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FOREWORD

The conference on thrombhasis and antic lant therapy ef 1 by the
Unirersity of St Andrews was, to my mind, an excellent example of the value
of cancentration in discussion. The subject was timely. Though representative
of a number of European countries and of the United States, the total number
of delegates was small enouglt to allow them 1o be housed uniler one roof, The
proceedings were conducted in one language. The university and the civie
authoritiea were 3o howpitable that it was clear that neither had oyerlooked the
original meaning of the word symposium.

Very propesly, the conference began by attempting to define the
phenomena 10 hie diseussed in terms of pathelogy, and it emerged that informa-
tion on these matters was by no means complete. Hownever, a new method of
producing artificial thrombi and a new technique for identifying plasminogen
activator in the tissues Leld promise of providing more information about the
factors which preverve the fluidity of hlood. That therapeutic efforts 1o ensure
flaidity of blood were desirable in a sariety of elinical conditions wae
generally agreed and, on the whole, Thrombotest was aceepted as the most
generally useful method of lling the administration of anti
drugs. The 1deal, a test to disclose both tendency to tl bosis and
to bleeding, seemed a2 elusive as ever.

Although the preeise way in which anticoagulant drugs produce their good
rexults whien given for long periods remained uncettled, the choice of the types
of patient to recenve lifedong anticoagulant therapy was not a matter of con.
troversy, nor were priorities within these types. That such therapy might take
a substantial contribution to any ional y was g lly agreed and
the administrative machinery for securing thia proved a fascinating topic.

The relatively recent use of extracorporeal circulations provided a new field
for the use of anticoagulants, which was duly explored. And, finally, it was
ohvious that the possibility of producing new synthetic anticoagulants was by
no means exhausted,

One of the advantages of a symposium js that it is not hurdened by any
obligation te reach final conclusions, or to make recommendations. What a
symposium can do is to plish — strictly for the time being — certain
objectives; to confirm good hods o and good } in
teneareh to agree to abandon those which have heen unirniful; 10 choose
those wluch are promising enough to be retained after improvement; and.
above all, 1o suggest new avenues of approach Perusal of these proceedings
will make it clear that, in the pursuit of these objectives, the symposium
succeeded uncommonly well.

James Learmonth.
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Thrombosis, Blood Coagulation And Atheroma—
A CRITICAL APPRAISAL

1. R A, MITCHELL —M.R.C. Chinical Research Fetlaw, Department of Hematology,
Radchiffe Infirmary, Oxford

Anticoagulants 212,

used with evess

offer an explanation based on twe asswnpuons,
Fursily, that thrombosis 3§ intra-vascular clotting,
and secondly, that the in vivo acuon of anticoagulants
is the same 2s thewr i wited action, Unfortunately,
the two premises on which this wrain of thought
depends aze not vahd.

ever thrombosis is, it is not simple intra-
vascutar clotting, and naked-eye examunanon of the
end products of the MO processes conviaces us of
Ltu§. An intravascular clot is ‘dark red, sy, soft
A0 AR

Iy

mmoabs @ b avine e antes facp ebamn feme

enough calcium fo deal with'the teansfused blood
and yet it does not clot), Laboratory tests of blood
coagnlation may not, therefore, give any

and swidied the swining properties of the fibrin
fqm_:,cd. They _found that, u_nl_css‘ gmy zdd.cd_ re%

il

1 - -
observanons), and untl this has been resofved, the
confident sdentification of fibtin by the flusrescent
antbody technique must be accépted with caution,

L AN

.
chemical environment will determine the stamung
reactwon rather than the mere presence of the bl
component in questton, There may be a place for the
fluorescent antibody technague 1 plateler idenufi-
cauon, and we are swdymg s problem.

-~ {n_l,-.:'lp:,_ 1 shalt discuss bruefly the. relatsonship
predisposes to cororaey occlusion by thrombus,
resuling m dial 1ofa iz, 4). How,
each of these assumpunons can be assasled,
The selatonship between infarction  and
R A T . .

(et rmiame o

of the state of affaurs m the lving vessesls

survey ot athy beclusion and ischainic heart
disease and find that in our series, i zecent nfarctions
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Figure I—Section through clot,
showlng even distrlbution of
red cells and fine fibrin strands.
Matlory P.T.AH x 200,

Figure 2—Section through ex-
perimental rabblc pulmenary
thrombus  showing  fibrin
laminz, white cells, amorphous
platelet debris, and pavcity of
red cells Mallory PTAH x
200,

Figure 3—Section through mura!
platelet
aggregates surrounded by white

thrombus  showing

celts. H, & E. x 200

Figure 4 — Diagram  showing
supposed inter-refationship be:
tween cardiac infarction and
vessel disease, and (dotted lines)
the false analogy between
human lipid findings and the
results of rabbit experiments

MYOCARDIAL ___ CORONARY ___ CORONARY ___ GENERAL
INFARCTION THROMBOSIS  ATHEROMA  ATHEROMA
“cLassicar”
DUGUID
RABBIT
* ATHEROMA ~
HIGH BLOCD RABBIT CHOLESTEROL
CHOLESTEROL

POISONING
Figure 4



with definite cardiac necrosis,

over 809%,
enddanl:’ sha

occlusion is found in
whcr‘eas In patients who have died

aluatils.

The second equation was questioned by Mornis
(1951) who showed that, desptte the nsing tide of
cardrac infarction, the amount of coronary atheroma
had not ncreased over the years
¢xamnations at the London Hospital, whereas the
frequency of coronary occlusion had.

ule yedts ml vne population group, or in one ractal
group as compared with another, then it should
leave behind 1 the pattents who recover an mcreased
amount of atheroma),

If thrombosis 15 the critical factor 1n the mn-

Figure 5

DEATHS FROM PULMONARY

creasing frequency of cardiac infaretinn shan mact-—.
we st . . '

botic .
wall & .
wssug . .
Regis
mona
of m .
virtua
incren
this
T

—h

Tawaln

1 low and hiph infarer sara eactae
DN

"L he three equations shown 1n Figure 4 are still
incomplete and even if the mter-relationships do
extst, 13 the direction of the “ reaction ” a forward
one from atheroma to thrombosis or 1s it Dugud’s
“back reaction” from thrombosis to atheroma?
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Thrombosis And Haemorrhagic Diathesis

M. MATTER — Krankenanstalt Neumtnster, Zurich

Thrombosis and hxmorrhagic d{:ll_lhcsxs are

bosis the values of r and k return to normat or even
show bility (1

considered to be opposite processes.
»s certamly rare_in thrombocytopania and severe
coasulopathucs. This 15 one reason v hy anticoagulants

5). Even thus method
docs not detect a tendency to or an existing throm-
bosis with certainty, As changes in the concentration
of coagulaion factors and variations of r and k

are used 1 thrombosis. Ano(hcfr 15 the belief that
13 of
As thrombosis and its prevention are the main
subjects of this conference, 1 shall concentrate on
mbogenesss, and show that study of the coagula-
tion mechamisni and of cosgulation defects has
greatly d the of thig
process. 1 shall not discuss the possibly important

e fibrolyue system plays in
physiological and pathological thrombus formation.
Stress and the adminsstration of ACTH and cortisone
Iead to an tmbalance of this mechanism which may
be of great importance i the pathogenesss of venous
and artenal thrombosss.

In severe haemophilia, a marked deficiency of a
coagulation factor Jeads to a prolonged clotting ume
and delayed bus formaton,

If great amounts of tissue
yuce enter the asin

of the placenta, fibrinogen, fm!hmmbm, factor V
and platelets may be 50 reduced by intravascular
coagulation that "a severe hxmorrhagic diathesis
follows. Fiz 2 shows the TEG of such a patient (A) :
no thrombus formation occurs; B fs the normal
control, C a muxture of the patient’s and normal
blood. If small amounts of thombaplastin entet the

It 15 casy_to measure such defects with sinple
methods “In thrombosis one would by contrast

formation 13 3 more dynamuc process and the coagula-
ton factors may rapidly change. Only frequent
measurements of blood” samples may show the
sequence of events

Mamer o cmmg boe s Fupae g am omm

.

But the “whole blood clotting tune ™, also,

et ceenen
meas X

18,
speec
hatched area,

Hypercoagulative states show a shortening of
r and k. Wik this sensiuve method it has been
possible ta measure, increased coagulability mn many
rasee nF ya e oot et -

f yanm e

massive oes not develop,
but the following changes are scen 1n a sequence of

f

SLILE WL 1le sdlie Lidnges are noted  betore,
during and two_days after normal delivery, They
may be the result of the entrance of small amounts
gé")nssuc juice from the placenta nto the curculation

e same

Th hanges are of i
et S2e_changes, are often found during

thrombosis (3), As artenal thrombosis 15 ps_uzliy

Tm epiranf bl mmomcm e Lt

At the site of an endothelal arterial lesion,
xhz]ﬁlxl::mvxsﬂslcf cl'izn:gje su(p}gosedly '&17_(;3!15(3 of lr.he’
agglu 100 Of arelets (Fig. 4).
only a few seconds and 1 lndgpr‘v“)dmr “ -Iff}:__zf}fe
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(14). Platelet factor 3 reacts with Ca, the antthemo-
thxc fzgtors,' PTA, Hageman factor and factor X.

Durning  coagulation fibrinogen, prothrombin,
factor V and factor VIII are consumed. The actvity
of Ca, factor VII, factor X and PTA remams

5 . .

. b

contans thus a thrombotic accelerator, which 1s
present also 1n the sera of patients with the following
coagulopathies : factor V, factor VII, factor VIII
and factor X deficiency (19).

The serum of factor IX and Hageman factor
deficiency does not contain this accelerator. The
activity 1s decreased 1 PTA deficiency and m
patients treated with dicoumarol for at least one week.
Factors IX and Hageman, inacuve 1n plasma, become

activated when the blood is exposed to wettable
surfaces such as glass (12, 13). Their activation at
the site of the endothelial lesion may be one of the
first changes mutiating coagulation 1 thrombosis.
The experiments of Wessler favour the hypo-
thests that the production of serum 1s very impo!xgm/
in thrombogenesis. It agrees with the clmcal
observation that a major thrombotic process, partcu-
larly venous, usually follows minor thrombosis
due to trauma includng surgery and delwery.

thromboplastin 1n the muma
Wessler found heparin efficient in preventing
i 1 1 b whereas d ind
its derivatives showed decreased activity n_the
serum only after a week of treatment (20). This
effect probably 1s due to factor IX defictency, which
only develops after this pertod of therapy,

‘We are not yet able to produce 1solated Hageman
factor defictency for therapeutic purposes It would
never lead to hzmorrhage, and, therefore, would
be the ideal anuthrombouc treatment.
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Factors Influencing The Formation Of Artificial Thrombi
1. C. F. POOLE—Sir Wilham Dunn School of Pathology, University of Oxford

e

SO S

blood when K:’““d nto a glass tube or some such
container, while thrombosis 1s_taken to mean the
deposition on the nside of a blood vessel wall of
solid matenal from the blood Some people use the
words indiscrimunatety, But the dustnction s im-
portant because the microscopical appearances of
a thrombus and a clot are ditferent,

hrombus has an elabx
up of mo different  kinds of matenial.

made
One

masses Appear as structureless arcas. That thus
congists of platelets 1s not 1mmediately obvious but
1n fact there has never been much doubt about it.
Several workers in_the eighteen-eighties observed
the formation of thromb: in living vesscls: they
could see platelets being deposited and when they
cut sections through such regions areas of amosphous
matertal were seen, The matter was seutled by
Levene & Levene (1957), who studied the structure
of human thrombi with the electron microscope,
and confirmed that in these areas, where no struc.
ture 15 shown in ordinary sections, platelets very
closely packed together can be made out.

This basic structure 1s common to all naturally
occurnng thrombi, buy there are many vanations.
‘The proporuon of the platelet and white cell matenal
to the red cell and fibrin materal varies greatly.
The platelet matenial may comprise nearly the
whole structure or only a small part, In a common
type 1t 15 concentrated 1n a small area called the
white head attached to the vessel wall while the
greater part consists of a red tail of red cells and
fibrin, extending downstream from the whire head.
The platelet and leucocyte masses may be loosely
packed branching coralline structures or form streaks
or Jayers,

The structure of a blood clot 13 quite different.
The formed clements of the blood are distnibuted

It 15 obvious that a
1s needed to provide a bridge between studies of
blood cloming 1n the test tube and of thrombosis

new technical approach

ix'l.the body: in short, 2 method for producing
o A A Pl e O
' .

If Chandler’s procedure is modified shghtly by
sticking the :nds-gf the tube topether to mafce a
smnooth joint 1t 13 possible to form structuges which
resemble natural thrombs even more closely (Poole,
1959). In such an apparatus the bl oes not
clot at all in the ordinary sense. Instead, a small
d body forms just behind the advancing edge
of the column of and floats round in the
blood for an indefinute peried. A section throurh one
of these bodies shows a structure sumdar to that of
cestain kinds of thrombus with a white head and a
red tal.

LN

OO PO SRS -

head. Then, after an nterval, the red 1 fom:s
suddenly and the structuce s {ully formed,
.

The effect of free fany acids was investigated
because of the known effect of fatty acids on the
clotting of plasma (Poole, 1955). Long cham satu-
rated fatty acids i low conceéntration shorten the
cloting time of plasma, while short chain saturated
fatty acids and long chan unsaturated fatty acids
do not, When these observatons were made nobody
knew whether free fatty acids occurred m human

lood Robtunson, Harns, Poole & Jefines (1955}
showed that the usual range of free fatty acid 1n the
plasma of healthy young men was about 0.3 to about
2 mihquvalents per Itre. Steanc acd added to
plasma n that concentration gives a maximal eftect
on_the clotung time and some effect with smaller



acid concentration in the blood, but there is much

concentrations in which the active fatty acids pro-
e

duce a sh of

s: y'abgp! wh‘c_lhcr or, niot fatty meals produce

e
are agan small and within the ph fluctu-
ations. Of the straight-chain saturated fatty acids,

y A claums have been
made and 1t is difficult at present to hold any clear
views on the matter.,

The effect of adrenaline injection and stress is
less obscure, on & Gray (1914) observed
shortened whole blood clotting time in cats after
i of adrenal Connor this

palmitic acid, C 16, there is a marked

and with longer chain acids from steartc acid, C 18,
onwards there 15 an even more marked effect. The
long chamn fatty acids tested included one of the
unnatural series, the odd-number acids, C 23, and
this behaved much like its neighbours in the serres.

The four long chain unsaturated fatty acids
tested are inactive or nearly so. They are oleic acid,
elaidic acid, ricmnolerc acid, and arachidonic acid.

Of the active acids the most abundant in nature
13 stearic acid and the 1nvestigation has started of
the effect of simple modtfications of the molecule,
Substitution of one methyl group reduces and of
two abolishes activity. A hydroxyl group makes litle
if any difference.

When _artificial thrombi are formed in the
presence of an active fatty acid they are not only
formed more rapidly but are also larger. Whether mn
lfe the size of 2 e speea of its fi !

15 the mote¢ important, i this experimental situation
the answer 15 the same

In vivo, a fatty meal leads to a nise of free fatty

oL vy

treated rats of the same stramn i exactly the same
way and found an increase in the free fatry acd
content of therr blood, 50 here agan in vivo hyper-
coagulabslty and increased free fatty acids go
wogether,

Further speculation 1s unprofitable as-the data
are as yet incomplete, But when 2 system which
produces obpects very ltke natural thrombi i1s 10~
fluenced in this way by free fatry acids in concen-
trations which occur 1 the circulating blood, then
one must take serjously the possibility that some such
mechanism might operate m vivo.

REFERENCES

Cannon, W B, and Gray, H (1915) Amer ] Physwl, 34,232

Chandler, A B (1958) Lab Invest, 7, 110

Connor, W L {unpublished observations)

Connor, W E. and Poole, ] C T (1961) Quart | Exp
Phsiol , 46, &

De Long, I' , Uhlev, H N, and Fricdman, M (1959) Amer J
Phyaol, 195, 429

Dole, V P (1956} J Cli. Invest., 35, 150

Levene, M, and Levene, C. I (1957) J, Chn Path, ro, 200.

Mallov, S, and Witt, P (1960) Fed Proc, 19, 229

Poole, ] C F {ross5) Bt J Txp. Path, 36, 248,

Poole, J. C T (1959) Quart J Lxp Phosiol, 44, 377

Robinson, D S, Hatris, P M, Poole, J C. F, and Jefiries,
G. H (1955) Biochem J, 6o, xxxvn

The Recalcified Plasma Cloiting Time As A Measure Of
Blood Coagulability

H. W. FULLERTON and G A. McDONALD —

Department of Medicine,

One approach to, the problem of the patho-
e 2 oA T o

has been to
vitro by a wide
. . . he large amount

. these lines,

the
ults

University of Aberdeen

A further difficulty 5 that the process of coagu-

recent years we have carned out several
smd\lc: ul;clgg they recalctfied plasma clotung (R.P.C.)
fume as 2 measure of coagulabiity, and our first



objective was to standardise the technique and to
find out whether or not 1t gave reproducible results,
Details of the techmique have been givenina previous
commurnucaton (McDonald and Fullerton, 1958 a)
and all the steps have always been undertaken in
exactly the same way by one of us (G.A.M.). We
consx!:r this to be of great importance if accurate
results are to be achieved and we would stress that
none of the work on which this commumecation 13
based has been delegated to techmicsans.

T mmees aben mae pe—atay o

vo arms was only
* 13 3 § seconds,
. - shortens the
+ I'which gives

oL - arms 1 14
patients, the venepuncture being sausfactory 1n one
arm, while in the other 1t was unsatisfactory in that
tissue trauma was produced madvertently or deliber-
ately. The readings 1n the samples obtained by
unsatisfactory venepuncture were consistently much
shorter, the mean difference being 283 seconds,
Accordingly we have always discarded blood samples
obtained by unsausfactory venepuncture.

We have previously shown that 2 high-fat
breakfast S 8. 1-f:
(2} oz, bacon, 2 eggs, 1-1} oz, butter, tea with mitk
and sugar) results 1n a marked shorteung of the
R.P.C, ume a few hours after the meal (McDonald
and Fullerton, 1958, a and b), We have found a
similar effect afier approximately the same amount
of ble-f: ly as (McDonald
and Fullerton, 1958 a), but our obscrvations m thig
communication are confined to the results obtaned
with the standard arumal-fat meat and they are
converuently discussed under two headings

1—The effect of physical actiaty on the acceleration of
the R P C. nime after ingestion of the hugh-fat meal,

Observations have been made in two groups
of m-patients, none of whom suffered from cardiac
disability, or received any drug likely to affect
coagulability,

Group A.
e, Sndings m the firg groyp of 11

are chaum

Group B.

The carand mentn ammne sod om s o Son o 1

Observations in two groups of ambulant subjects
have shown distnct differences from the previous
two groups of in-patients.

Group C.
This comnprised lplmx‘ppa:icm} who had had

higher (mean 126 7 seconds) than 1 esther group of
mn-patients, and second, that the reduction 3} hours
after the high-fat meal 13 less (mean 16.7 seconds).

Group D,

Thus consisted of 23 students who reached
hosputal by walking short drstances and b

using
Eubhc or prvate transport. After the high-fat
reakfast they attended lectures and climcal in-

structton, walking a few hundred yards in the
intervals between them, The findings are very
srnilar to those i Group G (Table 3), The mean
fasung R.P.C. trme 15 139.7 scconds and the mean

reduction 3} hours after ingestion of the meal 1s
18.4 seconds.

Group E.
Compnised 16 of the 23 students of Group D.

In ordas o~ = Pyl Riskima et bas g

start .

only

after -

remaming 16 reported to ‘!-mspml as b:fore,' and

meal was only 7.z seconds whereas 1t was 23.8

tume whuch occurred after the fatty meal when the
subjects were marnly sedentary.

In subjects at rest n bed (Groups A and B;
the fasting R.P.C. time 13 short and 15 rgmch a:cclerz
i.'.?‘L‘““ 2 high-fat intake. Bi f these factors

oth o
= cannedad ne pividal




2—The tIﬂ'ect of phenindione on the increase in blood
coagulabihity following a high-fat intake.

‘Thus has been studied in two groups of patients
as follows :

Group F.,

10 mn-patients with recent cardiac infarction
at rest in bed and treated with phemindione for
periods varymng between 4 and 18 days at the teme
the experiments were conducted,

Group G.
10 out-patients with previous cardiac nfarction
who had had th h d. for

{or]
pertods varying between 12 and 45 months,

In both groups the ope-stage * prothrombin
time ” had been mamtatned at 2 to 24 tumes the
control level and the last dose of phemindione was
taken in the evenung before the test day. In all the
subjects 1 both groups blood samples were removed
before and 13} hours after the breakfast contaiung
85 g. arumal far,

It 15 seen that m Group F (Tabl
fastmg R.P.C. ume 15 shghtly prolonged (147.1
seconds) as a result of the of phenin-
dione, but the interesting pomnt 15 that the mean
acceleration 33 hours after the lugh-fat meal 1s
only 3 6 seconds. This 13 1n marked contrast to the
findings 1n Groups A and B (non-cardiac m-patients
recerving no phemndione) where the mean reduc-
uon 1n the R.P.C tme was more than 30 seconds

In Group G (Table 4) the fasung R.P.C. ume
15 again shehtly prolonged (mean 1473 seconds)
and at 3} hours after the high-far meal the expected
acceleration 1s not secn, the mean of the readings
bemng only 2 3 seconds less than the mean fasting
value, In respect of physical activity this group 1s
comparable to Group C (Table 3), 1. the control
group of out-pattents with previous cardiac mfarction
receving I_mg. phenindione daily, m which the
mean R.P.C. ime 3} hours after the high-fat meal
15 16 7 seconds shorter than the mean fasting value.

‘Therapeutic doses of pherundione virtually
abolish the acceleration of the R P C. tme which
occurs after the ingestion of a lugh-fat meal mn
subjects not receiving this druz, So far as we are
aware this acuon of phenindione has not been

e 4) the mean

The practcal importas this acuon ‘?f

“hla that eha
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TABLE 1

SIMULTANEOUS R.P.C. TIMES (SECS ) IN BOTH
ARMS IN 14 SUBJECTS: VENEPUNCTURE
UNSATISFACTORY IN ONE ARM,

Satsfactory Unsans?zcmry
m Arm Dufference
Means 1207 92.4 283

TABLE 2

MEAN R P.C. TIMES (SECS.) BEFORE AND AFTER
HIGH-FAT MEAL,

GROUP A: II IN-PATIENTS (NON-CARDIAC).

Fasting 3 hour

Difference 4 hour Difference
114 75 355

38.7 79

TABLE 3

MEAN R.P.C. TIMES (SECS.) BEFORE AND AFTER
HIGH-FAT MEAL,

Fasting 3} hour Dufference
Group B -
10 In-pauents 1116 804 312
{non-cardiac),
Group C
10 Out-patients  126.7 110 16.7
(old cardac m-
farction 1 mg
Group D :
23 Students, 1397 121.3 184
““sedentary »
y.
Group E
16 Students, 133.1 125.9 7-2
“active ” day
TABLE 4
MEan R P C. TIMEs (SECS ) BEFORE AND
AFTER HIGH-FAT MEAL |

THERAPEUTIC DOSES Of PHENINDIONE.
| Fasung 3} Hour. Dufference
Group F 147.1 143.5 36

16 In-pauents, recent
cardiac infarction,

|
!
23
'

Group G 147.3 145
| 1o Qut-pauents, old
il cardiac infarction. i i
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Studies On TFibrinolysis
SOME INTER-RELATIONSHIPS BETWEEN CLOTTING AND FIBRINOLYSIS

E. KOWALSKI and S NIEWIAROWSKI —
Laboratory for Clinical Biochemistry, Institute of Hematology, Warsaw

The theoretical background of thrombosts and
1ts treatment 1s related to the phenomena of Coagu-
lation and fibtinolysis. Coagulation research is the
“ basic science ”' 1 which progress may be of great
mportance for adequate prophylaxis and treatment
of thrombotic disease,

EUGLOBULIN  FIRRINOLYSIS
AND , CONTACT FACTOR®

at; on and fibnnolysis are intimately
Coagulans B ) INCUBATION MITURE | Lveis Tim
increase h 30 MIN ; ¢ 37°¢C K
the acuvauon of the ﬁbrmolyuc system counter- ¢ A (KovRs)
acts 1t
The intimate mecharusm of these mutual nter- SERUM  EVGLOBMULIN
actions is not completely known, We do not know, s Afm 20,0
we only guess which particufar components may
act simultancously 1n both systems.
The following are the significant findings
concermng coagulayon factors which 1afluence the EUGLOBULIN 0BTAINED
Somnolye system - SROM SeRUM SUAKEN |
) Fidrino fibrin, possess_ considerable WITH KAOUN { KAOUIN 4
A vUT T IN EUGLOBULINY SALINE
theory of :lo: dlssoluuon i vivo postulated by EUGLOBULIN QBTAINED
Sherry et al. (1959) FROM  SLRUM SHAKEN 0
2 The fbmmelytic scumty of thrombin i WTH xaoun (kaouw | 0.0
vm-o was fnundbya Guest andWare g:?sco) Kowarzyk REMOVED)* SALINE
wuh thrombin, Seegers and Landaburu (1957)
demonstrated that one of the different molecules of t
E) possesses Yuc actvity. ALCALINE ELVAT 1.0
tween nnd mc FROM KAOLIN + SALINE M
fibunolytic system n vivo wa
Kudrtaszov and Ulyuna (1958), Afm an m;:ctwn
of thrombin into ammals the fibrinolyuc activity ALCALINE ELUATE
mcuases 5o rapidly that the blood does not clot. .
(3) Kowarzyk and Rechme (1957) found that FROM KAOLIN »SERUM 2.5
foul
the euglobulm ﬁbrmolysxs 15 acuvated by remoaval EUGLOBULIN
of Iasrmn infubitor. g
of Bbramolysis 7, Figure {
4) Calcram :gns ad‘gﬁl n appropriate cgnccn«
trauon_ activate the coagulation system anx mers shas shis lemen mommatee ameene £ o
fibninolysis_1n euglobulin’ (Kowalsks et al,, 1959). ::l““};" “ ot ehie 1 -
. E . . - .
R |
' . Ievmmuoxl ol these phenomena, ’

euglobulin tibnnolysis time 1s shown 1 Fig. 1. It

21

T this short review of coagulanon factors
mﬂuencm the fibunolync system some data con-
cerming the influence of plasmm (fibrnolysin) on
clotting factors may be summansed.

Plasmun inhibits all coagulation stages by
destroying some coagulanion factors, Its action on
fibrinogen and fibrin 1s very well known



FIBRINOIYTIC ACTIVITY OF EUGLOBULIN DREPARED
OF SERA SHAKEN WITH KAOLIN AND oguwte

LYSIS TimE (MIN)

SPECIES SPONTANEOUS  ACTIVIFY 8K ~ ACTIVATED
CONTROL | KAQLIN TREA CELTE TREA] CONTROLIXAOUN TREAICEUITE 1REA
Figure 2 SERUM (ED JERUM HED SERVM| SERUM HT0 SERVM LED SEQUM]
HumAR 300 L] 34 4 19 4
BOVINE > 1000 300 21000 1000 20 195
SHEEP >1000 1000 1000  P1000 {1000 >1000
NORSE 1000 55 180 200 20 25
RASBIT o0 tho %60 10 5 o
QUINEA ~PIG 7 1 2 _— — —:J

ACTIVITY OF BLOOD CLOTTING FACTORS AFTER INCUBATION
WITH  PLASMIN (+37°C)

<
<
Figure 3
o
.
w0 \1 F
e R i
N EUGLOBULIN FIBRINOLYSIS AFTER INJECTION OF NEPARIN
Dol w AND IS DIVRNAL VARIATIONS
PO — 5
AN £
300
e
me T DEFORE MEPARIN
X 20 MN ASTH HOPARY
Figure 4 W WO MM AT KEPARHY
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Souher et al, (1955),

wmplcmem,

s
decreasing s:nnnvu' [t O]
iaro d

!

but does not uence
Ommms Factor, Factor VII

thromboplastic activity
o( pht:lets (Fig. 3).

Thereis socx‘pmmtmal
evidence that the nn
mbnhsmz facmr (FSF)
destroyed by plasoun (B\z\ux
1959)

At least fwm dxﬂ'ercm
ol

gen ; anti
VI (Niewiarowsk: and
Kowalski 1956 ; Niewiarowska
et al. 1959) and inhubitor
of mboplastin formation,
LT.F. (Niewarowsky et al.
1959). They inhibit thrombo-
lastin  formation,
action on fibrinogen and fibnn
monomer polymerisation
(Kowalski 1959).
The phamzmlomml
treatment of thromboug
be performed with three kmds
o( substance ; (l) hepann m{

3

1,

,\
[Ea

3

heparninon COUMATO!
and ns dmvauves {3) plastun o
ther

and nnul c tub-
smccs. i ese
substances mny nterfere with
the nat clotting
or ﬁbnnclm: processes.

1) Hepann. The actions
of hcpumnublmdclcmng are

H

g
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MASMA FIRRINDLYTIC SYSTEM §N PATIENTS DURING
LONGTERN ANICOAGULANT THERADY

i el
AcTvery {wokn)

T el
ATy (%)

Tx X

Figure §

">

THE COAGULATION AND FIBRINOLYTIC SYSTEM
IN RABBITS AFTER A PELENTAN ADMINISTRATION

Reprotuced  from rauns
Diath Hmor by permission of

I
b
N

e

-

~

ANTIPATM N

e RLASMADGEN

/./\mmwnm

EUGLOBULIN
FIRENOLYSIS

TifME ASTER

/i

secte
dose of 5000 or 10,000 umts to normal

subjects Blood samples were drawn before m)ccunn
of hepann_and 20 muoutes or 3 hours after the
myection. The fibnnolyhic activity

QF SELENTAN ( TROMERAN )
(HoURy)

on the fib

ic system

was
using the euglobulm method (Fig. 4). No significant
es were observed 20 munutes after injection
of hepart. An activanion of fibtinolysis was noted
180 mintites after wnecton of $000 O 10,000 UL,
However, tlus acuvation 18 of the same order of

‘Their influence on
e R

l:vel is not infliien y thes $e antie
magmtude as the of
acuvation of fxbn.nol SIS
G & 2 R I e et e S
(i up  investigate e
:‘gz“;“‘g’a:: has’ no influence, at a2 30d 180 gioumarol derivatiies. Tromexan, S atgi
evels.

