THE LYEIS, MATURATION AND CANALIZATION

oF

INTRAVASCULAR THROMBI.

J.5.T. COX, M.B., F.R.C.5., F.R.A.C.5.

Submitied for the degree of Mastery of Surgery at the

University of Adelaide.

Juns, 1968.
DEPARTMENT OF SURGERY,
UNIVERSITY OF ADELAIDE.




1.

TABLE OF CONTENTS.

ACKNOWLEDGEMENTS
SUMMARY
STATEMENT
INTRODUCTION

CHAPTER I. HISTORICAL SURVEY.

A, Thrombosie

(1) Arterial
(2) Venous
(3)  Current concept
B.  Thrombolysis: Streptokinase
{1)  Development of the agent
(2) Investigutiomal Trials
() Animal
(b)  Human
(38)  Currant concept
CHAPTER II. EXPERIMENTAL PLAN.
Phaoe 1. Infusion experiments.
Series 1. Acute sxperimaents iu rebbits

Beries 3. Survival sxperiments in rabbits
Series 3. Treatment of human thrombi

. No.

© o W &

11
11
1
18
14
18
16
18
18
18
21
23
1
83
22
23



2.
Phase II. Non-infusion experiments.
Series 4. Canine thrombi
Series 5. Human thrombi

CHAPTER III. MATERIALS AND METHODS,

Phase 1. Infusion experiments:-
A. Method of thrombus formation
B. Method of streptokinase infusion

(w) Animal
(b)  Hwman
C. Streptokinase dosage
() Animal
() Hwman

D. Examination of thrombi

(1) In sita
(a) Animal
{b) Human

(2) Mieroscopic
(a) Antmal
{b) Human

Fhase II. Non-infusion experiments:-

A, Canine thrombi
{1) Method of formation of thrombi

35

36



3. Page No.
(a) Reinjection venous and
arterial thrombi 36
{b) Thrombi in intima-stripped
arteries and veins 89
{c) Reinjection thrombi in venous
grafis incorporated in the
arterial circulation 39
(2) Method of exnmination of thrombi. 44
(a) India ink {n s 1% Agar solution

(b) Time of removal, fixation

and staining.

B. Human Thrombi 48
CHAPTER IV, EXPERIMENTAL OESERVATIONS. 80
Phase 1, Infusion Experiments. 80

Series 1. Analysis of streptokinace

infusions with different dose

ranges 60
Series 2. Analysis of survival experiments 61
Series 3. Analyeis of human thrombi

treated with streptokinase 68

Phase Il. Non~infusion Experiments. 80

Series 4, Analysis of Canine thrombi 80

(1) Macroscopic examination 80



s Page No.

(2) Mieroscopic examination 80
(a)  Organisation 80
1, Reinjection of venous
and arterial thrombi 80
2. Thrombi in intims-stripped
veins and arteries 98

s. Reinjection thrombi in
venous grafis in the

arterial circulatics 109
() Camlization 108
Series 8. Amalysis of Human Thrombi 128
(1) Analysis of arterial specimens 128
(2) Amlysis of venous specimens 138

CHAPTER V, DISCUSSION.
(1) General 147
(2) Therapeutic implications 183
APPENDIX I 187
APPENDIX II. 163
BIBLIOGRAPHY 18
LIST OF ILLUSTRATIONS 183



ACENOWLEDGEMENTS.

To Br. Richard Warren of Boston, who initiated this work,
and Professor Jepson of Adslaide, I would like to extend my thanks
for their unfailing assistance, knowledge and encouragement. It has
been completed because of them.

Dr. Ira Gore of Boston was of much help when viewing the
histological sections.

Mr. Mayaard Cheney of the Veterans Administration Hospital
and Mr. Bill Nolan of the Royal Adelaide Hospital prepared the
photographs; Mrs. Helen Lyman of Boston and ifics Beckett of
Adalaide skilfully drew the diagrams.

Miss Jan Priest helped greatly with the infusion experiments.

And to Misses Luslo, S8towe, Cox and McAuley I will always be
indebted for the arduous tash of typing and arranging this manuseript
which they have done so willingly.



} &

6.
SUMMARY,

The history of observations made on intravascular thrembi

together with the progress made in effecting elot lysis in

vivo are reviswed.

An secount is given of:-

() the metheds used for studying the effect on thrombi
{n rabbits of infusion of the lytic agent strepiokinase;

{(b)  the methods used to creste thromb! in canine arteries
and veins for observation of the changes that occurred,
with particular reference to organization and
canalization.

The results of the investigations are presented as follows: -

(s} Thrombi {a rabbits treated with streptokinase over four
to ten hours showed a reduction in size but not complete
lysis. Peripheral whele blood lysis was seen in the
animals that were infused. Prothrombin time and
clotting time shewed no significant change.

(b} Thrombi in rabbits treated with sireptokinase for &
limited period of 4 hours and left in situ for three and
six days showed no further significant change in size.
80% of control thrombi at six days were not evidemt



(e)

(4

7.

Organisation of canine thrombi created by different
methods proceeds st a steady rate from fresh red cell
to the mature of the ¢irculation and to a lsssar exteat
according to the injury inflicted on the vesssl wall.
Lack of organisation and canalization of thrembi in
occluded large and medium atheroscisrotic vessels in
man and its oceurrence in venous thrombi is presented

The results of the investigations are discussed with regard to:-

(a)
(®)
(e)
(4

(o)

the use of streptekinass as a therspeutic agent;

the factors concerned in organisation of a thrombus;
the reistionship between organisation and casslisation;
& comparison of artificial clot iysis and the astural
the method of treatment of the thrombo-embolic
disorders.
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INTRODUCTION,
There is in plaams s lytic system which can b expressad
simply as follows: -

Proactivator > Aectivator
Piadain.

Plasmin i the active, cireulating lytic sompound.

The most convineing results of the abllity of strepickizase to
produce clot lysis {n vivo have been produced by Jehnson and MeCarty
(1989). However, no standard dosage was suggesied, coustanmt
affectivensus recordsd, or the resulls compared with the natural
process of organisation and camlination of thrombi.

Intercittent observations on the organization and canalisation
of intravasonlar thrombi have been made since the early sightesnth
contury. Although changes in & thrembus were described, there was
no accurate inowledge regarding cell origin ustil the ninstesnth century.
At 2o timoe has there been any corralation of this work with the lack of
organisation and camalization in thrombi removed from medium snd
large arteriosclerotic vessels {Leriche 1947, Warren 1880), or with
successful organization of venous thrombl with wide camalixation
and restorstion of vessel hlood flow.

It wus the aim of this study to establish a raticaal therapentic



ie,
! : 'mdmmﬁunu;wmum
nﬂtyatMu and to determine the relationship
of cazalisation and organisation i a throminus.
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CHAPTER 1

HISTORICAL SURVEY.,

A, THROMBOSIS:
(1)  Asterial.

The observations by Erasistratos of Chios (390 B.C.) that
svery organ was supplied by an artery, vein and aarve, was extended
by Celsus who noted that hasmorrhage ceased spontanecusly or as a
result of applied pressure, cautery and thread.

Not untfl Jean Louis Petit {1781) called attention fo the
tcouvercle' around the end of s divided vessel, and the *bouchon’

begin. He gave the first account of clot formation in wounded
arteries.

Hunter (1704) and Jouds (1808) in England, Gendrin (1836) in
France, and Stilling (1334) in Germany pursued the subject, with
division of elot orgauisation isto three stages by Stillingi-

(1) Boft and suceulent becoming denser,

(2) Vascular spaces and sinuses developing.

{3) Fine connective tissue.

Weber (1864) elaborated further on this description by giving
more cellular detail.

Virchow (1848) distinguished the 'sizus-like degensration’ of
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be the originator of the connective tissus corpusals in organisation.

Vascular endothelium as the active cellular prineiple in
organisation was eited by Cohn (1860) and the idea was supported by
Thisruch (1887). Warren (1886) observed both proliferstion of the
{ima and invasion of the thrombus by oslls from the media of canine
arteries in which clots had been formed by ligation of the femoral or
earotid artery. Welch (1900), as well, reported that the tissue
forming cells were derived from the endothelium and other fixed

Aschoff (1818, 1924) following on the work of Zahn in 1878
was more interested in the factors predisposing to thrombus forma«
ticn and the gross structure of the thrombus. He investigated the
foymation of lines of Zahn in veins and the differences between white
and red thrombi.

Winternits (1938) during his investigations into arterio«
sclorosis cut serial sections of a thrombosad coronary artery.
Vascularisstion of the cell mass was seen, and channels which
traversed the outer vessel wall had free asastamonis with the vessels
within the thrombus. In the saxe study, the anterior tiblal artery
from o gangrencus leg was injected and cloared. The lumen was found
occlnded in three places and conmected with the genaral eireslation
through chamnels within the clot and its own side branches. There
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below the thrombus to maintain adequate distal cireulation.
Vascularization of the thrembus, although neted by Viechow (1888),
Winteraits (1928) has been investigated more recestiy by Akvaw! and
Wilson (1950) who have postulated that its bleod supply s by
play no part in a through cireviation.
d (1848) has sesr wide chamnels with marginal erganiza-
tion in a coronary vessel following throxahowis, whilst Harrisen
{1848) has followed in rabbit pulmonary arteries the erganisation of
fibrin emboli with contracticn, fibrosis, and restoration of vessel

In 1858 Dible stated that organisation and canalisation were
to encloss large masses of thrombus so that the lacunar channels
would ailow earlier through circulation thau the ordisary process of
erganization.

