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Preface

\PERIMENTAL and chnienl reports dexting wath the phe
nontent of thrombosts wnd embolism appeared 1 the medical

luteraure sporadically following the publication of Rudalf Vir
chow s clissic studies Durng the past two decides wuth the
greater appreciition of the chinical mmportance of these phenom
ena there has been a stnlang, mcreise i the number of pub
licions pertunig to thromboembolism md to mediary subjects

The diseoery of the wucorgulints heparin and <hcumaro!
provided new tools for imestigatine work and new agents for the
presenuion and trewment of thrombosts and embohsm 1 chinscal
practice ‘The smvestigition of these agents experimentitly nd
therr apphcwon climeally resulted in numerons additionnd
TEpOTts

1t has become difficutt for the imestigator to heep abreist of
derelopments in the field of murnascular clottng It 1s impossible
for the werage practicing physicin to study s the ongmal Al
of the publicitions devoted to this subject Tinally 2 very con
siderable number of these papers present conflicung findings 1nd
canclustons

1t 1s not swrprising that there are differences of opimion among
the leading imvestigators m 2 field so dynamic and m which so
many fundamental principles are as yet not fully underswood
One bumer to progress 1s the madequacy of free and personal
communication between workers Despite the amanng develop
ment m our modern society of facthwses for intellectual interconrse
briveen men the rapidity with wlich scientific Lnowledge 1s now
accumulating mahes 1t difficult for the ndisdual to Leep pace
wath currens advances Because of differences m elementary view
points and buckgrounds 1n tramang wd m specalized inerests
imdudual workers tend to pursue therr mesugations i exceed
ingly narrow fields and by technical methods so refined by mods
ficstion that they constitute personal procedures Consequentty
much current research i this field runs at a tangent rather than
supplements exising hnowledge and the work of other myest:

.
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PRETACE i1

state categorically that a prothrombin tsme of 19 seconds as
determined by 1 one stage method represents 1 reduction wn pro
thrombin actinity to 30 per cent of normal It usually does if
determined by Quick s onignl method uulszng 1 thrombophistn
obtined from rabnt bram But 4 prothrombin tume of 19 seconds
determined by the Link Shapiro modification of the onestnge
method utthizing a thromboplastin obtuned from rabbit Jung witl
ordinarily rvepresent a reduction m prothrominn tctivrty to ap
provimately 50 per cent Sumlarly the belief persists among a few
physicians that the relinonship between the prothrombin ume
n seconds and the degree of prothrombm scunity m per cent s
evpressed graphically by a straight hine The fact 55 that thus xely
uonship 15 expressed by a hyperbolic curte and this curve will
differ somewhat often consideribly when different methods or
different thromboplistic reagents are used

The 1thors hae pted 1 this monograph to provide a
comyenient sumimary of some of the pernnent nformauon col
lected during the pist decades reguding thromboembolic phenom
ena and the use of the anticoagulints mn the prevenuon and
treatment of them and to espress briefly the views acqured by a
considerable personal expersenice at the bedside m the 1aboratory
and around the conference 11ble

As far as possible we have endeavored to expose the vanious
facets of matters about which there 15 debue Where we have felt
that our experience has justified an opinion or comment st has
been expressedd Fach chapter 1s documented to provide the reder
with evpersmental or chinical evidence for the conclustons reached
A considerble list of veferences 1s 2ppended for the convenience
of those who would pursue 1 particular problem further

This 1s not a definitive work on she subject of thromboembo
hism Xt does not ittempt to teach the dignoss of thromboembolic
condittons  For such mformation the reader 15 referred to the
manogriphs on the penpheral vasculir diseases by one of us
(I 5 W) by Allen Barker and Hines and by others It would
furthermore be presumptuous for anyone to ttempe a defimtne
work on thromboembohsm or anticorguiant therapy 1t a time
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gators Lines of conflict have arisen tn some matters which serve
more to retard than to stumulate progress

There 15 no field of medical research or of clinical application
in which 1t appears more difficult to obtain reproductble results
than 1n the study of blood coagulation and tnticoagulant therapy
An essential reason for this 1s the necessity for meticulous lab
oratory work Chinical laboratories burdened by the every day
demands of the clinicrin and accustomed by experience to utilize
the sumplest and most prigmatic Iboratory methods avulable for
chnical purposes attempt to determine the prothrombin time i
much the same casual manner s they perform a bedside coagula
tion tme or hemoglobin determimation In the latter tests as
ordinanly performed the range of error 1s great under any car
cumstances but the results are sufficiently accurate for practcal
purposes and there 1s no particular harm to the patient if errors
of ten or even fifteen per cent occur Thits lautude 1s not perms
sible when determiming the prothrombin time For example a
difference of from two to four seconds in the prothrombin tune of
whole plasma may represent the difference between normal pro
thrombin activity and 1 prothrombin actuvaty which 1s only one
half of normal It has often been difficult for those perforrng
prothrombin determinations for chinical purposes to pprecate
the necessity for pumnstaking technique 1f accurate results are to be
obtained

Uncritical studies which are now appearing too frequently mn
the literature are the despur of meticulous workers An occastonal
report indicates the nuthor s complete misunderstanding of cur
rent knowledge and of fundamental concepts which are now
established facts Erroneous interpretations wnd beliefs are more
common among practicing physicians who 1re not exposed directly
to current wdrvances in the field Two glirng errors are cited 15
examples of this unsiasfactory stite We encounter mstances n
which the prothrombin time 1n seconds obtamned by a modification
of one or another method of performing this determination 1s
compared with similar values in scconds obtuned by the onginal
method or 1 different modificatron of 1t Thus a physician will
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CHAPTFR 1

Introduction

THE clotting of the blood 1s an essentinl physioloical process
without which man cannot long survive In ats absence the

shghtest injury resulting 1n hemorrhage permits bleeding to
continue untl the mdmidunl 1s exsainguinated It s there
fore 3 pradox that more human heings over the 1.e of hifty die
% a result of intrunascular clot formation than from any other
single pathological mechmsm

In Ophuls classical inalysis of 3000 rutopsies (1) i which 1209
(40 £ per cent) of the total deaths occurred 1n ptients fitty years
or older nearly one third of all cases exammed (30 5 per cent)
had manifestly diseased arteries The frequency of generalized
rteniosclerosts mereased with age from nbout 2o per cent in
pattents between the ages of 40 and 50 years to nearly 90 per cent
n patients over 70 years

Marked arteriosclerosts of the cerebral arterzes w1s present n
105 nstances (3 5 per cent of all cases) and 1n 50 of these cases
(nearly 50 per cent) there were areas of cerebral softening result
mg from arterial obstruction Thrombosis of one of the cerebral
artenies existed 1n 8 cases and embolism 1 20 cases Thrombosis
of the aorta was observed 1n 5 cises embolic obstruction of the
aorta 1n 2 cases

There were well marked arteriosclerotic changes in the coro
nary arterles mn 129 instances (4 3 per cent of all cases) approxa
mately 10 per cent of all patients over 50 years of age Thrombous
of one or both coronary arteries hiad occurred m 34 imstances
and embolism of the trunk or one of the lar,er branches of
a coronary artery was recorded m 6 cises In a group of 70 cases
of coronary sclerosis selected for more detailed study the arterio
sclerotic lestons 1n the coronary arteries werc severe mn 45 1n
stances and thrombosts had occurred 1 20 of these In this sclected
group 30 patients (429 per cent) had died of coronary msuffi
ctency 17 of them suddenly and the coronary vessels were severely

3



1 THROMBOEMBOLIC CONDITIONS

diseased 1 over 90 per cent of these cases An addiwonal 22
(314 per cent) of these 70 patients died 1n heart fulure and 18
died as 1 result of rteriosclerotic changes elsewhere 1n the body
or of mtercurrent infection

Embolism of the mesenteric arteries w1s observed seven times
thrombosis twice Muluple thrombosts of the renal arteries was
noted 1n 2 cises wlhile embolism was noted 1n 15 ten of these
bemg septic embolt complicating endocardins  There were 3
anemic infarcts of the spleen due to arterial obliterition nd 3%
embolic infircts for the most part secondary to endocirditis

Arteriosclerosts of the arterses of the extremities was sufficent
1n 23 cases to produce marked disturbances n circulation Large
artertes of the extremities were obstructed by thrombr m 13 of
the 16 of these cases in which the peripheral vessels were ev
amned idequitely There were 1 instances of thrombosts of
arteries of the neck or extremines in the 1bsence of arterio-
sclerosis In brief there were 17 cases of thrombosis of the
artertes of the nech or extremities with gangrene of the leg n
11 mstances of the foot m 1 of the hand 1n 2 and atrophy of
the arm n 1 Embolism of arteries of the extremrties was ob-
served 1 7 cses two of these secondary to endocirditis

Simple thrombosis of the heart had occurred 1n 100 cases (33
per cent of 1ll cases) and simple thrombosis of the vemns m a
similar number of 1nstances although both were found m the
sime pittent on 19 occastons Although local disturbances ¢
counted for 7 instances of intracardinc thrombosis and for 20
stances of venous thrombosis general sascular disturbances ¢
counted for 147 mstnces (81 per cent) of stmple thrombosis of
the heart or veins Simple thrombosis i the civities of the heart
was due to cardirc decompensition tn 84 cases while throm
bosts of the vems was due to cardinc decompensaition 1t 40
cises Venous thrombosis was encountered mest {requently
the peniprostatic veins of the male (51 cses) in the leg veins
(liac 9 ¢rses femoral 1% cases popliteal 1 case saphenous 1
cise unspectfied leg vems 2 cuses) and 1n the portal vem (10
cases) where 1t w1s most usually due to a local disturbance

Venous thromboses 1n the lower extrennties are found 1n more
than 50 per cent of persons dying of any cause 1n the Jatter half
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of hife (2) These thrombn form first in the smaller seins particu
Iarly m the calf mmscles n the phntir region of the foot and
i the adductor region of the thigh They are found bilaterally
as often or more often than unilaterally

Pulmonary embolysm 15 predominately a disease of the titter
half of hie as demonstrated at the Unnersity of Pennsyhann
Hospual where 81 per cent of ail pulmoniry emboh nd 92 per
cent of all fatal pubmonary emboh occurred i patients above
the age of 40 (3)

Although the subject of murnascular clotung has engaged the
attention of disingwished pathologists for a century and more—
indeed Virchow had explammed the prthogenesss of embalism
a serzes of papers published between 1816 wd 1856 thrombo
embalic pt were not recog 1 chncally with regu
lariy nor was thew chimical sigmificance ppreciated generally
anul the past decade

The twalemmg of profesnonal interest n thromboembalic
condinons resulted from the cumulatne effect of many mdepend
ent studies and reports  [he Scandinavian authors Baer (4 6)
Crafoord (7 12) Frykholm (13 14) Hellsten (15) Zithacus (16)
and therr contemporanes emphasized the role of thromboembo-
ism m chimical medicine by punstalang and volummous reports
Amerean authors—Homans (17 2} A W Allen and Linton (22)
and Evans (23) m Boston E V Allen Barker and therr assoctates
(24 25 at the Mavo Chinic Ochsner and deBakey (26 28\ m
New Orleans and others published ongmal papers shich pre
saged the verttable flood of articles which have appeared dunng
the past fesw years

