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Preface

To mvapE two such controversial fields of medicine as the
mechanism of blood clotting and the treatment of thromboem
bolic diseases would seem presumptuous However ripid prog
ress has been made m both these fields in the last 10 years
Increased understinding of the complex mechanisms 1nvolved
m blood coagulation has been made posstble through the study
of punified corgulation protemns With this technical advance in
the purification of these various factors a new era m the direct
treatment of thromboembolic diseases 1s now posstble through
the climeal utlization of streptohinase and fibrmolysin These
agents combmed with anticorgulants offer a rational approach
to the treatment of intrnascular clotiing This monograph has
been prepared to provide the climician with a practical under
standing of the normal mechamisms of blood coagulation and
coagulation defects produced by antithrombotic therapy Per
haps 1n no other field of medicine 1s the practical application of
bnsic research and laboratory studies so vitil to the patient as
1n the present use of antithrombotic igents i thromboembolic
disenses

The encourigement nd suggestions of my colleagues nd
friends 1 gratefully acknowledge Doctors E § Nichel Ralph
Jones Jr Frinz H Stewart and John H Ferguson Also I
gratefully acknowledge the 1ssistance of Mrs Catherine Ashley
Florence Wey Tracy Channing Fox wnd Lillan Gong

PauL W Bowres MD
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1 The Mechanism of Blood
Coagulation

T HF LITERATURE on blood congulation contributes little because
of conflicing clums superfluous hypotheses and varied ter
minology The basic facts however are relatinely simple Blood
coagulation 15 essentinlly the comversion of a soluble plasma
protemn (fibrinogen) mto 1n insoluble collowdal gel (fibrin)
This 1s specifically influenced by an enzyme (thrombin) * which
1s formed from an mactive plasma protemn (prothrombin) The
actination of prothrombin 15 catalyzed by thromboplastin an
agent whose chemical nature 1s sull unknown Substances having
thromboplastic activity are present 1n 1arious tissues particu
larly brain lung uterus and endothehum Plasma or mntnnsic
thromboplastin 1s produced by an interaction of coagulation
protemns with phospholipids derved from platelets or from
crude extracts of 1mmal  or vegetable ongin 3

Iniaung the corgulation process 15 injury to the endothe
Tium which then forms 1 foreign surface that activates mtrinsic
thromboplastin  Also 1f rupture of vessels occurs tissue throm
boplastin enters the blood to imnate the process further Local
factors such as stasts ™ narrow ing of vessels from atherosclerosis
or uissue damage determine the progresston of clotting since
the coygulition factors which are locally activated are also
rapidly diluted 1n the circulating blood and quickly mactisated
Blood does not clot 1n normal vessels therefore travascular
¢lotung usually mdicrtes some local pathologic condition After
its immntion the congulation process can be divided mto three
muer reactions namely the generrtion of thromboplasin
thrombin and fibrin respectively

The over 11l ume required for these reactions 1s called the
clotting ame A chimical test commonly used for the velocity

)



2 ANTITHROMBOTIC THERAPY

of the last two rexcuons thrombin and fibrin 1s called the
prothrombin time Naturally occurring nhtbitors 1nd the
dilutory effects of circulating blood tend to ltmut the clot locally
This may then be dissolved by an enzyme (fibrmolysin) ! which
15 present in the plasma 1n an mactinve state The three corgula
tion reactions the various deficiencies and Ihboratory tests are
discussed ind 1dually

STAGE I THROMBOPLASTIN GENERATION

Since calcium 1ons 1re necessiry for coagulation blood can
be rendered incoagulable by the addition of sodwum atrate or
potassium oxalate which bind the calctum When excess calcium
13 then added to erther citrated or oxalated blood the clottng
mechanism 1s agun restored This process 1s hnown s recalcift
cition However platelet {ree plasma prepared by centrifugmg
atrated or oxalited blood n order to remove the formed ele
ments (red blood cells white blood cells 1nd platclets) sull will
not coagulite when recalcified

This demonstrates the mmportince of an dditional factor 10
the hemostatic mechanism which has been proved to be the
platelets In fact diathetic bleeding (thrombocytopenic pur
pura) 1s scen chimeclly 1n patients with 2 markedly reduced
platelet count (below 50000 per cu mm) Recent studics
howeser have shown that phospholipids contuning phos
phatidyl ethanolamines can be substituted for platelets both
m vitro  and m vivo 1% Nevertheless with increasing punfica
tion of the phospholipid fractions there 1s 7 decrewse 1 the
efficacy of phospholipids to replace plitelets indicaung the
exustence of 1 cofictor or altertton of the phospholipid in the
purification process which s yet has not been clenrly defined

Furthermore platelet free plasma aged for stieral diys 1t
37 C (body temperature) w11l not clot even with the addition of
both platelets and calaium rons This can be correeted howcver
by fresbily drawn platelet free plisma indicrting thac s bk
factor present in blood necessary for normil hemostass Hemo



THE MECHANISM OF BLOOD COAGULATION 3

plulia 15 a bleeding disorder n which there 1s a congemtal
absence of this factor called antthemophilic globulin (AGH
Factor VII) * Concentrates of either antthemophilic globulin
or fresh normal plasina will correct the abnormal clotung of
hemophilic plasma 1n viso and m vitro Antthemoplulic globu
lin 15 consumed 1n the clotting process This loss 1s substan
tiated by the falure of fresh normal serum to correct the abnor
mal clotting of hemophilic blood

Unal 1953 hemophilin was generally considered to be a
spearfic disease chimenlly diagnosed because of a famalial tend
ency 1n males tonard frequent episodes of bleeding notably
mto the joints followng minor trauma nd also because of
prolonged bleeding after tooth extraction or munor bruses
Bleeding ceases following the mtravenons adminstration of
fresh plasmr In 1953 several panents were described with
clinical histories typical of hemophilia but the admixture of
their blood with other hemophilic bloed samples resulted m
the mutual correction of abnormal clotting of both symples
Since these Lloods correct each other it 1s apparent that the
factors deficient 1n the mixed bloods are not the same Further
more the serum from a normal person corrects the abnormal
clotng 1 one type of hemophiha but not in the other type
Thus 1t 1s clear that the climcal syndrome called hemophilia 1s
not a single disexse but at least two entities manifested 1n simslar
chinical pictures Hemophilin corrected with normal serum 1s
called Christmas disexse or plasma thromboplastin component
deficiency (PTC Factor T\) * AHG and PTC differ i that
antthemophilic globulm 15 labile 1nd consumed 1n the clotuing
process whereas PTC 1s stable and present m the serum

Other diseases have been described 1 which the chimcal pic
ture 1s basically similar to classic hemophilia and Christmas
disease but m which additional different factors are absent
Agun these factors have been demonstrated by the mutual cor
rection of abnormal clotting by blood from patents known to
have erther classic hemophilia or Christmas disease with blood
from patients with congemital deficiency of these different factors
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These findings hue grven rise to the concepr that hemophulia
forms a group of conditions with 1 related chinieal picture and
specific deficiences of coagulation fictors The names appled
to these various fictors are plisma thrombeplistin antecedent
(PTA Factor X) % Hageman fictor and Stuast factor  They
are sumular to the Christnas factor m that they are stable and
present m normal serum A characteristic they show with antt
hemoplnlic globuim is that they are 21l mvolved n the first
stage of coagulauon This 15 demonstrated by the correcung
effect of the clotting tune with thromboplasun 1dded to any of
the deficient bloods

Thromboplastin derived from esther tissue extracts or from
plrsma requrres two factors normally present w blood 1n order
to be actrve *° One 1s labile and present an the plasma (Acceler
ator Globuln AcG Factor V Proaccelenin Labile Factor)
the other tactor 15 stable and 1s principally 1n the serum (Factor
VI Serum Prothrombin Comverston SPCA Convertin Stable
Factor) * AcG 15 converted to 1 more acute form during the
process of coagulition (Serum Accelerator Globulin Factor VI
Accelerin)

Congenutal deficiencies of erther AcG or SPCA result 1n
hemorrhagic diatheses Thromboplastin cxtricted Irom tissues
contuns varymg amounts of the acccleritors AcG and SPCA
As thrombolplastin 2ges AcG 1s destroyed and thromboplasun
loses some of 1ts origmal activity The activaty retuned how
ever 1s due to the presence of the stable SPCA Anucoizuhint
theripy with Dicumrol 1nd relted compounds causes 1 depres
sion 1n the Ievel of SPCA and prothirombin winch prolongs the
one st e prothrombin nme ¥ % Thus occurs regardless of the
level of AcG becruse ussue thromboplastin does not hve suflt
crent adherent SPCA to 1wctnate thromboplistin with cnough
mpxdu) to gne 1 normal prothrombm ume The 1mount of
contamunating SPCA 15 varmble i different preparinons of
ussue thromboplasun This vanaton s commonly overlooked
1n the determmation of the one stige prothrombm ume n pa
uents guen Dicumarol and may account for some cprsodes of
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bleeding when the prothrombin fume 15 not exceedmgly pro
longed Tlus sug that the thromboplastin used 1n the deter
mnition of the one stige prothrombin time 1n patents Tecet
g anticoagulants should be free of all contimimating acceler
ator actiity 1 order to reflect accurely the true level
of the coagulation factors 1s measured by the one stige pro
thrombin test Accelerator globuhn 1s not affected by Dicu
marol and thus 15 not varitble m prothrombin determinations
from patzents on Dicumarol (See piacrast 1 for the formation
of active thromboplastin )

X3
+
S uwmE ot
P16 P14 Hoges )
* PLASHA T RoMaDrL ST TISSUE THRGUAOPLASTY
IENR
* 3
[ .
P
+
Btorf ot

AGTIVE T ROMSO L T4

Discrart I—Format on of actine thromboplastin

STAGE fl THROMBIN FORMATION

Thrombin 1s formed from prothrombin a protemn produced
by the liver requurtng vitumin K [or 1ts synthesis® 12 Under
phystologic conditions both calcium tons and active thrombo
plastin * are requured for the comersion which imolves the
breakdonn essennally of prothrombm mto several protemn
moreties 11* One of these proteins 15 thrombin The formation
of thrombun 15 1lso catalyzed by at least two 1ddittonal factors
ccelerttor Jobulin (AcC hibile factor Factor V) and serum
prothrombin conversion accelerator (SPCA stible factor Tac
tor VIT) Asstated before AcC nd SPCA have similar funcuons
but differ 1 that AcG 1s hibile 1nd SECA s stable Both are
present in the plism in relatnely mictive forms and i the
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serum 1n actrve states The actise serum form of AcG 1s called
serum AcG Hemorrhagic dsathests occurs when congenital
deficiencies eist 1n prothrombin AcG or SPCA

Thromboplastin

+

AcG

+ ACTIVE THROMBOPLASTIN
SPCA

-+
Stuart Facter

PROTHRCMB I N ~———| THROMB IN
ga +

Diacram 2-=Stage tw 0 re1cton m thrombun formation

Indirectly however another factor mvolied mn comersion
of prothrombn to thrombin 1s the Stuart factor wiuch func
tions with Ac¢ and SPCA 1n the activauon of thromboplastn
The Stuart factor 1s remarkibly sumilr to SPCA but the exist
ence of two scparate [actors s been proved by diseases m
which there 1s 1 congenital absence of cither factor (See prs
GraM 2 for the st1gc tho reaction )

STAGE Ul FIBRIN FORMATION

Purified ibrinogen soluttons wiit not clot on stindmg or on
sunple recalaficiion However trice amounts of thrombm will
convert fibrino.en to fibrin The speed of this conversion
in 2l enzymaucally catalyzed rewtons s directly related to
the thrombin concentritton #¢ ' Thrombin adters fibrinogen
molecules with subsequent polymerizaton to fibrin and the

THROMBIN
EIBRINOGEN —————————+ FIBRIN + SOLUBLE POLYPLPTIOE

Diacrars 3—Stage three reaction i it m for nation
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rele1se of soluble polypeptides Patients congenitally deficient
m fibrinogen hve been reported and therr episodes of bleeding
are effectively trewted with concentrates of erther fibrinogen or
normal plasma Dicumnrol or heparin does not alter the level
of arculatng fibrinogen (Sce pracrant 3 for the stage three
reaction }

SUMMARY

Intravascular clot formation represents a disturbance n the
normal liemostatic mechimism and 1s caused by local conditions
which mminate congulauon The first phase of clottng resuits
from the nteractton of several factors present in the plisma
with exther platelets or t1ssue thromboplistin 1n order to actinate
thromboplastin Active thromboplastin catalyzes the conversion
of prothrominn to thrombin Thrombm then enzymatically
acts on the soluble plasma protem fibnnogen to form the n
soluble fibrin clot Progressive coagulation of the circulating
blood 1s prevented by naturally occurring nhibitors 1nd by
the diluting effects of the blood The final removal of the fibrin
clot by the dissolving 1ction of fibrinolysin 1s fully discussed in
a later chapter
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serum 1n active states The active serum form of AcC 1s called
serum AcG  Hemorrhagic diathesis occurs when congemtal
defictencies exist 1n prothrombin AcG or SPCA

Thromboplastin

+

AcB

-+ ACTIVE THRCVM3CPLASTIN
SPCA

+
Stuart Factor

PROTHRCMBIN ———»| THROMBIN
care

DiacraAM 2—Stage 1 o reaction i thrombin formation

Indirectly however another factor mnvolved m conversion
of prothrombin to thrombin 1s the Stuart factor which func
tions with AcG and SPCA 1n the activation of thromboplastin
The Stuart factor 1s remarkably simular to SPCA  but the ¢xst
ence of two separate factors has been proved by discases m
which there 1s a congental absence of enther factor (See pia
GRAN 2 for the stage two reaction )

STAGE Il FIBRIN FORMATION

Punfied fibrinogen solutions w1ill not clot on standing or on
sumple recalaficiion However trace 1mounts of thrombin will
convert {ibrinogen to fibrin The speed of this conversion as
m all enzymaucally catalyzed reactions 1s directly related to
the thrombin concentration * ' Thrombm alters fibrinogen
molecules with subsequent polymerization to fibrin 1nd the

T ROMBIN
FIBRINDGEN ———» FIBRIN + SOLUBLE POLYPEPTIDE

Dircravt 3—Stage three reaction in fibnn formati n
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release of soluble polypeptides Patents congenitlly deficient
m fibnnogen have been reported and their episodes of bleeding
are effectively treated with concentrates of either fibrinogen or
normal plima Dicumarol or heparin does not alter the level
of circuliting fibrinogen  (See piaGrant 3 for the stage three
reaction )

SUMMARY

Intrarvascular clot formaton represents a disturbance n the
normal liemostatic mechanism and 1s caused by local conditions
which mihate coagulation The first phase of clotung results
from the mterction of several factors present n the plasma
with eather platelets or tissue thromboplistin n order to actinate
thromboplastin Active thromboplasttn catalyzes the conversion
of prothrombin to thrombin Thrombin then enzymatically
acts on the soluble plasma protem fibrinogen to form the in
soluble fibrin clot Progressive coagulition of the circulating
blood 1s prevented by naturally occurring mhibitors and by
the dituting effects of the blood The final removal of the fibrin
clot by the dissolving action of iibrinolysin 1s fully discussed 1n
alater chapter



2 Clotting Tests™

THE BASI> OI COACUI ATION STUDIFS l1es 1 the accurite measure
ment of clotting under contiolled 1n vitro condittons All mfor
mation regarding, thesc rexctions 1s inferred from the clotting
trme or the visible presence of the msoluble fibrin clot Because
of the indirect nature of this information 1interpretation of
cogulation tests may be complex Paruculir tttention must be
pud to stcemungsly trivial details n techme certain conditions
(1e temperature 1omc strength wnd pH) nd reagents Only
the tests commonly used as screening procedures 1n the dingnosis
of corgulation defects and those tests which are Affected by ants
thrombotic 1gents 1re discussed ¢

The principal laborttory tests used to determine detects 1
the three stages of corgulaton are listed 1n TABLE | However
1t should be noted 2t this time that two of these tests e of
speel signtficince - demonstrann,, the coagulttion defects
produced by oral anucon,ulints The first 1s the thromboplistin
oeneration test which mewures the evolution of mtrinsic plisma
thromboplastin  I'hrec serum lactors PTG Stuart and Hage
man are reduced to less than 10 per cent of normnl 15 mesured
by thus test Secondly the one stage prothrombin test 15 pro
longed by the combined depression of the normal Jevels of
prothrombin and SPCA when o1l nticoagulants hase been
admnistered

Heprrm  wlach 15 administered parenterally nhubits all
coagulation reactions and 1ts effects we mesured by the whole
blood clotting time which reflects the over 11l coagulability of
the blood Tibrmolvsin cruses 1 depiession 1 the normal level
of fibrinogen nd 1 11se 1n the fibrmolyire acuivity of the blood
This 15 determmed by ass1y of fibrn produced from v jnven

See Sddendom fer @ tals of the te ts
3
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quintity of the pitients plismi md by the Iysis ume of the
fibrin clot produced respectiscly

1 Tourmquet Iest This test mewures capillary [ragility
by 1pplyin,, positive pressure with 1 blaod pressure cuff on the
upper arm and inflaung the cuff to the midpomt between sy stolic
and distohc pressure for a pertod of five minutes After relense
of the pressure the number of petechiie (ruptured capillires)
are noted on the rm The test 15 frequently positive i patients
who have been guen Dicumarol wind who hwe other vitamm

Tarre 1 —Tests for Coagulatio 1 I fects

Testsin Sta eI ‘ Testsin Sta e Testsin Sta, 3
Clotting time One stage prothrombin Clotung ume
Thrombopla tm generation ‘T o stage prothromb n Fibrinogen
Clot retraction Specific one stage tests
1 rothrombin consumption
Tourmquet test

deficiencres such as vitymns G and D The reason for this reac
tion 1s related to vessel wall integrity

2 Platelet Count The umportince of platelets in blood clot
ung 1s 1llustrated by a bleeding dixthesis which occurs when the
platelet count falls below 50 000 (thrombocytopema) or rises
above 500000 (thrombocytosis) In either case faulty blood
thromboplastin generation results It should be noted that the
platelets m1y be present in normnl ringe (100 000 to 350 000)
and bleeding m1y occur due to qualitatively defectine platelets
(thrombocytopithin) Tlus condinion 15 demonstrited by an
abnormal prothrombin consumption test or a thromboplistin
generation test

3 Blceding Tume The bleeding time 1s 1scertuned normally
by miking 1 smil puncrure i the shin and noting the nme of
clot formation However excessive tissue damage can result in
the release of increased rmounts of tissue thromboplistin thus
causing a falsely shortened bleeding time Conditions are daffi
cult to stmdirdize with this test therefore quinunitne data
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cnnot be obtuned In generil however 1 prolonged blceding
time usully mdicates 1 coagulatton anomnly platelet deficiency
or vascnlr defect

4 Clotting Lime This 1s 1 general screenming test performed
with 1 venous sumple of blood m a Lee Whate tube The tume
necessary for clot formation 15 then noted In general 1 pro
longed clotting ume reflects 1 distuthance due to a plsmn detect
of my corgulition factor the mcressed titer of an nhibitor or
7 platelet deficzency Technical errors (poor vemn puncture ur

Tawir 2—Coagulatim Factors A horbel from Normal 11i ma and Normal
Serst n wath Barwury Sulfite

Adsorbed Factors \onadsorbed Fctors
- Prothrombin Fibrinogen

Sty \HG
Normal{ tasma PLC e

Stumne ETY

Hagemn

Serum A€ Iy

11c Hagemmn
Norml Serum oICt

Stuart

bubbles and excessne agitation) m1y nevertheless lead to nor
mal findings even 1n the presence of a coa,ulation defect

5 Clot Retraction A sample of clotted blood in 1 Lee White
tube begins to pull aw1y from the ¢l1ss surface within one hour
This 15 called clot retraction nd normally s at its mramum
withm 24 hours fter the sxmple 1s taken Clot retraction is
related to the platelets concentrtion and function

6 Preparation of Defictent Plusma Certam compounds hike
chelaung 2gents act speaifically to remove some of the factors
inyvolved 1n corgulatton As a group they are ealled prothrombin
adsorbints and the more widely used compounds are bartam
sultate and aluminum hydroxuade In the formation of normal
scrum  fibrinogen  prothrombin md AHC ire consumed by
the dotting reactions The factors which can be dsorbed from
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normal plasma and normal serwe are histed 1 tasie 2 Serum
and plastma adsarbed with brriwm sulfate are convenent sources
of specific factor deficiemt solutions which are useful 1n differ
ennaung corgulion defects when the throwboplastin genert
vion 1nd modified one stage prothrombin tests are performed

7 Fhramboplastin Cencration Test Under certan condi
uons factors 1 plasam combine with platelets (or phospho
hipids) to form 1 complex with thrombopluste actvity Thus
combwaton 1s called plasma or nnsic thromboplastin It
Aufers from tissue thrombaplastin 1 that 1t 15 extremely labe
due to mstibilsey or mhibitors normally present m the bleod

The thromboplastin generition test 1s an ssvy of this mtansic
thromboplastin wnd ts pertarmed by doing serial one sta e pro
thrombsn deternunations at one munnte mtenvals A thrombo
plasun ncobauon mixture  conssung of birwm sulfage
adsatbed plismi serum plueless and calaum b used The
phsm s prothirombin free bat comams AHG  the serum sup-
phes PTA PTC Swant frcror Hageman factor AcG and
SPCA ° the platelets (or phospholipids) and calcium are the
yeagents necessary for the formanon of thromboplasun