From these 1nvestigations it seems that heparin
23



INFLUENCE OF PLASMIN (10 ml/kg. OF WEIGHTION
THE BLOOD COAGULATION SYSTEM IN THE DOG

and an increase of antiplasmin level. These two
changes may be correlated with the prolongation
the prothrombin tume (Figs. s and 6)‘? * of
It has been d that a sub. hi
fibrinolysts actvation increases in the plasma of

could be removed by kaclin or celite
1960),
(3) The purpose of treatment wicth proteolytic

finding of an indefinitely prolonged
tune and greatly mcreased antithrombin

We consider the thrombin time to be the most

After an excessive dose of proteolytic enzymes

poat pos2 0063 patients treated with dicoumarol denvatives. This
1 » ' " ' " (Nt and Wegr
Fibri /ml
mogen my/m) | 1,68 1168 11,56 | 10 11,68 [144 | enzymes 15 he dissolution of clots, We myected SKa
rormty " I ~ ) activated plasmm into dogs and cats and exammed
Fonmalyun 10% | 109 | 0% |100% | 0% 1100% the coagulation system. Contrary to results 1n vitro
°| no cbanges in clottung factors other than fibrinogen
P— N lvz:rele (ébserved after plaslml? myection The fibrinogen
"’ . DAY IR B | ¥ (3 lecreases extremel ast in cal
(Leawt 34071655 [130°)420°[310°[730°| tlys phenomenon 1s sln'x:r (Fig. 7)&5’ while 1n dogs
SecclnranTins | 50° | 60° | 46° 246 | 52" | — | oty
ThombnTme | 317 (36" [17° [36" | 177 >0’
amtvomonvt | 18° [ 327 | 21" p6’ | — [— '
PotombnTme | 97 | 97 | 9" [165°) 8" | 16
Fodar ¥ 13" [ 147 [ 127 | 127 | 12" [ 12 pro?eolyucvelnzymes 15 related to the level of anti-
axwt | 18" 18" |19 | 18" | 207 |21 i the
Foctar VIl (Ah % % % » » effective test for the control of ~treatment with
octr o) | 100%100%100% |100% | 100% | 100% | proreolyuic enzymes, Deutsch and Fascher (1960)
Focor X (Chesimon) | 100%| 110% | 100% | 115% [100% | 95% | e of the same opinion.
1 BEFORE IHFUSION a AFTER 74 HOURS ' :
1 50 MINUTES AERINFUSION £ AFTER 20 MINUTES
Figure 7 .

thrombosts on long-term anticoagulant therapy and
1n rabbits treated with a single dose

merisation and that protamne sulphate and other
agents may overcome this effect (Kopec et al. 1960).
These findings are not discussed here in detal
They provide a rational background for treatment

These anticoagulants have no significant effect
on fibrmogen and plasminogen levels, They all cause with proteolytic enzymes, its appropriate control
a )] of the lobul b e, and af
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The Tissue Activator Of Plasminogen And Thrombosis

A. S, TODD —Department of Pathology, Queen's College, Dundee

ar b £-load i of 3 large vewn and incubaung them in a fibrin

film, Under these conditions, endothefium caused
enough fibrinolysis to account for all the actvity

b is
may bc caused by failure
mechamsm _Therefore, it
investigate the distibution
within the ussues. . )
The chief fibrinolytic substance in tissues is
an acuyator of plasmunogen (Astrup and Permin,
1947). Thus substance can be detected and assa)ed
by the fibnn plate method (Permun 1947, Astru
d Albre :chxsen, x9s7) Tbc method is to meubu:
Arnpe of nesne rxvnct ona

local ph it
nl’ a local fibrinolytc

cemed  necessary 10
c( fibnnolytic acuvity

method was modified for mucroscopic examinauon
(Todd, 1958, 1959).

In the new method, 2 histological section of
rmh ussue 13 phced on a very thin layer of ﬁbnn

unng
uuung lasmunogen  acuvator uuse lysis of \h:
adjacent ﬁbrm fter bation, the  preparation

In alt ussues the areas of fibrinolysis appears 1o
be related 1o blood vessels and m most cases the
vens show more acuvity than the arteries (Fig 2).

In the liver and spleen the amount of fibrino-
Iyuc acuwity 13 1t 18 almost enurely related
to large veins both portal and systemuc (Fig. 3).

e pulmonary artcries are very actwve (Figs. 4
and 5) and so are the main pulmonary veins

Large blood vessels show most activity in
relation to their vasa vasorum (Fig 6), but zones of
fibrinolysis can_often be seen m relaton to the

touma, and to fragments of endothehum lying free
in the lumen (Figs. 7 and 8.)

The latter observauon suggested that 1t was the
endothelium that contaned the plasmunogen actis
vator, This was tested by scraping cells off the mtima

25

seen 1n sections (Fig. 9.
‘The fibrinolytic acumy produced by artenes
18, usunlly very, much less n lhn( seen in vens.

dus reaction invalves 3 stages i—1~The conver=
sxon of a plasnunogen Proacuvaror t9 an activaror

2 kinase (st:rcfu mxe) 2—Canversion of
paxmmogcn into plasmun by activator. 3—Lysis
of fibnin by plzsxm

[

fmm lh: cu:ulzlmg plasxnz but lhu 13 50 loosely
ittach t even two washings will remove at.
Th:se results suggest that the fibrinolytic mechanism
in the endothelnum 13 1 the form of a latent system
which 15 set 10 moton by in Jocal condiuons,
or perhaps by exposur: to some humoral agent
which acts as a
Three Dbs!‘n'auons ate of interest 1n a search
for the local conditions or substances which may
pmduce activation of this fibnnolyuc mechamism.
The first concems the distnbuuon of the fibnno-
Iyuc acuvity throughout the ussues of the vascular

dLlel1es 18 CLELL 18 Legugluic, LU type o1 1necan~
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Figure }—Fibrinelysis autograph of
muscle. The pale areas are gaps n
the fibrin background Indrcating
fibrinolysis due to the presence of
plasminogen activator In the tissues

Hxmafum x 76

Figure 2—Salivary Gland showing
fibringlytic actlvity round blood
vessels  The ducts are Inactive
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figure 3—Liver. The activity Is
confined to large veins and their
vasa vasorum

Hzmalum < 30



Figure S— Lung. Showing lysls
raund 3 pulmoniry artery.
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Figure 4—Lung. The fibrinolytic
actlvity is related to pulmonary
arteries.
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Figure 6—Aorta, The fibrinolytic
activity 15 related to the vasa
vasorum.  The Intima (lefe) is
inactive
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ism would explan the gradient of endothelal
fibnolytie_actmaty from the venous to the arterial
parts of the crculation, Inadentally, a simlar
gradient of fibrnolytic acuvity has already been
descnibed 1n the blood atself, that from the vemns
being more active than from the arteries
(Fearnley and Ferguson, 1957).

The second set of observations related to the
behaviour of blood and tissue 1n limbs which have
been sschzic, Kwaan and McFadzean (1956)

samples are taken the distribution of fibrinolytic
acuvity is such as to suggest that the most active
blood 15 that which has stagnated in the capillaries
and small venules 1 was able to study tissucs from
a hmb amputated for sarcoma under * bloodless ™
surgical conditions wsing an Esmarch bandage

parallcled by an mncrease in the amount of plasmimno-
gen actvator 1n the vascular endothelium

wng menmnmead el thn wneamn oF ~eanvest eellular

= eet of cells

was least
'ndothelrum
wld release
the latent acuvator mechanism It was noted in the
preparatons from the 1schemic hmb that the active
endothehal cells were often accompanied by clumps
of platelets, suggesting that they, too, had been
damaged.

These observations sugrest two ways 10 which
the fiby h 1 mal

m y be
set 1n motion Firstly, by damage, and secondly,

Figure 1I—The wall of a vein
from 2 leg amputated under
bloodless conditions Note the
tatelet clumps in the areas of
ysis
Hzmalum v 76

Figure 12—Artery feom an amputated leg. There is
unusual acuvity in the arterial contents (above) which
include detached endothelium.

Hzmalum x 76



Figure [4—Metastatic pros.
tatic carcinomain the seminal
vesicle.  The  fibrinalytic
activity s related to the
surrounding tissue  rather
than to the clump of cancer
cells,

Hzmalum v 30

by some humoral substance which may come from
the tissues 1nto the venous blood. It has previously
been shown by Astrup and Buluk (1960' that the

L% P indovic it et Srbn o

N

Brinkhous anu SUlbu, Ivsus cue e .
(Opie and Barker, 1007) in the blood normally keep
the rate of these reactions at a low level (Astrup,
1956b). Alterauon 1n these humoral factors may
. A balance

'+ enal

determimne the outcome of Jocal damage.
Yo e PR e bles
- ' and an
- - - guhuon
- rease 1n

Ot =
N
VIS B NNPC DU T )

Figure 13—Thrombosed vein
showing fibrinolytic activity
ot the vasa vasorum and In
channels In the thrombus

Hamalum x 30

fibrinolysis can produce a_dangerous hamorrhagic
state, presumably because fibrin acts as a2 part of the
blood-tissue barrier, as Nolf (1908b) suggested,
These two extremes can’ be illustrated by
hustological preparation. A section of a thrombosed
1 shows that where the thrombus is adkherent
to the vessel wall no fibrinolytc acuvity can
detected 1n the numa. Acuvity can, however, l|7'e



. ow that it is the tissue round the tumour  in a moist chamber at 4°C. For use they are placed,
(Fm u) - than the carcnoma usclf which produces ccllophane side down, on a microscope  shde.
lhe ’%%‘“'Ei&mg 1—The fibrinolytic activity 3=Tusue S“"&M ‘g‘h“’,‘ onnxhe f'“zllsg )’J:dc
of tissues 15 concentrated m_the endothelum of :’c‘é‘ffnofgme(ﬁ’;ﬂgu’ ,eg.‘s;: 'H.lzc “ré‘l‘;;‘mc:m taken
blood vessels, 2—The endothelivm of vemns is much g0t on to the ﬁbnn film.
more active than that of arteries. 3—Arterial cm{ b ione of
thelm m’ll):h':;’e ’,‘,";’::,fg :;,’;d‘,f,ﬁgsi‘fsﬁggﬁ?m tade as follows : A square of tissue is cut from the
the ﬁbr“molyuc activity of endothelum may be wall of a large blood vessel and washed Jin saline.
increased by damage and perhaps by some sub- After being allo\\ed to dmn briefly st nsl 5]:::%,

ceum shide an
:lz:snuc; “sm—dfx a“ sug“ééiid’“u,!’F :gfsﬁ{;r:::ﬂmc the hex!;m l(liuld =§_ the ﬁjdgcs u dn_i_:}'1 off 1b3' wucmng
hani wit e edge of 2 filterpaper. e shde 13 then
‘,}‘,“,he smms such a3 lhe one described are tmportant placed on the chuck of the freezing microtome

and the area bcnrmg lhc v:ssel 1 chnlled wnh wo
APPENDIX (Materials and Methods). et

t~-Tissues. Biopsy and post-mortem human .. . PR .
ussues varying in age from a few minutes to 48 . . -
hours may be used. If the material 13 to stored 1t . ‘. - .. "
1s npxdly frozen and kept in the ice chest. .. - “
N nogen.  Bovine Plasma Irracu d é f - s
¢ Aot ), hichy “nw”hedtd's & "ﬁfb‘;{fﬂ s—Incubation, 15-30 minutes incubation at
- P 7°C is usuallv suﬂiclmt to demonstrate fibrino-
T Y"c acuvity, J:repanuons are :nclosed m a
. . ““mosst cha’nbcr luring this stage
' . CEE Y 6—Fixation The prtpnranons are exposed to
. (I [ the vapour of boilng formaldehyde solution for
. . ", . * 30 seconds and are then placed 1n formol saline
oonmn 20 units pcr ml, . solution for 1 hour, During this stage the fibnn

inary becomes  detached from the cellophane, Fibnin
1, used. It must, b: * wettable * and have netther  and section arc then treated together m the same
way as a ** floated out ™ section.

. - . 7—Statmng. The preparations are staned for
. . . . 5 munutes 1n full strength Harris’s hematoxylin and
e ", . dxﬂ'erenua:ed overnught in distilled water. They
are *“blued ™" by exposure to ammonia vapour.
Sl of B oo, S, ey are mounted i shcenne
phane backing using the followmg_techuu felly on glass shdes.
A shm uf plate ghss 1 accum:ly levelled by 9—F:brmal_vm Amm‘g of Whole Blood.
- ¢ method ‘earnley, Balmforth and
. . - . - Fcamley (1956) The activity was expressed as the
e T P —_————— X 10,000
. .. - Iysts ime 1in munutes
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1t is certainly not arterial spasm,
for there 1s no stmulus for this.,
Besides, arterial blocks i varrous
sites are Jocal, probably from a
platelet buld-up, and the causeis
1n the vessel wall. Also, did Dr
Todd’s method with frozen sec-
tions exclude the acuvation of
lysss in the processing ?

. Professor OWREN—Mutchell’s
investigations again emphasise
the lack of correlation between
arteriosclerosts  and  clincal
disease. The nsing morality
seems not to be caused by
mcreasing atherosclerosis.  An

0
must be constdered. The dechne
m post-operative thrombosis and
coronary disease in Norway duning
the war 1s consistent with this,
The effect of diet must be studied
further, and I agree that 1t 1s not
simply a problem in coagulation :
factors independent of 1t are
recogrused, We have studied
marnly hzmostasis after mjury to
small vessels, but certain reacuons
are the samean arterial thrombosis
though the trigger mechamsms
may differ, In both the wound
surface and the vessel wall are
decisive. Wessler's and Poole’s
expertments, however, are differ-
ent, because clot- promoting
factors in the blood play the major
role, They may give important
nformauon for venous throm-
bosis and the problem of hyper-

coagulability, but it must be
applied cautiously to artenal
thrombosis.

In the hxmostatic mechanism
(Fig 1) factors 1-4 are essential
since the primary bleeding nme
and platelet adhesiveness in vivo
Acta  Med
1960) are altered 1
hazmorrhagic telangtiectasia,
thrombosthequa, severe anzmia
and Von Willebrand’s disease
The ussue substrate for platelet
adhesion s the collagen and
elastic fibres (Hugues). Platclets
adhere loosely or not at

secondary to atheroma.

tor (factor R of Hellem, Scand. . .
The red cell factor RARAReAS pisek A
Platelets 1n_red cell-free plasma  « .
Addition of washed or trypsin-

J. Chn, Lab. Invest., Suppl
important trigger.

are not adhesive,

all to cholesterol and fat—
relevant to the trigger mechausm of thrombosis

DISCUSSION

PLATELETS
o Aoueston 1. TISSUE SURFACE ( CONNECTIVE TISSUE FIBERS)
(SURFACE COATING) 2. PLATELET ADHESIVENESS PROPERTY
. 3. RED CELL 7ACTOR (HELLEM) «— RED CELLS
REVERS)BLE 4. PLAS'A AOHESIVENESS FACTOR (NILSSON-8LOMBRCK)
AGGREGAT 10N CALCIUM (MAGNES1UM)
IRREVERS |BLE THROVBIN FORMED
T AGSRESATION W0 THE pLaterer| ST EXTRINSIC gvsTew
ATMOSPHERE «— INTRINSIC SYSTEM
VIseous ]
METAMORPHOS IS
MPERERBLE PLATELET LIPOID FACTOR
PLATELET PLUG
—INTRINSIC SYSTEN
m “————— PLASMA FIBRIN «—| THROMBIN FORMED
CONSOLIDATED IN PLASHA < EXTRINSIC SYSTEW
HEWOSTATIC PLIG
Figure |—The hz=mostatic mechanism
PLATELET TRANSFUSION HEMOPHILIA A
=
=
30
25 B

SECONDARY BLEEDING TIME /
0

2 .
15 /
10 \ / TACTO VI (<1 por cost )
. PRMAAT BLEEDING TIME (aerered
—_
s

0 1 2 3 4 s 3 7
DAYS

- Figure 2—=The effect on the secondary bleeding time in hzmophilia of
transfusion of normal platelets (Platelets from 21 of plasma were given)

treated red cells increases adhesiveness to glass
parallel to the wvalug i {1
concentrate of factor R has been prepared, and causes

be an - . )



2 platelet thrombus, Bleeding in the vessel wall may

death of patients with grossly hypertrophied venmﬂes
rifla-

Do 1 ilsey Blood supply o k
i ¢ Vi tion * the camllary supply does not keep pace
‘The sccond stage ls‘x‘\hlgc‘:‘fd\:n%r; by \|f‘c.}u‘s. - oacle Bhres.

b it % prest B o .
) . . Lo Dr SHARP — When platelet-rich plasma clots,
. . " . . . the platelets clump some time before fibnn forms
- ' - . « For 1-2 minutes after clumping 3t can be reversed
. . y OF A AN ST L
PR ‘ Lot o . o e

. . . e . ..

Moreover, plasma concentrations must be reduced
to about 15°%.

Sudden death from clectrical stabulity (ven-

with zdmna'ng coronary disease.

mjected rrrtant substances into the artenal lumen
while the blood flow was temporanly arrested, but

s fesulted 1n thrombosis only rarely and unpre-
dictably. To produce thrombosis regularly, 1 was
necessary to reduce the rate of flow ugh the
segment ; thrombosis was then almost invanable.
The shock of a myocardial infarct may produce the
circumstances leading to thro;

a |
s illustrations, the platelets in the
formed discreet clumps of umiform size.
Rk riag b bt ol e

In Poole”
thrombr

mass,

Platelets on clumping merease 1n volume roughly
fourfold. This also 13 of interest n thrombus forma-
tion.

Dr SCHWARTZ —1In the “sudden cardiac
death ** group there 1s no coronary thrombosts and
the degree of atheroma is ummportant (current
Oxford studies). This group should be excluded from
discussions_of coronary occlusion n myocardial
. - RN S it hapd

'
covered.

Quite frequently at autopsy widespread throm-
bouc occlusions are found in many arteries. This
suggests a systemic thrombotic tendency.

There 15 much autopsy and chmeal support for
Mutchell’s views. nary emoral artery
thrombosis together have been found to occur during
adequate anticoagulant treatment. A man aged 46

mbus )
therefore, welcome Dr Mutchell’s finding that
occlusive thrombus 1s found more often in patients
lving for some days after the ischamic episode,
compared with pauents dying suddenly.

Dr SCHWARTZ—The low mcdence of
occlugive thrombus 1 Professor  Montgomery’s
series 13 probably due to the age of the mfarcts. Itis
m ess common 1n older infarcts.

Professor HILIL, — The
at the onset of m:

tients who die instantly
ocardial necrosis are important

lan infarction
ity to sudden

33

Relative acute 1scharmia ma
without thrombosis. Simularly, tht I:J:E

angina due to aortic thrombosis
he had primary polycythemua with a platelet count
aver 3 million, and lus aorta was free from atheroma

Dr MITCHELL — What reason is there for
aunbuting * sudden death ™ to heart disease at all 2
Asn Beck’s experiments, these deaths mght possibly
be due to embolic occlusion of a twig vessel from a
proximal atheromatous plague, mving ventriculour

fibrllanon  Cardiac infarction cannot be due to
atheroma alone: the deteroration 1s too rapid,

Thrombus or embolus 1s the most likely explanation.

Dr VERSTRAETE ~ Did Professor Fullerton
find a strict parallelism between the Quick ume and
the R.P.C, ume, and was the prolongation of the
latter found even when the Quick time was not i
the therapeunc range ?

P.i‘lvléuar FULLERTON — Our experiments
‘were al lone on patients in the the rang
showmng no effect at all. ¢ therapenne iad



Dr HARTERT — Did Dr Poole find increased

viscosity shortly before visible

clotting started »

Dr POOLE — When fibrin forms, the level of
the advancing edge becomes stl] lower, quite quickly,

and tlus 1s how we measure thromb

us formation time,

The change in the posiion of the column of blood 15

probably due to friction between
walls of the tube,
Nr VEDETD arme o

e g Y I

a

the fibrin and the

wrsansauull

01 use Ltdee o1 thrombm needed for thromboplastin

generation : other tests fail to reveal jts activity.

D AITEWIT apmmrneee o
menta .

mesveuns vaowall DE oDlamed fre
¢lectrophoretically pure I.T.G ha:
by Lipinski 1n our group,

- ana
VI
bo-

1M1~
e of I'T.G, and
s been prepared

-T.G 'may, 1n fact, act by

inhahtean e . .
t .. B
S Uoauu LOL Oeegers, In

t

Versn—aete’s; D .

of the clotting system other than thrombin may have
een elminated,

With regard 1o Dr Todd’s findings, Kowalska
et al. (Blood, 1958, 8, 436), using enurely differcat
methods, found that the activity of plasminogen or
plasmmogqn Proactivator 15 very high in organs rich
in connective tissue,

Dr MATTER —The increased  antiplasann

activiry in aa

Professor DONALD — With regard to Dr
odd Sxperiment m which he actwvated senarated

CassnisCuar Loty ¢

Dr TODD—Red cells and leucocytes lose
their actvity, derrved from the plasma, after two
washings, whereas the substance 1§ firmly attached to
arternal - endothellum  Serosal cells behave lke
artenal cells. Bladder epithelum 1s inactive.

In answer to Professor Pickering, the acuvity
of the tissues decreases with age and alsp with
fixauon "Only fixation 1 cold o2, ethanol s of
any use. The activity found in ussues is inversely
proporuonal to the amount of autolysts,

t mught also be suggested that bactersal
actvity could be responsible for the phenomenon,

15 15 unlikely, because (1) sterile biopsy ma(:m.l
shows 1t ; (2) no bacteria are seen 1n digestion zones ;
(3) there 15" no lag phase before lysis begins; (4)
additron of anubiotics and anuseptics to the system
does not abohsh the reaction,



The Organisation Of Large Scale Life-Long
Anticoagulant Therapy

P. A. OWREN —Rikshospitalet, Oslo

Introduction. 3
Anticoagulant therapy has been violently debated
PR st ] H 5

two problems
{1) Which pauent should be treated ?
(2) How should the control be organised ?
The therapy was first given to patients with

acute diseases, and was
Twayar o6 coseer boa =

opped after a few weeks

5o far, most physicians and
experience 1 managing only a

the first group anticoagulants have marked effect
on mortality and disablement: this 1s our first
priotity group, In the second group the effect of
anticoagulant therapy 1s less well established.

‘The high prionty group includes five sub-
ETOUPS.
(2) Chromic rheumatic heart dsease. Pigs. 1
and 2 show !hckcﬂ'ccnvencss of prophylaxis in

O NS FoF

et

R Acminn amenn - ~Etes 4 E

| .
zmen important—work, Qur first study of angina

ectoris comprised 471 patients admitted to the

naversity Chimc of Osto. All panents were miven
anticoagulants, and the mortality was only 36%
per Year 1n the treatment period, fotalling 1400 years
{Owren 1954). e usual mortality in patients not
so treated 1s 8-10% per year In 2 second study of
275 pauents Waaler (1057) found that patients
with 2 short tustory had 2 mortality of less than
1% dunng the first year {fig 3). In the group with
long duration of symptoms before therapy, averaging
3.5 years in this matetial, the mortality was about

9 per year, whuch 1s not sigmficantly different from
the usual mortality of 8-10° (fiz, 4) Based on these

laboratories have
few h ds of
patrents However, because of the 1ncid

of atherosclerotic disease n the western countries,
we must now face the practical problem of making
pefmanent anticoagulant therapy available to the
great number of patients who need it. This means
that we must develop an organsation for large-scale
therapy.

Ind;

Sfor Life-Long 1.

The peneesl crenrmues ~F «

Therapy.

sl L disease and
heart disease because pauents with other diseases

ving for hfe-long therapy
are comparatively few.

We classify the patients i two mamn groups, In
35

results we a d study which has been
(1960). In order to

Lucrapiuuin Laugt, 45 eXpressea by the P & P method
and_consequently also by the new Thrombotest
method, must be below 50%
(¢) Myocardial infarction 1In this large group

we select patients with only one attack, with no
angina, or with angmna for less than 2 years Fig. 6
shows the survival curve for nom-selected patients
on anticoagulant therapy, our own group of 308
patients and Bjerkelund’s group of 119 patients.
urvival curves for 3 groups of non - treated pattents
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F/ ure | — The effectiveness
of anticoagufant treatment in
patients with mitral valyolar
disease and recurrent em-
bolism prior to therapy
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the first embolic episode m
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disease
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D L R it angons NO. OF PATIENTS 68 70
pectons of less than 2 years
e arecione o T MYOCARDIAL INFARCTIONS 3 \
CARDIAC DEATHS 6 \
MORTALITY IN % PER YEAR | 8 1.3

are included for comparison. The number of patrents
with more than one infarction before therapy was
relatively small ;m these senes, and define con-
clusions regarding the prognosis i such cases could
not be drawn. The figures, however, suggest that
new 1nfarctions were more frequent in patients with
more than one nfarction prior to therapy, both in
the treated groups and 1n the control groups,
Bjerkelund states that * anticoagulant therapy does
not seem to have protected these pauents much
(Bjerkelund 1957, p. 134). Tt1s also logical to assume
that the effecuveness of anucoagulant therapy 1s
highest at an eartly stage of the disease. There 13 po
reason to believe that the anuthrombotic  effect
per se is less n advanced discase. The

protection against coronary death. A high proportion
of these patients die of coronary disease or of cerebral
artenal disease, At our outpatient cliie, 140 patients
with thrombosing atherosclerosis 1o the lower
extremities have been on anucoagulant therapy for
an average of 4 years (Osvik, 1960). The total
mortality has been 3.75°% per year, with 2.7% of
cardiovascular disease, A study at Ulleval Hospital
1 Oslo of a large group of surular pauents not
treated with anticoagulants showed a total mortality
of 8% per year. We must not forget that athero-
sclerotic disease 13 2 generalised disease, and should
be treated as such,

(e) Intermuttent msufficiency of the cerebral

due to th

1n results 15 presumably caused by a hugher frequency
of non-thrombouc deaths n” advanced disease,
that 15, death from congesuve heart falure and
sudden death from acute ventricular fibnillation

(d) Atherosclerosis 1n the legs without signs
or symptoms of coronary or cerebral atherosclerotic
disease. All these patients have high prionty, not
because of the local disease, but because they need

37

1,
last category on our hugh priority hist A decisve
dy e vn Al ~f sneima st 0 1 CEOENE

however.
Qur list of second prionty cases includes three
man categories ¢ rheumauc heart disease withont
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Figure 2— Prophylactic effect
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the first embolic episode n
panents with mitral valvutae
disease
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are included for comparison. The number of patients

n one infarction before therapy was
relatively small in these series, and definite con-
clusions regarding the prognosis in such cases could
not be_drawn, The figures, however, suggest that
new infarctions were more frequent 1n patients with
more than one mfarction prior_to therapy, both in
the treated groups and i the control groups.
Bjerkelund states that “ anticoagulant therapy does
not seem o have protected these pauents much ”

that 15, death from congestive heart falure and
sudden death from acute vemncular fibrillation

(d) Atherosclerosts n the legs without signs
or symptoms of coronary or cerebral atherosclerotic
disease. All these patents have high prionty, not
because of the local disease, but because they need

a7

protecuon against coronary death. A high proportion
of these patients die of coronary disease or of cerebral
arterial disease, At our outpatient clinic, 140 patients

sing  atherosclerosss m the lower
extremities have been on anticoagulant therapy for
an average of 4 years (Osvik, 1960). The total
mortality has been 3.75% per year, with 2.79%, o
cardiovascular disease. A study at Ulleval Hospital
1n Oslo of a large group of similar patients not
treated with anticoagulants showed a total mortality
of 8% per year. We must not forget that athero-
sclerouc disease 13 a generalised disease, and should
be treated as such

(e) Intermittent nsufficiency of the cerebral

1 e
Ias(dca!:gury on our high prionity list. A decisive
g emy LR D0E SRR P LA

stu
15 sull

however. )

Our list of second prionty cases includes three
marn categortes ¢ rheurnatic heart disease without
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embolism, angma pectoris of more than 2 years
duration and two or more myocardial infarctions.
For these proups there 35 only snggestive evidence
that anticoagulant therapy decreases mortality,

2

Figure 6—The effect of Ife-
long anticoagulant therapy on
mortality of survivors of acute
myocardial snfarction

probably includes about 1/s of these or about 150
per 100,000 1n Norway, If all new patients yecerve
therapy, the number will increase to 800 per 100,000,
or somewhat more if one allows for increased Lfe

Therefore, 1t 13 not justfied to msist on
for all these patients. Each patient should be con-
sidered 2zn incdividual probleen However, further
research using the technique of well-controlled
cluucal trials must explore the statstcal value of
anticoagulants 1n such patients

Size of the Problem.

Our quesuon is now. how big a practcal
problem 15 1t 1o organise anticoagulant therapy for
all patsents in the high priorty group and for selected
pauenis 1w the jow prionty group ?

‘The death rate 1 Norway from chronc rheu-
matic heart disease 1s about ten per hundred thousand
If we assume an average hife expectancy of 15 to 20
years after the appearance of cliucal symptoms,
the morbidity would be I150-200 per 100,000
Probably not more than 25°, of these are candidates
for protection by anticoagulants, that is, about 5o
per 100,000

The death rate for atherosclerotic and degencra-
uve heart disease 1n Norway 15 173 per 100,000
Thus mcludes also most cases with arterjosclerosts

ue to

Thus, we may conclude thar roughly 200 per

100,000 at present, rsing to 1000 per 100,000 OF

1°, of the population in the next 1o years need o

be on antcoagulant therapy. T",ﬁf are mapy
mn S

an
but 1t appears realistic to us.

The morbidity of atherosclerotic disease 1S
somewhat higher i Great Brtamn than in Norway,
but still the size of the problem 1s not overwhelming

Thus, then, will be the problem . to mantad
as many as 0.2% up to 1° of the populatton on safe
and effective_anucoagulant therapy, How should
thus be done ?

Basic Problems of Anticoagulant Therapy.
1 must first analyse the basic problems of hfe-
long therapy. hall

o ¢ my pomts clear, I s
de theLsc p'robl‘:Ts in two groups.

i

o} .
o .. . -
and has 2 items . other forms of therapy and psycho-
logical problems.

- Tl -a

that some_doctors tend to give anucoagulants to
patients who do not meed the treatment, such as



A rheanic dicnedere for

patients with carduac ‘neurgsis, ':ndy uncomphicated

When we _started long-term _snticoagufant
therapy at the Umversity Clmuc i Oslo 12 years
ago, we used the P & P method for control, After
10 years, with more than 100,000 tests, we decided
to modify 1t. The P & P test has one ‘l_hcoxc(x'c;l

come these difficulues, 1n order to make

art. To obtain good results, the doctor must be
accurate in details and have a high degree of responsi-
bility,

ex .