Unul recently there had been no means whereby wntravascular
clotn,, conld be prevented chnically The chimcal application
of the antioagulants heparin and dicumarol * 15 a therapeutc
achwevement which matches the diagnostic and therapeutic value
of recogmung early thromboembohie phenomena Herapin
whotwe nticoagulant sctivity had been discovered m Howells
Jabortory by J McLean (29 30) had been subjected to eshiaus
tne studies parucularly in the abaratories of C H Best 3

Ducumarel 1s the regstered collective wrade mark of the Wisconsin
Mumm Research Foundation which ontrals the use thereof
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mn Toronto Canada and of Enk Jorpes (32) in Stockholm
Sweden from whence 1ssued the reports which led directly to the
climieal application of this anticoagulant by Murriy (33 3%)
Crifoord (8 12) Wetterdal (35 36) and others The usc of heparm
was accepted promptly m the Scandmarian countries where the
greatest clinical expersence during the war years was accumulited

Meanwlule karl Paul Link (7) and his associates at the Ut
versity of Wisconsin were mvestigating m spoiled sweet clover
hy the active princtple which produces hemorthagic disetse 1n
cattle Tinks texn of wvestgators 1solated thrs princple 1den
ufied 1t chemrcnlly as 3 8 methylenebis (4 hydroxycoumarin) or
dicumarol and synthesized 1t The imiual report by Butt Allen
and Bollmn (38) that dicnmarol 1s effective clinically was con
firmed promptly by Bingham Meyer and Pahle (39) mn the fall
of 1941 and by E V Allen Barker and Waugh (40) Bollman wnd
Preston (41) nd Wright and Prandom (42) in 1942

Thus the more widespread recognition of thromboembolic
phenomenn and mmproved methods of treating these conditions
parnculirly with antcoigulints developed simultaneously The
anticorgulnts found prompt applicatson m the ripdly expand
g, knowledge of thromboembolism

The early descripuons of thromboembeolic phenomena emphn
sized partcularly the postoperative and the postpartum occur
rence of thrombophlebitis wich 1ts dramatic sequel pulmonary
embolism This emplinsis resulted n the widespread applicition
ol venous Iigatton 1s 1 prophylictic and therapeutic measure (22
43 48) It 1s npparent that the problem of thromboembolism 1s
considernbly brouder than tht of thrombophlebitis of the lower
extremities It 1s recogmized moreover that thromboembolic
phicnomena are estremely common and mmportant 1 patients
sufferin, from medical condinons

Fien tody the medical profession has not grasped fully the
clinical significance of these phenomena Thromboembolism 1s
certunly one of the fundimental pathological processes ssocited
with and indeed producing diseise in min It muy be the most
common p'nlmloglml cause for scrrous illness and death Tor
example Tragy Punam and lis assoantes (19) e summarized
evidence 1o show that vascular destruction or more speaifically
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TABLE I
ETIO1 OGIC Cl \SSIFICATION OF SUDDEN ARTERIAL OCCLUSION®

I Embolism
\ Cardiac
Auncutar fibnflation amy canse
Afyocardial snfarct with mural thrombosis
\[rtral and aortic vahvulitis
a) Bacterial acute and subacute
Fahing heart from any cause
1 Artenal
Mural thrombosis
a) Aneurysm
b} Artenosclerasis
) Trauma
&) Inflammation
C Venous
1 Through patent foramen ovale (paradoxical embolism)

PR

11 Thrombosis
A Inflammatory
1 Thromboangiis obliterans
2 Penarteritis nodosa (polyarteritis nodosa essentral polyarteritis)
3 \Mycouc artenitis (severe inlections)
B Degeneratne
1 Arteriosclerosis
C Traumatic
1 Cenical nb scalenus anticus costoclavicular and hyperabduction
syndromes
2 External trayma
3 Gunshot and stab wounds
D “Miscellancous
Infectious diseases
Heart disease
Plood dyscrasias
Surgical procedures
Idwopathic thrombophilia
Traumz

R

HI Ligation and severance

From Wright 1 S Jascular Diseases i Clinteal Practice Chicago Yr
Bk Pub 1918
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probably a thrombosis of senules 1s 1n essential link 1n the chamn
of causation of multiple sclerosis and the related encephalomyeh
tides  Thromboembolism 1s not 1 diseise nor 2 syndrome 1t
15 a fundwmental pathological process common to 1 vartety of
diseases and clinical syndromes It 1s the considered opinion of
competent observers that we are todry only crossing the thresh
old mto a vast field of clinical pathology which evolses from the
formation of mtrwvascular clots

TABLE II
ORGANIC (STRUCTURAL) DISEASES OF THE VLINS®

A Obstructine
1 Tt bop and yenous
a) Primary
(1) Thromboangiitis obliterans
{2} Recurrent or migraung (without arterial lestons)
(3) Essenuial
b) Secondary to
(1) Mechanical injury (contusion lacerauon surgery)
(2) Muscular effort or stramn
(3) Chemical mjury (sclerosing agents drugs solutions for diagnosis)
(4} Inflimmatory or suppuratin e lestons—infectious discases
{2) Tuberculosis syphilis acunomycosts
(b) Other bacterra (to be specified)
(5) Severe 1schemia
(6) Chronic disease of vemn wall (varices phlebosclerosis) (Late com
pl —Varcose or postph ulcers)
(7) Blood dyscrasias (polycythemua vera leukemta pernicious anemra)
(8) Epidermophytosts (?)
2 Ncoplastic imvasion of vemn
3 lenous compression—with or without thrombosis or thrombophlebitis
dueto
a) Gravid uterus
by Neoplasm
©) Ancunysm
d) Scar tissue
¢) Scalenus syndrome
f) Fractures and dislocations
g) Increased ntra abdomimal pressure (wscites etc)
h) Estrnsic pressure {ught girdles crcular garters poorly made trusses
cte)
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TABLE Il-Continued

B “Nonobstructive

1 \arncose vems (aneurysm)
a) Primany—congenital incompetent valies
b) Sccondary (to proximal obstructine lesions or pressure)
¢) Secondary to phlebitic destruction of valves
d) Compensatory dilatation of collateral veins
Arteniovenous fistula
a) Congenital
1) Traumatic
©) Mycotzc
d) Secondary to local disease
Aberrant position
Hypoplasta
Phiebectasia
Peniphlebiuis without thrombosis
Phlebosclerosis (not usually obstructive)
Rupture

re

PR

* From Nomenclature Diseases and \bnormalities of the Blood and Lymph
Vessels of the Extremities Am Heart | 22 219905 October 1941

Thromboembolic phenomena may be classified 1n various ways
—according to etiology or to anatomical locatton whether arterial
or venous whether peripheral or visceral and whether associated
with a medical a surgical or an obstetrical condition Sudden
artertal occlusions m1y be thrombotic tn character and may arnse
as a result of inflammatory or degeneratne disease trauma or
because of alterations in the coagulability of the blood or n
the hemodynamics of the ctrculation Sudden arterial occlusions
may on the other hand be embolic 1n nature and the embolt may
anse from thrombi within the artenies the vemns or the chambers
of the heart A convenient etologic classtfication of sudden
arterial occlusion appears as Table T

Venows thromboss {thrombophichiis and phichothrombons)
includes a vanety of conditions hwing different etiologies pre
caprating factors gross pathology course and prognosis The
various etiologic factors and the relation of venous thrombosis to
other diseases of the vems are made clear by the classification
teproduced in Table IT

The relation of sludged blood to the development of throm
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boembolic phenoment 1s not yet clexr Although the concept that
sludge may form 1 nidus for the development of an intravascular
clot 15 an 1ntriguing hypothesis 1t 1s not proven 1t the present
time that sludging 1s a necessary precursor for nor even inumately
relted to intrnasculr clotting hnisely and his associntes (50)
have shown that intrivascular sludging of blood is demonstrable
1 variety of disease processes and therr work his been con
firmed 1 genertl by obsersauons such s those by Ioewe 1nd
Hirsch (51) 1 experumental venous thrombosis by Lange ind
Loewe (52) mn expermmental frostbite by knely et alu (53) m
traumatic shock and by Lack and Winsor (54) 1n hypertension

The exceedingly wide vartety of pathologteal states i which
sludgmg has been observed 1s perhps one basis for skepticism
thae there 1s a causal relaon betneen sludge formation and m
travascubir cloting  urthermore the erythrocytes which pre
dominate numerically mn the sludging process are not known to
partcipate actvely 1n the formation of intrasascular clots Indeed
they my be relunely 1bsent from the plitelet thrombus ( whate
thrombus ) One may conclude thit while the phenomenon of
sludged blood my be exceedingly mmportnt and of the greatest
significance 1n relton to intruascular clotting the relauonship
between the two processes 1s not 2t the present tune clexrly de
fined



SFCTION 1

THROMBOEMBOIIC PHENOMFENA IN
CIINICAL MEDICINF






CHAPTER 2

Venous Thrombosis and Pulmonary
Embolism

INCE the mual 1ntense 1nterest 1n the problem of thrombo
embolism centered about the occurrence of venous throm

bosis and pulmonary embolism 1n surgical and obstetrical patients
putcularly postoperatively and postpartum 1t 1s understand
able that 1 tremendous body of medical literature has accumulated
on this aspect of the problem It 1s here that the greatest amount
of data has been assembled and the most precise knowledge ob
tuned Space does not permut not would 1t be worthwhile to
review this hiterature m detail A review of selected studies will
suffice to orient the reader

Barker Nygaard Walters 1nd Priestley (20) 1n the first of
a sertes of statisucal studies of postoperative venous thrombosis
and pulmonary embolism published 15 1910 and 1911 reported
staustics obtaned from the records of all instances of these com
plications noted postoperatively 1t the Mayo Chimic dunng a
tlurteen year period Cases studied included those mn which there
was a clinical diagnoss of thrombophlebitis or pulmonary embo
Iism cases of fatal pulmonary embolism (clmical diagnosis con
firmed or established by necropsy 1n 8% per cent of cises) and
cases 1 which a non fatal pulmonary embolus or wn antemortem
venous thrombosts or thrombophlebitis was discovered only at
qutopsy In a total number of 172 888 patients havin, oper1
tions 1665 panents or 096 per cent suffered thrombosts with
or without embolism or embohsm with or without evidence of
thrombosis

The statistics were subdivided so that the number of cases of
postoperatrve venous thrombosts and of pulmonary embolism
folloning various types of surgery could be tabulited Venous
thrombosis and pulmonary embolism were found to be relauvely
twice as common following laparotomy as they were following

13



14 THROMBOEMBOLIC CONDITIONS

1l operations and they were three times 1s common following
laparotomy 1n which operations were performed on the female
pelvic organs The highest incidence of venous thrombosis nd
pulmonary embolism occurred in those Inprrotomies 1n which
there was extensive rescction of tissues operitions of relatnvely
long durition or operations of relatnvely great magnitude Venous
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Fieure 11 Crosssection of the tail ol a thrombus hying free m a vemn

Although the thrombus 1 free at this pomnt the vein wall shows signs of
nflimmation

thrombosis ind pulmonary embolism occurred twice 1s often 1n
cases of repair of bilateral femoral or mguinal hernit 1s 1n cises
of unilateral femoral or ingjuinal hermia