This test demonstrates thit patients with bemophiiie fait to
generite thromboplstin normilly By using etther normal
plasm or normal serum one cn determune if the faulty gener:
ton of thrombeplstin s due to a defect i ewther plusmt or
serum Chissic hemophihia s due o defective plasma 1 AHC)
Only vwely are the platelets thrombocytopathie This 15 deter
nuned by comparing platelets from a normal subject with those
of the prient Defects w serum e recognized by the mixture
of wanous serums  either congenatally defectine or made so with
barum sullvie i 1 speaific factor 1ad noting if there 1s mutual
corretnon of the o serums This (ype of correction indicues
thar the twtor deficsent 1 one serum 13 present 1w the other
thus the defects in the two serums sre different H the two serums
do ot cotrect cuh other the fretor defictent 1 boih are sumiar
For eximple ¥ 1€ deficrent serum wall correer serwmn deficient
PTA St fctor Hagewn futor md AHG but will not
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correct 1y serum deficient m PI'C Studies from tus test hnve
given further prool that hemoplulit 1s « hetetogetuc group of
diseases

\n effect produced by Dicum ol nd related drugs is 2 depres
siont of PIC Stuut factor and I cman factor whick are not
metsured by the onc stige prothiombin nme Tlus Fict may be
amother exphinition for the frequent clinical obsersations of
purpura nd blecding m prucnts on long term antcowulmt
therapy when the prothrombin time 1 within the  therpeutic
range

8 Prothrombin Consumption The clotung of normal blood
results m the formanon of plisma thrombophst with the
subsequent conierston of prothrombin to thrombin The Iatter
1s pirttally absorbed by the fibnin clot m the final stage of
cogulation what remuns 1s neatralized 1n the serum by it
thrombm When there 15 a defect 1n the formation of intrinstc
thromboplastin the prothrombin 1s not fully utihzed nd re
mains mn the serum If a one stage prothrombin determmation
1s done on the serum by adding fibrinogen wn esumate of the
prothrombm remumng n the serum cin be obtuned This
test 15 called prothrombin consumption wd cin be expressed
in percentage of prothrombin used or remuning 10 the serum

Smce the comenston of prothrombin to thrombm 15 1 relt
tvely slow 1eaction the ume after clotung for performance of
the prothrombin consumption st 1s usually onc hour Tis
test v useful i mdicrang defects mn the first stage of clottuny
but 15 of Inttle value 1n panents grven Dicumarol The 1educ
tion m plasma prothrombm resulting from such therapy leaves
the titer of serum protinombin beyond the sensitivay of the
test This 1s true beciuse the prothrombin consumption test
15 subyect to the sume technical ertors as the one stage prothrom
bin time

9 Prothrombin L1me The test known as the one st1,c pro
thrambin time 18 simple reproducible and hiy worldwide applt
cation in chnienl mediane Tlus test mersures the veloaty of
fibrin formtion followmg the addition of cilanm to 1 solution
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of active tissue thromboplistm 1nd the plisma to be tested The
most importint s srbles affecun, the test we factors winch ad
or mhiby the formruon ol thrombin  The conersion of
fibrinogen to fbon m the presence of thrombm s Umost 1
stantancous Lhe tune intend from the ddition of cilerum
to the formauon of the clot 1s the prothrombin tme (PT)
Dependent upon the rcagents used and the technician perform
wg the test the PT 15 usually 12 seconds with nonmal plasma
1i the thromboplastin ccelerator factors clerum or prothrom
bin are progressively reduced the P'Y s mnerensed
A normal prothrombin time generally mens that Al fxctors
other than those necessary for the formation of thromboplastin
are present m normal conentritions However 1 prolonged
prothrombin time 1s dufficult to wterpret since the result can
menn a reduction from the normal fevel of one or several of the
following prothrembin AcG SPCY Stuwrt factor or fibrino
gen In addition an abnormal prothrombin tume may mean an
mcrease m enther the Ievel of natamilly occurning or ~equared
miubstors to any of these factors or m wmhibitor to the active
agent produced from the iteriction of these fictors Dicumarol
produces depression of prothrombin SPC A 1nd the Stuarg fac
tor Therefore a prolon,ed protirombin tume sn patsents on
tus therapy vepresents a combined defect produced by the
decreased level of these protemns Hepann mbubus all coagnia
ton reacttons thereby givng a prolonged prothrombmm ume
The one stage prothrombn test can be modified by the adda
tion of prothrombin free plasma This modificatson will reflect
the prothrombin level more accurtely since eversthing ecept
the factor tested for wifl then be present m the reaction muxture
10 One Stage AcG Determunation Speaific determunatton of
MG s done by adding aged  normal phisma to the plasma to
be tested wnd then performing a one stage prothrombin test
Normal plism aged 1n the refrigerator for 14 days 15 deficient
i AcG hecause of s labihty Therefore all the factoxs neces
s11y for clotng ate present wn the incubation mivture evcept
4G the factor bewmg tested 1n the sample plasma
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11 SPUA Datermmation The 1551y of the level of SPCA 1s
determined with 1 one stige prothrombin test modified by
addmg m SPCA free plisma to the test plismt A varnble in
tlus test 1s the unount of SPCA contammating the tissue throm
baplisttn wsed  This 1s especinlly true m pauents gnen Dicu
mrol when the levcl of SPCA 15 depressed ta 10 per cent or less
of normnal

12 Two Stage Prothrombin Detcrmmnation Speaific 1s1y of
prothrombin 15 wccomplishied with the tho strze prothrombin
test The basis tor this test 15 not velocity but rather the measure
ment of the mnount of thrombm generited 1t 15 performed
by actrvating plisma with optimal amounts of cilcium  throm
boplstin nd the weelertors (AcC SPCA and Stuart factor)
Thus the plasmz prothrombin 1s actnvated to thrombmn and
sernl aliquots e tested with purified fibrinoen Applymg the
prmaiple that 1 shorter clotting, time mes more thrombm
one c1n use this technic to obtun 1 semi guanttne mesure
ment of the thrombin present an the sample One unt of throm
bin 15 defined 15 the amount of thrombin winch will clot 1 «c
of fibrinogen in 1) seconds 1t 29 € One umit of thrombmn »
equtl to one unit of prothrombin This technic has not been
used generilly 1s 1 guude 1 the control of angicoagulant therapy
because of the technucal difficulty mvolved and also becruse
the test measures only one [ictor depressed by oral
coagulints

13 Frbrinogen Deterimnation Fibrinogen s determined by
1dding thrombmn to 2 mesured quanuty of citrated plasma ind
winding the clot on 1 glss stirring rod The fibrin 15 digested
trom the glass rod with buret solutton wnd the amount of
protem 1s determmed by noting the color chmn,e n the bruret
solution with 1 colonimeter wnd by compiring the readng to
astindardized curve

14 Fibrinolysin Determmation The fibninolytic activity 1n
serum 1s detcrmined by noting the Iysts ume of 1 standard
fibrin clot with a measured amount of serum



3  Antithrombotic Reactions

As MENTIONED EARLIER the body has natural defense mecha
nisms to prevent hmie and dissolye intravascular clotting This
1s accomplished by inlubitors that suppress the primcpal
coagulation reactions nd by fibninolysin which dissolses the
fibrin clot In addition a lrypocoagulable state may be induced
by anticoagulints which are of two main types (I) those (such
as heparm) which prolong the overall clotung time and (2)
those (such as Dicumarol) which indurectly suppress the syn
thesis of certain coagulrtion factors Fibrinolytc agents such s
streptokinase ®  © trypsin 1% and fibrinolysin #¢ have been
mtroduced more recently mto chinrcal medicine The mecha
msms of these natural and therapentic defenses agamnst wmtra
vascular clotting are detatled 1n this chapter thewr clinical applt
cations are discussed later

Naturally Occurring Anhicoagulants

1 Inlbition of Stage I Speafic antibodies may develop
plasma which mhibit AHG PTG or AcC respectively 73 7
Antibodies hase also been described which destroy the platelets
thereby leadmg 10 1 hemorrhagic diathests In addiuon plasmt
contains an inhibitor of thromboplastin 18 ¥ but 1t 15 stall
uncertamn whether this material differs from heparin

2 Inhibitors of Stage I A speafic antibody inlubitor of AcG
exsts but specific inhibitors of SPCA or the Stuart fictor have
not been reported However in normal serum a factor (or fic
tors) called aneithrombin 37 17 15 present which progressively
mrctivates thrombin forming 1 complex cilled  metatlirom
bin an the older literature This 1s pactinlly teversed 1n vitra
by the wddition of 1cids lkalies or chloroform Antithrombin
15 the body s defense agumst cuculating thrombin The action
of intrthrombin 1s sy nergtstic wath heparn

s
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3 Inhibrtors of Stage III The natural defense agunst fibrn
15 the Tysis of the insoluble clot mto soluble fragments by fibrin
olysm (plasrom) Thus enzyme 1s normally present mn the blood
as an amcuve precursor (profibrninolysin plisminogen) which
forms fibrmolysin under the mfluence of n actnvator This
actnator s produced from 1 proactitor present in phisma m
combmion with 1 factor derned from dumiged tissues
foreign brcternl products or idiopatineally  Presumably the
actinator s also formed by the combmstion of the proactsyator
with 1 tissue Dictor It then enzymanieally converts profibrinoly
st to s Active form fibrmolysin The Iatter wwts 15 1 proteolytic
cuzyme that splits both fibtio, iy wnd fibrin m sivo and m vitro
mto protemn frigments thit do not clot with the addion of
thrombin - Cluneal conditions oxast m wiuch 1 hemorrhagic
ditthesis 15 1ssocrited with i meresng crenling titer of
fibrmolysin 120

Since fibrinolysin 1s not only « physiolo,tc 1estorer of hemo-
stasts but 1lso @ therpentic went at s discussed further m the
concluding section ot this chapter

Therapeutic Antithrombohic Agents

The problem 1egmdmng the therapeutie approich to miry
vascular dottn,, mvolves two methods (1) the mdirect prophy
Jactic preventron of cor,ulion and (2) direct lysis of the clot
Heprm and Drcumirol ue examples ol 1,ents representing the
first mcthod and fib1inolysin the sccond methad

1 Hepann The mode of actton of hieparn 1s inhibitory m
all three mayjor clottn, 1ewctions ind ns cflect s mevsmed by
the prolon,itiem of the clotung ume Hepann plus a postn
lated cofactor m the ptsmo forms an ymnednie mtithrombin
which mnhihits fibun tornmnon pnucuinh Obsers ition of the
yeactions mvolving hepuin sug s thut it combines with pro
tems Altertng than decttachemcd md collord] properties

I{epann must he wdminnstered puenter ly and the preferred
route 15 mernenous Its ction 16 fast but its potency 1s ripdly
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destroyed This 15 the mayo disuhiantage 1o us therpentic use
since Tepeated injections ue necessay. Climel application of
heparin 15 thus himnted to the imsttion of mticoayulint therapy
At present thare are no adequte syntheue subsuitutes for
heparin lthough sevarni 1 cnts iinve been imvestigated

2 Oral Antcoagulants Oral mncoryulants such 15 Dien
marol and relited drugs mhbut the synihesis of prothrombin
SPCA PTC Hageman and the Stuart factors ¥+t which 1
produced by the liver mn the presence of xitwmin k- Apparently
Dicumarol functions 1s 1 compe itws e intubitor of the ntilizaton
of vitamun K by the liner A number of drugs functioning simy
larly to Dicumarol are used climcilly These drugs may be
diided mto tho groups coumanms (Dicumirol  Smtrom
Tromexm Marcumar Coumadin 1nd CGumopyran) and (2)
mdandione danatves (Hedulin Dipwan and Miradon) The
major differences 1n these drugs are in the speed wnd duration
of action these re dependent upon the rate of Absorption into
the blood Those which are rapidlv 1bsorbed 1re quick to act
but of short duration The comerse 15 also true as 1s clerly
lustrated by the one stage prothrombin test

Dicumarol 1s elimmmted chiefly by the Kidneys therefore
renal disease can s 1 MOTE SENSIINE TESPONSE 10 NLIcoagu
lants Stll other factors mfluencing the response to Dicumarol
are both the vitamm K mtake and the amount of vitamin k
produced by intesunal bactena Anubiotics which destroy the
untestinal flora we synergistic with orl wnticorgnlmts Aspirn
5o has a mild Dicumuol like 1ction and acts synergistically
when administered with wucoigulngs An example of this
cilect 1s shown i F1curr 1

Recent studies bave demonstrated a fall i prothrombin
SPCA PI'C nd fibrinogen v patients after hepitic lobectomy
for neoplastic diseases Liver disese when severe causes a
reduced level of the v irous corgulation factors and s associated
chimeally with 1n increwed sensinvity to Dicumaral

The corgulation defects produced by Dicumarol are decreased
levels ot SPCA prothiombin PTC Stuart ind Hageman fac
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tors in thet order The rpidity 1n the fall of these various
factors 1s related to the dose of the nticorgulant and the turn
over rates of the corguhaon factors The action of Dicumarol
and relited drugs may be reversed by the intrivenons admuns
tration of vitanun K, * The effects wre noted on the one stige
prothrombin time witlun two to six hours Vigunin k deficiency
of sanous typts ! (re  steatorrher md malnumiuon) 15 1sso
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cated with reduction m SPCA prothrombin PTC Stuart and
Hageman factors

3 Thrombolytic Agents Agents which promote the dissolu
non of the fibrin clot have been investigated extensuvely m the
1ast few years ind are classified under the general term of fibrin
olytic agents They act directly on the formed clot and as such
present 1 direct approach to intravascular dotting The first
agent with fibrinolytic actinity studied was streptohinase This
mitenal was found m the filtrites of beta hemolyuc strepto-
cocete cultures by Tillett and Garner m 1933 4 Streptohinase
combines with the proactinator im the plasma # to form an
enzyme which actnates profibrmolvsin wlich subsequently acts
on both fibnnogen and fibrin {See pracrant 4 for this reaction )

TREFTOK IRASE PROF 1BRINCLYSIN

4  ~——— Activator —— s
Proncti ato FIBRINOLYSIN
FIBRIN Lisis
o PROQUETS
FIBRINOGEN

Diacray +—Fibrnolvtic reachions

The actnaty of sireptohmnase thesefore depends upon the
concentration of several inhibitors Varying concentrations of
circulatung antistreptohinase and anufibrimolysin result n a
markedly indiv1dual response to an injecuon of streptokinase
Another problem with this therapy 1s that once an 1ctinve arce
laung fibrinolytic system 1s induced there 15 no specific method
avuhible for rteversin, the actine enzyme Concentrates of
fibrimogen «an be admumstered but these are usually con
tamtnated with profibrinolysin and proctivator which tend to
propel the reaction further and thus increase the fibrinolytc
actaty In addiion to this even the purest prepartions of
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streptohmnase 11e assocrited with systamie reactions which pre
clude 1ts general chimieal nse 2t the present time

Trypsin was explored 1s 1 thrombolytic agent m pruents
but because of the protean nature of its activity mnd the presence
of ntrtrypsin factors in the phisma 3 large parenteral dosages
hd to be admmistered This has proved to be chimieally nd
sisible becwuse of the shack syndrome associted with ntrt
venotts injections ¥

More recently with the advent of technical adsvances i the
purificition of human fibriolysin # the use of mtruenous
fibrinolysin s been tested m 1nnnals and man M 3¢ 35 4146 An
advantige of this enzyme 1s ats speaific proteolyuc wction on
fibriogen and fibrin The level of fibrinolytic 1ctrvity induced
1s variable depending on the level of nufibrinolysin m the
plisma but levels of fibrinolysin can be njected to overcome
this variation The fibrmolytic activity can erther be man
tamed by continuous infusion or reduced by slowing or stopping
the infuston Prelimmary clinical reports in man have shown
that fibrinolysin 15 effectve and practical 3% 3 Towc reic
tions® ndicate ciutious admimstration of this agent until
further clinical evaluation 1s obtuned

In combmation with anucorgulints fibrinolysm secmngly
offers an 1deal approach to the treament of intrwasculn
thrombosis The tests mulible for controlling fibrimolysin
therapy 1re the determuation of fibninogen nd the lysis ame
of standard fibrin clots



4  Chmecal Use of Antithrombotic
Agents

THE AINM OF ANTITHAOMBOTIC THERALY 15 to Teverse the orclu
sion of a vessel by distinte ration of the clot 1nd the prevennion
of subsequent thrombotic formation Yibomolysin wall dissolve
an cwsting Bbrm Aot wticosgulants will mnhabnt further clot
ung# 8 ¢ £ W The hmutmg factor m the wse of this
therapy 1s the roh of hemorrhage Fibrinolysin has not been
wed extensively 1nd cratron 1s wndwated until further evalua
tion has been performud In this chapter an outhne ot the usuat
effective dosages of annicoryulants and a discussion of the treat
ment of hemorrhage will be prescnted

Preparation of the Pohent

When anticoagulant therapy 1 to be used the pauents should
be selected carefully with rejard to personahity and hving con
ditions which m1y prevent close cooperon between patient
md physictan The pattent should fully understand the pur
puose and possible dangers of anticoagulant therapy and m addt
tion should be gren written mstructions nd dosage schedules
s a precaution aganst unexpected bleeding the patent should
be provided with yviwumn K, sablers and be wstructed to carry
them with hun at Al mes

Heporin

Hepanin s a muropolysacchande which s pracucally non
e The prdferred route of admimsiration is intrasenous
Oral hepum s imadine ' and the rate of 1hsorption 1s quite
waniable when the drug o used intnmusculirdy oF subcuta
ueously * ghicrefore contiol w dstheult Hepann sodsum 1s mvail

Stheutin 3 fwpatn dnn s wab s € necdle 1as beer 18 sue
sl asa p e eal v ah S t the Moams Heart hsut ate

1]
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able 1n sterile aqueous solutions 1n strengths that contain 1000
5000 10000 or 20000 US P units in 1 ml The usual mniual
dose 1s 50 mg (5 000 umits) 1f the clottng ttme which 1s done
four hours later 15 less than twice the control clotting time the
second dose should be mcreased 50 per cent If the clotting ime
15 triple the control clotung ume further mjection of heparn
should be withheld unul the clotting time returns to the desired
ringe

Rare instinces of hypersensitinuty urticaria asthma and
allergic rhinitis have occurred from the adminstration of
heparin Contrundications to the use of heparn are the follow
ing  bleeding tendency or purpura subicture bactenal endo
carditis ulceritnve lesions of the gastromtestinal tract 1intra
crinl hemorrhage threatened abortion and hyperscnsitivity
to heparin

Should 1t be necessary to termunate hepann therpy rapidly
or should bleeding develop the actnaty of hepann cin be
quickhly ncutrabzed by slowly admimistering 50 mg of protamine
sulfite meravenously In wddition whole blood or plismt may
be given 1f the bleeding becomes hfe threatening Heparm
therapy 1s usually mamtaned for 24 to 48 hours unul the oril
anticongulants have become effective s demonstrated by pro
lon_ation of the prothrominn time nunely two ind one inlf
times longer than the control prothrombin time 1n seconds

Oral Anticoagulants

Dicumarol was the first oral mucoagulant! ¢ ® to be used
clinically and has an indirect action on the clotung factors by
suppressing the synthests of prothrombin SPCA PTC Stuart
and Hageman fictors Because of the indirect nature of 1ts
Activity 24 to 48 hours or longer are required before the air
culaung level of these various factors 1s depressed to mhibit
coagulation effectively FIGURE 2 1illustrates the effect of Dicu
marol on the various coagulation factors It antagomizes the
action of vitammn Kk 1n the Iner which 1s 1 necessary vitamin
forth formation of clotting proteins

N



CLINICAL USE OF ANTITHROMSOTIC AGENTS 73

560T220 85 2 2
g -
gyb e T
a5z NORMAL RANGE
2 3 —
g2
8

PR THROMBIN
INE
ISECONDS )

'W/’/\\\ YHERAPRUTIC RANGE

-
!
|
}
i
!
i
}
§

* SERUM
167

PR Y s 60 a8 510 8%
1000

00 o e e

200

00

BICUMAROL

g pleillenng.

