierich (1907) found the use of test«tubes
unrelisble and substituted large watch-glesses. Five ccs. of
blood in each of two carefully dried watch~glasses were left
in a humid chamber at known tempersture until contraction was
complete., No quantitative estimation was attempted. Much the
seme method was used by Frank (1915) in his work on essential
fhrombogeniaa

Opitz and Metzdorf (1921), who as already mentioned
criticised Glanzmenn'!s use of small tubes also found watche
glasses more reliable; they concluded that all previous work
on clot retraction using test~tubes for its estimation should
either be repeated or ignored. This criticism was confirmed by

Kr8meke (1922), who also found the use of capillary tubes

unreliable; he thersfore introduced a refinement im the
watch-glass technique: one cc. of blood was run into spectacle

lenses of =5 diopters and left at room temperature in a humid

chamber. A quantitative estimation was. not attempted.

Methods using capillary tubese.

Kaznelson (1919) introduced U~sheped capillary tubes of
1 mm. internsl diameter, kept at room temperature. The resason
why ﬁhe tubes must have this particuler shape is not clear,
but he pointed out that even if retrsction was absent in
ordinary small tubes it might frequently be present in the
U=tubese.

The capillary method was reproposed by Sooy and Moise(1927)
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Like Schklarewsky 60 years earlier they watched the retraction

~under the microscope.

Evans (1928) discovered accidentally a modification of the
capillary method. After estimating the coagulation time in such
tubes with a lead shot sccording to the procedure of Dale and
iaidlaw, he immediately washed out the clot with water; In the
case of clots which by other methods showed pbdr retraction,
the tubes and shots could be washed completely cleen. With -
normel blood sdme part of the clot invariably remained
adherent to the sides of the tubes ahd to the shot, This does
appear a round~about way of estimafing clot retractione

Finally, Mackey (1931) modified the capillary tube method
by suggesting that the tubes should be flamed to red heat
before use, and that'they should be tappedraéainst a gless
slab to ensure loosening of the clot iff no retraction had
occured. The clot retraction was expressed as nil, poor,

fair and goode

More complicated methods,

An ingenious method was suggested in Italy in 1907 by
Cesana. A specially constructed tube, illustrated in figure 3,
was suspended from a machine registering
the changes in weight occuring as the
serum dropped out of the tubs; the
‘whole wés enclosed in a humid glass
box kept at a fixed temperéture. A

retraction curve was obtained showing

progression of the contraction of the

Figure S clote.
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A real advance was the methods of Van Allen (1927). In
| the one method the blood was pleced under
a clear bland oil, as shown in figure 4.
In the other the serum was centrifugedA
away from the clot in a specisally

constructed centrifuge tube, a procedure,

however, which must produce faulty results

as even gravity alone under many

Figure 4. circumstances is sufficient to cause an
artificial seperation of the serum from the clot, as will
presently be proveds

Instead of letting the Dblood ;est on a platform Roskam(1926

and 1927) droppéd it into liquid peraffin in widesbore
test=tubes, which he cont;nuously inverted until coagulation
had taken place. The clot was then allowed to sink to the

bottom and the retrsction observed.

A retractometer was constructed
by Mochkovski (1931). This method
ig illustrated in figure 5. The
blood was sllowed to clot and the
clot loosened from the‘sides
before the tiltihg of the tube. It

will be shown that such loosening

Shalf to preven

Ao e Timine. of the clot introducss a source of

error which must be avoided to

(acter woenkovaks). obtain reliasble resultse.

Figure 5.
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) The principles of a mercury
retractometer as sﬁggested by
Macfarlane (1938) are shown in
-figu?é 6+ After coagulation of the
blood the mercury level was raised
glightly to loosen the clot, then
lowered; as the serum dripped

down into the graduated tube the

Meyoury Rstractomstay (After Macfarlane).

amount could be read off at
Figure 6.
desired intervals,

Apparantly unaware of the numerous procedures salready
described, Andreassen (1943) statéd‘that
the previously known methods of
estimating clot retraction determined
the retraction from the ability of
the clot to express serum, but none
were able to follow the progressive

retraction process. He therefore

constructed an apperatus as shown

in figure 7. The tube was kept at

Figure 7.

room temperaturee. .
{irschboeck (1947, 1948), still persuing his investigatiors

on the coagulation = retraction time, modified his previous

method. In the new procedure a dfOp of blood from the finger

is sucked into a blood counting pipette and 20 cmm. deposited

on castor éil in a test~tube, where it is kept floating by

surface tension. The test~tube is corked to avoid evaporation
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end the test is done at room temperature., The time when the

first serum is expressed from the clot indicates the coagulationw

retraction time.

Methods using plasma instead of whole blood,

In an attempt to avoid the variable factor of the volume
of red cells Czoniczer and Weber (1931) used citrated plasma
in their method of clot retraction
estimation., The plasma was obtained by
spinmning the blood for 5 minutes at 3000
r.pems The coagulation took place in a
special tube, illustrated in figure 8«

Thirty minutes after coagulation the

clot was loosened from the sides of the

{After Ozontczer & Weder).

tube, WWhen contraction was complete the

Figure 8. '
tube was weighed, the clot 1lifted out

with forceps and the tube with the serum weighed again. A

modification of this method was suggested by Tamura; it simply

consisted in measuring inétead of weighing the volume of

serum expressed after lifting thg clot out.

Lundsteen (1942) found that the clot was torn on
elevating the glass rod in Mac =
farlane'!s test~tube method, and .
even coating the tube with paraffin

did not prevent this destruction

of the clot, He therefore proposed

a different procedure: Citrated

Figure 9.

blood is left standing for hours
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until sedimentation of the red cells has tzken place. Two ccse.

of the plasma is pipetted into a spacial graduated tube
coated with paraffin, and the plasma is recalcified. The

further manipulation is seen in figure 9.

‘Tedious as this survey mey be, it illustrates well the
unnecessary overlap and repetition that has occured in the
evolution of these methods. Only in excéptional cases was
reference made to previous work, As usual in cases where no
single procedure has found universal acceptance one may also
assume that no method was entirely satisfactory.

Simple physical and mechanical causes are the reasons
why none of the methods described has~ proved ideal. Some of
these factors have been known from the earliest days, but the
importance of others has - never been realized, and unless
they are constantly bornéin mind during work on clot retraction,
acceptable results will not be schieved. It is therefore
necessary to consider them in some detail before the
description of the method employed in this work, which is an
attempt to oﬁercome the errors caused by these external
disturbancese

As eafly as 1830 Babington, using the simple method
described by Thackrsh (1819), pointed out that the shape

of the vessel in which the seperation into crasssmentum and
serum took place, and the amouﬁt of blood vsed, influenced the
final retraction of the clot. To illustrate the first point

he gives this table:~
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Disease. Percentage of serum exuded,
In Pesrshaped Bottle. In Basine

Purpura . 407 5 30%

Vertigo during 51% 40%

pregnancy . ,

Phthisis. 51% 50%

Diabetis Melitus 45% 40%

Table 1l. The difference in clot retraction in
different vessels as found by Babington(1830).

Two explanations were suggested for this phenomenon:i« "This
difference is owing to the grester or less distance of the
coagulating particles of fibrin from a common centre, which
csuses a more or less powerful adhesion or contrection of
these particles", And ".... in proportion as the form of the
vessel departs from thet of a sphere, the blood is subjected
to a more extensive contact with dead matter", The same
obhservations are mentioned in the Cermsn literature of the
time (Handw8rterbuch der Physioclogle, 1832).

In the second edition of Thackrah!s Treatise on the
blood (1834) another cause of error is given. Due to the
different "electric states" of different metals, ccntraction
of the blood clot is dependent on the composition of the
vessel in which it takes place. The same blood expressed
54 per cent of its serum when kept in a pewter vessel, ggainst
only 35 per cent in a ¢opper vessel, Thackrah therefore
advocates the use of glazed earthenware or glass vessels onlye

Hayem's school, from which numerous works on retraction
were published during the 20'years following Hayem'!s first

paper in 1878, insisted for rather obscure reasons on the use
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of capillary blood. One of his pupils, Lenoble (1898),
maintained that using & syringe and venous blood might
completely mask clot retractione. Another pupil, Bensaude(1904),
in reply to a publication by Grenet (1903), again insisted
on‘the use of finger blood without any resl experimentsl
backing for this contention. Grenet had observed that
capillary blood run into 3 similar testewtubes, cleaned under
the same conditions, showed normal retraction in the one tube,

but none in the other two, and sufgested that the quality

of the gless might explain this difference, and slso that
venous blood might give more reliasble results than capillarye.
Bensaude's reply was curt and blunt: caepillary blood must be
usede One is left with the impression that the Master'!s word
is beyond petty criticisms.

Le Sourd and Pagniez (19079 repeatedly ?ointed out the
importence, in their opinion, of flaming the tubes before use.
The simple procedure of washing the tubes in distilled water
after flaming was sufficient to impair the retraction,

In the following year Arthus and Chapiro (1908) made the
observation that if the tubes were coated with paraffin wax
the retraction was inhibited. In only one of many tubes did
they obtesin any serum from normal bloode

Entering the French discussion on the gquestion of venous
versus capillary blood, Emile-Weil (1920) observed that
"complete non~betraction is demonstrable equally well with
venous blood and with blood from the finger; diminished

retraction is only clearly seen in peripheral blood, venous
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blood just showing less than normel contraction; if there is

only slight diminutibn in the retraction, finger blood may
exude a few droﬁs of serum from its clot".

During a series of immunization experiments against
diphtherias in children Opitz and Matzdorf (1921) noticed that
about 50 per cent of their blood specimens in small tubes
showed no retraction in spite of the platelet-number being
‘between 139,000 and 445,000 per cmm, These tubes were of about
the same size as those used in Glanzmennfs method for clot
retraction estimation, and they found that blood from the same
child would at one time retract and on another occasion not at
all. This apparent change in the blood bore no relationship
to the number of platelets, the time of day, or the time afﬁef
a meal. They considered the possibility that roughness of the
glass surface might account for the irregularity, but the use
of new smooth tubes did not improve the results. For this
reason they introduced the use of watchglasses in which
retration was more constant,

By a very similar observation Gordon (1926) came to the

conclusion that only slight importance should be attached to

the clinicsl estimation of clot retrgction. Over a long period

he paid particular attention to the phenomenon in blood
specimens sent to his 1aborator§ for agglutinetion tests. In
40 perAcent of cases no retraction had taken place in spite
of the fact that signs of purpura were absent in all the

patientsa
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Fuchs (1931 ) reinvestigated the

influence of the glass surface
on the retraction of the clot,

Tubeé treated in different ways

Clot retracts from the
f oo .0ides of the glans,

gave different results as shown

in figure 10.
By applying a weight to the

surface of the clot Brocg«Rkousseau

and Roussel(1929) increased the

yield of serum from 26.55 to

54,33 per cent., By loosening the
Figure 10,

clot at different intervals after
clotting Czoniczer and Weber (1931) could change the
subsequent retraction, but they nevertheless congidered those
methods in which no loosening was done as "wholly illusionary".
Even in plateletufree plasms their manipulation produced a.
retraction of 10 to 30 per cent, Macfarlane (1938) found that
the retraction as estimated by the "mercury retractometer”
was about 15 per cent greater than by the simple graduated
test-tube method, and he suggested that the loosening of the
clot in the first method was the reason for this difference.

A further investigation of the influence of the glass
gurface was made by Ornstein (1932), He estimated the degree
of retraction in differently treated tubes:- dirty tubes,
tubes rinsed in water, washed in soap water, cleaned with'

concentrated acids, or sterilized at temperatures up to 120°C;

all gave the same results; but if the tubes were sterilized
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at temperatures between 180 and 200°C. no spontaneous
retraction took place. He suggested that the hegting changed
the glass surface from a crystalline to a‘colloid state, and
as the adhesion between colloid and colloid was greater than
between crystal and colloid, the clot remained adherent. The
seme is seen in tubes coated with collodion in which the clot
also adheres firmly to the wallse(Hirschboeck (1940)9

Lampert (1932) found that the amount of serum expressed
in tubes of amber, gold or silver was swell compared to that in
glass or quartz tubes. If adhesion was prevented by loosening
the clot or by paraffin or other oil all containers gave the
same resultse

Emile=Weil and Perlés(1934) compared the results obtained
by using'widea and narrow=bore tubes. In normal cases the
retraction was much greater in the wide<bore tubes. In bloods
with impaired retraction, as in purpura or hepatic cases, they
found some retraction in the large tubes, but none in 18 out
of 23 cases in the small tubes, the results in these beiﬁg
completely erratic. They concluded that non=retraction as
obsefved in small tubes in heemorrhagic cases was simply
an "artifice de préparation". Tocantins (1934) expressed the
same Observation in different words: the amount of retrgection
depends on the area of clot surface touching glasse

Summarising this survey of the literature the impression
is therefore gained that clot retractibn is influenced by the
shape, size and inteknal surface of the vessel in which it

takes placee This is not surprising as, after all, the clot to



22,
act effectively in haemostasis must adhere firmly to the

damaged vessels It will be shown elseWhefe that the force
of contraction is extremely small, and any adhesion to a
firm surface will therefore considerably impair retraction,
if not completely inhibit it. The investigapions besring on

these externsl fectors will now be described in detaile

The influence of the shape, 3ize and internal surface of

the container on retrgctione.

Blood from one donor was distributed into a.series of
different containers, treated in different wajs. The containers
were placed in an incubator at 37°C, for 24 hours after which
the amounts of serﬁm expressed, including red cells, were
estimated by carefully pouring them into graduated test=tubese

The results ere tabulated in table 2 (Experiment 1).

Although the results are extremely erratic and at
variance with some of the previously published findings, and
woﬁld be even more unreliable with blood of less vigorous
retraction, it does not necessarily mean that every method
u51ng glass vessels is useless in obtalnlng comparable resultse
Czoniczer and Weber (1931) found the standard error of their
method to be :5 per cent, and Macfarlane (1938) by painsteking
attention to detail of cleaning etc. was able to reduce the
error of his simple graduated test-tube method tob3.5 per cent s

These are the only statistical estimations of error

published.
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Type of Treetment of Internal}| Blood|Clot retraction/
container.| container, Diameter| cos.| (% Serum exuded)
Gless tube| Routine laboratory 40 rm 20 65
cleaning
Test-tube Routine laboratory 14 mm 5 56
cleaning
Test~tube Heated to red heat 14 mm 5 64
) and cooled
Test~tube Coated with 14 mm 5 38
collodion
Test=tube Coated with 14 mm 5 64
' paraffin wax
‘|Centrifuge| Routine laboratory 14 to 5 48
tube cleaning 6 mm
Test=tube Routine laboratory 9 mm 2 50
cleaning 2 60
Test~tube Boiled in HNO;then 9 mm 2 60
in distilled Water 2 73
Test=tube Routine cleaninge. 9 mm 2 83
Clot loosened 10 2 79
minutes after
clottinge.
Test=tube Coated with ligquid 9 rm 2 75
paraffin 2 74
Watche= Routine laboratory 70 mm 3 50
glass cleaning
Watch= - -
glass Coated with liquid{ %70 mm 3 66
paraffin
Aluminium Routine laboratory 16 mm 5 60.
tube cleaning
Table 2. The influence of the shape, size and internal

surface of the conteiner on clot retractiona

The effect of gravity on clot retraction,

This effect has never been considered and this omission

explains many of the controversies existing with regard to

the whole problem, suchb as the apparent contraction observed

in platelet~free plasma and the enhancing effect on retraction

of the simple procedure of loosening the clots
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fwo tubes with platolet-free clots and low fibrin contents

of 81 mgs.per 100 ccs and 162 mgs.per 100 ccs respectively
wera placed in the refrigerator at_4°C; two similar tubes
were kept at 37°C in the incubator. After one hour the clots
were carefully loosened and 5 minutes later the serum run out
was estimated. As controls clots were suspended in inert

" 0il &s will be explained in the following pages. The results

are shown in table 3. (Experiment 2)e

Type of clote Tempe~ Fibrin Serum
rature. | content.| exuded.
- OC, mgs <% % '

Platelet= 4 324 28
containing,
suspended
Platelet~ 37 324 72
containing,
suspended -
Platelet« 37 ' 81 o
free, .
suspended

lplatelete | . 4 162 48
free, in :
test«tube.
Platelets - 37 162 52
free, in .
test~tube
Platelete 4 81 66
free, in
test~tube
Platelete | 37 g1 70
fr ir
oS ELtube

Table 3. The independence of temperature of the
18016 De AD " _uom ]
artificisl "retraction produced by gravitys
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The running out of serum due to the force of gravity
is thus independent of the temperature, and its degree is
determined mainly by the amount of fibrinogen in the-plasma
which again controls the width of the meshes of the clot, or
r in the formula. If the fibrin content is high, all the
serum may be held in the clot even after the disturbance of
loosening the clot. Thus a fibrinogen solution of approximately
1000 mgs. per 100 ccs wes clotted with thrombin and the clot
placed on a glass surfacey no serum ran out and the shrinkage
of the clot after many hours was entirely due to eveporation
(Experiment 3).

Tolobtain some idea of the wettability of fibrin the
inside of & fine=~bore glass pipette was coated with a thin -
layer of fibrin, and the height to which distilled water
rose in it measured 1l Mms Repeating the experiment with the
tube chemically clean the water now rose to 28 mms.{Experiment 4)
Although not a very satisfactory procedure, the experiment
does show that the wettability of fibrin is much less than
that of glass, which would be expected as otherwise the force
necessary to press fluid out of a clot would be enormouse

The size of the meshes in the fibrin network, and
therefore the clot retraction, can be altered by less
physiological procedures then the simpke increase in
fibrinogen concentration. Ferry and Morrison (1947)
investigated the clotting time, opacity, rigidity, frisbility
and syneresis éf fibrin formed vnder different conditions of
hydrogen ion concentration and concentrations of other ions,

and under the influence of certain polyhydroxyl compoundss
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They estimated. the "gyneresis" by placing the clot on

blotting paper, and remarked that the syneresis was not the
game ss true spontaneous retraction, The degree of this
syneresis depended on whether the clots were fine or coarsees
Their experiments were so removed from physiological
conditions that further discussion of their results is
vowarranted in this work, but they are further confirmation
of the observations just described.

It must therefore be accepted that whenever a clot rests
on a firm surfece, wnhether it be inside or outside a tube, an
artificial seperation of serum ﬁay take place which may

simulate true clot retraction closely.

Fibrinolysis and putrefaction.

Both these factors will by their destruction of the
fibrin network ailow the escape of serum from the clot
according to the previeuvs discussion. Fibrinolyéis igs so
closely bound up with the history of clot retraction‘that a
special chapter will be devoted to this subject at a later
stage. The same applies to the frequent comparison betwean
clot retraction and the syneresis of gels, whicﬁ will be

shown to be entirely different processess

The conclu31on to be drawn from this review of the
literature and the recorded experiments is, that the 1dea1
method for the estimation of clot retraction would be one
that:

1. Presents an identical surface to the clot each time the
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test is carried out, or even better, prevents the clot from
making‘contact with any solid surface whatever,

2e Exéludes air contact and other external influences on the
clot, and prevents evaporation,

3. Always estimates the retraction in clots of the same size
and shapee.

4, Prevents any touching or disturbance of the clot during
the contraction.

5, Counteracts the influence of gravitye

6. In an easy manner controls the temperature.

7. Inhibits bacterial growth and thus prevents putrefactione
8. Gives a quantitative as well as qualitative estimation of
both the time and the amount of clot retraction.

The "Suspended clot method"'emplbyed in this work
fulfils most of these criteria, and it has the further
adﬁantage of being so simple to perform that it can be
carried out as a routine method without special apparatus,
cleaning or other precautions.

THE SUSPENDED CLOT yETEOD. !

ot s it e P B D B A By B b S Tud st el ) MR P e Em e TE Y e =y e e

(Figures 13, 14 and 15.) -

Materials employed in the method:

1. Suspension Fluide Liquid paraffin (specific gravity 0.9)

and trichlorsthylene (specific gravity 1,47 ) are mixed in

X} The method was demonstrated at the University of Cape Town in May, 1946,
and at the International Physiology Conference at Oxford in July,1947
but es it is really an extension of the procedures of Van Allen(1927) ’
and Roskem(1927) no speciel priority is claimeds



31,

such proportions that the specific gravity is that of blood
(normal average: 1,052 to 1.063). The specific'grévity need
not be very accurate and may be measured with an ordinary
urometers in cases of anaemia it mist be lowered by addition
of 1liquid paraffin; in polycythaemia trichlorethylene is
added, If it is remembered that the specific gravity_of plasma
ig about 1.030 no difficulty is encountered in roughly
ebtimating it in any particvlsr blood, and adjusting the
suspension fluid accordinglye:

These substances are physiologically inert as far aé
coagulation is concerned. If blood is collecﬁed without
liberation of thromboplastin, as is possible by coating needle
and syringe with silicone (Jaques, Fidlar, Feldsted and
Macdonaeld,1946), it does not coagulate when swspended in a
mixture of the two. This 1s not due to an anti-coagmlant
gction as blood collected by ordinery syringe clots in the
normal time on suspensiones

Other inert fluids such as benzyl benzoate and olive
or peanut o0il may be used. Their only advantage is in
experiments concerned with the expression of red cells from
the clot as these tehd to lyse after long periods in the
fat=solvent trichlorethylenej otherwise they are less
.satiSfactory as the separation of the serum from them is_

difficulte.

o, Container for the suspension fluid,

Any besker will serve this purpose. The taller it is, the

less important is the specific grevity of the suspension flulds
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The separate estimation of the red cells expressed would
therefore introduce an artificial factor in the reading of
the result. This ﬁoint'will be discussed in more detail in
Chapter 3.

_ To determine the inherent variability of the suspended
clot method 10 clots from the same sample of blood were put
up (Experiment 5). Eight ofithesé gave a clot retraction of
44 per cent, one of 45.1 per cént, and one of 43 per cent, The
error is therefore statistically negligible and was in this
experiment found tb be due to faults in the graduations of
the graduated téstﬁtubeSa

The method is unsuitable for the estimation of the
coagulation time for two reasons: firstly, the extent of
contact with foreign sﬁrfaces before suspension in the medium
greatly influences the time. If, for example, after a
venipuncture with little admixture of tissue fluid the bléod '
is run directly from the syringe into the medium, the first
signs of coagulation may only be seen in 15 to 20 minutes,
whereas the same blood collected from the syringe in a
test«tube and run into the medium with the pipette will show
signs of coagulation in 4 to 5 minutes. It is not possible to
control these external factors. Secondly, the coagulation is
e markedly prolonged process; it begins at the outside of the
suspended sphére as the formation of a thin skin and slowly
progresses inwards through the clot. The exact times of onset
and completion cannot be accurately determined.

These external factors also influence the speed of clot
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retracyion. In a case with thrombosis of the femorgl vein
one sample of blood was run directly into the suspensioﬁ:fluid
from the syringe and showed the first bubble of serum 24
minutes after the blood was fakeh. Another sample was run
fromvthe syringe into a porcelain dish and then with the
pipette into the medium; in this case contraction began
14 minutes after the blood was taken and prdceeded much more
rapidly. But the final clot retractlon in both gemples was
the same (Experlment 6)Q

This experiment offers a serious criticism to the
retraction bime test of Katrekis (1931) and the coagulation=
retraction tests of Hirschboeck and Coffey (1942,1943, 1947 and
1948). The latest improvement of Hirschboeék's by dropping
finger blood into castor 0il hardly overcomes the difficulty
aé varisble emounts of tissue juice must be present in thess

drops. As far as the suspended clot method is concerned it

was apparent from the beginning thet the estimation of the
time of onset of retraction was unrelisble and showed great
variations in the seme samples Of’blOOdg thtle attention
has therefore been paid to this aspect of the problem, but
it may be stated that in normal blood the usual time of
onset is 20 to 30 minutes after teking the blood, and that
the retraction is completed in 2 to 3 hourse This only -
applies if the temperature is kept at 37°C,. during the

whole teste
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CHAPTER 2.

.THE INFLUENCE OF TEMPERATURE ON CLOT RETRACTION,

The effect of the temperature on clot retraction has long
been established. Hewson (1772) showed experimentally that
both coagulation and retrgction were dependent on the

temperature at which they took place, He considered body

temperature the optimum for both, but Thackrsh (1819) found

that retraction was increased in speed and degree, in "a

regular gradation", up to 120°F, Lbove this temperature the
process was inhibiteda

Hayém's school, although they knew that temperéture to
some exteht controlled betraction, paid peculisrly little
attention to this feature. In Lenoble's (1898) work on the
semeiological characters of the sérum and the clot, in which
he attached an unreasonable diesgnostic and prognostic'
‘importance to this form of examination, no attempts were masde
to control the temperature in his numerous tests,

Comparing the retraction of blood clots and coaguleted

milk Arthus (1993) pointed out that both contracted more or

less rapidly according to the temperature. Later Arthus snd
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Chapiro(1908), in an attempt to prove that retraction was
due to living plstelets, strengely enough used the influence
of temperature as a strong argument in favour Qf this theory.

Morawitz and Bierich (1907) included control of the
temperature in theilr method ‘for estiﬁation of clot retraction,
but the first convincingly quantitative demonstration of the
relationship between the two was given by Cesana (1909).
Retraction was meximal at 37°C., slower end less at 15°C., and
absent at 4°C.