Sunple exploratory lapirotomies for mnoperible milnint le
stons were wccompamed by a high incidence of venous thrombosts
and espectally of pulmonary embolism The incidence of these
complications following resections of the stomwh or of the m
testines  frequently performed for carcmom was high which
suggested that carcinoma might predispose to postoperative throm
boembohsm The mnadence of venous thrombosis and pulmonary
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embolism following 1ppendectomy for ruptured appendin was
more than twice s great as that following 1ppendectomy for
simple chronic or subacute appendicitis supporting the sugges
tion that the ncidence of these complications 1s greater when
infection exists

The authors concluded that postoperative venous thrombosis
and pulmoniry embolism are more common follow:ng lxparoto

Ficure 1B An example of propagation of a thrombus to the length of 36
mches This was removed whole from the veins of a leg by suction (Courtesy
of Dr Gerald H Praw) (From Wnght I § [Tascular Diseases in Clinical
Practice Chicago Yr Bk. Pub 1918)

mies 1n which operations 1re done on the pelvic viscera 1n which
there my be mnjury or higition of the ihac veins 1n operations
of great magnitude or of long duration m which considerable
ussue 1s removed or 1n which there 1s 1pt to be a great amount
of tissue injury and in patients suffering from carcinoma or
mfection The actual madence of these thromboembolic com
plicitons postoperatrsely 1s small only about 1 per cent mn the
total sertes and only 1bout 5 per cent 1n those operations follow
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ing which they were most common The highest inctdence of fat1l
pulmonary embolism following 1ny type of operation 1s only
077 per cent following splenectomy

Hellsten (15) wnd later Jorpes (32) and Zilhacus (16) using
for the most part 1dentical data hnve summanzed statwstics from
the literature on the mcidence of thromboembolic phenomena nd
on the morbidity and mortality resulting from thromboembolism
prticularly from pulmonary embolism In general these din
are considered i the three separite categories of postoperitive
postpartum  and medical cases A further disunction 1s made
between those statistics collected before or after the introduc
tion of the principle of free mobilization and early ambulation
It 15 to be noted that stausstics 1 any category vary widely from
country to country and from chinic to clinic

Jorpes (32) states that during the er: of conservative postopert
tive management (prolonged bedrest 1nd immobilization) bout
1 per cent of all surgical cises were complicated by 1 deep venous
thrombosis or 1 pulmonary embolus and that this ncidence
was reduced to approximately 06 per cent with the ntroduc
ton of actie postoperitine cire  (early mobilization) There
1s great variation 1n the incidence of thromboembolism accord
g to the site of surgical mtervention since 1 constderably greter
number of thromboembolic complications occur 1n abdominal
surgery than m extriibdomunal operations and the highest nct
dence often from 3 to 5 per cent 1s encountered following pelvic
surgery In selected groups of patients undergoing estensive ab
dommnnl operations for circinomt  1bdomtnal hysterectomnies
prostatectomies 1nd biliry tract surgery the inadence of throm
DLoembolism may reich as high 1s 9 per cent (11 55)

Z1llincus (16) pornts out that the frequency of pulmonary em
holism 1 cases of postoperative thrombosis 15 50 to 60 per cent
and that the mortaliy of postoperane thromboembolism due
largely to pulmonary embolism 15 1n the neighborhood of 20
per cent A lugh meidence of pulmonary embolism 1s encountered
m obese patients 1rrespective of the primary surgicil cond:
tions (56 57)

The incdence of postpirtum thromboembolism  also quite
varable 1n different series has probably been reduced to 1bout
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05 per cent n atherwise uncomphicited delvenies by the policy
of early actraty and erly ymbuhuion The mnadence 15 of course
constderably lugher 1o these cses 1 whom mstrumentatan or
operainve mtersention 1s necesswy Houwesver the mcdence of
pulmonary embolism 15 much lower 1n obstetrical cases than m
postoperitn e cases occurrmng mn from 15 to 35 per cent of cuses

Fieire 2 Thrambus of the left common hac sem large enough to prodace
a fatal embolus (Courtesy of Dr John G hadd ) (From Wnght 1 8 Fascular
Diseases m Clinical Practice Chscago Xr Bh Pub 1948}

dereloping postpirtum  thrombosis as agunst fram 50 <o 60
per cent i postoperitne thrombests 1nd the mortility rate n
postpartum thrombosis 1s also relatnely fow 3 10 5 per cent
15 compared to a mortahty rate of 20 per cent mn postoperative
thrombosts  1ccording o the Scandinvnn anthors Thus rela
tively low mnaidence of thromboembolic complications 10 obstetn
il patients may be evplimed by the relatne youthfulness wnd the
generally good physical condition of the parturient pittent The
stze of the oniginaning vewns m the pelvis may 2so be an important
factor

Datr on the wmnidence of thromboembolism m medical cases
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re not so rendily wvultble 1s are data for postoperntive ind post
pirtum cases However the relatively high mcidence of throm
boembolic complications 1n medical cases has become generally
apprecrited There 1s no doubt that thromboembolism and pul

Ticure 3% \utopsy spectmens from a pauent with a fatal thromboembolic
syndrome Folded embolus 45 cm long that blocked both pulmonary artenes
(Courtesy of Dr John € I1:dd) (From Wright 1 S Jascular Diseases 1m
Clmical Practice Chicigo Yr 1k Pub 1918)

monary embolism e 1s common 1mong the general populition
of the medical wards s on the surgieal wards
Thromboembolism 15 seen m 11l types of prtients bediidden
for whatever ciuse but particularly in those suffermng from cirdio
vasculir disorders  anemir  polycythemia  dehydration  pneu
moms d septic condinons Undoubtedly the ncidence of
thiomboembolism and the mortahty resulting therefrom 1s con
siderbly huher n selected groups of medical patents nimely
the aged thosc suffering from heart disexse cancer ctc  than
m almost iy selected jroup amon, surgical and obstetrieal
prents Thus of 370 ciscs of thromboembolism studied by
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Hampton 1nd Castleman {58) only 40 per cent occurred 1 post
operiuse pitenis while 30 per cent ocourred n pawents suffer
ng from hewrt disease 1nd 30 per cent v panents suffering from
genertl medid conditions Hunter et 2l (%) stated sucemeth

Ficerr 3B Autopsy specimens fram 2 patient with ¢ fatal thromboembolie
syndsome Another large embolus cosled 1n the right venwicle (Courtesy of
Dr John G hudd) (From Vright 1S Fascular Diseases in Clinweal Practice
Chicago yr BL Pub 1918}

that the greatesy single {ctor favonng thrombus {ormavon n
the jower extranuy 1s sudden confinement to bed of 1 previousty
wmbulory older person

Bauer (60) found thar 1 a il of 801 cases of thrombosis 1n
the jemerit medictl and surgicl sections of ten Iirge Swedish
hospuals i 1939 48 e1ses (56 per cent) of the torad number
occmred momedien cwses and of these 79 (18 per cent) died
Wherets Axhausen (61) and Hunter et 1t (2 found hude daf
ference betw m ' sm an medical
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re not so readily nulble a5 are daa for postoperitve ind post
prrtum cises However the relatinely gh meidence of throm
boembolic complicitions 1n medrcal cases has become generilly
appreciited There 1s no doubt that thromboembolism 1nd put

Fictre 3\ Autopsy specrmens from a pattent with a fatal thromboembolic
syndrome Folded embolus 42 ¢m long that blocked both pulmonary artenes
(Courtesy of Dr John € hidd) (From Wright 1 S Jascular Diseases i
Chimteal Practice Chicago Yr 1Tk Tub 1918)

monary embolism are 15 common among the general populition
of the medical wards 1s on the surgical wards
Thromboembolism 1s seen 1n a1l types of patients hedridden
for whatever cruse but particularly m those suffering from cardio
vasculr disorders  anemir  polycythemin  dehydraton  pnen
moms nd septic condittons  Undoubtedly the mcidence of
thhomboembolism and the mortality resulung therefrom s con
siderbly higher 1n sclected groups of medical pitients namely
the 2.ed those suffcring from hewre diserse cmcer etc than
m almost ay sdeced jroup amon,, surgicil and obstetrical
pattents  Thus ol 370 cuses of thromboembolisin studied by
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onigimal level at winch such thromb: are formed the majorsty of
pulmonary embols onginate from thrombt whweh have de
veloped 1n or propagated to the femortl sems This 1s evident
when massne pulmonary embolt are examined postmortem  the
aterage thackness 1s found to correspond to the width of the
femoral vemn Fawl pulmonary embolh 1imost always occlude the
matn trunk of the pulmonary artery os two or three of 1s mawn
branches 1ohing 1 plug of tremendous bulk These plugs are
coraposed prunartly of folded fragments of thrombus a fingers
breadth i dameter but of very great length frequently 35 w
42 cm

Stasts 15 the most common factor leading 1o the development
aof the spontaneaus thrombt nhuch orignate n the femorat vemns
and produce pulmonary embohsm rrespective of the primary
disease or of the operatne procedure In 2 Iarge per cent of fatal
pulmonary embol follos ing femoral xem thrombosis the panent
fias been forced by arcumstances shortly befare devth 1o mamtn
an unusuilly cramped position Systematic mampulation of the
lower extremuties will therefore seduce the harard of thrombus
formagson and of subsequent embalzation

These statements do not apply with the same emphasis to the
inflummatory type of acute thrombaphlebitis or to septic thrambi
The former are more apt to be more firmly attached to the wall
of the tem and therefore are less apt to produce emboh The
tatter ave serious becanse of the hazard of pyemia Nevertheless
11 15 unpossible to predice wiich thrombosis myy give rise to 1
€atal pulmonary embolus Therefore 1 must be treated with the
same serious vespect
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and 1 surgical cases Belt (62) and Breshich (63) found that pul
monary embolism 1s even more common 1 pitients dymng of
medical condrtions thin n those dying after operations

There are two pomts which require emphasis to shike the
complacency of those who are mmpressed by the relatively low
overall figures provided by many large statistical series The first
1s that once mtravascular clotung his occurred the frequency
of subsequent pulmonary embolism 1s alirmingly high and the
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Ficurr 3C \utopsy specimens from 1 pattent with a fat1l thromboembolic

syndrome Embol shown 1n Figure $\ and Figure uB and others from the

same patient (Courtesy of Dr John G hadd ) (From Wmight 1 § 7 ascular
Diseases 1n Chnical Practice Chicago Y1 Bk Taub 1948

mortality rite from these pulmonary embolt runs from 5 to 20
per cent Secondly when 1 careful search 1s mrde at autopsy
for evidence of antemortem thromb: the number of mtraasculr
thromboses found 1s astomislnng Thus Rossle (61) found that
the calf vemns contuned thrombi m 27 1 per cent of 324 pauents
over 20 years m age and Hunter et 1! (2) found thrombosis of
the deep veins of the leg 1n 52 7 per cent of 351 muddle 1ged and
older patients forced to bed for varying periods of ume Un
doubtedly intravascular clotting occurs far more commonly than
15 recognized chinicilly or s discovered by routine postmortem
exrmination In many cases the condrtion subsides spontaneously
and without complications