[ TUIEL PUNNERPRRIRONIIE St D)

Organisation,
T, -

. e . L .
explanations or repeat the test at once. This 1s an
important detail. In thus way charts are pot mixed
up, and 1t constantly reminds_the patient that great
care 13 necessary. If the patient has no problems,
he goes back to work at once. The same afternoon
all charts are reviewed by the doctor who makes
necessary adxus(mc;ns lnhlhe dosage. Thus 1s agan
i tail, Su

therapy simple and yet safe.

The P & P test was first modified 10 make 1
sensiuve to all four t:z&m,r,gkrgduc_gd by the oral

with thousands of patents, the capillary test saves
much ume and 15 more convenient for the paucnt.

The new test 1s simple, accurate and takes only
about 2 munutes. It has been in general use in Norway
o3 It can ge donf by offi '3

(3) Admunistration of anticoagulants 1s appar-
ently ‘an extremely simple matter. Nevertheless,
expertence shows that the result 15 often bad ; the
patents frequently get too small and flucruaung
}inses Both patient and doctor may be responsible
or

3.

The pauent must be thoroughly instructed
Tt 15 neces: to sit down with lum and explain in
detall what the purpose 15, what the dangers are,
and that you expect hum to follow directions abso-
lutely, Never must he forget to take lus pills, and
never must he change the presenbed dosage.

The doctor must know the rules of dosage.
They are few and sumple, but often overlooked,
Personal expertence 13 the best teacher, and most
doctors need two months before they master this

39

must never

prosii

e pocicar s

doctor ‘sbout, he can see the doctor when the test
1

In this organisauion the technical and medical
problems handled by the same doctor, who

less than half an hour each day reviewing the charts,
‘The pauents spend a few minutes 1n the laboratory
every month Finally, this orgarusation 1s inexpensive;
the cost of reagent 15 at present about o shiltngs and
of techrical assistance about 8 shillings a year per
patent.

‘When the laboratory 1s part of a hospital, it 1s
sometimes necessary to scgamtc the techrucal and
medical problems, The laboratory then tskes care
i

v

enced doctor.



Many patients cannot conveniently come to
such a laboratory for control. Their problem can
be solved in two ways, Either they can have thetr
practitioner send the blood to the laboratory, or the
pracutioner can do the test 1n his own office. It 1s
perfectly feasible for hum 10 do this. With a lutde
experience and cheap equipment he can ob(am

proposals. It is not possible to build up one system
for all patients, since the system must be modified
to meet local needs. It1s a waste of tme to discuss
the theory of ersus

because this 135 an entirely pracucal problem,

In conclusion, I wxll stress |hat this 15 2 largc,
bl be d,

reliable results. This solution would also
the technical and medical responsibility, which ls
an advaniage. Expertence shows, however, that
rcsuh of this orgamisation 15 often not good This ls
not because there are any difficult problems, but
simply because most doctors need expenience before
they do the job well. This 13 especially true for the
dosage, which needs more experience than the
performancc of the test.

d the fol solution.
)i thc g:ncral pmcmwncr has a number of such
pauents, | and 1 c s wxllmg o devo(e hxmself

do the whole work alone,
In this discussion I have tried to outline the
general principles, rather than to make specific

but not over
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The Laboratory Detection

Of Thrombosing And Of

Bleeding Tendencies

HELLMUT HARTERT—Med Univ

The problem with which I would like to deal
arose 1n a very practical way 1n our laboratory.

were used to controlling_anticoagulant therapy by
(hmmboelasmgraphy (TEG). We believe this to
be a s d of control, since phases of pro-

z\ounccd tcndcncy o zhmmbosxs _duting therapy

method.
For practical reasons we changed our method
of drawing blood one year agu B:fmc this we took

wae caparate

With this change to c‘talat:d full blood we nou;:d

Hospital, Heidelberg, West Germany

\Vnh _citrated plzsma

emm

had found that
a mean value of
bemng
value
» iffi-
in

we
had

culty of a great

favour of the oxalated full blood method.

‘fus difference mn sensitivity seemed pot to be

czused by the addmon of ma {%d cells but by the
An nar war now

We were very pleased about the increased
scnsmvlty of this test for a thrombosing tendency
we poticed that now the sensiivity for a
bleedmg tendency had gone This was indicated by
several heavy bleeding accidents, where the Quick
test consmmly showed values below 5°% The TEG
on contraty faled with the oxalated blood
melhod 10 indicate a bleeding tendency.

t has always been our opinton that the good
scnsmvﬂy of TEG m he control or anncoagulant
therapy and
tendency was due to its specxal sensm v for the
factors of the plasma, inportance

CTIv1; r. a2ticoagu~

a ve pronoun e

labxhrt};' “This was indrcared by a gxen iz
of the clotiing time in !hrombos:s, m cases wi
lung J and also

a
lam therapy has also been indicated o arempts
of several authors to mclude one or m Jm " hrom!

40



plastic factors in routine determination of the
prothrombin complex.
At e e

mad aaloasmtia

Lt us asqume thatun the TEG study of the

e

tendency can aspparently not be detected, if the
mfluence of the extrnsic clotung system, as 1t 1s
determined 1 the Quick test, becomes more preva-
lent by changing the method. This means the im-

of a jom! o
and of bleeding tendencles 1n one test, if both are to
attan the highest possible sensitvaty.

[ S R AR Y

hand there 15 no explanation why the therapentic
reduction of clotung factors must be so relatvely
high to escape thrombosis.

In contrast to this, the bleeding tendency seems
to be strictly correlated with a clotting defect—except
where there 15 a toxic defect of the capillaries.

mves & 'good cross-section of the plasma proteins,
but docs not reveal for example important anti-
bod:es, which can cause death.

Anticoagulant therapy is a rather crude method.
1t does the same as bulwarks on the slopes aganst
rolling avalanches. Would 1t not be berter to catch
the sparrow before he starts the avalanche—or pre-
vent the snow from CCOMIE. SO dangjmus? But

It 1s not my intention to undermine any existing
or proposed method. I should like to ask rather
how a control system could be devised which would
both avoid bleeding and prevent thrombo-embolism.



Comparative Study Of
Anticoagula

Control Methods For
nt Therapy

W. ZOLLINGER — Krankenhaus, Neumunster, Zurich

With the technica! assis

The methods used were: Quick’s test, whole
blood clotting time, recalcification time, thromb-
elastography and the heparin tolerance test. Many
authors believe that 1t 1s safe to use Quick’s method
alone. Others believe in simultaneous use of the
methods mentioned.

The reliability and reproducibilty of any
parucular method depend on several important
factors ;

1—The techniques have to be simple, so that

m any laboratory the sarme results can be

tance of Miss L Muller

(d) Reproducible results by different
workers at different laboratories.

(e) Same results with plasma, decalcfied
whale venous or capillary blood.

(f) Should not give too long 2 clotnng time.

(2) Moderate cost.

It should be available anywhere antcoagulant
therapy 1s practised. Such a preparation can be of
anmal or human origm,

We studied the commercial  preparations

obtamned by different workers, N
2—The mnterpretation of the results should
be by an expertenced physician taking
into e
used, whether long or short actng.
3—The greatest problem is the choice of
thromboplastin,
The ideal thromboplastin should fulfil the firms, . .
following criteria : Dafferent thr were first
a) Simpliaity in use. using plasma. There was a good relaton between
(b} Sensitivity to all factors depressed by Quick’s method and the Thrombotest, especally
the anticoagulant. within the therapeutic tange, The mean value by
(¢) Insensitivity to factors not influenced. Quick’s method 15 about 109 ligher than by
;_l'hmmbu;j:sé, because d.lﬁe;em_l_g:luexgs al;es‘:lxstczd
for the calibratton curves, for rombotes! -
GLTOILTEING ﬁl(jefl‘ed plasma and for duxck‘s method Michaelis
utier
The same picture was obtamned when Thrombo-
lupase Geigy was compaged with Thrombotest.
en human bram thromboplastin was compared
with Thrombokinase Geigy a good correlation was
SEC. obtaed 1n T range.
Gegy 1s rather msensitive to varations in factor
e VII (4) Since factor VII is rapidly depressed at
o
70 THROMBOTEST igure 1
< 1 et e ®
'>o-= I .
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the beginning of therapy, Thrombokinase Geigy
gves hugher values at thus time than human brain
lhmmbuphstm, which 1s very sensitive to factor
{_ C same “1! Sttﬂ \\'I

in both methods. For out-patients it is of grut

advzm:ge 1f capillary blood e used. We used

lhe mﬂhod described by er:hter - (2) with kli“mhzn
<.

e ebats

an
Thls method has the disadvantage that larger
volumes of capillary blood are needed. Quite good
results are obtamed by this method, but with
rombokinase Geigy and Thrombmcst much more
resulu are bt within

- Sl A

show:d nbsclutely normal " Thrombotest values,

PLASMA Figure 2
‘s HUMAN BRAIN THROMBOPLASTIN ‘' THROMBOKINASE GEIGY" . .
1004 . 100 3
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Cross = Vic. K, or after cessation of therapy  Large dot = Beginning of therapy
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Comparative Study Of Control Methods For

Anticoagulant Therapy

W, ZOLLINGER — Krankenhaus, Neumunster, Zurich
With the technical assistance of Miss L. Muller

The methods used were: Quick’s test, whole
blood clotting time, recalcification time, -omb-
elastography and the hepann tolerance test. Many
authors believe that 1t 1s safe to use Quick’s method
alone. Others believe in simultaneous use of the
methods mentioned.

The rehabiity and reproducibility of an
particular method depend on several important
factors :

1—The techniques have to be stmple, so that

1 any laboratory the same results can be
obtained by different workers.

2—The interpretation of the results should

be by an expenienced physician taking
0 e it

int:
used, whether long or short acting.
3~The greatest problem 1s the choice of
thromboplastin. 5
The ideal thromboplastin should fulfil the
following criteria:
(a) Simplicity in use,
(b) Sensiuwvity to all factors depressed by
the anticoagulant, .
(c) Insensitivity to factors not influenced

(d) Reproducible results by different

workers at_different laboratories.

(e) Same results with plasma, decalcified

whole venous or capillary blood.

(f) Should not give too long a clottng ume.

(2) Moderate cost.

It should be available anywhere anucoagulant
therapy is practised. Such a preparation can be of
ammal or human ongn. .

We studied the commercial _preparations

N

firms. . ”
. Different thrombopl were first

using plasma. There was a_good relation between

)t
Quick’s method and the Thrombotest, espectally
within the therapeutic range. The mean value by
Quicl’s method 1s about ro% ligher than by
Thrombotest, because different diluents are used

GLOLENG e S na T i e Vi
TIME buffer, et o b
k“t,hms:
SEC wih |
° obtair
Gey -
] VI ¢,
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th inning of therapy, Thrombokinase Geigy in both methods, For out-patients it is of great
gnecsblc\fgh 311 $8 zhx!sh u’mc than human brain  advantage if capufiary blood can be used. We used
[N S - emnetwe o factor  the metl thod descnibed by hcchm' (2) with ll\(umhan

rain and Th
. This m:lhod has the disadvantage that larger
LI e o volumes of capilary blood are needed, Quite good
. T f . =+ results arc obtained by this method, but with
N PN o ' - Thrombokinase Geigy and Thrombotest much more
. . '. reproducible results are obtamned, especially within

- a o the thetapeutic range.

., . o e chief property of a thromboplasun i3 its
LR ] - sensitivity to varayons in any one of the clotting
- H .o factors depressed. Thrombotest is claxm:d to _be
- sensiteve to the variations n factor IX activity,
. LR L Several severe cases of hzmophilia B m Switzerland
PR . . showed absolutely normal Thrombotest values

PLASMA Figure 2
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Comparative Study Of

Control Methods For

Anticoagulant Therapy

W. ZOLLINGER — Krankenhaus, Neumunster, Zurich
With the technical assistance of Miss L, Muller

The methods used were: Quick’s test, whole
blood clotting time, recalcification time, thromb-
elastography and the heparin tolerance test. Many
authors believe that 1t 15 safe to use Quick’s method
alone, Others believe 1n simultaneous use of the
methods mentioned. .

The relability and reproducibility of any
particular method depend on several mportant
factors :

1—The techmques have to b

le, so that
Dihada ol

used, whether long or short acting.
3~~The greatest problem is the choice of

oplastin,
The ideal thromboplastin should fulfil the

(d) Reproducible results by different
workers at_different laboratories.

(e) Same results with plasma, decalcified
whole venous or capilary blood.

(f) Should not give too long a clottng time.

(g) Moderate cost.

It should be available anywhere anticoagulant

therapy 1s pracused. Such a preparation can be of

hS
1

over other methods by being sensiuve to factor )t

as well as prothrombin, factors VII and X (s). Tests

were strctly carried out as instructed by the vanous
rms.,

followmng criteria = . Dufferent thr were first d
a) Sunplicity in use using plasma. There was a good relaton between
(b) Sensivity to all factors depressed by Quuck’s method and the Thrombotest, especially

the anticozgulant. within the therapeutic range. The mean value by
© to factors not Quick’s method 1s abour 10% gher than by
;I‘lm:’rlnbg;el:sg, because d:ﬁe;cnt_rﬂ:’mgsuasx[esgf:f
or e ibration curves, for Jolele] a
GI}OILTEING glrered plasma and for dulck’s method Michaelis
er,
The same picture was obtamed when Thrombo-
kinase Geigy was compared with Thrombo(:s;.
When human bramn thromboplasun was compare:
SEC with Thrombokinase Geigy a good correlation was
‘ obtamed in the range. T}
eigy 1s rather insemsitive to variations n factor
4 VII (4) Since factor VII 1s rapsdly depressed at
g
70 THROMBOTEST Fgure |
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ment factor X values arc about 8% lower than
those obtained by Quick’s method. Diflerent mix-
tures of congemtal factor \-dcﬁcxcm Plasma with
notmal plasma sho\scd a simularly good sensitivity
to factor X for human brain thromboplasun and
‘Thrombokinase Geigy.

‘The same investigations as donc on factor IX
were carried out on a pure mn.s::mm[ factor VII-

‘These differences appear only at lh: begmning ot
therapy. Later the results are parallel,

We used the four thromboplastins in assayng
rmor I[ ,and factor VII in our specxﬁc one-stage

Conclusions :
1—The simplest methods are Thrombotest
and Thmmbﬁkmasc Gergy.
Factor IX ncnvny is not detectable by any
of lhc four m:!h

N - .
Gey.
s—All four methods take up lhc same time.
Thrombo-
phstm Rochc d Thro-nbolumse Geigy cost

much less than Thrombotest. We hope that the cost
of the Thrombotest reagent can be reduced, because
it is too expensive for routine work, even if half of
the origmnal amount advised 13 used.
REFERENCES
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‘Therefore we studied the sensitivity of Thrombotest portions. The muxtures were diluted 1:5 to obtan
10 different factor IX concentrations, The results plasma cloting facwt levels comparable 10 those

are shown in Fig, 1

Normal plasma was mixed 10 anticoagulant therapy. The cutves from Throm!

with that of severe hzmophiha B 1n different pro- test and Quick’s tthod are identical, Thetefore

CLOTTING
TIME

SEC.

201

\
\

\\_/

‘Thrombotest 1s not sensitive to factor IX, Patents
with low factor IX actwity dunng antrcoagulant
sherapy did not show especially low Thrombotest
values as compared with Quck’s method

Fig. 2 shows results with the four different
thromboplastins plotted agarnst the factor X values
mn the same samples. Factor X acts both in the
mtrinsic and extrinsic systems. When a method 15
sensiuve to factor X 1t 1s sensitive to (at least) one
factor gf the mumsxc system. Of the four prepm-

MOTE S..mey wausms saveus ¥ aa, 1l VLY LCTHL Lredt-

/THROMBOTEST Figure 3
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ment factor X values are about 8°% lower than
those obtained by Quuck’s method. Dufferent mix-
tures of congenital factor \—d:ﬁcxcm plasma with
normal plasma showed a s\:m 1y good smsmmy
1o facrer X fcr hum:m brann thrombopla: an

‘Thrombol

The samc m\csug:uons as done on factor 1X
were, amed out_on a pure com:mm! fzdor \'ll-

Thm'nbc(tst shuws the fzs!nl decrease in the
clorung system because it 1s more sensitive to factor
1, whereas mbokunase  Gewgy  shows the
slowest. The _results with human brain throml
plasun and boplasun Roche ke between.
These differences appear only at 1hc beginnmng of
therapy. Later the results are parallel.
e used the four thromboplastns in assaying
factor II and factor VII in our spectfic one-stage
wa 3

methods (3). The only vartatx
fpethops (30, 2R oy vark

160

Conclusions :

1—The umplest methods are Thrombotest
and Thrombokinase Geigy.

2—Factor IX :cuvm' is not detectable by any
of the four m

3—Itis lmporum to have a central department
to control and standardise the techmque used i

different aborateries. Thus is well orgamsed in

Swizerland by Gegy.

4-—All four thromboplastins give good result
vmh uxéxéhn blood, the most r:lnbl: for mmuzry

szs'
S—All four methods tzke up !he same time.
Throm

brain 2
plastin Rochc and Thrombokmase Geigy cost
much less than Thrombotest. We hope that the cost

of the Thrombotest reagent can be reduced, because
n 18 too expensive for, rouune work, cven if half of
the original amount advised 1s used.
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The Choice Of Test For Control

L M. MATTHEWS, R. SHULMAN, A. TUXFORD and W. WALKER —
Department of Pharmacology and Therapeutics, Queen’s College, University of St Andrews,

and Clinical Investigation Unit

Most labgratories 1t Great Bruain still use the
RN ol S S g/t By -l

-

iu)dgmcm are more important than the marginal
y newer i It could
be said that for twelve years the Quick test has
worked well mn hundreds of laboratories and n
hundreds of thousands of patients,
Qur own experience with the Quick test for
control, obtaned i a relatively small hospieal, 15
mdicated 1n Figs. 1 and 2. Of the two deaths from

‘hamorrhage only one could be ascribed exclusively
A DECADE OF ANTICOAGULANT THERAPY
MARYFIELD HOSPITAL, DUNDEE

1950-59 (957.59
Number treated 1580 617
Serioys hzmorrhage 5 2
(Non-fatal) (0.32%,) (0.32%)
Fatal hzmorrhage 2 None
(©12%)
Figure |

the other was from
atent with a
e five serious
ok place

the two
. ' . y of the
. . v . a-rate n

hromb an n

to antcoagulant therapy ;
cerebral hzmorrhage m a very il
wfarction TAwo of

tonmef sprmn

. Maryfield Hospital, Dundee.

which the main of the most therapy
compatble with safety may be relatively more
important.

L P DU S

ssssati,

e theorencal and potential advantages of
Thrombotest are obvious. Its sensitvity to all four
factors depresse s T the
conditions of -~ ~ -

effective treat - ' ey,
while the ust able
activity of th' rrol
Certain - difficulsies, ’-’owv"’nwffi\ cncoumere‘d

¢

W1IES, Ald SUULIU UL UL auuwdu w vioewasd -

great techmcal advance that Thromborest has made.
Further expertence has elyminated the diffi-

culties we found in our first tral (Matthews and
gi’alléct, 1959). The chief difficulty with capxlla]ry
00«

was the large volume required, 0.I m!
not only did some of our patients declare their
preference for a venepuncrure, but a free flow of

d /¢ v
treated pauents (Fig. 2). All three of the patients
who died were very 1l before treatment was started,
and two were over seventy and had pre-existng
cardiac and ‘l;exlebral‘djs'e'ass‘ On zzxe ‘o!hcr‘_ hf’r‘lg,

There 15 limtle doubt thar a test possessing
eater sensitivity and gving a better warning of
ikely hzmorrhage. would permut more effective
control. This has become all the more important
with the increasing use of anticoagulants 11t ar:cr:;l,
especually coronary artery, disease, in whchd 3
beneficral effect has been barder to establish and
4B

YENOUS THROMBOSIS AND PULMONARY

EMBOLISM
MARYRELD HOSPITAL, DUNDEE, 1957-5%
Deep Venous thrombosis 136 cases
(F 104, M 32)
Pulmonary embolism 45 cases
(F 35. M. 10)
Deaths 3(6.6%)

Figure 2



stored in siliconed or Lusteroid tubes. Although for

the cost'1s halvcd, and for zhe conu-ol of an out-
Pauent would be no greater than the cost of Chinitest
tablets for urine-testng in diabetics. The resulu
cnn-:laxe well with those obtamned with 05 ml, of
reagen

leh regard to the changes in stored venous

blood there 13 no doubt that some silicones and some
plastic tubes are more effective i m pr:vcnunz contact
activation than others, and the collection of
blood in a glass synnge, un]ess it conums cmalc,
may sometimes cause activation or, T

even when the bloodn stored 1g£lzsm: tubes (Fig. 3)
We have found thi ective 1n pre-
venung such chans::s (1) as sugzcst:d by Owren,
the blood 1s measured 1nto a syrnge already con-
uu'ung zhe appropriate volume or uua::, mxxed an

M L
shows the good correspondence between the capullary
test and delayed tests on stored venous blood col-
lected by the second method. With any other method
quute large varations in the coagulation activity of
stored venous blood have been found quite fre-
quently, and although at the end of 24 hours such

Figure 3
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varations in or near the therapeutic range would

method 1s preferable to measuring the volumes in
the syringe, since this is more prone to inaccuracy
and rather less effecti preventung activation,
Srnra placrs eueamas o ~t1-~- ~& gterilisation
+ best methoa

blood from

am ohn thana el ade f cmmamaT oy o .

tessor 1. G. W. Hill we had the opportunity of
studying a patient who bled on 2 day Lwhcn his

Qur conclusion is that routine laboratories
should use Thrombotest with camillary blood for
control of the increasing numbers of patients on
long-term outpattent therapy. This was the man
purpose for which the test was designed, and for
which 1ts advantages are most fully exploted Any
u}_cr:as:d cost Lcf reagent wx'Il be Sﬂ'sct by ﬂ}g 'savxgg

‘
;
with the precauttons mentioned may be used
Otherwise the Quick test will continue to be used
for inpatients but unless local difficulties are great,
T] bl For postal samples

Quuck test was at the upper it of the 15
range. The P and P result was just below and the T on blood collected in the mannet
'
oc CORRELATION CAPILLARY
AND VENDUS 8LOOD STORED
%0 3—24 HOYRS IN
@ POLYSTYRENE TUBES Figure 4
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Figure 5
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described 15 probably preferable to the Qurck test. REFERENCES
Certain laboratories with special faciliies mzY

Hfﬂ Matthews, 3, and Walker, W (1939) Lancet u, 11
1o continue with other techmques such as the F’ ren, P A (10592) Lancet 1, 75¢ 39
P method or (for in~patients) [hmmboclzsmgraphy. omm P A (r955b} Farmzkclerapl, 4. 02

The chlorphenindione used wos supplied through the courtesy of Geigy, Ltd, Manchester.



DISCUSSION

iy re?ll dangegl of
erap; , the main du

of those controlling therapy 15 to ensure frecdog
from hamorthage. There are two main problems,
One is the orgamsation of the service, and much
could be done to wmprove this. The exact nature
of the service will depend on local custom and
personnel, but, 1n relation to these, serious attention
should be pard 1o co-ordination of laboratoty and
clinical work, The second problem 1s the choice of
'(‘cch‘xlxq::;e. MaLx\y techn‘xqucs 'have been used ; some

. Dr BIGGS — Since the one
3 is b :

auapied
hrom by

If the extunsic_system is blocked, as in congenmal
factor VII deficiency, the Thrombotest method
€Co; 2 tegt only for the intrinsic system, The

ot a normal standard plasma, the upper curve for a
plasma totally defictent in factor IX. The difference
11 times 1llustrates the sensiuvity to lack of factor 1X.
The sensitivity 1s fow at 100 (undiluted plasma)
‘because the normal extrinsic system at thys concen-
tration gives a rather short clotting t;imc. Thrombo-

toet  tharsfea e .

chirucians arte asking for as a warmng agamst
bleeding tendency dufing anticoagulant therapy,
caused by a disproporuonate reduction of factor I1X.

The

b < tit
control plasma must be assured
Zollinger’s results may be caused either by

vupLobeay sLUpiL WUy allu 1 DOU Wil
to use in small laboratorres The other, the T
test, has most of the advantages of the P and T
method, and 1s based on the use of a standardised
commercial reagent I think that this Thrombotest
method 15 the best for general use

Dr BARHAM CARTER —1 have found
certain dnfficulues 1n the orgamsation of an ani-
coagulant cliuc The queston of clinical responsi-
tility anses—should the patholopist accept this as
part of clinical pathology, or the physician, or, per-
haps best of all, both equally ?

1 have found recurrent cercbrovascular disease
dafficult owing to confusional states and the difficulty
of persuading relatives to accept responstbility for
the tablets

1 have found Quick’s one-stage prothrombin
time unreliable on many occasions, and think that

or possibly by different
defects mn the plasma of hrs patients and ours, It s
important to clanify the cause of these divergencies
Ae mmmcde e e 1 p
by preparng correct correlatton graphs for the
preparations used, and Zollinger has shown that
good results can be obtamed in expert hands The
problem 15, however, to have a simple test which
gives reliable results n less experienced hands, and
for this the Thrombotest method was dewised,
o _ .

1o price 15 too hugh for

1 wonder whether the results of all the tests
could be expressed m time rather than percentages,
but perhaps this would not give an accurate answer

Professor OWREN — Zolluge _thar

and .
meas . -
for L .
We always recommend that technicians or doctors
Vear el tests should have pracocal
before i therapy

and control. Many visitors have come to us for this
mstruction, wh:cfh also mcludes thfj techmque of
o an

When venous blood has to be used, I would
recommend the method advocated by Walker, t0
collect the blood directly from the needle mto a
plastic tube contaming anticoagulant and marke
for the correct amount of blood. We have found
this most sausfactory.

The apswer to Barham Carter’s question,
whether the pathologist or clinician should do the
test and guide the dosage will depend on local crreum-
stances, Our experience seems Io show that the best
results are obtained when both tesung and dosage
are done by the same person,

Results should always be given a3 Percentages
read from a correlation graph prepared for the
method and thromboplasin used : serial dilutions

50



120},

Frgure 1—Sensitivity of
Thrombotest to dispro-
portionately excessive
reductions of Fagtor 1X,
Plasma from a patlent
with  hzmophilia 8
(Christmas disease) way
rmixed with normaf
plasma In varlous pro.
portions. The mixtures
were  agsayed  after
dilution 1[5 with ag.
sorbed fuman plasma
In worder to lmitate
conditions during anti-
coagulant therapy. The

L

SE

o ®
=] k=]

=
o

"THROMBOTEST"
P-p METHDO

QUICK®S METHOD

contentrations of pro-
thrombin, Factor Vil
and fattor K. there.
fore, it 20% Ia al
samples tested.

n
<

CLOTTING TIME IN

8 12 16 207%

ANT{-HEMOPHILIA-8 FACTOR

©of a normal plasma are tested, adsorbed plasma being
vsed 3s a diluent, This 1s the only way to compare
results from different methods and thromboplastns,
““ Prothrombin > tumes given 1n seconds are mastead-
g even if the ume for “ normal ™ plasma 18 also
given, because there 18 no correlation between proth-
rombsn_ ratio and the actual clotung acuvity A

rane of 2 (or 'mduE‘ of 50, twice the normal time)

be |owered as soon as mcreased production makes
this possible.

Dr SAMAMA — We used Quick’s_test with
human brain thromboplasun and Owren’s Thrombo-
test in the last year We often use thromboelasto-
graghy as well in parallel Our impression 1s hat
global coagulability 15 somenmes a better measure

the other, Nasural
conicurtent control by TEG and Thrombotest

11y,
15
Very expensive.

Dr HARTERT —1 should mention that
thromboelastography, being very sensitive to changes

51

occurnng 1n stored blood, is not suitable for postal
samples.
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IN SEC.

-
1=
[~4

NN
HORMAL \\
\.

w
o

[}
(=

CLOTTING TIME

10 20 30
PLASMA DILUTION
Figure 2--Dilution curves {correlation curves) for

narmal plasma and bamophim B phasma
(Christmas disease pfasma
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failure of Thrombokinase Geigy to measure the
decrease m factor VII 1s taken into account, it
works as well as Thrombotest.

The differences found in the factor IX sensi-

uvity of Thrombotest are very nteresting, and the
reasons obscure. We carried out our

has )hzd the same experience (personal communica
tion).

Dr WALKER — Should not the calibraton
curve for Thrombotest be extended below 10% to
give a better indication of the degree of excessive

several times with different and severe cases of
Christmas disease, with the same result. Dr Loeliger

m ?
Professor OWREN — Yes, this is being done,

% .
80
¢
31
.8 - *
3
E 6010 \
= 30 Figure 3—Correlation graphs
o L WA for Quick’s prothrombin
9 - time test using_ different
X 90 3 \ thremboplastins  The curves
S "~ . are prepared by serial dilu-
\h 2 Ul g tlons of a normal standar
] C . Plasma in adsorbed plasma
3 20 NI \ -23
b — B — 16
10 13°
10 20 30 40 50 60 70 80 90 100
per cent 3
Prothrambin
Prothrombia index
50 w
(2 x normal} (24 % normat)
1 Acstone dehydratad rabbit brain 0% %
z " " - - 4% 1%
3 Simplaatin % %
o 4 Humen brain (untreated) 0 20%
T s seluptastia 0% 1%
Figure 4—Correlation graphs 1w & Human brain (denydrated) 1% 1%
for different thromboplastins o |
prepared as In Figure 3. s
£
s
in :
F —
H =i
2 3z
g 3
Jo 20 30 40 30 6o T0 80 90 160
#Prathrombin sctivity” in por eont of normet
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Anticoagulant Therapy In Myocardial Infarction

R. B, HUNTER — Department of Pharmacology and Therapeutics,
Queen's College, Dundee

Proneer otk on the use of anticoagulants in

d much heat, and discord,

& ee dee F meom mmmmees m e mmn Al nanme A

one senes willl aloluet,
Dunng the carlier years jof copma{inLlrc‘zlmenl,

and therefore the comparisons were of no value,

BRI FPIEN

1 hospitat was required.

We learned that relisble information is only
Iikely to result from scienufic mnvestigation, that
the numbers of patients in the controlled trals
must be large and that meuculous attenuon must
be paid to laboratory tech 3
over the past fifteen years has shown, more than any
other, that the days of opimon and impression
medicine have gone and advances depend on serious
saenufic study. In addmon, close collaborauon
between physicians and ratory workers 1S
required to get the answer.,

Moreover, we did not know what caused
myocardial infarction Was 1t always, in fact, the
result of coronary thrombosts ? We did
what degree the climeal syndrome was a simple
picture due to nfarcted cardiac muscle or a com-
plicated picture of which the

times a that anticoagulants prevented a
further myocardial nfarction, at, 1 fact, a
physician was saying, thercfore, when he sad he
could select pauents for treatment was that he could
foretell wh:cg cases were likely to develop thrombo-
embolhic complications,

‘Thus mortality and the incidence of thrombo~
embolism were reduced and on the basis of thig
alone the anticoagulant therapy of acute myocardal
wnfarction was jusufied, At the same ume ouc had to

No one knows the therapeutically desirable
action of anticoagulants and_the criterion for the
introduction of new drugs has been duration of
action, giving some zdyantage 1n admynustration, or
consistency of acuon, To find out what 1s the 1m-
portant therapeutic effect and to embark on a
chercal adventure to try to mmprove that effect 1s
a most urgent mafter, because anticoaguiants of the
coumann type are by no means an idcal treatment.