VWessler and Froimuan (1961) bave observed pulmonary smboli
of varying ages, and consider that spontanecus lysic as well as
clot to small stze, and restoring vessel patency.
(2)  Vemous.

Wiih the progress of surgary in this century venous thrombosis
and the subsequent risk of pulmonary embolus bave gained much
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The gross structure of a thrombus and the changes in it had
been investigated at the and of the nineteenth century by such men as
Zada (1878), Pizsoxerc (1832) Eberth and Schizamelbusch (1888).
This enabled the later workers to concentrate on the clinical aspect
of venous thrombosis and its cause,

Williams (1906) obsarved progreesive venous thromboeis
sxtending from the right median basilic ard ¢ephalic veins to the
veins of the head and neck. In 1812 colonic ebstruction due to venous
thrombosis was reported by Carson and verified by Lockhart
Mummery. The effect of damage to the vessel wall, infection and
necrosis, glowing of the blood stream, and alteration in platelets
have been {nvestigated by Duckworth 1813, Barrett 1934, Dawbarn
ot al 1938, Wright 1942, 1951, Tullis 1953, Sharnoff et al 1860,

Edwards and Edwards (1937), Homans {1846), White and
Warren {(1848) reviewed separately the fibrosis and re-capalisation
that oconrred following thrombophlebitis. These changes were
constant and always appeared after venous occlusion by a thrombus.
Mehrotra (1955), Robertson (1954, 1938), Filshie and Scott (1958),
Marin and Stefanini (1960) have all seen similar changes in thrombi
produced in the experimental antmal, whatever their site.

(3)  Curremt Conce

The earlier workers have noted the organization and
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camlization of thrembi but kave not explored the origin of the cell
Dible has stated that organization and canslication are distinet
independent processes but the factors concerned have not besn
slueidated.
R is the aim of this study to investigate thess aspects of the
ehanges in intravascuiar thrombl, and the factors concerned.
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B, THROMBOLYSIS - STREPTOKINASE,

(1)  Development of the agent.
Morgagni (1761) and Hunter (1838). Its cause was recognised by

Denys (1838) and Zimmerman who observed also that the fibrin of
blood obtained from wet cupping redissolved (n tweive to twenty-four
hours. The activity was thought to be in the seram but its neturs was
sot kmown (Denys 1888, Tagnon 1843), and to this phenomenon,
Dastre (1893) applied the term fibrinolysis.

Tillett and Garner (1938) first observed that cultures of
B. hasmolytic streptecocei, or cell free filtrates of these organisms,
assumed to contaln an ensyme specific for fibrinogen and fibrin and
was termsed Sibrinclysin, Milstone (1941) found the extract had 2o
fibrinelytic effect on pure fibrinogen, but that activity oceurred ifa
small amount of human plamus globulin was added. Kaplan (1944)
and Christensen (1945) showed that the streptoeoceal factor activated
or serum. To this streptococeal factor was given the sune
streptokinass. (Chrietensen and Macl.eod 1948).

In 1948 Christensen established the streptokinase unit sn s
iytic basis. There have been variations in formation of the hasic clot
gines then, but each mannfacturer adheres to a standard lytie
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procedurs to determine the unitage of his preduct.

Cliffton (1850) detected differing plasmin sctivity in the sera
of human eera. He was umsble to offer an explanation for this
difference in activation pattera of the serun from various animal
species.

It was Mullerts and Lassen (1958, 19358, 1938) who did much
of the work to establish our present ides as to the precise action of
streptokinase.

They activated onan and bovine globulin by the addition of
streptokinase, and found that the ectivity of the bovine globulin
measured by casein digestion was less than that of human globulia.
Activity to equal that of human globulin was produced by the addition
of the activator found in spontamecusly setive human blood, and then
testing the aetivity.
of streptokinase was with proactivator to form astivater which thes

proceeded susymatically as beiow: -
Strepiokinase
Proactivator > Activator
Acw;ntor Plasminogen
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Astrup (1836) has suggested that plagmin, because of its
lytic property, may be purt of a homsostatic process maintatuing the
functional integrity of the vascular bed, and so direetly invelved in
lytic agent is piasminogen. This is present in Cohn's fraction III of
plasma (1948), and has been produced in a form four hundred times
more pure than it was originally by the acid extraction process of
Kiine (1983). The activation of plasminogen to piasmin by strepto-
kinase may be in vitro or ia vive (Troll and Sherry 1955), and the
onse with which activity ie achieved depends on the proactivator
content of plamms.

Alkjaersig et sl (19598) bave suggested that the primary
mechanieny of thrombolysis invelves the diffusion or adsorption of
plasminogen scitvator to the thrombus, with activation of intrinsic
clot plasminogen. The secondery mechanism involving digestion of
the thrombus by extrinsic plasmin action is of littls importance.

(2)

(a)  Animal.

The first successtul lysis of intravascular thrombi was
reported by Johnsoa ard Tillett (1953). They infused streptokinase
{n doses ranging from 18, 000 units/kilo/hour tc 40, 000 unite/kilo/
hour into rabbits with preformed marginel ear vein thrombi.

The clots lysed in three to seven hours after commencement
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of the infusion which had to be continwed a further three to four hours
te prevent reformation.

Sharry et al (1954} achieved complete lysis of thrombi in the
femoral arteries of the dog in fifty per cent of cases, with strepto-
kinase in deses of 20, 000 urits/kilo disselved in thirty mls. of saline
and injected intravenously over five minutes. Ambrus et al (1957)
were less succesaful using varidase on I'>* labelled clots {n dogs and
rabbits even in the highest doses permitted by its solubility. The
infusion resulted in neither fibrinolytic nor anticoagulation changes
and there was no alteration in any blood coagulation iacters.
Bitreptokinkse activated plasminogen on similar thrombi did result
in clot lysis.

(b)  Human.

Spontansous lytic activity has been observed following heavy
exarcise (Cohen 1061), after the injection of epinephrine, or during
anxiety and stress (Briggs 1947). Whether this is due tc the tissue
activator of Mullertz (1985, 1056), the labile Gbrinclytic component
of Fearnley (1985, 19588), or an undetsrmined blood component is
usknowa.

Tillst ot a1 (1958) produced a lytic sysiem in man both by
continmous infusion of streptokinase, as varidase, and its intermittent

n over a dose raage from 75, 600 units to 150, 000 units.
Then Johnson (1857) followed this with further observations on the
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effect purified streptokinase preparations produced on peripheral
whole blood lysis with correlated temperature and cardiac changes.
Doses of 10, 000 units to 130, 000 units were infused over & four hour
period.

In & series of 61 patients who received one hundred and twenty
eight streptokinase infusions in this cautious dose range, 15 patients
showed peripheral whole blood lysis. This clot lysis ocourred
spontaneously from 45 - 340 minutes after blood withdrawal.

Tempersture changes were in the range of 1° - 3°F., and the
electrocardiograms showed only minor and inconsistent changes.

The most successful report of systemic streptokinase in
patients came from Johnson (1958). Continuous infusion was main-
tained for 28 - 73 hours producing complete lysis in fourtesn out of
twenty-five thrombi created in forearm veins. Pre~infusion occlusion
was verified by iaspection and venography and the patency confirmed
similarly after infasion.

The streptokinase was infused at a dose range to give a circu-
lating plasmin system, streptokinase system, or a streptokinase-
plasmin system. It was the laiter that resulted in eompiete lysis of
eleven thrombi, with no reformation. The total dose range to maintain
a streptokinase-plasmin system was from one million to two million
units over an averags of twenty-nine hours.

Ambrus (1960) using streptokinase in ten cases of
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thrombophlebitis, schieved complete clot solution in seven out of ten,
partial in one, and no evident sclution in the remaining two. Anlyan
et al (1960) reported an improvement using Thrombolyein {Merck,
Sharp and Dohme ~ streptokinase activated plasminogen) in eight of
nine patients with clinical signs that altered on treatment - gangrenous
finger tips, retinal artery thrombosis, abaence of leg pulses.
Fletcher and Alkjasrsig consider that most of the activity of
thrombolysin ie due to its streptokinase content (personsl communica-
tion 1961), and these same authors have reported in 1959 probable
improvement in patients with myocardial infarction and other
thromboembolic disorders on infusion with streptokinase.

{3)  Curreat concept.

It seemed from these reports that streptokinase oifered a
ready means of activating the lytic system and producing clot lysis.
£uch solution would avoid the ischaemic complications of acute arterial
occlusion, whether by thrombosis or embolism, secondary thrombosis
after arteriotomy or venotomy, and the post-phlebitic syndromes that
follows deep calf vein thrombosis. It was hoped to confirm this
hypothesis.
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CHAPTER 1l

EXPERIMENTAL PLAN,

The question was whether intravascular thrombi trested with
streptokinase could be successfully lysed to restore & normal through
circulation, or whether the normal processes of organization and
canalization might not be as efficient. The factors involved in these
processes were to be explained and the changes observed ia human
vessels corrslated. The proactivator level in the rabbit is higher
than in the dog. It was decided, therefore, to use the rabbit for the
infusion experiments with streptokinase and the dog for observations
on the organization and canalization of thrombi.

Fhase I. Infusion experiments.

Series 1. Acute experimaents in rabbits.

() Contimuous streptokinase infusion with different dose
ranges for periods from four to ten hours.

{b) Control infusion using normal saline over four hours.