The hazard of fatal pulmonary embolism s particularly great
following the development of spontineous venous thrombosis m
the leg vemns the socalled phlebothrombosis Irrespective of the
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quency 10 ssocston with artenosclerosts oblierins 1s angmented
by the frequency of delshoaton 1 the 1ged and by the Ingh m
cidence of disetses of the verns such 1s v incose vemns 10 the older
pattents
Whereas wrtend ocdusion by thiombuy formaton s by 1w
most conumonly the result of perphertl vl disewse or local
sasculir dhisorder peripheral arterat occtusion due 1o embolism
13 almost dways the result of hewrt dusense Indeed m the Mayo
sertes §1 of 46 sudden arterl occlusions due to embolism were
produced by embeh ongimtung 1n the heart Perspher embol
ocour 15 complscations of a variery of cardine condstions motably
m the presence of the cirdiac arrhythimas paruculardy auncalar
fibniilition 1 endocarditts and sabulius whether on 1n nfec
teus or on 1 rheumatic basis 1 coroniry occlusion with myo
cardial nfarcuon and 1n congestive heart fulure when the slon
g of the blood streum predisposes to the formiton of intra
raseulr clots
In a series of 98 patients suffering artenal embolism Warren
and Lainton (66) found that 1n 87 pauents (B87 per cent)
chimen] diagnosis could be made which gase presumptive evidence
of an intracardiac source of the embolus In 64 cises there was
awricalar fibitagon an 1% cases myocardial infarcuon and m
1 cwe both aurcultr fibniflavon and myocardnl wifwrcuon In
7 cases subncute brctersl endocirditis was presumably die cwse
of the embohism 1 11 cases the cause was undetermmed but
1 only 2 of these did 1l cardiac causes seem to be excludedd The
greatest mowdence of artertal embolism i this serses wis i the
fifth wnd sicth decades
Systernic embolization s m important comphicition of auricu
fas fibritlation the source of the embolus ordmanly being a murai
thrombus 1 the left aurcle or left auncotar appendage Smmi
fasly pubmonary embolsm occurs as the consequence of a right
aurtcutar thrombus Less commonly the mural thrombr deselop
m the yemricles Auncular thrombs are found m approvimately
43 per cent of pattenis with rheumatse heart disetse and wurcafar
fibrillazion (67)
As menuoned previonsly i the series of Warren and 1mton
{68) auncular fibrillation was present and was presumably the



CHAPTER 3

Thromboembolic Phenomena i Cardiovascular
Diseases

THROMBOEMBOLIC phenomenn are frequent and sertous

complications m 1 variety of pertpheral vascular diseises
particularly 1n those of wn obliteritive nature but occasionally
n the visospastic diseases 15 well Arteral occlusions phlebo
thrombosts and thrombophlebitis are extremely common mnc
dents 1n the natural history of the obliterative vascular diseases
commonly seen 1n the lower extremities

drtertal thrombosis 1s an 1lmost umarnble rccompanument of
advanced arteriosclerosis obliterins and sudden arternl occlu
sions are encountered n at lewst 10 to 20 per cent of all cises
of erther artertosclerosis obliterans or thromboangtitis obliterans
(Buerger s disease) In one hundred cases of sudden arterial occlu
sion studied 1t the Mayo Chinic (65) occlusion occurred 1n the
presence of 2 well defined artertosclerosis obliterans 1n 33 1n
stances In all of these cases but one which was the result of 1n
embolus the occlusion was thrombotic 1n orn Many arternl
occlusions occur slowly s the result of the growth of mural
thromb: superimposed upon atheromitous plaques The signs
and symptoms of occlusion appear with the final closure of the
vessel

Iess commonly sudden arterial occlusions occur secondarily
to the 1arous forms of arterins notably perarteritis nodosum
and myocotic trterttts to aneurysm o to the neurovascular syn
dromes of the shoulder girdle As 1 rule the yasculir occlusions
encountered erly 1n the vasospastic diseases are confined to the
smller vessels and play 1 role m the development of local lesions
and do not produce systemic mantlestitions until the diserse 1s
advanced

‘Thrombophlebitis occurs 1t one time or another m e lewst
40 per cent of 1ll cases of thromboangutis obliterins Its fre

oo
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are essentially sympromiless and unrecognrzed unul embolism
accurs

Thromboembolic comphicitions wre imporant i increasing
the prolonged disabihyy nd lugh mornliy of congestive heart
faiture The slowing of the civculatton and the usually prolonged
recimbency encourage the formanon of thrombr 1 the hewrt or
w the systermic or pulmonary vesms with subsequent emboliza
ton Kansey and Whate (71) reported the presence of pulmonay
mfarction w21 of 50 cases of congestne heart falure studied
at rutopsy In 1 stady of pulmonary embolism occutying m medy
cal cases Carlotn Hardy Iinton and White (72) found that the
admission diagnosis was congesute hewrr future m 104 of 273
cases

Cardiac patients myy die of myocrrdal fulure  or of ven
tnenlor fibnllaon  but 2 Jarge proporuen of sudden deaths
ascribed o these frequently unconfirmed diagnoses are actually
the result ot vascultr occlustons unreco mzed chinically

Paradosical embohsm  though relatavely uncommon s of
terest an connection with systermc wrtersal embohizatton Themp
son and Evans {73) reported virying degrees of patency of the
foramen gsale m 35 per cent of 1100 consecutive autopstes
0. 29 per cent the openmng would admat a probe 1n 6 per cent
A penul They guoted Watug who noted sn 1927 that 50 per
cent of wmstnces of paridoncal embolism are preceded by pul
monary embolism The possible role of pulmonwry embohism m
mcreasing the pressure i the right atrem and so foretng embolic
matenal through the talve flip of 1 patent foramen osale has
been discussed vecently by Ross and Spragune (74)
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cause for the embolism 1n 64 of 98 pauents Rheumauc hewrt
disease was responsible for the auricular fibrillation 1n about two
thirds of the cases (in 41 nstances) 1rtertosclerotic heart disease
m 17 cases In one cise fibrillation was associated with Picks
disewse and 1 5 cises the cause was undetermmed  Although 1t
has been commonly believed thit embolization 1s especially apt
to occur when 1 fibnillaung heart 1s reverted to 1 normal sinus
rhythm either spontaneously or as 1 result of the adminsstrition
of quintdine Warren and Linton were unable to establish this
sequence of events in any of thewr pauents

Rarely 1 cases of valvular stenosis with aurncular fibrillanon
a ball thrombus 1s formed free 1n an wricular chamber This
has been reported 1n more than 30 instances m the left auricle
but there 15 only 1 unquestioned case report of 2 true ball throm
bus 1n the night aursele This case was reported with a summary
of the literature by Wright Flynn and Druet (68) Auricular
thromb: sometime occur 1 mutral stenosts without suriculir
fibrillation 1nd serve as the source of systemic emboli In a series
of 72 cases of mutral stenosis complicated by cerebral embolism
(69) 55 patients had aurrcular fibrillanon One thurd of the
entire group exhibited congestive heart faillure and one third
died mmmediately Pulmoniry embohism with anfarction 15 2
common complication of mutral stenosis but ts more often the
sequel to thrombus formation 1n the leg veins a1nd to congestine
heart failure than to thrombus formauon n the chumbers of the
night heart (70)

The chief complications of bacternnl endocarditis  whether
acute or subacute are due to the infarction of varous orgins
from emboli oniginating 1n ntracardiac thromboses The spleen
15 one of the common sites of infarction but systemic embolt
lodging 1n the brain the hidneys or extremities frequently pro-
duce more serious consequences Pulmonary mfarction 1s not as
common since the vegetations are generlly or preponderantly
on the left side of the heart It m1y occur mn cses of congental
heart disease affecting the right side of the heart 1nd complicated
by an endocardius Coronary embolr occur rirely Of especial
nterest are those cises of subicute bactertal endocarditis which
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blood svessels outsule of the heirt and these niry m some cises
produce mote serious consefuences than de the ongwal coro
nry occlustons

In 1 sertes assembled from the ltterature 110 per cent of the
prusents had peniphertl thromboembohe lesions chmenlly (77)
However s Darngt (78) has pointed out 1arious reports in the
hterunre he demonstrited thar perpheril thromboembolic
testons are found 1n from 2> 1o 70 per cent of such cuses 1t
Autopsy Since post mortem exvymmiuons frequently do not n
clude thorough suudtes of the vessels of the estremities 1t 1s
hikely that the figures gnen m most yreported series e mcom
plete

In the materid studied by Hellerstemn wnd Marun (77) 45
per (et of the 160 cases hid 2 tord of 11 perspherd thromboem
bohe lesions 1t miopsy In those cases . which mural thrombt
were demonstrited  penpherit thromboembolic  lesions were
found m 15 per cent but 1n these cses wathout mural thrombi
perspberat thramboembolic lestons were found 1 only 39 per
cent In contrist the madente of penpherat vasculr occlusions
m one hundred cases selected at random from patierus dying from
cwses othier than myocrdnl nfarction was only 15 per cent
Peripheril thromhoembolie lesions were an smportant cause of
death (man cinse md contributory cause) m 27 per cent of the
160 autopsied cases reported by Hellerstemn and Maroin and
215 per cent of the 200 cses reporied by Fppinger and hennedy
(79) Whereas there 15 clnical evrdence of thrombophiebius n
only 18 per cent of patients durm,, the perod of recovery from
an acute coromny eccluston with myoeardl wmfarcuon there s
evidence of thrombophiebitis af antopsy 1 B3 per cent of cases
whith die dunn, this perod {77)

Pulimonary emboh hue been reported ac utopsy as occurnng
w from 3 to 12 per cent of cwses of coronary occlusion with
myocrdial infarction In a large cominned sertes the mcidence
w1s 235 per tent It 1s wn ymportine cause of death m from 5 to
16 per cent of ¢ses Pulmonary expbolism was the mun cause
of death 1 10 6 per cent of a lrge combined series (77) and the
cwise for sudden death 1 6 5 per cent of the 200 cases veported
by Eppmger 1nd hennedy (79) Among the piuents i this sertes



CHAPTER 4

Thromboembolic Phenomena in Coronary
Occlusion with Myocardial Infarction

THE most common complications of coronary occluston with
myocardial nfarction are thromboembolic These wnclude
thromboembolic complications within the heart 1tself and those
which occur 1n the vascular system elsewhere 1n the body Intr
cardiac thromboembolic complications mclude extensions of the
mitial coronary thrombus formation ot new coronary thrombi in
the same or m other coronary arteries and the formation of
mural thrombi within the cardiac chambers Mural thromb grie
r1se frequently to emboli which enter the systemic or pulmonary
vessels

Nay and Batnes (75) tound that 15 per cent of the 100 cases
of coronary occlusion with myocardial infarction analyzed by
them had suffered 1 clinically recognied secondary myocardial
infarcuon during the 1mmediate convalescence from 1 previous
nfarction Wartman and Hellerstein (76) found muluple mfarcts
n 41 3 per cent of 160 cases of myocardial infarction studied at
autopsy In 32 per cent of these 1utopsied cases there were both
fresh 1nd old infarcts 1n 6 per cent there were mulnple recent
wnfarcts md 1n J per cent there were muluple old mfarcts

Mural thrombi are described in various YEpOrts s ocCHITIN,
m from 17 to 83 per cent of cases of myocardial mfirceron studied
at autopsy The tremendous vamation m these fijures 15 un
doubtedly related in some degree to the care with which these
thrombrare sou ht Wartman and Hellerstern found mural thromb:
n 10 per cent of their 160 cases 1n 34 per cent of those patients
who had experienced 1 single infarct and m 48 5 per cent of those
mn whom muluple mfarcts had occurred