KEPRRIN Y00 300 DAYS OF TREATMENT

fic 7—Rote of deprestor n the tarnous corgulanon sests from Dicu navol
therapy ¢« gatient with twocatdisd snfartton Fhe prothre ubm time 18 3
cconds un the thind day of treatment an 1 thramboplastn generation
7z o «the math dav of reatment

5 nearty

The newes ord anticoagulants function hhe Dicumarol
The eifecneness of the drugs 15 direnrly refated to the blood
fevels thus factors of absorption from ¢he gur and escretion
sta the hidney ate smportmt considerations in therapy Diar
yhea omiting aspirin anubiones direties and the vitssm
& content in the diet *** are some of the sarions factors alterng
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ble n sterile aqueous solutions n strengths that contam 1000
5000 10000 or 20000 USP units m | ml The usuil mitial
dose 15 50 mg (5 000 unuts) If the clotting tume wnch 15 done
four hours later 1s less than twice the control clotting time the
second dose should be increased 50 per cent If the clotting time
1s triple the control clotung time further jection of heparmn
should be withheld until the clotung tune returns to the desired
rnge

Rarc 1nstinces of hypersensitivaty urticaria asthma and
allergic rhunius have occurred from the admunistration of
heparin Contrundications to the use of heparin are the follow
mg Dbleeding tendency or purpurn subacture bacteril endo-
carditis nlcertnve lesions of the gastromntesuml nact mtrn
crannl hemorrhage threatened abortion and hypersensitiity
to hepann

Should 1t be necessary to terminate heparin therapy rapidly
or should bleeding develop the actinity of heparm can be
quickly neutralized by slowly admimstering 50 m,, of protamine
sulfate mtravenously In additton whole blood or plasmt mny
be given 1f the bleeding becomes lhife threatening Heparm
therapy 1s usually muntained for 2% to 13 hours untl the oril
anticorgulants have become effective s demonstrated by pro
longation of the prothrombin tme namely two wnd one half
fimes longer than the control prothrombin time n seconds

Oral Anticoagulants

Dicumarol was the first oral anticoagulant ' * " to be used
clinically and has an indirect 1ction on the dotting factors by
suppressing the synthesis of prothrombm SPCA PTC Stuart
and Hageman factors Because of the mdirect nature of its
activity 2¢ to 48 hours or longer are required hefore the ar
cultg level of these sarous factors 15 depressed to inlnbre
corgulation effectively FIGURE 2 allustrites the effect of Dicu
marol on the various congulation factors It antagonwzes the
action of vitamun h i the liver which 15 1 necessary vitumin
for the formauon of clotung proterns
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1 mote protracted effect It 15 waulable i intrivenous form
which speeds up 1ts nitial effects to withm 24 hours thereby
reducing the need for heparin therapy except for the first day
The intravenous dose 1s 75 mg  and mamtenince 15 usually
obtuned with 10 mg orally each day Ths drug has proven to
be a usetul antrcoagulint by seseril different observers '

Cumopyran {methopyranotin) 1s about three tumes as potent
1s Dicumarol and has 1 shghtly more rpid onset of 1ctron than
Dicumnrol nd a prolonged therapeutic effect

Marcumar (phenprocoumon)® 8 15 1 more potent drug
than Dicumarol and becomes effective wathin 36 hours and 1ts
efficacy lasts from two to three diys Several reports have wmdi
cated thit Marcumar 1s an effective anticoguhing and 1t 15
interesting to note that this drug will depress the serum throm
boplnstic factors 37 despite 1 report suggesting no depression of
PTC1 14

Sintrom {(acenocoumirin) 1s also mere potent than Dicumarol
and becomes effective within 36 hours with a duration of action
hsting 48 to 60 hours T'his drug has been used successfully n
many pattents and the dosage necessary 1s relatively constint

Hedulin or Dnilone (2 phenyl 1 3 indandione) *8 15 one of
the mdandione derntives [he drug produces a depression of
prothrombin time within 48 hours wnd the effect of the mitnl
dosage 15 dissipited within wnother 48 hours There are prob
1bly fewer bleeding episodes with thus drug Howeser a number
of draiwbacks to 1ts use 1re the frequent resistance  to s action
and discoloration of thie urine which may be confused with
bleeding There have 1lso been 1 few reports of bone marrow
depression urticarr and dermatitis

Dipaxin (2 diphenylcety! 1 3 mdandione) s more potent
than Hedulin and also has 1 more prolonged effect However
hike all the mdndione dertvatives 1t umparts n orange color
to the urme which ¢in cause confusion 1 regard to urmary
bleeding

Miradon (amisindonor 2 p syl indandione 1 3) becomes
effectne wathin 36 10 18 hours \nd muntuns 1 farly stable
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scnsitnvity to Dicumarol It hias been gnen to pauents for
mmy years without any evidence of toxic effects Blewding oc
curs mn a small percentage of prtients ind will be discussed later
m the cinpter Some patients hve toxic mamfestations such 1s
nsea vormung and dinrrher ¢ven with therapeutic dosiges

Contraindications to Dicumarol are the same s hepum
Howeser addwonal contrundications are recent operations
on the brain or spinal cord regional anesthesta and Inmbar
block vitamin K deficiency wnd severc hepauc 7 or renal disease

TabLe 3 —A2eraye Dosage of Oral Antic a ulants

Lsnal \lamtenawce D ¢
Anticoagulant During Frst48 fhs (g ) (mg)
Dicumarol ! 100-,00 1 >
Iromexan i 1800-2100 40
Coumadin ‘ 30-100 r 10
Gumopyran 100-200 2
Marcumar 21-30 ’ 3
Smtrom 18-21 1
Hedulin 250400 100
Drpaxin 24-30 3
Miradon J 600900 \ PR

The drug should be used with caution i piuents with sevele
hypertension 1ctive pulmonary tuberculosts and general debilt
tating diseases

Tive other coumarin derivatives and three indandione prept
rations are 1 ulible 1nd hive been used dmically s cffective
oral inticoagulanes 3 ¢ 9 T 1 The usurl dosiges of these vart
ous oral anticongulants are summaryed 1o 1aBrr 3

Tromexan (cthyl biscoumncetate) 24 1s less potent than
Dicumarol but has the 2dvantage of 1 more rapid theripentic
effect (24 to 36 hours) Honever s disadvantages e v ripud
dissipaton of cffect varmbihity in mamtenince dosige and
frequent episodes of escipe  from therwpeutic cffects

Coumadin (sodium warfarm)? 15 1 water soluble coumaun
which 15 about five imes more potent than Dicumarol but has
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4 moie protrcted effect 1t 15 mubble momtruenous forn
which speeds up sts mutnl effects to within 24 hours thereby
reducng the tieed for hepinn therpy except for the fiest day
The wtrnencus dost 15 75 mg  and mruntensnce 15 wsuathy
obtuned with 10 mg orilly Cich dry Thas dreug hias proven to
be 1 usebul wmuconulut by several different observers ¥

Cuamopyrin (methopyt inenn) 1s ahout three tunes 1s poemt
s Dicumarol and ki1s 1 shghtly more ripud onset of 1ction than
Dicumarol and a prolonged therpeane effect

Marcumar (phenprocowmon}3 #9451 more potent drug
than Dicamtrol md becomes effectine within 36 hours nd ats
officacy lasts from tho to three days Several veports hnve indi
cated that Marcumar 1 effectne anticotguiwnt nd 1 18
mteresting to note tat this drug will depress the serum throm
bophistic factors ¥ dispite 1 report suggesting no depression of
PTG 13 1t

Sintrom (acenocounitrmy) is tlso mote potent than Dicumarol
and beeomes effectrie within 36 hours with 1 durition of tchion
Yasting 48 to 60 howms This drug has been used successfully m
many patients and the dosige necessary s relatively constant

Hedubin or Dumslone (2 phemyl 1 3indandione) % 15 one of
the mdndione dernatives The diug produces 1 depression of
prothrombin tme withm 8 hours md the effect of the mital
dovige 15 dissipted within mother 48 hours There we prob
1bly fewer bleeding eprsodes with this drug However a number
of drw bicks to its use e dhe frequent  ressstmed o 1ts 1ctson
md discoloranon of the urine which mvy be confused with
bleeding There harve 1dso been 1 fen reports of bone marraw
depression wrticarsr wd dersmanns

Dipaan (2 diphenyliceryt | 3andindione) 15 more potent
than Heduhin and also lis 1 more prolonged effect However
ke 211 the mdwndione dertvatnves it unparts ornge colo
to the urine which ¢an cruse confusion m regard to unnary
blcedsng

Miradon (anssmdonos 2 p syl ndandione 1 3) becomes
cffective within 36 to 48 bours md mauntans 1 furh stable
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sensitivity to Dicumarol It has been gnen to pauents for
many years without 1ny evidence of toxic effects Bleeding oc
curs 1 a small percentage of pitients and will be discussed lter
in the chapter Some pattents have toxic manfestations such as
nusea vomiting wnd diarrhea even with theripeutrc dosages

Contraindications to Dicumarol are the same s heparin
However additional contraindications are recent operations
on the bramn or spinil cord regional 1nesthesta and lumbar
block vitamun K deficiency 1nd severe hepatic  or renal disease

TaLr 3 —Average Dosage of Oral Anticoagulants

Lsual Mamtenance D se
Anticoagulant During First 48 His (11g ) (mg)
Dicumarel 400-500 "
Tromexan 1800-2400 40
Coumadin 50-100 10
Cumopyran 100-900 %
Marcumar 21-30 3
Sintrom 18-2¢ 4
Hedulm 250-400 100
Dipaxin 21-30 | 3
‘Miradon 600-900 | ‘o

The drug should be used with caution 1 patients with severe
hypertenston active pulmonary tuberculosis and general debilt
taung diseases

Five other coumarin dervatives and three indandione prepa
rations are available and have been wsed clinically as effectinve
oral anticoagulants ® 5 6 ™ * % The usual dosages of these van
ous oral anticorgulints are summarized 1n TALLE 3

Tromexan (ethyl biscoumacetate) ' 1s less potent than
Dicumarol but has the advantage of a2 more rapid theripeutic
effect (24 to 36 hours) However 1ts disadvantages are a raprd
dissipation of effect vanability m mamntenwce dosage and
frequent episodes of escape from theripeutic effects

Coumadin (sodium warfarin) ' 1s a water soluble coumarin
which 15 wbout five times more potent than Dicumnrol but has
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do vccur and the use of anticorudmts carnes 2 ceream sk The
esumted mortaliy rie 1s 0 2 per cent ® Excessively prolonged
prothrombin times e generlly the result of ynproper use of
the drugs although bleeding does occur in the presence of
therpeutic  prothrombin levels The huter 15 especially true
in patients on long term therapy The sucidence of hemorrhage
appears to be sundar {or the vanous cowmann drugs buk
15 somenhat less when the indandione dernatives are used The
maost frequent type of hemorrhige 15 gross or microscopic hemn

b
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anticoagulant effect Howeser 1t offers no specnl advantage
over the presiously mentioned drugy

Manag t of Oral Ant gulant Therapy

When the need for anticongulant therapy hs been established
and 1t ean be determined that the patient has no contrandica
tion to the use of anticoagulants therapy should be started
immediately Heparn 1s administered i combinition with an
oral anucoagulant The heparin is continued until the pro
thrombin ttme his reached a level two and one half times
the control prothrombin 1n seconds Tlis 1s generally 25 to 30
seconds The blood for the prothrombin determmation should
not be obtained within four hours after the heparin admims
tratton Hepann causes prolongation m the prothrombin time
determmation Anticoagulant therapy 1s mamntained by a duly
dose given at the sime ume each d1y The daily dosage required
to mamtain a therapeutic prothrombin ume 15 fairly constant
1 a patient If the prothrombin time 1s greater than 40 seconds
the drug 1s reduced or wathheld unul the prothrombin time
returns to the range of 25 to 40 seconds After the patients
response to a particular drug has been determined prothrombin
tmes can be done 1t progressnely longer mtenvals of time
namely weekly or at two weck ntervals Some uthors have re
ported on the use of an intermittent dosage schedule but this
method has the disidvantage of wide swings in prothrombin
times which means long periods without 1dequate anticorgulant

activity

Comphicah of Ant gulant Therapy

The most mmportnt complication of 1nticoagulant therapy
1s hemorrhage ° Hemorrhage 1s tavely 1 problem 1n paticnts
reated for acute episodes such s myocardial mfarcuon but
about mine per cent of the patients have signtficant hemorrhige
In patents treated with long term nucoagulints the meidence
of hemorrhage 15 20 per cent or higher 1f treatment 15 contimued
for several years The bleeding 15 1arely sertous but fitahtes
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itrnenously 3 This will brng the prothrombin ume o a
safe Jevel within four to six hours If necessary sutamun k, can
be repeuted i sevennd hours tdthongh 1 second dose s seldom
required The prothrombin tume €30 be corrected quickly by
transfustons of fresh bload or plsm? when dingerous bleeding
«nsues

in the treatment of prients with qcute myoctrdal miarction

£ 4V ntP—Ti0 m blectmg s mfesat o of antcoaet lant ih iy

e 44t e~Ma heoin melt w ot
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PP [URP—

Fic 3B—1atent with sul conjunctival hemorrhage trom anticoagulant therpy

turin and petechiie Fechymosts hematemests or melent and
epistras occur less frequently and 1n women menorrhagia 1s
2 common occusrence (See 11t rEs 3 ind 4)

Gross hemorihage {ollowing hepatn s geneally due to some
local pathologic conditton When this occurs transfusion of
500 cc of fresh whole blood or plasina should be given immed:
ately It m1y be nucessary to conunte or repeat the transfusion
if blecding does not stop Occisionally mtravenous protumine
sulfate or tolindine blue ¢ given However this 1s seldom
necessary when heparin 1s adminsstered mtrwenously since 1ts
1ctivity 15 quickly dissipated in fow to six liours Should the
bleeding be due to profonged prothrombin time the pitient
can be treated by reducing the dose of the anucoagulnt or by

adminstertng % to 00 m, of vitanmn K, (Mepbyton*) orally or

Merck Shirp id Doh e
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present recurrent chest pan without electrocardiographic
evidence of extension of the recent myocardial infarction
persistent pericardral friction rub sudden shock hepatomegaly
distention of neck vemns sudden nemia or xray evidence of
penicirdhal effusion The presence of hemopencarditm 15 an
indication for the stoppage of anticoagulant therapy Several
reports have mdicated n increased ncidence of myocardral
rupture i patients treated with anticoagulants as compared to
untreated patients w1th acute myocardial infarction 3 However
an analysis of autopsy data reveals that the mcidence of myo-
cardial rupture 1s sumilar for a group of patients over a five
vear period prior to anticoagulint therapy and for a comparable
group oter a five vear period during anucoagulant therapy
Although myocardial rupture was more common in patients
treated with anticoagulants no sigmificant over all increase m
the inctdence of myocardial rupture was found since the advent
of anticoagulant therapy ™

Cerebral hemorrhage 1s a serious complication of anticoagu
hnt therapy and 15 an ndication for 1ts discontinuance The
presence of severe hypertension 1s considered to be an impor
tant factor predisposing patients to cerebral hemorrhage from
anticoagulant therapy ¥

In pauents on long term anucoagulant therapy there are fre
quent episodes of bruising and purpura without gross bleeding
This relatively frequent occurrence has led some mvestigators
to suggest that perhaps the same degree of climical effectnveness
mught be obtained with less depression of the coagulauon fac
tors The danger of not mamntaimng a sufficiently prolonged
prothrombin time 1s illustrated 1n TABLE 4

The paunent described in TasLe 4 had been on Dicumarol
therapy for two years follow ing a myocardial mfarction without
any evidence of recurrent thromboembolism During a six
month period his prothrombin tme fell to 17 seconds or below
for two separate mo week periods During the second pertod
of tho weeks when his prothrombm time was 17 seconds he
developed a cerebral vascular acadent which was chimcally
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there are two complications that desers e special attentton hemo
pencardium and myocardial rupture Hemopericardium should
be suspected when one or more of the following findings are

i

P

Fic 4B—Spmal cord block secondars to hemorrhage and clot formation (Re
production of the myelorram by permi st n of Treder ck A loppe M D Coral

Gables Fla)
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therpeutic Tinge represus a problem for further my cstigation
The mportance of this problem s llustrated by several cue
reports of unsuspected cerebral hemorrhage ! ® Tarte o dllos
trates the effect of vitanun K, on bleeding m tho patients gien
Dicumarol oter 1 long persod of ume Recene stucies hne
shown that therc 1s 1 serum defeer m these patrents which can
be demonstricd by the thromboplstin generution test but

Tome —Lffect of { ta wi b on Bleed gdex gD @ { Dheas
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2y ooe 1 [ @ stuomn b
v | ou it A0 t § 00 ety
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ey ] 3 % 0 leedsng
611 3> 60 i 0 guentdag
6110 3 " &0 13+ W wamm ke

nt i

which 1s not mesuied by the prothiombin ume Several mesty
gutors hue reported tha thus serum factor s ssmlar to
PTC ™ G studies hve shown that the defect 1s PTC
stuart and Hageman fwior depression This 3 shown in
TICLRE 3 [he defect 1 produced by it the oral mticongulanes
This serum defect canot cxplun il the bleeding, episodes
hecause most patients on lon, teim wtcoaguiant therpy hme
2 marhed depression of the serin thromboplasute factors (ricLve
6) however fewer than ) per cent of the panents have climeal
evidence of wy tipe of hlecding Thriuon of the different
factors 1s presented m FIGLRE 7

Sise et 2l T have secently veported that the mmportant factor
m recurrent thrombosis or hemorrhige s the level of circutating
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dingnosed s thrombosis or embolism Other patients occaston
ally develop thromboembolic comphicitions when thewr pro
thrombin times are 1n theripeutic rainges but usually there 1s
some underlying complication such 1s 1 hidden neoplasm
Therefore 1f effectiy e 1nticorgulant therapy 1s to be muntuned

IasLr 4 —F ecurrent Thromboembolism 1 a Patient on Dict marol

Prothrombi i Time | Average Duly Dse
Date (sec) ) (me) 1 emarks
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3 26 “
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s 2 3
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2120 o> 8
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3 1 ~
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617 3 08
0ot 1 (3]
i ! o8 |
.8 1 $  Cercralyr culir
A 1 LN aces tent wml ol wy
129 -t & ’
s 3 4
81 3 o3 |
C onirlpoth wb t me—] ds

the patient s prothrombin tume must be held i the thernpeutic
range of 25 to 10 seconds (control prothrombimn time 15 twelte
seconds )

Bleeding from Long Term Anticoagulants

When the prothrombm time 1s prolon.ed excessively bleed
ing 15 ewily expluned on the basis of the greath dclwved
clotting  © 181 » Hownever bleeding m patients on long term
anticongulant thei1py 1 whom the prothrombin ume 15 m the

g



CLINICAL USE OF ANTITHROMEOTIC AGENTS 35

Tastr §—Coagulation D fects from Lang Term Dicumaral

Hust ry of Nonbleed ‘ History of Bleeding~

Tests jor Coagulation D fects n 3" pratic 1134 (49 fateents)
Trothrombua time (¢ ¢ i

(one stage mesth xd) R 20
SPCA( o) { 0 8
Prothrombing )

{imy sage soethod, 30 2
Serum defect m thrombe plas

un generatian test{ ) ¢ 0

uents with no hustory of bleedmng as compared to 19 pauents
wath past episodes of frequent bleeding A summiarny of these
data ssshown snTast ¢ 6

Studies by Verstraete et al  * hnve shown that one factor com
monly arerlacked in the performance of the one stage pro
thrombim test 15 the differcnce m SPCA fihe wctvity s vanous
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Fi (—Efferts of long texm antscosgulans therapy in the varous congutation
factars The shide} asens represent the normal range for the sanous tests The
Tots fepres e the scrual salue ontaned 1 the varous tests Fran Bosles ¢ al
Riood 74 P} 19 9 yep odw ed by perme 1 of the publister



34 ANTITHROMBOTIC THERAPY

prothrombin 1In a series of 86 pattents gnen Dicumarol for a
period of one to 10 years we have been unable to demonstrate
anmy significant difference mn the coagulaton defects 1n 37 pa
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T'ic 5—Percentage of thromboplastin gener ted frem a misture of L0 per cent
serum [rom patients treated with varous long term anticoagulants vath 0 per
cent scrum congentally deficient 1n a speaife factcr serz from a patient v ath
severe Iner disease and mormal serum treated with physical ot chemical agents
It will be noted that the defects in thromboplastin generation caused by the
various anticoagulants are simslar namels depres son m the normal fevels of

[TC Stuart and Hageman factors
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Frequently prothrombin times done with thromboplastn can
taning no SPC A like activity 1re prolonged beyond 40 seconds
whereas the test 15 withm the therapeutic range and below 40
seconds when performed with other thromboplhstin prepara
trons which contun  trce SPCA Iike actsaty

The modified one stage prothrombin test of Owren W\are
Stragnell  mewnures prothrombin pnimanty ! 22 45 does 1bo

% PROTHROMBIN

| STAGE ows 2 STAGE MANCHESTER
PROTHROMBIN METHODS
Fic 8—The arius prothrombm letels i patients on long term anticoagulant

ther p (00 patients) The amount of p othiumbin assayed by the € 0 stase

method 1 alxno t tw ce the amount  sated by the Quick one stage prothromt n
e

the two sta e method of Ware and Secgers However the one
stage test measures the relative depression of prothrombin SPCA
and Stuart factor 1 patients on nucoagulant therapy Another
method which 1s not used generally is the simple bedside test
of Manchester 13 Compartson of these methods 1n patients on
long term anuicoaguiants 1s shown m FICURE 8

D 1 of Ant: gul

t Therapy
One major disadvinage of anucowgulnt therapy s the
danger of interruprion for anv reason such 1s hemorrhage
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thromboplistins We have confitmed these findings but the
climeal importance of thus factor 1n bleeding when prothrombin
nmes are 1n the thenpeauce level his not been determined

CLOTTING TIME
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40 / \\meﬁmrﬁw TIME

J S
4 N

\
N

20/
100 N 4c sosuein

SECONDS

o —a

%

SPCA

SECONDS
o
o

THROMBOPLASTIN GENERATION
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MG