The size of the thrombus was dstermined from its length and

circumference both pre~infusion and post-infusion.

Series 3. Survival experiments in rabbits.

{1) Treated thrombi:~
An infusion of streptokinase in a massive dose range

over four hours into two groups, each of six animals, with
(a) measurenent of the length and circumference of
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the thrombi pre-infusion and post-infusion.

{b) one group allowed to survive three days, and
one group six days; the dimensions of the
thrombi re-recorded, and the vessels with the
thrombi removed for section.

(2) Untreated control thrombi:-

Two groups of six animals sach, with thrombi formed
in the right and left jugular veins, the size recorded, and the
animals left to survive three and six days. At the snd of this
time the thrombi were recovered, their sisze recorded, and
the vessel with its thrombus removed for section.

Series 8. Human Thrombi.

In four cases of suparficial thrombophlehitis and two
cases of deep vein thrombosis streptokinase bas been infused
continuously in varying doses over psriods fram sleven to
sizty-two hours. Clot length in the superficial thromboses,
peripheral whole blood lysis; fibrinogen levels, prothrombin
and clotting time have all been recorded,

Fhase II. Non-infusion experiments.

Series 4. Canine Thrombi.

The formation and examimation of:-

(1) Reinjection venous and arterial thrombi

{2) Thrombi formed in intima-stripped veins and arteries.
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(3) Reinjection thrombi in vencus grafts incorporated in
the arterial circulation.
Series 5. Human Thrombi.
(1) The arterial thrombi were obtsined from:~
{a) atherosclerotic arteries, at operation, by
thromboendarterectomy.
{b) amputated imbs removed because of vascular
insufficiency.
(2) The venous specimens were obtained from late cases
of thrombophiebitis, They had been the smabject of &
previous study which did not consider the organization
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CHAPTER Il

MATERIALS AND METHODS,

Phase 1. Infusion Experiments.

Fifty-eight experiments were performed on forty-four
rabbits (mean weight = 2.5 k2. ) under nembutal anaesthesia.

Thrombi treated by systemic infusion of streptokinase or
normal saline, and thrombi left in situ without infusion, were created
by withdrawal and reinjection of blood.

A, METHOD OF THROMBUS FORMATION, Pig. 1.

The jugular vein on one side of the neck wase exposed for 2.5
cms. taking care not to damage the tributaries. At the proximal end
of the isclated segment a permanent partially constricting ligature
was tied, and a bulldog clamp fastened. A temporary constricting
ligature ancircled the distal end. Two mils. of blood were upinud
from the isolated segment, the length allowed to refiil, and then the
temporary constricting ligature drawn tight. At the end of five
minutes the aspirated and still fiuid blood was reinjected into the
blood filled segment. A soft and non-sdherent clot usually formed
within 4 few minutes. The procedure was repeated if a clot did not
form. The teamporary ligature and the bulldog clamp were removed
when a suitable thrombus was present.
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Method of thrombus formation prior to systemie
infusion of streptokinase.

Tributaries are left untied to allow free access
of blood.



FORMATION OF REINJECTION THROMBUS (Streptokinase Infusion)
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B, METHOD OF STREPTOKINASE INFUSION,

(a)  Animal,

Strmokimm‘ waie dissolved in normal saline or five per cent
daxtrose. The total volume of fluid administered continuously varied
from forty mls. to ons hundred mis. over four to ten hours. It was
infused via & needle in a marginal ¢ar vein, or by insertion of a fine
polythene catheter into the non-thrombosed jugular vein. A steady
infusion volume was maintained by the use of a bottle calibrated to the
approximate volume per hour.

(v}  Human.

Systemic infusion of streptokinase in normal saline or dextrose
saline was via a2 convenient forearm vein.

Albumin was added o give a 0.5% to 1% concentration in the
early eases to maintain the streptokinase activity. It was later discon-
tinued ag control solutions revealed no significant differsence at
specified intervals between the activity of streptokinase in solution
with albumin, or without it. The volume of infusion was approximately
77 ccsfhour.

( * Streptokinase = Kinalysin, by kind generosity of Merck, Sharp &
Dohme, Australia and New York).




C. STREPTOKINASE DOSAGE.

(=) Animal,

Thie was as follows:-

(1) A minimum dose range from 1250 u/kg. /hour to %, 060
u/kg. /hour over four hours. This level was determised by estimating
the amount of streptokinase in 8.1 ml. solution which when mixed with
1 ml. of plasma, inoubated for five minutes at 27.5°C. and then
clotted with 0.1 ml. of thrombin (350 u/ml. ) would give complets clot
lysis in & water bath at 37.5°C. in ten minutes. This wae considersd
a meagure of the total streptokinase inhibitor and antibody in 1 ml.
of plasma. The total neutralizing dose for plasma was then adminis«
tered in the first twenty minutes and a fraction of the dose per hour
given over the remaining pericd, to give an overall infusion dose as
above.

(2) A moderate dose range from 3,500 u/kg. /bour to
25, 000 u/kg. /hour for six to ten hours.

(3 Massive dose range from 33, 000 u/kg. /hour to 80,000
u/kg. /hour for six hours (approximately).

To maintain its activity the solution of streptokinase was
renewed in the early experiments four hourly, and later every twe
hours to malmtain an even dose/volume iafusion. Where it was possible
& clotting time, prothrombin estimation, fibrinogen; and peripheral

whole blood lysie were determined. Because of nation and the




30.
data from the sxperiments in groups 1 and 3 these investigations were
aot dons in group 3.
Figs. 3 and 3 show the gradation in peripheral whele blood lysis
as expressed by no lysis and three plus lysis. A polythene alrway was
{(b) Huma
For initis] cases, the loading doss of sireptokinase was deter~

mined by the same method as that used in the antmals and then &
proportion of this administered por howr for the determined paried.
This dose was later increased empirically to & maximum of 177, 000
hours to as long as sixty-two hours. The selution of streptokinase was
renewed four hourly to maintain its activity. A record was kept of the
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Figure 2.

A nagative result for periphsral whele blood lysis.
After twenty-four hours in & water bath st 37.6°C., this

elot ahows culy retesction with no evidence of lysis.
Ssrum ix present in the hottom of the test tude.



T -~ .”‘..a.am
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A positive result for peripheral whole blood lysis.

This specimen of peripheral whole blood shows three plus
lyeis after allowing to clot and standing in & water bath at
37.5° C. for twenty-four hours.

with sernm above.

Four plus lysis indicates complets clot lysis with no
residuun at all.
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D. EXAMINATION OF THROMEL In situ.

{a) Animal.

After the thrambus hed been made in the vessel its length
and eircumference wore measared. At the end of the infusion these
measurements were repeated. In the animals sllowed to survive,
whether post-infusion or controls, the same measurements were
recorded, and again at three and six days. From these could be
determined the clot volume aceordiag to the formula, V=* K° X L.
Blood flow through the vessel was decided by naked eye inspection.

(b)  Human.

8ix cases of venous thrombosis were treated with the length of
the vein clot recorded in four, and the surrounding ares of inflamma~
tion marked. These were noted before the infusion commencad, after
esch twelve hours of contimious infusion, and st the end.

(2) Microscopic Examination.

{a)  Animsl Thrombi

Six thrombi treated by eystemic streptokinase in massive
in site for three days, removed, fixed in formalin solution, stained
with Haematoxylin and Eosin, and examined histologically. An equal
ouaber treated similarly were left for six deys and examined i the

same way.
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{») Human Thrombi.

No human thrombi were available for micrmepy»‘“"' infasion.

Phase Ii. Non-infusion experiments.

A. CANINE THROMBIL,

On forty-five dogs (mean weight = 12 kg. ), one hundred and
thirty-nine sxperiments were performed under nembutal ansesthesia,
with a clear airway maintained by an endotracheal tube of medium
size.

{1) METHOD OF FORMATION OF THROMBI.

Thromb! were created in the jugular vein, caretid artery, the
femoral artery and femoral vein using the following methods:
{a} Reinjection Thrombi (54 experiments) Fig. 4.

A five centimetre langth of the vessel was cleared of all
tributaries by their ligation and division. A permansnt occluding
ligature was tied at the proximal end of the isclated vein, 8 mis, of
blood were aspirated distal to the obstruction, the vein allowed to
refill, and the five centimetre length isolated by & second temporary
and more distal ligature. At the end of five minutes the aspirated and
ptill fluid blood was reinjected and mized with the blood contained in
the isolated segment. A soft non-adherent clot usually formed within
2 few minutes. If this procedure failed, blood was reaspirated and
reinjected. When aclot had formed the temporary ligature was
removed. A similar thrombus was formed in an arterial segment
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Figure &,

Canine reinjection thrombi, not submitted to streptokinase
infusion, were created in vein segments, with the
tributaries ligated and divided.,
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FORMATION OF REINJECTION THROMBUS
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except that as the blood flow was in the opposite direction, the
pevmanent tie was placed distally, so forming both the vencus and
arterial thrombi in the direction of bleod flow.
{b) Thrombi in intima~stripped vessels
(48 experiments) Fig. S.

A five centimetre length of vessel was cleared of its tribu~
taries by ligation and division, A bull dog clamp was applied at sach
end and the vessel then opened along its length for three to four
centimetres. At the upper end of this incision using a very fine,
gharp point, s ehallow incision was made across the full width of the
vessel. With a fine tipped, angied probe the intima was siripped off
the vessel wall for the full distance of the arteriotomy or venotomy
opening. Small strands were removed and the vessel wall closed using
30 black silk. The distal clamp on the vein and the proximal clamp on
the artery was then removed to allow inflow of blood. After two
mimstes (approximately) the second clamp was removed and by five
minutes s firm, adhereat, occluding thrombus formed in the vessel
over the length of the intima-stripped wall.