In panents who hive suffered 1 coronary occlusion recently
thromboembolic lesions occur with considerable frequency in

26
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Figures 44 anp B Copy of a side panel from the American Heart Association
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TULMONARY EMBOLISM
At autopsy up to 4297
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Cause of sudden death 1n 6 57 of 200 cases®
Important cause of death 1n 32 79, of those cases dyng 10 congesth
failure

Ficurr 4\ See legend on following page

BIBLIOGRAPHY

Ny R M & Bunes A R Amer Heart Journ 30 6576 Jub 2
Wartmin W B & Hellersten H h Ann Int Med 28 4162 ]
1048

Barntt A S Brooklyn Hosp Journ VI 47 January 1948 ,
Hellerstem H A & Martm ] W Amer Heare Journ 38 483 1
1947

Eppinger E C & heonedy J A Amer Journ Med Sai 1% !
Tamtiare 1020

ro

-t

w



location of peripheral
thromboemboic lestons
following myocardial
infarction’

B

K
Mesentery
P e AL

Ficure 4B
Ficures 44 asp B Copy of a side panel [rom the American Heart Association

Exhibit  Importance of T} Comy Accomy Myo
cardial Inf: as Reported 1n the Literatur




IMIOR ! AN E OF THROMBOEMBOLIC COMPLICATIONS
ACLOMIANYING MYOCARDIAL INFARCTION AS
RITORTED IN THE LITERATURE
CAPDIC COMPIICATIONS
THF MOST COMMON CARDIAC COMPLICATIONS OF A1OCARDIL
INFAT CTION ARE THROMBOEMBOLIC

SECONDARY INFARCTS MUR AL THROMBI

Clmeadl m 15 1 At autopsy n 179 to 83%

At Suom  m 1102 \t autopsy m 4425 1 a lar,e combmed
hieh ind old 1n 329, series
Mudup D recent i 69 At autopsy 1 10952
Malp o o'd 355 After single infarcts in 3%

After multiple snfarcts m485%

PERIPIIETI AT COMPLICATIONS
PEPII IIER AL THROMBOEMBOLIC LESIONS
Climcally ain 11597 a4 large combined senies
Vot pyn 2 to 7095
At uteps n 4o
Withaowal tiromly 55¢, Without mural thrombr 39%
Impaortant cause of death in 2794 and 24 5955

THROMBOL HLEBITIS OF THL LOWER EXTREMITIES
Chnzeally i 4 897 At autopsy 1n 839,

PUIMONARY EMBOLISM
At autopsy up to 42 77,
At autopsy 1n .3 59 1n a large combined series
Important cause of death 1n 5%, to 46 of cases
Main cause of devth 1n 10 6%, 1n 1 large combtned sertes
Cause of sudden death 1 6 5% of 200 cases’ heart
Important cause of death n 32 77 of those cases dying tm CONESLN
farlure

FicLre 4A Sce legend on following page

BIBLIOGRAPHY

Nay R M & Barnes A R Amer Heart Journ 30 6076 Jub ’9'5nm,,
\l\ganmxn W B & Helletem H b Ann Int Med 28 416 I
18

"o

3 Parntt A S Prooklyn H. 1918
yn Hosp Journ VI 47 January 1
t ;;cnemem H K 2 Maum [ W Amer Heart Journ 35 4837 Aprd
17
5 195 W11

Eppmger E C & hennedy ] 1 Amer Journ ‘Med Sat
January 1938



locatton of penpheral
thromboembolic lestons
following myocardial
infarction’

B

) Spleen
=1 AN Ao
X\ Mesentery

hi

Ficrre 4B

Fictres 44 anp B Copy of a side panel from the Amenican Heart Association
Extubit  Imp of Th Comp! A g My
cardaal Infarction as Reported 1n the Litrrature
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Selzer (86) has recemtly pointed out that while myocardial
necrosis and 1ts sequellie determime to a lrge extent the 1m
mediate mortality following myocardial infirction the frequency
of other secondary factors cuusing death indicates that the heart
1s not beyond tepur m mang pauents who die following mvo-
cardal mnfarction

Selzer reviened 9o cases of recent myocardial mfarction with
the 1dea of correlaung the immediate sequellae with the progno
sis 10 terms of mortality Twenty exght patients des eloped progres
sne arculatory fulure either congestnve fatlure or shock and
at autopsy showed no ymportnt complicatton Twenty four pa
tients died suddenly and at autopsy revealed no immediate
cause of deith other than mfarcion Thrty two pauents died
of complications demonstrable at autopsy and the clinical conrse
and autopsy findings m these patients suggested that the advent
of the complication had erther turned the ude from possible
recovery or at least accelerated death Thromboembolic com
plications 1n this category included 15 cases of embohism 6 cere
bral » massne pulmonary 3 to the extremrties and 1 mesen
teric In a miscellaneous group 5 patients died of recurrent coro-
nary occlusion during the first and second weeks after the mitial
myocardial infarcuon Thus 21 per cent of the pauents died
as a result of thromboembolic phenomena and 60 per cent of the
cases had mural thromb: on the endocardium

At least 50 per cent of patients who died dunng the acute
stage of infarction had evidence of effective circulatory compensa
tion but died because of secondary complications a conservative
estimate since all patients int shock or 1n heart fulure were assumed
to have urreversible cardiac damage

As Selzer states It appears then that from the standpomt of
pathologicat changes and funcuonal capacity of the myocardium
death 15 preventable 1n a large proportion of patients who survine
the intial ateack of pamn of myocardsal mfarcon The prognosis
of acute myocardial mnfarction 1s unpredicrable because the mm
portance of cardiac insufficiency—the direct consequence of the
damage to the myocardium—1s outneghed by secondary complica

tons The immediate mortality 1s twice or perhaps three times
greater than the estimated number of cases with arreparable
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who died of congestive heart fulure pulmenary embolism was
an mmportant ciuse of derth m 327 per cent

In Hellerstem and Mutin s maternl (77) the location of periph
eral thromboembolic lesions espressed s per cent of 1utopsied
cases with thromboembolic lesions was 1s follows brun 779
ort1 ncluding carotid vessels 05¢, lung 2359, spleen
889, mesentery 19% Lidneys 1449, extremities 559

Mintz aind hatz (80) reviewed 572 cases of recent myocudial
nfarction observed at Michael Reese Hospit1l during the 5 year
pertod 1940 to 1916 with partcular attention to the factors lexding
to mmmeditte mortality Only those deaths occurring during the
pitients stxy m the hospital were considered 1nd these occurred
m 125 pattents (1 mortality rate of 219 per cent) Most of the
patients were Jens since the hospital population of the Michel
Reese Hosprtal 1s predominately Jewish A few were Negroes

Of the 52 pattents (9 9 per cent) with thromboembolic phenom
ena recognized clinically 20 died (mortality rate of 55 8 per cent)
Pulmonary embolism and cerebral embolism were by far the
most common thromboembolic conditions reported and resulted
m nearly 1l of the fatilittes atmbuted to thromboembolism
There were 20 pulmonary embolt with 14 deaths (mortality e
of 538 per cent) 11 cerebral embolt with 9 deaths (mortality
rate of 81 8 per cent) and 2 patrents wath both pulmonary nd
cerebral emboli both of whom died One pattent had a fatal
mesenteric thrombosts

Of those patients who suifered thromboembolic complications
20 recerved digitalis ind 16 of these died (mortality rte of 80
per cent) of the 32 who did nat recene digitalis 13 died (mor
tality rite of 10 6 per cent) It m1y live been that the paents
who recetved digitalis were among the more seriously 1l but the
authors ciution that the obsersations of Mache (81) of deTkts
Trump and Gilbert (82) ind of Massie et al (83) mdicating that
digitalis promotes mtravscular clottiing though doubted by cer
tain other observers (84 85) have not been disproved The tno
primary indicitions for digitalis congestive heart fulure and
aurscultr fibrllwon n themselves predispose to thromboembo-
hism Furthermore as hatz points out a real hazard of the usc
of digttalis 1s 1ts tendency to produce ventricular fibnliation
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cardiac damage The mmportant sequellae of myocardil nfarc
tion which can be considered potentally preventable causes of
death are sertous arrythmmas thromboembolic phenomena and
shock
The great differences between the clinicl and pathological
figures for the nadence of thromboembolic complications are
due to several factors 1mong the more mmportant of which are
(1) Pattents who survive thromboembolic complications
probably do not suffer as miny or as severe episodes as pa
tients who die from these complications and
(2) Autopsy clearly permits 1 more complete examination
of the vascular system Figures based on clinical studies of
thromboembolic complications almost nvariably represent
the mmimal incidence of these complications and frequently
constitute only a fraction of the thromboembolic phenomena
actually present
It must be recogmzed furthermore that 1n a very large propor
tion of autopsies performed m the past meunculous exminatton
of 1ll vessels particularly those of the pelvic viscerr and lower
extremittes has not been the rule



CHAPTER 5

Current Concepts of Blood Coagulation

THERE are a number of factors which may snduce the forma
uon of 1 sntrmascatrr clot These mchude changes i the
coagulabihity of the blood changes m the agglutimbihity of the
platelets changes in the rate of blood flow and changes m the
character and 1ntegrsty of the vessel wall Somersmes one and
at other umes another of these fictors plays the predommate
role m imunung the development of a thrombus

The use of the anticoagulants to prevent and to treat throm
boembelic phenomena has focused attention on the role which
the formation of a fibrin clot by coagulauon of the blood plays
m the production of thromabr That mcreased coagulabiluy of
the blaod 15 an essentaal cause for thromhoss 1s eruphasued cur
rently 1n comrast to the mechanisuc view of the 19th wnd early
20th centuries that mtravasculas clots are bult up primanly by
the aggregatton of plelers

Increased coagulabiity of the blood i3 undoubtedly an im
pottant factar m the formanon of thromb but some considert
Uon must be given to the view expressed by Ludwig Aschoff
who stated emphancally  all hustologrcal research since the early
work of Zahn Eberth and Schimmelbusch Welch and others
speaks for the view that 1 humn bemgs the occurrence of Abrn
coagulation 1s not the first stage of thrombosis but that imporant
changes i the morphological blood constrituents precede 1t (87)

It 15 converuent to divide the pracess of blood coagulation o
three phases for discussion as m Table i1 although this device
1s ant oversimphificatson of the complex series of physnice chemscal
reactions which ocenr In the munl phse of corgulaton the
plasma prothrombn 15 converred mto thrombin n the presence
of n adequate concentratson of calcium sons and upon the add:
f1on 1o the plasma of a substince with thromboplastic actrvaty
Thus reaction occurs n vitro and 1 1tself produces no vistble
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lated further thar the hnking of the two components through
1onic calcium 1s 1 hecessary prelude to the formanon of thrombm
Quck contended that the progressive profongation of the pro-
thrombin clotng tme of stored ovalated blood 15 not due
to 1 dimipution of prothrombin per se but is the result of
the disappearmce of the hibie component A He character
wed component B s 4 Frctor which can be removed readshy
from oxalated plisma nsth alummum hydroxude and which dis
appears from the plwsm+ chimcally 1n the hypoprothrombinemia
due 1o vianun b defiuency o to posoning with dacwmaral