T 1

20 25 30
DAYS OF OBSERVATION

116 s—1he rdawe md jendence of the variou ¢ pulation et 0 a [ aent
on Jong term Dicumarol therapy Of particalar nterest 15 the disas ociaticn
erween the prothrombn time nd thrombopla tn generation curve  Ti m

Bosles et 11 Blood 24 (31 10 9 xeprc tuced 1 permy som «f th putl 1
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but a secent report of prolonged bleeding from denttd extrac
tron ® has mdicated the danger of such procedures

Thercfore in patsents sn whosm dental or surgieat procedures
are planned anticoagulint therapy should be discontiaued three
<ays prior to the operition After the procedure remnstitution of
antrcoagulants should be carrzed out with heparin and oral ant
coagulants If discontinuttion of anucoaguiants i planned the
therapy should be reduced gradunlly over a penod of several
weeks m order to veduce the danger of the rebound
phenomenon
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operation or dental extraction The discontinuance of therapy
not only restores the risk of thromboembolism but there s also
a rebound phenomenon with a retumn of the cotgulation
factor back to normal or above normal levels for a temporan
peniod as sugggested i several case reports Carter et al! hate

0 £ GROSS HEWATURIA
z
s &
Zud
3% 1
et PROTHROMBIN TIME
g 2
-
2
53
50 sPca
zg
eroTHROMEIN e
0
z 100
Eo
< E THROMEOPLASTIN
285 oo GENERATED
FH
HE
3e
H
£ 2
g 50'_.——__—l pmﬂnmmJUUULr‘LrLr—U'lﬂJTj
it a v v T
R 20 40 [ [
a

Davs

Fic 9—The relatne lexels of the vasious ccagulation factors 10 a pauent blee
1ng from long term Dicumarol therapy The rapid (rebound) of SPCA and pro
thrombin (two stage method) are in marked contra t to the sluges h return
the thromboplastin generation test to normal

recently presented statisucal data that indicate that the tendencs
toward recurrent thromboembolism 1s greatest during a st wech
period following such an episode or the disconunuation of
anticoagulant therapy m panients without 1 recent thromboem
bolic attack (See FIGLRE 9 )

Several reports hase mdicated that dental extracuon can be
carried out while a patent 1s undergoing anticorgulant therypy
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patients tre wted conservatvely compared to 0 1o per cent 1n 900
pitients treated with ather hepwnn or Dicumarol In the
prophylctic use of Dicmrol postoperatively the incidence of
1l pulmonary embolism was reduced from 6 to O per cent
1 a total of 1332 panents These studies ¥ 3 * have convine
mgly established the 1alue of nticor,nlant theripy m these
conditions

Acute Myocardial infarction

Anticoagulant therapy for acute myocwdil nfarction has
Leen the subjeet of much controversy As exrly 5 1939 tmimal

Tare —Fflect of intsc agulant Tlerapy on the \lortality from Acute
\hora dial Infa tion
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5  Present Status of Anticoagulant
Therapy

DURING HHF PAST 1o vens anticoagulant therapy has been used
for sarous thrombotic and thromboembolic disorders * 40 *
P el o s m Despite numcrous miestiga
tons on the effecty eness of nucorgulant therapy 1ts use 1s still
Inghly controverstal The real 1alue of 2nticorgulnt therapy
1cmuns unknown because there are no conclusive theripeutic
stadies Stastical dutr are wulible on patients with wcute
thrombouc and recurrent thromboembolic episodes Admit
tedly thus type of information 1s not conclusiye but 1t does gne
some indicatron of the general clinical effects of anticorgulint
therapy o 84 88 103 110 118 163 187 40 73

At present there 1s no sxtrsfactory lboratory ud to predict
which patients when subjected to operation or bed rest will
develop thromboembolic complicitions The following ptrents
hne been found on the basss of chmcil obsersations to be
benefited by anucoagulant therapy (1) All patents who hne
2 past history of ny thremboembolic or acclustve arteinl dis
ewse (2) Al patents following 1cute corontry occlusion  (3)
patients over 10 years of age (without 1ny speufic contrundrca
uon) 1nd (1) pcents m congesteve heart fulure or twriculu
fibrillation obese debilitited polycythenuc or nemic

In this crpter an walysis will be made of the current strs
of anticowulant therapy m various thiombotic disorders

Embol;

Thrombophlebitis and Pul y

Wrnight 3 has reported on the effectineness of 2mucorgulant

therapy m thrombophlebitis and pulmonary embohsm Total

embolism was reduced from 57 to 0 per cent i the former

and from 183 to 03 per cent m the Intter Total pulmonuy

mfarctions were reduced from 16 per cent m 1 series of 13
40
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lar fibnillatron or fluttcr ventricular tachycirdia or antraventric
ular block and (3) dibeuc acidosis obesity previous pulmo
nary embohism  vincosies of the lower extremities and
thrombophlebitis

As a background for the discussion of good and poor misk
prtients 1t 1s worthwinie to review the literature on cute myo-
cardial infarctions prior to the use of anuicoagulant therapy
TABLE 8 summarizes the mortality from acute myocardial infarc
tion dunng the first four weeks after the diagnosis m a total

ULastE 9—Effect of 4ntrcon ulant Therapy i Patients with Acute Myocardial

Infarction
Goad Risks
Control Group Treated Group
dutho Patsents 1 Mortahty | Pauents fortahty
o) ) (No)

Wight AFA Stady 5 & I 15 [ 18

Rus.ek 207 611 st | — —
Poo Risks

Wright AHA Stedy 5 3 | 1. l 45 ] 194

Russel o7 { 0 60 -— —

of 3008 patients The mortality rate vanies from 16 to as igh
13 78 per cent Russeh presents data from a study of 1318
pattents in whom anticoagulant therapy was not used Com
parison of the scries by Russel with the resuits obtained 1 the
cooperatne study of the American Heart Association 15 shown
m TaBLE 9 This comparison clearly demonstrates that ant
coagulant therapy 1s most effectve n poor risk pattents Russel s
mortality rate 1s hugher than that of Wnght n the poor risk non
treated panents because of the older ages of patients 1n Russek s
study Therefore some yimanon in the poor nisk patients in
previous reports probably accounts for the difference 1n mor
taliy rates shown s TasLE 8

Esvans ™ hns presented data on 1 series of patients {1 000) who
suffeved an acute myocardial infarction and who were observed
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studies suggested the effectiveness of heparin and more recent
studies 118 mdicate that infarction does not necessanly lead to
scar formatton Clinicil reports 3 subsequently suggest that
anticorgulant therapy has 2 favorable effect 1n acute myocardirl
mfarction Accordingly a cooperative study was made by the
American Heart Associatton Tlus study revealed that the
mortality and thromboembolic complications were reduced by
approximately 50 per cent in pattents with acute myocirdial

TABLE 8 —Mortality from dcute Myocardial Infarctions (Durtie the First Four
1k eeks) after Diagnosis

Patients Vortality
Authors (Vo) o
Tevineand Lrown (19.8)1 © TH 53
Connors and Holt (1930) 48 284 16
Harnngton and Woght (1933)95 148 5%
Master (1936) 135 264 1
Master (1937)13¢ 140 .1
Bland and White (1941) 200 19
Levine and Rosenbaum (1941)1 208 33
W 0ods and Barnes (19H) 63 128 1
Newman (1916) 161 20 /8t
Mintz and katz (194/)14 5. 22
Yater (1918) 2% 8o 52
Fotmy a1 fct
Ty g dhk

tlougad s forwekfllw p

infarctions 1y whom anticoagulant therapy was used * TABLE
7 summarizes the effect of antrcoagulant therapy on the mortality
rate 1n acute myocrdial infarction 8 & 41

Subsequently 1t h1s been pointed out by Russek et 1l
that patients with myocardial nfarction run a iarmable course
and on the basis of retrospective studies these patrents can be
divided 1nto good and poor risks The following critena tot
the recognition of poor risk  cases have been established (1)
previous myoulrdlal mfarction (2) mntractable pamn (3} extreme
degree or persistence of shock (#) signtficant enlargement of the
heart (5) gallop thythm (6) congestive heart fulure (7) auricu

"
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~———

Fic 10—\ural thrombt 1n the heart 2 patient + ho ¢ ed from canddi ¢ arrthmn
and 1+ hio had heen on long term Dicumaral therapy fer mine ven (Reproduce?
Iy permis on of D 1 Sterling \ chol Mnmi Flr)

1 recogmzed recurrence of tihomboembohism while on
corgulant therapy

Acute Arterial Embolization or Occlusion

The use of anticoagulints 1n arterial occlusions (other than
coromiry nd cerebral) i indicated 1nd the pro_nosis depends
to a large extent on the promptness with which therapy 1s
started *#* % 20 Heparin for mmmediate antithrombotic effect
fibrinolysin 0 Iyse the clot nd oral anucoagulants to prevent
re formation of the clot represent the 1denl medicil 1pproach
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for varying periods of two to 10 years He presents a totil mor
tality rate of only 19 per cent 1n these pruents 1l of whom were
not treated with nticoagulants Reclassification of his dat on
the basis of good 1nd poor risks reveals that 206 of his patients
were 1n the poor rish category and that the mortahty rite n
these patients was 40 per cent This agun emphasizes the good
prognosis for good risk patients even without mticoagulant
therapy

One remuning question about good nd poor sk classificy
ton s Can patients be grouped accuritely 1t the onset of
1cute myocardmnl infirction’ One study ¢ by 1 group of expert
cnced cardiologists indicites that 56 per cent of the pitients
required 1 revision of their clussificitton from good to poot
nish The percentage of error by a general physicran would prob
bly be somewhnt hugher therefore 1t 1s questionable whether
an accurate classtficatron can be made within the first 18 howms
of 1n acute attack A recent report on hospital wards © indi
cated a mortality of 47 per cent in both neted and nontrcited
pattents with rcute myocardial infircuion Tlus suggests the
importance of factors other than anticorgulnts n the neat
ment of this disorder ? 9 11 131 106 68

Another 1pproich to the evalution of 1nucorgulant therpy
15 from postmortem data on patients dymg shortly after the
onset of clmically dragnosed myocardinl mfirction  Thest
studies reveal that only 50 per cent of patients who die from
acute myocardial infarction have thromb:r n their coronuy
artertes and that many have hemorrhage  into arteniosclerotic
plaques crusing the thrombosts 8 1 7 152 120

In 2 recent study ! ° mural thrombi were found m 41 per cent
of the pattents treated with anticorgulants 2nd the data mds
cated that therapy was not effective unless started withm thiee
dys of onset of infarction It 1s interesting to note that 1 panent
who had been treated with Dicumarol for mine years following
myocardinl infarction had a lhrge munil thrombus (See r1c URE
10) However he dred from cardiac arrinthmn and never had
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Tasce 10—Differential Diagnoss of Cerebral Thrombosis Cerebral Embolus and
Intracerebral Hemorrhage

Cerebral Cerebral Cerebral
Thrombosis Embolus Hemorrhage
Inadence (10-80 ¥ er Cent) (0-22 Per Cent) (8-15 Per Cent)
\ge groups Same as for hem  As majonty of Same as for arten

orrhage

cases occur from
rheumatic hearts
most patients ave
young adults or
early middle aged

osclerosts {increas
1ng with each dec
ade over 50)

History and gen
eral physial ex
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extablished but severd case reports emphisize the 1 chatious
approtch s mdicwed 17 18

The basic question relame w the general effechiveness of
anticoaguduy therips ux strohes is currenthy under cooperative
study Prebmenary dua indicute that fual hemorrhages oceur
more frequently m strohes than m other tnombonc conditions
when anticoagults v employed Turther studies wilt deter
mme if the rish of this theripy 15 greater than sts benefits
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1t the present time ¥ The question of therpy to prevent recur
rent thrombosis or embolism will be discussed further m the
chapter on long term anticoagulant therapy Patients with theu
mitic heart disease who hrve wuricular fibulltion have fre
quent embolic episodes mnd hive been shown to benefi¢ from
long term anticoagnlnt therapy There were 55 embolic
eptsodes m 1 group of 51 patients while on anticongulant therapy
mnd 197 episodes during, a sinnlar pertod when mticoagulant
therpy was withdriwn®  These findings hve been con
firmed © 1¢

Cerebral Vascular Disease

The use of 1nticongulant therapy 1n cerebral yvascular disease
demnds an 1ccurate climerl dingnosis since 1ts use mn patients
with mtracriml hemorrhage may e quickly fatal The fear
of goss miricerebral bleeding has resulted n a slow and cau
tious use of nticoagulints 80 98 11 7 The differential dg
nosts of cerebral thrombosis embolism or hemorrhage can be
determmed 1n most mstwnces by utilizing the data presented m
TaRlF 10 Anticorgulant therapy has been shown to be effectnne
m patents with mtermittent msufficrency of the vertebril
basilar arterial system or carotsd arternl system thrombosts of
the vertebral busiar system with infarctron and actively advane
g occlusion of the cirotid artery Attacks of mtermittent m
sufficrencs weic controlied 1n 95 per cent of 179 patients md
the rte of mortality from thrombosis was reduced from 50 per
cent m 48 control pitients 1nd to 7 per cent 1 138 pauents
trerted with ainticoagulants 1*

McDevitt et 1138 hve presented datr on the frequency of
cerebral emboll m patients with varous types of heart disese
Thes found 122 cerebral emboli n 90 patents not given 1ty
congulants during 2 812 pauent months nd only 16 cerebrt
emboli during 2 291 patient months when anticoagulnt theripy
nas used The decision as to whether severe hypertension 1s 1
contrundication to anucoagulnt therapy has not been definrtely
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established but severy} case reports emphasize that a cautious
Approach s dicated 1 2 1 ¢

The basic question rehine to the generd effecineness of
anticoagulant theripy i strokes is currently under cooperatne
study  Preluminars dats sndicate that faed hemorrhages occur
nwore {requently 1 strokes than i other thrombotic conditions
when annicoagulinn ue employed Further studies will deter
mane af the risk of this therypn 15 greater than its benefits
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‘THE MIAJOR EFFECT of anticoagulant therapy 1n patients with
acute myocardial nfarction ts a reduction m the wcidence of
mortality and thromboembolic complicitions 1 poor risk pa
tients This effect 15 probably due to the prevention of recw
rent thrombosts or mural thrombr or at least to the prevention
of mobihization of localized thromb: These results emphasize
the fact that anticoagulant therapy 1s prophylictic and not cura
tive Therefore 1t 1s not surprising that this type of therapy

been tried 1n patients with recurrent episodes of thromboem
bolism 17 050 51 55 8 79 100 17 430 1 164 167 188 11 17 183

10 18 17 6 3 33 34 38 41 1 38 67

RESULTS OF OTHER STUDIES

In 1944 Nichol started long term anticoagulant therapy mn 2
patient who had had three serious myocardial mfarctions m 1o
months In a series of 5 patienis Nichol reported that long
term anticoagulants were of defimte benefit 18 Peters et al**
also suggested that anticoagulant therapy was of some ard 1n
preventing recurrent coronary thrombosis

Smce these prelimmary reports many publications have 1p
peared which tend to support the belief that long term antt
coagulant therapy 1s effectine and practical The problem of
evaluation ot this therapy however 1s more difficult than that
mvohed 1 the use of anticoagulants m acute thrombotic
episodes because the factors implicated 1n long term expet!
ments are mnnumerable Agamn no conclusive therapeutic m
vestigatzons have been reported but some ndicanon of the
effectiveness of long term anticorgulant therapy can be obtamed
from a review of some of the larger series discussed 1n this
chapter TABLE 11 summanzes the effects of long term anu
coagulant therapy artertosclerotic heart disease 7 9 117 13 1
113 .3 55

In a small series of panents who had chnical esidence of

50
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congestive hewrt fulure the use of long term anticorgulants was
found 1o reduce the mortality 1¢ from 13 to 7 5 per cent and
sorne decretse in the merdence of thromboembolic complicitions
was noted

Ouren ™ folowed 106 patients who hd sunvived an attack
of icute myocrrdial nfirction for 2t least eight weeks and

Tty 1 ~Resulls of Long Term Therapy o 4
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treated these pauents with anticoagulants for approsimately
two and six tenths years Hle noted a yearly mortality rate of
4 per cent of a total mortality rate of 85 per cent He had no
wontrols but idicated that thes w s about one half the mortality
rate one would expect from a revsew of the hterature

Waaler  reported « caveful study of 266 patients with angtaa
pectoris who were treated with anuceagulants for twe and one
haltyears The mortality rate m these pattents was 124 pex cent
hawever he had no wontrols The study mdicated that patients
with a short history ot angma were benefited most by the sreat
ment

In a contvolled un estigytson Suzmm et al 3 reported on the
effect of anticoagulant therapy carried on for three 10 76 months
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m 2 series of patients who ad been given anticongulant therapy
during the acute phise of therr myocardral mfarction In 82
pattents trexted with long term anticorgulints there was 1
mortality of 73 per cent 1 99 contiols the mortality was 33
per cent In comparing both groups of patients with severe
cute attacks the mortality was 9 per cent m the group treted
and 46 7 per cent 1n the control group

Keyes et 1117 11 have presented datr on a series of 121 pr
ients who were treated 1nd 234 control pruents after myocardil
infarcion The mortality was 99 per cent nd 18 per cent
respectively A few patients obsersed for four years 1n whom
there was a lustory of a smgle attack had 1 mortaliyy of 84
per cent 1n the group treated wind 41 per cent m the control
group In patients with multiple myocrdiil mfarctrons who
were observed for tour years there was 1 mortality of 12 per
cent 1n the group treated and 62 per cent in the control group

Manchester **! has followed 1 controlled serigs of pitients
after acute myocardil intarction for 1 period of one to 10 years
and found a mortality rate of 14 per cent in those treted com
pared to 34 per cent m the control group

Nichol et a1 have presented the combined results of 10
different cardiologists v ho used long term anticoagulant therpy
m private paents The mortality rate 1 990 patrents treated
w1s 125 per cent compared to a control group of 407 patients
with 1 37 per cent mortality Anticoagulant theripy was used
for less than one year 1n 12 per cent of the patients treated and
the mortality rate w s 28 per cent in 319 patients who stopped
anticoagulan: therapy

Bjerhelund ¢ has presented his findings 1n 1 carefully con
trolled series of 237 pauents who were followed for 66 months
There was a mortality of 20 per cent in thosc treated nd 326
per cent 1 the control group The statistcl analysis of the
dat1 revealed 1 rather mteresung finding namelv that mu
coagulant therapy w1s of greater benefit to patients who were

good nisks  than to those who were poor risks  This has
recently been confirmed 1n the cooperatne study 8% from Fng
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land but contrasts with the findings 1 cute myocardinl infare
tion when anticorgulants were used

RISK OF HEMORRHAGE

The nijor criticisin agunst anttcoagnln therapy s the posst
Inlity of hemorrhage Its occurrence 1s Teported 1n every series
n which the patients were kept on long term therapy The risk
of hemorrlnge sncreases with the length of treatment and the
level of depression of congulation fictors An 1ccurite esumate
of the 1sk 15 not possible from publishied reports Bjerhelund hs
summarized the dat1 from the htervture and found 22 deaths

aw
S60T 93 103,80 13 s
w
L A
1 N
g;x 1 worwaL v
H
P

THERAPEUTIC RANGE

eaqmRONIN
TIME
(sgcoNDS)

units

% sERuM T ROMBIN
67

Y

ruvm:vs W64 iz iae 200 20 200 250 200

o cumaror v S bl
25ms  780MG
v v

3 & 8 & 1 8
D YS OF TREATMENT

Foo TN ne BN oo I
I S
EPAR N wo :

Tie 1l—Tflects of yitam n h and intra enous s 3 bean phospholipid on the
3anous corgilation te ts on a panicnt 1 th puipu a from Dicumarol therapy
From Boylesetal Blood /4 31 199 r p oluced b permi 1on of tt ¢ publusher







LONG TERM ANTICOAGULANT THERAPY 53

land but contrasts with the findings m ncute myocrdnt mfare
tion when anticongulnts were used

RISK OF HEMORRHAGE

The major cnticism agunst mticorgulant therapy 1 the posst
bty of hemarrhnge Its occurrence 1s reported 1n every series
mn which the patients were kept on fong term therpy The risk
of hemorrhage increases wath the length of trextment nd the
level of depression of coigulition factors \n iccurite esumite
of the Task 15 not possible from published reports Bjerkelund has
summarized the datr from the literature and found 22 deaths
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0 a serses of patients who had been g en anticoagulant theripy
during the acute phase of therr myocardial winfarction In 82
pauents treated with long term anticoagulants there was a
mortahity of 73 pcr cent in 89 controls the mortality way 33
per cent In compiing both gronps of paticnts with severe
acute attacks the martality was 9 per cent 1n the gronp trested
and 46 7 per cent 1n the control group

Reyes et 1l 119 117 have presented data on a series of 121 pa
tents who werc treated and 234 control pauents after myocardnl
mfarction The mortality was 99 per cent and 48 per cent
respectinely A few patients observed for four years 1n whom
there was a history of 1 single 1ttack had a mortahty of 84
per cent w the group treated and 11 per cent m the control
proup In patents with muluple myocardial infarctions who
were obserted for four years there wts 1 mortality of 12 per
cent 1n the group treated and 62 per cent 1n the control group