{e) Reinjection Thrombi in Venous Grafis

{42 experiments) Fig. 6.
A five centimetre leagth of vein was grafted by end to end

suture into an artery of approximately equal diameter. Thrombl were

prmeﬁthvomnmmwanmMthmmm
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Figure 8.

The intima was stripped with a fine pointed probe,
aiming to remove just down to the intermal elastic
lamina of both arteries and velns.

In some specimens part of the inner media was
remaoved as well.
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Figure 6.

A reinjection thrombus in a vein graft was formed by
the same method as in Figure 4.
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permanent ligature was left on the artery distal to the vein segment,

{2) METHOD OF EXAMINATION OF THROMEL (Fig. 7).

(a) India ink in & 1% agar solution was injected into vessels
containing thrombi of twenty-one daye and over, in situ and before
death, to determine the degree of recanalization,

Juet beyond the thrombus in the direction of blood flow the
vessel was opened. Two polyethylene tubes, 0.034 inches diameter,
were inserted and tied in position close to but not encroaching on the
thrombus. One was led to a gradusted mercury gauge, the other to
the solution.

The pressure for arterial introduction was 140 mmes. of Hg;
for the veing 10 mms. of Hg. The pressure was maintained in each
for two minutes, released, and the specimens removed for fixution
and staining.

(b) Thrombi that varied in age {rom fresh to older than
forty days were removed at an elected time, examined by naked eye,
fixed in & solution of 18% formalin, 1% acetic acid, 2.5% ZnClz and
stained with Haematoxylin and Eosin for routine histologic survey.
Periodic acid Schiff to delineate vascular reticulin and elastie tissue
(orcein) Masson as a differential stain for elastic tissue, muscle and

collagen were also used.
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Figure 7.
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Specimens were removed at the following thnes:-
1 day
3 days
§ days
14 days
21 days
28 days
40 days
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B.  HUMAN THROMBEI,

Ten arterial thromb! were examined for organisation and
canalization., These specimens were removed at operstion by
thromboendarterectomy, and fyom the vessels of limbs amputated
because of vascular insufficiency. Nine vencus thrombi for
sxamination were obtalned from long established cases of femoral
phlebo-thrombosis.
mierascopically after staining with Haemastoxylin and Eosin. The
origins of the thrombi can be seen in Table 1.
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TABLE L

HUMAN THROMBIL
(1)  Arterial thrombi analysed

(n) Specimens removed by thromboendarterectomy

Femoral and popliteal ]
Anterior descending corenary 1
Common and internal carotid 2

{b) Thrombosad atheroselerotic arteries removed from
ump;iutioa specimens
Below knee .1
Above knee 1
All the occlusive human arterial specimens examined were
preseat in atherosclerctic vessels. These specimens had a minimumn
and maximwa age.

(2) Venous thrombi.

Superficial femoral vein 7
Sapbenous vein 1
Deep femoral vein 3

This table shows not only the origin, but also the mowt common
sites for peripheral venous thrombosis.
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CHAPTER 1IV.

EXPERIMENTAL OBSERVATIONS.

Phase 1. Infusion experiments (Table II).

Series 1. Acute experiments in rabbits.

These animals will be considered according to the doae of
streptokinase/kg. /hour that was sdministered.

(a) Minimum dose range (Fig. 8).

The thrombi in these animals showed a reduction in ¢lot size
between twenty-five per cent and fifty per cent but complete clot
lysis did not occur in any specimen. The prothrombin time
altered insignificantly, the fibrinogen level showed a slightly
greater fall than the controls, and the peripheral whole blood
lysis was incomplete in twenty-four hours, in all samples.

(b) Moderate dose range (Fig. 9).

Three out of six thrombi treated showed a fifty per cent to
seventy-five per cent reduction in their original size. The
remaining three were reduced by twenty-five per cent. Four
plus whole blood lysis wae achieved in four of the six rabbite
during the time of infusion and occurred in the first ten hours
after the specimen was taken. The prothrombin and clotting
times varied little from normal, and there was & thirty per
cent to fifty per cent drop in the fibrinogen levels in four of

the six specimens. No samples were measured in the
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EXFERIMENTAL OBSERVATIONS.

TABLE IL
Phase 1. Infusion experiments.
Analysis of 58 axperimental thrombi in 46 rabbits.

(1) 22 acute experiments.

Dose range of 5. K. Infusion Minimal Moderste Massive Total Ne.
Number - 4 8 8 18

Controls Infused with pormaal saline &

{3) 36 survival experiments.

3 day 6 day Total No.

Post~infusion thrombi 8 8 12

Untreated thrombl 12 12 24




Minimum Infusion Dose Range.

This chart depicts the changes that oceur in clot size,
peripheral whole bloed lysis and coagulation factors
with infusion of streptokinase in & dowe range from
1380%/xq. /ir. to 2, 000" /kg. /hr.

were taken, measurements recorded, the infusion

With per cent size change of the clot 100% is the sise at

‘the beginning of the infusion, and 0% represants complete

clot lysis.
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MINIMUM INFUSION DOSE RANGE.
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Moderate Infusion Dose Range.

This chart shows the changes in clot sizse, perigheral
whole blood lysis, aad cosgulation factors with infusion
of streptokinese in & dose range from 3,500 /kg. /hr.
to 28, 000%/xg. /nr.

With per cent size change of the clot 100% is the size at
the begzinning of the infusion, and 0% representa complete

clot lyeis.
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MODERATE INFUSION DOSE RANGE.
PER CENT SIZE

CHANGE
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remaining two.
{e) Massive dose range (Fig. 10).

8ix of the eight thrombi showed a reduction in size greater
than seventy-five per cent. Feripheral whole blood lysis was
four plus in five animals from which specimens were taken,
with diffuse and marked oosing at two hours in all eight wounds.
Three plus lysis was evident in two remalning specimens with
minimal c¢lot in vitro and no specimen was taken from the third.
Clotting tirne showed no significant alteration and no prothrombin
or fibrinogen leveis were determined since these had shown
constant change in the previous groups.

()  Control infusions (Fig. 11).
Sixty mls. of normal saline were infused into four rabbits over
& four hour period. There was a twenty-five per cent decrease
in size in fwo specimens with no change in one and a prolonga-
tion of the thrombus in another. The {ibrinogen level dropped
twenty-five per cent but no significant alieration occurred in
the prothrombin levels, clotting times, or peripheral whole
blood lysis.
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Figure 10.

Massive Infusion Dose Range.

This chart shows the changes in clot sise, peripheral
whole blood lysis, and ecagulation factors on infusion

with streptokinase over & dose range frem 38, 000°/kg. /hr.
to 86, 000"/ kg, /hr.

The base line figures are the times at which specimens

With per cent sise change of the elot 100% is the eize at
the beginning of the infusion, and 0% represents complete

¢lot lysis.
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MASSIVE INFUSION "“DOSE RANGE,
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In the comtrol group normal saline was used st an infusion
rate of 60 mls. over jour hours. Records of change in
size of the thrombus, periphersl whele blood lysis, and
coagulation factors were made.

The base line figures are the times at which specimens

With per cent sizse change of the clot 100% is the aize at
the beginning of the infusion, and 0% represents complete
clot lysis,
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CONTROL INFUSIONS

|
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Series 2. Survivel Experiments.

(»)

(b)

Thrombi in three day post-operative rabbits.

(Figs. 12 and 13.)

Btreptokinase infusion was commenced soon after the thrombus
had formed, at a dose rate of 40, 000 u/kg. /hour for four
hours. At the end of the infusion five out of six thrombi were
smaller in the range shown in Figure 13. At the end of three
days, two thrombi had extended to give a large occlusive
thrombus, and the rexainiag four were smaller, with definits
evidence of blood flow through only one of these veins.
Microscopy revealed red cell degeneration in the thrombi with
no organization. The twelve three-day control thrombi
(Figure 13) showed a reduction in size, in situ, in sixty per
eent of cases; all appeared to block the vessel macroscopleally,
but there was evidence of through flow in two specimens.
Ancther specimen appeared to block the vessel but flow was
possible around the clot., On microscopy red cell degensration
had oceurred in all thrombi with early cellular organization at
the periphery.

Thrombi in six day post-operative rabbits.

The six thrombi in this series were treated with streptokinase
in the same dose range and over the same period as those in
Group (a), (Figure 14). Five out of six showed a reduction in
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Zigere 13.

THREE-DAY THROMBI FOLLOWING

STREPTOKINASE INFUSION,

This chart shows bslow the change in sise of the thrombus
at the end of infusion expressed as & per cent of its
original size,

Above it shows the change in size of the thrombus after
3 days, expressed as a per oent of ite size at the end of
{nfusion. The columas in the same vertical line

100% in each diagram represents the base line from which
the change in eiet sise was sstimated.
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THREE DAY THROMB! FOLLOWING S.K.
INFUSION.

% CHANGE in SIZE
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THREE DAY CONTROL THROMBI.,

This chart shows changes {n clot size at the end of the
three days expressed as a per cent of their original size
at the ond of formation. where 100% represents the inttial
clot size.