Professor Owren has now made the control of
therapy safe and simple and capable of beng con-

with safety to all who need 1t.
Almost everyone will now accept that in acute

was only a part.
When the strictly 11

e only patients that should
be denied it are those with some clear contra-

m acute myocardial infarcuon were first reported,
the clear finding was that the 1ncidence of thrombo-
embolic complications was reduced, and because
the drug used had been shown to be specific for
other conditions of thrombo-embolism the results
suggested that thrombo-embolism played a more
unportant part in the mortality of myocardial
arction than had previously been thought; that
MANY Of the Fatal shommbon ambod 2 —mioot L0 s
occurred - '
clinically . .
pulmonar - .
disease a -
suggest that anticoagulants produced benefit 1 this
way, There was no clear evidence, though some-

53

en the question arose as to whether
long-term anticoagulant  therapy mught also give
benefit, 1t was natural for physicians at this stage
in our knowledge to choose serious and sometimes
tragic cases, particularly in the young, for long-term
treatment, often therefore cases 1 which serious
damage to the heart and the vascular system had
already occurred, and again a confused situation was
created, Cases were published which appeared to
benefit and others which did not.



complications and lower the mortality rate though
there was no clear evidence that recurrence of
myocardial infarcuon was prevented, If, therefore,
one was considening the trial of anticoagulant
therapy to prevent further m -dial 1nfarction in
patents vgho had recovered {r'om an acute episode

Ci

presumably because further thrombo-embolic com?
plications would be prevented.

Te spac Fac sheana manammn slons cm enossla 10230000

trals completed m the last few years

Since one must accept this evidence for certain
age groups, particularly men under the age of 55,
the question arises whether this is sufficient evidence
to say that mn any disease of the vascular system
which is known to be complicated by myocardial
infarction_the pattents should have anticoagulant
therapy, I believe that thus 1s so and that, since
patients with angina_ of effort get myocardial
infarction, this m tself 1s sufficient justification for
putting these patients on this form of treatment It

sider, on these grounds, whether we are_cthically
justified in denying cases of angma of effort anti~
coagulant therapy, Sinularly, other diseases of the
heart and vascular system, known to be complicated

ang
sl‘:’ould also be the subject of long-term treatment

10 be greater tn men under the age of 55. Under the
age of §5 men suffered remfarction 4t one-fifth of
the rate of the control group and above the age of 55
at one-half the rate of the control group, m-
portant point is that the difference between the
treated groups and the control groups is uniikely
to have anisen by chance, but the difference between
the age groups above §§ and under 55 may well be
forturtous. Too few cases were included i the
Medical Research Council trial of females for any
conclustons to be drawm.

One of the difficutues of a trial of this sort 1
that whereas 1t starts with two groups that are
strictly comparable with cases randomly allocated
to the high or low dosage group, after two years
the groups are by no means comparable

- .

of L

diss . .

has . '

mat

con

from the treated group at the end of two years to
ERGHR B e Rt B

nsk. This 1s 2 very important study which js at
presmtl bemg carnied out by the Medical Research
Couneil
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Anticoagulant Therapy In Acute Myocardial Infarction
A CLINICO-PATHOLOGICAL STUDY
R. L. RICHARDS —Southern General Hospital, Glasgow

Ao dm T b o aesame

—toae

thro: mbosls or 1ts_occurren: artery narrowed
or occluded by alhcrosclcrosna Although we may be
mpressed by reports that the mortality s less 1

lestons found at autopsy, and are impressed by the

nStancss m w the treatment has been followed
by rupture of the heart or some hzxmorrhagic
catastrophe.
S
IHATERIAL
Tha ererdse e can 4 0€
RSP ot C .

mortality m the three periods 15 about the same;
roughly one-third of the patents die durmg their
hospreal stay. Thus figure has remained remnarkably
constant durmg the 11 years It was our policy

Heparn was gwven mtrayenously for the first 48 to

RES ULTS

15 improbable that anticoagulant therapy
would influence the pathological findings mn patients

dying within 24 hours of admussion. In this group
there were three mstances of rupture of the heart
2nd one of hemopericardium without rupture.

The percentage of autopsies on the fatal cases
13 much the same 1 the other two groups. There are
more males than females in the anticoagulant group,
whereas the smaller non-anticoagulant group com-
prises an equal number, The mean age at death 1n
the WO £roups s simlar, As x:gards duration of

: .
death are similar. In both groups most deaths were
due erther 1o myocardsal wnfarction or to cardiac

anticoagulant group there were four deaths due to
ths cause.

Parycular attention was paid to the meidence of
thrombus withuin the heart, pulmonary infarcuon,
systematc infarcuion, cardiac rupture and any major
h=morrhage. The presence or absence of a recent
thrombus m the coi arteries was also noted.
Coronary thrombosis often may follow rather than
precede the cardac infarction | (Bramwood
Montgomery 1956), and it seemed desirable to ﬁnd

Table |
POST-MORTEM FINDINGS
Anti- Non-Anti-
Coagulant Coagutant
Group Group
Number °, Number 9,
Autapsies 52 oo 25 100
Thrombo-embolic lesions
Mural thrombus 13 25 15 60
Recent thrombus in
coronary artery 15 29 4 56
Pulmonary fnfarction 3 3 7 28
Systematc infarction 6 11§ 5 20
Cardiac rupture 5 10 0 o
Hazmorrhage 8 185 o 0

our whe(bct the ncidence of recent thrombs in the
ronary artertes was influenced by anticoagulants.
Unfo:nmarely, the veins of the legs were not routinely
theref ry data on the
mcidence of venous lhrcumhosns can be given.
There 1% a Tower .
S

ra o <11 gl




group and five instances of cardia¢ rupture. There
were no such lesions in the non-anticoagulant group,

. Because of the few autopsies in the non-
anticoagulant group, it seemed desirable to see
whether the results could be regarded as representa-
tive. A simular analysis of the 24 autopsied fatal
cases in McCluskie and Seaton’s non-anucoagulant
group (1959) give results very Iike Table 1.

. In my own series, one can consider the relation-
ship of the thrombo-embolic lestons in the anti-

Similarly, the relationship of the carduac ruptures
and the hzmo;rhages to the therapy can be considered
(Table 2). Most occurred during the first ten days
x_)‘fjrgfr_n:z_:rt but some later. There 15 no_evidence

X “ w,oe e T

interesting patients were those who had hizmorrhagic
lesions in the lungs. All four had the clinical and

coagulant group to picture o Y , but at
Table 2 ?‘\ﬁ?psy ﬂ’-‘f, hi,ld hzmorxhagxf, oefer‘nftopir Cl;n;%i
» these
CARDIAC RUPTURES tases of
AND H/EMORRHAGES e
LESION CONTROL . ' '
Cardiac rupture * P
“ 1 Wt Lo
” + ' . '
" t . .o .
Septal rupture * b . .
Hzmorrhagic pericarditis, lungs . .
and plevral effusions dence of mural n the "
Hzmorrhagic lungs group is lower than that recorded 1n any, and of
" pulmonary and systemic mfcretron m most

Cerebral hzmorrhage
Melzna

Renal hemorrhage
Hamorrhage into psoas

B R L

* = Sausfactory control

+ = Contral unsatisfuctory prothrombin time too fow
(= One excessive prothrombin time,

3 = More than one excesstve prothrombin time

sions occurred in 30 patients. Of these

n ~Smrneal

were found in cases where the control was inadequate.
The most signuficant finding s that pulmonary
infarction was found 1o only one instance i which
the pauent was adequately protected

untreated sertes reported This increases the proba-
bilsty that the low mcadence 1s due to a genume
reduction brought about by the therapy.

Probably no conclusions can be based on the
data regarding the meidence of recent thrombt 1n
the coronary, arterses. Although such thrombi were

v g vy bad

Ths study does not help to claufy the relaton-
ship of rupture of the heart to antcoagulant therapy.
Although there were five instances of cardiac rupture
1 the anticoagulant group and none¢ in the pon-
anticoagulant group, there were four cases of rupture
1n the untreated patients wha died within twenty-four
hours of admission The other hemorrhagic Jestons,
however, a hazard of lant therapy,
and major hzmorrhagic lesions occur even where the
dosage has not been excessive. It 1s imporant to
realise that hemorrhagre lestons 1 the lungs may
present a picture chnwcally simular 1o puimonary
nfarction
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Anticoagulant Therapy In Peripheral Vascular Disease

GEORGE SMITH— Unwversity Department of Surgery, The Western infirmary, Glasgow

In peripheral vascular disease there is litle
argument over the use of anticoagulant drugs in the
e tod

acute phase of vascular
for long-term treatment are, however, much less
clear. Most of the pauents have atherosclerosis,
with thromboangeiis obliterans next 10 frequency.
]Irfl the latter there 13 threat to limb, in the former to
e,

In the atherosclerotic group, more than 95%
af the pauents have mtermuttent clandication,
The fate of thesc 1s not completely known,
although subject to various studies with man(y dis-
parate conclusions. Thus Hines and Bagker (1940}
and Spaulding (1956), followed groups_of just over

ATHEROSCLEROTIC GROUP

Analynis of 58 Cases {$ females, 53 males),

Age. Undum'u-snj 51.60 | Over 60 years
o 1=

Table |

colleague Dr, Richards who 1s dotng mmost of the work
of thus invesngation, The onginal five year survey
concerned 58 patients with athesosclerosis and mini~
mal or no nutritional changes in the legs who first
attended with nrermuttent claudication.

The sex, age and distuibution of

s Y

4 15

the disease

and 15
ad a drastolic

The thanges which occurred 1n the 45 panents
who survived the five-year period are listed 1 Table
4. Of these 17 had angina ofdeﬁ‘on and 13 had

2 a CATY
fallure, 3 had cerebral vascular incidents with
neurological sequelz; 13 had a drastolic blood pres-
sure over 100 mm Hg. 31 surviyors had evidence of
generalised vascular disease and 1n only 10 was the
disease apparently still confined to the lower limbs

From these results there 15 a good case for
long-term anticoagulant treatment 1 such patients,
parucnlarly shose over 50 years of age wih bilateral

TYPE OF DISEASE
nitaterat | Bitaterat | Torat

High occlusion 2 z 4
Femoro-poplitent 12 29 a1
Distal 2 2 4
Asymmesricat - 9 9

16 42 58

Table 2

atheromatous disease of the leg vessels By this
means of secondary b i
the prognosis might be improved evenin
of the underlying conunuung atheroma.

32 pattente were placed on long-term phenin-
dtone treatment, These are in two groups. The first
16 showed only atheroma with occlusion ar the
1t pophieal area. Was et~
formed with hepann as the anticoagulant in the
operative and immediate post-operauve phase,
Thereafter pherundione was given for periods up
to one year. The second group consists of 16 con-
secutwve patients with severe atherosclerosts and the
worst prognosis based on the cnitenia already men-
tioned :—bulateral involvement, age over so, bad
farly hustory and evidence of generalised “disease.

From the first group, 1t was hoped to answer

the misctinn whark

the presence

Endar

Table 3

MORTALITY
17 patienta died during follow up period {29%)
CAUSE OF DEATH
Myocardial infarction
Cerebrovascolar accident
Congestive heart falure
Diabetes, tuberculosis and gangrene
Carcinoma pancreas
Perforation of peptic ulcer

Unkoown




. o) g : 3

ary and dev

Ten cases fulfil the diagnostic requirements
s the fon was distal 1sch and toe

on of artersal

generation in the producti
for })Jermds ranging from

e drug has been given
& months 10 2} years (Tab

&
[

In
skin breakdown. In these lumbar sympathectomy
with local removal of dead tissue was carned out.

. Itappears that : prevents i
in a medm-sized artery devoid of normal intima

SURVIVORS 41 cases

Unchanged or improved 27

Worse 14
Unilateral ~—» bilateral 3
Acute arterial occlusion 3
Definite deterioration 5
Amputation 3

41

Table 4

but the ymportant change 1s not so nLtuch secondary

o e
arterial Jumen by the atheromatous degeneration.
T D

L . Wi Was begun
and continued until healing ~occurred. Should

W uae we fuuehl;{ over 10 mrawe ite wien we
disease is self-hmring,

In acute occlusive processes heparm s the
undaub(e«ri drug of choice. ;l;rus group includes
o eomrder Af minbe sarinnes amad fonm a0 on >

The efficacy of heparn m acute vascular
occluston 1s also underlined in six patents with
phlegmasia ccerulea dolens 10 whom the drug
given intravenously with elevation of the Imb was
successful in re-establishing venous dranage of the
leg In three of these cases, phenindione had been
given previously for deep vein thrombosis and 1t
would appear that the further venous occlusion had
occurred m spite of this. In a further five cases seen
la( the stage of Vvenous gangrene, phcmndanc hf‘,’,

(Hutchison). .
Table 5 . ot
long term anticoagulant therapy {phenandion .
Graup Number | Age Gomplications 10 survive since the actual tissue
loss 1s frequently less than imtally
Endarterectomy fur isolated 16 39-59 | Reocetusionat 2/12  t| appears hkely.
lesson at femorn-pupliteal Myucardial snfarct 1
area death a1 8/12 REFERENCES
SR Hines, I A, and Barker, N W (1940)
Amer J ‘med_Ser, 700, 71
Severe gencralised " 2-6% | Amputation for Hutchison,” B £, Deptrtment of
atherasclerons gankrene 4 Pathology, Western Infiemary,
(Biiateral an 3} s’l‘mnvl communication
Myacardial infarct, SN"AT,"KJ' ‘;s l.lo,“”(" Canid Mrd
«erebeal hrombosie, Stammers,'l A R {1933) J Bone
myocardial (nfarct t urg, 360, 216
death '] Richards, R i. {1957) Dot Med
35 so9m.
58




Prophylaxis By Anticoagulants (Coumadin) In

Surgical Disorders
™M 1. LARRIEU, M. SAMAMA, E. TERRIER and CL. FRILEUX — Saint-Louis Hospital, Paris

Cnumadm (Warfarin) \\ u used for the prophy-

faxis of
on 31 cases—lg women nnd 12 men.

Their age vanied from 20 10 5o—21 being over
60. The average length of treatment was 57 days,
most bewng treated for 20 m 60 days The patients
were immobilised throughou

madin was given Kn a single daily dose.

The 1unal dose was To mgm, for the first two
days m younger patents, § mgm, in patients older
and 2.§ mgm, 1n_poor risk patients or in

han e average maimntenance

(- . . . c

. . . ; . a

. - -
wiiblex Vi dtudll lduluz dud proconveiun)

assay, The last three investigations were not carried
out routinely,

Control tests were carried out thfee umes a
week in the first week, twice a week i the following
wecks, and once a week when the treatment extended
over 40 d_‘z_‘ys.

A stable therapeutic level was reached within
to B days, and was canly maintamed in 22 patients
ut less easily in 6, who were elderly as well as poor
" LR Nl i} - i tat

penods were exceptional.
arallel with Quick’s test and hepatin
xol:mncc we did 180 Thrombotests. We noted
the sumplicity of the method, its reproducibility,
and 1ts extreme sensttvity.
The results accord with those of Quick’s test
ang. 1), but the values of Thrombotest were always
ower,

using  the lhm-nboelzsmgxam and the hepann
tolerance test. We feel that these techruques more
accurately antcipate ;he nisks_of hzmonhagc and
f 30
(Owrcn) con':sptmds toa

to 40°%, (Quick) or 20%.
moderate_hypocoagulability
a thrombophlebiis 1 one pauent,
owing to nadequate therapy.
In 4 cases an abnormal bleeding tendency was
attribured to therapy : melzna 1n a pauent aged 63
thh an of the

ket b

30°,. - - PR .
At Resultsr—— D .
o TON. 49 veans : - ' -
N - - . -
w . .
21
33 count:d for hy the age of the patients and lhnr poor
oo state of , and by premature anticoagulant
:hen‘ga; a(rer surgery,
d Coumadin in three patients who were
so%, resistant m phcnmdmnc and/or Tromexan. A dose
of 10 t0 12 5 mgm, of Coumadin gave a definite
hypoprothrombinzmia,
0%
0%,
OWAETN
o
e JVARFARINE
. Smy
43 map
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Prophylaxis By Anticoagulants After Gynaecological Operations
SELECTION OF PATIENTS
A. C. TURNBULL —Department of Obstetrics and Gynacology, Queen's College, Dundee

4 hl’ulmonary embolism is a common cause of
eat et N .

after o~

- gemw upilaliulls,  despite  “ early
ambulayon ” and dady examination to derect and
treat venous thrombosis as early as posstble,

The difficulty 15, of course, that the thrombosis
15 often silent and insidious, In two-thirde of oa
cases of =~* R
in the I P . i
signs we * .o
transient .. oo weligdtued,

Marks et al (1aen pavead ~ .

Prophylactic Anticoogulation.
trial mcinm shom =4

Aberd .
given Lo -
post-o, . .
prothr . .
cent ; . .
30 per . .
STAZE Lucuauu was USEU

While the d of deep vemn
was the same 1n both groups (I 5 per cent.), there
were no embol1 in the 201 cases treated compared
it £ - e - .

- wuesd e was HO 1LOIE DICCAIN
1n treated cases than controls

Severe ding, requnng blood transfusion
Y pativhd - . B

no ualluiipage.
Selectton of Cases for Prophylacue Antico
The trial showad that pennie P

agulant

ssibility of selecting * hugh nsk ™ cases

was E;:B;m three groups of cases —frst, 3,040
atients who had 8 maior synzcalogical operation
gezwecn Tost and 1954, of whom r19 developed
thrombo-cmbolssm ; second, 30 panents who died of

emboligm aftas mm—ent
and 195 .
nons be . -
prophyl . "
Many factors are thought to be associated with
d nisks of thromb b but analysis

showed finally that cases could be selected for treat-
ment on the basis of only three factors—age, body
weight, and past or present ** venous » complications.

was found to increase very consideradly

Age

the tisk of death from erpbonsm, aihodgh 1t only
ncreased slightiv sha wdon 0 F 8 £ o
* . . .

‘
s il yuuliger group.

©Of the 30 cases of fatal embolism berween
1937 and 1954, twenty-two were SO Vears Of more;
five were between 45 and 49, and only three under 45.

Obesity.
‘The weight-height ratio was nesd ac an o~

of ! >
wh

bet

wit ‘ ‘ ' .
I8, _puv Wil HOL dEVElop any shenmba ool ot

tatty per cent, of controls were of “normal ”
weight, compared with only 24 per cent of com-
phcated cases. Of the 1o complicated cases of
“ normal ” weight, only four (z0 per cent.) had an
embolism and none was fatal , but of the 6o abese
cases, 24 (40 per cent) had an embolism and stx
died. Weight or height had not been measured in all
cases, but of the four fata] emboli whers W .-H,
e ’ ’ v 7

Prevtous Thromba-embolism and Varicose Vewns.
Accurate snformation about these farrnee ~eme-s

Of the 67 cases with previous ¢ mplications,
ten (15 per cent) developed comph  ons, three
times 28 many as i cases without prev: us trouble.
Pulmonary embolism was more than twicc as common

and one case was fatal, Vancose verns wers found ?



almost one-third ur sll cases, an:

and th of
yenous thrombosis (6 per cent.) nnd of emboliym
(4 per cent.) was hxghtr than 1n the group without
varicosiies (2.3 and L7 per ccm. rcsgecln cly).
Moreover, of the thurty pmems who ed from
embolism between 1937 and 1954, only three were
under 453‘:::: of age, and nll l ree h:d 2 hustory of
previous venous throm!

Critersa for Selection of Cases.

f, between 1937 and 1954, prophylactic anu.
coagulants ha, given to all women \nho were
both 45 years or more and overweight, or who had
varicose vems of a hxswry of thrombo-emboliym,
and if the treatment hzd effective, at least 25
of the 30 deaths from embolism would have been

revented. (Body vmr_hl was not known in the other

ve panents, although all were over 45 years of age.)
. It was deaided to introduge a policy of prophy-
lacuc_anticoagulation in both umits, using these
cniteria to select panents,

Pnlmmlmr_v Ruulu in Anticoagulant Prophylaxis i
ecte

This 'CY rrzcuc: sice April
1957, Pheuncione vas given from the Ist 10 the
12th post-operative days and the prothrombmn
concentration kept at 25-30 per cent.

results refer to pelvic floor repair. (Details

are not yﬂ available for other operauons, but 1t 13
underst caths from embolism have
occurred.) The mcidence of thrombo-embolism is
much less i the 1957-1959 series (l.S per cent)

in 1951-1954 (4 Der cent.) when there was no
pmphylzxxx, _but the striung difference between

vo groups is 1n the number of fatal embols, vmh
only one dwh in 835 patients belw:en los7, nnd

dzvcloged m t.h: 465 unuuted cases, of whom one
died o Actually, thus pauent should have
been trea!:d prophylzctuzlly because she had severe
bilateral varicose vi

The cntena, :herefore, for selecung cases for
treatment appear to be adequate and sausfactory
m practice, but the decision NOT to give prophy-

lacuc after a_major gynzcological
operation shuuld be mnde only after carcful assess-
ment of the patient,

Of the 370 a\scs treated, 53 (14 per cent. ) had
bleeding and this was severe, necessitating blood
transfusion or funher cpcnuon m II (3 per cent.).

cre were no death: zmorrhage, In

untreated group, only lf of the 465 cases (3 per cent.)
had any bleeding at al

In the 1955-1956 !ml,
floor :tpaus
treatment, cent. m
this larget sencs shows that the risks lmc not proved
28 great as expected.

7 per cent, of pelvic
mmdmnc

Conclusions,

‘The incidence and mortality of thrombo-em-
boltsm following gynzcological surgery can be
greatly r:duc:d by prophylactic anticeagulation
with pherundione. Chalmers et al (1960) have
recently r:voned sumilar conclusmns folkmmz five

. R : .

mg the use or pmphy l:cuc anuoozg\llanls.
wes P :

L agmaeg P U

The policy 13 pnma!, safe and eﬂccme.

1 om groteful to Professor Dugald Baird for permrssion ta
publish data obta ned from nsestigations which were, cnd
are_being carred out i his department. | am glso indebted
1o Dr A Herriot, who supplied me with the details of the

resufts of treatment in pelac floor repair cases between (957
and 1959

REFERENCES
Chalmers, b €, Marks, J, Bottomler. J T, and Lioyd, O.
1960) Lancet u,
Marks, J, Truscott, S \r Wuhycombe, 1 F. R. (1958)
Lanu-l u, 787

Sevitt, S, Gallagher, N G. (1959) Lancet u, 091



The Role Of Anticoagulant Therapy In Cerebral Infarction

A BARHAM CARTER — Ashford Hospital, Middlesex

.. The role of anticoagulant therapy mn cerebral
mfarcuo‘n has. b‘ccn 2 source of controversy since
P £ e ¢

ate short-term measure jn acute cerebral infarcrion
to prevent the spread of the infarcted area and so
conserve its margmal viable tissue, or as a long-term
treatment to prevent further cerebral episodes 1n
patients with a_history of previous and recurring
cerebral 1nfarction.

Current Views.

The results of clinical trials have so far remained
as 1 as that of Hedenius and owmg to
possible dangers 1in treatment views have been
s[ron%lﬁ’ dwe%gcnt. £ Sibley ( 5 M ¢

e studies of Sibley (1957 oyes {1057),
Peterman (1959), and dv.‘lf" ‘coll:ag’u‘cs showet‘g that
e

ot e ipuis oWl i

(1960) have shown that the routine use of anti.
coagulants 1n unselected pauents with clincal

over 70 years of age and unless they had a persistent
diastolic’ blood pressure over 120 mm.Hg. Five
patients were rejected on the above grounds. The
patiantc twara avamead g reandhe afras cmfaesron

In the group of patients suffering from athero-
matous cercbral mfarction without obvious embolism
s itely vl vl AR it puity

of patients for a further trial of anticoagulants on
the grounds of slowness of onset and incompleteness

of lesion It was soon found that speed of onset
was almost o measure, and patents

cerebral mfarction not due to cerebral

Y]
of fatal cerebral hmmorrhage was_greater m the
treated than the untreated groups. This trial, how-
ever, mcluded some hypertensive patients.

The Sertes
My own experience, some of which has been
previously reported (Carter 1957, 1959, 1960)
- vmu oo emrnhensime Tha firer 105 series of patients
1on treated from
. The second 1s 2
s from 1955 to
evious attacks of
hemic episodes

Acute Cerebral Infarction.
- - e ~f cvn parente raken from
mtted to

1002

Ashfc e | doaost
. e . » suffering

(Tab * == onsidered

e uJ € 2

sauie L
smm‘ezlx%o‘agulzms were gven to patents wih
clinical cerebral embolism 1n 1954, unless there was
blood in the cerebrospmal flwd, unless they were

were therefore selected who showed progression of
cliucal signs while 1n hospital or who gave a clear
history of diatel:
before admission and whose lesion was by then
complete. In addition the diastolic blood pressure
had to be persistently below 120 mm of Hg., the
cerebrospinal flud clear, age below 70 with few
exceptrons, and the lustory free from symptoms of
peptic ulcer or hepatic disease. In the four years
1055 to 1958, 83 patients out of 277 admitted with
th of ** cerebral th " d

e sausfie:
the above critersa, but three had to be wi

thdrawn
as a history of visceral bleeding emerged wrthin
a few days of treatment Of the remamng 8o, four
were found tohave been wrongly dragnosed, bychance
two 1n each group. Three were found at autopsy

coagulants—about one in scven.

Recurrent Cerebral Infarcnon.
‘The pro

blem of recurnng cercbral ischaemia



‘ TABLE 1
Cases of * stroke ™ admutted to Ashl‘ord Hospital,
1952-58, showing sex and ztology.

No. of cases 1002
Sex:

| Male 478

| Female 524

! Ariology 1

! Embolism _ 8s

t ‘Thrombosis 428

Hzmorthage 492
; TABLE 2

Cases of cercbral embolism, 1952-58.

Mutral Stenosis

with or without infarcuon was investigated from
1955 to the end of 1958, The series is a very small
one, as only 32 panents below the age of 70 could be
und who gave a history of two or more episodes
ol‘ cercbral jschxmia or cerebral infarction, and
whose diastolic blood pressure was below 120 mm.
of Hg. Sixteen of these pauents were selected at
random and put on 1011!-[:1’!11 anuma:ulmt therapy,
and theirr progress in recurrence and
survival compared m!h the 16 eommls, with 2
follow-up varying from one to four years.
¢ recurrences have dmded into two
groups. Munor recurrences are those  showing
transient neurolomcal deficits followed by a return
to previous disability, o b}‘ only a shight worseung
as judged by the patient’s ability to get about and
look after himself. Major recurrences are  those
show ng longer znd more severe neurologeal deficis

comml gmup l.hx:c pzuenu had no recurrence, one
had min major recur-

ces,
the u‘aled group, six

' No, of Average and Fib-  Mutral
Cases Males Females Age nllauon Stenosis = PENCHES BeTe ﬁ: fmm:l ﬁféﬁ"mm“' et mfmog;
8 32 53 53 39 H had both. Seven pauents out of the 16, l.heufcre,
had one or more major recurrences, and of these
Subacute Thyrotoxicosis  four died.
Carduac Bactersal and If the patients wuh hindbrain ja are
Fibril Tnfarct E ¥ I there were t‘uur m the control
7 26 4 4 series and five in the ucat:d Of the controls one had
nunor recurrences and three hzd mzmr and minor
recus two of these d f the treated
TABLE 3 g . . o
Stausucal companson of results in the I '. L .
treatment of cerebral embolism P = o 025. [ “ o , '
Pauents who P“c'lum who Percent~ uu) LS wUrLn WG \LdUic 6.
! recovered or died or were agere- o
1 Year Total were tmproved notimproved covering M“hf,m_’ ™ "/. T reatment. - .
1952 16 s 1 31 L. .. .
11953 1% [ 12 33 - i -l .
| Trearnent—No anticoagulants - - A -
1954 15 1 4 73 L . -
1955 9 [ 3 66 . oo . - .
1956 g [ 3 66 SRR . . o,
1957 9 6 3 66 - Lot . .
1958 7 4 57 ' -
Treamment—Anticoagulants ‘ : -

‘TABLE 4

Results of a controlled t.nal utl’ plau:ms

1955-53
Total No. of Cases
Anuc)‘ozgulm( ‘Therapy

38
Recovered or improved 26
Not improved or died 12

No Anucoagulzm Therapy -
No. of ea > 3
Rcmvered or improved 19

Not mmproved or died




ineffective and occasionally
recognise Lthat

it ety

harmful, One must also
d it of

mAr mlwmee  prevent
. ! ths

tment of

Dangers of Treatment.

The dangers of anticoagulant therapy are three
in number. The first 1s bleeding into and around
the infarcted brain; the second is major visceral
bleeding producing systemic hypotenston ; and the
third is the risk of treating intracranial hematomata
with anticoagulants because of errors in diagnosis,
These dangers are very real and stress the importance
of strict control, and selection of patients, and

Per cent.

TABLE 5
Results of treatment 1f lesion 15 incomplete
and if lesion 1s complete,
No. of Patients .
Anticoagulant Therapy

Leston Incomplete _ Lesion Complete
Group A Group B Group A Group B

76

7 5 9 7

77 23 56 44

No Anticoagulant Therapy
Leston Incomplete Lesion Complete

Group A Group B Group A Group B

above all of correct diagnosis, which may be more 10 10 9 9
dxﬂicl[xlt thznbxs comxponlyhsupposfd, ar::}ll le?? Percent, 50 50 50 50
mvestigation by arteriography 1s often unhelpful. = i ed.
Fortunately in ths series no major visceral bleeding g,’§§§ s = 52?:;:;&3‘0?1 ﬁf?},

was encountered during the last three vears, but
there were 17 minor hzmarrhagic episodes 1n mune
patents. Haematuria accounted for seven, epistaxis

the term subacute cer¢bral infarction might be used
to describe this type of case. It 15 clear from the work
of Marshall and Shaw (196 d from

e and cerebral
infarction subject to the usual contraindrcations.
Althqugh this decision 1s not wholly supported by
my past figures,
to justfy it

V.

there seemed sufficient evidence |

TABLE 6

Results of anticoagulant therapy in
recurrent cerebral infarcuon,

TotAL Cases—Follow-up I to 4 years.