Manchester **' has fallowed a controlled series of panents
after acute myocardial infarction for a penod of one 1o 10 years
and faund a mortaltty rate of 11 per cent 1n those treited com
pared to 3 § per cent n the control group

Nichol et al * have presented the combined results of 10
different cardiologists who used long term anucoagulant theraps
m prisate piients The mortality rate 1n 995 patents trevred
was 12 5 per cent compared o a control group of 407 pauents
with a 37 per cent monahty Anticoagulant therapy was used
for less than one year i 42 per cent of the pauents treated and
the mortality rate was 28 pcr cent in 319 patients who stopped
anticoagulant therapy

Byerkelund ” has presented his findings m a carefully con
trolled series of 237 patients who were followed for 66 months
There was a mortality of 20 per cent i those treated and 32 b
per cent mn the control group The statistzcal analisis of the
data revealed a rather interesung finding namely that ana
coagulant sherapy w2s of greater benefit to pauents who were

good risks  than to those who were poor ryisks  This has
tecently been confirmed 1n the cooperauve study ** from Fng



7 Thrombolytic Therapy

100D cLors are temporary stuctures in the normal process
of hemostasis The clot serves as 1 frunework for new ussue
formuion and the fibnin s gridually replaced by dissolution
Intrivascular thrombi are morphologically different in artenes
and verns "Those 1n arteries 1re generally crescent in shape and
relatisely acellular with very lutle tendency toward retrograde
progtession which 1s thought to be related to the lugher pres
sute 1n the artery Venous clots are usuaily filled with entrapped
cellular elements especiaily phtelets and there 15 a marked
tendency toward retrograde progression Artenal occlusion 1s
1 much more serious disorder than venous thrombosis therefore
the need for an agent 1o restore mrenfauon quickly 15 more 1m
portmt m this condition The enzyme responstble for normal
lysss of the clot 15 called fibrinolysin Methods of activation of
fibrinolysin 1ts climical impliciion and theripeutic use are
discussed in this chapter

The physiologic actiyation of fibrinolysin is almost 1 complex
as the clotting reactions and the exact mechanisms nvolved are
unknown However the nature of the reactions imoled can
be summarized briefly into three general reactions (1) Fibrino
Y9510 15 m enzyme which will act speafically on Gbrimogen or
fibrin 50 that the fibrinogen will not clot upon the ddition of
thrombin and the fibrin will become soluble (2) Tibrinolysin
o formed from its mictne precursor profibrinolysin by the
enzymatc action of an rctivator (3) This activator can be formed
by many dnerse methods In general actnation of the activator
can be classified 1nto either m vitro or n vivo methods

One of the earhest observations 1n blood coagulation was the
demonstration of proteolytic Actinity tn serum after the addition
of chloroform ether or thymol! Later Tillew and Garner 4
found that human plismn clots dissolved rapidly i the presence
of certum struns of heta hemolsuc streptococar In 1941 Ml

55



54 ANTITHROMBOTIC THERAPY

(006 per cent) from long term anticoagulant therapy in 3773
patients treated The over a1l cstimated mortality from all types
of anticoagulants 15 0 2 per cent while the incidence of major
bleeding 15 between 5 to 20 per cent m most of the larger sertes
reported

Daily capsules of vitamins C and P are beneficial for the many
patients on long term anticoagulants 1n whom bruising 1s ob
served 3 Effects of phospholiprd dmimistered mtravenously
on Dicumarol mduced purpurn 1s shown n FiGure 11

BLOOD COAGULATION AND CORONARY
ARTERIOSCLEROSIS

Many authors have reported considerable differences mn the
prognosts of patients with coronary heart disease ? 1 7 43 474
57 63 81 104 1 138 143 17 176 t 8 103 9 4% 5f 57T 61 66 The cause
of coronary 1rtery diease 1s generally considered to be artero
sclerosis the etiology of which 1s unknown An mteresting
theory postulites that coronary arteniosclerosis 1s secondary to
repeated intramural coronarv thromby 3 60 ¢ 69 97 98 139 11 }7
179 11 ¢ R0 81

Histologic studies have shown 1 relationship between itimnl
hemorrhage and fatty changes mn the artersal wall 14 Several
recent obsersattons tend to support this old theory Diets low 1t
fat 1n Norway 1nd Russta during World War 2 were associated
with the reduced incidence of thromboembolic diseases 18 * *
Fatty meals have been reported to 1ccelerate clotting 100 170 43 29
and also mhibrt fibrinolysis *® Decreased fibrinolysin 1t ac
celerated 140 clotting and delayed heparin clotting times 1 have
been obsersed in patients with acute myocardial infarctions
The common factor related to these findings 1s not known but
if these studies have any merit anticoagulant therapy may In
some indirect manner bt the progressive development of
coronary arteriosclerosis These observations may also explain
the beneficial effect of mtermittent heparin on patients with
angina pectoris & % In my event these findings are of interest
and deseryve further i estigation
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ther streptokinase or staphylokinase depending on the bicte
1l source of the hinase

Other studies demonstrated 1mexplicable species  daffer
ences? * 1% when fibrinolysm was actinated wath streptoknase
namely human preparitions of profibrinolysin were rapidly
actnated with streptohinase whereas bovine profibrmolysin
was not These findings havc been explained by the suggestive
evidence that a proactnator exssts i human plasma which
combines storchrometrically with streptohinase The activator
then enzymatically catalyzes profibrinolysin from any species into
fibrinolysin The fibrinolysin in turn acts as a proteolytic enzyme
on fibrinogen and fibrin  * The reaction products have similar
electrophoretic patterns (Sec ricure 12) The iarious body
flrds 1e urme salna tears and milk 1lso contain an activa
tor which functions Iike the actrvator found m human blood ?

In 1ddrtion to the winvation of profibrinolysin by the method
Just described many studies have shown that tissue extracts? 13 83
can activate a proteolytic system m the blood This tissue ex
tract 1cts directly Physical characteristics of the actvators from
nssuc extracts nd trom blood or body fluds indicate that the
two agents are ot different chemical structures However tech
meal difficulties i obtaining ussue extract free from trace
umounts of blood o1 scrum render 1 defintte statement 1mposst
hle (See piacrant 5 for the acination of fibrinolysin )

Under certain conditions the arculaung blood becomes capa
ble of rapidly liquifying fibrin It 1s not clear if the meclanism
15 the same m each condition but the result appears to be an
1 v1vo actnation of profibrinolysin to fibrinolysin These con
ditions are accidental death drowming trauma ischemia fear
electroshock  prolonged bleeding pyrogen reactions and cer
tamn neoplastic diseases espectally carcinoma of the prostate 7
Inaddition there are certain cliical sitvations m which hemor
rhage occurs with low levels of fibrinogen n the circulating,
blood such as takes place with infusion of amniotic flmd mto
the circulation and extensive pulmonary surgical procedures
One explanation offered 1s that the accumulation of thromho
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stone ¢ showed that purificd fibrin resisted the lyuc action of
streptococcal culture filtrites but the addition of small amounts
of human globulin resulted 1n rapid lysis Subsequent studies
suggested that the factor in human globulin fraction was a
proteolytic enzyme precursor which was activated by the add
uon of bacternl filtrite The agent 1 the filtrate was called

»
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8

°

o
FIBRINOLYSIN FisRIv FiBRIN DERIVATIVES
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reaction products of the enzvme fbrinolysin on exther fibrnogen or fibrin
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sstack most protems Streprohirise and brctenal polysacchanides
actnate profibrimolysm wd are effecunve 11t the actnation of
fibrinolysin an enzyme which specially tiacks fbrinogen nd
hibrin  Chaen! studies of these yvanous agents are discussed
mdndually

Trypsin

Trypsin 1s one of the pancreatic enzyines which catalyzes the
hydrolysss of protesns sn the intestinal tract The pancreas forms
the 1nert precursor trypsimogen which s actnated by the mtes
vmil enzyme enterohnase to trypsz with subsequent wwto
catalytic activation of the remunmng trypsinogen by trypsin
The enzyme can be prepred 1 erystathine form and studies
with synthenc substrates mdicate that sts action ss specificaiby
for peptide bonds with 1 free carboxyl group and either arginine
or lysine at the site of hydrolysis In wddstion trypsin 1s able to
sphit cestam speatfic 1mides and anuno vads which have been
used 10 assay the enzyme winaty

In vitro studtes e shown thit erypsin i low concentrauons
welerates blood clotting and in hugher concentrations mhibnts
clotting and catalyzes the activation of profibrimalysin to fibrino
fysin In vivo studies by Mivsky and Fres M8 demonstrated that
trypsin administered inrn enously caused bver and hidney dam
age with extensne mtramusenlar cloting Theories on the
mechintsin of trypsin i acceleratng clotting indicate that the
enzyme sceelerated the formation of thrombm from prothrom
bin erther directly or by the 1ctivation of plasma thromboplastn
In my event thus s an mmportant contramdicatron to the use of
mrvenonus trypsun m the trewtment ot mtrotscular thromby

Other studies have shown that high doses of mtravenous
mypstn produce ¢ shock syndrome which m many respects 15
strular to the wtravenows admmistranon of thrombin These
toxiaty rewchions can be reduced by slon my the rate of the
infusion of trypstn houever no free enzyme activiey could be
demonstrated presumably due to the raprd mactivation of tryp
s by anturypsm inhibitors m the plism Despite these find
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plasuc ussue 17 1% materials 1n the blood leads to actiation of
the circulaung profibrinolysm 1nd slow progressive intravascy
lar clotting hence the crrculating fibrinogen 1s depleted
Inhibitors in the bloed tend to mactivate circulating fibnno
lysin thus a relwtive increase i fibrinolytic activty can occur
with 1 decrensed level of mufibrinolysin * Ths substance and
other mhibitors to the tctination of profibrinolysin imut the
level to which an nciese m fibninolstic activity may rise i

Proactivator (in blood wurine milk etc )
«———— Kinase (Streptokinsse Staphyiokinase)
PROF {BRINOLYSIN
ACTIVATOR —m—

e~ Tiss & Activator

¢sem—e e Chloroform

e Trypsin

|

Discrast 5—Actiation of fbrinolystn

the blood but they 1lso complicite ny attempt at quantiatne
estimation or study of fibrinolytic reactions Therefore evalul
tion of the effectiveness of the enzyme 1s difficult In additton
the inhibitors complicate the problem of purtfication of fibrino
Iysin and the actsator The mnctivation of fibrinolysin 1s
considered to occur by the formaton of 1 complex with antt
fibrinolysin which can be prrually sphe with wn 1gent such %
chloroform

THROMBOLYSIS BY VARIOUS ENZYMES
I'nve agents haie been shown to have m 1n ino dissolving
action on fibrin 131 1 1441 37 These are trypsin chymotrypsin
streptokinase pyrogen frec bacternl polysacchande and fibrino
lysin Trypsin and chvmotrypsin re proteolytic enzymes which
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due to the reaction of the organwm to the breakdonn products
of rapidly destroy ed proterus

Chucal stdies with chymotrypsin have indicated that s
actinity ss sumilar to mypsin. The toxiaty produced also appears
sunsfar with generilized urtscartz and pun 2t the mjection sites
tending to et 1s nsefulness

Pyragen free Polysacchanide

The mode of wcton of breterial hpopolysacchandes 15 pre
sumed due 10 5ts 4inhiy to actinate profibrinolysin to fibrinolysin
by 3n yive febrile resction ¥ Although tins type of therapy does
siot 1ppear wieful w most sstances of mtrarasentar clotung 1t
does give some indicition of one method by which fibrinolysm
may be acvited physiologicatly Interestingly the rnereased
Rbrmolytic actanaty 15 not blached by prednisclone or by control
of fever wath aspurn 144

Strepfokinase

Streprokmase 1 mteresting becawse of 1s abulity to produce
fibrmoly e actvaty both 1 vitro and m vivo ¥2 Other bacteria
such as staphylococes ¢an lso produce this 1cton but because
the mechinism of scoon 1s wpparenddy similar and because strep
whinise kas been most extensively wnestigated this discussion
will center on this sgent Studtes by Tillett et 2 248 hve shown
that beta struns of sireptococens produce the most effectine
fbrmolyuc wgent Numerous experiments hwe been made 1o
purify the acuv e 1gent nd sml quaneitses of rather pure prepr
ruons hive been studted

The mechmsm of acuon s not definitely established but
reports ndicwe that streptolanise s not fibrnolytsc 1 atself
A proacinator 15 considered to be chemicslly combimed with
streptobanase formng an acitvator which enzymatically converts
profibtinolyssn into Bbrmolysin Studies hane shoun some
species difference Putified preparwions of huswwm profibrine
Bsaare ripudly acen ed nith sieptohinase while bovine prepy
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ings Inncrfield ' reported m 1952 that itrasenously admn
wstered trypsin would lyse experimentally produced clots
ammals These findings were not confinned by subsequent
myvestigations from severnl different Inbortorses In addition
mtravenous trypsin m nmals caused changes 1 the electro-
cardiogram Thus these contraindications and the nonspecific
nature of the proteolyuc action of trypsin has resulted 1 s
abandonment generlly for the treatment for ntravascular
clotting

Chymotrypsin

Chymotrypsin like trypsin 1s a pancreatic enzyme which 18
activated by trypsin mto several forms which differ m thewr
relative proteolyuic and hydrolytic activity The active enzymes
are all formed from mert chymotrypsinogen which 1s produced
m this state by the pancreas The outstinding differences 1
actrvaty from those of trypsin are its bttty to clot rmlk but not
to clat blood Chymotrypsin requires the presence of an aroma
tic ring contamng tyrosine or phenyllnne residue for 1ts
hydrolytic activaty but it will attack 1 wide ringe of synthetic
substrates and proteins the latter beng acted upon at different
linkages from those attacked by trypsin

Tagnon *° has shown that intraxenous chymotrypsin will not
cause mtravascular clotting but w1ll produce 1 shock syndrome
stmilar to that produced by trypsin His studies demonstrated
a fall in fibrinogen and a prolongation of the prothrombm tme
which he considered to be 2 direct attack on these corgulinon
proteins Jensen et al 2! found that chymotrypsin lowers the
antifibrinoly tic titer of the blood which may expliun the action
on fibriogen Later studies have confirmed the i vivo ction
on fibrimogen and some thrombolytic 2ctivity but a rapd rise
1n mhibitor activity suggested that thrs enzyme had lhittle poten
ual use 1n mtravascular thrombi Another difference in chymo
trypsin from trypsimn 1s that the shock phenomenon cannot be
mlubited by heparm which m1y indicte that this toxicity 1s
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siderably i different patients even o the amount of profibn
nolysin 15 simalar  this s related to vanauon in the levels of
anttfibunolysim picurs 13 ilustrates the electrophoreuc pattern
of the imeraction of punified fibminolysin and anufibrinolysin
In addmon streptococcal mfecnions result m an nibitor to
streptohnase which 1s 2 rulter frequent occurrence In some
patzents the level of this inhsbitor 1s sufficient to require ex
tremely hugh doses of streptohinase n order to obtam an effec
tne lavel of this agent for the ctnation of profibninolysin
Since esen the purest preprrations of streptokinase produce
toxucity 1 2 significant number of patients the amoum that
can be infused s limited Chlls fever hypotension and allergic
phenomena are the most frequently observed toxic veactions
However another theoretic danger is hemorthage for once the
fibninolytic system has been actnated m wno there 15 no known
speafic method vhich wall reverse the etvity I 1 very 1cuse
fibrinolytsc system 35 present w will yse all of the auculaung
fibminggen which could be treated with human Fraction T but
this preparation 1s contaminated with proenzyme which would
further sncrease the lytic acussts At the present time the best
therapy 1s plasma which contains fibninogen and profibrinohsm
but plasma also contains the inhibior ufibrinolysin

Despue these dranbacks streptohinase has been used success
fully 1u many patsents with varous thrembotic candirons If
preparations of streptokinase can be made i which the aconty
15 retamed and the toxic reactions are ehminated 1t would
undoubtedly be used more sidely in the trewment of all rvpes
of intrm asentar cloting

Fibrinalysin
Fibrinelysin 1s the naturally occurning enzyme formed from
plasma profibrinolysin Recent advances m the punficanon of
human profibrinolysin have resulted w the successtul applica
ton of 1 vatro activwed enzyme for the ysis of artersal and
venous thrambt 1n animits and man ¥ ¢ ) Frgire 14 demon



62 ANTITHROMBOTIC THERAPY

ratons 1re not ffected The addition of small quantites of
human glebulin or profibrinolysin however results in the rapid
actrvation of the mixture of streptokinase and bovine profibuno
lysin This 15 thought to be due to a proictnator sn human
plasma which 1s mussing from the blood of other species It has
1lso been suggested that human profibrimolysin combines with
streptokinase more readily 2nd this 1s the acurator of profibrino
lystn in ny species

Other 1n vuro studies have shown that fibrinolysin attacks
fibrinogen nd fibrin at an equal rate while 1 v1vo studies have

0 4 °
FIBRINOLYSIN ANTIFIBRINOLYSIN INACTIVE COMPLEX

Fic 13—Flectrophoretic pattern of fibrinolysin antifibrinolysin and the mactne
complex formed from their mnteraction

shown that fibrin appears to be destroyed mote selectively than
fibrinogen These studies however are complicated by inhibi
tors i the plasma which Iimut the value of any 1n vitro estimate
of circulating fibrmolytic actrvity wnd the rapid turnover rate
of fibrinogen n the ntact ammal This difference n the rate
of attich 15 probably expluned by some adsorption of fibrmno
lysin onto the fibrin clot and by the rapid replicement of the
destroyed circulating fibrinogen

In the clincal use of sueptokmase the level of arculwing
profibinolysin and the antifibrinolysm are limiting factors mn
the quanuty of active fibrinolysm produced mn the cireulaton
The activation of profibrmolysin occurs within one half hour
and within one hour nearly 21 of the circulatng profibrinolysin
1s converted to fibrinolysin Thus 15 revealed by the failure of
additional quantities of streptokinase to produce further fibrino
Ivtic activity The level of fibrinolytic actruty may vary con
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thnt se,mental mjeciion of fibrinolvsin ts necessany to achiese
effective mvivo fysis of coronary thromb

FicURE 21 sllustrates the effect of mtrwenous fibnnalysn on
the congulation factors 1 a woman with cerebral thrombosss
However all fibrinolysin prepiritions hase been assocated with
systemuc reactions such s fever clulls and hypotension in a
sigmficant percentage of the patents In addition skin reac
tons e ‘)CCI\ I\OKEd m some nstances with rcpca(ed admsn
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strites the 1 vitro mactivation of the esterise rwctivaty (fibnno
Iytic) with various plastnas

Anmnal studies and preliminary studes 1 man idcate that
fibrinolysin 1s 1 specific and effectrve 1gent for the lysis of intra
venous clots FIGUREs 15 and 16 show the effect of intravenous

51\\

4

HUMAN PLASMA CONTROL
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Fi¢. 14—In vitro mactivation of fibunolysin by norm+l plisma as determined by
mesurements of the synthetic substrate BAME

fibrinolysin on the coagulation factors and the accelerated lysts
of radio-opaque venous clot % 1n dogs The gross appearance
of an induced ridio opaque coronary thrombus m t dog 1s
lustrated i FIGURE 17 Serial x r1y exmminations in riGure 18
illustrate the farlure of large vmounts of mtrivenous human
fibrinolysin to accelerate the lysis of this nduced clot The
amount of fibrinolysin used 1n this experument was much Inrger
than could be used chmnically as 1llustrated by the marked effects
on the blood factors shown 1n ricure 19 These findings suggest
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e 1 —Ind el sadio apique blaad clot 2 braz b of the fefi le cond n
aranws CErs at surgesy

sition of the enzyme 1ibrinolysin has been shouwn to be
«ifecine n the lysis of clots even without evdence of 1 marked
e mesurible fibminolynie actiaty This may be due to the
sbsurption of the enzyme onto the fibrin clats Another explana
son may be the difficulry of mewsunng fibrimolytic acuva
beeruse of the mbubuor wnfibnmolysin It 15 mmportant to
ttote that the ensyme 15 meffectine once the clot hias been covered
with endathehum wluch occurs nathin thiree to seven days Thi
fimats the yse of fibminolysin to onfy recent thrombotic episodes

The enzyime ean be sdministered 1 conjunction with oral ant

coagulints and it seems hikely that Abrinolyuin cominned with
mucogulants will be prescrbed for alt tvpes of acute throm
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Lie 1o—Lysof 1 anced rali ague b tal £ o dog ven after s tem
fibrmolysm admuot trite o From B ale 11 €1 Me) (n pres) repreducd
b permi sion of the put It het
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tension which wath harye doses that must be used wih morne
naws thertpy Frelumnany observanons indicate that fibrinoly
sin admnustered under pressure mito the root of the 1oria or
mto the carond artery s the most effectne method for the Tusts
thrombs sn the coronany or cerebrd arteris

Tic 1BB—After closure of the chest v alf anl g t befo & the admums tr1t on of
inurzvenous brmulysn sherapy
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bouc episodes when 1 nontexic prepaation becomes avulable
FICURF 22 demonstintes the serral changes in the < ry eximma
tons of a patient with pulmonary embolism who was treated
with muavenous fibninolysin and anticongulant therapy \t
the present tme however its use 1s lrmited by the frequency
of systemic rerctions such as fever chills and occasional vpo

¢ 183-C—Serial X 1y appearance of 1 radic opque induced corenan NIy
clot 1n a dog
fic 184 @2bove)— At the me f urgery
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tenston which with Iirge doses that must be used wuh mune
nous therwpy Prelumnaey abscrvations tndwate that fibrinoly
stn admustered under pressure mto the root of the Jorta or
mito the caroud artery s the most effcctine method for the hsi
thrombs 1 the coronars oy cercbm! artenies

Fi6 180—alter cloace of the chest  alf andd ja 1 Fef 16 the wdnun vt o of
Btzenons fibrnatys n therapy
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Tre 18C—Twenty hours following mtrivenous fibrinolysin theripy
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Fic 20-Tartil lysis of 2 radio ofaque coronars blood clot mn 1 dog 1 ath dis
semination of the clot to the terminal branches of the artery
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Fic 2°A-F—Scries of x rays of a patient 1 1th a pulmoniry cmbalus sha 15 suc
cessfully treated with trasenous fibrnolysin therapy

Fie 22\ (above)—\ rm taken five davs before the on ot of acute chest | un
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T1e @ B—N r1y 1t the t me of acute chest pamn
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Fie 29C—Rught lateral at the ume of acute chest pam
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Fie *D-lortable x v tvken O hours after the fisst nfusion of wntravenous
fibrinolysin
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Fie 1=l orble x r1y 1tken 21 hours afier the ccent Into i n el intraven us
fibrinalysin
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[ .