In the final review of their prolonged work on many
aspects of retraction Le Sourd and Pagniez (1913) stated that
the optimum temperature was 37 %. 2ot 0°Ce no retraction
occured, but when the clots were later brought from 0°¢c to
a higher temperature contraction again-took plece. A

Van Allen (1927) surprisingly found that only the spped
of retraction depended on the temperature., It should be
remembersd, however, that in most of his tests he centrifuged
the serum away from the clot, thus producing a gross errore.

He maintained that at low temperature the rate was slow; few'
red cells but plenty of serum was squeezed out. At higher
temperatures, with correspéndingly faster speed of contraction
meny red cells and less serum was expressedy the final size

of the clot was the same at different temperaturesa

The test of Katrakis (1931) was carried out in the
ice~chest, but as he does not give any figures, the results
of this unusuval method cannot be judgede

Lampert and Ott (1934) to a certain extent confirmed

the findings of Van Allen. 7p ox.plood the speed of
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contraction ran parallel to the-temperature, but the finsal
extent of contraction was independent of the temperature if
the clots were kept for 4 days. No special preceution was
taken in their experiments to guard against bacterial growth
and the likely explanstion of their observation is, that the
clots were simply destroyed during this long periode

Macfarlane (1938) foﬁnd both speed and extent of
retraction dependent on the temperature, and subsequent work

has been in agreement with his findings (Tamure, 1940,

Lundsteen, 1942, Zahn, 1944),

With the suspended clot method a definite relationship
between clobt retraction and temperature can be established
(EXperiment 7)e The correlation is shown in figure 16.
it was found in the
same experiment that
alterations in the
temperature during the
process affected the

total retraction. A clot

Y
-

Time of Onset of Retraction,

—— @ —— Clot Retraction.

which had been kept at

a+-=@=-=Time of Onset of
Retraction. 5900 e« fOor 40 minutes

Clot Retraction.

and &t that time had

expressed 32 per cent

serum wasg transferred

Temperature in Degrees Centigrade. tO 400; after 4 da'ys

THE EFFECT OF TEMPERATURE ON CLOT RETRACTION

AND ITS TIME OF ONSET. - itg retraction was only

Figure 16.
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41 per cent against 52 per cent in the control kept at

39°9C. the whole time. Conversely, another clot from the seme
blood kept at 4°Cc. for 6 hours and expressing 6 per cent
serum during that period, gave a retraction of 40 psr cent
in 4 days against 26 per cent in the control kept all the
time at 4°C.

Exposure of the blood to different temperatures for a
short time before clotting, a feature of some importance in
both clinical and experimental work, does not affect the
subsequent retraction. In experiment 8 the blood was subjected
to varying temperatures for 10 minutes before coesgulation, this
being possible by only using silicone covered glass ware
during the experiment; Ehe emount of retraction was the same
in all the clotse |

Higher temperatures has an inhibitory effect on
retraction. Le Sourd snd Pagniez (1908) found that 46°C,
prevented the process. llacfarlane (1938 ) observed that
45°C¢, diminished the degree of retréction, and this effect
occured both if tﬁe temperature was applied during the
actual retraction, or for some time before recalcification
of citrated blood; even if the subsequent coagulation and
retraction took place at 37°C. Zahn (1944) obtained slight
retraction at 50°C. The question is closely bound up with
the platelet problem, and will be discussed later with
eppropriate experimental data. '

The conclusion is, to repeat the neglected statement of

Le Sourd and Pagniez (1913), that unless the temperature is
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carefully controlled, nobody is authorized to speak of
retraction or non~retraction.®he most natural temperature

to employ is 37°C., and this has been done throughout this

wopkg
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CHAPTER 3.

THE INFLUENCE OF THE VOLUME OF RED AND WHITE BLOOD CORPUSCLES
ON_CLOT RETRACTION. o o

Retraction is generally inversely proportional to the
mass of cells in the blooa. This éonclusion was reached
by Hayem and his school (1896), but they did not experimentally
show the quantitive relationship between retraction and cell |
volume. o

Opitz and Schober (1923) confirmed the observation and
explained how the red cells are caught in the fibrin network,
thus impeding the squeezing out of the serum when the clot
contracts.

Van Allen (1927) defined clot retraction in two ways:-

(a) The extent (Serum (Volume of red cells
of retraction exuded) =" . Expressed)

(Totél volume of blood) - (Haematocrit)

(b) The rate N
of retraction = (Bed cells-expressed)

(Haematocrit)

as he believed that the faster the retraction the more red
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cells came out of the clot., This feature had actually
been suggested earlier by Schklarewsky (1868) who observed
~the squegzing out of white and red cells frbm the clot

under the microscope; Pagniez (1922) also put forward similar
views to Van Allen, but exactly the opposite observation was
made by Tezner (l929ltm” He slowed down the retraction arti-
ficially by adding excess of calcium and found greater
expulsion of red ceils in the slowly ccntracting clots.
Glanzmann (1918) considered the exudation of many red cells

as the earliest sign of poor retraction.

Czoniczer and Weber (1931), Tamura (1940), and Lundsteen

(1943) tried to overcome this variable factor of the cells

by estimating the retraction on plasma obtzined either by
short spinning or sedimentation of the whole blood. This
_procedure in no way overcomes the difficulty, as microscopic
examination of the'deposit of fed cells shows an inconsistent
number of platelets, depending on the sedimentation rate of the
blood and the preventiqn or non-ppeyention~of,agglutination of
thé platelets. A great probortion will also be lost by
adhesion to the glass wall. '

A correction for anaemia was given by Boyce and Mchtridge

(1939) which for its application assumes that the normal red ‘

cell count is 5 million/cu.mm, and the normal haematocrit

50 per cent; no data are given to explain how the formula

is derived, and it is unnecessarily involved without being
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accurate.

Macfarlane (1938) found a roughly linear relationship
between the haematocrit and clot retraction. An increase
in the volume of cells decieased the retraction by about £
of the volume added. He suggests as a suitable, although

not completely accurate correction for anaemia :-

(Percentage of serum expressed) + gﬁaematocrit)
-2 o

which is the same as the Clot retraction Index of Mettier and
Witts. Macfarlane found, however, that this relationship
only held good in blood with normal retractién. If the
retraction of the plasma was deficient it was not affected
by the addition of cells.untii the wolume of cells added was
greater than the volume of cell-free retrécted clot, The
explanation given for this phenomenon is, that if regraétion
‘of plasma is much reduced the amount of fluid retained in the
clot is great. If cells were added to this clqtvno effect
would be produced, because the volume of cells added will
not occupy the whole volume of the non-retracted clot. But
the diminished volume of plasma available for contraction
with increasing volume of red cells 1is ﬁoﬁ cohsidered in this
explanation.

Macfarlane's tables show, contrary to the views of
Van Allen, thatlfhe amount of red cells expelled with the
serum depends on the volume of red cells in the blood.

Aggeler and Lucia and Hamlin (1942) suggest a more
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.complicated correction for anasemia:-

(Total volume of (Serum - r.b.c.'s
blood) - exuded)
' X 100 - (Haematocrit)

(Total volume of blood)
This is the "extracorpuscular or fluid volume of the clot™",
The formula was not supported by eXperimental data.v If it is
applied to actual estimations, varying the volume of red cells
in one plasma and using their modified Macfarlane method,

results like these are obtained (Experiment 9):- -

Haematocrit.| Fluid volume index.| Macfarlane's formula as

comparison.

% (Haematocrit)+(Retraction)
2
0 13 43.5
15 10 45.0
25 9 45.5
50 5 47 .5
60 15 42.5

Table 4. Calculation of the "fluid volume of the Clot"
by the formula of Aggeler, Lucia and Hamlin.

The index of the "fluid volume of the clot" thus intrcduces

an undesirable error, high in proportion to the numerical.value
of the index, without giving more information than the much
simpler suggestion of Macfarlane.

With the suspended clot method, the results obtained by
artificiglly varying the volume of red cells in one plasma are
shown in figure 17 (Experiment 10). In this type of
experiment it is essential that the red cells added to the
plasma are completely free of platelets. This precaution has

not been observed by other workers and explains much of the

disagreement.
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Clot Retraction in Percentags.

-
o
T

10 20 30 uo 50

Volume of Packed Cells in Percentags.
THE EFFECT OF THE CELL VOLUME OF THE BLOOD
ON THE CLOT RETRACTION.

| Figure 17.

The curve in}Figure 1Y demonstrates that within the
range of haematocrits usuallly met with clinically, in the
curve from 18 to 42 per cent, a rise in the volume of red

cells produces a drop in the clot retraction of the same

amount:-
HaematOcrit, Observed7r§tra¢ti9n. . Fall 1n clot retraction
0 . O»
0 72.5 0
18 53.6 18.9
32 40,0 : 32.5
4 28.0 44.5

Iable 5. The fall in clot retraction as the haematocrit rises
from O to 42 per cent.

At very low haematocktits the decrease in clot retraction is less;

thus a volume of packed cells of 8 per cent reduced the



47 «

retraction by only 5.9 per cent, in spite of the fact that
no red cells were expressed with the serum. At high
haematocrits the opposite holds: a volume of packed cells
of 64 per cent reduced the refraction by 70.5 per cent,
although a high extrusion of red dells with the serum took
plape, |

In blood of abnormally low retraction the inhibition
'broduced by the red cells is slightly less, as seen in
figure 18. (Experiment 11). '
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THE EFFECT OF THE CELL VOLUME IN BLOOD
OF POOR CLOT RETRACTION,

Figure 18,
.In this case a haematocrit of 15 pefcent caused a fall in
retraction of only 4 per cent, and 29 per cent haematocrit

brought the retraction down by 19 per cent,
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The volume of cells expressed with the serum, when

estimated by the suspended clot method, depends on the

in the Serum expressed.
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THE EFFECT OF THE VOLUME OF CELLS OF THE BLOOD
ON THE AMOUNT OF CELLS EXPRESSED DURING
CLOT RETRACTION.

Figure 19.

volums of célls in the blood and on the total clot retractione

(Figure 19, Table 6, Experiment 12).

Haematocrit |Retrac-|{Cells exuded Cells exuded
: tions |as % of total as % of total
% | % volume of blood.|fluid squeezed
outa
% A
C 86 4] 0
7 82 0 0]
30 60 4 607
39 50 7 14
64 18 4 46 25,66
70 8 3 37 «5

Table 6. The amount of red cells expressed with the
serum with increasing haematoecrite
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In the previous discussion the stress has been laid

on the red cells, but as might belexpected the white cells

produce the same effect (Table 7, Experiment 13).

Haematocrit, i.o. Clot retraction, i.ecs.
the volume of Serum + Leucocytes exuded,
packed white cells, as percentage of total
% volume of blbod,
o
0 74
2l 60
43 33

Teble 7e The effect of the volume of leucocytes
on the clot retraction.

"The most logical ékplanatidnscd‘this effect of the cells
on clot retraction appesr to be the following:~
(a). The red and white cells do not actively influence the
retrgection of the clot, but are present as inert bodies
suspended in the serum. The large majority are held back in

the fine meshes of the fibrin network when contraction tekes

placea

(b). The most marked effect of this mass of inert cells will
be to diminish the percentage-of plasma, including platelets,
available for contractione. This effect is illustrated in

figure 20, where for convenience seke clots of 100 ccs. are

considerede

Volume of Colls 0% Volume of Cells 25% Volume of Cells 50%

««Plasma, .o . +.Flasma,

Q7. -cotis. ...00118,

400 ccs Plasm oxpressing 75 ccs Plaem -nimu 50 ccs Plasmm should
90 e¢ce serum. express 67.5 cos serum, 6xpress 45 cos serum,

To illustrate the theoretical clot retractiom with
increasing volwns of ¢ells in the plasma.

Figure 20
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If, however, this theoretical diminution of clot
retraction with rising volume of cells is plotted on the
graph showing the actual diminution taking place, it is seen
that the inhibition is much greater than expected, and that

the difference between the two curves increases with rising

“volume of cells. (Figure 21)
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THEORETICAL AND ACTUAL CLOT RETRACTIONS WITH
RISING VOLUME OF CELLS IN THE BLOOD,

Figure 2l.
(¢ ). This discrepancy may be explained by the increasing
viscosity of the blood with rising haematocrit. The force

necessary to squeeze é fluid out of a sponge or capillary

network in a given time depends partly on the viscosity of
the fluid. It is intsresting to note from the curve that in

the range of haematocrit from 18 to 42 per cent the

e et e i st e+ e B e e
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correlation between retraction and volume of packed cells
is linear. This would cormspond with Nygasrd, Wilder and
Berksonts (1935) finding of a linear relationship befween
the viscosity of the bloocd and the volume of packed cells
in the range of haematocrits from 15 to 50 per cent.

(d)» Lastly the issue is complicated by the amount of cells
squeezad out with the serum which to a slight extent
counteracts the two previous inhibitory influencoes,

In the case of blood with a very fast sedimentation
rate the red cells may settle to a greast extent before
coegulation takes place in the suspension mixture. In. such
cases, as the upper part of the clot is free of cells, the
retraction will proceed rapidly to begin with, but due to the
inhibited contraction in the lower part of the clot the
total retraction remains uneltered. In blood from a case of
Hodgkin's disease with an extremely fast sedimentation rate,
the sedimentation was varied by letting the blood clot at
different speeds in the suspension mixture. The subsequent
retraction of the clot was not significantly altered.
(Experiment 14). Aggeler, Howard and Lucia (1946) suggested

that some cases of diminished clot retraction with fast

gedimentation rate or slow coaguletion were due to the large
amount of fluid oeccluded within the part of the clot free of

cells. Their argument is difficult to follow and not
consistent with experimental'observétionm The diminished clot

retraction in such cases as myelomatosis or liver disease with
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a fast sedimentation rate is due to the increased fibrinogen
concentration in these patientd vlood as will be shown later.

The increased speed at the onset of the rstraction in
the cases of increased sedimentation rate, due to the celle
fres part of the clot, also explainsvHirschboeck and Coffey's
(1943) finding that the coagulation~retraction time was %o
some extent porportional to the sedimentation ratees It intro«
duces another uncontrollable factor into their test which,
however, does not completely invalidate its uses It might
be mentioned that Van Allen (1927) found high sedimentation
rates associated with elow clot formation. |

It is understandable that the complex nature of the
influence of the cells on clot retraction must make the
construction of a formula for its correction a mathematical
problem of some megnitude. As, in practice, the estimation
of the factors involved are not of mathematical precision
no attempt at this formulation has been made in this worke

it apﬁears most logical to bring the clot retraction for
any particular blood back to the degree of contracting that
would occur if no erythrocytes and leucocytes were pregent in
the plasma. For practical purposes this may be done simply
by adding the volume of packed cells to the clot retractions
In the experimmnt which has been used as illustration in this

discussion the eddition gfves the following results:«(table 8)
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Haem%tocrit Clot Regraction Haematocrit + Retractione

% 3 %
(3] 7265 : 725
8 66,6 74,6

18 _ : 5346 ’ 716

25 . 47 .9 7249

32 40.8 , - 725

42 28,0 70,0

64 2.0 66,0

Table 8, The simple correction of the clot retraction
by addition of the observed retraction and
the volume of packed cellss

It should then be remembered that the error introduced
is great in blood with poor retraction.fpblying the results

of experiment 11 to this formula the following correction

is obtained:(Table ©),

Heematocrit [Clot Retraction Haematocritdf Retreactions
0 o /0
0 - 2048 20.8
15 16.0 31.0
29 - 4,0 33.0

Table 9. Correction for blood with poor retraction.
and this experiment shows the greatest fauvlt of this simple

method of qorrection; In the particular case gll haematocrits
higher than 30 per cent will completély prevent clot
retraction and the formula is therefore inapplicables fnkf
such cases it would be necessary to resort to an estimatioh
. of clot retraction on the plasma after centrifugationor
sedimentation, with the unavoidable loss of platelset.

The conclusion is therefore, that no fully satisfactory
correction can be made for the amount of cells presgnt'in |
the blood. For practical purposes the simplest is to add the

haematocrit reading to the observed clot retraction.
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CHAPTER 4,

ﬁ}qduq”“hhn”ﬂnh-!‘h‘-ﬁ

PLATELETS AND GLOT RETRAGTION,

Are platelets essential for clot retraction to bake
place? This. fundamental question has exercised the mind of
~most workers in this field and has often led to embittered
controversy since the day when Hayem (1878) first postulated
the hypothesis, that the contraction of the clot was
dependent on the presence of haematoblasts, so called, because
he believed that the platelets originated from the red cellss

It is not the purpose of this work to give a complete
review of the literature on platelets on Whlch 2000 papers
were published between the years 1917 and 1937 alone
(schdffer, 1958)» Only the publications with a direct
bearing on clot retraction will be considered, and in this
dhapter mainly those deaiing with the experimental aspect
of the question, leaving to'a later stage the inferences
to be drawn from clinicsal materiale |

Donné (1842) first described the platelets which he
called globulins. Zimmermenn (1846) studied horse blood

after sddition of MgS04 and observed the platelets, the
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action of water and scetic acid of them, and that they were
either isolated or clumped together., The behaviour of the
platelets on the warm stage was described by Schultze (1865)-
who attributed to them the property of auto=~agglutinations
Renvier (1873) demonstrated the coagulation phenomenoh under
the microscope and observed the change of shaepe and refraétion
in the‘granulations" before the fibrin threads appeared, and
described ih deteil the network of fibrin with the "granulations"
ag the cornerstones of the meshes. This work was confirmed
by Vulpian (1873) who also noticed the sdhesion of the
platelets to the glasgss slidese

Considerable doubt was thrown on the independent
existence of these bodies, but Osler (1874) demonstrated
their presence in the venules of the rat immediately after
death, snd Zehn (1875) showed their accumulation in injured
living capillariss.

Bizzozero (1882) demonstrated the platelets in the
circulating blood. He actually coined the word "Platelet"
which after much opposition hes become generally accepted
except in Scendinavian literature, He sagain described how
the platelsts formed the "knots" in the fibrin network and
noticed the blobs of clear fluid given off from them during
their degeneration. This work was completely confirmed by
Lavdowski (1883) and Ebert and Schimmelbusch (1885), who also
demonstrated that fibrin is laid down independently of

platelets. Mosen (1893) gave a further impetus to the

experimentél work by publishing a method for the separation
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- of platelets by differentisl centrifugatione.

- For simplicity's sake ﬁhé discussion of the literature
will be divided into two parts, on presenting the evidence
for the plateiets being essential for clot rétraction, and the
other déaling with the opposite view,

l. Evidence from the literature that platelets are essential

for clot retraction to take place,

Hayem (1878, 1889) in two classical experiments
demonstrated the close rélationship between c¢lot retresction
and platelets:=~ By tying off the external jugular vein of a
horse in two places far apart and excising the vein, he
obtained a tall column of blood, which, when kept at 0°C. for
some hours, separated into three layers. The intermediate zoﬁe,
which was full of "aematoblasts", clotted in about % hour
after removal from the vein, and the clot contracted
vigorously and completely, Thé vpper layer: coagulated in
two hours and retracted slowly and incompletely, whereas the
lower zone with the red cells cloited slowly and unsatis-
factorily in more than 3 houfs and exuded énly a few drops
of serum.

The second experiment consisted in filtering a portion
of the plasma in the cold and showing absent clot retraction
in this fﬂlteréd pert, whereas the non~filtered plasma
contracted strongly.

It is fitting et this place to give verbatim his
conclusions:= " The spontansous retraction is thus dependent,

not on the fibrinous filaments, but on the haematoblasts, and
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it is.a manifestation which springs naturally from the
modifications these elements undergo outside the organism. It
must be remembered, in fact, that the alterations of the
hgematoblasts, in‘spite of the suddenness of their onset,
do not reach their full degree instantaneously. The alterations

continue for a variable time, usvuelly extending beyond 24

hours and are accompenied by a very notable diminution in
the volume of the heaps of haematoblasts."

Haymm!s school (Bensaude, 1897, Lenoble, 1898) later
became worried by the fact that blood from some patients
suffering from different diseases, especially pneumbnia,
diphtheria, severe jaundice, typhoid fever and rheumatoid
arthritis, showed no retraction in spite of normal platelet
nunbers, They tried to explain away the awkward observationé
by invoking a chemical substance capable of influencing the
quality of the fibrin, or a "vital action directly on the
platelets” without produéing any expeérimental evidence
for these statements.

Schmidt (1892) agreed that retraction did not take place
in cell free plasma . -

fhe production of non~retrgetile blood by intravenous
injection of peptone, diphtheria toxin or blood of another
species was shown by Gley (1896), but he did not consider
whether this were due to the disappearance of the platelets
or not. He did_find that clots from the peptone treated
animals underwent rapid dissolution, i.e. fibrinolysise.

Delezenne (1897), working with birds! blood, found that
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if the blood was collected without admixture of tissue fluid
it did not clot for many hours or even days during which fiime
complete sedimentatién of ali cells occured. After cocagulation

under these circumstances, and if the tubes were left at rest,

no retraction took place.

Fuld (1902) working on much the same lines showed that
the cell~=free bird plasma did not contract even after the
addition of tissue fluid which speeded up the coagulation
enormously.

The explanation of Gley's work was given by Pratt (190%)
who demonstrated the complete disappeerence of platelets
from the blodd stream after the.injection of peptone. The
production of anti=platelet serum by injection of rebbit
platelets into guinesa=pigs, first suggested by Marino (1905),
had a profound influence on research on the whole problem.

Perhaps the greatest protagonists for the theory, that
platelets were essential for clot retraction, were Le Sourd!
and Pagniez (1906a, 1906b, 1907, 1908, 191lde, 1911b, 1912,
1915 and Pagniez,1909 and 1913). Only & short summary of
their brillisnt experiments can be given here. All aimed at
the same purpose: the demonstration that without intazt
platelets no clot retraction will occurs
(2). They added washed platelets to cell-free plasma and to
hydrocele fluid which did not spontaneously contract after
clotting; the more platelets added the greeter retraction
Qccureda

(b)e Heating the platelets to 55°C, for 10 minutes destroyéd
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their ability to promote retrection, suggesting that in
those clinical cases with normal platelst number and no clot
retraction, the platelets might be defective in a similar waye
(c). Anti~platelet serum addéd to rabbit's blood produced
non~retraction in proportional amount to the.volume of serum
added. Anti-~red cell serum did not produce this resulte.
Intravenovuvs injection of the anti-platelet scrum prodﬁced
disappearance of the platelets from the blood~stream and
non-=retractile clots. Normal and haemolytic sera did not
have this effect.

(d). Ageing of the platelets for 24, 36 and 48 hours diminished
their ability to promote retraction, but aeddition to the
plesma of minute emounts HCl, H SO, or CH3;COGH brought this
function back. This restoring effect was somehow produced
through the plasma, as aged.or heated platelets treated with
the acid and then added to fresh plasma did not produce
retractiong'.

" (e)e Addition of extracts of different organs only led to
retraction in the case of the spleen and the bone=~marrow

due to the high content of platelets of these organég

(f), Addition of platelebts to non=retractile purpuric blbod
restored normal retraction.

(g). Grinding or drying of the platelets and deprivation of
calcium prevented retractions Other colloid substances such
as gelatine, gum arabic énd egg-white did not produce

'retraction unless platelets were present.
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Arthus and Chepiro (1908) endeavoured to prove that
clot retraction only took place in the presence of "living"
platelets. Substances lethal to cells such as fluoride
inhibited retraction; addition of water to the plasma in
proportions above 1:1 produced the same regult, The effect
of ageing of the blood and the marked influence of temperaﬁure
on retraction were pointéd out in favour of their theory.
Tchastny (1908) found that haemolyfic serum slone caused a
diminution in thé number of platelets by their agglutination
but not their destruction, and that the haemolytic serum
removed from the platelets their ability t§ retract the clote

Vinci and Chistomi (1909) maintained that birds blood -
ig non~retractile and contained no platelets or thrombocytese.
Lymph from the thoracic duct of dog, cat and rabbit was also
platelet~free and non~retractile, but addition of blood or
igolated platelets to the lymph produced normel retractione

Cesena (1909) with his special method found an absolute
correlation between the number of piatelets and retraction,
and Bordet and Delange (1912) working on mwuch the same lines
as Le Sourd and Pagniei confirmed their work and added, that:
extracts of platelets did not produde sontrsction. Exactly
the seme conclusion was reached by Lee and Vincent (1914)
and Lee and Robertson (1916). An importsnt observation of
theirs was that if blood was run into leeche~extract(Hirudin),
the platelets quickly agglutinated into large lumps, but
these lumps after being washed free of the hirudin still

produced clot retraction like normal platelets, but solutions



of extracts of platelets did not promote retraction,

Ledingham (1914) produced purpura in animals by injection
of anti~platelet sera and found the ﬁun@ugic blood irretractile:

Ducceschi (1915) without producing much ﬁew evidence '
supported the fiﬁdings of Le Sourd and Pagniez.

Kaznelson (1919) tried to find the actual number of
platelets necessary for retraction. Only numbers below
%7,000 per cmm, produced a real inhibition a2nd he concluded:=
1In the hundreds of tests which we performed we have not once
fbund sbsent retraction at room teémperature when the platelet
count was high and the blood was run into U-tubes of 1 mm.
dismeter. Only in ordiﬁary test-tubes did it occur that no
retraction took piace in spite of high platelet numbers".