' ConTtroL GROUP ¢

No of pauents

No recurrence

‘Minor recurrence

Major recurrences
Surviving
Died

[T

XN

TREATED GROUP :

S waB

No of pauents
No recurrence
Munor recurrence
Major recurrences !
urviving
Died
Hinp BrRAIN IsCHEMIA.

CoNTrOL GROUP *

No of patients 4
No recurrence None
Minor recurrence r
Mayor recurrences .
Surviving 1
Died 2

. TREATED GROUPS
No of patients
Ne recurrence 3
Minor tecurrence I
Major recurrences .
Surviving
1ed
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Anticoagulant Therapy In Cerebrovascular Disease

JOHN MARSHALL

and D. A. SHAW—

The Academic Umt, Institute of Neurology and Nationat Hospial, Queen Sguare, London, W.C.1.

e cerebral circulation is pecubzely complex
and amatomically vanable : wath ats efficient anas-
tomotic potential actoss the mid-line, N3 pressure
fradients are highly unpredictable and  vascular
lestons may produce thesr ischemic effects at remote
snes and even outw ith the tereitory of supply of the
vessel affected, Unfortunately hutle of the cerebral
vasculature 13 accesmible 10 chinical examination.
We can palpate and auscultate the carond astencs
1n the neck and mspect the setinal vessels; we can
compare the pressures in the retinal atteries on the
two sides with the ophthalmodynamometer but
these are the himits of our chmical assessment The
effects of ischarua cannot be accurately detected
sletincally as they can m the case of the heart
mustle, and the value of contrast raciography 13
at present Jimited by 1t permutting examination
anly of the major vessels. In 3 recent stady of eighty
pauents submutted to angiography followng an
acyte ** steoke,” thete were forry-nix 1 whom no

(Bull,

Marshall and Shaw, 1?60).
e dizgnons of cerebrovascular lesions de-
pends largely on the indirect evidence provided by
e 1esulng neural damage 5 and the same neural
pathiways may be mierrupted and the same climcal
prcture produced by a wide vanety of

in cerebrovascular disease, started in 1957, 1t was
decided to consider the problems as they most
~vnenonly present ;v general medical pracuce., By
* -4 hann several hughly favourable
. - €m yascu
. ‘ .

RCCE Ldisicant
ETOUDS ICPTESENT A VEIY $UML pouy o cerebros
vascular disease, 3t was felt that the value of ant-
coagudant treatment should be assessed in the broad
spectrum of cases d mn
everyday practiee. . .

e results of o trials will be described
briefly. Detils of design and composiuon of the
tnals have been npmtd {Marshall and Shaw,
1960; Hill, Marshall and Shaw, 1960). The first
trial was designed 1o assess the value of anticoagulant
therapy 1n panemts whe had suffered an acure
* stroke ™ believed to be due to non-embolic cerebral
infarcion. All patients were under 70 years of sge;
treatment was started as soon as possibie after the
onset of the attack but 72 hours was the maximum
nterval permtted. In addinon to chimea! diagnos:s,
all ehgible pauents had their spinal fhud examuned,
priacipally to o the absence of b]né:ld, dand

lood 1n

brocesses, We are parucularfy handmgped by an
smability 10 drstnguish with certainty between in-
farction and hzmorthage, z paint of pbvious §IEM-
ficanice 10 relauon to anncoagulant therapy The
presence or absence of blood i the spinal fluid,
although of value, 1< not pathognomonic,

esides, we cannot predict with any accuracy
the probable outcome of a * stroke.” In the carly
stages we have no means of knowing whether the
funcuonal deficit 18 due to destruction of neurones
or Yo reversible impatrment of discharge or conduc-
tion and hence apparently dense deficits may show
r2pid and unexpected recovery.

e mplicatons of these farts are obvious
for the assessment of anucvagulant sherapy
cercbravascular disease. Clearly the varsability in
nrogaosis makes controlled study obhgatory &
dragnostic uncertamry 18 perhaps most disturbing
m ith the munor
of funcion—the so-called * transient 1schamuc
auscks Y—for these, paruculatly 1 bram-stem
ferrnory, are readily mumicked by non-vascular
"7 7=+ Tr e probable that the conflicung experience

. ¢« = "= esme measure to
. ysical symptoms

wshing berween

thaps the most

¢ wad 1k_may prove

+ ase of 2nuiceagu-

. In uncontsolied

StUdes We sigrinen splication of low
Rumencal ancidence may not be apparent but
:hOn and Fergusson [1050) have drawn attenuion

to the large number of fatal cerebral hemorrhages

were

the spwnal flud, severe hypertensive retnopathy
or jeft vennoulay falure excluded patients from the
fral, the fatter because jt my emand the use

o Peptic ulceration and bleechng
===rmigdications.

L the basig

o paws and
allotted ¥o treatuscny . 5. Those

the treatment group were given an uutia] dose of
300 mpgs. phemndione and, starung twelve hours
after their  angin! , three doses of hepann
(12,500 usuts) were njected intravenonsly at six-
hourly mtervals e second day onwards
wreatment was continued with phenindione, the
L teemin tuwe (Quick pne-stage test) being
LA = »hran nmes the control ;
. B - VS 2n
- . nd control
. . - . hregard to
wenty-sIX I e Utun.’ . T
i the control, There were twenty-four males and
twenty-seven  fernales with  approumately even
disterbution of the sexes 10 the two groups, The
anatormcal sites of the vascular jesions based on
chueal and angiographic €S Were very com-
parable 11 the two groups.
Suzsvival or fadure to survave for six weeks from
the starr of treatment was the critenon op which
results were based and thesc were analysed by means
of a restnicted sequennal procedure. We were
wndebted to eter Armutage for the detaled
stansncal design which 1s embodied 1n the sequen-

16 the extensive 1 an therapy
;gs Cerebrovascular isease The possibily will be
cussed later thar these complications of treat-
Ment are i fact the tesult of misdiagnoses of the

original J)rescunnz allness
In designing our trmals of anncoagulant therapy

i chart (Fag " 1), Pauents were considered 1n

to the onginal random allocation to t?:::‘f
ment and conteol groups, If both members of g
parr survived or hoth died no preference was ands-
cated 11 respect of that pawr for treatmient or contyo]
and no result was plotted. If, however, members

65



of a (faur behaved dissimilarly a preference was
plotted and the direction of the arrow ndricated
whether 1t was the treated or control member who
had faled to survive. Arrows pointing downwards
and to the night represent the parrs i which the
treated member died while the control member
survived ; atrows pointing upwards and to the right
mdicated pairs 1n whick 1t wag the treated member
who survived. The horizontal axis represents the
toral number of preferences while the vertical axis
represents the number of pairs showing preference
for anticoagulation treatment mnus the number
showing preference for control trearment The apex
of the plot thus registering 2 munus value (Fig, 1),
mdicates a trend 1n favour of the control

who died. Three of the six patients in the treatment
group who died showed evidence of cerebral hemorr-
hage. The possible implications of tlus will be dis-
cussed later, but the general conclusion drawn
from this trial was that anucoagulants are not of
value 1n acute strokes when used accordig to our
criteria of selection and management.

The second triaf was designed to assess the
value of Jong-term anticoagulants as a prophylacuc
measure sn patients suffering from cerebrovascular
disease. The trial was dessgned in collaboration with
Professor Bradford Hill. The precise objective was
to determune whether or not the expectation of lfe
could be mcreased or the incidence of further

Had the upper ot Tower, boundary been reached, it

a point was reached when the upper boundary was
no longer attainable and the trial was therefore
stopped with no sigmficant difference between
the treatment and control groups demonstrated.

In all there were six deaths among the twenty-
six patients 1n the treated group and three deaths
among the twenty-five controls, Post mortem exami-
natons were carried out on eight of the mmne patients

5 Figure {

c in  patents
with cerebroyascular disease. Again we did not
confine ourselves to any particular diagnostic sub-
groups but included the whole range of cases most
commonly encountered in general medscal practice.
Patrents were considered for inclusion who were
under seventy years of age and in whom there wis
evidence of a previous neurological disturbance
lasting for more than twenty-four hours and judged
by the clinrcran canng for the patient at the ume,
and by ourselves subsequently, to be due to non-
haemorrhagic” cerebral, carotid or vertebro-basilar
arterial disease. No distinction was made between
those who had made a good functional recovery and
those who had been left disabled. Inallcases2
muumum of fourteen days had elapsed
berween the last acute cerebrovascular

lesion and inclusion mn the tral.
patients considered for the tral attended
. hospital as out-patients for a day for
myestigation and assessment. X-rays of skull
and chest, electrocardiogram_ and rend)

at hourly intervals with the patient supiné.

The usual contramdications (0
anticoagulant  therapy werc
observed and patients were

20
o TOTAL also excluded if it was felt that

PREFERENCES FOR ANTICOAGULANT TREATMENT
MINUS PREFERENCES FOR CONTROL TREATMENT

-15%

Restricted procedure for 0- 09 with

preterences, n=19.

maximum number of

PREFERENCES  they would be unable or un-
willing to co-operate sufficiently
or to attend regularly for the
necessary supervision.

Datrents_accepted for the
trial were differentiated by sex
and randomly allotted in pais

to one of two groups. e
treated group (high-dosage
group) received tablets contara-
mg 50 mg. phemndione, while
the control group (low-dosage
group) were given apparently
sdentscal tablets contarning I
mg. phemndione, an amount
1nsufficient to affect the clottmng

mechamusm  The pattents did
not know to which group they
belonged and both groups were

managed m the same way with

1 regular  prothrombin  estima-

15 bility of preference for

ntervals
cach outer Hons af not exceeding

four weeks In the high-dosage

4
It 0=05 (null by
dary 15 0022 (1 ey
bm;{"(l-.:yu 9, probalnhty of rea
shightly fugher than (Ll(c’ nndmmal ;zsg: reac
i vhich the boundanes
(Points at whicl g

1 ), ¥ y o
slightly lower than the nomunal 0.025)‘
A ching upper boundary is 097 (re,

hed are shown as circles )

group the aim of treatment was
to maimntain the prothrombin
time (Quick one-stage rest) at a
level of two to two-and-a-half
times the control valus



Many of the criteria for selection and details
f management were based on the plan of the
Medical Rescarch Counal tral of anucoagulant
therapy in coronary thrombosis (M.R.C. 1959),
t which access was kindly granted, and we grate-
fully acknowledge the help thus recewved.

One hundred and forty-two patients were
admitted to the tral, 7t (47 men and 24 women)
to the treatment group and 71 (47 men and 24

TABLE 1.—SUMMARY OF RISULTS.

High Dosage Group Low
Male Female Total Male Female Total
Total No of Patients 47_ 24 73 a7 w7t
Non fatal _cerebrovascular
aceidents 2 4
Fatal cerebrovascaar
accidents 2 3 4 = = —

* One died of myocardial infarction, and one 1s alive
and has had no further cerrbrovascutar accidents

e -

group and four recurrences in three pauents n the
control group, a difference which 1s clearly not
sigmficant, However, there were four fatal cerebro-
vascular zceidents in the treatment group and none
1n the control, Furthermore all of these deaths were
that they were related to

observing by chance five deaths 1n the one group and
none 1n the‘or.hf‘r_ doles" mot quite xea’ch /_';h‘e for\g\ul

cerebral hamorrhage were, 1n fact, infarcts in which
bleeding had been mnduced seems unlikely both on
pathological grounds and by imference from the
absence of a similar mcidence of infarction I the
control group 1t seems improbable, too, that
ilnez‘gcquate control of therapy n our series can be

other respects d o unf b?!e :E
s does not compare unfavourably wit
other series (Table 2) Y
e nadence of cerebral hzmorrhage in

duc to harmorrhage than has formerly been sup-
posed, We suspect, and there is supporting patho,

hzmorrhage, three were among the twenty-four

hypertensives in the treatment group and one was

from the forty-seven who were not hypertensive.
ese figures are not siguficant, but in

studies we are avoiding the use of anticoagulant

treatment 1 hy pertensive subjects.

n conclusion 1t must be stressed that these
results need not necessarily col more
rts of Wil
drugs in_speafic cerebrovascular syndromes. We
have so far attempted only to assess the value of

n

which the 15 m the

of acute and chronic cerebrovascular discase. From
our studtes we believe that the general use of anu-
coagulani therapy 1n these situauons is not to be
reconmend:

TABLE 2. COMPLICATIONS OF TREATMENT
High Dosage Group Low Dosage Group
Aale | emale Total Male Temale Total
Total No_of Patients 473 71 a7
Hamorrhage— - o
Treatment interrupted
Hamorrha -
Treatment abandoned
Hvpersensitivity.
Treatment abandoned

24

7

5_ 8 13 ¢

Intercucrent Tilness—
Treatment abandoned

reproduce the tables
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DISCUSSION

Professor HILL — A very high proportion_ of
the deaths 1n myocardial mfarction occur m the first
24 hours after onset. These are in general due to
causes not amenable to anticoagulant therapy

of the disease,

I should like to refer to a use of anticoagulants
not mentioned ltherto, namely their value in cotung
short the cerebral in
dehydrated infants with cyanotic_congenital heart
disease A small venesection (2o ml) and uny doses
of hepann can save some such infants from a

L 1 which of hecked  may
render later operation for the cardiac condition
unjustifiable.

The experience of Mr F. R. Brown 1n respect
of the 1 y embol after opera-~
ton for should be ior In

xme or tri-todothyromne hrc~opcratxvcly as a
prophylactic ?

13 probably that the number of pauents is too small

e

R LT

Hunter and Richards stressed the importanc
of an adequate depression of the * prothrombin”
level 1 order to obtam therapeutic effect. There
seems to be no doubt that many patients are under-
treated because this important fact 1s not correctly
understood. This used by ncorrect
assessment of the therapeutic level for the actual

of the h ek d An Ty stable
level at a specified percentage cannot be achieved

e practical result, therefore, is that we should aim
at a level of 15% with 0% and 259 as the lower
and upper L‘lmx(s.

Ceteame aad

~

1
1
1 .
1 ) .
from patients on _anticoagulant therapy have normal
concentrattons of these factors and, therefore, give
shorter clotting tumes than those shown by the cor-
relation curve for the corresponding concentrations
of the 4 factors depressed. If adsorbed plasma is
used as diluent, tnstead of saline, Thrombotest
and Quick’s test give more _identical results,
when factor IX1s 100

recent study Sweden showe:
stgnuficant effect above 60 years of age but not below
The situation m myocardral infarction is very
probably the same as m angina pectons, the main
factor influencing the therapeunc efiect bung the
“age” of the cisease prior to therapy and not the
actual age of the patient
We believe that 1t 13 not correct to consider age
above 60 years as a contramdication to therapy.
This would also exclude the majonty of women
because of the delayed onset of coronary disease
the female
Richards found no direct relationship P‘.‘Yﬁ“ﬂ?

ately reduced It must further be remembered that
whenever methods are compared the same standard
plasma must be used for all correlation curves

Dr MITCHELL — I wish to stress some of the
dangers 1nherent in statistical comparisons between
vartous  groups of patents. No mvestigator
ngrmaches a problem without some idea about the
values and dangers of a partcular treatment, an
however great the care taken to avord st, bias 18
mescapable. Thus, Dr Richards said that hus
pathologists had been struck by the merdence of
various events in patients on anticoagulants; it
surely would have been better thereafter for the
pathologists to be unaware of the treatment of the

v et - ‘mission on

b . = or control
f . . . unior staff




MYQUARDIAL INFARCTION
PATIENTS < 60 Y[ARS

w\

30 \

TREATED GROUPS

Figure 1 (left) — The effect of Iife-
fong anticoagulant therapy on
mortality of survivors of acute

TS aameuwn | myoaardal Infarction. Survival
80 curves for patlents below 60
years of age
70 CONTROL GROUP '\\—---mm wr
€0
50
L
3 4 S Figure 2 (below) — Survival curves
OBSERVATION YEARS for patlents above €0 years of age.
Dr | arhzm Caneu of
. . . % MYQOCARD AL INFARCTION
LT 100 PATIENTS > 60 YEARS
. L o 7 peseo
correlauon be(w:en the panent's own 90
”““353‘?.'.‘3?:.‘.“3".ff’f'.’f’_‘cf e 80 \ REATED GROUPS
- N . ) < v - ’ 0! \- onEn (14
placebo and dies because anucoagulant 18 B A
e CONTROL GROUP
N 60
.. e i+
o e + 50
groups. L
Dr_SCHWARTZ—Dr Richards’s

figures for myocardial rupture in treated

and untseated cases of myocardial infarction

mught be interpreted as evidence that
anticoagulants predispose to rupture of the myo-
cardum  However, 3 rupture mc.ld:nce of 10%

anticoagulants delay the ume of rupture, or t.har there
has been some unusual selection of cases,

Dr VERSTRAETE—'This study concemns

1 2 3
OBSERVATION YEARS

107 outpatients whu have been treated_for 1302
with Half

of these fpm:ms ‘were mamtained on anucoagutant
therapy for more than six munlh
e -

zrc very sensiive to dicormarol denvzuves 3 o

rcoumar per week), others on the contrary
develop a progressive resistance (42-54 meg. Mar-~
coumar per week).
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by There were 4 reinfarctions during

During the xafoszon‘ths of
€l

there
were 7 relapses of mbolic

the p ton perfod in hospiral, and 1 every

In 4 of these patiens, the Quick rest was above the
therapeutic range 12 hours after the accident; 27
runer hemorrhages were observed dunng the
39,060 days of treatment (125 years) and 3 severe
hzmorrhages, one of these bemg faral {cerebral
bleeding).

Besides the mdications for long-term anti-
coagulant treatment, there 1s an urgent need for
proper evaluation of coumarin drugs combined with
vasoactive substances New and simple methods
for early detection of munor bleeding tendencies
should be developed as a safety measure.

e

A cemn iy e PR

to deternune the value of antrcoagulant treatment
for the survival time in cerebral thrombosis and
emboltsm. The only critenion was life or death,

There were 1n all 66 cases of cerebral thrombosis
not treated with anticoagulants and a regular follow-
up was obtained in 45 Nineteen patients survived
the inutial thrombosts for an average period of 39
months Twenty-six patients with an average age
of 63 years dred after 15 months If the first month
of survival 1s excluded, the mean survival ume was
24 months.

Of the 41 treated patients with cerebral throm-
bosis, no recent imnformation was obtamned tn 14. Of
the remaining 27, 21 {mean age 61 years) were still
alive 131 months after the mmnal thromboss. Only
6 pattents in this group died after an average of
33 months

‘Thus, 57 7% of the 45 pauents with cerebral
thrombosis not treated with anticoagulants died
after 15 months compared with 22°, of the 27 antr-
coagulated patients who died after 33 months,

one of these we found, 12 to 24 hours before the
accident, a marked shortening of coagulation ume
In 3 of these 4 cases we started anticoagulants 2t

Professor DOUGLAS — There 15 a big diffet-
ence m the incidence of fatal post-operauve pul-
monary embolism between abdormnal and thoracle
operations. In the former it 1s about 2%, whie in
the latter 1 400 consecutive thoracotomies for
cardiac disease 1t was ml, Hence systemic causes ar¢
unhkely to be the whole answer. Perhaps
inflammatory lesions around the large vemns in the
pelvis are smportant ztologically.

‘The value, or lack of 1t, of anticoagulants 1
occlusive artertal disease of the legs 1s quite unknows
But 1t could be well settled by a double blind trial 1
any vascular clinic jf 1t were well controlled by
atteriographuc studies

Professor OWREN — The question was raised
whether anticoagulant therapy mfluences angind
pectoris Wasler (Waaler, B A (1957), Acta Med
Scand , 157, 2§9) found (h'at ﬁ?-goeu of the pa!l&n;;

were €]
found with a placebo. Improvement occurred gradu-
ally during (h}fj first 12-18 months and then pers‘st:(}‘,
‘whicl

2 J:4 h contradicts a placebo effect
placebo effect was also often observed, but ths
effect disappeared after a few weeks. In Borch-
grevink’s study (Acta Med Scand., in prmt) the
effect on angina pectorss was analysed by the double
blind techmaque and the results confirmed Waaler’s
findings, The cffect may possibly be explamed by
the of new ‘ 1 thereby

an ‘ of the

Of 6 untreated pattents with cerebral
who could be traced, there was an average survival
time of 35 months, and 3 deaths after 2 months Of
8 patients with cercbral embolism treated with
anticoagulants 7 are stdl alive after 22 months and
only I died after 5 months

Dr MARSHALL — As regards Dr Muchell’s
criticism, 1f the series 15 large enough errors in diag-
nosis will be distributed equally between treated
and control groups, In any case, when both members
of a pair die this 15 a ““ tred ' pasr which does not
affect the sequenual analysis In our study, all deaths
1mn fact occurred in  untied ” pairs.

LI — It 1s true thar older pattents
. Dr TURNBULL It 1s true that older, Tvpe o

e R

TEpATS.
Dr HARTERT — Concerning r‘e_mhmxom, we

p by thr
g;_age:;;b“ of myocardial infarctions not treated
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was much more frequent in cases wach duration of

symptoms of less than 2 years before therapy and m

patients who kept up regular exercise, which may

also promote 1mprovement of the collateral circu-
ron.

Professor HILL ~— A trial of long-term anu:
coagulant therapy 1n angina pectonts 15 sound if
survival of the Datients 18 made the yardstick of
success. The d I [ !
improvement (pam) are well known, for example
from the cntical work of Cole. Repeated testing by
exercise tests, which can be very dangerous, 13
unsustifiable and profitless if the aim 1s simply to
measure survival Moreover, pain may disappear
because the muscle 15 dead.

Dr MITCHELL — Many people feel that
exercise fests it angma pectons are dangerous If
1t 18 thought that the test may produce infarction,
1t should be remembered that Master showed that
there was no correlatton between physical activity
and the onset of an infarct, since the incidents
occurred randomly throughout the day As Wayne
and Laplace pointed out, one 1s asking the patient
to do no more, while under supervision, than he
docs several nmes a day on huis own

Professor BOYD — Is 1t necessanly myocardral
necrosts that causes death under such arcumstances ?




Professor HILL — 1 myself have seen a patient
die immeduately after such a test, and have heard
of others.

Dr MITCHELL — 1 wonder whether it is fear
of the event, or of the cvent occurring in the labora-
tory, that wornes the doctor,

Professor BOYD — Do domestic_and  other
accidents in patients on long-term antiwoagulant
therapy conshiute 2 senous hazard ?

Dr RICHARDS — With regard to hamorr~
hagic complications of therapy, munor domestic
acadents often_gmve nse to minor hzmatomata,
but these are seldom senous.

1 agree that the oversll cjdence of cardiac
rupture 1s about 10% of myocardu! infarctions
comung to autopsy and that a study of all cases of
rupture docs not mdicate any connection with ant-
cozgulant therapy. With regard 1o the duranon of
iflness 1o death 1 the cases of cardiac rupture,
although this 1s longer than usual m the ruptures
the anticsagulant graup, if the 4 cases of rupture
patents dyning within’ 24 hours of admission are
imcluded the mean tme to death comes down to
2 days.

My senes does not mclude a ugh proportion
of patents with muluple mnfarets, The tugh death
rate 33 manly due fo the many pabients who died
soon after admussion and 1¢ simular 1 this respect

to the series of Honey and Truelove.

Bs tha sicf A fnncans wo tha mutabas A marianse

Dr BARHAM CARTER~-My first senes
did not constitute a stnctly controlied toa), but
Dr Mitchell 1s doubtless glad to note that my later
tnal was randonused.
_ Newrologists are more fortunate than cardio~
logists in being able to measure 4 ;

a bhind tnal s necessary when this type of objective
measurement 1s posssble.

Professor BOYD —1 duslike the use of anti-
coagulants n phichitiy, superfical or deep, of the
Iegs. 1 have treated phicbicis for 30 years and never

that anticoagulants might disintegrate or loosen a
recent clat,

_Tmyself do not treat peripheral arterial embolism
with anucoagulants but have seen os Santos
of Lisbon’s cases of penpheral embolsm treated
by bepann: owed or
soluton of the thrombus, the patency of the artenal
umen becoming completely restored

1 have not used anucoagulants in atherasclesosis
of the Jegs, but I have followed up 1440 patients with
atherosclerous and intermittent claudication but
without gangrene or pregangrenous changes, 10
grfd:: 1o study the natural course of the disease,

ter 1

survivors, 10°, had a nou-fatal coronary or cerel
acardent m the first § years, nsing to 20°, after 10
years. These comphications nught possibly have been
prevented by anticoagulant thera)
P B

. “ ) . .
sessels. Rather sinct ontena m my selecuon of
panenty lmut'lht nrumber in whom the operation
PO B vie fwmper Jn 3
.

a number ot fatal cases, but at post-mortem death

was found o be due to myocardial mfarction. I am

astounded by the high mnadence of pulmonary
1n some

short of death, and 1 think that the extent of 2 paraly-
$13 15 objective enough { have mever !houﬂgt that

T

papers. There seems
to be a matked and seasonal i

of this complication.




‘There were 4 reinfarctions during

During the 13tgzlmamhs of

by
period in hospital, and 1 every

there
were 7 frelapses o %

nboli
In 4 of these patients, the Quick test was above the
therapeutic range 12 hours after the accident; 27
minor h@morrhages were observed durng the
l3]9,060 gnys of u-eatxx‘x_en;1 (IZSb)'carS) and 3 severe
zrnorrhages, one of these be; fatal el
Demorehazes, mg {cerebral

Besides the mdicatons for lopg-term anu-
coagulant treatment, there 1s an urgent need for
proper eval of drugs bined wi
vaspactive substances. New and simple methods
for early detection of munor bleeding tendencies
should be developed as a safety measure.

A -n - .

- .

the p i

one of these we found, I2 to 24 hours before the
acaident, a marked shorteming of coagulation tume.
In 3 :1_f thﬂesi .& cases we sxax;t:q anticoagulants at

10 every patent with acute myocardia} infarction

Professor DOUGLAS ~— There is a big aiffer-
ence n the incrdence of fatal post-operauve pul-
monaty embolism between abdomunal and thomcc
operations, In the former it is about 2%, whie
the latter in 400 consecutive thoracotomues for
cardeac disease 1t was mil. Hence systenuc causes are
unlikely to be the whole answer. Perhaps mld

] lesions around the large veins 1o the

to determine the value of ant 1
for the survival time mn cerebral thrombosis and
embolis. The only criterion was hfe or death

There were in all 66 cases of cerebral thrombosis
not treated with anticoagulants and a regular follow-
up was obtamned in 45, Nineteen patients survived
the imual thrombosis for an average period of 3¢
months, Twenty-s1x patients with an average age
of 63 years died after 15 months, If the first month
of survival 15 excluded, the mean survival time was
24 months,

Of the 41 treated pauents with cerebral throm-
‘bosts, no recent information was obtamed 1n 14 Of
the rematning 27, 21 (mean age 61 years) were _still
alive I31 months after the inttial thrombosis Only
6 pauents mn tus group died after an average of
33 months

Thus, 57.7°% of the 45 patients with cerebral
thrombosis not treated with anncoagulants died
after 1§ months compared with 229, of the 27 anu-
coagulated patients who died after 33 months.

Of 6 untreated patients with cercbral embolism
who could be traced, there was an average survival
tume of 35 months, and 3 deaths after 2 months Of
8 pauents wath cerebral embolism treated with
anticozgulants 7 are sull alive after 22 months and
only 1 died after 5§ months

Dr MARSHALL — As regards Dr Mutchell’s
enticaism, if the sertes 1s large enough errors 10 diag-
nosts will be distributed equally between treated
and control groups. 1n any case, when both members
of a pair die this 1s a * tied ” parr which does not
affect the sequential analysis In our study, all deaths
1n fact oceursed mn * untied ™' pairs,

repairs.
Dr HARTERT — Concermng reinfarctions, we
b

crupulous y thromb:
g}agegimbsr of myocardial 1nfarctions fiot treated
70

pelvis_are important znologically. .

The value, or lack of 1t, of anticoagulants in
occlusive artenal disease of the legs is guite upknown
But 1t could be well settled by a double blind trial 18
any vascular cliuc if 1t were well controlled by
arteriographic studies,

Professor OWREN ~ The question was rarsed
whether anticoagulant therapy influences angina
pectorts, Waaler (Waaler, B. A. (1957), Acta Med
Scand., 157, 289) found that 40-50°% of the patents
;v:re‘lmp‘roveq, a‘dxst'mctly higher p:xcentagf_d}l‘a.n

effect disappeared after a few weeks, In Borch-
grevink’s study (Acta Med. Scand, m prn®) the
effect on angma pectons was analysed by the double
bhnd techmque and the results confirmed Waaler's
findings. The effect may possibly be explamned by
the prevention of new thrombouc occlustons, thereby
favourmg an undisturbed development of the
collareral of symptor

was much more frequent in cases with dusaton of
symptoms of less than 2 years before therapy and m
patients who kept up régular exercise, which may
f;so promote 1mprovement of the collateral crene

tior

Professor HILL — A tral of long-term anti~
coagulant therapy i angima pectors 15 sound if
survival of the pavencs 18 made the yardstck of
success The difficulies of assessing subrectve
1mprovement (pamn) are well known, for example
from the criucal work of Cole. Repeated testing by
exercise tests, which can be very dangerous, 15
umustifiable and profitless if the aim 15 sumply to
measure survival Moreover, pain may disappear
because the muscle 15 dead.

Dr MITCHELL — Many people fec! that
exercise tests in angmna pectoris are dangerous If
1t 15 thought that the test fnay produce infarcuion,
1t should be remembered that Master showed that
there was no correlauon between physical actvity
and the onsct of an infarct, since the incidents
occurred randomly throughout the day. As Wayne
and Laplace pointed out, one 1s asking the patient
to do no more, while under supervision, than he
does several times a day on fus own,

Professor BOYD — Is 3t necessarily myocardial
necrosts that causes death under such circumstances ?




A New Heparinoid Anticoagulant

F. K. Beller — Universitats-Frauenkhinik, Tubingen

ds are
compounds with _biological

or i
cffects like alpha-
heparm _ Further the th

to a ratio of approximately 1°3.5 in
vitro. This compares very favourably with™ other

- =% =-s o= from
from

natural substances, the anticoagulant effect 13
mcreased, but the side-effects arc also ncreased.
To obviate this vicious aircle, the compromise was
©Of C action
only to that point where the side-cflects were sull
tolerable, Therefore, the potency of heparmnoids s
less than that of heparin, so that the same therapeuuc
more drug and towic doses are more
easily reached. Thus the therapeutic index 1s Jower
than heparin.
G 31, 150 (Gexgy) 18 the calcrum complex of the
sulphated oxidative breakdown products of poly-
acturonic acid methyl ester, with a calcum
content of 4.5%; and an average molecular werght of
40,000 It contans f.f'(, methoxyl groups and has
@ sulphur content of 13°,.
This product has excellent clinical rolerability
Tts anticoagulant cffect was tested by ombo-
elastography as descnibed by Hartert Heparin or
heparmnoid 13 mixed with platelet-rich and platelet-
poor plasma, with and without incubation, and the
TEG . In atrated platelet-nch plasma a
hepapinord solution of 1,1000-1 lzgo 13 equivalent
m effect 1o a hepann diuvon of 1°4000, which
The effect of different doses on the

heparin time
mean value of 5 cases

Heparin time 1n seconds

But this in witro effect cannot be compared
with the i vivo effect. The effects of single intra-
venous doses were measured by Howell's recalcifica-
tion ume (Fig. 1), Only after 0,3-0.4 g, 15 the mnal

plasun which depends on the preparation used
(Fig_2).