The ¢colwnnz below represent thrombi created in the

The colwans above represent thrombi created in the
left jmgular vein.
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size of fifty par cent or more st the end of infusion but only
one diminished further over the next six days, with hloed
increased in gize or showed no change. These final thrombi
were ccclusive on serial section with minimal marginal
Most sections showed a degenerated clot centre with
secondary thrombosis at the periphery. Of the twelve control
thrombi (Figure 15) only two were totally ccclusive on
blood filling the segment, but showed on microscopy, mubbins
of clot with good chazmnels, and bleod flow through the vesesl.
These control thrombi showed white cell infiltration of the
existing clot with well formed crevices and definite marginal
organisation.
Series 3. Buwman Thrombi. (Table II). {Page T1).
By the use of high doses of streptokinase per hour visible lysis
of & vencus thrombus was achieved in cue of six patients (Figs. 16

and 17). Fig. 18 shows the spontansous haematoma that developed at
the same time as venous patency was restored. Howsver, no
peripheral whole blood lysis was ever oblained in this case and was
attributed to the fact that the first specimen of peripheral blood was
not taken until eight hours after the beginning of infusion and the
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SIX-DAY THROMBI FOLLOWING STREPTOKINASE

INFUSION,

This chart shows the change in clot size following infusion
with streptokinase at » dose rangs of 40, 000 u/kg. /hr.
over foer hours, The change is expressed as & per

cent of ita originel size. Above, it shows the change

tn size after six days expressed as a per cent of its size
at the end of infusioa.

The columns in the ssme vertical line represent the
same thrombus.

100% in each diagram represents the bass line from
which the change in clot sise was estimated.
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Figure 15.

SIX-DAY CONTROL THROMBEL

This chart shows the Iack of change in two thrombi with
complete absence of thrombus on inspection in any of the
other vessels. There was blood flow through all thess.
Thrombi were formed in both the right and left jugular

veine.
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TABLE I
INFUSION OF STREPTOKINASE INTO SIX PATIENTS WITH VENOUS THROMBOSIS,

INFUSION OF STRE P T OKINA e I S e ——————————

Peripheral
Site Change in Dose/Bour Dose Total Whole Blood Clot Liysis
Size Lysis
Lt. POPLITEAL Calf 13,750 u/hr. 550,000 u +++ in 24 brs. Both lege of
VEIN circumference over 24 hours after 12 hours equal size
THROMBOSIS reduced infusion
2.5 ems.
Lt. POPLITRAL Calf 14,130u/hr. 325,000 u/ ++++ in 40 mins.  Haematuria
VEIN circumference 114 hours after 6 hours 2 leg
o THROMBOSIS reduced infusion improvement
te 2.5 cms,

R. SAPHER Persistent 45,536 u/hr. 2,550,000w  ++++ in 7 hours Surrounding
VEIN firra cord over 56 hrs. after 4 hours redness and pain
THROMBOSIS over 12.%cms infusion reduced

clot intact.
R.SUPERFICIAL 8 cms. long  100,000u/  3,000,000u  ++++/24 hre. Persistent
VARICOSE no change hr. / 30 hours after 2{ hra. venous

VEIN in size fufusion ocelusion.
THROMBOSIES
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TABLE NI  (Contd.)

Peripheral

Site Change in Dose/Hour  Dose Total Whole Blood Clot Lysis
Size Lysis
R. FOREARM 13 ems. long, 155,000w/ 9,600,000u  ++/24 hra. Redness and
VEIN po change in  hr. | 62 hours after 4] hours pain lost.
THROMBOSIS size infusion Clot intact.

Lt. SAPHENOUS Upper 7.5cms 177,000 u/ 8,850,000 u Nil in 24 hours. Lysis
VEIN of fluid blood. hr. ] 50; hours 1st specimen complete.
THROMBOSIS 18 cmas. below after 8 hrs, Improvement
this a thicken- infusion. reformation.
ed vein but -
blood present.
10 cms. of

distally.
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Figurs 18.
THE GROSS APPEARANCE OF A SUPERFICIAL VEIN

THROMEUS PRIOR TO STREPTOKINASE INFUSION,

The length enclosed by the pencil lines represenis the
length of superficial thrombesed vein in the leg prior
to infusion with streptokinase.







78.

Figure 17.

THE LENGTH OF THROMBOSED VEIN IN

WHICH PATENCY WAS RESTORED,

The dark area in the lower left corner of this pleture
{s the length of vein over which clot lysie occurred
after 50 hours of streptokinase infusion.
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SPONTANEQUS HAEMATOMA DURING

STREPTOKINASE INFUSION,

This picture shows the spontanecus haematoma that
developed at the same time as lysis of the superficial
vein thrombus in Fig. 16 was achieved by prolonged
infusion of streptokinase.
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eirculating plasminogen had been converted to plasmin.

Two cases showed four plus whole blood lysis in specimens
taken within the first eight hours of the infusion and ous case was
three plug in twenty-four hours. The remaining two showed no
peripheral whole biood lysis in twenty-four hours. All the fibrin-
ogen levels decreased and the prothrombin times inereased, with
the clotting time showing no significant change in any case. The
earlier pationts developed a fever of 104° - 105°F during the infusion,
but the most recent cases have not been higher than 99° - 100°F with
minimal general reaction to the infusion. It has not been necessary
to use cortiszone $o counteract any side-effects produced by the
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Phase II. Non-infusion experiments.

(1)

(3)

Series 4. Analysis of Canine Thrombi (Table IV).

MACROSCOPIC EXAMINATION,

The gross specimans of all thrombi, in vivo, showed some
variation in themselves, and on comparison with each other,
at the selected time for removal. In both arteries and veins
the diameter of the segment contzaining a thrombus increased
for the first week and then contracted gradually to normal
size over the following two weeks. This shrinkage continued,
being most marked in the long term intima-stripped arteries
and veing, and vein grafis. The final dimension of these
vessels was approximately two-thirds their original sise.
The veins and arteries thrombosed by reinjection only, were
leas markedly marrowed with a through cireulation being
evident in the late venous thrombi; no pulestion was presemt
in the arteries thrombosed in the same way.

MICROSCOPIC EXAMINATION,

This will be presented under the two headings of organization
and canslization. Tables relatiag the two processes ars
shown in appendices I and I,

(a) Organization of Thrombi.

1. Reinjection venous and arterial thrombi,

Organisation of the thrombus had already commenced
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TABLE 1IV.

ANALYSIS OF 138 EXPERIMENTAL CANINE THROMBI,

Total nuraber of thrombi studied.

{a) REINJECTION THROMBEL

Early Late Total,
Venous 9 28 32
Arterial i2 16 a2

(b) THREOMBI IN INTIMA-STRIPPED VESSELS,

Early Late Total.

Veaous 10 11 21
Arterial 8 14 ¥ 1
{c) REINJECTION THROME! IN VENOUS GRAFTS
IN AN ARTERIAL SEGMENT,
Early Late Total.
Venous 14 a8 43

(1) '"Early’ is the term applied to thrombi up to the end of the
(2)  'Late' is the term applied to all thrombi at twenty-cne

days or over.
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in specimens removed at twenty-four hours. In the
veins there was a discontinwous endothelium-~like layer
at the retractad clot margin, whilst at the arterial
clot margin this layer was contimious. These cells
appeared to be circulatory in origin (Pig. 15). As
retraction and contraction occurred crevices appeared
within and at the margin of the clot (around 3 days),
and became lined with flattened cells. (Fig. 20).
By the end of the first week intimal proliferation was
evident and cellular infiitration from the vessel wall to
the clot, at the site of attachment, was marked.
Pigment containing macrophages, degenerated red cells
and mononuclears were present within the clot mass at
fourteen days {Figures 21, 22) with defintte fibrous
organization evident at the margins. But not until
twenty-one days could the final crganized picture be
assumed, At this time the venous thrombi varied in
their form, (Fig. 23 diagram) being totally occlusive;
the lumen crossed by a bridge of organized thrombus;
concentric thickening of the vessel wall by organised
thrombus, or an organized nubbin attached to one ares
of the wall, The majority showed this pattern of
organization around wide through channels. (Fig. 24).
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Figure 19.

Photomicrograph to illustrate cell deposition

. from the circulation onto the clot surface.

The photomicrograph shows the ease with which cells
can be deposited from the ¢irculation in the esrly stages
to help in the initial phases of organization, and before
the vessel wall plays any part. Between the retracted
elot margin and vessel wall {s fresh blood.






Figure 30.

Photomicrograph of a reinjection venous
thrombus at 72 hours.

At 732 howurs an endothelial covering to the clot {s evident
with some marginsl retraction, red cell clumping, and

degensration.

The appearance of a similay thrombus in an artery at
this stage ia the same. |
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Figure 21.

Photomicrograph of & reinjection venous

thrombus at 14 days.

Burface organization is evident here with degeneration

and disintegration of the central red cell mass.
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Figure 22.

Photomicrograph of 3 reinjection arterial
thrombus at 14 days.

Bas occurred maialy in the superficial areas, with fresh
red eslls in the contre of the degenerating red cell mass
seen st the left margin of the veasel lumen (arvow).
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Figure 23,

Diagrammatic representation of the ageing
of reinjection thrombi.

This diagram shows the essential changes in & thrombus
during organisation up to the final residuwun which may

be occlusive, concentrie, bridge-like or a nubbin.