T "~ ray taken munc dass after the anset of acute chest pun the paneat
appeated completely recoveted chineatlh
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Addendum

The most important factors m the study of blood coagulation
are the attatnment of (1) A carefully obtuned bleod sunple
one which 1s uncontammnated with ussue thromboplistin with
out ar bubbles and with prompt efficient admixture of it
coagulant (2) clean glassware (8) daily standardization of
reagents and (4) attention to seemingly trnval details

The methods described tn this section are not ortginal but

SYNONINS FOR BLOOD COAGULATION FACTORS

+ .

Tactor I Fibninogen

Factor XL Prothrombnn Prothrombase
‘Thrombozyme

Factor M Thrombin Thromba e

Factor IV Ti ve thromhoplastin  Thrombokinease
Cytozyme
‘Thromhokinase

Factor v Ac Globulin {plasma Labile factor
accelerator globulm)  Proaccelern

Thrombokinase
Accelerator factor
Component A of prothrombin
Co factor of thromboplastin
Prothrombinokinase
Proprothrombinase
Prothrombogenase
Plasma prothrombin converston facto

Factor VI Serum Ac Globulin Accelern
Serum aceelerator
Thrombokmase
Thrombogenase
Prothrombinas

95
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SYNONIMS FOR BLOOD COAGULATION FACTORS~—Conhntied

+

Factor\ PTA (Plasma thrombo 1 asma thrombeoplasuc facior C—FTF—~C
plastie antecedent)

~eeme Tlatelet thromtoplas  Thromboplastinogena e
tic factor Platelet actnator
Thromboplastsc celtular compenent TCC

Sggestd ame by fnte at a8 Crumtte m\m 11 e of Blood Clitox F ton
thomniw ved *
11af oq atly wed ram 3

Calciom 1w0ns are needed for all reactions of blood coagutatan

Other Factors Thoi ght to be d with Plasma T

1 Fo matio

Factor %

Plasma thromboplasue factar D FLF—D
Spaets IV factot of thromboplastm
Platelet factors1 2 3 ¢

UF (Hageman factor)

Stuart factor {Prower factar}

Cor hactor

Inhibstors of Coagulat a1

Hepann

TOLEf and XV)
Annihromb v o factor

Profibrinol B yplogen—prol
Frnol . B b e faotor

P
froannfbrmolysin
Antef brisohysin
Crrentaung
Dibuton ‘

41 ke hep: <o factor

represent shght modificanon of previously described methods
which have proved to be relimble These methods have been
compiled s this simplified form for comentence

Paper electropharests has proved to be a comvement method
for determming the effectveness of various coagulation protem
purification procedures This s tlustried 11 FIGURE 23
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SYNONYMS FOR BLOOD COAGULATION FACTORS—~Continned

t

+
¥

pro SPCA

pro comertin

Factor VII SI CA (Scrum pro

Stable factor

accelerator)

Com::nm

Co factor V

Component B of prothromben
Serum accelerator

1 rothromin accelerator
Prothrombin cons ersion factor
Prothrombin converting factor
Serozyme

Co thromboplastin
Prothrombtnogen

kappa f1ctor (chickensy

Tactor VI AHG (Antihemophilic
globulin

Antihemophilic globulin A
AHF—Antihemophilic factor
Prothrimbokinase

Plasmakmin

‘Thrombeplastinogen

Thrombacy tolysin

“Thrombe katilysin

“Thrombaplastic plasma component— [FC
Plasma thromboplastic factor

I Insma thromboplastic factor—PTF—A
Aipha prothromboplastin

1latelet co factor I

PTF—plasma thromboplastic factor
Facteur anuhemophilique A

PTC (Plasma thrombo
plastic component}

Tactor IX

Tacteur antthemophilique B

Plasma factor X

Chnstmas factor

Beta prothromboplastin

1 latelet co factor 11

\utoprathrombin IT

Thromboplastin B

\nuhemophilic globulin B plasma thrombo
plastc factor B—PTF—B
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by the adminstritson of large doses of ACTH 1nd Tess effectnely
with Cortisone

BLEEDING TIME

Purpase To establish an mndes of platelet funcizon and wssue
factors innolsed s hemostasts

VMethod Cleanse the ear lobe with alcohol and alfow to dny
Make 2 small punciure through the shin with 2 lancet Bard
Parker blade or needle Do not touch the shan or apphy amy
evernal pressure At 30 second inenals blot 4t the blood
shuch has flowed with a prece of filter paper

Interpretation ™ormal bleeding nme 15 one to three mimutes
When the platelets are reduced or the fibrinogen content of the
blood 1slon bleeding mas contiue for an hour ot more When
Bleeding 15 prolonged the twentieth bloc mas be fully as large
s the first

Comments Prolonged bleeding tsme 1s obsened 1n priman
usualy congenual defects of the tascular wall {pseudohemo-
philia) and when there 15 a qualitune or quantitative plateler
defiaency The mechanism by whwh thrombooviopena pro
duces prolonged bteeding uime 55 nox completely understood
Thu 15 usually astnibuted to a fack of vasocensinicior substance
(serotorun) from the platelers agglutmaning at the site of vascu
Iar mnjury and (o a lack of mechanical plugming by the plarelers

The prok d bleeding 1me of thrombocytopenia mas be
corrected paruaily by the continued admimsiration of ACTH
and temperanls corvected by the adminsstrauon of platelets

CLOTTING TIME

Purpese Clotting e 55 used as a general ndes of the sum
of the vanous corqulation reactions which tale place when
blood clots

Merhod Place 1 oo of whole blood wto each of three tubes
and note the cloting nme Tat tube No 1} every 60 seconds
unni} 2 sobhid b forms Then tilt tube No 2 and after the blood
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PROTHROMEIN THROMBIN

Tio 23 between the pattern and the specific acnity
of punfied p and as with electrophoretic
technics

TOURNIQUEY TEST

Purpose Tomeasure capillary fragility

Method Outhine an are1 5 cm 1n dinmeter on the antertor
aspect of the arm Place 1 sphygotometer cuff around the pa
trent s arm and nflate the cuff (o a pressure half way between
systolic and diastolic or 1t least 100 mm pressure Muntun
this pressure for five minutes after which time release the pres
sure and remove the cuff Wait a few mmutes 1 then mspect
the arm for petechuae

Interpretation In normals 0 to 10 petechiae may be found
If more are present abnormal capilliny fragility 15 mndicrted

Comments This test 1s positine 1n panents with meresed
yascular fragility which occurs n scurvy vascular purpurt of
undetermned onigin semule purpura etc In all of these condt
tions the positvity of the test indicates only the nability of
the vessel wall to resist stress

The test 15 also positive 1n thrombocy topenic purpura The
mechanism 1s unknown but the defect can be corrected by
the idmimstration of platelets It can 1lso be corrected promptly
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s1able platelets Physical factors also ke the wesght of the clot
sature of the surface eic will mnfluence clot retratuion

WHOLE BLOOD LYSIS TIME

Purpose To test for possible merease m fibrmolytic actnity
1n 2 blood sample

Vethod The clots 1 test tubes used for testing clotung e
and clot retracuon m1y be observed for 24 hours 2 warter
bathat 37 C Lysis of clots faster than 12 hours 1s significant of
mereased fibrmolyut achaty or poor clot formaton cwsed
by a defectne coaguinuon process or a Teduced fibrinogett con
tent Abpormal results cin be evaluited by more quantitatne
methods described fater

PLATELET COUNT
Purpase To quasttate circulung phatelets
Materals 1 Pluelet fimd
Sequesterene==\1 {recrystilhized 3 <) 1¢Gm
Sodwum chloride 17Gm
Distiled water to 100 ¢cc

The solution s filtered shivough filter paper and stored in the
refnigerator The solution shauld be filtered each ume before
wsing

2 Basd Parker biwde No 11

3 U 5 cerufied hemocytomerers and pipets

Vethod With this method blood can be collected {rom the
finger t1p or from avesn 1t 1s based on the use of an antcoagulat
g sofutton which has the abihty of preserving the viability of
platelets to the maximum The method employed 1s essenually
sumylar (o that used for the determnation of the red cell count

Count from Finges Tip Blood Cleanse the finger tip of the
pauent wath alcohol and wipe dry Puncture the finger np and
duscard the firee drop of blood Draw blood 1ata the heacy
tometer pipet to the 00o mark and aspirate platelet fimd to
the 1 01 mark {as for a red blood cell count) Mix the cog;(gq&!
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has clotted tilt tube No 3 The clotting time of tube No 3 1s
taken as the significant tume Marked variauon 1n the clottmg
tume of the three tubes usually mdicates poor technic

Interpretation Normal clotting ime ranges between 10 and
15 mmutes Prolonged clotting time 1s found when the following
conditions exist hemophihic diseases (AHG PTC PTA) severe
hepirinemia  fibrinogenopenia or severe prothrombimemia
decrease 1n accelerators of prothrombm conserston decreased
platelet concentration pseudohemophilin and crculating antt
coagulants

CLOT RETRACTION OF WHOLE BLOOD

Purpose To determune the function of platelets in regard to
clot retraction

Method Collect blood with the twosyrmge techmic dis
carding the blood 1n the first syringe Remove the needle from
the second syringe and transfer 2 cc of blood to a glass test tube
which should be kept in a water bath 1t 37 C Lxammune the test
tube at the end of one hour after completion of clotting

Interpretation The clot from normal blood will retract and
serum will collect between the clot and wall of the test tube
The serum can be poured off and measured The solume of
serum obtamed muluphed by 50 represents the clot retraction
n per cent Direct visual observation however 1s usually suffi
ctent to distinguish between normal and abnormal clot retrac
ton

Normal clot retraction of whole blood 1s 20 to 62 per cent
This retraction 1s generally a direct function of the number of
active platelets present No clot retraction 15 observed 1n blood
and plasma of patients with severe thrombocytopenia or throm
boasthenia Clot retraction can be restored to normal tempo
rarly 1n these patients by the admunmistratton of viable platelets

Comments The degree of clot retractron 1s nfluenced by @
number of factors (1) the fibrinogen content of the blood (2)
the volume of plasma and most importint (3) the number of
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Method Place 02 cc oxalated plumt and 02 cc of 020 M
CaCl 1n a test tube Let thns mninture stand in the water bath
at 37 C for 60 scconds md observe every 1% scconds therealter
The end pamnt 1s the ume fibrin strinds appewr nd 1 clot forms

Interpretation “The normnd for the test 15 90 to 120 seconds
with platelet nch plwma mnd 120 to 210 seconds with platelet
poor plsma If the test 15 prolonged 1t 1s suppl 1 by 2
turion of unknown plisma agunst normal plsma to deter
mine whether the normal plismas clotting time 1s prolonged
by the rddition of unknown plsma The prolongtion of the
clotting time of normal plisma by the unknown plasma would
sndicate 1 circulating inticorgulint

ONE STAGE PROTHROMBIN TIME

Purpose To estimate prothrombin mn plasma

Method Collect 4 5 cc whole blood md «dd to 05 cc of 01
M potassium oxalate Spin 1t 3000 x G for 10 minutes to obtun
platetet poor plasma Aspirate plasma from the cells then add
the following m Lee Wine tubes m the order gnen 01 cc
plsma 01 cc thromboplstin and 61 cc CaCl {025 M) Test
cloting tume from the addition of GaCl  Place the tube i the
water bath at 37 C for 10 seconds then tilt tube until a clot
forms Do this procedure in duplicate

Interpretation Normal prothrombin time means the pro
thrombin  Ac globulin  SPCA and fibrinogen are of normnl
content m the plasma It there 15 a reduction m any or all of
these factors the clotting uime 15 prolonged The 100 per cent
prothrombin time 15 11 0 to 130 seconds When the one stage
prothrombin nme reaches 1 level of 25 per cent or less hemor
thage may ocenr

A prothrombun percentage curte can be mide up with pro
thrombin free plisma or saline Values 1re different especally
1 the 0 to 20 per cent ringe therefore the shape of the two
dilution curses is different Thus 1s done as follows
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the piptt well by repeated imesion an charge and ordary
red blood cell counting chamber 1s for a red blood cell count
After charging set the chamber aside for 15 to 20 mmutes so
that platelets can settle To prevent evaporation cover the
chamber with a Petry dish contuning 1 prece of mosstened filter
paper Count the platelets under high dry magnification with 1
10 x eyepiece Count all platelets 1n 25 squares (exch square 15
diided nto 16 mdnidual squares) To obtam the absolute
number of platelets per cu mm  muluply the number of plate
lets counted by 2000 (the figure of 2000 1s the result of a
multplication of the dilution 200 x the depth of the chamber
Imin)

Count from Venous Blood Aspirate sterile platelet fund 1nto
1 tuberculin syringe to the 0 ¢ cc mark through 1 23 gauge
needle Then draw venous blood to the 10 cc mark Transfer
the mixture 10 1 silicomzed test tube Collect blood from the
test tube mto the pipet The rest of the procedure 1s 1dentical
o that described for the finger tep methiod

In calenlating the absolute number of platelets an additional
correction factor should be mtroduced namely 5/3 (1 66) which
indrcates the dilution of venous bleod with platelet flurd duning
1ts collection

Comment For more precise counts the use of phise microy
copy 1s 1dused A 43 x phise objective with 2 long working
distance condenser and 10 x eyepiece can be used This method
1s very useful 1n recognizing the platelets clearly It 1s necessary
to count the platelets within one hour after charging the cham
ber 1n order to prevent formation of platelet clumps This for
matton greatly reduces the accuracy of the method

The normnl platelet count 1s 200 000 to 300 000 per cu mm
with the methad described

RECALCIFICATION TIME OF OXALATED PLASMA

Purpose This 15 an exclusion test for circulanng ann
coagulants provided defects m platelets and plasmz thrombo
plistn formation are exchuded
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BEDSIDE PROTHROMBIN TIME (MANCHESTER)

Purpose To determine prothrombin comerting factors in
whole blood

Matertals  Thromboplistin (015 Cm  dred rbbit brun)
miroscopy shide with 1 nell ind 1 stop watch

Aethod Add thromboplisuin to 1 cc of saline mcubate the
sotution 1t 10 € for 20 minutes nd centnifuge Plice 20 cu
mm of thronsboplisun solution on 1 clewn microscope stide nd
then 1dd 20 cu mm of whole blood from finger tip prick Mix
And start stop watch

Interpretatron Clottng time 1s imndicated by a thick vscous
clot Normal clotting time 1s 15 1o 18 seconds Room tempera
ture 1s 2 important varable 11 this test and 1 control determina
tion must he done each tume this test 15 performed Diluuon
curves can be done but are only gross estimates of the relative
percentages of prothrombin converting factors

PROTHROMBEIN CONSUMPTION

Purfiose To measure the prothrombin remanuing i serum
one hour after clotting

Method Place 1 cc whole blood 1 1 test tube and after
cloting put the tube 1n a water bath (37 C) for one hour In
a second tubt 2dd the following i the order guen 01 cc
fibrinogen solution 01 c¢ thromboplistn 01 ¢«¢ €10l nd
01 cc serum from the clotted blood (free of red cells as they
contain thromboplasin) Time 1s cliecked with the addition
of the serum Place in the water bath for 10 seconds tilt unt)
aclotis formed The clot 1s the end pont

Interpretation Prothrombin should be nuhized when blood
clots 1f there 15 1 defect in the cddotung mechanssm  the clotting
tume af this test s shore indicaung, an abuormal amount of
prothrombin temamm, m the serum A shortened clotting
trme occurs when there are decrcases i phatelet number or func
tion hemopluhe diseases or circul ting, anticoagulants

Ttis serum prothrombin ume 15 compared to the plasma
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ON\} STACE IROTHROMBIN DILUTION CURVE

Normal Plasint Deprothrombon: ed Plasma or Saline Prothrombm
(cc) (cc) )
05 J— 100
™) +40 05 %0
04 4010 80
03 40 1 0
0 30 +0 20 60
0. 4025 50
020 +0 30 10
0L 403, 30
010 40 10 s
00, +0 45 10
00, +0 0 °

U Otec faboedlut n +0lc th mboplat +O0lcc C dpesf maQ & ne
tE p th mby

OWREN WARE STRAGNELL PROTHROMBIN TEST

Purpose To determine prothrombin

Materials Anticoagulint—0 1 M of potassium oxalte with
100 micrograms of heprm per ¢

Method Add 45 cc of blood to 05 cc of the anticoagulant
Centnifuge the mixture for 10 minutes and then remove the
plasma Dilute the plasma 1 10 (I cc to 9 cc of distilled water)
All reagents should be warmed to 37 C Add 0 1 cc of prothrom
bn free beel plasma * or 0 5 per cent bovine fibrinogen (friction
1)t to 01 cc of diluted test plasma 1n 7 small test tube (10 mm
x 75 mm) Then add 01 cc of 2 thromboplistin calcium muix
turc (potent thromboplisin mixed with an equal volume of
025 M calcium chloride)

Interpretation The 100 per cent standard clotting time 15 29
seconds the 20 per cent stindird clotting time 1s 4% seconds
Read from log paper the plot of clottmg tme and per cent of
standard

Hyland Laberatory | roduct

+ \rmour product
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mtenvals unnd clotting occurs 1 the reaction misture and 30
seconds thereafter pipet 0 1 cc of plasma saline-calaum chionde
muxtare o the Bbrinogen solution nd record the cloting
time,

Interpretation In hemoplnbn there 15+ prolon,ed latent
penod but the total amount 15 unaffected  \ thrombocytopenic
cunve goes up and down 1 vanous peihs Blood from 1 patient
on oral anticorgulants has a prolonged latent pertod and the
total amount of thrombin generited 15 reduced The normr
sange 35 $ to 12 unus of prothrombin generated within 300
seconds
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prothrombin time and the difference 1s expressed 1n seconds
Normally the difference 1s alnays greater than 20 seconds 1¢
at least 80 per cent of the prothrombin 1s consumed 1s meas
ured with the prothrombint curve used 1n calculating the one
stage prothrombm activity The normal value 1s usually 27
seconds and above when there 15 a relatively normal amount of
prothrombin present mn the plsma

Comment In patients with hemophilia or hemophulin Iike
disexse and 1diopathie thrombocytopenmic purpur (ITP) the
prothrombin activity of serum 1s high (1e 1 rapid pro
thrombin  time)  Abnormal prothrombin consumption 1mn
ITP 15 not corrected by the 1dmimustration of ACTH or Cor
tisone nor by the mfusion of bank blood It 1s corrected tem
porarily by the administration of concentrated platelets In this
condition as in hemophiha the test 1s useful 1n evaluaung the
clinzcal status of the pauent 1nd the effectrveness of therapy
This test 15 of little value 1n patients who are on oril nt1
coagulants beciuse the prothrombin mn the plisma 1s greatly
reduced and the amount remaining in the serum 1s small and
below the sensttivaty of this method

GENERATION OF THROMBIN IN RECALCIFIED PLASMA

Purpose To measure the ime required for the peak of gen
eration 1nd the total amount of thrombin generated

Solution One hundred mg of fibrinogen * per 10 «c of
borate buffer

Method Centrifuge 45 cc of blood and 05 cc of curtte 1t
1000t pm for two minutes or allow mixture to settle 1n order
to obtamn platelet rich plasma Place 04 cc of fibrmogen solu
ton 1 exch of 20 tubes which should be kept 1n 2 water bath
at 37 G In another tube place the followng 10 cc of patients
platelet rich plisma 10 cc of 0 85 per cent N1Cland 10 ¢c of
CACl Start to tunc the rexcuon (If patent s recalcification ume
15 prolonged use twice the strength of CaCl ) At 60 second

Bovine Fibrnogen Fraction 1 Atmour Laboratorics
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tors Temperature All dilutions and und:luted reagents should
be kept refrigerated unul ready for use