. We adopted, therefore, a scheme of treatment
(Fig. 3). The rauo of effect i the body compared

.t two
recent infarcuon and twenty-five from so-called
congestion  states in abdommal carcinoma; we
previously established that these swellings remitted
under hepann and at least parually under hepannods,
‘The results where heparinoid was injected for 4-6

days and then the g changed to Sintrom
d t 11- c with heparmn.
Mild cases do with three daily doses, the minimum

n surgical pauents. As desembed by Merz, enwis

The effect of different doses on the
recalcification time
mean value of 5 cases

520
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Recalcitrcation time in seconds

120-

8

o %

Figure |

2

hours aft

%
er injection
75



PTA, Christmas Factor (IX), Proaccelerin (V), and
ANG (V1D morder of decreasing sensitivety. It also

mnhibited the surface acuvation of Hageman Factor,
n other experiments various quantities of
heparin (2.5, 5, 10 and 20 untts) were added to
10 mi. of human oxalated blood. Afxer 30 minutes’
at room samples of hepari-

mused blood were centrifuged and clomng factors
were determined (o plasma diluted 1: lO
i :

.

It well known lha[ human s:rum, like plate-
lets, shows n  activity,

O'Brien (1960) this acnvny is related to the prescnce
of some plateler proteins i serum (plarelet-tike
activity of serum) and ro Christmas Facror activity,
Q’Brien (5960) suggests that hepann neutralses
Christmas Factor and platelets gtving complexes
with these substances.

er findings are, however, coptradictory
Poller (x960) found that serum antiheparin acnwty
13 not related to the activities of Factor VII, IX and

m the serum.

We compared the anuheparin activittes of 2
platelet suspension 300,000 per cu mm, with normal
human serum and with Christmas serumn. In the
same experiment both sera were adsorbed on BaSO4.
The BaSO4 precipitate was eluted with sodium

ANTIHEPARIN AQTIVITY OF SERUM,
SERUM FRACTIONS AND PLATELETS

citrate and the ecluates examined The antiheparin
activaty of platelet suspensions and of serum was
found to be of the same order of magmitude (Fig. 4)
Serum anttheparin  activity 15 not related to
Christmas Factor activity, m spite of the powerful
inhibitory action of hepann on this factor, Simiarly
there 15 some evidence that serum anttheparin
activity 1s not related to Hageman Factor.

Llamanin ‘e cne afslia nca mons oo 1 dmecn o rad

N .

spite of the great amount of work done on this
subject,

Qur findings are that heparn does not mhbit
rothrombin_and _complex VII, but it anhibits
actor V, VIII, IX, PTA and Hageman. These

factors are pa

bload-clotting

a4 Al e mne mavinant

therapy.
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A New Heparinoid Anticoagulant
F. K. Beller — Universtats-Frauenkhnik, Tubingen

are or semu- i
compounds with biwolomeal effects ke  alpha-
heparin.  Turther wnformation on the therapeunc
action of the hepann group 1s denved not only from
thar varying effects on coagulation, but also from
therr side-etfects, Only a few such products have
attaned clmcal significance, and even these are
disputed. of certun hugh
natural substances, the anticcagulant effect 1s
increased, but the side-effects are also increased.
To obwiate thus vicious arcle, the compromuse was

i action

o 3

only to that pomnt where the side-cffects were sull
tolerable, Therefore, the potency of heparinoids 1s
Iess than that of heparin, so that the s2me therapeutic
cffect needs more drug and toxic doses arc more
castly reached, Thus the therapeutic index 13 lower

31, 150 (Gergy) 1 the calcum complex of the
sulphated oxidauve breakdown products of poly~
galacturonic acid methyl ester, with a calaum
content of 4.5% and an average molccular weight of
40,000. It containg , methoxyl groups and has
a sulphur content of 13%,.

roduct has excellent clinical

to a ratio of approximately 1:3.5 1n
vitro. This compares very favourably with other
hepaninods.

But thus m vitro effect cannot be compared
with the in vivo effect, The effects of single intra-
venous doses were measured by Howell’s recalafica-
tion ume (Fig. 1), Only after 0 3-0.4 g. 1s the imual
)‘alueldoubledanx lhr:s'_ hou?, tl;xe usual pr‘:r:qu:sne

b b i
We adopted, therefore, a scheme of treatment
(Fiz. 3). The ratio of effect 1n the body compared
i ot 't s anstead
rarinord are
ients. Most

two from
recent infarcuon and twenty-five from so-called
states 1 3

Its anucoagulant effect was tested by thrombo-
¢lastography as described by Hartert. Hepann or
¢epaninoid 13 mixed with platelet-nch and platelet-

plasma, with 2nd without mcubation, and the

tates 3

previously established that these swellings remutted

under hepanin and at least parually unider heparinoids,

‘The results where heparinod was imected for 4-6

days and then ‘}h‘ drug changed to Sintrom
to

heparinoid solution of 1 1000-11250 1s_equivalent

T

?EG done, In cirated platel lasma 2
0

m effect to a hepann dilution o? 1:4000, which

The effect of different doses on the
heparin time
mean value of § cases

e
with heparn,
Mild cases do with three daily doses, the mmimum
1in surgical pauents As described by Merz, cnsis
The effect of different doses on the
recaicification time
mean value of § cases

ssa} 5201
520 480
<80 4404
|
_.: $404 § 4004
§ oo 8 160
H €
< 360 o 204
. double O-level £
g ot IR 2 a0
£ c
5 .§ 2404
g g
::% MJ 5 2004
2004 3 1604
4 20, =
160 = O mg 1204
4 L
120- 4 80
[i LA TS R T B A T
igure | hours after injection
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PTA, Christmas Factor (IX), Proaccelerin (V), and
AHG (VIID in order of decreasing sensitivity. It also
inhibited the surface activation of Hageman Factor,

In other expenmcnts various quantities of
heparmn (2.5, 5, 20 unjts) were added 10
10 ml. of human oxalatcd blood, Aflcr 30 nunutes’

at samples of hepars-
nised blood wcre cenmfugcd and clotting factors
were determined 1 plasma diluted 1 : 10,

Heparin added m vmc to blood snhibits clotting
factors n a stmlar manner to heparin imected
parenterally (Fig, 3) It should be noted that AHG
was more m}ubx(ed m vitro than 1n vivo.

It is well known that human serum, hke plate-
lets,  shows actviey.

O’Brien (1960) this activity is related to the prescncc
oi some platelet proteins in serum (platelet-like
acnvity of serum) and to Christmas Facror activity,
O’Brien (1960) suggests that heparin neutralises
Christmas Factor and platelets giving complexes
with these substances,

Other findings are, however, contradictory
Poller (1960) found that serum antthepann acuvity
1s not related to the activities of Factor VII, IX and
X 1n the serum,

We the in of a
platelet suspension 300 000 per cu, mm. wlth normzl
human serum and” with Christmas serum. In the
same experiment both scm were adsorbed on BaSO4.
The BaSO4 precipitate was eluted with sodium

ANTIHEPARIN AQTIVITY OF SERUM,
SERUM FRACTIONS AND PLATELETS

citrate and the eluates examined The antiheparin
activity of platclct suspensions and of serum was
found to be of the same order of magmtude (Fig. 4).
Serum anttheparin  activity is not related 10
Christmas Factor actvity, in spite of the powerful
inhibitory action of heparin on this factor. Simlarly
there 1s. some evidence that serum anthepann
activity is not relzted to Hagcman Factor,

e

PN

spite of the great amount of work done on this

subject,
A e Bd e a o otas Lamnsin dnan mat inhihir
therapy.
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Example ¢

tst Day
8ooh : 400 mg.1v.

17.00h : 200 mg.

4th Day
8och : goomg 1.
t3.00h i 200 mR. i
1och : 300mg.

individual doses.

L

100 mg. = 1 ml. of the 10°; solutson contained in the ampaules.

woeh 4 ™ me. s,

v.

aooh : 300 me.iv.

V.
v,
V.

2nd Day
8.00h : 400 my. iv.
3ok ¢ 3c g ive
17.00h : 200 mg. iv.
21.00h : 300 mg.LV.

sth Day
8.00h @ 400 mg. v,
130ch - z00mg. iv.
18och : 300mg. LV
+ cumarin

8.00h

t3.00h

17och : 200mg. Ly,

2r.00h ., 200 mg. v
6th Day

8och : 4oomg.iv.
1300h : z00meg.iv.

+ cumann

In some tnstances various routes of applicavon (i v., 8.c., 1m.) were successfully used for the

The effect of a

400

350

300

Heparin time In seconds

250

200
175

Figure 4

of and

Figure 3

Depot injection 500 mg

of Heparinoid on the heparin time

Time after injection i hours
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and lysis took place at latest six days after the begin-
ning of therapy, when the patients were able to get
up. In six years we had only one fallure : 2 woman
with guerperal sepsis, who died with extensive
thrombosis following ‘an mjection of Pyrexal; a
Schwartzman ph may have d.

Fifteen pregnant women were treated only with
heparmoid G 31 150, slightly lower daily dosage.
Pregnancy is ‘the ‘only condition where treatment
was_conunued longer than six days, though with
gradual reduction 1n dosage. All gave birth to lLving
chuldren ; one chid was deformed and died after
three days. The rest were i no way abnermal, In
three cases premature labour started during treat-
ment. Therapy was continued to 10 mmnutes before
parturition, when the effect was interrupted with
protamine sulphate. The post partum period was
normal,

Prothrombintime (Quick} in dependence
on the thromboplastin.

1, 2, 3 and 4 different thromboplastinpreparations

400 mg_v
%
100 -

90+
604
70
60
o
40+

304

Prothrombintime 1n %

One gram of a depot preparation may be injected,
d. to the daily y 3

occurs within
two hours, There was no difference in the effect of
su d depot L

‘The excretion 15 similar to that of heparin, but
more biologically active substance is present in the
unne than after heparm, This 1s clearly seen with
depot hepaninoid. After injection
of alpha-heparin, the remammng
biological activity 1s approxi
xa/‘;-x/4 of the excreted
ter heparinotd approxi-
mately one-half, 1 resembles
results with other heparinoids,
and these substances are probably
less broken down_in the body
eparin. The excretion

values also cor the findings
with respect to saturation dose
and thus support the dosage

scheme. .
n our experience, the
following side-effects are frequent
1.2 3 after the heparinoids investigated
hitherto ; after rapid injection:
tachycardia, feeling of oppression
in the chest, nausea, vomuting,
4 cyanosis, later parzsthesiz We
observed none of these even after
rapd imtravenuon injection of
G 31, 150 in doses up 10 L.5 £.
The incidence of side-effects 1s
so far under 19%. However,
reports more frequent
stde-effects during longer therapy.
‘We have no expenience of long-
term therapy, and it seems inad-
visable to prolong treatment
beyond eight days.

A spectal problem 1s foss of
hatr, which 1s particularly promi-
nent in gynzcology and obstet-
rics, We observed 1t 8-12 weeks
after the begmning of therapy
cven with heparn i approxi-
mately 709 of cases, and after
heparinords 1n almost 100%. Of
these again 30-40% have total
alopecia After Hepannoid Gegy,
counung distinctly visible reduc-
tion of hawr, 1t occurred mn ap-
proximately 80% and  total

opecia 1 under 5° In all,
the hair grew again normally.

s product may be used
where there s hepann allergy, but
1t will find ats chief place where
hepanin 13 prohibited or Iimited

~T T 4 T

o I ! 2 3
Figure 2

hours ofter injection
76

by its price. It is of great value
for the iniuauon of thrombosis
treatment, and 1s worth including
in our therapeutic equipment.



Lipemia Ctearing Actlivity in Dogs dfter intravenous lnjection

Figure 2

Heporin Sulfopolyglucin
o in Unalts/kg in mg/kg
50013 dogs)

51
5
o
~4
2
2
a3
o
£
o2 200(4)
©

W

(4}
HOURS § 2 3 4 5 ]

when tested
activities we
e use of
{obtained t

Insnmt: for **

Free fatty acids, before and zrm 'incubation

or plasma with Eduol r human 1 w-density Beta-

“ Ediol,” a smbnhs‘:d so"., coconul'ml :mulsxon,

(about

doses being given concurrently. SPG was sumlarly
ln]ec(ed 1v. mnto groups of 4 dogs at doses of 10 to
o1 mg./kg. In all cases blood samples were taken
before, and 1, §, 1, 3 and 5 hours after mmection for
determmation of LCA a
With respect to anucoagulam effect (Fig. 1),
effect curves for heparn and SPG wi
qualitatively similar, both sertes showing rapid peaks,
and slower disappearance of effect. Heparin had a
much greater antcoagulant effect than SPG. On a
weight basis, 1t was approximately five to seven
times more active than SPG. This agrees very well
tth the figure of 21 USP umits per mg, which was
found for SPG m witro
LCA ume-cffect curves (Fig_2) resulung from
1v anjection of hepann and SPG differed both

Intravenous SPG v Heparin

Heparin was myected 1v into dogs m
of 30r4

ps
at doses of 500 to 20 USP um!s/kg 3 all

Like the anu-

e e L AL

In a study i which radioactive SPG contarung
79



A New Orally Effective Heparinoid

ANTICOAGULANT AND ANTILIFEMIC ACTIVITY IN ANIMALS AND MAN AFTER ORAL

AND PARENTERAL

ADMINISTRATION

E. WINDSOR and G. E. CRONHEIM — Research Division, Riker Laboratories, Inc.,
Northridge, California

The present report describes the results with a
new heparinoid whxch 1s absorbed followmg oral

Riker 560 1s a muxture by weight of 4 parts of
SPG potassium and 1 part of disodium dihydrogen
“ Versenate ™ sodium).

dosage. The drug has b
ejther parenterally or ora]ly or both, to rats, rabbits,
cats, dogs, monkeys, and 10 man.

Experiments designed to learn the effects of
prolong&d admmistration_of hepattnowds on lipd
have_been h m the nasr hv

"I'he presenr rAnare sc hmetad on moos = .

\ Heparin
\ n Units/kg

(4
(=]

200(4) 500 (34099

D
O

Heparin_ Sodmum USP for parenteral admml-
steation was_““ Lipo-Hepin ” (Darwin), 10,000
units per ml,, diluted with physiological saline lo s
final volume of a.5 ml tkg. Heparin sodium USP
was also used a3 a’ powder, with a potency of 130

USP unus per mg.

LU0 i

mean UL,

whert

in opucal densuy ot cnzyme-subslrat: mixtuze
ncubated at 20°C, and read ar 700 mu ) The only
modifications were the mutatson of reacnon ume 10
10 munutes, and the use of * Ediol  (SchenLab),
diluted 1 to §o with water, as 2 substrate, With

‘\Whole Blood Clotling Time n Dogs cf}er Intravenous Injection Frgure !

Sulfopolyglucin
in mg/kg

S(a}

——_—

8
E
£ >
w
=
30 I
[
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below 1 me./ke. Companng the
tipolyuie eflects of each drug by
the two modes of imjection, sub-
cutancous SPG at 1 mg.jkg or
more was more effective than iy,
SPG, while sc. hepartn showed
less hpolysis than 1v. hepann at
all doses.

Oral Riker 560, SPG, and Heparin,
SPG and Riker s60were given
orally to fasted dogs at doses of
100 to 1000 me./kg. and 25 to
200 mg./ke. respectively. Anti-
coagulant effects (Fig 6) appeared
with considerable delay compared
to those after 1.v. administration,
while LCA ume-cflect curves were
qualiauvely smular to results after
1V, 1njection doscs below
300 mg jkg , and Riker 560 doses
of 100 mg./ke, or less had Litle or
no effect on CT. However, all
doses produced considerable in-
creases n LCA. LCA and
dose-response curves at 3 hours
after the derugs (Fig 7} were
parallel, and indicated that the
addinion of Verscnate sodium to
increased  the absorpuon
from the gut about fivesfold,

60

50

H
Q

tes

n minu

o
o

i

Iv;zluc }'or gzsucﬁr'msuml nbsorv}
on of o 1o cent.
the oral dose, Fec per °
After the increased absorption
of SPG :ddmg of
sodium een

Clotting Time (n Dogs after Heparin

Subcutaneous Dose in Units/kg

established, 1t was found that the
same adjuvant would bring about
the absorption of heparin from
the gastro-ntestinal tract, as
shown

y CT and LCA measure-
ments

Both LCA and CT effects
were Ee_l_a_ye:i_, a3 co:npg_rcti with

per cent of the admistered dose.

Q No changes beyond control levels were seen in
1unck prothrombmn ume, or  Thrombotest * tume

after peroral hepann, heparin + Versenate, Riker
560, or Versenate.

Toom .

Figure 4

SPG alone requred a_muumum of 20 g. to
produce an anulppzmic_effect. The addmon of
Versenate (potassium in Serses A, sodizm in Series

increased absorpuion of SPG  approximately
five-fold at a rauo of SPG: Versene of 4'1. This
rane was selected because hugher ratios reduced
the unhisation of SPG and lower ratios limited the
total dose of SPG that could be admmstered due
to side effects of Versene

vy studies have that Riker
560 at & dose of 4 + 1 g induced LCA levels of the
same order of magnitude as that seen in man after
subcutaneous doses of heparin of 10,000 USP
units, but without the concomutant anticoagulant
effects The LCA responses were dose-related and
c peak occurred more rapidly than had been
expected after experiments with dogs

Fasung the best at
of the drug, a shight decrease in LCA being seen 1f
given with a meal, and 2




S35 was injected 1nto dogs (Fig. 3) radioactivity,
effect

maximum LCA was also seen within § 10 1 hs;xn

an
all disappeared from the blood at the same rate
(Levy et al. 1960), mdlcatmg that the presence of
SPG was_required to produce the anticoagulant
effect, This had pprevmusly been shown to be true
for heparin bv o T T -
the highe .
less than
the peak
myected w N
r CT re ,vemiae

Subcutaneous SPG v, Heparmn.
epanin was tnjected subcutancously at doses
of 500 to 35 USP unuts/kg. wnto groups of 3 to 6 dogs.
Similarly, S| was mjected at doses of 5 to 0.35
mg, fkg. Blwod was sampled before and 4, 4, 1,73
and 5 hours after mjection for LCA and CT deter-
mination
)l of CT afies

» levels were about 3 umes hgher
after (hc same heparin doses and fell gradually, At
5 hours aftcr 1 mg./kg. the LCA level was evl}

Pranen

Characterization of Lipolyne Actiity.

In order to determine substrate specifictty of
the lipemia~cleaning enzyme system m plasm:,
post-SPG  dog plasmas were incubated at 37

with either human low-density Beta-lipoprotems
or with Ediol, Free fauty acid (FFA) was mm(ed
?hefore and afxcr x hour of mcubauon at 37°C anc

per litre per hm:r Fm: the same xg plasma samples
the levels of CU were also determined
A correlation was found to exist between the

N SPG
was Seen, even at the highest dusc of § mg (kg, At the
same weight of heparm (500 U/kg.) (i lg 4), !h:rc

are

two U beng equal 10 lg =
0.1 uEq/Ljhr,, with (h: Beta-lipoprotemn substrate
No difference was seen CU measurements be-

was a faurly rapid tise 1n CT m fgean Rave
! -
‘
- ‘
Suw wikg LUA at 5§ hours was sull s0° of the
maximum effect. 3
After sc. SPG at low doses (up to 1 mg./kg.) t . T
intravenous Radioactive Sulfopolyglucin n Dogs Figure 3
- Metachromasia  X—X Clotting Time
1
e . . 4
X"S 9] Rodioactivity o---0 O A *‘
! \
-] o
ELS E50 "K SPG-S35 Dose in mg/kg 540 Y
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below 1 me./kg. Comparing lhc ime in Dogs after Heparin
Lpolyuc effects of each drug Clotting T 9

the two modes of myection, sub~
cuuncous SPG at 1 mg.tkg. or
more was more effective than iv,
SPG, while s.c. hepanin showed

s hwlws than Lv. hepann at Subcutaneous Dose in Units/kg
doses.

Oral Riker §60, SPG, and Heparin. )
SPGand Riker s60 were given 6

orally to fasted dogs at doses of
100 to 1000 mg.lkz and 2

200 mg./ke respectively.
coagulant effects (Fxg. 6) appc:u':d
with considerable delay compared
to those after 1.v. admirustration,
while LCA trme-effect curves were
qualitatively simular to results after
1v. mecuon. SPG doses below
300 mg./kg., 2nd Riker s60 doses
of 100 mg /kg or less had lutle or
no effect on CT., However, all

[3.)
(o]

D
2

doses produced mnsxdmbl: in- 9
creases m . LCA and pud
dose-response cunes at 3 hours 3
after the drugs (Fig. 7) were  ©
parallel, and indicated that the <=
addiwon of Versenate sodwm to £ 30

SPG mcreased the absorption
from the gut about five-fold.
Comparing the lipolytic effects
of oral Riker 560 with parenteral
SPG or Riker 560 one derives the
value for gasrrointestinal absorp-
tion of two to three per cent of
the oral dose,

After the increased absorption
of SPG by the addéuunb“of

in

n
[=]

100(6)

Time

Versenate  sodium ha

established, 1t was found that the
same adjuvant would bring about
the absorption of heparnn from
the gastro-mtestinal tract, as
shown by CT and LCA measurc-

ments
Both LCA and CT effects L
were delayed, as compared with HOURS I 2 3 4 5
the almost 1mmeduate effects seen
after 1V. hepann, Quantitatively, Figure 4
was r;l hepann]u 13,00;)! Ulke.
approumately equvalent to
1v heparmn at 100 Utkg. with respect to peak SPG alone required a ymummum of 20 g. to
antcoagulant effect, and to 200 umtskg with produce an anulipaic eﬂ‘m The, addlucm of
Tespect_to upclync effect arcas under enes A, sodium m Serres
T -““srpuion  B) mcreased absorpuon of SPG approximately
n two five-fold at a ratio of SPG Versene of 41 Ths
rato was selected because higher rauos reduced
' eenm  the uuhsauon of SPG and lower Tatos limited the
. " pme total dose of SPG that could be adminstered due
toe Riker to side effects of Versene.
studies have that Riker
s60atadosc of 4 ~ 1 g induced LCA levels of the
o same order of magmtude as that seen n man after
. subcutaneous doses of heparm of 10,000 USP
. umts, but without the concomitant anticoagulant
' effects. The LCA responses were dose-related and
+ the peak occurred more rapidly than had been
. :'xp:ctcd af!er experiments with dos gs

2

Clotting

the b
. of thc dnlg, a shight decrease in LCA b:mg seen lf
given with a meal,
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belov 1 me kg, Comparing the
Ipolyuc eficcts of cach drug by
the two modes of injection, sub-
cutancous SPG at 1 mg./ke.
more was fmore cffective than Lv,
SPG, while s ¢. hepartn showed
l:s:dhpolysxs than 1v. heparin at
oses,

Oral Riker 560, SPG, and Heparin,
SPG and Riker §60were given
orally to fasted dogs at doses of
100 10 1000 mg /kg. *nd 2.
200 mg.(ke. respectively, -
coagulant efects (Fig. 6) appeared
with consideradle delay compared
10 those after i.v, admmustration,
while LCA time-¢ffect curyes were
quahitaurvely similar to resulty after
v amecnon, SPG doses
300 mg /kg , and Riker §60 doses
of 100 mg kg, or less had Ittle or
o efict on CT, However, all
doses produced considerable in-
gum m LCA,
0Se-1eSponse curves at 3 hours
after the drues (Fip., 9) were
and ndicated that the

60

50

D
[=]

tes

in minu
o
(=]

anng the lipolytic effects
glpnn.l Riker $60 with parenteral
\'a!G or Riker 360 one derives the
umn\xccgo!r“ gastrointestinal absorp-
e do(;c Eo three per cent. of

Aft
of SPG" d;‘:

n
[=]

Time

increased absorption
the addinon of

2

‘S Rastro-intestmal  prag
ct, as
CT and LCA measure-

Clotting

Clotting Time in Dogs after Heporin

Subcutaneous Dose in Units/kg

Both LCA ang

3‘;::‘! delayed, ag wmcrm;r{vclc:;
e :'nosx Immeduate cffects seen
. er‘i' heparin. Quantutatvely,
the ‘a heparin a1713,000 Ujkg,
by hsg:z;x.mtcly cquivalent to
anticoagulans o0 U/ke. with respect to peak
respect 1o ool A0 10 200 unitsikg  with
oty v:urv?;)mc eflect (comparing areas under
trougn' o s result from absorption
PEr Cent. of the n?mﬁﬁ’ﬂilnﬁmﬁzs"r fess than two

No
changes beyond conrrol levels were seen 1n
T

HOURS

ek prothronb, W2
1er per M tme, or “ Thrombotest * time
560, o \3@::?;&?""’ heparn + Versenate, Riker
Human Pharmacology,
1o 76R }ﬂ,( ki) G w
calthy ere

d

Figure 4

SPG alone required a_mummum of 20 g to
roduce an anulipzmc_eflect  The addion of
E/erscna(: (potassium 1 Series A, sodium in Series
B) increased absorption of SPG approximately
five-fold at a rauo of SPG  Versene of 4 1. s
ratio was sclected because higher ratos reduced
the uttlisation of SPG and lower ratios hmited the
total dose of SPG that could be admunistered due
to side effects of Versene,

Exploratory studies have indicated that Riker
s60atadoseof 4 + I g mduced LCA levels of the
same order of magnitude as that seen 1n man after
doses of hepanin of 10,000 USP

nlnd SP oral
.VD ué‘l"cminmz xsgz smg{le d?sc!rmr;gmg
s cries of trials ble 1
bleod clugl;ilé case was observed 1n lvslu(cha whofe
times ghe oy ¢ was prolonged It reached 1 5
:{ mS}:,G Dl 2 gk‘:;l \2,ehuurs after a dose of 4 €
t:i to the contrel lev{-?e;’tA ;e
P
-5

potassium, and 1t
hours,

Rl

units, but without the concomitant anticoagulant
effects. The LCA responses were dose-related and
¢ peak occurred more rapidly than had been
expected after experiments with dogs.
Fasting d the best ab
of the drug, a shght decrease 1n LCA being seen if
given with a carbohydrate meal, and a considerable




S35 was injected mnto dogs (Fig. 3) radioactiyity,
1 d 1 d effect

an

all disappeared from the blood at the same rate
(Levy et al, 1960), indicating that the presence of
SPG was requred to produce the anticoagulant
effect. This had previously been shown 1o be true

Subcutaneous SPG v. Heparin.

eparin was mjected subcutaneously at doses
of 500 to 35 USP umts/kg. into groups of 3 to 6 dogs
Similarly, SPG was myjected at doses of 5 to 0.35
mg /kg. Blood was sampled before and {, 4, 1, 3
and s hours after injection for LCA and CT deter-
mination.

No of CT

maximum LCA was also seen within § to 1 hour,
However, levels were about 3 tumes hugher than
after the same heparin doses and fell gradually. At
5 hours after 1 me jkg. the LCA level was sull
greater than 1 CU. Athigher does of 2 and 5 mg /kg.
the LCA levels continued to nise for 5 hours The
course after that time 1s unknown, but at 24 hours
after inrections LCA had returned to control values.

Characterszation of Lupolytic Actitity,

In order to determine substrate specificaty of
the lipemia-clearing enzyme system m plasma,
post-SPG  dog plasmas were incubated at 37°
with either human low-density Beta-ltpoproteins
or with Ediol Free fatty acid (FFA) was utrated
bﬁfore and after 1 hour of incubaton at 37°C and
the d

‘was, as
per litre per hour For the same rg plasma samples
the levels of CU were also determined.
A correlation was found to exist between the

after sub SPG
was seen, even at the hughest dose of 5 mg./kg, At the
same weight of hepann (500 U/kg.) (Fig. 4), there
was a fauly rapid nise m CT to more than 3 times

two 1 CU beng equal to 13 +/—
0 1 uEq/Ljhr,, with the Beta-lipoproten substrate
No difference was seen m CU measurements be-

tween B or Ediol
Becar . e Vo n Losesaom
the LCA
and hepar
with one
o - Sde s e

i,

'

. .
sampling pertod, 1t was assumed, for purposes ot
computation, that the rate of LCA decrease was the
same as those observed at lower doses

LCA was sull_shightly elevated at 5 hours and at o
500 Ujkg. LCA at 5 hours was sull s0° of the 2
masimum effect. Ed
After s.c. SPG at Jow doses (up to 1 mg./kg.) . . s
Intravenous Radioactive Sulfopolyglucin :n Dogs Figure 3
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lowermng if given with a fatty meal, Delaying the
fatty meal for 45 minutes did not improve absorption
of the drug,

Plasma samples drawn dunng series A (Table 2)
were incubated with an Ediol substrate and the n-
crease in release of free fatty acid was measured,
While 4 g. of SPG 2lone had no effect on Lipolysss,
the same dose when given with Versenate mcreased
free fatty acid by approxmmately eight-fold at 2
hours after the drug,

Trals of Riker 560 at daily dose levels of 2 g,
are now 1n progress, In this and other trials to be
reported later at has been found that at dose Jevels
too low to show much change in plasma LCA,
significant lowermng of serum low-density Bera-
hipoprotetns occurs

Discussion

Most of the measured differences between SPG
and heparin are quantitative rather n qualiative.
Thus their influence on coagulation of blood seems
to be dependent on the presence of the drug, as

greater degree than heparm and consequently 1s a
much stronger anion. Nevertheless, its potency s
only about one-fifth that of heparm
Even the slight anticoagulant effect seen after
1v. mjection can be further reduced by slowing the
rate at which SPG appears in the bloodstream, as
by subcutaneous mjection, or by absorptton through
the gut.
The rates of appearance i the plasma of the
= Alnne e anmima sveram  cmem  ta differ

amount to produce the enzyme which when ¢x-
hausted reappears at a limiung rate, or, SP!
replaces heparin which then extracts the enzyme
from depots such as fat ussue. Clearly, there 1s a
the mechanisms -

eed for further research on
need JoL 2 ¥ cara nf Aewn snnearance in the

eparm
hep: 4 1 e ne A€ €DE v the

esum 1 the MIeslitia dace vaseww

magn, ‘mactive, while the

lar chelates of Versene were
alkaline salts were acuve,
The ability to bring about the appearance

U

TABLE 1

LireMIA CLEARING ACTIVITY I MAN AFTER
ULPHOPOLYGLUCIN PLUS VERSENE

Lipzmia Clearing Actuvit;
Dose in g. Experi- No X roo (CU.) i
er- ‘mean and range)
SPG sene Condition Persons o Hr. 2 Hrs, 4 Hrs.