Quick (90 92) has subsequently abindoned the view that the
2 components are hnhed through tomc calaum and he has
wrged tht the factor unstable 1 oxalited plwsma be called the
labile factor nstead of component A He has apphed the
latter term to the prmncple which s defictent m one type of
congenuat hypoprothrombinenua of which another type 1s pre
sumably due to a defiaency of component B A consderible
body of opuuon 1s critical of these mterpretations (93 Ga)

The belsef that prothrombin 1s 2 umtary principle has been
defended ardently by Seegers and hus associates (38 94 96) nho
utthze the twostage method of Warner Brinkhous and Smith
{97) for determinung the prothrombnn concentration These m
veshigators 1 A long senes of studies have found no evidence
to suppart the theory that prothrombin s 1 complen nor that
prothrombin reacts stowhometrically with thromboplastin to
form thrombin They beleve that the arculating prothrombn
m tts native form reacts with thromboplhstin and 1onic cilcum
to form thrombm but that the rate of tus reaction wn purified
systems 15 ordimanty relatvely stow

Various gbservers have srqgested that wtrarvascular clottmg
s prevented ordmarily by the snlibation or antagormsm of pro-
thrombin by substances present normally m the blood the so
called antiprothrombins which must be neutrilized before the
prothromban calerum thromboplastn rexction may proceed (95)
The relatively slow rate of thrombin formation m porified sysiems
might be esphuned sccording o this theory by the presence i
such systems of small amounts of these naturil minbutors
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TABLE III

THE FUNDAMENTAL PHASES OF BLOOD
COAGULATION IN VITRO

Phase Physical Events Chemical Events
1 Chemical Phase | During which no gross | Transformation of prothrom
physical change ts evi | bininto thrombin by the action
dent of thromboplastin and calcrum
2 Coigulation By which the blood ac | Transformation of fibrinogen
phise quires the consistency of | into fibrin by the action of
2 gel thrombin
3 Contraction During which the clot
Phase* shrinks and expresses
serum

* This phase 1s frequently ignored in descriptions of blood cozgulation al
though 1t 1s of importance tn the evolution of the final and relatively stable clot
physical change It 15 assumed that 1t also occurs in vivo In the
second phase the plasm1 fibrinogen 1s trinsformed by the action
of thrombmn nto the relatnvely msoluble fibrin the gelatmous
blood clot Fmmally during the stage of contraction the clot
shrinks nd serum 1s espressed

The essentral facts so stated are stnpped of controyversit
detail and furnish a framework 1nto which the majority of theortes
of blood coagulition m1y be fitted readily It must be realized
however that exch stage of the process 1s more complex thmn
described and that 1 all probrbility the vanous reactions m
volved 1re 1n progress 1t the sume time when clotting occurs

Prothrombin

Ongially 1t was believed that the conversion of prothrombm
into thrombin s a simple and direct storchiometrical reaction
A ] Quick (88) using the one stige method of determimmng the
plasm1 prothrombin clotting ume subsequently dentified with
his name (89) presented evidence in 1943 that protlirombmn 1s
composed of ronic calcrum and of 2 components designited s

A and B wlich ordinanly circulate in the plasma He postu
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fated further that the hinling of the two components through
sonse caleium 15 1 necessary prelude to the formation of thrombim
Quuck, contended that the progressne prolongation of the pro
thrombin clotung tune of stored owalated blood s not due
w© 4 dunmution of prothrombmn per se but 15 the result of
the dsppearwice of the hhbile component A He chancter
ed component B as 1 factor which ¢an be removed readaly
from ovtated phismn nath Adumnum bydrovide and which dis
appears from the plasmn cluncally mn the hypoprothrombinenia
due to siamun h deficiency or to pesomng wath dicumarol

Quich (9082) has subsequently abandoned the view that the
2 components 3re mhed through jomc calcum and he has
urged that the factos unstable n ovalated plasma be called the
hbie factor anstead of component A He his apphed the
Itter term o the principle which 1s defictent m one type of
cangenttil hypoprothrombinenmua of which anather type 1s pre
sumably due to & defiiency of component B A considerble
body of opuwion 15 cntical of these nterpretauons (93 95)

The belwel that prothrombm s 2 unyary principle has been
defended ardently by Scegers and hus assocrates (93 91 96) who
auhize the tosta,e method of Warner Brinkbous and Smrch
(97) for determunung the prothrombin concentration These
vesugators in a long semes of studies have found no esidence
to support the theory that prethrominn is @ complex ner that
prothrominn reacts stoicl vically with threombopiistin o
form thrombin They behese that the arculanng protrombin
m s natve form reacts with thrombeplastn and wmc calaum
fo form thrombin bt that the rate of this reaction sn purnified
systems ss ordsnandy relwisely slow

Various observers have sag,ested that mtravascalwr clotting
ts prevented ordinnly by the miubivon @r antagomsm of pro
thrombin by substances present normally w the blood ihe so
catled anuprothrombins which must be nestralized before the
prothrombin calerumn thromboplasun reaction may proceed (G0)
The relenely slow rate of thrombus formation m pursfied systems
might be explained according 1o this theory by the presence m
such systems of smll amonnts of these patural wmhibitors
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Accelerator Globulin

However Fantl and Nance (98 100) have demonstrated more
recently the presence 1 the blood plsma of an independent fac
tor which accelerates the activatton of purtfied prothrombin by
thromboplastin Their work has been confirmed and extended
by Seegers and his associttes (101 106 96) who postulate that
this substance which they have called plisma Acglobulin 15
2 proenzyme which 1s converted into  serum Ac globulin by the
action of small 1mounts of thrombin Serum Ac globulin and 1onic
calcium then catalyze the mnteraction of prothrombin and throm
boplastin to form additional amounts of thrombin Secgers locates
the action of Ac globulin 1n the blood clotting mechanism by the
following equrtions

Prothrombin + Thromboplisun —CA++ S Thrombin

Plasma Ac globulin—Thrombin____ _ seryim ¢ globulin
Prothrombny + Thrombophsnn-ﬁi——»’rhrombm
Serum Ac  lobulin

ibrinogen——Lhrombin___ o gy, 1 (clot)

Seegers believes that these factors plasma Ac globulin and serum
Acglobulin are identical with those described by Owren (107
108) 15 Factors V and VI

It must be recognized that differences in methodology may
explain to some degree at least the differences 1n opinton among
worhers 1n the field of blood coagulition Thus A J Quick
uses the one stage method for determining the prothrombrn clot
ting time 1n his experimental studies while other workers have
used the two stage method of Warner Brinkhous and Smith to
demonstrate the accelerator factors the socalled Ac globulins

The presence of 1onic calcium 15 necessary for the coagulation
of blood except under spect1l expenimental condittons Ordinanly
the concentration of 1onic calcum circulaung normally n the
blood 1s roughly optimal for the process of blood coagulation
and climcally neither hypocalanema (tetrny) nor hypercal

cinerma modify the coagulation process in vivo Evidence has
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been presented honever that when a marked hypoprothrom
binemit 15 induced by dicomarol the normnl concensration of
calemm m the blood 1s vot sufficsent for mavimum prothrombin
actvsty (109 111}

Thremboplastin

The parucipation of substances with thromboplasuc actinaty
m the process of blood coagulation 15 also ware complex than
has been thought previousty It nwis demonstrited angmally that
entracts of 2 varety of organs possess thromboplastic acinaty~fung
bram tesucle ovary thymus etc and that the potency of these
extracts depends Jargely upon their content of certun cephalin
protemn complexes There ave also a tarsety of substances of diverse
chemical nature which can wduce the formation of a blood
coagulum 1 vitro although ncung by processes unrelated to the
nuural process of coagulation Among such agents vre ninhydnin
papain and tryptases obtained from soy beins and from pancreas

Ferguson (112 113) has soggested that before thromboplasun
from the tssues or from disintegraung blood platelets can particy
pate m the coagulation process it must be iciwvated by serum
tryptase (fbrmolysin plismun) a proteelytic enzyme which ar
culates normally 1 the plasma w the form of a precursor (trypto
gen profibrinolysin plasmogen) The complenity of modern con
cepts of ceagulauion are demonstrated by the muluphouy of
mtericuons which have been suggested for fibrinolysin as outhined
i Tabkle TV

The fime honored concept that the disintegration af the ple
Jets 35 a domsnant factor 1 the release of thromboplastin mto the
crculatson has been challenged by the observation that coaguh
uon ean tke place when few or no platelets are present m the
blood However A | Quick (114) has stated that he does not
believe that blood can clot «f all of the platelets hue been re
moved and cuies hus own work (115} and that of Seegers and
Brinkhous that when the platelets are remoted from the blood
there 15 ahmost no ption of prott b

Ta explagn why the cireuliung blood remams fid 1n the m
tact sascnlar system ar was fiest assumed that thromboplastic sab
seances are exther not present m the blood or that they are presenc
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w amounts madequite to wduce clotung This assumpion was
modified later by Tocaniins and others to account for the posst
Inhity ¢hat velatively small wmounts of thromboplastic substances
mghe exist in the arculating blood They wssumed thar the blood
must contm natusal anucoagulants (anuprethrombans and ann
thrombins) and that coagulation cannot proceed unul thrombo-
phstic substances are present i escess Substances which hme
been suggested for this role of naurl anticowgulant include
hepirn and by reason of therr anuprothrombin actnty fHibrn
ofysin and theombin That such mutaral antcoagabuns do evast
m the crculanng blood m mounts sufficient to perform thas
funceson 1s unprosed

Tocantns {116) has sought a possible thromboplisun iphibuor
and h1s found a lipid substance whuch possesses very powerful
wtichromboplastin acinaty During the course of insestiganons
on the chemcal composiion of thromboplastin Overman and
Wright (117 118) have wsolated a matersal possesung mhibitory
powers by the chemical fractionation of thrombophstings prepared
from dnied beef bramn and from rabbet fung The most icmne
mhibstory fracuon s chemienl properties which are sdenneal
with those of masitol phosphitdes obtained from hramn and from
s0y hean This matenal 13 extremely potent m prolongmy the
plswa prothrombin tme of normal human plusma and the
coagnittion nrae of normat whole blood Whether thes frachion
or some stmslar substince plays an smporwant role 1 the process
of blood coagulatum m vivo has not as yet been determined

Fibninogen

Fibrinogen 1s a plasma protein which s converted into fibrin
o by the action of thrombm The rapidity wath winch blood
coaguiates when a potent thrombin 1s added to 1t 1n even msnute
mounts suggests that an seme thrombun 1s not normally presem
in the arcuhiting blood Lyons (119 120) has presented evidence
that the comersion of the acuhwung fibrinogen mto fbrn s
accomplished sn twa stiges tecording to Ins views fibrinogen A
the fbrinogen nosmally present sn plasm 3s comserted anto fibon
ogen B not normally in the plasmt only i the presence of throm
b or in certun abnormal states {320)  He hs reported tha
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he 15 able to demonstrate fibrinogen B almost always m the blood
of pattents suffering from a variety of clinical disorders 1n which
there 1s some degree of ussue necrosis and particularly when
there 1s a pyogenic infecton This work requires confirmation
before 1t can be accepted generally