Method The test 15 performed 1t 37 G Into exch of 6 test
tubes 15 placed 0 1 cc of normal substrate plasma (oxalated) A
thromboplastin generiting mrvture 1s made by adding 0 3 cc of
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LOG OF ¥ SERUM

A Tnomboplastn ge eratc  with added thrombin to sho te log phose
B Thomboplostin ge ¢ aton (control & luto s}

Tic *4—Efic 1s of progresst e dilution of normal serum i the thromboplastin
generation test thich  3n be us 1 to determine the telat © percentage of
thromboplast n generated

cach of the follonin, (1) prothrombin free plasmr (2) serum
(3) platelet suspension or phospholipid substitute nd (4) 002>
M CaCl At one mnute ntervils after the addition of the
cilaum solution 01 cc 1hiquots of thie thromboplstin generat
mg mntne 1s dded simultaneowsly with 01 cc of 0025 M
Ca(l mto one of the tubes contunin,, 01 cc of the plasmn
sulntiate 2t 37 G Clotung times re determined by the usual
one stage prothombm techmque \ normal control must he
purformed with each preparatton of reagents
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THROMBOPLASTIN GENERATION TEST

Purposc To mersurc trinsic plasma thromboplastin

AMatenals (I7) Preparation of platelets Uulizing siliconized
cquipment 20 «¢ of atvated blood 1s quickly chrlled to 5 C mnd
centriluged at 1000 x ( for fne mnutes nd aspirate the
phtelet rich plasma Tlus plisma s centrifuged at 3000 x G
for 30 mmutes then one half of the supernatant 1s removed 1nd
rephiced with saline This procedure 1s repeated three trmes
with fifteen minute periods of centnifugation The platelets e
suspended 1n saline to 1 fin1l volume of 2 cc (or 1t Jetst one
fourth of the original plisma volume)

(1b) Platelet substitutes for thromboplistin gencration test
Brun phospholipid Three hundred mg of braun phospholipid
gum 1s homogemzed 1n 50 cc of 0 85 per cent NaCl This s the
stock solution Tor thromboplastin generation the stock solu
tion 1s diluted 1 50 with saline

Soy bean phospholipid * The stock solution 1s 50 mg per cc
For the thromboplistin gencratton test 0025 mg per cc 15
used Both brain or soy ben phospholipids may be substituted
for platelets 1n the thromboplistin generition test To replice
pltelet suspension 0 3 cc of either brun or soy ben phospho
Tipid 15 used

(2) Prothrombun free plsmt Onecc of 1015 M BaSO, sus
pension 1s centrifuged 1t 3000 rpm for 15 minutes the
supernatant fluid 15 discarded One e of oxalited plasma 1
mixed with the BaSO, sediment and 15 incubated 1t 37 C for
10 minutes The supernatant from the BaSO, plismn mixture
1s diluted 1 5 with salme just before being used n tlns test

(3) Serum Serum aged 1t 37 C for six hours 1s diluted 1 10
with salime

(4) Substrate Plasma Plasmn used 1s substrate should bu
within the normal range for prothrombin content In addition

1t should contain 1t lewst adequate unounts of 1ccelerator fac

Ghd len and Company Chicag  Mlmor
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oxalated plasmr (15 o 25 diys old) loses 1ts content of Ac
globulin Tius 1s 1dded to supply the fibrnogen and prothrom
b If 1 smnll vmount of Acglobulin s wded to the unknown
phsma the test reads longer than the ane stige prothrominn
determinition and ndicates 1 deficiency of AcC

SPCA

Purpose To see if there 1s 1 deficiency of SPCA wlen the
result of the one stage prothrominn test 1s abnormal

Method Max the following n the order gnen 001 cc of
aged stored serum 009 cc of patient s plsma 0 1 cc of throm
boplastin ind 01 cc of Call Test the Aotung tune md con
tinue 1sa regular one stage procedure

Interpretation 1 the serum reduces the prothrombin time
© within normal fumuts (60 to 100 per cent) there 1s probably 1
deheiency of SPCA

SPCA (PROCONVERTIN) ASSAY

Purpose Todetermine SPCA (procomerun)

Vatertals 1 Proconterun free beef plasmt Collect nine parts
of whole bovine blood m one part potassium oxalite monohy
drate 2 5 per cent Separate phisma by centrifugaton Place five
ordinary filter pads 125 um in dameter 1 the bottom of a
slass Buchner funnel of the stme diameter Above them put 15
Cm of powdered wood charconl and ibove tius put another
filter paper or a layer of gauze 1o prevent admixture of charcoxt
with plasma Tlus filtering Jayer 1s pretreated by allowing 20
¢ of 0 8y per cent sahine to pass through under suction 1n order
to pack the ltyer of the charcorl Then place 50 cc of bovine
plsma n the funnel and allow to filter by ,rauty only Two
or three pissiges of the same plasma through the same carbon
are sufficient 1o produce essentafly proconverun free plasmn
After the Jast filtraran suction 15 used for reman al of a relatrsely
large Amount of plasma soaked 1 the charcoal All procedures
are done at 4 & The prothrombin content 1s determined by the
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Interpretation If the clotting time of the patients factors
falls 1n the normal range (9 to 12 seconds) fter s minutes m
cubation 1t can be 1ssumed that the patient s AHG and serum
factors are normal If the dotting time 15 in the doubtful or
abnormal range (16 to 18 seconds) the test procedure should be
carried out substituting one 1t 1 tune the patient s factors in
place of the reagent lactors

When the patient s AHG 1s substituted for regent AHC and
the clottng tume 1s 1bose 18 seconds after six munutes mcub
uon 1 AHG deficiency can be assumed

When the pattents serum 1s substituted for reagent serum
1nd the clotting tne 15 1bove 18 seconds after six mnutes
mcubation 1 serum factor deficieney can be assumed (1e PTC
PTA Stuart Prower Haigeman or Car factor) The specific
serum defect can be identified by mutual correctron studies with
known congeminl defictent serum and patients serum  If the
patient s plasm and serum are both doubtfully abnormal this
suggests 1 enculatm,, antcoagulant or antithromboplisn The
cffects of progressive serum dilutions on the thrombolplistn
peneration 1s lustrited 1n Frc urr 21

ACCELERATOR GLOBULIN (STEFANINIS METHOD)

Purpose To mewsure the umount of Ae globulin in oxilaed
plhsma

Method Draw 15 cc of whole blood nd add 1t to 05 cc of
025 M oxalate Spin down 1t full peed for 10 minutes (platclet
poor plusmr) and asptrite phsma using 1 ee White tubes M1x
the following 1n the order given 901 cc of unknown plism?
009 cc of stored plisma (15 to 25 days old 1t 5 € ) 01 cc of
thrombophstim and 01 <c of C1Cl Test clotung tme from
the 1ddnon of the C1C1 Plice 1n the water bath 1t 37 G for
10 seconds Tilt tube unul 1 clot forms

Interpretation. A short clottin,, time means the plisma con
tatns 1n adequate amount of Ac Jobulin When the rmount

ed
reaches 25 per cent ot less hanorthage may acenr  Ste
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centnifuged  the supernatnt 1s discarded Ten cc of the fibrino
gen saline solution 1s added to exch of the 20 tubes The mixture
1s meubated with surring 1t 37 C for 10 minutes and then cen
tnfuged Tilty cc of cald (o C) 100 per cent saturited (NH,) SO,
re 1dded to the supernatant The tubes are centrifuged 1 § C
1nd the supernatint 15 discarded The precipitate 1s dissolved m
siline solution Thus (N1,) SO, purtfication process 1s repeated
three umes The final solution 1s dilyzed for st hours—chang
ing the srxime solution after the first hour
2 Reactuon Mixture This mxture 1s prepared by adding

the follow ing

09 cc regular thromboplastn

0 1cc beefserum diluted 1 10 with saline

20 cc acacia buffer mixture

Any actine thromboplastin works well The acacia buffer mix
ture 1s prepared by adding 20 cc of 15 per cent crude acaca 5
cc of imdazole buffer and 3o cc of 0 85 per cent NaCl Ths
mixture 15 stable ;ndefinitely 1n the deep freeze
3 Thrombin One ampul of Topical Thrombin (1000
unuts) * 15 dissolved 1n 5 cc of distilled water and 5 cc of
glycerol 1s added to stabilize the solution This mixture should
be stored in the refrigerator
4 Defibninated plisma Plasmn 1s defibninited by placing the
following in a test tube
05cc fresh oxalated plasma
04 cc 08, percent NaCl
01 cc thrombin (100 umts)

“The clot 15 collected on a rod s soon as 1t appears The defibr
nted plasma 1s 1llowed to stand for at least 10 mnutes to let
the antithrombin i wtis ate the added thrombin

5 Defibrinated plisma dilutton Dilutions arc estimated by
the resulis from the ane stage prothrombin time 16 plasma
with a prothrombin tme of 12 seconds 15 usually diluted 1 50

A Parke Da 1 and Company product
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two stage 15513 1nd should be greater than 75 per cent of the
original concentration

2 Tesung plisma Collect human blood with ordinary glass
syringes and needles and 1dd 45 cc to 1 tube contamning 05
cc of 01 M sodium oxalate Separate plasmn by centrifugmng at
4000 rpm for five minutes 1n 1 smll angle centrifuge

3 Diluting solution Make diluting solution with 800 cc
of 0 85 NaCl solution 1dd 200 cc of veronal buffer and 700 mg
potassiam oxalate monohydrate

4 Buffer Make veronal buffer by adding to 570 cc of 01
M sodium diethylbarbitrate 430 cc of0 1 M HCland 567 Cm
N2Cl The pH 1s measured and adjusted to 7 35 to 7 40

AMethod Add the following 1n the order hsted and note the
cloting time 02 cc procomerun free beef plsmi 02 cc of
1 10 dilution of the test plasma (0 1 cc plasma 4 09 ¢c diluting
solution) 02 cc of rabbit brain thromboplistin and 02 cc of
CaCl (003M) Do control with normal plisma n the same
manner described above and compire with prepared dilution
curie

The percentige of SPCA can be assayed with tns method
from 1 dilution curve prepared in 1 sumlar manner to that
described for the one stage prothrombin test using dilutions of
normal serum

Intcrpretation The sourccs of errors are i the dilution of the
test plisma nd detoratton of the prothrombin m the procon
vertin free beef plasma The percentage of SPCA 1s determined
on the norm1l control done with the same reagents

TWO STAGE PROTHROMBIN TIME
Purpose To determine prothrombin quantitatively
Matenals 1 Purified Librinogen Solution Six Cm of com
merical fibrinogen (Bovine) * 15 dissohved 200 ¢cc of salime
solution 1t 5 C Twenty centrifuge tubes (15 cc tubes) ewch

contaimng 2 cc of BaSO, solution (500 mg PaSO,,cc) e

Bovme fibrinoven Traction 1 Armour Iibortisr ¢s Clucige Himor
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BIURET METHOD OF FIBRINOGEN

Purpose To quantuate fibrinogen

Solution Mehls biuret solution 1s prepued by mrang the
following 100 cc of ethylene glycol 40 cc of 60 per cent N1OH
and 50 cc of 4 per cent CuSO; 5H O Dilute mixture to 100

FIBRINOGFN CURVL
510 WAVE LENGTH—BIURLT METHOD

Optical De sty Fibri ogen(ng )
00l 50
0 030 100
000 10
0 060 )
6 080 20
0 09, 300
0110 350
01 400
014 10
0 160 ~00
017 5.0
0 190 600
[ 60
020 700
0 3 0
250 800
02,0 80
0 %8> 900
0 300 90
0310 1000

cc with disulled water and heat unul precipitation 1s complete
then filter Add sufficient NaOH to make « 10 to 11 per cent
solution

Method Place 1 cc of crtrated plasma (05 cc atrate per
4 5 cc blood) ma 100 cc beaker and add 20 cc of distilled water
To this solution add 1 0 c¢ of 025 M CaCl and 1 0 cc of throm
bin (100 units per cc) Remove the fibrin clot by winding on a
glass rod Wash the clot three times with distilled water and
then place 1t 1n 40 cc of Mehls biuret solution Allow clot to
digest 1n the biuret solution for 12 hours Then dilute the solu
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with saline and 1 plisma with 1 prothrombin time of 25 seconds
1sdiluted 1 10

Method One cc of diluted plisma and 3 cc of rection mrx
ture re combined Zero pomnt fowm cc of this combination 15
added to 01 cc of fibrinogen solutton Thus test 15 usually done
at 29 C Clotting time 1s tested every 30 seconds until optimum
tume hus been reached which must be between 12 to 18 seconds
or the test must be repeated 1t 1 different dilution Daily con
trol 1s performed 1 order to determine the activity of the
reagents The percentage normal 15 determined from the duly
control

Calculation
THROMBIN UNITS

43 Tntts T Trmifs
120 13t L0 1 00
125 126 155 09
130 120 16 0 09
135 114 16 5 0 89
140 109 1,0 o8
4 10t 17" 08

180 080

CT s ot gtm ec nds

Tot1l Thrombin units =
“Thrombin units of ass1y \ plasma dilution X 5+
\ anticorgulant diluton
+ 1 5 cilution becwuse 04 cc of the reaction muxture 13 added
to 0 1 fibrinogen solution
Interpretation  Since prothrombin is rapidly 1ctnated to
thrombin 1n the presence of optimal amounts of accelerators
the two st1ge test measures prum wnly the quanaty of thrombin
(prcthrombm) 1 a gnven solution Thys 1510 marked contrist
to the one stage pmlhmmbm tume determination which prim
r1ly measures the velacity of the prothrombin ctivation Nor
mal plasma contuns 300 to 100 unuts of prothrombin
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One unit of fibrinolysin 1s the unount necessary to digest 1
0 3 per cent fibrin clot 1 two mmutes 1t 37 C m an umdizole
bulfered system 2t pH 7 2 This test not only measures fibrino-
lysin but 1150 mcludes 1 partinl estimation of the rate of activity
1f 1 dilution 15 nsed correct for 1t by mens of the following
cileulanon

Unuts of fibrinolysin per cc = 5 x CT x D (D = dilution
CF = correction factor for desiation from 120 seconds mn the
lysisime )

Comment The sowices of error are fibrinogen 1nd thrombin
contamination Lovine fibrinogen s the most switble reagent
T ess difficulty will be encountered 1f purified fibrinogen stratlar
to that used in the two stage prothrombin assay 1s used Human
fibrinogen prepirations me contaminated with fibrmolysin to
1 much greater degrec If human fibrinogen must be used =
015 per cent clot instend of the 03 per cent bovine clot will
gne a umit approximately equal to the defined unit Fibrimo
lysin or profibrinolysin contaminates thrombin*  but since
bovine profibninolysin actiywtes poorly with streptohinase the
only source of error to be considered 1s the active proteolytic
enryme

ESTIMATION OF FIBRINOLYTIC ACTIVITY (FIBRIN PLATE
METHOD OF ASTRUP AND MULLERTZ)

Purpose To determine fibrinolytic activity giing 1n accurate
ass1y with 1 wide variety of materials
Materials (1) Petrn1 dishes—10 cm diwmeter with umform
and level surfaces (2) Fibrimogen—diluted with 0 85 per cent
NaCl to 1 concentration of 02 or 04 per cent Use punfied
fibrinogen 4 preparition of 80 to 90 per cent clottible protem
€¢n w1 thre Tu (Parke Davis and Co) can be ad orbed w th banu

wlfat Sn i sl 1 that (o adseit pla ma vl reswlt noa relats oly pive
(dectt |1 & | iten) yreparibion

PR g g ClT B tgopahront 1 e oac went ure
Ly felfite sgn
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tion to 10 cc with distilled water Read on the Coleman photom
cter (540 my) ind compare to 1 standard curie

Standard Fibrinogen Curve Weigh out bovine fibrinogen
(20 mg per «c) ind mike dilutions of the fibrinogen Determine
the 1mount of protemn by the method described 1bove

To determine the 1mount of clottable proten perform the
following steps Add 1 cc of fibrinogen sclution to 01 cc of
thrombin (10 untts per cc) Weigh glass rod and wind clot out
on rod Place rod with clot m an oven at 85 C nd dry over
night or desiccate Then weigh the clot

Interprctation () W ewght of the clot — by 20 = per cent of
clotrrble protein

(b) Per cent of dottable protein x weight of protem the
various dilutions = mg of fibrimogen  Use optical denstty ob
tained w1th vartous dilutions wnd plot curse as illustrated below
Normal ringe 1s 300600 mg per cent

FIBRINOLYSIN ACTIVITY OF SERUM

Purpose To determune the amount of fibrinolysin mn hunin
serum

Matenials (1) Human serum (2) bovine fibrinogen (purihied)
06 per cent clottable mn imudazole buffered saline solution 3)
bovine thrombin 75 U per cc 1n 50 per cent lyceral (1) open
ended capillary tubes (5) test tubes 10x 75 mm (0 pipets (7)
water bath at 37 C  (8) stopw wch

Method If plasmus to be tested convert the plisma to serum
by recalctfication or the tddinon of thrombin Aspirate the
serum from the fibrin clot and test

Place 0 2 cc of thrombin and 0 2 c¢ of serum or sustable dilu
tion tnto a 10 x 75 mm test tube Quickly 2cdd 0 5 cc of 0 6 per
cent bovine fibrinogen ind immedntcly stae a stopratch Tilt
orshike the test tube to hasten the mivng of the reagents When
a clot forms 1nsert 1 capliary tube to the bottom of the clot mnd
place 1 T hater bath at 37 C The mstant the hiquid level 1n the

capillary tube 15 parallel to the clot leved mn the test tube the end

pont has been rerched
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st * my be used s a standard of reference As small i amount
as 002 pg can be detected The method 15 especally adapted
for plasmin (fibrinolysin) but may be used s a practical tool in
the study of other fibrmnolytic enzymes

ANTITHROMBIN TITER

Purpose Toassay antthrombin

Method Incubnte 3 cc of serum or plasma for 10 minutes at
56 C Dilute the serum (normally 1 10 to 1 60 with saline) and
add 1 cc of diluted serum to 1 cc of thrombin (4 units per cc )
Incubate this mixture 1t 28 C for exactly four minutes and
then add 05 cc of the muxture to 05 cc fibrinogen Note clot
ting tme Normal serum control 15 determined 1n the same
manner

Interpretation One antuthrombin umt (ATU) 1s defined as
that amount which will neutralize one unit of thrombin mn four
minutes at 28 G The normal range 15 74 to 115 ATU and the
averige 1590 ATU

PROTAMINE TITRATION

Purpose To esumate the amount of hepirin activity mn a
blood sample

Materials Protamune § (50 mg ) dissolved 1n 50 cc of distilled
water Tlus contamns 1 000 gamma per cc The solution 1s stable
for six days Hepann Sodium 1000 USP§ unuts per cc or
10 000 gamma per cc (Resulting heparinized blood contains an
added 2 000 gamma per 0 S cc )

Method Draw & cc of blood 1nto a syringe contaimng 0 1 ¢c
heparm Add this to a tube with 01 ¢cc heparmn and mix well
Place 0 5 cc of this heparimized blood 1nto each of 10 test tubes

I thed hum 5 ibninolys n (Acta —O tho Tharmaceut cal Corporation and
Thrombotys n—3erck Sh p and Dohme)

+P ke D11 and Co

Eft L 1y product
$1 oluce of Upjohn Laboral ¢
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(3) Buffer—add 338 cc of 0 1 M HCl to 662 cc of 0 1 M Sodium
diethyl barbiturate and then dilute with 320 cc water (resulting
solutton pH 78 ionic sirength = 0 05) (4) Thrombin—pun
fied thrombmn * 1n 2 final concentration of 100 units per cc 1n
085 per cent NaCl solutton (v) Incubator—temperature of
37 C (6) Pipets—5 cc and 0 1 cc graduated m 0 001 cc

AMethod Using the buffer as diluent (fibrinogen concentra
tion 02 or 01 per cent) place 90 cc of the diluted fibrmogen
solutton 1 each Petrs dish Then put the Petr1 dishes on 2
horizontal surface and clot by adding 02 cc thrombin A clot
forms 1t should be even and homogeneous throughout Add
exactly 003 cc of the solution to be tested onto the clotted sur
face 1n the form of a drop Usually three single determnations
are carried out on a plite Then incubate the plates 18 to 20
hours at 37 C and calculate the product of two perpendicular
diameters (square mm ) of the digested area Comert the areas
nto concentrattons by interpolation on a reference curve

Cualculations Purified enzymes produce a straight me when
the logarithm of the product of the area 1s plotted agamnst the
logarithm of the concentrations as expressed m umts The fol
lowing equaton applies to this straight line relauonship

A=Lxc or logA=alogc4b

where A = area or product of two prependicular drameters ¢ 1s
the relative enzyme concentration a 1s a constant denoting the
slope of the curve and % and b are constants It 15 possible to
compare two solutions only when the curves have 1dentical
slopes soluttons differing 1n concentrations produce parallel
dilution curves 1n a loganithmic = log graph By means of such
curies the concentration of the unknown solutions can be estt
mated by mterpolation on a dilution cune of a solutton used
as a standard of reference

Comments In esumating the reproducibility and the sens:
ity of the method enystalline trypsin or purfied fibrimoly

Thromtn (farke Daws anl Ccripany) adw bed ith e lfate p ¢
vides a punfied preparation of thrombn
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Tert I deflat dleh s Viotur s