Fonio (1923) with his particuler "Retréktilometer" again
demonstrated the necessipv of platelets for contraction. of
the clot, and Opitz and Schober (1923) tried to replace the
platelets by glass dust df about the same size withOut resulte
They found that about 70,000 platelets re cmm. were essential
for retraction to occure. The greater the number of platelets
the faster did the retraction proceed. Thej did find,
however, that after X-ray treatment the platelet count might
fall to very low figures and retraction still occur after
many hours.

_Mackuth (1933) could not obtain retraction in oxalated
plateletﬁcontaining plasma on recalcification and believed
that the precipitate of oalcium,oxélate interfered. Ctherwise

he found an absolute relstionship between platelets and
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retraction,

Mac farlane (1938) by centrifuging plssma at increasing
periods found a progressive dimihution_of retraction in
proportion to theldiminution in the platelet count. He,
however, like Eayem's school, found some instances with
normal platelet number but deficient retraction, as for
ingtence in cases of pneumonia, and concluded that other
factors than veriation in the platelet count might play a
part in clot retraction. In no instance did he find the
opposite, i.es & normal contraction with a platelet coﬁnt'
below 100,000 per cmm. |

Tamura (1940) observed the same close relationship
between pletelets and clot retragfion,<and so did Iundsteen
(1942) who showed that both the speed and the extent of
retraction depended on the number of platelets,

Aggeler and his  cowworkers (1942a, 1946) tried
statistically to show a correlation between the number of
platelets and clot retraction, They did find a significant
correlation although they did not take into account the
profound influence of the fibrinogen content of the blood,
.which, as will be shown in the next'chapter, is of the same
magnitvde as that of the platelets,

' By repetition of previous experiments Werner (1943)
again demonstrated that platelets were essential for clot
retraction. He tried unsuccessfully to replace the platelets
by glass particles of the same size, or by talcum, charcosal,

and kieselgvhr. Heating, freezing, crushing, prolonged
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spinning, exposure to shortwavés, ultra-violet light,
galvanic cﬁrrent and X-rays in high doses of the platelets
all led %o inhibition of retraction. He repoeated Mackuth's
experiﬁent with oxalated plasma and obtained quite normal
retraction in such plasma, He finslly clearly demonstréted
that in the experiemtns, in which.the clot is loosened from
the glass wall, some artificial contraction may be produced,
without, however, explaining this phenomenon, His conélusion
waé that the platelets fulfil a special vital function as far
as clot retraction is concerned,

The evidence thus appears strongly in favour of the
plateleﬁf playingvan esential role in the retraction of the
¢lot, but the opposite view is supported by experiments which
on their face value would apprear equelly convincing.

2. BEvidence from the literature that the platelets are not

&ssentisal for ®lot retraction,

Sacerdotti (1908, 1909) repeated the injection of
anti~platelet serum and noticed retraction of the blood
before the platelets returned to the peripheral blood,

Complete denial of eny relationship between platelets
and clot retraction came from Acherd and Aynsud (1908b, 1909a,
1909b) and Aynaud (1913)., Injections of "Electrargol", colloidal
arsenic and silver sulphide, egg albumin, lecithin, gum arabic,
animal and vegetable fats, were followed by disappearance
of the platelets from the blood stream, but retraction occured

after the coagulation of the blood. In animal Trypanosomiasis
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they found very low platelet counts but no correlation
between the number of platelets and the clot retraction.
They also found that high concentrations of NaCl inhibited
retraction, which they strangely enough used as evidence for
their contention that platelets bear no relationship to this
phenomenon.Rétraction was supposed to be a manifestation of
"cadaverisation"a

In a much quoted paper Howell (1916), without giving
details of the methods used, stated that cell-free oxalsted

plasma or solutions of pure fibrinogen clotted by thrombin

retracted to = marked degree after loosening the clots from
the gsides of the vessels. Clots which artificially by addition
of alkalies etc. were made to form structureless gels did not
contract but were soft and transparent. “Crystalline" clots
always retracted A clue to the reason for these observations
may be found in this sentence t"Even in very dllute solutions
in which the fibrin is deposited as a delicate membrane
contraction is shownAdistinctly when the membrane is detached
from the wall or is shaken gently. It shrivels up to a much
smalle;'membraneulike structure!, It has already been shown
that such "contraction" is not active and spontaneous, but
purely the mechanical inability of the wide~meshed fibrin

network to hold the contained fluid within it.,

Pickering and Hewitt (1923) spun oxalated plasme at
4000 Tepeme for 30 minutes and recalcified it in uncoated
wide~ mouthed glass vessels cbntaining 20 ccs of diluted

plasme; they always, but usually only after loosening of the
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clots, obtained "typical syneresis" and concluded that
platelets were not necessary for contraction of the clote

Leschke (1925) "killed" the platelets by KCN or doprivation
of 02 and still got retraction and considered the clot an
ordinary colloidal gel with syneresiss

One of the pitfalls of this type of investigation is
demonstrated by the work of Roskam (1926, 1927a, 1927b). He

recalcified cell~free plasma and added serum treated with

chloroform. ffter coaguletion the clots retracted in an

apparently normal manner, both in glass tubes and when suapended
in liquid paraffin. He therefore concluded that clot retraction
is enfirely a function of fhe fibrin and bears no relationship
to the platelets at all. What he really show8d was that plasma
treated with chloroform contains large amounts of fibrinolysine
Naturally,. if the fibriﬁ of a clot is digested away only serum
will be left, ond one may thus obbtain an appearance of
retraction which mey be misleading. Further proof that Roskam
wes observing fibrinolysis is provided by hils own experiments = |
(a). If he removed the serum as it formed he got a greater
"petraction” than if the clot was left swimming in tho scrume
3y taking away the serum he actually removed antiufibrinolysin
present in the albumin fraction, and increased fibrinolysis .
consequently followed.
(b)e In plasms 10 days old he could not produce the "petraction”
with the cHoroform serums Fibrinolysin is destroyed on storage.
When he presented this work to the Belgian Medicel

Academy (Roskem, 1927b) it was in fact pointed out that
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chloroform might produce all kinds-of unknown changes and
 that control experiments using other ways of coagulating the
blood ought to be done. But no further communication on the
subject appeared. |

The following year Kills and Ling (1928) showed that clots
formed by cqagulating fibrinogen solutions with thrombin
appeared to retract after 2 to 3 days. They, however,

demonstrated that the azpparent retraction was rsally lysis,-

as weighiné the dried fibrin of the clots immediately after
coagulation, and 2 or 3 days later, proved that 2 marked loss
in weight had occured,

Shindoh (1930) by a series of eiperiments, which have not
been reproducible‘in this laboratofy, endeavoured to discount
the clot fetraction-platelet relationshipe. Addition of calcium
increased retraction, Wheréas addition of glucose did notb}
Retraction was greatest at pH 5 to 6: the formed elements of
the blood did not influence the retraction in any way. He
unwarrantably draws tﬁe conclusion that retraction occurs at
thé isoelectric point of fibrinogen, in fact at pH 5.5, a
‘state of acidity which 1s never found in the bloods- |

Fuchs (1931), as opposed to Mackuth, obtained retraction
in recalcified cell~free oxalated plasma, but not in citrated
plasma. He believed that calcium oxalate crystals and any
other rough surfaces gave rise to "coagulation centres" snd
that such centres alone were responsible for the contreaztion

of the clot,
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liackay (1931) found no proportionality betwoen
platelets and retraction and came to the conclusion that the
platelets were of secondary importance'and served to augment
the retractile properties of the plasmea,. This, however, was
pure speculation, |

By loosening the clot from the sides of their special
test~tubes Czoniczér and Weber (1931) obtained 10 to 30 per
cent retraction in cell~free plasma; otherwise they did 1little
experimental work on the problem.

Tocantins (1934, 1936a, 1936b) showed tha} if the aresn
of clot toﬁghiﬁg glass was: small, platelet=free clots wonld
"petract", but addition of platelets greatly increésed the
retraction. In a U-tube addition of platelets to one iimb
increased the retraction in that 1imb as compared to the other.
Aged platelets, dried platelets, platelets treated with
water or saponin, and platelets shaken forvsome time, did
not increase the retraction. He therefore concluded that
blood or plasma, even when free of platelets, possessed all.
the elements needed for syneresis, but that thé syneresis
was greatly helped Dby an adequate number of intact plateletse

Hirose (1934), like Mille and Ling, found congiderable
petraction after 3 days in‘olots formed by thrombin acting
.on pure fibrinogen solution, and also demonstrated the
marked loss of weight. She therefore comes to the conclusion
that "the syneresis of clots is in reslity a resolution
ending in complete liquification".'The simple control

experiment of adding & few platelets and producing retrachbion
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in an hour or less would have shown that there is no loss
of weight of the solid part of the clot during spontaneous
clot retraction (Experiment 15). :

Ferguson and Erikson (i939) ceme to much the same
conclusion as Hirose, except that an_other complioaﬁing factor,
trypsin, was brought into the pisture. "MThrombin activated
without trypsin practically never induces lysis in the
subsequent clots, whereas clots obtained with trypsin~thrombin
show syneresis (clot retraction) and fibrinolysis within a
few minutes"., Later Firguson (1943) suggested that some indepene
dent proteolytic agent is responsible for conversion of prothron=
bin into thrombin by activeting thromboplastin from an inactive
form., Excess of this enzyme will account for clot retraation
and dissolution of the clot.

There is no doubt that the majority of these experiments,
intending to discount the essential part played by the
platelets in the retraction of the clot, can be explained
either by the unavoidable occurence or direct production of
the type of artificial "retractién" which was amply
demonstrated in chapter 1 as the inability of the fibrin
network to hold the serum in the clot against the force of
gravity., The rest is due to fibrinolysis desfroying the clot,
and to the difficulty, when using glass tubes, of distinguiding
this destruction from true retraction, a difficulty which

does not occur with the suspended clot method, as will be

shown latora.
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The experimmnts carried out with the suspended clot
technigue all support the hypothesis that the platelets
play the fundgmental role in the 6ccurence of true clot
retraction,

Clot retraction has never occured without platelets
being present in the clot. In the many hundreds of experiments
made during the two years since this work was undertakenv
this rule has been observed in every instance.

In the éases of great fibrinolytic activity a layer of
serum may form round the clot, quite unlike the bubbles
squeezed out in true retraction, and in such cases the loss
of fibrin substance is obvious to the naked eye, and the clot
ig frisble, non-elastic, with the retained serum pouring away
from it immediately after lifting it out of the suspension
mixture., This difference is masked when clot retraction takes
place in ofdinary glass tubes. '

To find the true correlation between the number of
platelets and the clot retraction, an extensive series of
experiments was undertaken to find a method of platelet
counting that would give reiiable resvlts. Most of the
previously published methods were tried, and several new
techniques evolved, including the measurement of the volume
or the weight of the pletelets, but the errors of a1l the
methods were so great that for this particular purpose
plételet counts were unsuitables

It hes been shown in this lsboratory (Biggs and Macmillan,

in press) that such widely used procedures for platelet
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counting as the indirect one of Dameshek (1932) and the
direct one of Lempert (1935) when used as routine methods,

carry a standerd error of 41.3 per cent and 22.8 per cent

respeétively. It is admittedly truve, as also pointed out bg
Aggeler,ﬁaﬁardvand Lucla (1946), that one skilled person,
specially trained, and using his own finesses and criteria,
may obtain Mester results. But the fact remains that any
experiment, based'pﬁrely on platelet counts; must always be
subject to grave suspicion.

To overcome this difficulty the following procedure wes
adopted (Experiment>16):ﬁ

Cell~free plasma obtained by high speed épinning
(154000 r.p.m.) was mixed in carefully contrdlled‘broportions
with plasme conteining platelets and the‘clot retraction
estimated in the msual way. Anti~coagulant and other artifices
were avoided by the silicone technique. An exact decrease bf
the platelet number in identiceal plasme was thus obtained,
and a definite correlation between platelets and clot retraction
was estéblﬁshedg This correlation is illustrated graphically
in figure 22.

To get somec idea of the actual number of platelets
o count was mede on the original plasma using Dameshek's
fluid for the dilution and doing the count in an ordinary
counting chamber. The average of & counts wasv168,@®0 per
crm. which would correspond,to about 84,000 per cmm. in

whols blood. It should be remembered that counting in a

counting chamber gives much lower results than the indirect
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method of counting the platelets against the red cells under
an ordinary coverslip. The fibrin content of the plasma was

300 mgs., per 100 ccse
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THE CORRELATION BETWEEN PLATELETS AND
CLOT RETRACTION.

Figure 22«

Several important facts emerge from this curves Above

& cerbain number of platelets (about 1264C00 per cmm. whole
‘blood in this cese) the influence on the retraction is
immeasurably small as it is already maximalg As~the number
of platelets gfadually falls the decrease in clot retraction
becomes disproportionally greater, in fact thé curve
approximates closely a logarithmic function in ité lower parbtiw

CLOT RETRACTION = K x log ¥WMBER OF PLATELETS.

There is no ébsolute'lower limit to the number of
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platelets producing clot retraction. In whole blood the

lower limit will be determined by the volume of red and
white cells and, as will be demonstrated in the next chapter,
by the concentration of fibrinogen in the blood.

At this stage the conclusion is therefore reached that
platelets are essential for the occurence of true clot
retraction, which does not také place in their absence, The:
degree of retraction is directly dependent on the. number of
platelets present in the clot., It will now be demonstrated
that those cases which have been described with a deficient
clot retraction in spite of a normal number of platelets
can be explained by the influence of the fibrinogen concentmbim

on clot retractione,
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FIBRINOGEN AND CLGT RETRAGTION,

In spibte of the fact thet it has been generally
asaumed that the contraction of the fibrin fibres in the
clot is the primary cause of clotb retraction, somehow
influenced by the presence or absence of platelets, remarksbly
few investigations have been made on the relationship
between the fibrinogen content of the blood and-its retracﬁion
after cozguvlation, |

Thackreh (1819 ) noticed that in infiammatory conditions,
the fibrin of the blqod was considerably augmented which
pesulted in the clot being larger than normal in proportion
to the serume

The first cxperimentsl abtempt to show a definite
influence of the fibrinogen concentration on retraction was
made by Opitz and 3chober (1925). They ceme to this conclusion:e
"when the fibrinogen content remains constant, the degree of
retraction depends on the amount of serum added; when the

serum content remains constant the retraction depends on the
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degree of dilution of the fibrihogen". By the context of their
paper it is clear that this involved statement simply means
that the less fibrinogen in the plasma, the more retraction
occurs.

Mackay (1931) suggested that syneresis depended on the
stete of the plasma, particularly with regard to its fibrin
content, but did not determine whether the relatibnship was
direct or inverse. Kilduffé‘(lQSl) believed that non=-retraction,
as found for instance in jaundice,was due to diminished fibrine
Jepsen (1932) maintained that he could find no correlation
between clot retraction and fibrinogen concentrstion, but
sctually if his figures for platelets, fibrinogen and clot
retrgetion are combined, quite a good correletion can be
establishesde.

Lampert (1932) who believed that the fibrin fibres
shortened during retraction tried to show that increased
fibrinogen content led to stronger retraction. Boyce and
McFetridge (1937, 1939) on purely speculative evidence, as
they estimated neither the prothrombin nor the fibrinogen,
believed like Kilduffe that the non~retractile clots sometimes
found in jaundice were dus to a defect in fiﬁrin, caused by
an iadequate conversion of fibrinogen, which again was due
to a diminution in prothrombin. The contention that less
prothrombin leads to the formation of less fibrin is certainly

not true, although it may delay the conversion of the

fibrinogen.



75

Pemura (1940), on the other hand, found that the retraction
was inversely proportional to the ampunt of fibrinogen.
Aggeler and his collaborators (1942a & b, 1946 ) did not
investigate this correlation which was a pity, as their
statistical work has lost much of its value by this omission.
They apparently believed that more fibrin ceused more retraction
and speak vaguely of "fibrinasthenia" to explain cases with
high fibrinogen and poor retractions

ILundsteen (1942, 1943), by diluting plasma with serum
and adding plstelet suspension, showed a decrease in clot
retraction with increasing fibrinogen concentration, but did
not believe that high fibrinogen content could more than hélf
the retraction.

Zahn (1944) considered the increased retrgction found in
such coﬁditions as thrombosis and varices to be mainly due
to incfieased fibrinogen content, in much the same way as
Hirschboeck (1943, 1948), who suggested that the rate of
contraction was directly proportional to the fibrin concentration

Pinniger and Prunty (1946), investigating a case of
congenital afibrinogenaemia, showed that a fibrinogen
concentration of 50 mgs.per 100 ccs. was the minimum for a
contiguous clot to form and therefore the minimum for clot
petraction. Whitby and Britton (1946 ) stated that defective
retraction in some cases was due to diminished fibfinogen

concentration,

Most of the scenty experimental evidence is thus 1in
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favour of an inverse relationship between fibrinogen
concentration end clot retraction; it is mainly when
speculetion has taken the place of experiment that the

opposite view is porpounded.

To démonstrate the true correlation between fibrinogen

concentration and clob retraction the following experimmnt
was carried out:-(Experiment 17)

Equal amounts of pure fibrinogen solutions of varying
qoncéntrations were added to platelet=containing plasma and
the retraction estimated in the usval way. By using the
gsilicone technigue a minimum of artificial factors were
intrdduced into the smiem; the results are given graphicaily

in figure 23.
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Repeating the experiment with whole blood gave similar
results (Eiperiment 18).

It will be noticed that the curve only covers such values
of fibrinogen as are met with in rhysiological and pathological
human biood. It demonstrates in a definite manner that the
higher concentrations of fibrinogen can completely inhibit
clot retraction, an important observation to kesp in mind
before one draws conclusions from deficient retraction in
clinical work. It will also be seen that the curve is
approximately a mirror image of the graph giving the
correlation between platelets and clot retraction, This
close similarity between the two curves explains the old
observation by Arthus end Chepiro (1908), Mas y Magro (1924),
Lampert (1932) and Macfarlane (1938), that dilution of the
platelet containing plasma with physiological saline does
not‘alter the subsequent retraction. This finding was
confirmed in experimmnt 19, in vhich it is shown that even
marked dilution of the plasma produced no change in clot
retractions

With the experimental evidence here presented, which
‘explains the independence of retraction of dilution over
vast ranges as an interplay between diminishing platelet
number decregsing the retraction, and decreasing fibrinogen
concentration correspondingly increasing the retraction, the
two balancing each other, this finding becomes of the highest

importance. It immediately indicates that all other factors
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present in the plesme play only a minute role in the
phenomenon of clot retrection, a suggestion which is fully
" born out by subsequent investigationse

The same obgservation permits the use of citrated and
subsequently recalcified plasma for experiments on clot
retractione It will be remembered that Czoniczer and Weber
(1931 ) and others after them, made uvse of citratéd plasmé
for their methods for the estimation of retrsction. 1t had
been pointéd out easrlier that recalcified blood and plasma
retracted normally (Gichner, 1927), and the procedure would
be perfectly legitimate, if it were not for the unavoidable
loss of platelets. Even the recalcification need not be
particulerly exact, as wide variations in calcium concentration
within the range at which normal coagulation takes place,
does not influence the retraction.

As this fibrinogen factor which so profoundly influences
clot retraction has been neglected in most of the work on
the problem, it is no surprise that inconsistent results
have been obtained, and conflicting views expressed. This
applies particularly to clinical abservations, end it will
be shown that the fibrinogen factor will explain the
otherwise puzzling differencesa

Apart from the influence of the fiorin concentration
on the capilkry forces holding the serum fn the clot,
another factor unquestionably plays a part., A dense heavy
network, aé formed when the fibrin content is high, is more .

difficuvlt to pull together than a delicate open-meshed net,
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which is formed at low fibrin concentrations. This
presupposes that the fibrin only plays a passive part in

the contraction of the clot, a presumption which will

be proved later,

CHAPTER 6.

OTHER PLASMA COMPONENTS AND THEIR INFLUENCE ON

CLOT RETRACTION,

The whole problem of the coagulation of the blood is

at the present moment in a flux, and new factors partaking
in its mechanism are suggested with confusing rapidity. The
finsel elucidatién of thre éxact processes controlling clot
retraction must probably therefore await such times, until
it becomes possible to fractionate the plasma into its
ultimate componentse.

Little information can be gleaned from the literaturs
on clot retraction. The unreliability of the current methods
for the estimation of retraction has slready been sufficiently
stresseg, and most of the experimental work on ﬁhe plasma
components in this connection deals with conditions so far
removed from physioldgy and even pathology, that they bear

1ittle relation to the problem. In déaling with a colloidal
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system like the plssma and with delicate bodies like the
platelets, the limits within which one can manipulate are

VEery narrowe

Hydrogen ion concentratione.

The pH of the plasma was changed beyohd reasonable
limits by Howell (1916) whé in that way produced structureless
gels which did not show syneresis. It was mentioned earlier
that as he was wofking with platelet~free plasma, it was not
true clot retraction that hs was estimating; The same criticism
holds for the observations of Lampert (1932) who added up to
10 per cent HC1l and 20 per cent lactic acid to the plasma
without altering its syneresis. Macfarlane (1938 ) found that
changes iﬁ the pH from 8.2 to 7.3 did not influence true |
retraction as estimated by his graduated test-tube method.

With the suspended clot technique variations in the hyd-
rpgeh“ﬂn.concentration from pH 7.0 to 7.8 did not change the,
retractidon in one plasma (Experiment 20)., This, naturally, is
of only slight rhysiological importsnce, the blood being an
excellently buffercd system, and life being.incompatiblé
outside this rangej; but it sérves to distinguish clot
retraction from the syneresis of colloidal gels, which is

markedly influenced by changes in the pH.

Sodium Chioride!

Aynaud (1913) found that concentrations of more than
5 per cent of NaCl inhibited coagulation, whereas a

concentration of 2% per cent prevented contrection. e used
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this observation as an argument against the part played b&
the platelets in clot retraction, althpugh the connection is
difficult to see. Tezner (1929) found exactly the opposite;
both NHaCl and KC1 spesded up the retraction of the clot, but
it is quite clear from his experiments that he was simply
‘diluting whole blood and therefore decreasing the volume of
red cells. Ebbeke and Knilchel (1939) found that very high snd
very low concentrations of NaCl inhibited contraction, but
they themselwed and their collaborator Hauch (1939, 1941)
frequently used platelet-free plasma, and it is doubtful what
they were really investigating. Aynaud's expe riments were
later repeated by Doladilhe (1938) and Placide snd Pontiers
(1939 ).

In the present investigation no gignificant change was
found by alterations in the concentration of NaCl within
reasonable limits (Exﬁeriment 21 ) which agein distinguishes

clot retraction from the syneresis of gels.

Calcivm Chloride.

The influence of this ion was first determined by Opitz

=nd Schober (1923) who showed that excess calcium prevented
retraction in the same way as it delayed coagulatione.
TPezner (1929) found the same for CaClg, 8rClg and BaClgs

only concentrations that interfered with coagulation would

inhibit contraction. Similar resvlts were obtained by Mas
y Megro (1937).

Macfarlane (1938) found no differsnce in retraction of



82.
of citrated plasma when calcified so that the Ca012
varied from 0.09 to 0.48 per'cent, Lﬁndsteén (1942, 1943)
in = éimilar type of experiment showed thaffmaximum retraction
occursd between 0.3 and 004@per cent finai calcium concentratim
in the previously citrated plasma. ?oth higher and lower
concentrations inhihited themretraoéion, buf the differenées
were very small. Due to the presence of the;citrate in these
experiments it is difficult to work out the real calcium
concentration present in the plasma. .

As tﬁe calcium ion plays a specific role in the
coagulation of the biood and can only be pa%tly replaced by
ions of its own group, such as strontium, it must naturall&
be present in normal clot retraction which must bé preceded
by cosgulations But even if the blood is clotted by means
of pre=~preparcd thrombin,caléium is étill essential for
retrection, If blood is collected by careful silicone
technique and the calcium raﬁidly removed fy'precipitation
with oxalate in the cold, thus preventing 6ompletely the
‘initiatioﬁ of the normal coagulatioﬁ process, and the blood
is then clotted with thrombin, no contraction of the clot

takes place., (Experiment 22).

It has repeatedly been shown that citrate, unless 1t is
added in %ast excess, does not completely inhibit clotting
(Tzanak, Suresu and Pittalugas, 1940, Quick,®1942), and if the
same expefiment'is performed using citrate instead of oxalate
retraction occurs. If the siiicone techniqué is not observed

and ordinary ngedles and glass are used, even oxalate does not
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prevent clot retraction (Experiment 22). These experiments

indicate that although caelciuvm ions are necessary for
retraction the amounts essential are much smaller than those
indispensable for normael coagulatione

To demonstrate the effect of excess calcium CaG12 was
added to normal blood and the retracfion estimated. Only
concentrations considerably greater than the normal
physiological levels impaired the contraction of the clot

as seen in table 10 (Experiment 23):-

3

Ca concentration Observed clot retractione.
in mgse. per 100 ccd %z

10 47

17 .2 . 48

28.4 39

38.8 : 34

Table 10. The effect of excess calcium on
clot retractione.