Venous thrombi organize mainly as (a) and (b),
arterial thrombi as {c).
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In contrast, the arterial thrombi wers predominately oeclusive.
The cell changes at any time were the same as those seen in
the venous thrombi but the cell mass was penetrated by canals
whose area wae less than fifty per cent of the total lumen -
40 {¢) Figure 23. As the thrombi aged beyond twenty-one days
there was no change in this ccelusive form, but there was a
progressive loss of inflammatory cells and an increase of
fibrous tissue and pigmet cells. (Figure 24).
intimal proliferation was a mors marked feature of arterisl
organisation varying in its intensity from marginal invelvement
to almost complete replasement of the thrombus (Figure 35).
Some muscls cells were seen in the walls of the small channsls
penetrating the thrombus giving the appesrance of miniature
blood vessels.
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Nigere 24.

Photomicrograph of a reinjection venous

This shows a fibrous subbia attached to the vessel wall
with & wide esnal allowing recivenlation. Pigment cells
muscle in its wall on microscopy.
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Figure 38.

thrombus after 40 days.

This shows a mediom sized canal allowing a through
eireuiation, but not of the same ealibere as the venous

intirasl proliferation. Somse isisads of degenerated
red cells can by zeen at ibe loft margin of the thrombus.
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2. Thrombi in intima-stripped veins and arteries.
mass with more fibrin formation than was seen in the reinjec-
wall, Red cell degeneration, cellular lining of the cravices,
fibrin strand condensation and loose fibrous tissue invading
from the periphery, were svident st & week. Pibrous tissue
replacemeont continued to inersase, being very evident gt the
ead of fourteen days (Figures 26 and 37). Progressive fibrosis
in most cases and penstration by small canals only (Figure 38
Diagram). Most venous epecimens showed this patters of
organization but some specimens of forty days and over showed
& medium or large channel peneirating the thrombus with through
flow (Figure 29).
thrombus was adherent to the vessel wall forming a cord-like
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Fiwtomicrograph of o fourtesn day thrombus
in an intima-stripped vein,

Marked fibrous tissue replscemaent of the thrombus is
evidext i this section. Pigment cells are the predominant
colls present {arrow) with smaller inflammatory cells in
the upper and lower fields.
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Photomicrograph of & fourteen day thrombus

This section shows early, intense, fibrous change with

crevices in the cell mass.
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Disgrammatic reprasentation of the ageing of
& thrombus in an intims-stripped vessal,

This is » dlagrammatic representation of the courss
of organization and the final appearance of 8 thrombus
and its vesssl produced by this method. The shrimdage
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THROMBUS IN AN INTIMA STRIPPED VESSEL

1 2
Normal Artery | Fresh Thrombus

3 4
5Days 40 Days

Fresh red blood cells

Degenerated red blood cells

Fibrous tissue

——— Endothelium
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Figure 29.

Photomicrograph of a thrombus in an intima-
stripped vein after 40 days.

This section shows a madium sized channel between the
wall (axrow) and the organized throzabus in the centre
of the picture. Ina fow thrombi the channels were
wide, but, as in Figure 30, most showed smaller
chamnels.
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Figure 30.

Photomicregraph of an intima~stripped
artery with a thrombus after forty days.

This section iz oeclusive and fibrous. Small chanvels
can be seen, soms with muscle in their walls, and

this is representative of all specimens at ihis stage.

In the intima-stripped arteries many sections showsd
thiek musele in the walls of smsll channels penetrating
arterios showed a less wall formed muscle layer around
the new small chanmels,
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8. Reinjection Thrombi in venous grafts incorporated in

the arterial circulation (Figure 31, |

and degenerative changes at corresponding periods as those of
showed a marked ditference in the degres of canalization.
‘The thrombus, although in a vein, was occlusive, and penetrated
by medium or small canals. These were more evident in the
sarlier specimena than in the late {Figure 33).
There was neither evidence of wide channels nor adequate through
flow iu the late specimens (Figures 33, 34).
In this respect they were simiar to the reinjection arterial
thrombi, The veno-arterial suture line showed dense formation
of the fihrous tissue and this sesmed to prevent entry of the
proximal blood stream imto the vein graft segment.
(Table V).  (Page 118).
Injection studies using & solwtion of India imk in 1% agar revealed
channels traversing the thrombuse to 8 varying degree in all specimaens.
The simple reinjection venous and arterial thrombi showed good

dye penstration through serial seetions cut st varying intervals from
proximal to disial end. The cccluded veins showed wide channels with
through flow (Figures 35 and 36), whereas the arterial thrombi were

penwtrated by mostly email and mediwa eanals. There was no evident
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Reinjection Thrombus in Vein Graft.

This diagram shows the tinsl appearance of thromid ina
veln graft,

Smoall canals and dense fibyrosis are seen at the sature
line, with slightly larger canals and the same dense
fibrosis centrally.

The vessel has shrunk with no through flow evident in
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REINJECTION THROMBUS IN A VEIN GRAFT.

FreshThrombus

40 Day Thrombus 40 Day Thrombus
at Venoarterial line atVein Graft centre
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Figure 32.

Photomicregraph of a tweniy-eight day
reinjection thrarobus in a vein grafl in

This pleture shows marginal canale only with tresh
bloed in the lumen.

showed no other eanals of this ealibre, or with

Z






Phetomicrograph of & sixty day reinjection
thrombus in & vein grafi incorporsted in the

This oversll pieture shows fibrous organisation of the
thrombus with little canalisstion, and no through
airculation.

This is the typieal pieture in these specimens ai this

age.
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raph of a sixty day reinjecticn
thrombus in a vein graft incerporated in the

This photomicrograph is a magnified view of & solitary

The sppearance of the whole vessel and thrombus was
not unlike that seen in the reinjection arterisl thrambus
of!'iglﬂﬂﬁ-
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TABLE V.,

CARALIZATION OF THROMBI,

No canals % Medium Wide

kit Occlusive - -l channels Canalization
Reinjection Venous
Thromid _ 32 6 A 7 15
Reinjection Arterial
Thrembi a2 9 4 7 2
Thrombi in .
intima-stripped veins 21 4 10 _ 3 4
Thrombi ia
intima~stripped arteries 22 4 14 3 1
Thrombi in venous grafis

incorporated into an
arterial segment 42 10 12 19 1
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Figure $8.
Fhotomicrograph of a recanalized vencus

reinjsetion thrombus.

This section shows the wide lumen for blood flow and
the pressace of dye has been verified in all sections.
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Photomierograph of a recanalized arterial

reinjection thrombus.

Thiz shows dye in a canal of medium size in contrast to
the small canale of the thrombus in Figure 38.
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pulsation in these vessels.
Thrombi in the intima-stripped veins showed through channels
in all (Plgure 37). Four late speclmens showed wide camaliza~
tion and good through flow with the remainder showing less
satizfectory channels, and no blood fiow on naked-eys
inspection. The majority resembled the thrombi in intima«
stripped arteries. The thrombi formed in the intima-stripped
arteries (Figure 38) were densely fibrous, scclusive, and
penetrated by small camals which showed less dye distally, one
specimen having no dye in either a central or distal seotion.
‘The reinjection thromdM in vescus grafts showed no through
flow of dye and this was attributed to the intense fibrous
reaction and shrinkage which occurved at the proximal veso-
arterial suture line, However, the channels seen wers of the
same calibre and number as those seen in the arteries occluded
by reinjection thrombi resembling them in all respects. There
was no hint of the wide canalization or through flow seen in
similar thrombi{ in the vemous cireulation,
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Photomicrograph of » thrombus in an
intima-stripped vein after 40 days with

These cansliculi ars the size of most channels in these
¢circulation.
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Photomierograph of & thrombus produged
in an artery by intimectomy with dye in

Dye has penstrated all sections of this vessel and its
thrombus. There is communication through these
their size was not large snough to allow any sigaificamt
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Sertes 5. Ruman Thrombi.

(1) Arterial.

From Table VI it can be seen that little organization of thrombi
in these large and medinm human atherosclerotic vessels cccurred.
The vessel wall was distorted by the atherosclerctic plagus and showed
no satisfactory division of its intima, media, or adventitia. The
thrombi were a mass of degenerated red cells, eosinophilic staining,
with an oceasional white cell lining the erevices at the margin.

Thie is in contrast to the canalization and organization of
thrombi described by Duguid in atheroscleretic coronary arteries. It
is also in marked contrast to the organization and camalization seen in
various types of thrombi produced experimentally with or without
dunage to the vessel wall. It would sees that the wall is unable to
react to the intraluminal foreign body, and the nature of the circulation
prevents its canalization.

The changes in the limb, the arteriographic picture, and the
gross and microscopic view of the occlusive lesions are seen in
Figures 39, 40, 41, 43,
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Table VI.
This table reveals in eight out of ten cases no suech

correlation but rether complete lack of organization
lization irrespective of the age of the thrombus.

Case 3 was a specimen from the coronary artery.
and popliteal arteries.

Case 10 was sufficiently early to attribute the cellular
changes to the circulation, and the greater part of the
vessel wall was normal.
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TABLE VI,

Oeclusive thrombl in human atherosclerotic arteries.

Correlation of chronological and histological age.

Case e MMW.» . Eﬂ“ﬂﬂg MM MMMH.HWMH Mn@MMMHMMMu Organization  Recamalization
microscopy syinpiorns
1. Prunty 14 days 12 wks. No No Ne No
2. Swift 35 days 5 wke. Mo Neo Neo No
3. Lincoin 12 days 10 wks. Yes Yo Yes No
4. Parshely 7 days 36 wks. No No Mo Ne
5. Lawry 17 days 8 wka. No No No No
6. Godzik 21 days 8 wks. No No No No
7. Laracy 10 days 16 wke. No No No Ko
8. Foley 13 days 7 wks. No No Neo No
9. Parelli 8 days 20 wks. No No No Ko
10, Behreiter § days Yes Yes Yes No

8 days
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Figure 39,
Grose appearancs of & limb with severe

changes hsve progressed to overt pangrene.
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Figure 40.