#4 J L) Fex ol11000 tdan n
x¢ CaCl
2 NaCt
# FRULT e of E Lo dduts ar
e LY
4 o6 NaCt
# 10000 ¥ tc of 1 10000 dedutecn
7 cc £aCh
2t NaCt
1 oo !ec of 10000 difunon
£ ot CalT
1 5 cc Nalt
Interprefation 1€ there 1 an nithrombophstn present 1t
will be neutralired as revealed by prolongitaon of the clotung
time w the pauent s phsma s compired with normal phismt

CIRCULATING ANTICOAGULANT

Purpose Toshow the presence of a circulating tnucoagulant

Method In order 10 minimuze the surfwce effects siheontzed
sessels and equpment are wsed fot coliecting blood smmples
Blood 15 collecied from the prient w sequesterene Phatelet poor
plasma 15 made by centrsfuganon (20000 G for 10 munutes)
nd stored 1 the refngerater Platelet poor plasma or 0 8o per
cent \aCl 1s added to 15 test wobes s follows (1) 01 cc saline
{2) 08 cc sabine (3)01cc plwma (HO2cc plsmr {505
plasma (6} 05 ec plasma (7) 02 cc plasma {8) 01 cc plasma
{9} 05 cc salime (1) 03 cc salme (11} 01 cc syhme (12) D5
ce salme (13} 01 «c phuma (1) 02 cc plasmy (15) 05 o
plasma

i

Blooad s obramed from 1 pormal 3 stopw atch s starred from
the mstant of suw essful syempuncture One « of the normal
blood 15 wdded to esch of the 1o test tubes \fter careful mixing
the wibes are ohsers ed for clotting ac 37 €

Tnterpredation Sagmficant protongation of the clotting trmes
with pluelet poor plsma mdicates abnormat anticoagulant
Aottty Amy resudt math platelet poor plisma greater than the
sa¥mc controls by at least sex en minutes 15 11 the abnormal Tange



120 ANTITHROMBOTIC THERAPY

contarming the following amounts of 1 per cent protamme
solution

Tube Protamne (cc}
T o
010
012
014
016
018
020
0
021
026

PO R

Swx

1

After setting up the tubes shike well and allow to stind
for one lour Read the first clotted test tube as the end pont

Interpretatron The normal range 1s between the 010 and
0 14 tubes Control normal blood should he run with the same
reagents daily Between 100 to 140 gummn of prormne will
neutrahze 200 gymma of heprin

ANTITHROMBOPLASTIN TEST

Purpose To see if there 1s a circulting anuthrombolplistin

Method Make dilutons of thromboplastn with silne and
CaCl Add 02 cc of the diluted thromboplisun calenm
mixture to 0 1 cc of unknown plasma nd run 1 one stage deter
mnation  Control normal plismt should be performed with
the same dilutrons

Fest Thromboplast  dafuts Mrvture
#1 1100 e cacl
£ 0ce Nacl
01 ¢ thromboplastin
# 1506 1cc (f1 100 diution
cc €aCl
2 cc NaCl
1 1000 e of 1 IOt 00
3
# 1 e Cat

i cc NaCl
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3 Addabout 220 cc of chloroform

4 Let this solution sit for 30 minutes stirring occasionally
with applicator stuck

5 Then filter through a Buchner funnel with suction using
double filter paper (Whatman #1)

6 Exaporate on 1 muld hot plate unul a gummy residue forms

7 Rewergh beaker to determine the amount of actine mate
nial

8 Homogenize m saline (300 mg /50 cc 0 85 per cent NaCl)

PREPARATION OF BRAIN PHOSPHOLIPID

1 Fresh bram stripped of meninges and blood vessels and
minus the corpus callosum

2 Hunks of brain are put into acetane 1n the Waring Blender
and blended for 4 to 5 minutes

3 Let the solution settle and decant off the acetone

4 Add more acetone nd repeat this procedure about six to
10 times

5 Then filter through a Buchner funnel and wash about six
times until cholesterol free

6 Put 1n a destccator to dry

7 Store powder in the deep freeze

PREPARATION OF THROMBOPLASTIN SOLUTION

Aatertals 1 Acetone bram extract

2 Saline (0 8 per cent) solution

3 Phenol (25 mg /10 cc thromboplastin solutron)

4 01 M potassium oxalate

Method 1 Weigh out 200 to 350 mg dried acetone brun
extract

2 Add 10cc 085 per cent saline

3 Incubate 1t 50 to 54 C for 15 minutes mnverting every two
minutes once

4 Centrifuge at full speed for five minutes using the super
natant as solution
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Posstble errors mn this test would tend to make an abnormally
shortened clotting tume due to possible contaminating tissue
thromboplstin or surfice effect

SOLUTIONS

1 0025 M CaCl 1387 Gm 1n 500 cc distilled water
2 01 M Potasstum Oxalte 18 £ Gm 1n 1000 cc distilled
water
3 38 per cent Sodium Citrate 76 Cm in 200 cc distilled
water
1 Scquesterene (used s plaelet flurd) 175 Gm n 100 cc
saline Add 1 few crystals of brilliant cresyl blue
5 Phosphate Buffer
A M/15KH PO, 9078 Gm 1000 cc
B M/15 Na HPO, (Anhydrous) 9 17 Gm 1 1 000 cc
forpH6 I M/15 5 purtsol A
I partof B
forpH7 8 M/15 1pirtof A
10prisof B
6 Tibrinogen Buffer (Borate) Lach liter contuns
1125 Gm H,BO,
225 Gm NaCl
40 Gm N2 B,O, 100H O
Tius solution hasa pH of 7 75
7 Protummne 1 per cent (Eh Lilly Co) 50 mg /50 cc distilled
water (Stable for six days)
8 Tibrinogen soluuion (fibrinogen—Bovine from Armour
Lab Ciucago 111y 20 mg /2 cc Borate buffer
9 Hepann sodium 1000 USP units/ce (Upjohn)
10 Sequesterene (Alrose Chemical Company) for platclet
preparation 175Gm /100 cc distilled water

PHOSPHOLIPID SOLUTION

1 Weigh beaker
9 Weigh b Gm of powdered brun phospholipid
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5 Add phenol to prevent grow th of bacteria

G Add 02 potassium oxalute for each 10 cc to neutralize
any caleum

Dricd matenal 1s potent indefimitely 1n the frozen state Solu
non 1s stable for s1x v eeks or more

THROMBOPLASTIN

Muaterials 1 Normal brun stripped of vessels ind memnges
Buchner funnel 1nd flasks

Waring Blender 1nd jars

At least 30 1bs of acetone

Two large glass cylinders

Several pieces of large filter paper

Procedure 1 hnead by hand small preces of brawn m three
umes the volume of acetone Decant acetone repeat the proce
dure two more umes Tissue w1ll feel dry to the hand

2 After decanung the acetone place brain ussue m Wanng
Blender with three times the volitme of acetone (Cup should
be one half full )

3 Turn on the blender rapidly for about I mmute Allow
the tissue Lo settle decant acetone and repeat three more times

4 After decnting wish material in Buchper funnel with
acetone and let dry Repeat washings with acetone unel
material 15 completely dry (About 6 wishings 1re needed )

5 Spread the dried material on 7 large sheet of filter piper
and make mto 2 ponder When odor of acetone 1s completely
gone pickie with parafin and screw top vial (Store in the
deep freeze this 1s good for atleast 1 year)

[ RPN



Index

(Note In addition to regular andex entries parteculatly tests sce ako technical

detals mdeved under Adiendum °)

Accelerator glabulm 4
determmation one stage 13
and Dicumarol 5
Accelerin 4
Addendum 92-1 o
blood coagulation factors synonyms
for 99-37
electrophorcsis paper 9
solutions 1 9-124
bramn phosphol pil 1§
phosphalipid 122
thrombopla tn 124
thrombor lastin solution 123
synonyms for blood corgulation fac
tors 95-9;
tests Q-2
accelerator  globulin  (Stefamm s
method) 110
anuthrombin titer 119
antithromboplastin 190
bedside prothromben tme (Man
che ter) 162
b uret method of fibrinogen 115
Dleeding time 99
airculating ant coagulant 171
clot retraction of whole blood 100
clotting ume 99
fibrmolysin act v ty of serum 116
fibrnolyt ¢ actiaty (fbnn  plate
method of Astrup and Multertz)
07
generation of thromtin m recila
fied plasma 106
one stage proth omb n t me 103
Owren Ware Stragnell prothrom
bin te t 104
platelet count 101
protamne bitraticn 119
proth  nbin consumption 10

recateification time of oxalated
pla ma 102
s1Cy 11
SPCA (procomertin as ay 11
hromboplasiin generation 108
tourmquet 98
two stage pre thrombin time 112
+ hole blood lysis time 101
Angina pectons long term anticoagu
lant therapy 1n 51
Antrcoagulant therapy
1n cerebral vascular d sease 43
complicitions of 1
discontinuance of 37
effect of on myocarhal infarct on
43
evaluat on of 50
long term 50-54
1n angina pectoris 51
marten clerotic heart di ease 51
bleeding from 3%
10 myorasdsal snfarction A
previous studies i 50-03
1k of hemorrhagey th L3
oral management of 26
pre ent status of 4049
prophylactc not curatve 0
m recurrent thromboembohsm 50
and s ere hyperten ton 48
1n strokes 49
1n thrombotic d o ders 40
Ant coagulants
gradual reduction of 39
natu ally occurtimg 15-16
oral 2 -26
aver gedosage of 1
coagulation lefects with 8
st bition of prothromt n synthe
sisw th 17

27






INDEX 129

speafic (fc 4 ulat nfacta s 4
stamm @
Dental extraction with y rolonge 1t teed
ng 39
Dagnw 1 ferental sh cerchral a
cular sease $6-4%
Damarol 491 141, 21 41
and accelerater glot ulin >
action of on ¢} tung factors 2
with vitamm b 1%
¢ agulaty ndefects consed by |
contram 1 catons to 4
effect of on circulaung fibtin gen
onitamin kom the Lver 2
chimmnation of 1

10g term  coagulavion lefects be
anseof 3
recurrent thromhboembol m  be

Quse of 3.
sens ity to 1 24
to 1cman festations of 24
Dipran 17 24 %

Fmbol sm
attetial 448
pulmonary 4011
anticoagulant therap n 40
Factor dep e on 33
Fibun
action of &1 rinolysin on %0
con er on of fitmin wen to 6 13
electre phoretsc patterns of 5
formar on 6~
tage three reaction 10 6
selocns of 1_
reaction of to b nols in 5
Fibninogen
acton of Bt nol 1w on 70
© culaung eff ct of Dict marol on
effect of heparin on
con er onof tofhrn € 13
defic ency 1
teterm nation 14
electrophavens p termvof 6
level depre<so n B
reactenof tafib wol n o

htnn bhan 120
action of
on fibyn "0
on fbrn gen 20
ctnation of 23
fepressant in fibtin gen 8
letermination 14
electrophoretic fatterns of 56
human 20
mactivauon of o3
0 antra asc lar thrombos « %
1w ol clots with €3~ )
reaction
of fhrinto 2
of fibrinogen to 55
svstemat ¢ reactions to 6 6%
toxic reactions of 0
Fibrnolvtic agents 19
Fibtinolyt ¢ reactions 1%

® €3 )

Hageman factor 4 12 1 33
Heduln 1 2t
depression of prothrombin time with

2
diadvantages of *
Hemoper card um n muoardial n
farction 30
Hemoghila _
dlotting n 3
thrombopla t n generation i 11
Hemorthage
cerebral due to ant coagulant ther
» 3l
incidence of with ant coagulants o
1k of 53-5¢
m antithtombotic therapy 21
with long term ant coagulaot ther
apy a3
use of protamune sulfate 1 23
tolu d ne blue n 28
Heparn 8 13 16 21 28 41
action of 16
admimstrat on of 16
contraind cat ons to 22
disad antages of 1~
dosge 22
effectaf on crrculat ng Bbninogen



128 INDEX

use of 1n artenal occlusion 4
Anufibrinolysin 19
Antihemophilic globulin i clotting 3
Antistreptohmase 19
Antithrombin
mactnation of thromben with 1o
synergistic action with hepann 1o
tntithrombaotic agents chnical use of
21-39
therapeutic 16-20
Antithrombotie reactions 15-20
\ntithrombotic therapy am of 21
Antitrypsin factors in plasma 20
Artenial occlusion 5>
Artenosclerosis  coronary
coagulation 5¢
Arterioscleratic heart disease long term
anticorgulant therapy 1n 51
Aspmn action of with anticoagulants

and Dblood

Wlecding due to long term anticoagu
lants 3%
effect of sitamin K on 33
prolonged from dental extraction 39
ume 9
test for 9
Blood hemophilic clotting of 3
Blood clot def nition of 5
effect of tryp tn on o9
seeals Clot Clotung
Blood coagnlation and coronary arteric
sclerosis o4
mechanism of 1~
see also Coagulation

Capillary fraghts test fcr 9
Cerchral hemorrhage due to anticoagu
1ant therapy 31
Cerebral vascular di eas 4819
anticoagulant therapy m 48
dulferential diagnos: n 46 18
¢ hristmas disease 3
¢hym trgpun & (061
\ctivation of 60
contrandrcttions £ u ¢ of (0

Clivaification of patients with myocn
dial infarction 43~41
Clot
lysis of 16
retraction 10
Clotting
abnormal correction of 3
antibemophitic globultn i 3
delayed with prolenged prothronbm
tme 37
factors action of Dictmarol on ?
of hemophilic blood 3
mtravascular mechansm of 1o
tests 8-14
tune 10
screemmg test for 10
Coagulation
nd coronary arteno cleross 4
defects caused by oral anticoagulants

from long term Dicumarol §
factors congenutal deficiency of 3
after hepatic Jobectomy 1/
plasma defect in 10
reduction of an hver disete 17
speatfic deficieneies of 4
prophylactic presention of 16
reactions
nhibutors of 15-16
Comvertn 4
Corenary rterto claoss and
coagulation s+
Cottmadin 14 21
effect of 2%
Coumarms 1, b 4
Cumopsran 14 21
therapentic effect of >

blwd

Dandone <o
Det ciencie
¢ ngenital
«Fcoagnlinon firr 1 3
0ot mbm t
Wamogen
plomathroml gt pp none
ludee 10



INDEX 131

Serum
accelerator globulin
defects i 11
fibrnolytic actiity m 14
normat’ coagulation factors ad orbed

from 10
plasma  thromt oplastin  comp nent
m 3

prothrombin ¢onverston ccelerator
45

determimat on 14
thromboplastic fictors depress n of
33

Shock syndrome v ith tryy 10 ingections
0

Sntrom 17 24

SPCA determination 14

Staphylokinase 5/

Steatorrhea 18

Streptohanase 1> 19 %0 5
activation with 61
climcal use of 62
contraindications to use of 63

Strokes anticoagulant therapy m 49

Stuart factor 4 6 1 17 33

5% 61-63

Thrombi wntravascular 55
Thrombin
con ersion of prothromt m to 1
definstion of 14
formaton o~-¢
stage two €action n 6 13
generition 2 nount of 14
inactnation with antithromb n 12
Thrombocytopathia 9
Thrombocytopenia ® 9
Thromboes tosts 9
T romboembolism recurrent
ant coagulant therapy in 50
In patient on Dict m tol 3.
tendency tor ar { 33

Throwmboly by irious enzymes 8- 9
Thrombolytic agents 19
TI ombohtic therapy 9

Thrombophletatr 40-41
anticorgulant 1t erapy n 40

Ihromboplastin
atne 6
formation ¢f o
actnaty lossof 4
formation reagents for 11
generation 2
1n hemophila 11
test 11
wtripsic 111
plasma » 11 12
formation of 12
tssue 14 o 1113
“Thrombosis
intrava cular fibrinolysm i "0
venous 92
T1 ue thromboplastin 1 4 11 13
Tohudme blue 1n hemorrhage 78
Tourmquet test 9 98
Toviaty
+ 1th Dicumarol 74
with fibrinolysm 20
Tromexan 17
disadsantages of °4
therapeutic effcet of 1
Tripsn 1o 20 U8 9-60
contrun lications o w ¢ of 59
effect of on blox clotting 59
imjections shock syndrome 3 1th 20

Vas ular divea ¢ cerel ral 4349
 tamin
deficiencies 9
K def ctency 18
nlner effect of Dicnarol on 92
m snthes s of prothrombin
use of by liver 17
K action of Dict marol wth 18
effcct of on bleed ng 33
cablets 21
1se of in hemarrhage 98
\itamuns € and P effect of on bruis
g 54

Ware and Seegers t o stage prothram
bin test 37 112
W rfarttsodwm o4




130 INDEX

oral inactinty of 21
tic action of

with 1o
therapy terminition of .
Hypertension sesere and anticoigu
It therapy 48

Indandione dernatives 17 24 27
Infarction myocardial acute 41-1

Iner
diserse reduction of coagulation fac
tors m 1/
use of vitamun k by 17
Iobectomy hepatsc corgulation fac
tors after 17
Lyais of clots 16
with fibrnolysin 63~/9

Malnutrition 18
Manchester bedside test for prothrom
bin 37 10
Marcumar 14 %4
efficacy of 2,
Mephyton use of 1n hemorrhige 28
Miradon 1/ 74 25
\yocardial mfarction
acute 414
classification of patients v ith 43-44
complications in 29
eflect of anticongnlant therapy on
43

hemopericardium 1n 30

long tertn antwc¢ \gulant therapy n
o1

myocardial rupture 1n 31

Occlu ton artenal 4048 5.

use of anttcoagulants in 4o
O ren Ware Stragnell onc stage pro

thrombin test 3/ 104

Phospholipids 11
effect of on Dicumrol mduced pur
pura 5%
substutution of for platelets 2

Ilasma
anutrypsin factors ;n 20
defect of coagulation factor 10
deficient preparation of 10
norml coagulition factors ad orbed
from 10
platelet free 1
prothrombrm actination of 1
thromboplasun 5 11 17
component deficiency 3
formation of 12
ntrinsic 8
1 lasminogen 16
Platelets
count &
deficiency 10
substitution of pho pholipid for 2
thrembocytopathuc 11
Lohsaccharide bacterial pyrogen frec
58 61
Fro accelerin 4
Profibrinolysin
actnaton of 55 7
comersion of 16
Protamine sulfate in hemorrhige -8
Prothrombin
congenttal deficiencres in €
consumption 12
conversion of to thrombin 1
determination ts o stage 14
Ievels during long term anticoagulant
therapy 37
synthesis nhibition of 17
with vitamm ko
test of Owren Ware Stragnell 37 104
test of Ware and Scegers 37 112
nme 17
depression of 3 1th Hedulin %
normal 13
prolonged 13
and delayed clottng 3
test for 12
Pulmonary embolism 40-41
anticoagulant therapy in 40

Re ctions coigulation @
Reclaf caticn



INDEX

Serum

sccelerate e glabat a 4

delects s 11

Rurinobtic actaty s 14

nomal cogulatin Lactars ad orbed
from RO

plasma theomboglastun comy neut
m 3

prothrombin cuntersicn scceleriti
40

determmition 14

hramboptastic Tictors depres son ¢f

38

Shack syndrome with tryfsin tnyections
0

Sawom 1 1
SPCA determanatson 14
Staphylobinase 7
Steatorrhea 18
Streprokinase 1o 39 20 o
actiation § ith Gl
cha cal use of 62
canten hications o use <£ 63
Strokes anticoagutne thevaps sm 49
Stuart factor 4 6 12 14 33

3R 61-63

Thrombe maravasculas 3
Thrombin
womersion of prothec mbuw to 1
defimnon of 11
formatn a2 6
slage two reaction m § 13
Keneration amount of Hi
382619100 3 1ih annithromb v 15
Thrombneytopathia 9
Thrombocytopenia 2 9
Thro ubocyioss §
Thte nboesmbol sm recurrent
2nt coagulant thesapy an 50
M patient on D cumarol 37
tendency tos ard 88
Thromboly sis by vassous enzymes o8-53
Thromboly: ¢ agents 19
Thrombolytc therapy 0
Thrombe phichius 10-41
antrcoacutant therapy n 40

LED)

T hromboplasiin
active 6
formation of »
aann dosef 4
furmiin resgenss for 11
generan n %-o
n hemoplahn 1
test
mmae 3117
plama ot 1
frnmon of 19
woue ! 4501138
Thrcmbo
intrmascudir fibrmoh 1
venous 5o
Tr nethromxglasun £ 4 1113
Tofw tine biue m hemonhage 78
Towrmaquet test 9 98
Touan
with Mcumarel ¢
with hbnmohsin %6
“Tromexan 7 74
dusadvantages of 2t
therapente effect of 74
Frpan 1 6 809 <
comraindsession fo u cof o1
etfect of o bYod el g ol
mpeann shoik yndiome vith U

Vastular d c1 e cesebral 4347
Yatgmn
defivien 1 &
h defic ency 18
in ver clfece of Devmar fon 2
nsvoehe t of pr U rombm
weof by lier 1
% action of Dicumarot with 18
effect af an bleeding 33
tal lets >t
w ¢ of in hemorrhage 28
\amms € anl P effest of on brut
ng 54

W e an1 Seegers 1 o stage prothrom
b test 35 1P
Warfa 0 sodiom 7t