Cne Way in which excess calcium may inhibit retraction
was indicated by Ferry and Morrison (1947 ). AddL tion of
calcium to their system of tﬁrOmbin and fibrinogen led to
the production of fine~meshed, friable and non~syneresing
clots, but for clinical purposes, and also within wide limits

in experimental work, the effect of the calcium concentration

may be disregarded. ’

Thromboplastin and Frothrombin.

Tissue juice was found By Cesana (1909) to increase
retraction in the presence of platelets, but did not produce

retrection in their absence. Bordet and Delange (1912), and
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and Opitz and Schober (1923) showed that extract of platelets
did not promote ®etraction, Contrary to this Mills(1927 a & b),
without actual experimental evidence, stated that "in the
last several years we have repeatedly ﬁoticed that plasma
clotted with tissue fibrinogen showed much stronger tendency

to give repidly contracting clots. It is apperent that it is

the tissué fibrinogen content of the platelets that accounts
for their ability to cause clot retraction". McKhan and
Edsall (1939), again without giving data, methods or
references, expressed the opinion that the presence of
tissve globulins impeded the contraction of the clot. Even
minute amounts of tissue extract not only accelemmted the
rate of coagulation, but resulted in the formation of larger,
firmer, less retractile, i.e. more "hydrophilic" clots.
fundsteen (1942) demonstrated that thrombokinase had no
.influence on the retraction, and this was confirmed in the
following year by Werner (1943).

The correlation between prothrombin concentratioﬁ and
clot restraction in clinicel material was established
statistically by Aggeler and Lucia (1939 ), but later the
seme authors (Aggeler, Howard and Lucia, 1946) were unable
to find such statistical relationship. Lundsteen (1942)
observed no correlation between retraction and prothrombin.
Soulier and Gueguen (1947) produced hyﬁoprothrombinaemia
by phenyl-indone-dione and noticed that even.with only

16 per cent prothrombin the blood contracted normally.

Owren's (1947) patient lecking "Factor V" and Quick 's(1947)
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two cases of congenitel hypoprothombinsemia and pseudo~
hypoprothrombinaemia all had normal clot retraction.
A diminished retraction in hypo=prothrombinhaemie induced by
dicoumarin was found by Koller snd Pedrazzin? (1947 ) end
Jlrgens and Studer (1948), but as the fibrinogen concentration
was not mentioned in these cases the observations are of no
valuee. In the cases of dicoumarin poisoning examined during
the preéent work the fibrinogen éontent of the blood has
invariably been high, thus accounting for a low retractions

Recently new evidence has been published which indicates
thet "thromboplastin" is a complex consisting of a} least
two components, one present in the platelets snd the other
in the plasme (Quick, 1947, Brinkhaus, 1947 )., Whether the
plasma factor is a single substance identical with Factor
V of Owren (1947 ), prothrombin A of Quick, (1947), or
prothrombokinase of lMilstone (1948), or consists of several
components cannot be answered with certeinty yet. In haemophilis
these fractions sre apparently present in normal amounts, and
some other plasma factor might therefore be lacking, but in
this‘condition the possibility of an inhibitor delaying the
coagulation must be remembered,

The platelet factor is in the nature of things essential
for clot retraction; but if the plasma component is the
missing factor in haemophilia then its influence on retraction
is small as the clot contracts normally in this discase.

In an attempt to get a clearer picture as far as clot

retraction is concerned experiments wers carried out with
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simplified coagulation systems. If a system is set up
consisting of washed platelets, calcium chloride, prothrombin
and fibrinogen solution, the clot formed retracts in an
apparently normal manner (Experiment 24). The "Prothrombin"
solution, however, contains other globulin frasctions, and
their complete separation has nob yet been achieved. If in
the experiment the. prothrombin is replaced by thrombin, no
retraction takes place. This would indicate that it is in some
way the initial part of the ccagulation process, either the
conversion of"prothrombokinase" into "thrombokinase" or the
subsequent conversion of "prothrombin" into thrombin, which
ig essential to stimulate the pletelets into activity.

Minute guantities of the factors are sufficient for this
stimvleation, for addition of 0.1 ecc. of fresh serum, in which
the conversion presumably still goes on, to 5 ccse of the
1ast mixture will restore retraction (Experiment 24).

To decide whether the thromboplastic component or the
prothrombin conversion is the indispeusable stimulus, snothor
system was set up:~ Brain extract and CaCl, were added to a
mixture of platelets, thrombin and fibrinogen, which in itself
produced non-retracting clot. The brain extract did ndt restore
retraction. Prothrombin, CaCl,, platelets and fibrinogen, on
the other hand, produced a normally retracting clot, and the
degree‘of retraction‘was unaffected by the addition of

Pector V and brain extract (Experiment 25).

This experimehf strongly suggests, although it does not
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completely prove, that it is during the conversion of
prothrombin into thrombin that the platelets are activated
to produce retractioh of the clot formed. It was felt that
at the present stege of knowledge with regard to the factors

involved in the first steps of coagulation, further ressarch

on these lines wouvld fall outside the specific purpose of
this work.

As a final and simple demonstration of the fact, that the
actual concentration of prothrombin in the plasma above a
small minimum is without effect on retraction, blood wss
obtained from two patients; one was on treatment with dicoumarin
and had ¢ prothrombin content of 17 per cent according to
Quick's ohe stage method end a coaguletion time of 13 minutes.
The corrected retraction of this blood was 60 per cent, rather
low beczuse of its high'fibrinogen concentration,i.es 630 mgse
per 100 ccs. of plesmaes Addition of prothrombin sufficient to
shorten the coagulation time to 33 minutes did not significantly
alter the retraction; The other cese was a baby, aged 12
days, suffering from Haemolytic Disease of the Newborn, whose
blood contained only a trace of prothrombin as estimated by
Quick's method. The coagulation time of recslcified plasma
was 25% minutes against the normal time of 90 to 125 seconds.
This blood elso contracted normally after the delayed cosgilgiion
had taken place (Experiment 26). |

It has been suggested (Barratt, 1920, Tocantins, 1936)
that the thickness and length of the fibrin needles are

inversely proportional to their speed of development, and it
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might therefore be ekpected that excess thromboplestin would
t
interfere with clot retraction as the meshbs in the fibrin

network should be narrower; but Ferry and Morrison (1947)

- found thast the fineness or coarseness of the clot, and

therefore its ability to hold the serum, was only slightly
depencent on the thhombin concentration in the coagulation
mixture; the fibrinogen concentration was the determining
factor. This is born out by the observation that addition of
thromboplastin in‘the form of brain extract to haemophilic
blood does not alter the subseguent retraction, in spite of

the enommous spceding up of the fibrin formation(Experiment 27 ).

Thrombin,

This substance itself did not produce retraction in
Tocantins' (1934) experiments. Jfirgens snd Studer (1948)
showed that addition of thrombin to the blood speeded up the
retraction, but did not change the final degree.

The' previous experiments have already demonstrated that
even in the pressnce of active platélets and calcium ions
thrombin is not sufficieht for retraction to take place.
Addition of thrombin to normel blood does not enhance the

retraction (Experiment 28),

Albumin Fractionsa

An experiment to demonstrate the absolute independence

of clot retraction on the albumin fractions of the plasme,
which contains most of the inhibitors and anti-enzymes of the

blood, is difficult to arrange. The fact that saline dilution
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as already shown, and particularly dilution with serum, do
not change the retraction of the clot is overwhelming

evidence for this independence (Experiment 29),

Heparin. -

The influence of‘heparin was examined by Zahn (1944),
Two mgs. to 100 ces. of blood led to only partial clot
formation and partial retraction, but amounts below 1.5 mgs.
per cent did not disturb the retraction. As opposed to this
Jlirgens and Studer (1948) stated that heparin added in vitro
dimihished the retrasction, an effect which could be
counteracted bj thrombin, |

With the svspended clot method it was found that as long
as coagulation was not prevented by heparin, this substance

did not interfere with the retraction of the clot(Expriment 30)a

Qther factorse.

Addition of bile salts to the blood was the first recorded
experimental attempt to demonstrate the influvence of a plésma
factor on retraction. Morswitz and Bierich (1907), working on
the pathogenesis of cholaemic bleeding, showed thal these

salts in concentrations met with in jsundice did not disturb

either coagulation or retraction. Inaba (1935) found that small
amounts of bile acids promoted clotting and contraction, .
whilst larger amounts inhibited both; this was confirmed by
Leschke @ Wittkower (1926 ). Rabinowitz (1941) tried to
demonstrate that cysteine inhibited contraction. He used guite

unreasonably high concentrations of the substance, and it was
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later pointed out by Aggeler and Lucia (1944) that the
irhibition was due to acidification of the blood, coagulation
of the plasma proteins, and complete irhibition of fibrin
formatione.

Clinically, a high blood urea was associated with diminished
clot retraction in Lundsteen's (1943) cases, but these patients
had low platelet number and high fibrinogen congentration which
would asccount for the observation.

In the present investigation patients with jaundice and
uraemis showed the clot retraction to be expected from the
number of platelets, the fibrinogen concentration and the
heematocrit (vide chapter 9). As bile salts frequently
diseppear rapidly from the blood of jaundiced patients, sodium
desoxycholine was added to nofmal plasma in such amounts as
might occur in jaundice without change in the retraction,
(Experiment 31).

It is finally necessary to mention complement in this
discussion. In the processes of agglutination and the
development of adhesiveness and movement of cells complement

probably plays a psrt. Lee and Robertson (1916 ) showsd that

the agglutination and lysis of platelets by anti~serum took
place only in the presence of complement, using it up during
the process; Fuchs (1933) suggested that prothrombin wgs the
same as "middle-piece™ of the complement complex, and Quick
(1935) also demonstrated a certain relationship between the
two subsbances. Wising (1938 ) demonstrated that middle=piece

of complement is not identicel with prothrombin, but quite
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recently the close connection between these substances has
again been suggested (15i1la, Morpungo and Cominetti, 1941,

Mann and Hurn, 1948). This type of investigation is fraught
with difficulties, and the whole question needs further probinge

In the previous experiments it was tacitly assumed that the
substance added in fresh serum or in "prothrombin" solution
was actusally prothrombin itself, but there is no absolute proof
that the factors activating the platelets were not part of the
complement complex. This fact must be born - in mind in
considering the actual mechanism of clot retraction which will
be shown in chapter 8 to be due to an activity on the part of
the platelets closely akin to the movements snd sticking
together of 1euoocjtes, rhenomena which are generally looked
upon as beiné under the influence of compleoment o

The final conclusion appears to be, that of the plasma
components only fibrinogen plays an easily measurable role in
clotb retraétion. in activation of the platelets, which is
gufficient tb bring about clot retraction, takes place in the
very first stages of coagulation, and the retraction proceeds
aftgrwards independently of other plasma components . The

schbivation is initiated by minute smounts of the essential

substance or subsbtances, and is not eppreciably increased by

their exmcesss
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CHAPTER 7.

FIBRINOLYSIS AND CLOT RETRACTION.

As a last plasma cdmponent that might influence
retrac tion fibrinolyéin will now be considerede

In malignant petechiél fevers the-clot is "so broken
as to deposit a sooty powder at the bottom of‘the.vessel,
the uppér part being either a livid gdre, or a darkegreen
snd exceedingly soft jelly". These obsefvations were made
in the early part of the 19th century (Thackrah, 1819). The
same type of clot was noticed post mortem in cases of death
from lightning, canine madness, blows on the stomach, and
mental emotions. In 1947 Biggs, Macfarlane and Pilling
suggested that the occurence of fibrinolysis was a component
of the initial phase of the alarm reaction of Selye, thus
confirmihg these century old observations. | |

Johnston (1822) and Duncan (1822) noticed in the same
case of purpura haemorrhagica that the blood clot possessed

little consftency or tenacity. Gley (1896) found that
peptone,blood from different animals, or diphtheria toxin,

b g % M. W qs 66,
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material recorded in chapter 9 it emerged that the steength
of the clot depends firstly on the fibrin concentration in
the clot, as would be expected from first principles, and
secondly on destruction of the clot by fibrinolysis. A
platelet containing clot certainly becomes firmer as the
serum is squeezed out during retraction, but the strength
is not altered.s On the other hand, the destruction of the
clot by fibrinolysis is clearly demonstrated in the photograph
in figure 26 which shows a clot from a patient with marked
fibrinolytic activity. Other non-physiological factors
affecting the character of the clot were demonstrated in the
work of Ferry and Morrison (1947).

The experiment during which the clot shown in figure
26 was obtained demonstrated conclusively that clot retraction
is in no way affected by the
process of fibrinolysis. A
patient was given a transfusion
of 500 ccs. of blood and the
clot retraction estimated at

different intervals after the

transfusion, During this tims
Figure 264 Clot from a

patient with marked the patient developed very
fibrinolysis. The picture
was taken 3 hours after marked fibrinolytic activity;

the clot had formed,
the clot taken 60 minutes after

the transfusion, at which time the patient felt faint and
was pale and cold, was digested completely in 3¥ hours,
This fibrinolytic activity rapidly passed off and the clot
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when injected intravenously led to absent clot retraction and
lysis of the clot. Lenoble (1896) remarked on the dissolution
of the clot in "marsh cachexia™ with purpura and in severe

jaundice; this type of clot was observed in generalised

purpura (Grenet, 1903 ), thyrotoxtcosis (Kottmann and Lidsky,
1910), cirrhosis of the liver with haemorrhagic tendency
(Goodpasturs, 1914), in purpura and hepatic cases (Emile~Weil,
Bocage and Isch=Wall, 1922), in abstructive jaundice (Carr and
Foote, 1934), in cases with haemorrhagic diathesis (Fmile~Weil
and Perlds, 1934) and in jaundice by Boyce and McPetridge (1937,
1939). Duke (1912) and Fonio (1923), on the other hand, found
the clot very strong, althaugh non-retractile, in cases of
purpura. Bril® and Rosenthal (1923b) believed that the
platelets caused a firmer and more fibrinous coagulum, but
Kristenson (1932) showed experimentally that platelet-free
clots are stronger then clots with platelets,
Tocantins (1936a & b) produced thrombocytopenic

purpura in dogs by injection of anti=-platelet serum and
found the clots very poor and fragile. He therefore concluded
that platelet=-rich clots are firmer, more rigid and elastic
than platelet=free ones, a statement which has since been
repeated in most textbooks (Quick, 1942, Wintrobe, 1947).
The possibility of fibrinolysis to account for these poor
clots was not considered in the experimentse

A very simple control experiment demonstrates the
independence of the character of the clot on the presence

or absence of platelets.(Experiment 32) o In figure 24 two
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tgken 240 minutes after the transfusion showed no lysis
even after 24 hours., But the retraction in all the 5 clots
taken during the experiment remained the same (Experiment 33).
There is thus no doubt that clot retrsction and fibrinolysis
are different and unrelated processes,

It is not the purpose of this work to investigate the
problem of fibrinolysis, but it was hoped that the presence
or absence of fibrinolytiec activity might in some way
differentiate between the "idiopathic or essential™ and the
"allergic or hypersensitive" types of purpura. This hope was
not fulfilled by the small number of cases -~ nine - examined
since the investigation was begun. Although fibrinolysis
was less common in the typical essential purpuras it did
occur in one such case, and it was absent in two cases
ocecuring in relation to the taking of drugs. As fibrinolysis
to such a marked degree depends on the mental state of the
patient during a very short period before the blood is taken
for examination and may be only a passing event, the negative
result is perhaps not surprising. A much greater number of
cases must be investigated before any conclusions can be
reached,

In these experiments it became apparent that the
suspended clot method completelj oversomes the possible
error of mistaking fibrinolysis for true clot retraction,
especially when using whole blood for the test. During true

retraction the serum is squeezed out in bubbles and rises to
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the surface of the

suspension fluid, The serum

liberated by fibrinolysis

as the clot itself.

g — clot.

is so intimately mixed with

Appesrance of olot during Appear:
trus clot retrsstion. fibrinolyeis.

DIAGRAK DEVCHSTRATING THE DIFFERENGE BETVERY THE CLOT the cells of the blood

ACTIVELY OONTRACTING ARD ANOTHER UNDERQOTNG FTEBRINDLYSIS.

that the mixture retains

Figure 27. the specific gravity of
the clot and remains as @&

layer on the outside. This difference is illustrated
diagrammatically in figure 27. The experiment quoted
(Experiment 33) showed the fastest lysis that has been
encountered during the two years the phenomenon has been
looked for, but even in this case the retraction was
completed before the lysis became effective, and as mentioned
the fibrinolysis did not affect the final retraction.

In conclusion it may therefore be stated that the
strength and firmmess of the clot is not dependent on the
presence of plateletm in the blood. It depends on the
fibrinogen concentratioh and on fibrinolytic activity. Some
cases of thrombocytopenic purpura have fibrinolytic
gctivity and therefore show a poor clot, but so do some
cases of purpura not associated with few platelets. The same
type of poor, fragile clot may be present in many other
morbid conditions, and may be found in otherwise normal
persons after anxiety, shock, or excessive exercises.
Fibrinolysis by itself does not influence clot retraction, and

the two processes are probably entirely unrelated,
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milk clots is not explained this type of comparison is of

little value,

Howell (1916) apparently considered syneresis and
retraction mueh the same. He brought into the argument
several electrophoretic observations, suggesting that
fibrinogen might be of two types, one negatively and one
positively charged, but no real explanation emerged.,

Leschke (1926) called retraction deswelling ("Entquellung")
and thought the none-retraction was due to a distmmbance of
ion-concentration.

8 unique view was expressed by Lempert (1932) who
believed that the retraction was partly due to shortening
of the fibrin fibres, but was mainly caused by the drawing
out of the serum from.the clot by attraction between serum
and the wall of the container in which the clotting took
place; hence the marked dependence of clot retraction on the
material of which the vessels were made. In spite of this,
he adso considered the syneresis of gels, éuch as silies,
the same as the retmaection of the blood clot,

Ebbeke (1939, 1940) after an involved physico=chemical
discussion considers the retraction of siliea gels and blood
clots as an "after=coagulation" ("Nachgerimnung"), which is
supposed to be due to a continued polymerisation of the
fibrin fibres after the real coagulation has oeccured, in fact
much the same as the suggestion of Hawﬁ, ve.Zandt and Porter

(1947), who from their studies of fibrin formation under
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fibrin molecule belongs to the seme group as myosin and
keratin., |

This particular mode of formation of the fibrin network
has been observed and confirmed fop many years (Mayer, 1907,
Hekma, 1916, Wolpers and Ruska, 1939, Mommaerts , 1945,
‘Sehmitt, 1945, Hawn, v.Zandt and Porter, 1947)a

Two tempting explanations of clot retraction arise
from the process of fibrin formation, The first has been
mentioned:= the lateral aggregation of the fibrin fibres
continues after the coagulation has taken plaece, and the
serum is thus squeezed out from the spaces between the
fibres., T™e other explsnation would be, that as fibrin is
so closely related to myosin it might contract in a similar
manner. Bailey, Astbury and Rudall (1943) actually showed
that an unstretched a form and a stretched B.form exists
both of fibrinogen and fibrin, but they have never seen the
one form change into the other without artificial
stretching (personal communication), However, both these
explanations presuppose that the clot contracts in the
absence of platelets, a phenomenon which never takes places
Furthermore, it might be expected that the sggregetion or
fhe shortening of the fibres could be observed under the
mieroscope, but that has not been seen,

Comparstively little experimental work has been
carried out on the syneresis of gels, end its exact mechanism
is by no mesns clear. (Graham, 1864, Kuhn, 1928, Kunitz,1929,
ILiepatov, 1929, Ferguson and Appleby, 1930, Prakesh and

Ther, 1930). There are, however, importent differences
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independent of these bodies.,

As mentioned, the French school did not attempt an
explanation of the action of the platelets in clot retraction,
They did believe that they were living wells and observed
the movements and changes in them (Arthus and Chapiro,1900,
Achard and Aynaud, 1908). Duke (1912) suggested that absent
clot retraction might be due to the fact that platelets were
not present to anchor together the filaments of fibrin, and
in their contraction the fibres would therefore simply slip
between each other, but the clot as a whole would not
contract. Frank (1915) stated that "the masses of platelets
sitting in the fibrin network bring about retrsation by
their shrinkage",., Tait and Green (1926) observing the
phenomenon in frog's blood came to the conelusion that "the
eontractien of the net was due to a pull exerted by the»
agglutinated thrombocytes upon the threads",.

Roskam (1926) believed thet retraction essentially
depended on the properties of the fibrin, which could be
altered in the direction of greater contractibility by the
presence of numerous platelets in the fluid during its
coagulation, This was much the same view as that of Mackay
(1931). A slightly different opinion was expressed by
Fuchs (1931 ):~ the retraction was supposed to depend on the
non=homogeneous structure of the fibrin network which was
.duve to the occurence of cqagulationnoentres in the plasma,
Platelets, rough glass wells, calcium oxalaste etc., could

all give rise to such centres and therefore to retractione
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Much the same idea of "coagulation-centres" was expressed
by Tazkem (1937 ).

Tocentins (1934) stated that "marmelisn blood or
plasma, even when free of platelets, possesses all the
elements needed for syneresis. Its promptness, degree, or
any menifestations at all of its presence under certain
conditions, are greatly helped by an adequaﬁe number of
intact platelets". He again ebserved under the microscope
how the platelet in the interior of the clot converged
towards the fibrin needles, adhered to them and formed
large "knots" at their intersections, which were supposed
to strengthen the fibrin framgwork and render the clot more
rigid, firm and elastic. As the knots were formed, the
fibrin fibres became bent, twisted and shortened, and it
was perhaps while this was going on that the clot underwent
the visible reduction in volume, or syneresis (Tocantins,1936 )

The suggestion that clot retraction and fibrinolysis
ere much the same manifestation (Hirose, 1934, Ferguson
and Erickson, 1939, Ferguson, 1943) has already been
discussed and disprovede

Finally, it should be mentioned that Glanzmann (1918),
after quoting the observation of Sacerdotti (1908) that
following the injection of anti-platelet serum the retraction
recurred before the return of platelets to the blood stream,
came to the conclusion that the retraction depended on =a
ferment, "Retraktozym", which in some cases of "thrombasthenid

was absent, or present in a less active form. This would
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presumebly be much the seme as the "tissue fibrinogen" of
Mills (1927 ) which was mentioned earlier,

Some of these theories are directly opposed to the.
observed facts of clot retraction, others are mere suggestions
which have passed through the authorst! minds while working
on the problem. The forces at work end the way they are
applied during the retraction have remained obscures

The greatest obstacle to the final elucidation of the
mechanism of clot retraction is the difficulty or impossibility
of watching the process under the microscope. Platelets and
particularly fibrin adhere to glass surfaces, and with the
small amounts of plasme with which one is c¢ompelled to work
under these circumstances the forced of retraction are too
smell to overcome the adhesion, and no retraction takes placee.
Even in hanging=drop preparations watched under the phase«
contrast microscope, no convincing observations could be made,
Coating the slides and coverslips with silicone or ferrie
stereate, which has the same non~wettable properties;
letting the clot float in liquid paraffin, or coating the
glass with gelatine, did not improve the conditiond, The only
important facts that emerged from these time=-consuming
efforts were, that although threads of fibrin might occasiomally
be seen waving freely in the serum they were never observed
to contrect. On the other hand, two or more platelets were
seen to merge together even when originally far apart, the
distance sometimes being 12 to 15 times their diameter. But

es a fine strand invariably stretched betwemn these platelet
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peculiarly patchy throughout the clot, a fact that would
suggest that it is not a generalised shortening of the
fibrin fibres which produces the contraction, a suggestion
which is also supported by the observation that the fibrin
. fibres have not become thicker or in other ways changed.
But it cannot be determined from‘these pictures whether
the fibrin fibres draw the platelets together, or whether
the platelets pull the fibrin network with them as they mergee.

Many attempts were made to stain the sections
differentially in an effort to demonstrate some linkage,
other then fibrin, between the platelets, but no suitable
stain was found. The same difficulty was encountered by
Pinniger and Prunty (1946).

In view of the fact that birds! blood produces a
much more finely meshed fibrin network, and that the cells
corresponding to the mammalian platelets arerlarge nucleated
thrombocytes, it was expected that more information could
be derived from this type of blood. The previous procedure
was therefore repeated on the plasma from a hen, whose
whole blood showed a clot retraction of 28 per cent with
the usual suspended clot method.

Te photographs in figures 34, 35 and 36 show the
sections of the clots at different stages of their
contraction. Again the nucleated thrombocytes are seen
'lying discretely in the clot in the pre=contracted stage.
Later, as retraction takes place, they come together in

clumps and ih this case it is quite clear that it is the









113.

As trypsin does not attack living tissues a final
experiment was done to demonstrate the sama phenomenon
in human blood. (Experiment 34). By digesting the fibrin,
and probably other proteins, before and during the process
of coagulation it was possible to overcome the adhesion of
the platelets to the glass slides; the phenomenon illustrated
in figure 37 could then be observed, As staining would
inhibit the activity of the platelets photography was
unsatisfactory and a drawing is therefore presented.

The whole process shown in

wee SINGLE PLATRLET OF NOEMAL
ﬁ SIZE.