SERIES A: SPG, +/— Potassum Versenate,
20

—  Fasting 4 4
N (41-133)
4 — Fasting 3
(0-8)
4 2 Fasung 5 1 184 74
(0-5) (139-267) (10-268)
4 133 Fasng 4 1 97 30
(0-4)  (5-304) (2108)
10 o5 Fastng 4 22
(7-52)
Series B: SPG, + /— Sodium Versenate,
10 — Fasting 4 o 34 13
. (0-22)  (0-28)
5 —  Fasting 4 2 3
(0-4) (011}  {0-17)
4 1 Fasting 12 6 76 55
(0-50) (0-150) (0~175)
2 1 Fastmg 8 71 2
(o-17) (4-265) (o-217)
b S 4 Fasung 8 I 17
(o-4) (0-72) (0-10)
2 3 Fastng 8 2 33 8
(o-17)  (6-100) (0-17)
1 3 Fastng 4 b 14
(4-22) (o-50) (0-17)
4 1 Carbohy- 4 o 58 14
drate Meal  (0-0) (22-118) (0-57)
4 1 Fat 20
Meal (0-0)  (0-78) (0-22)
4 1 Fat 8 I0 29 9
(©-38) (c-83) (0-17)

Meal
45 mun later.

TABLE 2

IncreasE IN Free FATTY AciD DURING PLASMA
INCUBATION (SERIES A).
Free Fatty Acid Release in
microEq/L./hr. _(mean
¢ Sempeukona
D 3 o of ample taken at
SPCgsil(z%s)cne Persons o Hours 2 Hours 4 Hours
4 ° 7 240
{65-210)
1829

185
4 2 5 (9-391)

(1530-2170) (320-1450)
1910 90
(490-4190)(270-1100)
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lowering if given with a fatty
fatty meal for 45 minutes did not
of the drug.

Plasma samples drawn during series A (Table 2)
were incubated with an Ediol substrate and the -

meal. Delaying the
improve absorption

TABLE 1

Liremia CLEARING ACTWITY Iy MAN AFTER
SULPHOPOLYGLUCIN PLUS VERSENE,

crease in release of free fatty acid was
While 4 g. of SPG alone had no effect on lipolysis,
the same dose when given with Versenate increased
free farty acid by approximately eight-fold at 2
hours after the drug,

Trials of Riker 560 at daily dose levels of 2 g.
are now 1n progress. In thus and other trials to be
reported later 1t has been found that at dose levels

., Lipazmia Clearing Activity
Dosc ing. Expen- No x 100 (CU}
Ver-  mental

{mean and range)
SPGsene Condition i

©f
Persons o Hr. 2 Hrs. 4 Hrs,

too low to show much change in plasma LCA, | SERIES A: SPG, +/-— Potassium Versenare,
significant lowering of serum low-density Beta- |20 —  Fasting 4 84
lipoprotetns occurs. (41-133)
4 —  Fastung
Duscussion. R Fast l(g.s) "
ot ‘I‘V_lgft_.gf_ty‘c measured c.iiﬂ'cre_nccs between SPG | # asng 5 (035) (139-;67) (107263)
4 133 Fastng g4
- e L (0-4)  (5-304) (2-108)
. - “]to o5 Tasung 4 22
. e . . - . (7-52)
et ' ' SERIES B: SPG, + /— Sodium Versenate,
gledier gegree than heparin and consequently 1s a fo asting 4 ° (ox-lzz) (ogs)
much stronger amon. Nevertheless, its potency is 5 - Fasting 4 2 3 10
only :bom Sne;'ﬁf:h that of hc‘parm.' A (o) (01D (017
o tha atale —es - e . .
' ’ . 4 1 Fastng 12 6 76 55
. ' . (0-50) (0-150) (0-175)
ule gut, I § Fasung 8 4 42 >
The rates of appearance in the plasma of the F s (0-17)  {4-265) (0-217
lipzmia-cleanng enzymc system seem to differ | I T asting O (o3 (o0
following 1.v 1njection of the two drups. Where IS 5 0-4. 0-7:
heparin mjection 15 followed mmediately by the | 2 1 asung ¢ 2 ) (33100) (©17)
appearance of L.CA, SPG jection 13 followed by F. 0-17. o= H
expressed 1n delaved curves, the greater the | 1 1 asung 4 ('° Y (os0) (o-17
dose, the later the peak. Somc of the possible inter- 4-22 5
of this ph haxc fmzy
activate an inactive precursor in the tissues 1o form .
the clearing enzyme, SPG may act as a cofactor, | 4 T S‘(’;&"Hul" (o-Z) (zszxs} (°347)
G may require the presence of an usknown 4 1 Fat 4 o %0
substance normally present in the blood in Limited Meal (00 678 (o-22)
amount to produce the enzyme which when ex- | . Fat o % 9
hausted reappears at a lymuting rate, or, SPG Meal (038) (0-83) (o-17)
replaces heparin which then extracts the enzyme 45 mn. later,
from depots such as fat ussue, Clearly, these 1s a
need for further rescarch on the n- I
volved. However, the fate of drug appearance in the
bloodstream 1s nvolved This 1s substanutated to
some extent by ‘_lhc stmilarity m shapes of LCA TABLE 2
g S A vl e . -
S - o o - INCREASE IN Free FATTY Acip DURING PLASMA
' ‘ INCUBATION (SERIES A).

" The ipcrease n ou‘li absorption of iPGrrll’Zn ;}rx‘c
tion of Versenate sodium 18 a new pheno:
319}‘11;1 3t 13 not restricted to Sl’%‘. \;lus conﬁnér;ﬂ x::‘;
tion of hepann,
su'cc'c‘sas'[ul gml absorptl b oxian
e £ i1

L S N

alkaline salts were actve
alkz!ll’he shihty to brng about the appearance
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Effect of Riker 560 in Dogs after Peroral Dosage
G"[ Clearing Activity Clotting Time
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Figure 7

m the blood of a Iipzmua-cleating lipase by an oral
drug without the necessity for concern about -
creasmg coagulation tmes should sumulate further
research mto various disorders of human lipid
metabolism.
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DISCUSSION

Sir JAMES LEARMONTH ~1 shall confine
my remarks to the place of antcoagulants in peri-
pheral occlusive artenal disease, 1n which I have most
expenence.

Farst, [ wish to point out that, in addition to the

©f n a v(:}l‘tﬂl

Tr e m e oia ehwmamo: an oo diLa

here 15 the same as that determuined in a specimen

of systenuc blood However, 1n any collateral system

OrIpn Thie maw ha hasavirs sha
of P .
ver - .

of anucoagulant. With the discovery of hepann

ponse to the presence of a clot—more properly
perhaps a thrombus.
. -

This leads me to my only question. I wonder
whether an attempt has been made to suppress the
romzation of hepanin by estenfying thi
half-esters of sulphunc acd with organic groups
whuch would also render the molecule more fat-
soluble ? Such a hepann, 1f absorbed, would no
doubt be trapped 1 the fat depots. There, with the
ad of a fnendly esterase, the ongmnal sulphated

nesennn at a

retrnema

Dr ’ISII'.'EY: Looking at the mast cell story n

offer a stmple explanation for the only simation
whuch hepann 1s known to enter the blood 1 quan-
uity, namely the blood of the dog 1n peptone or
praphelass & ehacls aca sl Lo T
" N T .
organ.

1t 15 Feranea af e Wrhaa,
1 would ‘- .
other ar ' .
wstead ¢
merely a .
this specaes,

Dr VERSTRAETE—A thurd alternatve bestdes
surgery and anticoagulants can be considered mn the




treatment_of recent peripheral vascular occlusion :
the adminsstration of Iytic agents. Aortograms
pesformed on a 72-year-old man showed acute

of one ilac artery and
the contalateral internal iliac artery. He was given
6,000,000 units of streptokiase locally through a
percutaneous catheter and subsequently 16,000,000
unuts intravenously, by continvous drip. He recovered
gradually and the second aortogram showed that
both closed vessels had become patent. All arterial
pulses were felt and the patrent walked home unaided.

Dr WALKER— Dr D, M. Shepherd and 1
made a comparative_study of the lipznua-cleanng
effects_produced by Riker 560 (sulphopolyglucin
ph'st EDTI} adjuvant) 'admu'uaxercd orally, and

Lipemta-cleating acuvity was measured by the
spectro-photometric method of Grossman,

A group of three rats, starved for 24 hours
before use, cach received by Stomach tube Rs6o

\
treated rats nor the controls showed any trace of
clearing activity 1n the blood

A group of three rats each received by intra-
venous, imjection _suLphgpolyqucm 5 _me per l§g

A similar comparative expeniment was carried
out jn buman subjects (Fig. 2} No clearing activity
was produced at thfe: hours by orally adngmsrercd

aae ba Tacs dnan Te anlr cna asen

examined electrophoretically for the presence of

sulphopolyglucin. No drug could be detected 2

these samples. On dialysis and 10-fold concentration

of the dialysed urines, however, a very famt spot
to sulphopolyzgl was

detected.
Effect of route of admumstration on
lipzrua-cleaning activary of sulphopoly-
glucin 1a man.
Orricar Densiies (0.D.)
Intravenous Route Oral Route
SPG
Saline  SPG Salne zgm T
Control zoomg. Control adjuvant
Inital O.D. 0.69r  0.508 0.637 0.573
O.D after
Tomn o695 0436 0637 0376
OD. after
30mm. 0713 0313 0645 0382
O.D. fallin
Iomin, —— 0.072 — b
t)‘n falf J
3omm, —— 0I5 _—
Figure 2

Assummeg a daily urinary output of 2 litres, we cal
culate that this would correspond o a daily unnary
of about § mulligrammes of suiphopoly~

Rs6o (2 gm, 1 D )y
although strong anticoagulant activity at 15 munntes,

glucin,
These results indicate that Rséo 1s very pooﬂ};
rbed from d:c‘ gut Vux}‘derl our, mngtz:?ns o

"~ aF tha cub-

Effect of route of admustrauon on
1 1 acuvity of 1
glucin in rats.

Orricar DensttiEs (O D).

Oral Route

P

Intravenous Route

SPG
SPG Saline 200 mg /kg. Saline
s mg (kg Control + adjuvant Control

. ets.
' REl

oW
. o
' . ch

=

N . g8
suggests that the producuon of venous thromouvsts
? R S e e the v

no evidence that hepann has any
role except perhaps 1n fat transpork

Initial O.D. 052r 0.554 0500 0.484 . ot

O'g' ;fxt;r 0367 o561 0586 0489 .

Fallin OD. 0154 — _ — There 5
Figure |

hours, were obtamned

1] activity at two
2nd good cleaning y ke was given

when sulphopolyglucin 3 mg.
ntravenously. y the
dition, four humans were given orally
same‘ﬁoasi of z gm. sulphopolygluc plus ad)gvlenlt;
and blood was taken for exanunauon at mﬁ an‘ four
fiours ; wiile threc others yecaived orally )

ISV e TR

one miphr exnect that in
lant.
Mr RQTHNIE—1 should ltke to raise two

s which have a beanng on the use of extra-
D vent Gl It ss well known from the work

blood
vant six-hotirly to a total of 8 gm., the
g:‘i’xs)g‘ g;;mm:d 24 hours after staring and

LN



of Roskam and Hugues that heparin prevents the
adhesion of platelets 1in vivo, However, 1n the
hepannused | blood us:d in the hnn-lunz mzcluncs

With regard to hairfall, we believe that jt is a
problem, not of the durauon of treatment, but of
the dose, a certain dose is reached, of the
magnitude of whxch we have as yet no knowledge,
hairfall occurs after eight to ten weeks, So far its
ongm 1s not clear,

Dr SHARP — 1 should like to ask Dr Windsor
whether he has any ewidence that EDTA given
intravenously with hcpann potentiatey the action
of the latter.

Dr WINDSOR—EDTA imected  intra-
venously simultaneously with erther oral or intra-

presérvauve  in__ the 1 2
ghould ;5: therefore use freshly-made solutions of
epar:
Secondly, I shouldhhke to ask Dr Beller “hﬂé‘lﬂ’
£

yenou does not anti-
hpzmlc or anticoagulant effects.

Work 15 being done a( pxescm by our chemusts
to find switable compoun ‘“gu be less polar

the alopecia arn
to prolonged admumstranon and 1s therefore
ependent on duration of treatment or 15 dependent
on’ the total dose, whatever the ume factor. We
had a recent patient who underwent perfusion for
about one hour, followed by complete hepann
neutralisation, and who developed a patch of alopecia
s1x weeks after operation, Could this be duc to heparin
despite the short exposure to the

Dr BELLER—On the question of whether
1t is better to use coumanns alone or hepann and

Ppreparations.

and mmore casily e Yy mou

If the effects 1 descnbed were merely duc to the
histamine-binding so prevalent in dogs, thereby
releasing heparm from the mast cells, in addition
to the antilipzmic effects there would be concomitant
anticoagulant effects in the same rauo as 1 observed
following hepanin,

‘The t 1 an unfortunate animal for oral
hepaninoids since the imtestnal tract 15 alw: Jm full
of fibres and food which bind the :tmngly rged
xulplutcs However, a hqud diet for 72 hours

es the rat to demonstrate its ability to absorb
sulphwolyzluun

Side-effects such as intestinal cramping are
assoctated with large doses of Riker s6o0. We now

anubipzmic effiects with smaller doses by
measurng ecline in low<d:nmy beta-lipo-
protens ultracentnfugally.



The Haematology Of Exiracorporeal Circulation
With And Without Hypothermia

A. A. SHARP, B. EXCELL, E. SALZMAN and O. THORUP—
Department of Hematology, The Radchffe Infirmary, Oxford

The arnficial extracorporeal circulation is now
established as 2 mechanucal substitute for the heart
and lungs or the kidney. While such circulations
have been used for many years in the treatment of
urzma, 1t 1s only in recent years thar more comph-
cated machines have been used to further the scope
of cardlac surgery. There 1s now an established
liraratiira Am thie enhiant hoe oln e I i

hazard 1s the severe hazmorthage from the damaged
tissues in the immediate post-perfusion period.
Many reasons have been advanced to explam thus

, hamely, thrombocytopeenta,

Ehmmntucns Anfimiace

' \

MATERIALS
Heparin (Boots Crystalline—Cresol-free).
Hi d hri Bronmude (Pol: Abbi

Edglugate—

EDTA (Ethylene diamune tetra acetic acd)

pH after autoclaving 53"

Cacual A winmg ~F nennlr ol sinne aF mnrmming

equvalent. N
Blood heparin equvalent = plasma heparin
Ioe -~ Hzmatocnt
100
Globuhn A:

equivalent x

Antih hals B, and Macfar-

lane, 1957.
In Vitro Hemolysis—Modification of the method of
Stewart and Sutridge, 1959
Pt kA Nt 4]

1ed e ddad tna

removed and the supernatant plasma examuned fot
the amount of free hzmoglobus.

Anticoagulant For Perfusion Blood,

The extracorporeal pump used in the present
serses needs 8-12 pints of blood to prme before
connecting to the panent’s cculation Orgmally,
fresh heparised blood (20 mgms heparsn/s00 fs.
blogd) collected on the morming of operaton was
used Stored hepanmsed blood (3¢ mgms. heparin/
$00 ml. blood) collected the day before operation
was found to be unsansfactory as, the plarelet count
R o A Oy &, e P e,
operatton,  the angcoagulant

for heparm. Bl
on the day before

METHODS. mormng_of _the op
Platelet Count—DBrecher and Cronkite (1950) EDGLUGATE was substituted
Packed Cell Val: kest hod llected into thus

Thromtan Clotting Time,
0.f ml. human thrombin (Fibnndex-Ortho)
20 umts/ml, was aggéd t o.5 ml. plasma and the
ing tme recorded.
cE‘s"’ltt!ma%ian of Fibrinogen—Thrombin Titre Method—
Sharp, Biggs, Howie and Methuen, 1958,
Plasma Fibrinol. 1ggs an 1957
Plasma Haemoglobin—Dac1e, 1956.

Prothrombin—One-stage ; Buges and Macfarlane,
I

Two-stage, .
ot Titration of Plasma Heparin
Proxa‘:n';{re o'ml;‘g)xgc’a’x"xgn ::fathc method of Jaques,

els
1943).
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operationt is hepatinised and recalcsfied before the
pomed, This was found to be a suitable

addional advantage of leaving a reasonable period
for adequate cross-matchung of the bjood 30 mgms,
heparin and 10% calcium gluconate are added
to each pint just before the pump is primed,

RESULTS.

Pre-Operative,
All pauents were screened for defects of therr
n oniy

an
3 pauents were any sigmificant defects determned




(Table 1), Two patients had a long
bleeding ume. In one the defect was
mhented as the mother also had a
long bleeding time, These panents
id therapy for one
Smdk ek eha

bleeding time post-operayvely, but
surgery had not improved his defect.
The other did not have a bleeding
ume performed post-operatively,

In  one pauent thrombo-

cytopania

bleeding ume was normal. No pre~
operauve treatment  Wwas  given,
and mild post-operative bleeding
occurred. ‘This patient, who wag
very cyanosed, also had
secondary polycythaermia (hzmatocrt
689). No difficulty was met in the
ifutial stages of perfusion i spite of
the obvious increased wisconty of
the blood

During Perfuion.

.. Platelets—In all patients the
plateler count dropped the moment
the pump and paueat’s blood were
muxed (Fig. 2). The degree of
induced thrombocytopeenia varied,
but the platelet count was always

through perfusion, and was accentu-
ated f the blood was cooled to

Thrombin clotting time.

PROTAMINE TITRATION OF HEPARIN LEVELS

k]

60 -

o
o

~
o

©w
o

5

=

2 4 8 10 12 14 16 18 20 22 24 26 28 30
Protamine Concentration mgm/100 mt
Figure |—Protgmine and Potybrene Titrotion (Thrombin) The clotting times
of protamine -plasma-thrombin mixtures showing by the sudden

shottening of the time (“break point')) the amount of antidore
equivalent to the plasma heparin.

TABLE I ___
i . 1 1 1 § 7
'. Patfent Bleeding | Platelet ; Diagnosis ; Cyanosls: Family Il Post op } Post op
} Time Count } | History (Bleeding |Haemorr-
|- ! [ | Time _, hage |
| ) a 1 |

i i i ‘

{ o ' ! i 1
! 37 + | Normal | Matral -+ 1 Ni1 I + N1l
1 ! } Stenosis ' !
L
b - ', — | -
| t i t
1 i 1 1
b g . Normal | V.s.D, S Nit

¢ { 1
[ I I - :

1 i ] T
f a | i
\ zxg Normal 124,000/ | Fallot + 1 N  |Normal +
¢ cumm | ! ! -
O [ a1 | | ! i

Defects of
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Case Sex [Haemolysis | Fibrinolysis Thrombin ! Defibrination ! Fibrinogen ‘ Post- Op
Age Titre Therapy | Bleeding
sd e ! M mgm frvee 1/32 Nt Nt N
H Q 3 Nil e 1/16 ++ 2.5Gms Nl
100" 3 ++ bt 1/16 -+ Ni NI
210" 5 | mu St 1/64 N1 N Nit
26Q 17 | N [y /16 - | 8Gms | M1
i,
n
28Q 21 N FYee 1/32 Nit Nt _
330" 22 + et 1/64 NiI Nil N

The inter-relationship of hxmolysls, fibrinolysis and defibrination in 7 cases.

PLATELET COUNT /CU.MM,

PATIENT

350000
PLATELET COUNTS
100600 . 26 CASES (20 HYPOTHERMIA)
: Figure 2—
250000 - Platefet counts
' . during  the
: . . sequence of
- perfusion in
: 26 cases
200,000 ! F
150900 . ¢ .
I H . .
ol : 2: : N
10000 . H -
g B I
. 3 ’ . % :
50000 L8 i 2 g
¥ & % 3
. 1 . i H >
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was used.

Plateler Transfusions

durning

In some instances, thus calculated dose wag
d and nitration of heparn was found

s was i
perfusion, platelet concentrates were p:epercd End
¢ (R AL A AT & e

Fabrinolysis.

In all but 4 cases some degrec of fibnnolytic
actvity could be demonstrated. Although a relauvely
msensitive technuque was used, the scuvity was very
marked 1n 7 cases (Table I1), L

In 9 patients demonstrable activity was present
i the pauent’s blood taken just before usion
started The remainder all showed active fibninolysis
by the end of perfusion,

No one factor was discovered to accentuate
fibrinolys:s, although in one case the sudden need
10 return sucker blood to the pump was accompanied
by a mncrease of activity. Fibrinolysis dis-
appeared immed:ately after the end of perfusion.
Fibrinogen Depletion.

the 7 cases with severe fibrmolysis
evidence” of fibrinogen depletion was detected
(Table I1). In all the defect was only partal, but 1n
wo patients concentrated fibnnogen was given
prophylacucally. In none of these was there any
€xcessive post-operative hanorrhage.

Hemolysis,

hemolysis,
n wvitro” expeniments performed by the
method of Stewart et al (1959) confirmed that the
amount of hzmolysis s influenced by the type of
plastic tubing used Stewart’s findings that Tygon
gxbmg was the best were confirmed, but Brtsh
everage tubmg was found to produce more

hamolyss than” Stewsre et_al.

to be 100 nsensiive for detecung residual hepann
i the blood after the appropmate anudote was
saven. Such residual levels are usually less than
© s mgm. heparin/1o0 ml., bl

‘The thrombin clotting time of plasma was
found to be a sensitive_indicator of such traces of
heparn (Peden and  McFarland, 1959). If the

Post-Perfusion Hamorrhage.

n the first fow cases of this series, protamine
sulphate was used to necutralise hepanin 1n a dose of
1 mgm. for each mgm. of heparin equivalent that was
calculated to be present 1n the patient at the end of
perfusion Such doses were found to be inadequate
and severe post-perfusion capillary bleeding occurred.

Other Coagulation Factors.

The levels of other coagulation factors were
not studied after perfusion as the results of such
tests must be prejudiced by the amounts of hepanin
or hepann anudote 1 the plasma. Where attempts
were made to assay antthzmophilic globultn and
prothrombin 1n patients in the post-perfusion period,
only a partial depleton of these factors was found,
The Quick

1959,
Avutoclaving and ‘washing after use increased the
amount of hzmolysss produced by Tygon tubing

Hepanin Levels.

The dose of heparin given to the patent was
mems kg of body weight. As the blood used
IS T perfusion contains 6 mgms /100 ml , the resultant
b:parm level of the muxed pump-patient blood was
v:;ween 4-6 gms , depending on the blood
I lume of the patsent Therefore, the amount of
ortvla,nln m the blood was esumated by protamine
by d:xgxl:;f:,’: T?x!:‘lmn lat fxr;::rvals dun}x:g g:erfuslon

evel of nning
and the end of perfusion, o o e

o1

Protamine or Polybrene Neutrahsation of Heparin,
fotamine or Polybrene was given at the
od of perfusion i a dose equivalent to the total
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trme was usually profonged,
as 15 Owren'’s prothrombin time, but the level of
* prothrombin  has never been below 50%. In

Serotomn and ATP.
Sara:)asﬂ Kri:




of both these_ substances were per-
formed by Dr. Blashko and Dr. G. V‘? l{
B(Zm on blood samples obtamned in
S semmat e . 2000001

signiicant amounts of these toxic
substances were detected in the plasma.

Post-Operative Period.

The rise in platelet count that

develops i immediate post- 130,000

in the
perfuston period _was_not sustained
PRtannaraealy Tha oot 2 e

CU.MM.

fed by a

YIOpeenia was not
prolonged bleeding time,
arin - was
Treg o

(0apo0

. Lo .
fudews W0 levels below s+, (Owren
and Aas, 1951). These low levels 1
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' Figure 3—Platelet counts during perfusion in the post-operative

hemorthage from cur surfaces  This bleeding
12kes the form of a diffuse coze from all cut
sutfaces rather than fron only one bleeding pomnt.
The amount of blood lost can be a matter of pints
withm a few minutes, It 15 surprising that such
diffuse hemorrhage 15 not the mnvarable result of
perfusion as the composite defect nduced by
thrombocytopeenta, active fibrinalysis, partial defib-
rmination, and probable partial depletion of other
coagulation factors, such as prothrombimn and anti-
hemnophilic globulin would, in most hematologists’
opipon, an adequate explanaton  Yet these
defects can exist together without hzmorrhage
occurrng

period {case 30).

of the anudote was given m amounts equivalent 1o
the heparin that could be measured 1 the blood at
the end of perfusion, 1t was obviously insufficient
to produce adequate neurralisation of heparin This
would suggest that the fall of blood hepanin was not
due 1o destrucuion but to s escaping from the
nf lar ussues, whence
1t returns when the normal crculaton 1s restored,
Normally thus reappearance of heparin mn the blood
18 _rapid, but, if delayed, it could be an explanation
of the * rebound phenomenon.”

Hepann 1s an nefficient anticoagulant for pre-
servaton of stored blood, but st 15 the only onc
avatlable for perfusion techniques In addition, 1t 1s

use when there arc

The factor

02

a
fresh wounds or partial defects of hzmostatic or
coagulation factors However, 1t 13 casily and quickly
neutralised by cither protamine sulphate or Polybrene
and these can effecuvely stop hepann-mduced
hzmorrhage once 1t has started.

Weight for weight Polybrene was found to be
more effective than protamine and, if either has
towc effects, then Polybrene 1s the drug of choice.
Otherwise there does not appear to be any advantage
1n one over the other. The anucoagulant effect of both
drugs appears to be simlar, but the safety margin



18 generous (4 mgm.fr00 ml. blood). Neither drug
was found to produce toxic effects.

Fibrinolyns was very active in most cases, but
was not found to be delclcnous to the patient.
Whether 1t was
1n the three cases d

n

reappearing platelets are for the most part damaged,
non-viable, and unable to survive. The platelet
count only returns to normal when the patient
produces a new gen:mxon of viable ph:clels.
Platelet transfusions arc not necessary if
takes place, But if it does, fresh blood

Such defib

viable platelets should be given at the end

a po(enuzl dangcr, bul, from s(udm of obsmncal
pzucnu (Shzxp Biggs, Howie and Methuen, 1958),
partal Qefects as have been cncounterc
lhese cases do not mert routine pmphylzmc treat-

by

of perfusion 1n order to raise not only the level of
vlz:elets, but that of any other plasma factor that

y be cted  Fresh blood alone cannot control
hzmonhnge vsh:n hepann remains unneutralised.

H is was nuz 2 major_problem in the

cnt with
Nllsson and Swedberg (x958)

Thcnmhn,

SR R e )

present series. en increased, it appears to be
solely an indicator of faulty perfusion technique,
and was not a cause of any particular cvmphcnuon
in the patrent,

e use hermian th u
of perfusion was not found to alter the blood picture
apart from inducing more marked m opoenua.
18 procedure appears to reduce rather than
increase the incidence of hzmorrhage.

The majority of the above statements aa: based
urat

tion
reri pours. Longer o (nadequate pm‘usxom
serously prejudice the pauent’s chance of

survival
and increase the mncidence of severe hxmorrhage.
In such cases, the blood picture does not differ 1n
any signficant way from that already descnbed.
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of both these substances were per-
formed by Dr. Blashko and Dr G. V. R.
Born on blood samples obtained 1n

ot S e 200000

significant amounts of these foxic
substances were detected 1n the plasma.

Post-Operative Period.

The rise in platelet count that
develops 1n the immediate post-
perfusion per'xod 1 _was mnot sustamed
e e G2, 20T ]

150000]

ytop was not d by a
prolonged bleeding time. Y
Heparin was not used post-
operatively, but phenindione was given
prophylactically 1n three cases, In all,
the response to the immtial dose was
dramatic, the plasma * prothrombin
falling to levels below 89, (Owren
and Aas, 1951). These low levels in
with the thromb:

160000

PLATELETS /CU.MM.

already mentioned were accomp'érued
by a prolongauon of the bleedmg ume,
In all cases 1t was felt that the risk of
secondary hzmorrhage was too great to
justfy conttnuation of therapy. In two
cases Vitamin K was given as an
antidote, and 1n both the bleeding ume
returned to normal hmuts,

50000
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{)he outcome of successful surgery €an

e )y  post-

hzmorrhage from cut surfaces. This bleeding
takes the form of a diffuse ocoze from all cut
surfaces rather than from only one bleeding pomt,
‘The amount of blood lost can be a matter of pints
within 2 few munutes It 15 surprnsing that such
diffuse hemorrhage 15 not the mvarmable result of
perfusion as the composite defect mduced by
thrombocytopeenta, active fibrinolysts, partial defib-
rination, and probable partial depletion of other
coagnlation factors, such as prothrombin and anti-
henophilic globulm would, in most hzmatologists’
opmion, be an adequate explanation Yet these
defects can exist together without h=morrhage

occurrmg

OPERATION

Figure 3—Platelet counts during perfusion in the past-operative

T I T
ERL L ke |

POST OF

]

pertod (case 30)

if the antidote was given mn amounts equivalent to
S L R LA e hland at

A X

N . .

eparn 15 an mefficient anticoagulant for pre-
servation of stored blood, but it 1s the only onc
available for perfusion techmques, In addion, 1t 18
to use when there are

The factor

ble for this post-per

h'agc. Wwhere nepdull Lfutiausun
no hzmorrhage occurred apart
unsecured blood vessels.

The measurable loss of hepann from the bleod
duoring perfusion was imitnally interpreted to be gue
1o destruction of the heparn (Seening, r959), but

v}‘m’:“n“ d:l!( .l'roni

a

fresh wounds or parual defects of hamostatic or

coagulauon factors However, 1t 13 easily and quickly
esther sulphate or Poly

and these can effectively stop hepanin-taduced

hzmorrhage once 1t has started.

Weight for weight Polybrene was found to be
more effective than protaTune and, if erther has
toxic effects, then Polybrene 13 the drug of choice.
Otherwise there docs not appear to be any advantage
10 one over the other. The anticoagulant cffect of both
drugs appears to be srmlar, but the safcty margin




030_ 30

W

e L

o 1

=

c 20} 120

Q

Z

£ " -

(o]

3o > CONTROL {10

Z

s}

g L .