Arteriographic sppearance of the lixb in
Figm 39&

This revenls s long popitteal blogk with collaterals
areund the block, and psteney bwlow to its bifurcation.
The patent vessel shiows & ragged ocutlioe.
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Maecroacopic appearance of an oeclusive human
thrombus in an atheroscierotic vessel removed

This occeluded artery was removed from the imb seen in
Figure 39, after amputation. The lesion was red, moist,
days. This section is representative of the thrombus
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Figure 42.

Photomicrograph of an occlusive arterial
thrombus.

This photomicrograph shows paxt of the atheroscleretie
endothelium-like cells are evident at the margin.
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{3) Venous Thrombi (Table VII).

The vessels in which these thrombdi cecurred were white and
searred at operation but blood flow could be seen through all of them.
Macroscopic observation revealed channels in all, varying from
small to wide lumens.
replaced by fibrous tissue, with a few pigment carrying maevophages
jection thrombi, in a mural, oeelusive or bridge-like form and
surrounded in seven instances wide channels which sllowed & good
through circulstion. The vein walls were thickened by fibrous tissue.

Organisation of the thrombus resulted in destruction of the
vein valves, scarring of the vein wall, and the development of the
post-phlsbitic syndrome. The appearance of such a limb can be seen
in Figure 43. The patent venous system is seen in the phishograms
of the leg, Figures, 44, 48, and arcund the knes joint with no

The perforatore of the calf present clintcally are not seexn in
of the circulation have sllowed organization and canalization of the
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Table VII.

This Table shows the organization and
canalization of aged thrombi in human

veins.

There is fibrous replacement of the red cell mass
with canalization sufficient to allow a through
¢irculation.
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Chronological and histological age of human
Organization
Cases Age to fibrous Canalisation
tissue
1. Lecord 3 years Yes Small chamnels
2. Morris 4 years Yes Wide channels
3. Vaillancourt 20 years Yes Wide channels
4. McAulifle 1 year Yeos Wide chammels
5. Villieux 1§ years Yes Wide channels
6. Crombie Uncertain Yes Wide channels
7. Demetre 8 ysars Yes Medium channels
8. Lahde 3 years Yes Wide channels
9. Sheehan 4 wesks Yes Small and

medium channals




142.
Figure 43.

The gross appearance of a imb following
thrombosis of the deep veins of the leg.

The ulceration cccurs iypleally in this area and can
cause considerable distress, as well as being very

resistant to permanemnt healing.



43




144.

Figures 44 and 45.

Phlebogram of a patient with the post-phlebitic

syndrome,

The deep venous system is patent, with ballooning of the

vessel lumen at the valves.







)
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CHAPTER V.
DISCUSSION,

Spontaneous whole clot lysis hae been an accepted fact for over
a century, The lysis of human plasma clots by filtrates of haemolytie
streptococci was first observed by Tillett and Garner (1933). From
Coln's Fraction III of plasms the inactive lytic compound, plasmino-
gen, wae isolated in 1946. The necessary ingredients for the
produetion of a lytic substance in vitro had been found, and with it

developed a new approach to the thrombo-embolic disorders.
It seemed logical to attempt to lyse human clots, in vive, by

the active principle plasmin. This was produced by activation of
plasminogen in vitro either spontaneously (Alkjnersig and Sherry,
1958) with chloroform {Denys 1889, Tagnon 1942 - 1943, Ambrus 1957)
or with streptokinase (Cliffton et al 1953, Sherry and Titchener 1954,
Gross! et al 1955, Ruegsegger et al 1958).

Whilst thie method was under test, it was decided to try in
vivo activation of plasminogen by the use of varicus ensymes. This,
it was hoped, would eliminate the problem of obtaining and purifying
plasminogen, then combining it with an enzyme to produce a stable
dry substance, active in solution. Crude pancreatic protesse, trypein,
chymotrypsin, carboxypeptidase, varidase, streptokinase and

urokinase have all been tried. In animals crude pancreatic protease,

trypsin, chymeotrypsia and papain produced no {ibrinolytic activity in
maximum acutely tolerated doses. The effect of infusion into man was
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pot pursved to any extent (Ambrus 1957) as the toxic side effects of
chills, fever, and general malaise made them unsuitable. It seemed
that streptokinase would be the most readily available least toxic
drug, and its ability to produce whole clot lysis on addition to human
plasma was an establizhed fact.

it remained to find out whether in vivo clot lysis could be
produced in man. Apart from the toxic effects of streptokinase there
were the streptokinase antibodies and inkibitors to the streptokinase-
plagmin system to take into sccount. This meant that before the
infused streptokinase could take effect the total inhibition had to be
overcome.

Tillett and Garner (1852) with arbitrary dose levels of strepto-

kinase had dissolved thrombi in rabbit ear veins by continuous infusion.

Sherry (1954) showed that a single massive injection of strepto-
kinase into dogs would result in a fifty per cent disappearance rate of
thrombi produced in femoral arteries by thromboplastin. The transient
peripheral whole biood lysis that occurred did not persist.

Then Johnson (1857) developed a technique whareby the
relationship of log streptekinase concentration per ml. of whole blood
and the reciprocal of the lysis time in minutes - provided it was greater
than twenty minutes - could be represented by a straight line. From
this it was possible to calculate the dose of streptokinase to overcome
the total inhibition.
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Sherry and Alkjaereig (1957) used a simpler method with 1 ml.
aliquots of patients' plasma mixed with serial dilutions of streptokinase
and then clotted with thrombin. The dose of streptokinase to give lysis
in ten minutes was then multiplied arbitrarily by the plasma volume
and infused over the initial two to three hours of the treatment. They
reporied that approximataly fifty per cent of patients showed peripheral
whole blood lysis during the latter part of the infusion.

This was the method at first employed in this series, with the
loading dose given in twenty minutes, and then a proportion of this each
hour until the end of infustion, (a modification of Johnson's technique as
used by Fistcher ot al 1858). This simpler method was not satisfactory
in the animal or human cases of the series and was attributed to an
insufficient dose of strepiolinmase to overcome the total inhibition level.
The infusion dose was raised arbitrarily until satisfactory peripheral
whole blood lysis was produced within the first two hours, and then the
dose main

ned at that level for the length of the infusion. The

presence of peripheral whole blood lysis was a sure indication of
streptokinase activity and the likelihood that the clot was being affected.
Even so, no complete clot lysis occcurred. The suggestied mechanism

of ¢lot disselution iz by diffusion or adsorption of plasminogen activator
to the thrombue, activation of the intrinsic clot plasminogen, and
thrembolysis. Extrinsic plasmin action appears to be of litile importance
(Alkjaersig et al 1959).
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In animals, the marked reduction in size of most of the thrombi
over a limited period, especially in the massive dose range series,
seemed to indicate that total lysis depended on the length of time of
infusion, as well as the dose administered. It has not been posaibie
because of practical difficulties to prove this in the rabbit and it has
not occurred consistently in man even though large doses were infused
for long periods - {n vivo clot lysis occurring in one case only. With
both animal and human thrombi whole blood lysis was difficult to
produce and this may be due to streptokinase alteration or neutraliza-
tion in vivo, since its effect in vitro is certain. The clot, too, may be
a factor.

The effect of the streptoldnase on blood cosgulation factors was
mainly on the fibrinogen. This showed a significant drop in ail animal
and human infusions where the dose administered was high. The eclotting
time and prothrombin showed some alteration but was significant only
in two clinical cases who had previously been on anticoagulant therapy.
In thege two cases infusion waew stopped after a short period because of
haematuria. It seemed that the anticoagulants predisposed to a blesding
phenomenon and were better avoided prior to thrombolytic therapy.
The earlier cases showed & marked rise in temperature with rigors
but the most recent cases have been free of signs or symptoms, aad
needed no analgesics or antipyretics. This ie considered to be due to
improved purification of the powdered streptokinase.
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The fact that clot lysis did not continue in vive after stopping
the infusion was not a surprise. However, the interesting aspect was
that the contrel thrombi showed spontanecusly s marked reduetion in
size. The absence of visible thrombus in 80% of veins at the end of
aix days would suggest not only retraction, contraction, and cellular
{nvasion of the thrombus, but also clot disintegration. Whether this
is the result of spontaneous lysis cannot be anewered, but in view of
the observations of Harrison 1948, Wessler and Freiman 1961, it
seems mwost likely, The secondary thrombosis that occurred in veins
with thrombi treated by infusion of streptokinase has been atiributed to
reduced activity of the lytic eystem. It is suggested that there was a
reduction in total plasminogen following streptokinmse infusion.
Whether the ensyme also inhibited the vessel wall reaction to the
thrombus, or other unrelated factors are involved has not been
determined.

Because the action of streptokinase in vivo in man was so
uncertain, attention was turned to the clot, Organization and canaliza-
tion have been noted, and Dible (1868) has gone to the extent of labelling
them digtinct and independent processes. But the factors involved in
the canalization of thrombi in human veins, and their absence in the
thrombi of large and medium arteries, have not been explained.