MASSES OF 10 10 12 AGGLUTIMATED
PLATELETS,

the picture took 20 minutes

to be accomplished. No fibrin
was seen anywhere in the
preparation and the
"pseudopodia™ were considerably
thicker and less sharply

defined than ordinary fibrin

fibres *
T . This observaetion thus
S —— explains what takes place

PHE PIERIN HAS BEEN DIGRSTED WITH TRYPSIN.

during clot retraction, an
Figure 37.
explanation which was already
suggested by the photographs of the ordinary human and the

chicken clots during their contraction. The platelets send

out fine strands of cytoplasm which join with the cytoplasm
of other platelets. Subsequent shortening of these strands

draws the platelets together, and as they are firmly
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attached to the fibrin network the fibrin fibres are also
pulled together and the whole clot contracts with a squeezing
.out of the serum. Strang support for this explanation is
found in the coagulation process of lower animals. Although
a certain caution is essential in drawing conglusions from
comparative physiology, the analogy in this instance is so
close that it appears safe to accept it.

Deekh%%&en (1901) showed that the clot in the lower
fams of animal life was made up of a network of cells.
Loeb (1903, 1906, 1907, 1909, 1910, 1927, 1928), working on
the coagulation and haemostasis in crustacea has for many
years stressed the primery importance of the cells in the
clotting mechanism of these animals,

In the blood of the crab, Limulus polyphemus, which does
not contain fibrinogen at all, the coagulation is entirely
a function of blood cells. In the gross the clot contracts
in the same way and with the same speed as mammalian.blood,
end under the microscope the process can be followed closelye.
In the first few minutes the blood cells become connected
in some way by submicroscopic threads, even when far apart
and without having previously touched each other. During the
next 5 minutes the cells begin to come together. They merge
into clumps or strings, between which fluid-filled spaces
become visible. In the end a network of cells is formed sand
the pseudopodia-like processes of the cells are all connected
to each other, and this cell-network then retracts exactly

as the memmalian clot, although no fibrin is present,
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In the lobster two forms of coagulation occur. ; one is
the process just described which takes place first; the other
is a superimposition of fibrin formation of an extremely
fine meshed type s

In the mammalian blood the two processes take place at
nearly the same time, and this would appear to be the reason
why the platelets have received rather scanty attention, and
that their importance for some decades has been minimised in
the mechanism of haemostasis.

Loeb found that cold, high concentration of sddium
chloride, hydrochloric acid and other acids, and heating to
439GC, hardened and stiffened the cells and thus prevented the
coagulative changes in them. Calcium was eassential to the
process, but in excess it "stiffened" the cells in the same
way as the treatments just mentioned. These are the very same
things which have been found to inhibit clot retraction.

Alsberg and Clark (1908) confirmed Loeb's early
observations and showed that the cell fibres making up the
clot in Limulus had quite different properties as compared to
fibrin, but was related to elastin and collagen. Tait and his
collaborators (Teit, 1918, Tait and Burke, 1926, Tait and
Green, 1926, Tait and Gunn, 1918), also working with lower

animals, came to much the same conclusions as Loeb, and, as

already mentioned, found that in the frog's blood the
contraction of the clot was due to the pull of the agglutinated
thrombocytes. This coagulating function of the crustacean cells

had been suggested by Hardy (1892) who described "explosive



116,
cells" which during their bursting formed the clot by the
protoplasm liberated; Tait and Burke (1926) showed by dark
ground microscopy that memmaelian platelets give off blebs of
fluid which float away from them in straight lines, after

which strands of "fibrin" form where they have passeds

'Bizzozero (1883) demonstrated that the composition of the

thrombi formed in the vessels of the frog was essentially
the same as in the rabbit, in both cases consisting entirely
of cell accumulations. Apitz (1930) produced thrombosis in
thé veins of the rabbit by painting the walls with alcohol;
The thrombi formed long before fibrin was ﬁroduced, or even
without fibrin ever being laid down, and they were seen to
consist of a network of platelets with red cells entangled
in the net., ILater this network was completely contracted
and tre red cells squeezed out. Hirudin prevented this network
formation of the platelets. Again the analogy ié close to the
Limalus clottinge

The comparison between the nucleated cells of lower
enimals and the platelets.of mammals is old. Dek%?%zen (1901).
discussed this problem at length, and Schridde (1911) came
to the conclusion that the thrombocytes of lower animals
and the mammalian megakaryocytes were structurally and
genetically the homologues of one and the same cell which
circulated in the blood of exténct animals; this conclusion
was repeated nearly word for word by Hartmann (1925). The
whole question has been summarised by Fuchs (1933) and in the

edmirable review by Silberberg (1938)
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In the phylogenetic evolution two pfocesses en the part
of the blood, and quite aﬁért from the important vascular
mechanism, have developed ggainst blood loss:=~ the cellulsar
mechanism and the conversion of the colloid plasma constituent
fibrinogen into fibrin. The first was the earliest and is the
one existing in the more primitive organisms. The seeond has

- been added in the higher animals, but the primitive cell

mechanism persists and precedes the coagulation. In invertebrates
the "emoebocytes! in the lower vertebrates the "spindle cells"
or "thrombocytes", and in the memmals the "platelets" react
in a similar manner to certain.environmental changese. It may
be added that one of these reactions is the contraction of
the network that forms the clot.

Care has been exercised in the previous discussion not
to use the word "agglutination" as descriptive of this
retractile function of the platelets. Wright and Minot (1917)
pointed out that "viscous metamorphosis" must not be confused
with - agglutination and lysis as produced, for example, by
anti-platelet serum. From their minute description of the
changes during viscous metamorphosis it is abundantly clear
that these changes are identical to the changes in the
platelets during retraction described above. Good pictures.of
viscous metamorphosis have been published by Stubel (1914),
Ferguson (1934), and Best, Dowen end Maclean (1938).
Photographs taken with the electron microscope, showing
beautifully the long cytoplasmic pseudopodia soent out from

the platelets,are presented in the papers by Wolpert and



118,
Ruska (1939) and Bessis and Burstein (1948). The "adhesiveneés"
of the platelets investigated by thght.(194l) is undoubtedly
the same proaeess.

Simple agglutination of platelets frequently takes place
without the occurence of viscous metamorphosis, and confusion
as to the function of the platelets will persisb as long as
the distinction between the two phenomena is disregardede.

In Wpight and Minot's experiments wviscous metamorphosis
was caused by fresh serum and by oxalated plasma on addition
of calcium,vbut not beforey a mixture of oxalated plasma and
thrombin did not cause metamorphosis until calcium ﬁas added,
The serozyme of Bordet and Delange (1912) which is in reality
impure prothrombin, produced marked metamorphosis when
celcium was added. Whether or not free thrombin was present
in the mixture made no difference. The substance causing the
platelet metamorphosis was partly used up during the process,
which presumably must mean that the prothrombin was converted
into thrombin while the metamorphosis was going on. Serum
globulin plus calcium caused a very rapid and typical change
in the platelets. Heated serum and serum treated with barium
sulphate for two hours did not bring abaut this change. If
large amounts of cephalin or platelets were added to the
éerum end then spun away, the serum lost its power to cause
me tamorphosis although it would clot fibrinogen, presumably
again because all the prothrombin had been converted into
thrombine. Pure thrombin, snti=thrombin, thromboplastin alone

or mixed with thrombin, anti-thrombin and calcium, did not
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cause the specific change in the platelets, and finally
fibrinogen solution had no effect., Most of these substances
agglutinated the platelets, which was obviously an entirely
different effect., Agglutinated platelets, when given the
right stimulus, would still undergo metamorphosis in the same
way as it has been mentioned that they will produce clot
retraction and that an injection of peptone or colleidal
substances will caﬁse an agg}utination of the platelets in
thg organs which is rapidly reversible; these previously
agglutinated platelets afterwards produce normal retractione

If these obaervations are compared with the findings
presented in the previous chapter, the similarity is striking.
Clot retraction and viscous metamorphosis of the platelets
will only take place under the stimulus of the conversion of
what is at the present moment spoken of as prothrombin into
thrombin, end the effect is #m the form of a "trigger=action"
and only minute amounts of the substance orvsubstances need
to be present,

In this argument, in which clot retraction is considéred
a biological phenomenon and not a simple phySico—chemical
process like syneresis, it becomes unavoidable to consider
glso the 0ld controversial question whether platelets are
living cells or simply dead bits of protoplasm floating
round in the blood stream, Amodboid or very similar movements
of the platelets have repeatedly been observed(Deetjen, 1901,
1909, Kopsch ,1901, Achard and Aynaud, 1908, Stubel, 1914,

Van Herwerden, 1920). This movement can be inhibited by
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"¥311ing" the platelets by many different means, which also
prevent viscous metamorphosis end clot retraction:=
Heating to 42°C. apparently changes the surface layer of the -
ﬁlateléts. Théy become rounded and fixed (Acherd and Aynaud,
1968a) and will not produce retraction (Experiment 35)e This
effect and the effect of agéing can be reversed by addition
of small amounts of acids (Le Sourd and Pagniez, 19103
pllgaarq (1948) who rediscovered the fpenomenon showed that
mercuric éhloride and saponin in minute amounts hadvthe same
restoring action. These substances must act in the presénce ,
of plasma to reverse the heating effect, and the exact
mechanism is not completely clear,

Poisons of many sorts "kill" the platelets. As early
as 1819 Thackrah demonstrated that opium pre#ented clot
retraction, And since then it has been found that ether,
chloroform vapour, cocaine, many stains like methylene blue,
eniline blue, brilliant‘cresyl blue, methyl violet and trypean
‘red has the same effect (Achard and Aynaﬁd, 1908e, 1909 b).
It is intereéting to note that neutral red in low concentration
doeé not interfere with 'retraction (Experiment 36) Neufral
red stains the granules of the platelets if they are "glive"
but not when inactive, an eas& test for their functional
integrity. It is possible that penicillin in large amounts
has the same action although iﬁ also in some way affects the
coagulation medhanism, shortening it in vivo and prolonging
it in vitro.(Moldavsky, Hasselbrock, Cateno and Goodwin, 1945,

Fleming and Fish, 1947). It should be noted that platelets
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"killed" by these diverse methods will still agglutinate
among themselves and will also cmmse agglutination of
bacteria (Achard and Ayraud, 1909, Roskam, 1923).

Other evidence of the vital activity of the platelets
is suggested by such observations that they, like other living
cells, reduce methylene blue (Achard and Aynaud, 1908c9, and
that they consume oXygen and produce anaerobic glycolysis
(Loeber, 1911, Endres and Kubowitz, 1927 ). Since Wright (1910)
demonstrated their origin from the megakaryocytes it has
been shown convincingly many times that the platelets contain
nuclear substence (Van Herwerden, 1920, Willi, 1935, Rohr and
Koller, 1936). In this connection it must be remembered that
even after the nucleus has been artificially removed from an
amoeba the cytoplasm will still continue its amoeboid
movements, and a common observation is to see bits of cytoplasm
torn off from leucocytes move in the same way as & whole cell
in vital staining preparations. The borderline between}"life“
end"death" is difficult to determine in these comparatively
simple structures in which life closely approaches physical
chemistry. The platelets have much the same chemical
composition as leucocytes (Erickson, Williems, Avrin and
Lee, 1939), &nd,as demonstrated in experiment 34,they are not
attacked by such strong proteolytic enzymes as trypsine Most
of the phylogenetic and experimental evidence, therefore,
appears to indicate that the platelets are living structures.

To summerise, the conclusion is reached that in the lower

forms of life the cells - amoebocytes or spindle cells = are
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thé only clot-forming elements in the blood. On injury to the
vessels of the animal, or exposure of the blood to foreign
surfaces, these cells undergo changes that conveniently may
be called viscous metamorphosis which leads to the formation
of a network; this network later contracts and becomes firmere.
Higher in the scale,as in the lobster,this clotting still
takes place, but it 1s after a short time followed by the
change of thevplasma component fibrinogen into fibrin, which
presumably further strengthens the clot. The next step is
seen in birds in which the beginning of the metamorphosis of
the cells, now more specialised structures called thrombocytes,
and the laying down of the fibrin take place nearly simultasously
and where the contraction of the cell=-network pulls the
fibrin=network together, squeezing out the serum and producing
a firmer and more compact'clot. Finally, in the mafmeals the
cells have lost their definite nucleus and have become the
highly specialised platelets, but the mechanism is fundamentally
the same; the onset of the metamorphosis is the primary change
in the blood after injury to the vessels or exposure of the
blood to foreign (wettable) surfaces, and it is immediately
followed by the next step, the formation of a fibrin network.
After the fibrin is laid down the metamorphosis of the
platelets continues and, aw before, causes that final
shrinkage of the clot with exudation of serum which is called
clot retraction. The degree of retraction is therefore

primarily dependent on the number of plateletss
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CHAPTER 9.

G B B R O W W e e e B

THE FUNCTION OF CLOT RETRACTION AND ITS BEHAVIOUR IN DISEASE.

Three suggestions have been made fo; the function of
clot retraction. The generally accepted one is that of
Fonio (1921, 1928) who believed that retraction acted as =
ﬁphysiological ligature™ of the vessels. The clot becomes
adherent to the injured or torn vessel wall and by its
contraction diminishes the apsrture in the vessel, thus
promoting haemostasise. No proof for this contention has ever
been provided. The second and less comprehensible suggestion
is that of Lempert (1932, 1934, 1938), He thought that
retraction was the forerunner of embolism:- "By the strong
gsurface forces of the vessel wall the serum is drawn out of
the fibfin meshes, and the adhesion between wail and clot is
overcome". The clot thus becomes loose in the lumen of the
vessel and embolism follows. This pecudiar conception needs
no comment,

Both these suggestions presuppose a considerable force

exerted during the contraction of the clot. All the available
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evidence points in the other direction. The slightest

adhesion of the clot to the walls of the glass tubes impair
the retraction; stronger adhesion as to collodion completely
impairs it, | |

The third suggestion therefore came from Kristenson (1932)
who in a very indirect way tried to measure the force of
retraction, He let plasma clot in lqng glass tubes, and after
the retraction of the clots had taken place, considerably
shorfening the clots, he measured the weight necessary to
pull the clots out to their original length. This force he
took to be the same aé that of the previous retraction. The
force was very small indeed, and would only suffice to bfing
the walls of cébillaries together, His suggestion for the
function of retraction was therefore that after thrombosis
the contraction of the clot restored the patency of the
vessels, although the clot remained adherent to the wall in
some parts; the very opposite of Foniol!s idea,

- As Kristenson's way of measuring the force of clot
retraction is obviously not scceptable an attempt was made to
estimate it in a more direct manner (Experiment 37). A
thin-wslled bag of collodion with a volume of about 20 cecs,.
was constructed and attached to a Westergren sedimentation
tube, The bag was filled with platelet~rich plasma with a
clot retraction of 88 per cent, and the retraction was
allowed to proceed with the bag immersed in the trichlors

ethylene~paraffin mixture. The force of the retraction was



je———————— TWESTERGREN SEDDMENTATION TUEE

~ COLNAT OF SERWM.
[— SHORT PUBGER TUBE TO FERMIT
FILLIFG OF THE BAG.

== OOLIQDICK BAC OORTADIING
THE CLO2.

TRICALORETHYLENRE ‘ARKD
LIJUID PARAFFIN OF SFEC.CR. 1.030-
THE FiUID IS KEFT 4T A TEMPERATURE
@ 37°C.

APPARATUS 2 THE ESTINATION QP f5k FORCE OF CLOT RETRACTION,

Figure 38,

125
spent in drawing the bag
together and lifting the
dolumn‘of éeruﬁ in the -
Westergren tube. Figufp'se
illustrates the procedure.

In several experiments the-
higheét the serum rosé in

the tubé was 19 mms, Although
the exact force necessary

to pull the collodien bag
together was not calqulatéd

it must be‘very small, and the
total force of the clot

retraction>must be

. correspondingly weak. In consideration of its mechanism as

_explained in the previous chapter, depending on the

contraction of extremely delicate strands of platelet '

cytoplasm, this result was not unexpectede.

The most'reliab;e direct measurements of the pressure

inside the capilleries have shown that the pressure in the

arterioclar end of a-éapillary igs 43.5 cms. and in the

venous end 1645 cms of water (Landis, 1934). Both these

pressurés are therefore much higher that the force exerted

by clot retraction, and it appearé most unlikely that the

retraction in any way influencgs the lumen of even the

‘smallest vessels; that it should act as a physiological
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ligature is out of the question. Further, when it is
remembered that both platelets and fibrin have a marked
tendency to adhere firmly to foreign surfaces as presented
by en injured vessel wall, an adhesion which, at least in
vitro, is only broken down by the clot undergoing fibrinolysis,
it becomes unlikely that retraction occurs with any frequency
in vivo.

In caseé of thrombosis the most likely sequence of |
events seems to be that pletelets accumulate st a point where
the surface of a vessel is temporarily or permanently altered.
The loose masses of platelets become more compact by their
contraction and therefore less easily swept awaye. The accumu-~
lation is followed by an obstruction to the free flow of blood
with a subsequent laying down of a fibrin clot. This clot
' will 1ie in & vessel with intact walls end will therefore
not be adherent, and it would presumably be of advantage if
this loose bulky clot shrunk to a smaller and more compact
size, and one function of clot retraction might thus be
stipulated. It would be a very insignificent funetion, and
in any case highly speculative; from the reasoning presented
in the last chapter a more acceptable hypothesis is proposed:e

The peculiar change occuring in the amoebocytes of the
earliest and lowest animals, i.e. viscous metamorphosis, which
'apparently in these animalé is the main haemoststic process
acting in conjunction with the more important tissué and

vessel contraction, has been retained through thé dewvelopment

8f the nucleated thrombocytes to the highly specialised
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platelets. Clot retraction may therefore be looked upon as
8 phylogenetic relic which has been retained in spite of the
development of more complicated and more efficient haemostatic
mechenisms; in the higher organism it no longer serves & |
purpose, but is simply by chance superimposed on the coagulation

system of these gnimels. It should be understood that in this

hypothesis the role of the platelets themselves in haemostasis
is in no way minimised. They serve an important purpose bj
temporarily blocking breaches in the vascular system as
pointed out by Macferlene (1938), and they are presumably a
ready source of thromboplastin for the coagulation of the
blood. It is only their function as promotors of clot retraction
which has become redundant with the development of the
more perfect haemostatic mechanism of higher animalse

This idea is supported by clinical observations. It has
never convincingly been demonstrated that a defect in clot
retraction slone in any way reduces the efficiency of
heemostasis. Only when it indicates & diminution in the
number of circulating platelets, as in some cases of purpurs,
is it of significance in the investigation of haemorrhagic
diastheses. Cases of pneumonia, myelomatosis, liver disease etc ey
with ebnormally high fibrinogen concentration and therefore
impaeired or even ebsent clot retraction in spite of normal
numbers of platelets, show no blaeding tendency, the
tendency in liver disease being related to low prothrombin
or vascular changes (palmar erythema and spider telangiectasis)

The same applies to polycythaemia. The position of Glenzmaenn's
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disease will presently be dealt with in detail,
—emm=m0000m————

There can be no doubt that the reports in the literature
on clot retraction in different diseases must be accepted with
caution and scepticisme. As discussed in chapter 1 a multitude
of unreliable methods have been employed for its estimation,
and in the majority of the reported cases the particular
method employed is not even indicated, thus adding to the
uncertainty. As the true significance of clot retraction has
been obscure or confused in the mind of most clinical observers,
its estimation has quite rightly been relegated to the less
important investigations of a case, When great disproportion
is feound between the number of platelets and the retraction
in a particular case, even with normal fibrinogen content,
rapid and often considerable changes which occur in the
number of platelets in the peripheral blood should be
remembered, Ivanitsky-Vasilenko and Klinova (1937, 1938)
reviewed the literature on this question, and in their own
experiments they obtained remarkable results. They found
the average normal platelet count to be about 300,000 per cmm
by Lempert's method. During the night the count dropped to
200, 000 per cmm, Dipping the hand in hot water raised the
number to 480, 000. Strong emotions and heavy work caused a
rise of 200,000, Injection of atropine, compression of the
carotid s:inus, or holding the breath raised the number by

130, 000 to 200, 000, Lowering of the count by 100,000 to

200, 000 per cmme was produced by such procedures as standing
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on the head for 3 minutes, hypnotic sleep, looking at
pleasant food, sham feeding, chewing gum, eating an ice cream,
forced breathing, pressure on eyeballs, taking morphine,
bromides or quinine, or injection of pilocarpine. Another
source of error was pointed out by Birch (1930) who demonstrated
the budding off of separate pieces of cytoplasm from white
cells which looked exactly.like platelets and might explain
high -"platelet™ counts in spite of bladeding in such conditions
as leuksemise. Unless the platelet count and the clot retraction
estimetion are done at the same time, or even better on the
same blood, no correlation between the two will be fdund. of
all haematological investigations the platelet count is aléo

the most unreliable,

Purpurs.
It is not possible to trace the description of the first

case of the classical combination of purpura and deficient

olot retraction. Thackrsh(1819) mentioned that it was known

at his time, and Duncan (1822) who bled a case of purpura
haemorrhagica, both as a means of possible cure and as he

was enxious to see the state of the blood in this disease,

found that no serum sepersted from the clot., The same observatior
on the same patient was made by Johnston (1822).

| The diminished number of platelets in the condition was
described by Brohm (1881) and by Denys (1887.) who also

described a case of phthisis with purpura in whom the platelets

were normale. It was Hayem (1895) who first correlated the
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pbor clot retraction with the low platelet number, and since
then they have been accepted as the two characteristic blood
abnormelities in essential or idiopathic purpuras haemorrhagicae.
The neme "essential thrombopenia" was suggested by Frank (1915)
and.has come into general use. That purpura could occcur
without deficient clot retraction was pointed out by Grenet(1903)
but he did not count the platelets in his cases which were of
inflemmaetory nature. Kaznelson (1919) thought that the
platelets must fall below 47,000 per cmm, before retraction
became impaired, and other figures have been published:

80,000 by Brill and Rosenthal (1923a), 120,000 by Clepton(1925).
A few cases have been described in which retraction occured

in spite of low platelet humbers (Whipple, 1926, Rosenthal,
1928 ) but from the information giben these can be explained

as due to severe ansemia and low fibrinogen concentration in
the same patients. Loosening of the clot would naturally
produce this result as it would then "retract" even in the
complete absence of platelets. It would serve no purpose to
tabulate here the complete 1iteratu;e consulted on the
question of purpura. All other accounts agree with the finding
of deficient clot retraction in cases with a diminished

number of plateletses

Heemophiliae

with a few exceptions it has been generslly accepted that
clot retraction proceeds normally in haemophilia (Morawitz and

Lossen, 1908, Minot and Lee, 1916, fmile-Weil and Perlds, 1934,
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Macfarlsne, 1938, Aggeler, Howard and Lucia, 1946, Gleiss,1947).
Lenoble (1898) remarked on the extensive sedimentation that
took place before clotting, which, however, did not alter the
retraction. Fonio (1936) noticed the curious behaviour of the
clot in some cases of heemophilia. The fibrinogen coagulated
in stages and some of the fibrin clot started retracting
before all the fibrin was formed., This phenomenon is frequently
seen with the suspended clot method. The outer layer of the
sphere doagulates first, starts contracting and squeezes out

some of the blood from the inside of the clot, which in turn

clots and sub;equently contracts., This phenomenon does not
alter the final retraction because a clot from the seme
heemophilic patient made to coagulate completely in less than
s minute shows the same retraction. (Experiment 27).

McKhan end Edsall (1939) called the haemophilic clot
hydrophobic, becsuse they thought it was thready and webby,
very rapidly retrasctile, and permitted the eseape of much of
the contained fluid with many of the formed elements. They
brought no experimental evidence in support of this statement.
Andreassen (1943), on the other hand, stated that in
haemophilia the retraction begins later that usually and proceeds
slower, but the final result is normal. Jirgens and Studer
(1948) found the retraction impaired, the defiency being

corrected by the addition of thrombin.

Liver disease.

As early as 1898 Lenoble found absent clot retraction

in patients with liver diseasse. This defect could not be
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correlated with the severity of the disease or the intensity
of the jaundice, and other casew had'normal contraction,

' This discrepancy has been noticed many times since (Morawitz
and Bierich, 1907, Kappis and Mackuth, 1930, fmile-Weil and
Perlds, 1934, Carr and Foote, 1934, Boyce and MeFetridge, 1937,
Macfarlane, 1938j). Emile-Weil, Bocage and Isch=Wall(1922)
found a lowering of the number of platelets in hepatic cases;
most of the counts were under 100,000 per crm. and some right
down to 25,000 per cmm, This would naturally explain the
impaired clot retraction, but mény cases of liver diséase
have a normel count and still the retraction is defectivee

| Aggeler and Lucie (1941) tried to correlate the poor
retraction with the lowered prothrombin concentration, an
attempt which they abandoned later (Aggeler, Howard and
Lucia, 1946).

The obvious explenation of the discrepancy is the change
which occurs‘in the fibrinogen concentration in liver disease.
Only in very severe eases of liver atrophy im the fibrinogen
diminished, otherwise the tendency is to a marked increase
(Whipple and Hurwitz, 1911, Foster, 1924). Very high values
may be reached, such as 1,200 mgs.per cent (McLester, Davidson
and Frazier,'1925), or 1150 mgs.per cent (Linton,1932) which

will completely inhibit retraction.