4

E© 1 i | U S T O 3
25 50 75 100

PERCENTAGE REDUCTION IN FIBRINOGEN

Figure 2~~Effect of reduction in

o the thrombin

9%, reductlon it equurateat ¢ :\oo g, of fibrinogen per (30 m) of p\nm

taae mf AF v e e el

iyt ased m'pum
The

arculatng afier perfusion 15 de~
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ety and quickly the amount ol
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zftcr pcrt'usmn, to gave 3 dose of antidote based on the
yusing dose given 1o the patient, and thus

zehlcd to body weight, and expms:a as 2 ratlo of
asudote to hepann, If ulneutrsbsed hepann was
detected alm t_this, further dosgs of anudote were
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cuagu_lauun There 18 margin of safctY, a3
1 newer szmdotc Polybrene, in the doses




Abnormal Haemorrhage After Perfusion
THE IMPORTANCE OF UN-NEUTRALISED HEPARIN' AND FISRINOGEN DEPLETION

N. G. ROTHNIE and J. B. KINMONTH — St Thomas's Hospital Medical School, London

The last decade has seen an increasing number
of congenital and acquired cardiac defects corrected
by open operation using an extracorpereal circy-
lation. One of the problems of recent cardiac surgery
1s a disturbance of natural hxmostaus leading to
abnormal bleeding followsng total body perfusion.
Ttus 15 mamnly due to the trauma inflicted on the
blood as it passes through the external circuit and
to the masuve transfusion of donor bl pumped
from the heart-lung machine. The hepann, cssential
duniag perfusion, muay also cause bleedng 1f 1t 13
meompletely neutralised afterwards,

normal bleeding after perfusion has been
auributed to a deficiency of one or other of the clor-
ung clements of the blood (Osborn et al 1955 ;
Allen 1958 ; Brown and Smuth 1958 ; Von Kaulla
and Swan xofx; Gollub_ct gl 1959 ; Perkins ct al
1959 and Niisson and Swedberg 1959), However,
scant sttention has previously been given to the
role of iised heparin and [ eple-
tion m s causation, Under the gurdance of Dr
G, I. C. Ingram, we have studied the importance of
these two factars, for which correcuve treatment s
readily avalable.

We used simple and_rapid clotting tests which
can be done by the heart-lung team at any time after
pesfusion ;

2. Anab i ic method for jon of
?bn;no::n followed by observauon of the fibrn clet
or 1ysis,
Thrombin clotting-time (Ingram 19555 Rothnie
and Kinmonth 1960). . .
s is 2 more sensitive indicator of heparia
actvity than the other clotnng tests, e.g. the whole
blood clotting time (Lee and White) and one-stage
prothrombin time (Quick), used &r:viom studzes,
Thrombin (bovine) and M/80 Ca Clz are added
to citrated platelet.poor plasma and clor formauos
tmed. The mamn factors affecng the mpin
clotting-time, apart from hepann, are the thrombm
and fibrimogen concentrations. The test 15 made
suitably sensitne to heparin activity by adjustiog
the thrombin concentration to give a control clotung-
128

Yom mfine nf Ahenneen

. PP . -

reduction is greater than that found after sn aeragt

perfusion so that any mncrease in the
clotung-ume after operation s probably duc 10

neux;llscd f\cg;l;‘l’:.lbm clotng sime to detect un- hma{l"’t]{is(li,sz.ezts)ﬁﬁmcd by adding totuidine blue
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Figure (—Effect of different heparin concentrations on the thrombin clotting-time
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Abnormal Haemorrhage After Perfusion
THE IMPORTANCE OF UN-NEUTRALISED HEPARIN AND FIBRINOGEN DEPLETION

N. G. ROTHNIE and J. B. KINMONTH — St Thomas's Hospital Medical School, London

[ NI

Tha lact dannda hao ran

This is mainly due 1o the trauma inflicted on the
blood as 1t passes through the external circuit and
to the massive transfusion of donor blood pumped
from the heart-Jung machine. The heparn, essential
during perfusion, may also cause bleeding if it 1s
incompletely neutralised afterwards,

‘Abngrmal bleedmg after perfusion has been

\ o +9). However,
scant attention has previously been given to the

can be done by the heart-lung team at any time after
perfusion :

1. The thrombin cloting ume to detect un-
neutralised heparin,

2. An absorptiometric method for estimation of
ﬁobrinogcn followed by observation of the fibra clot
T 1ysis,
Thrombin cloting-time (Ingram 1955 ; Rothme
and Kinmonth Igéo)f 958
_ This is a_more sensitive indicator of heparin
activity than the other cloting tests, e.g the whole
blood clotting ume (Lee and White) and one-stage
prothrombin time (Quick), used in previous studies,
‘Thrombin (bovine) and M(8o (ga Clz are added
to citrated platelet-poor plasma and clot formation
tumed. The mam factors affecting the thrombut

v .

100 mg.°; or less, 15 necessary before there 1s pro-
longation i the thrombm clotting-ume. This
reduction is greater than that found after an average
perfusion_ so t any increase m m|
clotting-time after operation 1s probably due to

heparin, (Fig. 2).
confirmed by adding toluidme blue
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INCOAGULABLE

0 —
u 100 e
~ 80t 4
- £
= 60 b
;

i}

39
g 5z
(o] %&
Z 20+ ¥ k
2 z
8 < ———3» CONTROL. l
E s} 1 I I B L, 1 i 1

| 2 4 6 810 20 40 60 80100

HEPARIN CONCENTRATION (g /ml)

Figure I—Efiect of
9

different heparin concentrations on the thrombin clotting-time.



PERFUSION TIME (min)

60
& °°r s
g 5 * . ., .
l&‘ 8 40f : .: . o, X *
wZ * . ®e °
4 S .
S * X .
g 8 ¢ x X * x } x
E L o X . x
FIBRNOGEN L ) . , ,
20 30 40 50 60 70 80 90

PERFUSION TIME (min)

Frgure 5 gram relating to percentage reduction in fibrinogen to the duration of
perfusion In fifteen chinlcal and thirty experimental perfusions.

£8. AGE! Wi 33Kg

l coT l
hord + + N N II.J

L~
£
300 1309
s 2
| =4 m
Z 200 1200
(o]
5 :
o 100 ~ fioo g
= 3 g z =
&( £ ? 2 + a
oL & B E'; lo &

g b ¢ TR -

z 4
& of |3 $ £ .
= E ] H
g 5 T T 1
- I -

o EI N N 1 ) A 1 ']
Ego [ 2 3 4 5 6 7
" TIME (hours)

Figure 6—~Changes in the platelet count {«——s) fibrmnogen concentration (o——2) and thrombin
clotng-time (TH.CL.T.) after perfusion for 24 hours = indicatas fibrinolys:s The effect of an
infusion of fibrinogen is shown

97

N3SONIH8!s



With the tests described, the detection and ¢ LTI LAt IR IO i
elmination_ of residual hcpann was. found to, be an . H
FL Y]
The cx(ra(ed pla(el:t-poor plasma 18 recalcihed ,‘ - -
and lhe opacity increase due to the fibrin clot ==t = ixensete ofean
*"ag a violet filter.
- = 1s_converted to -,
- fibrinogen con- .\
. = absorptiometer - - .
+  calibrated with - .
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Coagulability During Extracorporeal Circulation With Particular
Reference To Antihaemophilic Factor B (Factor 1X)

1. MATZKE, R.SMITH JENSEN and |. H. RYGG —The University Hospital and the
State Serum Institute, Copenhagen

We have tned 1o find the reasons for the senous
bleeding tmdency e((en encounte dunng and
after _extracorpo: ton It 1s usually not
explained hy dm plaulcr count, bleeding tume,
P and P test, whole blood cloting time, ﬁbnnogcn
assay and tests for fibrinolysis.

ur nhsemuon: rcf:r to four paments N!h
Fzﬂm s tetralogy an with atnal s
The heart-lun; mzchm R)!R~

ung s ‘was c
Kyvsgaard type, in which a plastic bag is used as
oxygenator and discarded after use,
The pauents’ clotung factors were studied by

the following methods: (1) The cephalin ume of
\Vu!:r (1957), which 15 sensve to defiaency of

{Owren and’ Azs, 1951) and (3) the Quick test,
(4) In some cases the pmacoe]cnn (factor V} test
(Hyort, 1957) was carnied o
“The cephalin tume wzs used as a screening
test for the factors mentioned,
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copretn Lme gy

prothecrmben. bone
Co-ttme] smey

cephalin time was found, the
followmg additions were made 1n
tum e yeagents: barum
sulphat:—adsoxbed plasma, con.
mmngfacerI Iand PTA;old
tanng factor IX and
PTA adsoxbcdserum,conwnmz
only PT; ‘of measurement of
facmn VIIland IX, modifications
of the methods of Waaler (Xosg)
and Stapp (1958) were used, When

? deficency of factor was

500w
ok X atacter
sy o
Wy d ot
B3 ttomogren mut pr |16
“

[romew— L
B~ S0

| |
cephalin

found, the of the
cephalin test menuoned were used
to measure the factor IX level.
T In the two ASD patients, the
H mjual tests were all normal,

from a marked decline 1n factor
IX, and the Quick time was pro-
longed owmg to the anutthrombin
acuon; the P and P test was less
senstuve to this acuon, bemng

Bucknt. i sec g

e v ww e

normal. Factor V was depressed,
but not enough 1o cause this
prolongauon in the Quick test.
After protanune sulphate the tests
w:re all normal, but m one-and-

hours a sccondary fall was
fuund,vamcularl a great decline
1 the cephahin test and fanex IX.
Thete 15 at present no adequate
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Frgure 7—Changes In i

1o direct relationship between the degree of reduc-
tion of fibrinogen and the duration of perfusion
(Fig, 5). The degree of reduction depends on many
variable factors which differ from case to case. One
cannot therefore forecast accurately the changes
due to perfusion, Changes in fibrinogen were insuffi-
cient to produce a failure of hmmostasis in these
patients and none showed cwidence of abnormal
oozig or ‘ﬁbmmlyslsl.‘L

o8

brinogen concentration {o~——o) after perfusion for 50 min  + indicates fibrinolysis
Post-operative blood drainage from the chest is shown.

fibrinogen concentration— ca, 100 mg, % (Frg 6).
The plasma clot showed rapid lysis (within 20 mun.).
A plasma speciunen f an hour later produced
scanty clot which was rapidly lysed. There was marked
oozing from the various incisions An infuston of
4.4 2 of human fibrinogen in 200 ml, of distulled
water was given with a return to normal fibninogen
concentration 48 estumated at intervals over the
following 3 hours, There was no evidence of fibrmo-
Iyuc acuvity after the mfusion and the thrombin

I fibrino-
produce
. Jacement
ars One
et - . showed
briefer and less marked fibrinolytic acuvity and
I and pi blood

21n-

age a3 not excesmive,

ORI I RO SN

H .
1 ey .
arenlaung fibrinogen.

ere 1s at present no satisfactory method of
reducing fibrinolytc activity and treatment consists
of fibrinogen replacement unul activity ceases and
a pormal fibinogEn COOCENISALION IS Alfatney



hours before the operation and hcpanmscd (75 me.  results of a protamine or Polybrenc titration t:s( A
hepum for 400 mb. d). n Ci‘,‘.'gd series of 10 (ubes, tach con

0 20 -1 . Figure |
@
g
2
£ 16 |
(= .
haand L]
o 12 4
E . . .
8 J *
o
c
= e n e — - N
L 4 ]
o .« . normal range
0 J L ~&
Clotting time of 10 patients before the
second dose of Heparin -antidote
Figure 2
=l 28
z .
E I, ) « - Heparn OgIm !
i
w H 't
Pz *
z El
2l g
< .
S
©
S
8
H
2
—_— e T
GAMMA POLYBRENE /ML
8 40 20

101



explanation of this. Two hou;s after perfusion there
as of hy 1

S y e

In the four patients with Fallot's tetralogy
senous bleeding occurred before, duning and afrer
perfusion and not controlled by hepanin-
neutralisers, blood transfusion or surgical hemo-
stasts, The patients were treated with a human
plasma preparation made from Coha’s fraction IV.
‘This contains several blood clotung factors, in par~
ticular factor IX.

The first and second of these patients, though
the ittal P and P and cephalin mes were above
the bleeding hmit, bled heawily before perfusion
and after hepanin a very severe hemorrhage occurred
{F1g.). The cephahin test fell to under 13,

ume was prolonged to over I00 seconds,

After protamine sulphate the cephalin time was less
and the Quick tune normal The secondary fise in
the cephalin ume was found here also, with a corre-
sponding severe and prolonged hleeding since the
spontaneous hypercoagulable phase did not appear.
After infusion of the factor IX preparation, the
cephalin ume was shortened, with corresponding
hazmostasis. The ck tme showed no sccondary
prolongation, presumably because there was_ no
1 d hepann effect.

had no effect

no
As mfusion of
on the bleeding. .
'Ith thurd  patient also had an initiallv prolonped

fuy @ Shult e aifer the heart was entered, it
Fiad gonduad Lo .

euceuve’ vetore but not atter perfusion, The factor

IX activity is highest at a pH of 7.35, being neatly
inactive at 7.0.

In the fourth patient the findings were simlar
to the first, but we tried to avord the secondary
prolonged cephalin ume by infusing factor IX
along with the second injecuon of protamine
sulphate. This infusion was repeated, with a decrease
1 the cephalin nme and cessatson of the heavy blood
oss

The common finding,

secnndaes

,all these patients was

CELLEE U

o .,
greaL vatue,

Hepann seems particularly o influence the
factor IX level, and to ensure an effectve anu-
coagulant effect dunng perfusion 1t s adwsable ©
prolong the Quick ume in order_to utilise the anu-
thrombin action, The P and P test 15 vurtually
unchanged throughout, and 1s not useful m ths
context.

In uncomplicated cases, where the hyper-
coagulable phase comes soon, 1t may be better to
start anticoagulant treatmeat eather in the post-
operauve period.
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Blood Coagulation Problems During Extracorporeal

Circulation In Man

M VERSTRAETE, A AMERY and C. VERMYLEN — Department of Medicine,
University of Louvain, Belgium ~

Bleeding has been a major problem 1n the use
of extracorporeal circulauon in dogs and in man
The hzmorrhagic state, sometimes found n man
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DISCUSSION

Dr BIGGS — Dr Matzke is to be congratulated
on hus discovery of a test, the cephalin time, which
sppears to gwve results which are corrclated with
the tendency of the patient to hmmorrhage, It 1s a
ity that the results of this test have been interpreted
1y Ishow-nxes{ factor IX deficrency, The measurement

e -
indeed, by the coagulability of fibnnogen Even
correction of the clotung ume by aged serum wall
not ensure that the techmque gives a measure of
factor 1X. Thus, while Dr Matzke's results are v
helpful 1n revealing a test which may correlate witl
the bleeding tendency st may prove muslcading if
the results are interpreted 100 narrowly at this
stage as indicating a spearfic defect in facter IX.

Dr SAMAMA—1 should lke to describe
a study of a patrent who died from cataclysmic
fibnnolysis during og:muon for tetralogy of Fallot,
It throws light on the failure of substitute therapy
n superacute fibrinolysis, and venfics the effica
of 2 new anufibrnolytic agent C 766 or Improl,

The pauent was a girl aged 17, Before operation
there was ox:!y a slght, dusmbog’wpgnm and no

fikmnnlos

aer o nours. )

Laboratory tests showed only traces of fibnnogen
;;h{wleasma; Quuck’s test in the presence of fibrmo-
Son Kalillas'g ‘s (factor V 40%),

Professor OWREN — As stated by Sharp, the
cozing cannot usually be accounted for by the
MOderate "hom—tamernnte £L e .

dcﬁc&enc)' N .
The mech - . "
draw your -
may play a role at least in certain cases, namely a
i S B gty R G -
: - tume
. v . vivo
= "t rcand
~ N . 1 “come
N P

regarding the required dosage.

e thrombocytopama is largely caused by
trapping of platelet clumps 1 the filter. 1 beheve
that the main reason for platelet clumping 1s the
release of factor R by conmtact of red cells with
foreipn surfaces, Even very small amounts of factor R
drastcally mcrease platelet adhesiveness and clump-

g, Intravenous imecuon of factor R in rabbits
causes, a platelet ch
and thrombocytopeenia, presumably because of

trapping of platelet clumps mn the capillary bed.
However, factor R becomes inactivated by plasma,
the clumping 15 reversed, and the platelets reappear
i the circulation. This observation i rabbus s
much like the temporary thrombocytopenia of by-
pass arculation as shown by Sharp, and the mechan-
isms may be the same. The thrombocytopeerua of
by-pass circulation may be largely prevented

rummal trauma to d cells. Further, the filter
could probably be discarded 1f 1ts only effect is to
remove small platelet clumps, because the mtro-
ducuon of small aggregates of platelets into the
circulation seems to be without harmful effect. The
clumps are broken down and the platelets are
released after a temporary trapping.

showed that lysis was almost
immediate, while a muxture of
gmmu Elzsmz with 3 parts of
a?rmal blasma gave a lysis tume

IS minutes (normal over 180

Throaboplestin generation test

Thromdin
olotting
time

Tnmutes), Thrombo-elastography

%as charactensuc of Jasition
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a::nem,‘ 0 d showed that the Saltee
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injected. A second series of the anti-heparin agent
with lower i (from 2 to
20 gamma/ml. with 2 gamma 1ntervals) was used after
the first ther d i

was needed in the post-operative period (15 cases).
‘There were 10 cases where two injections of pro«
tamune sulphate were given (Fig. 1). In 3 cases 3

furt of traces

dose sulphate was

of heS:mn. B

Other techniques used were the Lee and White
clotting ume of venous blood, fibrinogen assay by
&he {xll‘:(hu'd’uf Slauxs (1957) and‘ﬁ‘llx;molysxs“ obicrvegl

results obtained n cases of aortic stenosts explain
the growmng frequency of open heart surgery with
cardiac by-pass in adults, Half of the patients bad a
ventricular septal defect. It 1s to be noted that patients
with pulmonary stenosis and atrial | scpral defects

The plasma fibrinogen was also decreased at the
end of the cardiac by~pass (to about 40 mg. %) and
a tendency to a further shght fall was noted in
some patients. If the results of all cases are averaged,
there 15 2 10 mg. per cent difference observed immedi-
ately after the slow adminsstration of protanune

Y (o
given marnly because the surgeon felt that the patient
was bleeding excessively, although the clotung time
and the protamne utration test were normal, If
the amounts of protamune given are averaged, it
was found that the protamune-heparin rato was
only 1.1 in these 10 cases. The fact that a second
dose of heparn antidote was needed w this group
sugeests that the optimal protamune-heparin fat:o

3 mg. h:pa'rin/z mg. Polybrene, an immediate and
sustamed normahsation of the clotng ume was
obtained. The results were as favo:xrﬁble witl
4 g LA -

[ v tapry o erainhe

10, 25 and $0 gamma heparin/ml. (Fig. 2). It can
be seen that in similar experiments with protanune
sulphate, a rather limuted range of concentration
corresponds 1o normal coagulation umes; higher
or lower concentrations give prolonged clomng
umes because all the heparm 1s not neutralised o
too much protamne 1s added and exerts 20 anu-
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injected. A second series of the anti-heparin agent

with lower conc from 2 i}

20 gamma/ml. with 2 gamma mtervals) was used after
e first lisation for further ion of traces

of hepann.

cmad e ea sLa T cn amd WL,

* The majority of patients were infants ; the good
results obtamed in cases of aortic stenosis explain
the growmng frequency of open heart surgery with
cardiac by-pass 1t adults. Half of the pauents had a
ventricular septal defect. It is to be noted that patients
with pulmonary stenosis and atrial | septal defects

n u | i, willl LG Losuny
of all patients were grouped, however, no difference
could be noted,

L I vty

- - adesng,

ustration of protam;
e ibuis g S b

ately, after th

was based on the protamine or Polybrene titrauon
test. On retrospectuive analysis of the quantiies used,
1t was found that the protamine sulphate-heparin
rano was 1.5 and the Polybrene-heparin ratio 1.4
for all cases where only one dose of heparin antidote

was needed in the post-operative period (15 cases)
‘There were 10 cases where two injections of pro-
e sulphate were given (Fig. 1). In 3 cases 2

the amounts of protamine given are averaged, it
was found that the protamune-heparin rao was
only 1.1 1n these 1o cases. The fact that a second
dose of heparm antidote was needed in this group
su‘gne‘sts that_ lhechtunal protamune-he ratio

i, Tt '

SUSLAMICU  HOTINAUSJLIULE O Ule GOIULE wund vu
obtajined. The results were as favourable with
5 mg. heparin/s mg. Polybrene per kg. body weight
. a 2/1_Polybrene-heparin_ ratio, ”,“__f_a_‘}

of Poly aver p sulphate
15 the finding that 1n vitro a wide range of concentra-
tons neutralises a fixed amount of hepann for
10, 25 and 50 gamma heparin/ml, (Fig 2). It can
be scen that in similar experrments with protamunc
sulphate, a rather lLmuted range of concentration
to normal umes ; fugher
or lower concentratons give prolonged clotng
umes because all the heparin 1s not peutralised o
too much protarmune is added and exerts an ant-
coagulant acuvity by atself. A fina] advantage s that
with Polybrene no fall in blood pressure or agglutna-
tion of red cells is observed in the doses used even
after rapid intravenous admunistration.
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yaowzmg whether these  assays
reoresent the truth, 10 view of
e posskle artefact 1o respect to

e auhrombin VI phenomenon  naowman mat
of Kowalsk The only dissimular- {s3roncs)
v 3 the {11l in the platelet count 0
flowng bypass whereas there as
w &1 following the streptokinase
wfzoen, This can be related to the
wecanaal loss of platelets dunng @
the bypass

The development of a labora- =

tory defect 33 8 constant finding
sfter bypavs. Occasionally there s

NEUTRALIZATION OF HEPA}-

BY DOTAMING

£0 abnormal bleeding and very B
cxtyvemally st 33 catastrophic, had -
More often there s abnormal
tleedag a8 mansfest by the blood v
ml:.-nx through the chest drams, el
N ch goct on for several hours
bet 1 not of sufficient magmitude
™ e gnuety.
Tastet - ‘m.-“lw.“l’l l: -
e e - has passed, We k-
e . ;‘}}x: use og Hager;
Piasmunogen actrvation. « - inhibior o Bor“:\hir'“
factor 1~
Im?"hfi:ARl'—l should like to ask a question  an incre
Hood 1 r«{n&ljm! of heparin used 1n the perfunion  centrate
woood. 1 t the platelet clumpimng and resultant  the rease.
u?‘e b seen dunng perfl are due to
Shreat 1. vent

an “ .
s of hepann ‘during perfusion.
N

way expla L
by Starp, the lack of serotonun release mentioned
nomaean,
wr . W
o . . .
+ Sepiopna: . -
me ume, s¢ and plasmin
s T therapy. At the

hepann hay ‘on%""ﬂ“ a new lhmmbou%y!cndenc)’

should m: #iven immedutely ’
o' of %25k De Matzke what concen-
tge Daticnrs f,c"‘(’imlncd in the concentrate
tio; nmmm: 1 facto; escribed. He got quite 8

o e concenerers Vo 2L atter sdminiey
;re tiad g, - s ..
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Dr SHARP—1 agree with Professor Owren
that factor R docs exist 11l hzmolysates and docs
clump platclets, but we ‘have not noticed ncreased
clumping or thrombocytopemna 1 those cases where
haemolysis was excessive. ) . N

With regard 1o Dr Dous! ay’s remarks, it bas
been our_ expericace that hbnnolysis disappears
within 2 hours of pcrfusaog :n‘sa mn ;.[h::;r::d?ﬁ:
e ed but was

dleﬁhfmlzuon cxsted but was 1oL HECL s
T has passed the
' . fing secondary

er the ouews OF peutralising
1 wonder whether (0 5 drs ke epulon-
Fibrnolysts may

) . \tralisation may
mby. If lysis 18
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abnormality there are a number of
collateral methods of approach
Dogs can be put on the bypass
without heparin or protamime and
they develop 2 hzmorrhagic state,

e dog, of course, has a con-
siderable capaaity under speaific
crcumstances  for  endogenous
production of heparin, but this
nevertheless 15 2 pointer that this
defect 13 more complex than merely
a question of heparin neutralisa-
ton. Another pomter, which I
think can help to disentangle the
hepanin/protamune 1ssue from the
remainder of the problem, 1s the
fact that there 1s often a defect
many hours after the operation
‘when, evenif no hepartn antagonist

expected the heparmn in any case
to have disappeared i virtue of its
usual ‘“m vivo” survival time.
The fibrinogen fall may on
occasion be progressive for nime
hours after the bypass. More often
the 1nitial fall 15 sustamed despite
the contmnued transfusion of fresh

24 HOURS 24 HOURS
Figure 2
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As has been stressed today it 1s certanly correct
to study imually the question of proper neutralisation
of heparn by protamune or Polybrene. I am not
certam that I know how to ensure

that the hepann / protamine
utratton _has been accurately
accomplshed. The thrombin

clottng ime and the whole blood
coagulation time techmiques have
senious Limutauons, It can be shown
that Polybrene, protamine and
heparin are all inhibitory to 1
thromboplastin generation at a
concentration which does not
mterfere with  the thrombin
clotung time of the plasma (Fig 1)
The whole blood clotting time has
the same type of techmcal limu-
taton. I that we have to use
the thrombmn clotung time and
the whole blood cloting tume 1
our attempts to judge the efficacy
of the neutralisation effect, but it

15 probably wise to be aware of
their imitations

PERCENTAGE
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blood. This supports the concept
that there 13 a conunuing
abnormality, which is probably
proteolytic 1t 1ts nature. Mast of
the reports today have shown
only the ional __occurrence  of d
fibrinolytic  acuvity. These deternunations have,
however, been made on the basis of whole-clot
lysis_or lysis in dilutions of plasma Before the
possible importance of proteolytic activity 1s decrded
it should be studied by more modern and sensttve
techmques—the use of tagged fibrinogen and
1 iched  tagged . Fag.

shows the mean results from 12 bypass operauons
and 4 streptokinase infusions It will be seen that
with the ass s an bl
fall 1n plasmunogen concentraton

Some collateral evidence for the proteolytic
nature of the bypass defect can be found 1n a com-
panison with the defect_following streptokinase
infuston (Figs. 2 and 3). I have some difficulty in
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In an attempt to sort out

the nature of the hzmostatic 24 HOURS
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knowing whether these assays
represent the truth, m view of
the posstble artefact 1n respect to
the anuthrombin VI phenomenon  mosam e
of Kowalski, The only dissimilar- ~ ¢stconos)
1ty 1s the fall 1n the platelet count Py
followmng bypass whereas there 1s
no fall following the streptokinase

fusion. Thus can be related to the
mechamcal loss of platelets during
the bypass.

‘The development of a labora-
tory defect is a constant finding
after bypass. QOccasionally there 1
no abnormal bleeding and very
occasionally 1t s catastrophtc. »
More often there 1s abnormal
bleeding as manufest by the blood
coming through the chest dramns, ©
which goes on for several hours
but 1s not of sufficient magnitude
1o cause anxiety,

MEUTRALIZATION OF HEPARIN AND ANTITHROMBIN ST

BY PROTAMINE SULPHATE

A — NORMAL DLASMA<+ ANTITHROMEIN JX
B — NORMAL PLASMA+ KEDARIN

. T et | T
Inthetherapy of thus condition et i 5% oy s 0 T ans

1t is ymportant 1n the first place to
do what one can to ensure adequate
heparin neutralisauon, and to be

repared to transfuse with fresh

lood unul the * proteolytic storm ™ has passed.
There 15 a possibility for the future mn the use of
epsilon -amino - caproic acid as an inhubitor of
plasmunogen activation.

Dr SHARP — 1 should like to ask a question
about the amount of heparin used in the perfusion
blood. 1 feel that the platelet clumping and resultant

ml opania seen dunng perfusion are due 10
d‘lc hepann levels used bemng too low to prevent

levels of hepann during perfusion.

e L T .

may explan the lack of serotomn release mentioned
by Sharp,

PROTAMINE
sl SULPHATE

Figure 4

We know from Dr Niewiarowski’s paper that
Hageman factor 15 depressed by fibrinolysis. It 1s
f)mslbl: that the factor IX depression found by
Dr Matzl‘i_c was duc s dqzrcmcn ff Hageman

protarune tiranon. In an experiment, hepann and
antithrombin VI were added to human plasma to

necessary than for neutrabsation of hepann (Fig. 4).

Dr SHARP—1 agree with Professor Owren
that factor R does ewust in hxmolysates and does
clump platelets, but we have not noticed increased
clumping or mbocytopeerua 1n those cases where
hzmolysis was excessive.

With regard to Dr Douglas’s remarks, 1t has
been our tha 3}
within Z‘:l;l_()uﬁ of pcrfusloxtl and 1 the one case

hit o)

1 wonder whether the concept of neutralisin;
fibrinolysts wath anufibninolytic drugs like epsuong
p: acid is well-advised may

be more often beneficial, and neutralisation may
induce unwanted mtravascular thrombs. If lysis 13
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obviously doing harm, such treatment must, of
course, be given,

Mr ROTHNIE—1 would like to stress that
abnormal bleeding may not only be due to hzmo-
static defects but to surgical causes, Meuculous
surgical hamostasis is as essential after perfusion
as carrying out clotting tests.

I am most interested 1o learn from Professor
Owren about factor R and plateler clumping, and
relieved to hear that such clumps are reversible, 1
assure him that we do not use the filter m the bypass
crcuit to remove the platelet clumps but to” stop
foreign material entering _the patient’s arterial
circulation, Fortunately platefets are the only
material we have found on the filter; one day we
may have the courage to dispense with 1t, as he
suggests, and so reduce the platelet loss. However,
such platelet loss as_we have found does not seem to
have any senious effect on hzmostasis.

We have not found, as Dr Douglas has, that
fibrinolysis lasts longer than a few hours after the
end of perfuston. It seemns to burn itself out iradually
in 2-3 houxs,| ancd‘_our object 1n treatment has been

' ases. We

. ' suggested

Dr MATZKE — So far we have no adequate
) for €& I d tbed My
report 1s a preliminary one, but more extended

invesugations NOW 1N Progress seem to show the
iame rezu}u. ‘These ar:,“l' know, surpnising, but I
n et sl Chu o

P PVEDOTD ADTE  Wa tnwa frund 2 great
P zated with
- - myeloma
. of course,

these pauents did not have a major operatton.
We seem to use larger amounts of heparn
(3 meg. per kg) than the other investigators. I do
not know whether this has a bearing on our better
results in cardiac surgery, n terms of avoidance

of platel or

In dogs undergoing a cardiac bypass ant~
thrombin VI may appear but also another anti-
thrombin not adsorbed by baritm sulphate.