Cases of afibrinogenemia studied by MacFarlane (121) and by
Pmninger and Prunty (122) are chnical curtosities 1 which
fibrinogen 1s 1bsent from the blood of these patients from birth
Their coagulition times and prothrombin clotting times were
prolonged infinitely the bleeding times were normal at the ime
of study and the patients themselves enjoyed good health

The process of blood corgulition nvolves muluple reactions
between a variety of relatively complex colloidal substances and
these reactions are influenced by a vartety of factors such 1s
temperature hydrogen 1on concentrition concentration of elec
trolytes and of speaific coagulation factors and such collowdal
phenomen 1s adsorption

A number of factors accelerate coagulition Thus clotting 15
more rapid at body temperature than 2t room temperature A
foreign surfice such as glass or damaged tissue accelerates clot
ung Tissue extricts from various orgins can reduce the clotting
ume from minutes to seconds Certain foreign substances of 1
biological nature such as certamn snake venoms accelerate clot
ung

Other factors retard or prevent clotting Low temperatures nd
certun surfaces for example those presented by paraffin collod
10n and certun plastics retard 1n vitro clotting The surface pre
sented by the endothelium of the blood vessels undoubtedly plays
an mmportant role in muntaining the fludity of the blood within
the vascular system A high concentrtion of certun salts such
as magnestum sulfate and sodium chloride likewise retards coagu
lation as do certun tissue extracts containing heparm

It 15 not to be wondered that the conclusions reached by various
observers hate varted widely and that as Ferguson h1s remarked
careful apprusil of any experimental procedure 1n this field 15
essential to the evaluation and interpretation of the results ob

tatned



CHAPTER 6

The Morphological Structure of
Thromb1 (87, 123-126)

ZAHN and Eberth and Schimmelbusch showed that an ac
cumulanion of the blood platelets and leucocytes constitutes
the first material laid down n che process of butlding the white
portion of a thrombus Welch showed subseguently that m a
completely finished bus the vanatsons i color we perfectly
segular The first part of the thrombus s chiefly white 1 color
the muddie part 1s mined m color and the distal and final portion
1s 2 deep red
It 1s worth noung with Aschoff that the whate thrombus may
be of the smallest possible size and extent whereas the final red
portion often forms the bulk of the thrombus Furthermore
2 structure of the sort seen in the white thrombas 15 the only
certam sign nucroscopically by which we can recognize the ana
mortem nature of a thrombus (87)
It 15 clear that the accumuiion of blood phutelets yyprcal of
a platelet thrombus can ocour only when the blood s crculat
wg Solid elements are talen from the blood stream and laid down
m the form of a framework of specially situated Jamellae So
loag as the blood flows through the frameworh new masses of
blood platelets are Iaid down to buskd up new systems of lamellae
behund the first The onginal system naturally grows progressiely
faster and the openings between the lamellac are progressively
narrowed Fnally the flow of blood between the lamellae 15
brought to a complete standstill completing the primary throm
bus since no more blood platelets are carned past and hence
further growth becomes impossible
The chemucal or physico chemucal properties which permut
masses of platelets to 1ggregate so readtly 1s not known How mm
portant is the number of platelets crrculating wn the blood stream s
not clear but 1t m1y be supposed that the mcreased tendency to
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ward thrombosis following blood loss may be aggrasated by the
incre1se m curcnliting platelets

Eberth and Sclummelbusch found that when the blood stream
1s slow the white corpuscles heing of lighter speafic gruan
than the ervthrocytes tend to truvel at the margins of the blood
streun 1n close proxumuty to the vessel wall As the growing system
of pltelets forms a thrombus the mamn blood stream 1s divided
up 1nto 1 series of smaller strexmlets and s the slowng of the
blood stream occurs the leucocytes are found 1n close proximity
to the framework of platelets to which they become attiched

When the blood stream 1s sufficiently obstructed by this white
thrombus the whole column of blood peripheral to this point
and to the next 1nastomosing vessel becomes stationiry and under
goes 1 very rapid and complete coagulition to become the red
thrombus Though the denser portion of this red thrombus m
the neighborhood of the white thrombus 15 rich in fibrin and
lencocytes and gives m occastonmal suggestion of lamellae forma
tion peripherally 1t 15 spongy nd semi flurd and the structure of
the miss more nearly 1pproaches that of normal blood

In the red thrombus there 1s no definite framework of platelets
which are erther completely absent or occur only mfrequently
This red thrombus microscopically resembles a postmortem clot
and consists of 1rregular masses of red blood cells white blood
cells fibrin and platelets The process of coagulation of this
blood 1s undoubtedly the result of the hiberation of relatively
Inrge amounts of thromboplastic substance from the numerous
agzlutinitin, platelets of the white thrombus and from other
tissues s well Perhaps s Aschoff concluded  the 1g,lutination
(of blood platelets) 15 so to sperk only 2 meins of creating in
the circulating blood conditions which are necessary to allow the
crystalizing out of fibrin a process which cannot occur m the
circulating blood under ordinary conditrons (87)

Thus the white thrombus and the red thrombus 1re essentinlly
different depending on the fact that the white thrombus 1s formed
1 a flowing strexm of blood tlie red thrombus in stationary
blood They are connected by w intermediate zone which 1s
more or less mined 1n character The blood strcam must flow

more slowly or differently from the way 1t did previously mn order
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to praduce white thromin Physical princsples studied m strerms
suggest the nnportance of the role of eddies 1nd cross currents
m the production of these thromin

In the arterd system chinges must be very strilang ta produce
such slosing In the venous system however there are 1 number
of factors which can 1e1dily account for the slowing of the biood
and the formation of eddies 1 the blood The locitions ind anz
tomic relans of the vens in the leg the provimal poryon of
the femoral vems and the pelvic vens predispose to mierference
with blood flow

There are four conditions common w0 most vems even though
undiseased which may predispose to thrombus formation

(1) The contmued pressure on the wills of 1 vem result
mg from the force of grvity or from other prolonged and
severe estonne forces such as v gravid uterus escessnely
ught girdle ete which feads to widening of the vessel and
to the sfowing of the blood stream

(2} The widening of vessels at those pomnis around the
sabves at which the muscubuture of the venous wall s no
tortously deficrent

(3) The possthahity of 1 backwwrd pulssuon i the vemns
the so called venous pulse whrch 15 often most marked i the
proamal poruion of the femaral vetn and

{4) The angulavon and linlmg of certamn vessels and
pressure from exurmeous siructires on the wall of the vems
when the body 15 in the prose poawon

One or severil of these factors may be imolved 1n the de
velopment of n mtrnasculrre clor by slowsng the blood
stream and permuinng platelets 10 be deposited on the walls
of the vessels to form the so called aggluuniuon thrombus

Alterations sn the character of the wall of very Inrge blood ves
sels must be 1 hmited factor sn the production of thrombosis as
tlustrated 1n the lughly atherosclerotic aorta where even the most
advanced changes frequently de not led to thrombosis There 15
of caurse no slowing of the blood streym by the atheromato 15
changes 1 so large a vessel In smadler arteries thus factor 1s more
mmportint Tty changes in the endothelum of verns do not n
themselves play 1n unportant role i the formaton of thromby

and severe phlebosclerotic changes are rarely 1 contnibuung fac
tar
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In brief though slowimng of the blood stream and alterations
m the condition of the platelets are directly responsible for
thrombus formation chinges in the walls of the vessels alterations
mn cardiie action and loss of blood are significant contributory
factors

The two phenomena agglutination and coagulition are geneti
cally different 1nd each can occur without the other (123) In the
case of ordinary thrombosis the two processes are closely related
and the agglutination process 1s the indirect cause for the coagula
tion process Wherens the former cin be brought about readily
the latter 15 difficult to mnduce Stopping the blood stream will not
alone suffice The ntroduction of lirge amounts of thrombo
plastin into the flowng blood will produce 1 coagulation thrombo
sis but ordinanly the mmportant factors 1n 1ts production n 1110
are stagnation of the blood stream and an increase 1 liberated
thromboplistin

Blood Platelets

Recent studies of the blood platelets have been directed largely
1 two directions There h1ve been mvestigations of the variations
in the number of circulating platelets i health and disease There
have also been numerous studies to determine variations n the
quality of plutelet adhesiveness These have for the most part
utilized the method first described by H P Wright (127) whose
oniginal findings were confirmed by Spooner and Meyer (128)
Wemer Zeltmacher Reich and Shaptro (129) have recently re
ported mstances of hemorrhagic phenomepa i which a dimn
1shed adhesneness of the platelets w1s the only defect discosered
1n the coagulation mechaimism These authors state that the 1d
hestveness of platelets 1s reduced 1n the presence of hypocoagulable
blood but that 1t may or may not be enhinced when the blood
1s hypercoagulable

There 15 1s yet no general agreement as to the explamition
for this quality of platelet adhesiseness The possible role of 1n
creased platelet adhestveness in the production of multiple platelet
thromboses of the capillaries arterioles and venules (thrombotic
thrombocytopenic purpura) is unexplored as far as we know

(130 131)



SECTION 1II

RATIONALE FOR THE USE OF THE ANTICOAGULANTS
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vascular thromby produced artificially by mechanical or chemical
means (31)

Murrty Jaques Perrett and Best (139 140) first shoned that
the thromb: which form ordmarily on the mtmal surfaces of
veins which hwe been traumauzed by mechanical or chemical
means can be prevented completely by the admimstration of
adequate amounts of purified heparin before and for prolonged
periods following the mjury When heparmization was continued
for at lewst 3 days following the mjury the triumatized vemns
were completely herled and there was no mdication that thrombt
would form subsequently at the site of mnjury

Best Cowan and MacLean (141) then studied the formation
of white thromb n shunts composed of glass or cellophane tubing
snserted between an artery and 1 vemn n anesthetized laboratory
ammls They found that the formation of large white thrombi
cn be prevented delayed or at least inhibited when lrge
amounts of heprrin 1re 1dministered 2lthough the concentration
of heparin was necessarily lagher m experniments i which glass
tubes were interposed n the vessels than when thrombus forma
tion was prevented strictly m s1no

Solandt and Best (142) devised 1 method whereby coroniry
thrombosis can be produced regularly m experimental ammals
by 1solaung a coronary artery ind mjecting 1nto 1t 1 solution of
sodium ricinoleate which 1s retumed 1n contact with the intima
for 5 munutes before the clamps on the vessel are relewsed A
thrombus forms 1n 1lmost every wnstance 1 which no heparm s
used When the rmmals are hepirinized hownever thrombus
formation 1s 1n exceedingly rare occurrence

Fimlly Solindt Nassim and Best (143) desised a metiod
whereby 1 large mural thrombus ¢an be produced re ularly m
the Ieft ventricle by ligating the antertor descending brinch of the
left coromary artery and then injecting sodrum ricmoleate mnto the
myocardium just benexth the endocairdium When heparin 1s not
administered to the immal there 1s consistently 1 rapid formation
of mural thrombi When heparin s grven well before the expert
ment no murl thrombi are formed Solwndt and Best (114)
showned later that Inrge doses of hepirin must be rdmumstered
over considerably longer periods of time to mantfest an by
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tory effect on the agglunniton of plitelets than to produce 1
prolongton of the clotng time

Curiously miny commercial preparations of heparin will cuse
agelutiation of platelets m vitro and m wivo (140) although
this phenomenon m1y be due to the fact that heterologous heparin
has been used in the experiments It 15 also possible that the ag
glutination of platelets by heparn 1s due to the presence i the
hepanmn preparitions of wn impurity (146)