Thrombosis and Embolisme

Katrakis (1931 ) fBund that the onset of clot retraction

after the blood was taken, i.e. the retraction time, was Very

constant in each individual, but that the occurence of
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thrombosis in the patient shortened the time considerably.
The degree of retraction was not affected. As mentioned,
Lampert (1932) believed that retraction was the forerunner
of embolism. The shortening of the retraction time was also
found by Hirschboeck and Coffey(1943)and Hirschboeck (1948).
Zahn (1944) believed that the degree of retraction was lrcreased
in thrombosis due to the increased fibrinogen concentration
and the changes in acid/base balance of the blood in this
condition,

It has already been intimated that the onset of

retraction is dependent on external factors which are extremely
difficult to control. All the evidence points to the fact that
the stimulus to the platelets, setting off retraction, is
given in the very earliest stages of the coagulation process,
and the logical methéé to detect alterations in this mechanism
would be to use some three-stage analysis of coagulation as
suggested by Milstone (1948), by which the autocatalytic
conversion of "prothrombokinase, and the subsequent change of

prothrombin may be estimated.

Other conditions.

In table 11 are tabulated other conditions
recorded in the literature in which deficient clot retraction

could be explained by a diminished number of platelets:
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Disease. Author,
Anasemiae
Aplastic Aubertin, (1905 a & bJ
Rosenthal (1925 & 1928).
Pernicious Hayem (1896 )
: Lenoble (1898)
Barbonnier & paisseau(1910)
Rosenthal (1925 & 1928)
Refractory Aggeler, Howard & Iucia(1946)
Splenic

| Bismarsen Sensitivity

Cachexia

Infectious Mononucleosis

Leukaemia

Myelomatosis

Pneumonia

Scarlet Fever

Septicaemia

Smallpox
Typhoid Fever

X-ray Therapy

Evans (1929)

Aggeler, Howard

&
Rosenthal (1925 & 1928)

& Iucia(1946)

&

Aggeler, Howard & Lucia(1946)

Hayem (1896)
Bensaude (1897)

Aggeler, Howard & Lucia(1946)
Aggeler, Howard & Lucia(1946)
Aggeler, Howard & Lucia(1946)
Minot & Lee (1917)

Boucin (1925)

Raybaud & Scarpellini(1933a)
Hayem & Bensaude (190Ll)
Raybaud & Scarpellini (1955a)
Aggeler, Howard & Lucia(1946)

Table 11. Cases recorded in the literature in which
deficient clot retraction could be
ascribed to a diminished number of
platelets in the blood.
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Of more interest, because they have been a puzzle to
those who observed them, are the cases of deficient retraction
in spite of normal numbers of platelets. They are tabulated

in table 12

Disease. ' Authop,

Asthma | Thackrah (1819)

Bronchitis with emphysema | Paviot & Chevallier (1930)

Enteritis Thackrah (1819)
Hodgkin's disease Macfarlane (1938)
Myelomatosis Stewart & Weber(1938)

Lundsteen (1942)

Malignant disease Lenoble (1898)
Hayem (1900)
Van Allen (1927)

Osteitis in Typhoid fever Hayem (1900)

Pleurisy . Hayem (1900)

Pneumonia Thackrah (1819)
Hayem (1900)
Bensaude (1897)
Lenoble (1898)
Macfarlane (1938)

Pregnancy Thackrah (1819)
Rheumatoid Arthritis Lenoble (1898)
Syphilis Hayem (1900)
Uraemia | - Lenoble (1898)

Tundsteen (1943)

Teble 12. Cases recorded in the literature of
deficient clot retrgction in spite of
a normal number of platelets in the
blood (liver diseases not included).
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Thackreh naturally did no platelet gounts in 1819, but his
cases are included here as there is no reason to belie?e
that the number of platelets was diminished in the conditions
he described.
The striking feature dommon to all these condidions is
the possibility of abnormelly high fibrinogen concentrations
in the blood. One need only think of‘the‘better known
sedimentation rate, which depends on a disturbance of the
| plasma proteins including the fibrinogen, to realize the truth
of this statement. Foster (1924) found high fibrinogen Qalues
in carcinoma, pregnancy, pneumonia, pyelitis and typhoid fever;
in McLester, Davidson and Frazier's (1925) series values of
1400 mgs. per cent were found in carcinoma, pneumonia and
tuberculosis.- Nissen (1941) measured the degree of intoxication
in pneumonia by the height‘of the fibrinogen which often went
above 1250 mgs.per cent, and finally Stewart and Weber (1938)
mention the enormous value of 5480 mgs.per cent in myelomatosise
It is beyond doubt that the diminution in clot retradtion
in all these cases, which in many of them was not great, can
be explained entirely by a raised fibrinogen concentration.
It may finally be mentioned that the few reported cases
of abnormally high clot retraction have invariably been
associated with ansemia (Aynaud, 1911la, Gleiss ,1947). Clot
retraction in polycythaemia has only been found mentioned in
one publication, and in those cases the fibrinogen concentration

was extremely low and no proper clot formed (Bj8rkman, 1948).
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Qlanzmenn's Disease and Allisd Disorders.

In 1916 Glanzmann drew attention to the low number of
platelets in purpura, and in 1918 he published a series of
cases under the name of Hereditary haemorrhagic thrombasthenias
This article has been misquoted repeatedly until at present the
general conception is, that Glanzmann described a very rare
condition of haemorrhagic diathesis in which the only
demonstrable abnormality in the blood was absent clot retraction,
This is very far from Glangmann'!s originel idea, and as it is
of fundamental importance in connection with the present work
whether a condition of this type exists or not, the articls
will be translated in some detail, This may also serve the
purpose of bringing the misquotations to an end, especially
by people who have obviously never read the original work,
Estren, Médal and Dameshek (1946 ) have already drawn attention
to some of this misconception,

After a short review of the status of the platelets at
his time Glanzmann reports his observation that the number of
platelets falls in the peripheral blood during anaphylactoid
shock snd in most febrile infections, the platelets agglutinating
in the organs, particularly in the liver and 1ung$; in those
conditions associated with exanthema in which the reaction
mainly tekes place in the skin and periphery this phenomenon
is not found; in scarlet fever, measles, serum sickness and
anaphylactoid purpura the platelets thus increase in the

peripheral blood. He therefore suggests that the anaphylactoid

purpuras are due to changes in the blood vessels comparable to
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the other manifestations in the skin such as erythema, oedemsa
and urticaria, and similar to the damage to the vessel walls
due to faulty nutrition as in scurvy. |

He now describes his first case, a child with acute purpursa,
and makes the observation that as the platelets disappear from
the blood the clot retraction becomes absent} He counts the
platelets by the indirect method by which the normal couﬁt is
about 400, 000 per cmm, The clot retraction he estimates at
room temperature in tubes of 8 mms.interné1 diameter}*Which as
already pointed out is a most unfortunate method, as adhesion

eand inhibited retraction are bound to occur in an unpredictable

number of the tubese.
In this first patient the examination gave these results:=
Platelets 18, 000 per cmm.-Clot retraction absente.
Platelets 48,000 per cmm.=-Clot retraction absent,

Platelets 403, 000 per crm.=-Clot retraction not certain,
Platelets 288, 000 per cmme.«Clot retraction again normal.

The clinical observations and these findings were absoluely
typical of Werlhof's disease, or what today is called
thrombocytopenic purpura, and Glanzmann himself was certain of
this diagnosis.

He goed carefully into the family history and examines
several members with a history of a bleeding tendencya. In an
aunt of the child the clot retresction was "somewhat delayed
but then strong". The clot first became loose.at the bottom
and was pulled strongly upwards, whilst the upper third of it
did not separate from the glass walle Plenty of serum was

pressed out. The fibrin was apparently not diminished. There

was no abnormal sediment of red blood corpuscles. One of her
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children had 148,500 platelets per cmm. and absent retraction.
The mother of the case had had "inflammation of the lungs" not
less than six times. At the first examination the platelets were
342,000 per cmm, and retraction was absent, but after the patimnt
had been treated with arsenic the clot retraction became normal,
- glthough an abnormal sedimentation of red cedls took places
The father had 270, 000 platelets.per cim. and normal retraction,
and one brother suffering from pleurisy had 202,500 platelets,
end of retraction there was only a slight indication at a small
place low down at the glasswall. Another brother had 2492600
platelets per cmm., and the clot "pulled itself loose from the
gless wall and formed a weak, central, narrow pillar. Below an

abnormelly rich sediment of red cells collected. He gives a

picture of the clot which is reproduced
in figure 39, and which he considers

typical of abnormal retraction, a view

that would certainly not be shared by

others working on this problem. A third

brother died of a fulminating form of

"ARNCRMAL" CLOT RETRACTION APTER GLANZUANN,

"JMorbus Werlhofii"., He concludes this

' Figure 39. family investigation by stating that
there were four cases definitely of Werlhof's disease with
thrombocytopenia, two in the second and two im the thiid
generation, In the second generation out of 12 members 6
suffered from haemorrhagic diathesis, and in the third generation
three children had already shown signs of the condition.

In the second family which he examined the mother had
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112,500 platelets per cmm. and clot retraction "nearly absent",
One daughter had 315,000 platelets and no retraction, but after
treatment with Fowler's solution clot retraction recurred;
another daughter had 365, 000 platelets and there was evidence of
retraction; lastly, one child died of typical Werlhofts diseases

In the third family the mother showed 317,000 platelets
per cmm., but the clot retraction test was not performed; the
daughter had 504, 000 platelets per crm. and clot retraction was
present, slthough with an abnormally "rich dediment of red cells".

In the fourth family only one member was examined. She
showed 320, 000 ﬁlatelets per cmn, and the clot retraémion was
"gomewhat delayed".

In the fifth family the patient had 393,600 platelets per
cmm and no retraction; her deughter had only 59,200 platelets
and naturally no retraction.

In the sixth family again only one‘member was investigated;
she had heart trouble and pain in the chest, cough and catarrh
end no retraction in spite of 202,400 platelets per cmm.

The patient in family seven had urticaria, 403, 000
platelets per cmm and no retraction,

In the eighth family the mother showed 216,000 platelets
per cmm., but the coagulation remained "incomplete" and the
clot did not retract. In the child the coagulation time was
20 minutes, but here some retraction occured with 302, 000
platelets per crm.,

Finally, in the ninth femily, again with only one member,

the patient had 405,000 platelets per cmm., and the retraction
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"was late and wesk"; only in one narrow place did some serum
come 6ut. ‘

~ Glanzmann now states:~ "The morbus maculosus Werlhofii thus
appears to be only an usually transitory, but particularly
sovere manifestation of a haemorrhagic diathesis for which I ‘
might suggest a name "Hereditary haemorrhagic thfombasthenia".
In its lighter forms the diathesis is spparently very common™ ¢
In his opinion the most characteristic finding is the large
dodiment of red cells outside the clot, which he calls abnormal
clot retractione.

Ho performs some experiments which aim to show that the
plateiets from a case of Werlhof'!s disease shortens the clotting
time of plasme more than normal platelets because they go more
ea;ily into salution, a contention which is not supported by
other observations (Buchmen, 1928, Fowler, 1937). His next
conclusion from these experiments is that retraction depends
on the ferment "Retraktozym" which is supposed to be lacking
or be less active in "thrombasthenia'.

Glanzmenn considers the morphology of the platelets in
Werlhof'!s disease or "thrombasthenia® distinctly abnormal, but
the pictures submitted to support this contention are particularly
unconvincinge.

He then discusses the plasma, and from the increased blood
flow from puncture wbunds in thrombasthenia he concludes that
the viscbsity is diminished due to a diminished size of
"molecules", which again must be due to diminished protein

content and particularly fibrinogen. He comparés the blood of
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these cases to plasma diluted 10 to 20 times with water, end the

rich sediment of red cells outside the clot might also indicate
diminished fibrinogen; fibrinopenia is therefore part of the
cause of the haemorrhagic tendency in Werlhof's disease.

The periods of severe menifastations of thrombasthenia which
represents what other people consider to be "Werlhoft's disease"
are explained in this way:~ the faulty platelets of the
condition are destroyed faster than normal ones; as the
megakaryocytes are also supposed to be abnormal, it is not
surprising that they now'and again become exhausted,

In the differential diagnosis the deficient clot retrackion
is most important. This deficiency is only found elsewhere in
severe septic infections in which the platelets are functionally
paralysed., It is not present in the anaphylactoid purpuras, in
scurvy or in haemophilia. The coagulation in his cases was often
incomplete:= "A division into a red and white plasmatic
coagulum is often not apparent, and what is more, the top layer
of plasma often remains quite fluid if the red cells havse
sedimented. This form of clotting can be imitated closely by
dilution. There exists therefore a lowering of the fibrinogen
content"., It appears that he has observed fibrinolysis which,
as mentioned, is not uncommon in pmrpurs haemorrhagica.

The bleeding time is usually normal corresponding to the
number of platelets.
It is quite clear that this article is nothing more than an

attempt to draw attention to the common occurence of milder forms

of Werlhof's disease, or what todgy is called essential, primery



143,

or idiopathic thrombocytopenic purpura, in other members of

the family, an observation which had already been made by

Hess (1916) and has been confirmed since (Krdmeke, 1922,
Witts, 1932, Wintrobe, Hanrshan and Thomas, 1937 ), Only very
few of Glanzmann's cases had a normal platelet number,

No suggestion of a new syndrome was intended, although a
new name was introduced for an old disease. The tracing of the
transformation in the literature of this publication into the
description of a special, exceedingly rare and unique syndrome
is beyond the purpose of this work. Suffice it to say that the
evidence for the functional abnormelity of the platelets, and
therefore their inability to produce clot retraction, is

unacceptable.

Since Glanzmaenn's article a considerable number of cases
of atypical haemorrhagic diathesis have been recorded, atypical
in the sense that they do not fit into the more well«defined
and more easily diagnostic groups. The pathogenesis and the
cause of the bleeding in these cases have often been obscure,
except when telangisctasia is obvious. Msny of them show a
distinct femiliasl tendency. Most of the cases were reported
before clinicgl tests for prothrombin were available, and with
Quick's finding of femilies with congenital hypoprothrombinaemia
and pseudo=hypoprothrombinaemia, end Owren's case of "Factor V"
deficiency, end the ever increasing armamentarium for the
investigation of coagulation and haemostatic defects, there is

hope of more understanding of future cases of this order.
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Estren, M&dal end Dameshek (1946 ) in their most comprehensive
review of these conditions under fhe name of "pseudohaemophilia”
1ist 62 cases described in some detail in the literature. In the
50 cases in which clot retraction was estimated it was normal
in 43 and abnormal in only 6. In one case it was normal once
and abnormel at another time. In these seven cases the method
for the estimation is not stated or the abnormality is slighte
Thus in Giffin's\(1928) series of five cases 2 had normal
retraction, in two the retraction was not estimated, and in
one it was absent even after splenec tomy. NO indication of the
method is given, but Kennedy (1928) who reporteﬁ one of the
game cases as Giffin and one other stated that the retraction
was "none in 6 hours" and for hid own case "petraction 24 hours";
the meaning is not clear. The same applies to the case of
Kugelmess (1934); the findings were "absent clot retraction and
Lysis 12 per cent". In Bailey and McAlpin's (1935) cases,
occuring in two negro brothers, the retraction in the one did
not begin until after 20 hours .- The degree is not stated, and
it was normsl in the other patient. In Macfarlanet!s case the
retraction was actually 34 per cent which cen hardly be called
abnormal, especially‘as the platelet count at that particular
moment was not stated and the fibrinogen concentration not
estimated.

A'few more cases must be mentioned in this work, although
the criteria for "pseudohaemophilia" as stipulated by Estren,
1&dal and Dameshek (1946 ) may not be entirely fulfilled.

Kr8meke (1922), discussing the question of Glanzmann's disease,
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did not accept his views on the dysfunction of the platelets. In

his own case which in all other respects was similar, the clot
retraction was absent in the small tubes, but normal when
estimated by the watcheglass technique. A case which has
frequently been quoted as typical of hereditary thrombasthenia
was described by Van der Zande (1923), but here the retraction
was actually normal. Fonio's (1930) case of "infantile hereditory
thrombasthenia of Glanzmann" had a clotting time of 35 minutes,
and the clot retraction was 3 mms, instead of Fonio's normal 6 mms.

Farber (1934) described a series of cases of a familial
haemorrhagic condition simulating haemophilia and purpura
haemorrhagica in-which the clotting time was nprmal; but the
number of platelets was occasionally low, and when that occured
the bleeding timé was slightly prolonged and the clob retraction
somewhat deleyed.

Mathewson snd Cemeron (1937) quoted a case with 290, 000
platelets per cmmd,'a bleeding time of 24 hours, esnd absent
clot retraction. No method is indicated, but it was noticed
that the clot was soft. |

Mas y Magrods (1937) cases of a "haemophiloid" condition
were similar to Glanzmenn's cases, but had normal retractiona
Of the 11 cases recorded by Estren, NMddsl end Dameshek (1946)
one had = deléyed retraction, but the degree was not stated,
Woodbury's (1946) case of "pseudohaemophilia” had normasl clot
retraction; and finally the case of "sconstitutional thrOmbopathy"

described by Quattrin (1947 ) had a very vigorous retractions

It can now be stated with some confidence that if the three
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main factors controlling clot retraction: platelets, fibrinogen
and haematocrit are taken into consideratioﬁ, end if the methed
employed has been at all reliable, no clinicsl case has been
recorded in the literature in which the clot retraction has
devisted from the laws leid down in the previous chapterse

In table 13 is presented the findings in 65 different
clinical cases, using the methods described in this work. Many
more cases have been investigated, but as one or other of the
estimations was not carried out personally they are not
included in the list. in the 65 cases tabulated the different
investigations were 8ll carried out on the same sample of
venous blood, obtained by venipuncture of an arm vein and

collected in a paraffin coated 3C ccs. syringe.
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2APLE 13,
CLO? RETRACTION IN DIPFERENT OCRDITIONS.

§ HAR- CORRECTED | TIME OF
par cam,

HeC.R.
( . )

&,5.000
1.053.000
1.580,000

(
Sleeping)
(After exercise)
.| HEALTHY

(Pood « exeroise)

HEALTHY
(Before menatruation) 330,000

£y y 2
b

3

{After menstruation) 680.000
HEALTHY

(After menopause; age 60) 350,000
HEALTHY
(Age 62 ywors) 448,000
HEALTHY
(Age 9 yoars), 668.000

83 83 8

THROMBOCYTOFENIC PURPURA
(¥erihof's disesss)
THROMBOCYTOPENIC PURFURA

BBEY 2888 8

OPENTC
(Associated with menstru-
ation; David’s disease)
THROMBOCYTOPENIC PURPURA
(Acute in ohild with Oti-
tis media
THROMBOCYFOPENIC PURPURA HNone

{Sulphonamide sensitivity)

THROMBOCYTOPENIC PURPURA 67.000

(Acute myzcedema case tres
ted with thyroid sices).

TROMBOCYTOPERIC PURPURA 6.000
{Aspirin senstitivity)

b4

400,000

1,100,000

v

470,000
( 1Pssudohasmophilia)

PAMILIAL FOSS BIZEDIRG 877.000
(Only slight purpura) i
TIDIACNOSED SPLENCMEGALY 1,666,000

Vory severe )
e b amanLy 730,000

(Severe bruising)
SCASNLEIN-HEROCH'S PURFURA 230,000

g &

MYELOID LEUFARMIA (ACUTE) 87.000
(Purpura &gas-bleeding)
MYELOID LEURARMIA (Same 90,000
50,000

314,000

400,000 4.790.000
4.100.000
3.540.000

5.100,000

NRB FIFYErISR

1 S

407,000

-
-
i3
-

g

§.800,000

-3
-

2,700, 000
5.100.000
5.800.000
4.600.000

EYER F§ E ¥ v &

SFw R 8
838




§
[

ne or| sEn@H m cor
4 ONSET. per amm,
Mirutes)

&0 44800,000

- 3.800.000
17 4730000
10 24,530,000
20 _‘ 2,700,000

15 54100,000

9 34400000

4.600.000
5400, 000

2,970,000

3

5.100,000

8

4+100,000
345004000
34200,000

MAIARIA {before Treatment)
MALARIA (after Treatment)
MALARIA (Befare Treatment)

4,800,000
4,500,000

PRETMOCOCCAL PNEUMONIA

840,000 4.520.000

¥ 8 p,pd &8

360,000 54000000

PERNICIOUS ANABRMIA °
| (Onder treatment).
HYPOCHROMIC MICROCYTIC 815,000 34,860,000
ANARMIA
| POLYCYTHARMIA 324.000 7.700.000
TYPHOID FEVER 185.000 3.500,000
(Severe toxaemia -~ d1ed)

370.000 5.950,000

XARTHOMATOSIS
(Cholestarol 405 mg.%)
XANTHOMATOSTS

500,000 4,200,000
(Cholestarcl 700 mg.%) :
NEPHROSIS o}1.210,000 5.420,000

401,000 : £.4950,000
250,000 3,800,000

| | wmamtTA
[ | (Blood wrea 320 mg.%)
MYXCEDEMA

CARCINOMA OF UTERUS 720.000 5+100,000
DUODENAL ULCER 14044.,000 4.+400,000

-

GASTRIG UWICER 850,000 £250,000

Without exception, in all cases investigated, the clot
retraction has been directly dependent on the number of

platelets, the fibrin concentration in the clot, and the

volume of packed cells. This relationship is shown in the
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Figure 40,

scatter-diagrem in figure 40 in which the corrected clot
retraction, i.e. the observed clot retraction plus the

volume of packed cells, has been plotted against the
logarithm of the number of platelets over the logarithm of
the fibrin content in mgs. per 100 ccs. of plasma,in the
cases listed in ﬁable 13, In consideration of the unavoidable
errors occuring in these estimations thévcorrelation is very
close and strongly supports the contention whiéch was derived
from the experimental part of the work, that clot retraction
is a function of the platelets, impaired by incressing |

concentration of fibrin, and dependent on the volume of red

and white cells in the bloode
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The theoretical possibility of functionally deficient
platelets still exists, but no convincing case of such a
condition has ever been recorded in the literéture,.and none

wes found in this investigatione
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CHAPTER 10

GENERAL SUMMARY.

The principsl facts'arising from the investigations in
this work are:~
1. Clot retraction is due to a special function of the platelets.
During the edrly stages of the coagulation process, which may
be initiated by‘the contact of the blood with foreign surfaces
or the 1iberatioﬁ of tissue=juice in the bbdy, the platelets
receive a stimulus causing them to undergo a series of
morphological changes éonveniently described as "viscous
metamorphosis", The viscous metamorphosis leads to the formation
of long strands or pseudopodia of cytoplasm connecting individual
platelets or platelet-masses., These strands subsequently contract
producing e patchy fusion of platelets throughout the clot. As
the platelets are adherent to the fibrin network of the clot
the contraction of the cytoplasmic strands and the merging of
the platelets result in a contraction of the whole fibrin clot

with a squeezing out of the serum snd a few of the red and

white cells enmeshed in the fibrin network. This is the
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phenomenon observed in fthe gross and conventionally called
clot retraction.

Experimental evidence is produced which indicates that the
essential stimulus to the platelets is supplied during the
conversion of the prothrombin complex into thrombin, but it is
pointed out that our present knowledge of the factors concerned
in this phase of the coagulation mechanism does not permit
dogmatic statements with regard to the particular substance or
substances starﬁing the viscous metamorphosis and thefefore the
clot retraction. One fact, howéver, appears certain:hoﬂly minute
gquantities are necessary to commence the procesé which then
proceeds independent of all other plasma fractions within
.physiological limits.

These observations are supported by the analogy they bear
to thse clotting mechanism in lower animals. In the crab clot
formation and retraction take place in the complete absence of
fibrin and are entirely cellular functionss
2 It is demonstrated that the serum is held in the fibrin
network forming the clot by capillary foress. When the clot is
placed in rigid structures like glass tubes gravity tends to
draw the serum out of the fibrin network against the capillary
‘forces holding it back; an artificial "clot retraction" may thus
be produced, This fact alone, which has not previously been
taken into consideration, has led to most of the confusion
surrounding the problem of clot retraction. It is shown that the

size of the meshes in the fibrin network, and therefore the

capillary forces holding the serum in the blot, depends meinly
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on the concentration of fibrinogen in the plasma. The more
fibrin is formed, the narrower the meshes become, and the
greater is the force necessary to press out the serum from the
clot in the time clot retraction takes place. It unavoidably
follows that clot retraction is inversely proportional to the
fibrinogen concentrafion of the plasma. This has been shown
experimentally to be true.

3, The third factor of major influence on clot retrgction is

the volume of red and white cells in the blood. These cells

play a passive, obstructive role, and it is demonstrated
experimentally that an almost linear, inverse relationship

exists between the volume of packed cells and the clot fetraction.
The most natural correction for this factor consists in bringing_
the retraction back to what it would be were no cells present

in the plasma; for preggtical purposes this correction can De
achieved simply by adding the haematocrit to the observed

clot retraction.

4, As clot retraction is a biological phenomenon it is
profoundly influenced by the tempsarture at which it takes place.
Up to 42°C the retraction becomes fagster and more extensive

with increasing temperature. Above 4920C the retraction is
inhibited. Rigid control of the temperature 1is therefore
essential in all work on clot retraction.