Ageing of a thrombus is progressive, passing steadily from a
red cell mass to occlusive or canalized fibroue tissue with a thickened
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vessel wall. This has been most recently recorded by Willlams
(1955) and such {a the steady rate that the age of & thrombus can be
told from its microscopic appearance except in the very early red
cell stages and in the late stage when fibrosis is final and lose of
cellularity marked. In the earily stages organization iz circulatory
in origin, and thess experiments have proved conclusively that
organization in the late stages is from the vessel wall. The degree of
cellular infiltration varies. [t depends on whether the internal elastic
lamina {s intact or not. Cellular invasion from the wall to thrombi
formed in the intima-stripped vessels is more marked than to the
reinjection thrombi in normal vessels., It is impossible to determine
whether these cells differentiate to other types but it seems probable
that although the invading cells mature they do not change their type.
This steady process depends on a reactive vessel wall. It is on this
fact that the organization of human venous thrombi, and lack of it in
arterial thrombi, is based.

A venous thrombus extende from the site of injury, inflazama-
tion, or pressure, into a length of normal vessel. The wall reacts as
to a foreign body and organization occurs. This is not so in the
arteries. The arterial thrombi viewed have been removed {rom
atherosclerotic vessels that have shown caleified plaques maeroscop~
ically, and on microscopy, at any szite of section. The vessel wall

shows marked distortion of the normal pattern, and thrombi are
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unorganized. Yet, if a vessel be endarterectomized, and a new
thrombus forme, this undergoes ready organisation. The activity of
the vessel wall is destroyed by the plaque with the result that an
eosinophilic staining mass of degenerated red cells persists.

If the wall is reactive organization will continue whether
canalization sccurs or not. This supports Dible's theory that the two
procezses are independent.

There remained the guery as to what influenced canalization.
Neither organized nor unorganized arterial thrombi showed wide
canalization in any specimen. It may have been due to the vessel itself
or a result of the blood flow to which {t was subjected. To determine
this a vein graft was incorporated in the arterial circulation, a thrombus
similar to those that had canalized widely in the veins was made, and
the clot changes noted at various stages. Organization was the same in
all specimens, progressing from a red cell thrombus to a fibrous mass.
However, no wide canalization was seen in any specimen. Only a few
canals were present and these were amall to medium in diameter. In
this respect canalisation resambled that ssen in arterial thrombi, and
not venous.

In unorganized occlusive human arterial thrombi there were no -
visible canals, and the densely organized thrombi in intima-stripped
vessels showed small cansls only. Yet the venous reinjection thrombi
showed wide and medium canalization, the thrombi i{n the intima-
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stripped veins predominantly medium canmals with a few wide channels
and the veins with old human thrombi were patent with visible blood
flow.

It ies suggested that the arterial pulsatile flow packs the
thrombus into the vessel lwmen with further agglutination of red cells
occurring at either end. This ellows little chanes for contraction and
reiraction to give any erevices for through flow, and no opportunity
for degenerated cells to be swept infto the circulation and provide frn
access. This is in marked contrast to the venous thrombi that are
only sponge-like and loosely attached to the vessel wall, can readily
contract and retract, giving flow around the thrombus as well as
through it, and the degenerated cells, as seen so vividly in Figure 17,
that can readily escape into the circulation.

However, should this disintegration or clot separation occur
prematurely at one section of the thrombus, the likelihood of pulmonary
embeolue is greatly increased. It may be that this is ancther underlying
factor in exabolism rather than a free clot tip being swept off by an
eddying venous current.

If one considers restoration of the circulation following iatra-
vascular ccclusion, then, whether treatment is given or not,
intravenous thrombi will canalize and organization will oceur. The
vein walls become thickened and the valves destroyed. This is the
underlying pathology of the post-phlebitic syndrome with its swelling
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of the leg, poor skin nutrition, and slowly healing uleers. It is better
in idiopathic venoue thrombosis that ax'tmcial lyeis rather than the
natural processes restore vessel patency. There iz the advantage,
also, that the initiating cause does not persist and the likelihood of
clot reformation is much less.

In large and medium atherosclerotie arteries, as distinet from
the coronary arteries with a diameter of less than 4 mms., no
organization and canalization will oceur and one must aim either to
prevent extension of the thrombus, or remove thrombus plue the
offending intramural lesion. Lytic agents on a thrombus in a diseased
vesasel will tide over the acute phase but the offending cause must be
removed to prevent its recurrence.

Therapeutic implications:

There is no doubt that if etreptokinase will produce peripheral
whole blood lyeis in vitro clot lysis in vivo can be expected, But until
the drug can be manufectured with this property assured at a deter-
minable dose level it muat be considered an ineffective lytic agent.
Thie ineffective lysls is perhaps more dangerous than the original
veclusive state, as partial clot lyeis predisposes to secondary extension

and there appears, experimentally, to be a delay in clot organization.

The studies on intravascular thrombi have provided some further

{nsight into the factors concerned in organization and canalization. It

has also supported the fact that venous canalizgation will oceur in the
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absence of any therapy. The disadvantage of the destroyed valves
and the post-phlebitic syndrome remain to be treated.

The venous thrombi, at the moment, are best treated by time
alone, operation, or anticoagulants. The latter should be continuwed
for three weeks until organization and vessel wall adherence are
assured, and the critical time for pulmonary emboli has passed.
Arterial thrombi in atherosclerotic veszsels will neither organize nor
canalize, and these can be treated by time, operation, or anticoagu-
lants. The anticoagulants in these cases act by prevention of secondary
thrombosis and oeclusion of the collateral supply which is then able te
open up and play the major part in maintaining peripheral viiality.

It may be that further work on the lytic ageants will produce an
effective drug - stable, active and readily administered. But prior to
issue it will demand extensive investigation regarding dosage, and the
type of lesion to be treated. This will result in marked improvement

in the results of treatment in the thrombo~-embolic disorders.
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APPENDIX 1.

(Tables 1, 2, 8, 4, 8).

These Tables represent the variety of changes that may be
seen in a thrombus on section at a stated time. The figures in
Table I of the text are for the dominant channel present in the
oldest part of the thrombus.

The symbol *+' in the first four coluinns indicates
vascular ceclusion with or without canalization.

Under 'fibrous changs' the same symbol has bsen
used to indicate the degree of fibrosis as well as iis preseace.
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APPENDIX 1.
TABLE 1.
32. REINJECTION VENOUS THROMBI.
Camalization and fibroplasia related to time.

N Ocelusion  Occlusion Occlusion Wide Fibrous Vessel wall
£® No chamnels Small channels Medium channels Camnalization Change changes
1hr. fresh _ Inflammation
thrombus _
24 hrs. early _ muscle nuclet
changes less
3 days marginal marginal
flow ecrevices
8 days marginal
mtraction
_ 14 days small intra-~ early normal muscle
clot channel _ cells
21 days + + + +
28 days + + + +r
40 days * + + 4+
clder than Fusion of clot
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APPENDIX I.
TABLE 2.
22. REINJECTION ARTERIAL THROMBI.

A Occlusion Occlusion Occlusion Wide Fibrous Vessel wall
& No channels Small channele Medium channels Canalization Change change
+
1 hr. fresh Normal
__ thrombus
24 hrs. minicaal
marginal
retraction
3 days marginal Fale
retraction MMedia
§ days +
71 days +
14 days + + +
21 days + + +4 Necrosis in
spots
28 days + At
40 days + + P
older than . Normal

40 days + + + P wall
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APPENDIX 1.,
TABLE 3.
21. THROMBI IN INTIMA~STRIPPED VEINS,

A Oceclusion Occlusion Oecclusion Wide Fibrous Vessel wall
ge No channels Small channels Medium channels Canalization Change change
1 hr. + White cells
24 brs, +
3 days marginal
5 days marginal
exrevices and
flow
7 days + | loose
fibrous
tissue
14 days + . +
21 days + | + ++
28 days + + 4 blends with
adventitia
40 days + + i
older than Fusion of
40 days * + +ord thrombus and

vein wall
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APPENDIX 1.
TABLE 4.

22. THROMBI IN INTIMA-STRIPPED ARTERIES,

Ace Occlusion Occlusion Oeclusion Wide Fibrous Vessel wall
8 No channels Small channels Medium channels Canalization Change change
1br. *
24 brs. + - white cells
3 days + medial necrosis
S days +
14 days + +
21 days + +
a8 days + ++ thrombus and
wall fusion
40 days + + s
older than fusion of
40 days + + Eaa media and

thrombus
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APPENDIX 1,
TABLE §.

42. REINJECTION THROMBI IN VEIN GRAFTS INCORPORATED IN THE
_ ARTERIAL CIRCULATION,

Age Oeclusion Qcelusion Occlusion Wide Fibrous Vessel wall
No channels Small channels Medium channels Canslization Change change
3 days +
7 days marginal
crevices.
minimal
retraction.
.14 days + + early
21 days +
28 days + + 4o fibrosis
40 days + + loss of
delinite wall
outline
older than m N .

40 days
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Total Numaber
Canalized
Non-camalized

AFPPENDIX II,

TABLE 1.

CANALIZATION IN REINJECTION THROMBI,

Veins
&

s

nil

Arteries

4
4

nil

Vein Grafts
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APPENDIX II,

TABLE 2.

CANALIZATION IN THROMEI OF INTIMA-STRIPPED VESSELS,

Veias Arieries
Total Number 8 8
Camalized L] 4
Non~canalized nil 1
Four arteries although showing some dye in the most distal actions showed much less beth in

the amount present and the number of canslicull penetrated.
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