5. It has been generally accepted that the character of the

clot, its firmmess, rigidity and elasticity, depends on the
presence or absence of platelets in the fibrin network, It is

demonstrated that this contention is wronge. These characters
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depend nearly exclusively on the fibrin concentration and the
occurence or absence of fibrinolysié. They are completely
independent of the plateletse it is also demonstrated that
fibrinolysis and clot retraction are independent processes.
Retraction is completed before the destruction of the clot due
to fibrdnolysis becomes apparent, even in cases of great
proteolytic activitye. The possibility remains that in very
severe cases the clot may bs destroyed before it has retracted,
in which case the estimation of retraction becomes impossiblees
6. From the delicate platelet-mechanism producing clot retractisn
it would be expected that the force exerted by thé process is
very small, By a simple experiment this assumption is shown to
be correct; the force is so insignificant that it becomes
extremely unlikely that clot retraction serves any physiological
purpose in memmalian life. It éan certainly not draw together
the walls of even ﬁhe smallest vessels. It is suggested that
the process is a reduntant phylogenetic relic of no importance
in higher animal life, Haemostasis is accomplished by more
efficient mechanisms in these animalse.
8. A critical survey of the literature and personal investigation
of a limited but represenbative clinical material indicate that
the conclusion drawn from the experimental work are supported by
clinical observations. In all recorded cases, in which reasonable
investigations have been carried out and the methods employed
have been at all reliable, clot retraction hés followed, without
exception, the rules deducted from the experimental obserxationse

It is therefore ventured that mosﬁ of the obscurities which

beclouded the problem of clot retraction have been clarified,
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which was the original object of this work. In the future
lies the elucidation of the "viscous metamorphosis" of the
platelets; the borderland between physical chemistry and

biologye
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APPENDIX 1.

—— ol i i s s e A s

Ip this part the experimental procedures are described.
The aiﬁ has been to give sufficient detail to allow the
repetition and checking of the results. |

In an investigation of this type very many experiments are |
Planned and carried out which later are fouﬁd to be superfluous,
poorly devised, or failures, and although.the greater
proportion of the research worker's time 1s thus occupied,
the recording of these misfité woﬁld serve no good purpose
and has therefore been omitted. The numerous unsuccessful
attempts to find a method for the estimation of the number
of plateleté, and the days wasted in the attempts to observe

the normal retraction process under the microscope, were the

~outstanding failures in this work. g

Experiment 1.

The influence of the container on the clot retraction

of normal blood.

Seventy ccs. of fresh venous blood from a normal donor
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were measured off in varying amounts into different containers.
The vessels were placed in an incubator at 37°C. for 24 hours
after which time the amounts of serum, including red cells,
expressed from the clots were estimated by carefully pouring
them into graduated tubes, holding the clot back in thé
original vessels with a thin glass rod.

The type of container, the special treatment to which it

was submitted, and the results are tabulated in Table 2.

Experiment 2.
The demonstration of the artificial "retraction" which may

occur due to the force of gravity, and its independence of

the temperature.

Fifty ccs. of blood were obtained from a normal donor
using silicone covered needle, syringe and glass ware. The
blood was centrifuged at 3000 r.p.m. for 5 minutes. Two
control clots of 5 ccs. each were suspended in the
trichlorethylene~liquid paraffin mixture, as described in
chapter 1, and kept at 4°C. and 37°C. respectively. The
remainder of the blood was spun in ice at 4000 r.p.m. for
30 minutes. The cell-free plasma was then diluted with the
same amount of saline and 2 lots of 5 ccs. transferred to
test;tubes. The rest of the plasma was again diluted with an
equal amount of saline and 5 ccs. suspended as before as control
and kept at 37°C. Another 2 lots of 5 ccs. each were

transferred to test-tubes. One test-tube with the plasma
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diluted 1:1 and one with the plasma diluted 1:4 were kept
at 4°C., and the other two at 37°C. After 1 hour the clots
in the test-tubes were carefully loosened from the sides, and
the tubes were left standing for 5 minutes. The serum
exuded from all the clots was then p@nied into graduated
test-tubes and measured.

The fibrinogen concentration of the original undiluted
plasma was estimated by the gravimetric method described in
| Appendix 2.

The results are presented below and tabulated in Table 3.

TYPE OF CLOT SERUM

Platelet containing clot with 324 mgs. fibrin
per 100 ccs, kept at 4°C in the suspension mixture 28%

Platelet containing clot with 324.mgs. fibrin
per 100 ccs., kept at 37 C in the suspension mixture 72%

Platelet-free clot with 81 mgs. fibrin per 100 ccs., _
kept at 37°C in the suspension mixture 0%

Platelet—free clot with 162 mgs. flbrln per 100 ccs.,
Kept at 4°C in test-tube 48%

Platelet-free clot with 162 mgs. fibrin per 100 cecs.,
kept at 37°C in test-tube 52%

Platelet-free clot with 81 mgs. fibrin per 100 ccs., | 66%

Platelet-free clot with 381 mgs. fibrin per 100 ccs.,
kept at 37°C in test-tube 70%

The experiment demonstrates clearly the independence on
changes in the temperature of the artificial exudation of

serum from platelet-free clots. True clot retraction occurring
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in platelet-containing clots is profoundly influenced by

different temperatures.

Experiment §Q

The prevention of artificial "retraction'" due to‘graGity

by higgffibrin concentration in the clot.

Five ccs. of pure fibrinogen solution céntaining 1000 mgs.
fibrinogen per 100 ccs. were mixed with 3 drops'of é}ombin
solution and the mixture rapidly transferred to the suspension
mixture in which it clotted in a few seconds.

After one hour, during which time no retraction took
place, the clot was 1lifted out of the suspension fluid and
placed on a glass slab. No fluid ran out of it even after
6 hours, when the clot sfarted drying up.

Experiment 4.
The wettability of fibrin.

A chemically clean glass tube of about 1 mm..internal
diameter and graduated in millimetres was held vertically in
distilled water and the height to which the water rose in
the tube was measured.

The inside of the tube was now coated with fibrin by
sucking platelet—containing plasma into it and letting it
run out after a few secoﬁds. This was repeated three times,
leaving a thin film of fibrin on the glass. The tube was
then again held vertically in distilled water and the height

of the column of water measured.
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HEIGHT OF COLUMN OF WATER IN CLEAN GLASS TUBE - 28 mms.

HEIGHT OF COLUMN OF WATER IN FIBRIN-COATED TUBE ; 11 mms.

In spite of the bore being less in the fibrin-coated
tube the water rose much less in it than in the clean glass
tube. The experiment indicates that the wettability of
fibrin is less than that of glessss

Experiment 5.

The error of the suspended clot method.

Sixty ccs. of fresh venous blood from a normal donor were
collected in two ordinary syringes and run into.pqﬁéelain
dishes. 5 ccs. lots of the blood were pipetted into the
suspension fluid in 10 glasses, which were kept at 37°C, in
a water-bath. The retraction was estimated as usual. The

results are tabulated ih the table.

Glass |First bubble |Total serum, | Volume Clot Retraction.
No. of serum seen|including of clot.

after taking [red cells.

the blood.

Minutes. ces. ces. %
1. 1 30 2.2 2.8 44
2. -~ | 26 2.2 2.8 44
3. 24 2.3 2.8 45,1
4, 22 242 2.8 44
5 e 26 2.2 2.8 44
6. 32 2.2 2.8 44
g. - 25 2.1 2.8 43

. - 26 2.2 2.8 44

9. 28 2.2 2.8 44
10. 25 2.2 2.8 44

It should ©be remembered that}the reading of the

volume of the clot, which is done in a measuring cylinder.
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graduated with 0.2 ccs' divisions, is not ¥ very accurate
procedure.

As a further check the test-tubes used in this experiment
were cleaned and 3 ces of distilled water run into each from

an accurate pipette. The readings in the test-tubes are

shown below.

| Graduated Reading
Test-tube
No. . ccs,
1 5.05
2 3.00
3 3,10
4 3.00
5 3405
6 3.00
7 3.00
8 3.05
9 3,10
10 3.00

It is therefore obvious that with the instruments empldyed
in the test the inherent variability of the suspended clot
method is negligible, and it was deemed unnecessary to submit

the results to statistical analysis.

Experiment 6.

The influence of contact of the blood with wettable of

foreign surfaces before coagulation on the subsequent clot

retraction.

Fifteen ccs. of blood was taken from the €ubital véin of
a patient with a recent thrombosis of the left femoral veiln,

care being taken to avoid undue admixture of tissue juice,
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and using a syringe covered with a.thin layer of liquid
paraffin.

Five ccs. of the blood were run directly from the syringe
into the suspension fluid, 1 cc. each was collected in 3 small
test-tubes for the estimation of the coagulation time by the
method of Lee and White, and the rest of the blood was run into
a8 porcelain dish from which 5 ccs. were transferred to the
suspension fluid with a pipette.

The results were as follows:-

Coagulation time:- 33 mins. (Lee and White's method).

In the sample run directly from the syringe &nto the suspension

fluid:-
Signs of clotting (stiffening of the clot): 9 mins.
First bubble of serum seen:- . 24 nins.

Total retraction:- Completed in2% hours.
Clot:- 1.6 ccs.
Serum:- 2.6 ecs.
R.b.ei's expressed with
the serum:- 0.2 cecs.

Clot retraction:- 63%

In the sample pipetted from the pbrcelain dish:-

Signs of clotting:- 4% mins.
First bubble of serum seen:- 14 mins.
Total retraction:- Completed in 1% hours.

Clot:- 1.8 ces.

Serum:- 2.9 ccs.

R.b.c.'s 0.2 ccs.

Clot retraction:- 63%

The contact with foreign surfaces thus speeds up the onset

and the completion of the retraction, but does not influence the
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degree of the retraction or the exudation of red cells

with the serum.

Experiment 7.

The effect of the temperature on the clot retraction.

Forty ccs. of blood were obtained from a normal donor

and 7 portions of 5 ccs each were suspended in the usual way.

The beakers containing the suspended clots were kept at

different temperatures in the following manner.

1.
2.
3.

4,
2
7

The beakers were left at these‘temperatures
No dissolution or lysis.of the clots took place.
retraction was then estimated.

table below and shown in thevcurve in figure 14.

Kept at 39°C, in a
Kept at 25°C. in a
Kept at l6°C room

water-bath.
water-bath.
temperature.

Kept at 10°C. in running tap water.
Kept at 4°C., in refrlgerator.
Kept for 40 minutes at 39 C. in water-bath, then

transferred to 4°C, in refrigerator.
Kept for 6 hours a ak

transferred to 39

4°C. in refrigerator, then

C. In water-bath.

for 4 days.

The

vThe results are given in the

Clot Temgerature First serum seen. Clot retraction
No. Hours. %
1. 39 3 52
2. 25 2/2 46
3. 16 1z 38.5
4. 10 2% 34
5e 4 6 26
. 39° for 40 m, 32% after 40 mins
then 4° for 4 dzys 41% after 4 days
7. 4° for ‘6 hours - 6% after 6 hours
then 39° for4 days 40% after 4 days

The experiment demonstrates that up to 39°C. the clot
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retraction increases with increasing temperature. Changes
in temperature during the retraction act in a similar way.

Experiment 8.

The effect of different temperatures on clot retraction,

when applied before coagulation takes place.

Portions of 6 ces. each of blood were run directly from
the cubital vein of a normal donor through a silicone coated
. needle into 5 silicone coated test-tubes which were kept at
different temperatures for 10 minutes. The samples of
blood were then-transferred to the suspension fluid with an
ordinary pipette, and'the_beakerslkept at 3790. until

clot retraction was complete.

Test~tube Temperature of test-tube Clot retraction.
No. beforeocoagulation. ' ' %
1. 0 36
2. 7 36
3 13 36
4, 22 36
5. 37 36

ExpoSure of the blood to different temperatures before

coagulation does not influence the subsequent clot retraction.

Experiment Q.

The application of the formula of Aggeler, Lucia and

Hamlin (1942) for the "extracorpuscular or fluid volume of the

clot.

One hundred ccs. of blood were collected from a normal

donor using the silicone technique, The blood was
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run directly into a silicone coated tube through a silicone
coated needle without the use of a syringe. It was centrifuged
at 3000 r.p.m. for 5 minutes at 0°C and most of the plasma
poured into another silicone coated tube kept at 0°C. The
remaining plasma containing the red cells was now defibrinated
~with a wooden étick to remove any remaining platelets. The
‘red cells were washed in saline and centrifuged again. The
plasma and the Washed cells were then mixed in graduated
test-tubes in different proportions_to a tofal of 5 ces. in
each, and samples pipetted off into heparin-coated Wintrobe tubes
for the estimation of the haematocrits. Corks with the

copper wire spirals, as used in this method, were now fitted

to the graduated test-tubes which were placed in the water-bath
at 37°C. for 1 hour. | |

The results were:-

Haematocrit Serum + r.b.c.'s R.b.G.'s
expressed. expressed.
ces. cecs.
0 4,%5 | 0
14 - ‘ 3.80 0
C 24 : 3.40 : 0.05
52 2.40 - 0.25
62 1.55 0.40

Applying the formula for the correction to these values the

following results are obtained:
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(Total volume  (Serum minus
of blood) - r.b.c's) X 100 - (Haematocrit)
Total volume of blood.

5 - (é§35 - 0) X 100 - 0 =13
5 = (358 - 0) X 100 - 14 = 10
5 - (354%- 0.05) X 100 - 24 = 9
5 - (2ég;;‘o.25) X 100 - 52 = 5

15

5 - (;555 - 0.4) X 100 - 62

Using Macfarlane's correction for the same values the results

are.

(Percentage of serum expressed - r.b.c.'s) + (Haematocrit)

2 .

87 + 0 = 43.5%
2

76+ 14 = 45.0%
2

67 + 24 = 45.5%
2

43 + 52 = 47.5%
-2
23 + 62 = 42.5%
2
The index of the "extracorpuscular or fluid volume of
the clot" varies therefore greatly when applied to samples of
the same blood in which the only chahge is in the wolume of

red and white cells. The much simpler correction suggested

by Macfarlane gives better results.
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Experiment 10.

The correlation between the clot retraction and the

volume of red and white cells in the blood.

The experiment was carried out exactly as the previous
one, except that the suspended clot method was employed for
the estimation of the clot retraction., The results are

given in the table and shown in the form of a curve in

figure 1%7.
Hzematocrit Clot retraction
{including exuded r.b.c.'s)

% %
0 72.5
8 66.6
18 53.6
25 47.9
32 40.8

42 28.0

64 2.0

There is thus a direct correlation between the
haematocrit and the clot retraction.

Experiment 11.

The effect of the volume of cells on clot retraction,

when the retraction is abnormally lowi

The procedure of the previous experiment was followed,
but in this case the centrifugation was done at 4000 r.p.m. for
15 minutes to remove more of the platelets and thus reduce the
retraction, The results are given in the table and plotted in

the curve in Figure 18.
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Haematocrit Clot retraction
. ‘ (including exuded r.b.c.'s)
v
0 20.8
15 16.0
29 4,0

The experiment demonstrates that the inhibition of clot
retraction by increasing volume of cells is less in blood with

low clot retraction than in normal bloogd.

Experiment 12.

The relationship between the haematocrit éndvthe amount of

red cells exuded with the serum during clot retraction.

The experiment was carried out exactly as experiment 10,
but after pipetting off the serum from the suspension mixture
into the graduated test-tubes, these were centrifuged at
4000 r.p.m. for 10 minutes and the volume of cells exuded
with the serum measured. The results are presented in the

table and plotted in the graph in figure 18.

Haematocrit Serum + r.b.c's R.b.c.'s Clot.
ccs. cCS. ccs.

0 4.4 0 - 0.7

7 4.1 0 0.9

30 3.0 0.2 - 2.0

39 2.5 0.35 243
64 0.9 0.23 4.1

70 0.4 ’ m0.15 4.6

The results are easier to evaluate when expressed slightly

differently:-
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Haematocrit. | Clot retraction Hed cells as HEed cells as

(including exuded | percentage of |percentage of
red cells). total volume of|serum ex-
: blood. pressed.
% % % %
0 86 0 0
7 82 0 0
30 60 4 6.7
39 v 50 7 14
64 18 4.6 25.5
70 8 3 37.5

The experiment indicates that the greater the haematocrit
the larger the amount of red cells exuded with the serum |

during clot retraction.

Experiment 13.

The effect of the volume of leucocytes on clot retraction.

Blood was obtained from a patient suffering from myeloid
leukaemia (leucocyte count: 478.000 per cmm), and the
procedure deseribed in experiment 10 was followed; but the
cells added to the plasma were pipetted off the white cells
layer obtained after washing and centrifuging the cells.

The separation into white and red cells was not complete,
but only very few red cells were transferred to the plésma.

The table gives the results:-

Volume of packed Clot retraction.
leucocytes.,
| ] %
0] 74
21 60
43 33

The inhibiting effect of leucocytes on clot retraction is

therefore similar to that of red cells.
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Experiment 14.-

The influence of the sedimentation of red cells on

clot retraction.

Twenty-five ccs. of blood were taken from a case of
Hodgkin's disease with a sedimentation rate of 121 mms. in
one hour (Westergren's method). 5 ccs. were run direéctly
into the suspension fluid from the syringe, and the rest
was transferred to a porcelain dish. Of.this blood 5 ccs.
were immediately pipetted into suspension fluid, and
after 3 minutes another 5 ccs were transferred.
The first sample of blood clotted in about 26 minutes
and showed marked sedimentation of the red cells; the clot
became pemrshaped due to the higher specific gravity of the
red cells before it commenced contracting. The second
sample clotted in 17 minutes after much leés sedimentation,
and the third sample clotted a few minutes after it was
transferred to the suspension f£luid and no sedimentatioﬁ
occurred. The clot retraction was estimated in the usual
way :-
First clot with marked sedimentation - Clot retraction 56%
Second clot with some sedimentation - Clot retraction 54%
Third clot with no sedimentation - Clot retraction 8%3%
The experiment demonstrates clearly that the preséhce oy
absence of sedimentation of the red cells in the same blood

does not influence the degree of subsequent clot retraction.
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Experiment 15,

The influence of clot retraction on the wgight of

the solid part of the clot.

Twenty~-five ccs. of blood were obtained from a
normal donor by the silicone technique and spun.forFS
minutes at 3000 r.p.m. in the cold. Two sanples of 5 ccs.
each of the plasma were suspended in the usual way. Five
minutes after clotting and before amy serum squeezed out
between blotting papers. The clot was washed in saline
followed by distilled water, alcohol for 10 minutes,
a mixture of alcohol and ether for 10 minutes, and finally
ether alone for 10 minutes. It was then dried to constant
weight at 105°C., The second clot was treated in exactly
the same manner after it had contracted completely during
2 hours.
The weights of the dried clots were:
1. HNon-retracted clot -~ 19.5 mgs, or 390 mgs. per
100 c¢cs. plasma.
2. Retracted clot - 19.0 mgs, or 380 mgs. per
100 ccs. plasma.
There is thus no significant difference between thé
weights; clot retraction takes place without loss of weight
of the solid part of the clot,‘gnd therefore presumably

without fibrinolysis.

Experiment 16,

The relationship betwéen the amount of platelets in the
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Plasma and the clot retraction.

One hundred and twenty-five ccs. of blood was obtained
from a normal donor by running the blood directly from the
arm vein through a silicone covered needle into a large
silicone coated centrifuge tube kept on ice. The blood was
dentrifuged at 3000 r.p.m. for 5 minutes and the plasma
pipetted off into other silicone coated, cooled tubes. Half
the plasma was now centrifuged at 15,000 r.p.m. for 10
minutes to render it cell free (no platelets were seen under
the microscope in a sample taken for the purpose). The
platelet—containing .plasma and the platelet-free plasma were
mixed in the proportions shown in the table, and the
mixtures were run into the suspension fluid using ordinary
clean pipettes; the retraction was estimatedvas ugual.

The actual number of platelets in the platelet-containing
plasma was estimated by pipetting 3 lots of 0.2 ccs each into
samples of 2 ccs. of freshly filtered Dameshek's platelet sol-
ution in small'silicone coated cups. After mixing the solutione
were transferred to 3 different counting chambers and'15 minutes
allowed for settling of the platelets. The counts were then
done bi three different people, counting all the small squares
on the slides. The fibrinogen content of the plateiet—free
plasma was estimated by the gravimetric method. The results
of the experiment are given below, and the correlation

between platelets and clot retraction is shown graphically

in figure 22.
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Platelet- | Platelet- Percentage Serum Clot | Clot

containing| free of platelets|expressed retraction

plasma plasma. in mixture ccs. ces. %

ces. ces. %

6.0 0.0 100 5.0 |0.25 95.24
4.5 1.5 75 4.9 0.4 92.45
3.0 3.0 50 4.0 1.2 76 .92
1.5 4.5 25 2.8 2.2 56.00
1.0 5.0 16.6 2.4 2.9 45.28
0.5 5.5 8.3 1.5 3.4 30.61
0.25 575 - 4.16 0.9 3.9 18.75
0.1 5.9 1.6 0.5 4.4 10.20

Platelet_count; Observer 1 - 171,000
Observer 2 - 167 910
Observer 3 - 165 950

Average:— 168,280 per cmm. of plasma.

Fibrinogen:- 300 mgs. per 100 ccs. of plasma.

There 1s thus a direct correlation between the number of

platelets in the plasma and the clot retraction.

Experiment 17.

The correlation between the fibrinogen content of thé

plasma and its clot retraction.

Thirty ccs. of blood were obtained from a normal donor by
the usual silicone technique and centrifuged in the cold for
5 minutes at 3000 r.p.m. The plasma was mixed with saline and
a 2% fibrinogen solution in the proportions shown in the table
below, The clot retraction of the mixtures was estimated
by the suspended clot method. The fibrinogen content of the
original plasma was found by the gravimetric method. The
results are presented in the tabley and the correlation shown

in the graph in figure 23.
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Fibrinogen content of undiluted plasma; 350 mgs. per 100 ccs.

Plasma ©Saline |Fibrinogen Fibrinogen |Clot retraction
' solution content of
_ (2.000 mgs.% | mixture.

ces. ces. ccs. mgs.% ' %

2.0 1.0 0.0 233 95.8

2.0 0.8 0.2 366 90.0

2.0 0.6 0.4 500 74,2

2.0 0.4 0.6 633 31.0

2.0 0.2 0.8 766 0

2.0 0.0 1.0 900 0

The experiment Qemonstrates'that-increasing fibrinogen
concentration diminishes clot retraction until the retpaction is
completely inhibited.

Experiment 18.

The correlation between the fibrinogen content of whole blood

and its clot retraction.
The same technique as in the previous experiment was followed,
éxcept that the blood was not centrifuged, and the fibrinogen

solution used was only of 1% concentration.

Fibrinogen content of the blood; 202.5 mgs. per 100ccs

of plasma.
Blood |Saline | Fibrinogen Fibrinogen |[Corrected Clot retraction
: solution content of |(Observed retraction +
(1.000 mgs %) |mixture Haematocrit)
ccs. | ccs. ces. mgs.% %
8 2.2 0 135 3
8 1.8 0.4 195.6 7
8 1.2 1.0 286.5 73
8 0.8 1.4 347.1 71
8 0.4 1.8 407.7 60
8 0 2.2 468.3 45

Increase in the fibrinogen content of the whole blood

decreases its clot retraction.
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Experiment 19.

Dilution of plasma within wide limits does not influence

.£h¢ Glot retraction.

With the usual silicone technique 30 ccs. of blood were
taken from a normal donor and centrifuged in the cold for
10 minutes. The plasma was diluted with physiological
saline (0.85%) in the proportions shown in the table, and the
clot retraction of the mixtures estimated by the suspended

clot method

Plasma Saline Clot retraction.
ccs. ces. %
5.0 0.0 22
4.5 1.0 22
3.5 2.0 22
* 2.5 3.0 22
1.5 4,0 22

The experiment demonstrates that evén great dilution
with saline does not alter the retraction of platelet

containing plasma.
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Experiment 20.

The influence of variations in the hydrogen ion

concentration on clot retraction.

Forty ccs. of blood were obtained from a normal donor,
and samples from the blood were mixed with N/10 Na'OH and
N/10 HC1l in the proportions shown in the table The clot
retraction of the mixtures was estimated by the suspended
ciot method. After the measurement of the serum it
was centrifuged free of cells and the pH roughly estimated

by means of universal indicator.

Blood | Acid or Alkali [Saline |pH of serum Observed
' . ' Clot retraction.

CCSe. CCS. 0

4.0 | 0.4 ccs Na OH 0.6 8.4 22
4,0 10.2 ccs Na OH 0.8 7.8 48
4.0 | 0.1 cc Na OH 0.9 7.6 v 49
4.0 - 1.0+ 7 .4 46
4.0 | 0.1 cc HC1- 0.9 7.4 50
4.0 [ 0.2 ccs HC1 0.8 7.3 43
4,0 | 0.4 ccs HCL 0.6 7.0 46

Wide variations - from a physiological point of view - in the

pH of the blood do not influence the clot retraction,

Experiment 21.

The effect of the sodium chloride concentration in the

blood on clot retraction.

Fresh blood mixed with different solutions of sodium
chloride in the proportion stated in the table. The clot
retraction of the mixtures was estimated by the suspended

clot method.
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Blood Solution of NaCl. Observed Clot retraction.
3 ces. | 1.5 ccs of 0.85% | 64.4%

3 ces. | 1.5 ces of 1.00% 66.6%

3 cese | 1.5 ces.of 2.00% 66 .6%

3 ces. | 1.5 ces of 3.00% 66.6%

Wide variations in sodium chloride concentration in the

bLood do not afféct the clot retraction.

Experiment 22.

To demonstrate that calcium is essential for clot

retraction.

A silicone coated needle was carefully inserted into the
aubital vein of a normal donor; about 10 ccs. of -blood were
allowed to flow through the needle to wash away any tissue
juice liberated by the puncture. About 15 ccs. of blood
were then run into a silicone coated test-tube containing
50 mgs. of potassium oxalate in a drop of saline; the tube wes
kept on ice. After rapid mixing 3 ccs. of this oxalated
blood were transferred to another tube contaihing l_cc. of
thrombin solution (0.3 ccs. of Lederle's "Haemostatic Globulin"
in 250 ccs. saline). The blood was then run into the
suspension fluid and the retraction estimated as uaual. To
a similar mixture 0.05 ccs. of N CaCl, solution were added
and the blood suspended as before. The.results-weré:

3 ccs., oxalated blood + 1 cc thrombin solution - Clot.
' retraction absent.

3 ccs. oxalated blood + 1 cc thrombin solution

+ 0.05 cecs N aCly, solution - Clot
2 2 retraction 52%
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The whole experiment was repeated, but this time
0.2 ccs. of a 42.2% sodium citrate solution was substituted
for the 50 mgs. of potasium oxalate. - The results were quite

different:-

3 ccs. citrated blood + 1 cc thrombin solution - Clot
retraction 48%

3 ccs. citrated blood + 1 cc thrombin solution
+ 0,05 ccs N CaCl_ solution : - Clot
o 2 retraction 54%
Finally, the blood was taken from the vein with an
ordinary sterile needle and sjringe and run into a clean
test-tube containing BO mgs. of potassium oxalate. The

experiment was then continued as before:

3.ccs. oxaléted blood + 1 ce thrombin solution ~ clot
retraction 42%

3 ccs. oxalated blood + 1 cc thrombin solution
+ 0.05 ccs N CaClyp solution - clot
| retraction 48%

It should be pointed out that unless the greatest care
is exercised in the manipulations in the first part of the
experiment the result will be unsuccessful. It has, however,
been possible to repeaﬁ the experiment on many occasions.

These findings suggest that a trace of calcium 1is
essential for clot retraction to take place. They also
indicate that if the very first stage of the coagulation
process is allowed bbb occur, the platelets will become

Mactivated", and subsequent removal of calcium in the system

does not prevént clot retraction.
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Experiment 23.

The effect of excess calcium on clot retraction.

Twenty-five ccs. of blood was obtained from a normal
donor and mixed with a 1% CaClz_solution in the proportions
given in the fable.« The retraction of the mixtures was

estimated in the usual way.

Blood CaClzsolutlon Saline Approximate Observed
© |(1 mg CaCl, in 0i1 cc) Concentration {clot
of Ca. retraction|

ces., ces., ces, mgs.h

5.0 0 0.2 10 45

5.0 ‘ 0.05 0.15 1%.2 4

5.0 0.10 0.10 .4

5.0 0.20 ' 0 38.8 34

(In the calculation of the calcium concentrations the
haematocrit of the blood was arbitrarily taken as 50% énd
the calcium concentration of the original plasma as 10 mgs,
per 100 ccs. The purpose of the experiment did not warrant the
trouble of actual estimation of these values.

The experiment indicates that only calcium concentrations
well above physiological limits significantly inhibit clot

retraction.

Experiment 24,

Clot retraction in a simplified clotting system.

Fifty ccs. of blood were taken from a normal donor
through a silicone coated needle into a silicone coated
tube containing 0.5 ccs. of 42.2% sodium citrate. The tube

was kept on ice. The blood was centrifuged at 3000 r.p.m.
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for 5 minutes. Portions of 5 ccs. each of the plasma were
now pipetted into 4 smaller silicone coated test-tubes which
were centrifuged at 4000 r.p.m. for 15 minutes in the cold.
The plasma was poﬁred off and the platelets resuspended in
about 5 c¢cs of saline. The tubes were centrifuged again and
the saline renewed., The washing was repeated 3 times. In
the end the platelets were suspended in about 0.5 ces of
saline, and to these suspensions were added fibrinogen,
prothrombin, thrombin and CaCl, solutions, and fresh serum in
the proportions stated below. The retraction of the mixtures
was estimated in the usual manner.

Tube 1.

Platelets + 2 ccs Fibrinogen sol. + 35 ccs Prothrombin sol.
" 4+ 0,05 ccs. CaCly sol. --—Clot retraction 60%
Tube 2. .

Platelets + 2 ccs Fibrinogen sol. + 3 ccs Thrombin sol.
--—Clot _retraction 0%

Platelets + 2 ccs Fibrinogen sol. + 3 ccs Thrombln sol.
: ‘ ---Clot retraction 0%

Tube 4.
Platelets + 2 ccs Fibrinogen sol. + 3 ccs Thrombin sol.

—-—Clot retraction 42% |

(In this type of experiment no reliance can be placed on the
actnal degree of clot retraction. The number of platelets
added and their 1ndiv1dual damage during the precess of washlng
" are uncontrollable factors. It is also essential to repeat
experiments with washed platelets several times to assure that

absent retraction is not due to the use of inactive platelet

suspensions.)

e YT —————————p——— —

e rm—p————
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prothrombin into thrombin as the stimulating factor in

clot retraction.

Experiment 26.

The influence of the concentration of prothrombin in

the blood on its clot retraction.

A. Blood was obtained from a patient on treatment with .
dicoumérin. He was at that time bleeding from his kidneys
and intestines. The clot retraction was estimated on one
sample of the blood. To another sample 0.5 ccs prothrombin
golution were added and the clot retraction found of the
mixture.

The original blood had these haematological characters:-

Erythrocytés

e 3.100,000 per cmm.
Haematocrit :- 26%
Platelets - 530,000 per cmm.
Fibrinogen :-~ 630 mgs. per 100 ccs of plasma.

Coagulation Time :~ 13 minutes (Lee and White's
method).

Quick's one stage prothrombin time:-
- Patient's clotting time - 85 seconds.
Control's clotting time - 26 seconds.
Prothrombin concentration therefore about 17%

Observed clot retraction :-~ 34%

Corrected clot retraction = Haematocrit + observed retgagtion
= 60%

After addition of the prothrombin solution the findings
changed:-

Hzematocrit :- 22%

Coagulation time:- 3% minutes.
Observed clot retraction:- 40%

Corrected clot retraction = ' 62%
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B An even more spectacular case was a baby, aged 12 days,
suffering from haemorrhagic disease of the newborn and deeply
jaundiced, The experimental data are less satisfactory due to
‘the inherent difficulty in obtaining blood from a patient of
this agee.
Cosgulation time of recalcified plasma:= 253 minutes.
Quick's one stage prothrombin time:=
Patient's clotting time din first testi- 960 seconds.
in second‘&stﬁ-lQBO seconds.

Controlt's clotting time s= 21 seconds,
Only a trace of prothrombin can be present in this bloode

Clot retraction of recalcified plasma:= 85 per cent,

Both these cases demonstrate that there is no correlation
between the prothrombin concertration and the clot retraction;
maximal retraction occurs in the presence of sufficient pro-

thrombin to produce clotting of the blood,

Experiment 27.

MMe effect of "thromboplestin" in the form of brain

extract on clot retractione

Fifteen ccse of blood were obtained from s haemophlic
patient; 5 ces. of the blood were mixed with 0.5 ccse. of
galine and the élot retraction estimated as usual. To another
5 cos. of the blood were adddd 0,5 ccs. of a brain extract
suspension and the mixture was run into the suspension
fluid in the usual manner,

The blood~saline mixture showed signs of qoagulation in
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45 minutes during which time marked sedimentation of the
red cells took place. When the outer layer had clotted

it began contracting, and some plasma was squeeéed out from
the inside of the clot. This plasma soon coagulated and
later contracted in the normal way.

The blood-brain suspension mixtufe coagulated completely
in 43 seconds. There were naturally no signs of sedimentation
of red cells. . |

The clot retraction of the two clots were:-

l. 5 ccs haemophilic blood + 0.5 ccs saline - Observed retractiqn

. 0
2. 5 ccs haemophilic blood + 0.5 ccs brain - Observed retraction
extract suspension 63.4%

.

The experiment demonstrates that excess of é@omboplastin
- in the form of brain extract does not influence the clot
retraction. The extent of the.retraction §s not dependent
on the speed of the formation of the fibrin.

The experiment incidentally confirmed the previous finding
that the occurrence of sedimentation of the red cells does not

affect the subsequent retraction of the clot,

Experiment 28.

The effect of thrombin on clot retraction.

Twenty ccs. of blood were taken from a normal donor. To 5
ccs were added 1 cc of saline, and the clot retraction of the

mixture was determined. The rest of the blood was mixed with

thrombin solution ih the proportions‘stated inihe table.
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anl the retraction estimated. The transfer of the mixtures to
the suspension fluid had to be extremely rapid as the blood
clotted within a few seconds; the experiment miscarried several

times for thias ressone.

Blood Saline | Thrombin - Obgsérved clot retraction.
solution .
ccse ccs. ccS. %
5 1 0 46
5 065 0.5 : 48
5 0 1 49

Addition of thrombin to the blood does not significantly

alter the clot retractione

Experiment 29,

The influence of dilution with serum on clot retractione
Platelet=containing plasma was obtained in the usual way

by the silicone techniquee. It was mixed with fresh and with

5 deys' old serum as shown in the table, and the clot retraction

wes estimated,

Plasma | Fresh serum |5 dgys' old serum | Clot retraction.
CCSoe CCS e CCS8e o
5 0 0 82
245 245 0 80
245 0 25 : 84

Dilution of plasma with serum, fresh or old, does not

affect the clot retractione.

Bxperiment 30.

The effect of heparin on clot retractione

Twenty ccse. of blood was obtained from a normal donor and

was mixed with heperin in different proportions. The clot
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usual; the results are giben in the

table.

Blood Heparin |Saline Observed clot
0.01 mge. retraction.
per ccCe

CCSe cCSe cCSe %

5 o 1l 6262

5 0.5 0.5 61.3

5 l.0 0 no clot formed,.

The experiment indicates

that heparin does not influence

clot retraction as long as a proper clot forms,

Experiment 31,

The effect of bile salts on clot retraction,

Plasma was obtained by the sthlicone technique and mixed

with sodium desoxycholine in different proportions. The retraction

was eatimated as ususale.

Plasme | Sodium desoxycholine ; Clot retraction,
- [ mgs. added,|Final concentration.
ccse mgse % %
5 0 0 88
5 1 20 90
S_ S 100 86

Bile salts in the form of sodium desoxycholine, even in

concentrations greater than found clinically, does not influence

clot retraction,

(The experiment was first tried with whole blood, but

considerable haemolysis occured which interfered with the resultse

Experiment

32

To demonstrate that the character of the clot = apart from

its retractility =~ is independent of the presence or absence

of platelets in the plasme from which it is formed.
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Twemty~five ccs. of blood were collected from a normal
donor and spun for 5 minutes in the cold. 5 ccs. of the platelet=
containing plama were suspended in the usual manner. The
remaining plasma was centrifuged ét 15,000 r.p.mes for 10
minutes in the cold in silicone covered tubes to remove all
cells. 5 ccs. of this platelet=free plasme were now suspended.
After coagulation, but before the plateletwcontaining clot had
sterted to contract, the two clots were lifted out of the
suspension Mluids and photographed. The clots are shown in
figure 24; and it is obvious that there is no difference in
their character; they are equally firm and rigid.

The strength of the clots was measured in the"clot=cutter"
illustrated in figure 25. The strength’ of the clot is expressed
as the time taken for a given weight - in all the experiments
recorded in this work the weight was 250 gmse =~ %o pull the
three wires through the clot formed from 5 ccse. of the blood
or plasma to Dbe tested when suspended as a sphere in the
suspension fluid. In this particular experiment the times were:e

Platelet=contaeining clot(before retraction) = 12 minutes.
Platelet- free clot _ = 13 minutes.

The whole experiment indicates clearly that there is no
significant difference in firmness, rigidity, or strength
between platelet-free and platelet=-containing clots formed from

the same plasmes

Experiment 35

The influence of fibrinolysis on clot retraction,

A patient with a slight hypochromic anaemie was for other
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purposes given a transfusion of 500 ccse of normal citrated blood.

About one hour after the transfusion the patient felt faint and

became pale and cold, She recovered in 10 minutes time from this

untoward eff

ect,

1

Some of the pertinent investigations carried out on the

patient's blood are recorded in the table, |

sfter transe

fusione,

Time Haemato=| Platelets |Fibrin |Corrected | Fibrino=~|Clot
crit. in venous retraction| lysise strength
blood.
% per cmme |mgs.% % mimites o)
Before 37 736, 000 240 9663 Absent 16
| transfusion,
15 minutes 39 9653000 | 320 98.0 |Absent | 20
after trans-< = -
fusione.
30 minutes 40 758, 000 340 90.0 Visible 9
after transe ‘
| fusion,
60 minutes 40 707,000 320 88,3 Complete 0
after trans+ '
fusion,
120 minutes 731,000 320 91.8 Strong %
after transge :
fusion.
240 minutes 843, 000 320 90,0 Absent 15

The fibrinolysis of the clots affected became apparent

about 3% hours after the blood was taken, The clot strength

was measured 6 hours after the coagulation of the blood.

This experiment demonstrates in a clear manner that clot

retraction is entirely independent of fibrinolysis. It also shows

thé relationship betweem fibrinolysis and the strength of the

clot, Figure 26 illustrates its fluid character,
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Experiment 34.

The mechanism of clot retraction,

One cc of platelet-containing citrated plasma was mixed with
0.1 cc of a 1 per cent solution of trypsin and kept for 10
minutes at 37°C. The plasma was now recalcified, and drbps of it
were transferred to clean slides and covered with cover=slips.
The slides were kept on the warm-stege at 37°C., and the clotting
observed under oil=immersione. The rapid disappearance of the
fibrin net-work could be watched; about 10 mingtes after clotting
a1l the fibrin had dissppeared. The'"viscous metamorphosis" of the
platelets with the formation of long "pseudopodis" which
eventually drew the platelets together couvld clearly be followede
This process, which satisfactorily explains all the phénomena

of clot retraction, is illustrated in figure 37.

Experiment 35.

The inhibition of clot retraction by heating the blood to

42°C.,
FPifteen ccse of blood were obtained from a normel donor and

run into 0.15 ccse of 42.2 per cent sodium citrate solution.

Half of the blood was kept at 37°C. for 2 hours and the other

helf at 42°C. for the same length of time. The specimens were
now recalcified, and the clot retraction was estimated,
1. Blood heated to 37°C for 2 hours = Observed retraétion 34%
2, Blood heated to 42°C for 2 hours = No retraction occurede

Heating to 420C. for 2 hours thus complete inhibits clot

retraction,
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Bxperiment 36.

The effect of dyes on clot'retfaction.

Twenty ccs. of blood were taken from a normal donore 5 ccse
were pipetted into the suspension fluid as a contral, 5 ccs.
were mixed with 0.5 ccse. of a 1 per cent aqueous solution of
crystal violet, and another 5 ccs. with a similar solution of
netral red, The rétraption of these mixtﬁres was determined as

usual, The results afe given in the table,

Specimen., ~ Observed clot retractione
- (]
S cecs. normal blood, 43
S5 ccseblood +Q5 ccs.crystal 0
violet solution,.
5 ccsl.blood +05 ccse neutral 38
red solution,

Crystal violet will thus completely inhibit clot

retraction, whereas neutral red has no significant effects

Experiment 37.

Fhe force of clot retraction,

A thin bag of collodion was prepared by coating the inside
of a small round bottle with a layer of collodion meth.flex,
After drying the bag was carefully pulled out of the bottle,
Platelet-containing plasma was obtained by the usual silicone
techniquee The clot retraction of this plasma was 88 per cent,
Twenty ccse. of the plasma were run into.the collodion bag, the
bag was attached to the Westergren tube and was then submerged
in the suspension mixture, kept at 37°C, Figure 38 illustrates
the experimental procedure.

After clotting the serum began to rise in the Weétergren
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tube.

The serum rose 19 mms. above the surface of the clot in
25 minmutes; it then remained stationary.

Three hours later the bag was cut open; no sérum run out
of it irmediately, indicating that none had accumulated
between the bag and the clot, which would obviously give a
felse result. The clot actuelly had to bebpeeled off the bag
end was torn in the processe.

The experiment indicates that the force exerted by normal
clot retrsction, even when not impaired by the presence of

red cells, is very small indeed.
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APPENDIZX: 2,

This part describes the technical methods used in the

~investigations.,

. 1., Brythrocyte count.

The red cells were counted in a Spencer bright-line
counting chamber with improved Neubauer ruling. The dilution
of the blbod was done with Hayem's fluid - 1:200 - in the
pipette supplied with the chamber. 80 small sguares were
counted in each case.

24 Sedimentation rate and Haematocrit,

Heparinised blood was pipetted into Wintrobe's haematocrit
'tubes. The tubes were suspended in a gimbal arrangement which
kept them absolutely vertisal. They were left hanging for one
hour at room temperature after which t@e sedimentation was
recorded. No correction for anaemia has been made in the
recorded results..

The tubes were now centrifuged for 30 minutes at 3,000 r.p.me
In reading the volume of packed cells the white cell layer was
ingluded in all cases. As these investigations were not of

parapount importance in the present work, only one estimestion

was done in each instance.
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3, Platelet count,

One drop of venous blood was run directly from the needle
and syringe with which the blood was taken into 5 drops of
Dameshek's platelet fluid., The fluid was kept in a small cup
made of paraffin wax. The mixture was carefully shaken. One drop
was transferred with a paraffin covered platinum wire loop %o
a clean coverslip which was then placed on a clean slide. 10
minutes were sllowed for the staining of the plateletss The count
was done with the oil~immersion lens, and the number of platelets
seen during the counting of 2000 red cells was recorded. A simple
calculation gives the number of plateletse.

Number of platelets Red cell count x Number of platelets recarded.
per crmie - 5000

pameshek's fluid is made up as follows:
Brilliant cresyl bluGessss+0.15 gms.
Sodium citrate sseecesceceses0s40 gnise
Sucrose ...................8.00 IS «
Distilled water sescssesceeel00 CCSoe
After solution of the solids the fluid is filtered,

It was found that the best spread of the cells was obtained
by washing the slides and cover-slips with soap and water, and
after drying polishing them with xylol and a silk cloth,

The actual counting was facilitated by cutting down the
field by means of a piece of black paper with a small hole in the

middle. The paper was placed in the eye-piece of the microscope.

4, PiBrinogen estimatione

Five ccs. of citrated, oxlated or heparinised blood werse

centrifuged for 30 minutes at 4000 r.p.m. to remove most of the

cells from the plasmae. Two ccs. of the plasma were mixed with
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13 ccs. of a solution of thrombin (0.3 ccs. of Lederle's
"Haemostatic Globulin" in 250 ccs. of physiological saline ).
The mixture was kept at 37°¢, for 15 minutes to ensure complete
clotting. A glass rod was pushed through the clot and the serum
was gqueezed out by twisting the rod..The clot was successively
washed in saline, distilled water, alcohol, alcohol«ether mixture
and finally ether alone. 1t was then dried for one hour at 110°C,
which was found to give a constant weight. .

With this method the "fibrinogen concentration" must be
defined as the amount of ﬁ}ombin-eoagulable fibrinogen present
in the plasma which is not necessarily the total amount'of this
protein. It might be more correct to speak of the "fibrin
concentration". In the previoud pages both expressions have been
used at random in this particular senses

It may suitably be pointed out here that gravimetric
fibrinogen estimations carried out by recalcification instead
of thrombin coagulation are unreliable, because variable
amounts of the calcium compound becomes adsorbed on the fibrin,
wWith oxalated blood the error introduced may amount to more .
than 300 mgse per 100 ccse of plasmee

5, Preparation of brain eitract.

Normal humen brain was stripped of membranes and large
blood vessels, mineed finely, washed thiice with fhree times its
own volume of acetone, and filtered on a Bichner funnel until
all acetone had evaporated. A 1 per cont emulsion of the dried
brain was made in saline; the coarse particles were filtered
down, and the supernatent fluid used as the source of

thromboplastin.
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6, Preparation of Pactor V,

This plasma fraction was prepared from ox plasma according
to the mghod of Owren (1947).

' Hundred ccs. of twice Seits-filteredon plama were mixgd
with 100 ccs. of distilled water and 100 ces. of saturated
(NH4)2SQ4. The mixture was centrifuged and the precipitate
discarded, Another 100 ccse. of saturated (NH4)2804 were added to
the supernatent fluid; the precipitete was redissolved in 25 ccse.
of physiological saline, and the solution was dialysed against
1000 ccse. distilled'water (pH 7.0). The water was renewed after
2 hours, and the dialysis was continued for 4 hours. The solution
was now centrifuged and the deposit discarded. The pH of the
supernatent fluid was adjusted to 5.3 by addition of 1 per cent
acetic acid, and the fluid was stored in the refrigerator fof
some hours. The solution was then centrifuged againj the
supernatent fluid was poured off, and the residual fluid was
adsorbed on filtef paper, The sediment was redissolved in a
few ccs. of physiological seline. The prepafation was vsed on the

same day on which it was prepared.,.

7+ Prothrombin preparation,

The procedure of Owren (1947) was agein followed.

350 ccs. of blood wawcollected from a normal donor and
were run into a cooled, paraffined centrifuge tube containing
5 ccs. of 5 per cent potassium oxalate solution. The bloéd was
centrifuged at 4000 r.p.m. for 30 minutes, It was left for 12
hours at 1°C, and was re~-centrifuged in the cold. The supernatent

fluid was collected and warmed for 5 minutes at 56°C, in thine
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walled tubeé and again centrifuged, 160:ccs. of this heat
coagulated plasma was diluted with 1.5 litres of cotld distilled
water, and 1 per cent acetic acid was added to pH 5.3+ It was
left for 30 minutes at o°c., centrifuged,l and the sediment was
washed with distilled water. Extraction was done with about the
same amount of a solution of 0.1 per cent NaHCOq and 0.1 per cent
potassium oxalaﬁe. The solution was filtered in the cold to
remove any undissolved material. 10 ccs. of 5 per cent Mg(OH)2
in saline was added
in saline was added, and the mixture was stirred continuously
for 15 minutes. The sediment was washed twice in distilled water
and suspended in 25 cocs. of distilled water. The prothrombin was
then liberated from the Ng(OH), by COp under 4 atmospheresbF
pressures The CO, was relaased, the solution centrifuged and
dialysed against water at pH 7 for 12 hours. The sediment was
removed by centrifugation. After addition of NaGl.to physiolégical
concentration (0.85 per cent), and adjﬁstment of the pH to 7.3,
the solution was ready for use.

" 8. Preparation of fibrinogen.

The fibrinogen solution was prepared by the phosphate buffer
precipitation method described by Jaques (1943), which gives -
nearly 100 per cent pure solutions of the protein.

Three molar phosphate buffer (Butler and Montgomery, 1932,
Butlér, Blatt and Southgate, 1955) was diluted to 2 molar strength
before use. Equal volumes of humen plasma and buffer were mixed;
the precipitate was washed with molar phosphate buffer and
redissolved in molar/4 buffer in slightly smaller volume than the

original plasma used. The precipitation was repeated three times,
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The final solution was made in 0.85 per cent saline containing
0.00765 molar sodium citrate. |

The phosphate buffer is prepared by adding 817 gms, of
potassium dihydrogen phosphate (anhydrous ) to 1000 ccs. of
distilled water, 750 ccs. of 4 N potassium hydroxide are added
and the solution warmed gently to dissolve, When cool make to

2 litres and filter.

9, Silver staining of sections of fibrin clots.

For the photography of sections of human clots the
following method was found most satisfactory. It was worked out
by Mr.R.E.Duffett of the Department of Pathology, Radcliffe
Infirmary, Oxford., The technique is:=-

1. Take section -~ fixed in osmic ecid -~ down with distilled

2. Mordant in 5 per cent tannic acid for % minute. water,
3. Rinse in distilled water for % minute.

4, Keep in silver bath for 3 to 1 minutes.

5. Wash in distilled water.

6, Fix in 20 per cent formalin,

7. Tone in 1:500 gold chloride for 5 to 10 minutes,

8., Keep in sodium thiosulphate for 1 minute,

9. Wash, dehydrate, clear and mount in Canada balsam,
(The silver bath is made up by adding smmonia drop by drop to

5 per cent n‘gNO3 solution until the deposit first formed
redissolvess To“this mixture add more 5 per cent AgNOz until a

faint opalescence developss)e

mammmmn 0000 “ww=wa
The suspended clot method for the estimation of clot
retraction, the measurement of the clot strength with the
"olot-cutter”, and other less important procedures have been

described in detail in the main texts
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