Heparn and Sludged Blood

Laufman Martn and Tantun (147) bave recently 1ssued 1
preliminry report of their studies on the formanon of sludge
m the small vessels of the dog following acute temporary occlu
ston of the larger veins They found 1n over 70 mstinces where
the portal vein or the superior mesenteric vemn was occluded
norml dogs that the formanion of sludge could be observed 1n
the small peripheril mesenteric vemns witlun 10 to 20 minutes
following occlusion  4s the blood strenm connnued to slow
thrombi were noted 1n some of the vessels espeanlly the capl
laries and venules usually within 30 minutes after the appeirance
of the sludge The groups of aggluunated cells atiched them
selves 1o the endothehnl limng of the vessels more cells became
attachied to the mass 1nd 1 thrombus formed which obliterted the
entire lumen as the blood flow ceased entirely When the clamp
wasreleased after 1pproumstely 1 hour the flow had erther ceased
completely or was 1 the eblin, stage 1 most small vessels A
resumpuion of flow washed many vessels free of agglutnated cells
but 1m some vessels thrombosis persisted

They concluded that thrombosis 1 these smAll sessels consisted
of 1 stages

(1) The formation of studge

{2) The adherence of the sludged masses to the endothe
Tam
(3) The aagregition of more cells to the agglutinited mass
and

{1y The complere cessation of flow through the nvolved
vessel when 1t hnd become entirely occluded by the agginn
nated mass
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vascular thrombs produced artificially by mechanieal or chemicil
means (31)

Murray Jaques Perrett and Best (139 140) first showed that
the thrombi which form ordinanly on the mtimnl surfaces of
vemns which have been traumatized by mechanical or chemicl
means can be prevented completely by the admumstration of
adequite 1mounts of purified heparin before and for prolonged
periods following the 1njury When heparimzation was continued
for at lewt 3 diys following the mnjury the trumatized vens
were completely healed and there was no indication that thrombt
would form subsequently at the site of injury

Best Cowan ind MrcLean (141) then studied the formaton
of white thrombi tn shunts composed of glss or cellophane tubing
mserted between an artery 1nd a vemn m anesthetized Inboratory
animals They found that the formation of large white thrombi
can be prevented deliyed or at least mhibited when large
amounts of heparn are admimistered although the concentration
of heparin was necessirily higher in expertments m which glass
tubes were mterposed 1n the vessels than when thrombus form1
tion was prevented strictly n nvo

Solandt nd Best (112) devised 1 method whereby coronary
thrombosis can be produced regulirly mn e\perimental ammals
by 1solating 1 coronary artery and mjecting mto 1t 1 solution of
sodium ricinoleate which 1s retuned 1n contact with the intima
for 5 minutes before the clamps on the vessel re released A
thrombus forms i almost every instance 1 which no heparimn 15
used When the ammals are heparinized however thrombus
formation 1s an exceedingly rare occurrence

Fnally Solindt Nassim and Best (143) devised a method
whereby 1 large mural thrombus ¢ be produced regularly in
the left ventricle by hgating the anterior descending branch of the
left coronary artery and then mjecting sodim ricinoleate into the
myoctrdinm just beneath the endocirdium W hen hepann is not
adnumistered to the anumal there 1s consistently 1 rapud formation
of mural thrombi When heprin 1s given well before the exper
ment no mural thromb are formed Solwndt and Best (144)
showed lnter that large doses of heparmn must be 1dminmistered

over considerbly longer periods of time to manifest 1 mhibr



CHAPTER 8

Dicumarol and Expermmental Thrombosts

Dicuvaror ane T Coacut atton TIME oF WHoLt Broop

ICUMAROL  when admimstered orlly to mmals or to

man produces a prolongation of the prothrombin dotting
ume of the blood plasma It does not 1 the doses commanly
used therapeuticaily prolong the coagulation tumne of the whole
blood as measured 1n glass tubes by the tests ordinanly emploved
(118) This point s been rused frequentis in the past as esidence
that dicumrol on theoretical grounds 1t least should not be 1n
effective anticorgulant chimclly Thas basss for enticism 1s simply
not valid In the first place one 15 pot justified 1n acceptin,, the
notoriously crude n vitro test for the coagulanon ume of the
whole blood as 4 criterion agnmst which to assess the effectn eness
of dicumarol

As Eagle has ponted out (149) Numerous methods have

been suggested for measuning the coagulibafity of the blood Al
though the simplest procedure 15 to measure the coigufanon fime
this derermination 15 of questionable sigmificince Not only 1s
it markedly affected by such adventitious factors as temperture
shaking the dimeter of the tube and 1ts clewnbness but the
results re at best difficult to eviluate A sigmificantly retarded
coagutation time clearly indicates that something 1s amiss but
offers no clue ns 1o the factor 1t fauit This may be a quahtatine
or quintitutine deficicncy m prothrombin fibrinogen or platelets
ot an undue mcrease 1 antithrombin or some heparn hike factor
A normal coagulation tune on the othier hand offers no assurince
that the coagulation mechamsm 15 1 fact normal Thus the
normat blood fibrinogen thromboplastin or prothrombin con
tent 1s enormousty 1n excess of that actunlly required for coagula
tton 1nd a sigmificant duminution of iy one of these factors muy
be associated with 1 corgulanon time which falis within normal
ume limits
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When heparin 1n doses of 6 to 10 mg was injected mtrave
nously mto dogs weighmg about 5 kg after sludge formauon
had been produced by venous occlusion there was no alteration
m the appearince of the sludge but the clumps of sludged cells
did not become 1dherent to the vessel wall as readily as did those
m the control animals The clumps of massed cells moved with
the flow of the blood streim and when the climps were removed
from che Irger vessels the blood resumed 1 completely free flow
m all vessels observed No residual thrombosis was observed
When hepin was mjected intrivenously 1n doses of from 5 to
10 mg before the vems were occluded sludge 1gun formed m
from 9 to 35 minutes following occlusion but the complete rrest
of the strexm wis considerably deliyed when compared with
controls

Whereas 1 the controls the majority of vessels were filled with
masses of adherent and agslutmated cells within 30 minutes m
the mnumals hepumzed prior to venous occlusion there was com
plete agglutintion in only I dog alter 45 munutes In all other
heparmmized anmals the sludged clumps of cells did not dhere
to the endothehum nd were promptly washed may when the
occluding clamp was removed It thus 1ppears thit the admintstra
tion of hepann 1n climcally theripeutic doses has no effect on the
formation of sludge It does however effectiely prevent the
formation of thromb: from aggregates of sludged cells

Hepann and Platclet Adhestveness

H P Wrght (127) has demonstated that the dhesiveness
of blood platelets 15 dimmshed 1n vitro by the addition to blood
samples of vartous mticoagulant substances ncluding heparm
The 1dhestveness 15 reduced proportionately 1s the concentration
of the nticorgulant 1s mcreased 1nd the rate of 1emosal of the
platelets from rotated blood 15 independent of the mode of 1ction
of the anticoagulnt whethcr heparin sodium ovalte or chlor
0l dyes were used



RATIONALE FOR THI USE OI THE ANTICOACULANTS 355

ume of the blood of subjects to whom dicumarol has been ad
minntered 10 therpeutic amounts 1s greatly prolonged

Thus Dwidson and MacDonald (118) found that the coagula
tion time of patients to whom dicumarol had been admmstered
was far mare prolonged when determined n Justeroid tubes than
when determined 1 glass tubes although the varnbihity mn re
sults was also greater Prolongition of the coigulation time was
also frequently detected as much as a day earhier i Justerord
tubes than i glass They suggested that the corgulition time 1n
lusterord tubes 1ndicates the true coagulition defect more closelv
than does glass

Moloney and Ius associates (151) using glassware coated with
a silicone {drifilm) after the method described by Jaques and his
coworhers (102) have demonstrated thit the admmnistration of
dicumarol does prolong the coagulation time of whole blood m
dnifilined tubes even when similar results cannot be obtamed 1n
plain glass tubes Paraffin collodion and plasuics such as lusterowd
have been used repeatedly m the pst to simuifite more closely
endothehal surfaces (153 154)

ENPERIMFNTAI INTRAVASCULAR THROAMBOSIS

Bingham Meyer and Pohle (39) were originally unsuccessful
m therr attempt to study the effect of dicumrol on the forma
tion of rntravascular thrombr Dale and Jaques (155) however
produced meravascular thrombr 1n dogs by cruslung the radal or
siphenous vewns on a lmen thread by the method of Murry
et al (139 110) and extracorporeal thrombs o glass cells after
the method of Best Cowan and MacLean (141) In both series
of experiments when dicumarol was adminustered to the dogs
{m a single dose of 10 mg /hg intrwvenously 60 hours previously)
the incrdence of thrombus formation was reduced sharply Platelet
counts demonstrated na sigatficint chinge from the normal

Richards and Cortell (156) utilized the chemical method of
Murray ¢t al (139) for producing thrombosis 1n the peripheral
veins of dogs by the injection of ethanolamine oleate When the
ammals were myected with the chemical from 3 to 6 days atter
the nitration of dicumarol therapy the madence and degree
of thrombus formation was greatly reduced Boliman and Preston
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A ] Quuck (150) states that the determintion of the coagula
tion time of the blood 15 among the most empirical procedures
routinely employed n the chinical laboratory and 1s one most
prone to be musinterpreted  He concludes from his own obsera
tions and from 2 study of the literature that 1t becomes clear
that the coagulition tme has limuted value tn the study of the
known hemorrhagic disewses The cogulation tume 1s a mensure
ment of the intrinsic power of the blood to comvert fibrinogen
to fibrin It 1s 1n empirical test no matter how performed and
therefore 1n order to be reltable requires that the test be done on
venous blood under strictly controlled conditions The coagult
tion time 1s prolonged 1n hemophilin  hypoprothrombinemit
afibrinogenemia 1nd heparinemia In hemophihia the coagula
tion ttme theoretically 1s 1 measure of the severity of the disease
but pricucally 1s of limited value since the coagulation time
may be withsn normal limus 1 some patients the prothrom
bin consumed 1n the coagulation of hemophilic blood 1s there
fore a better guide for diagnosis The coagulrtion time mn hypo
prothrombinemin 1s relatnvely little prolonged unul a drastic Te
duction occurs The test 1s therefore of no vilue for estabhishing
a hemorrhagic cond:tion 1n hypoprothrombinenua In afibrino
genemin the blood 15 1ncongnlible A small amount of fibrinogen
restores the coagulanon time to normal The presence of hepanin
ncreases the coagulation ume The test 1s therefore useful m
controlling the therapeutic action of this drng

While the admunistration of dicumarol 1n ordinary doses does
not mfluence the corgulation time of the whole blood as de
termined by the commonly employed techmques 1t does prolong
the congulition tme of the whole blood under certun circum
stances It1s well established for instance that when the prothrom
bin clotting time of the plasm 1s markedly prolonged as follow
ing the adnumstration of Inrge doses of dicumarol the corgulatson
time of the whole blood 1s likewise prolonged (148)

Clotting 1n Lusterord and Silicon Tubes

Of greater significance however 1s the fict that if the coagula
tron time of the whole blood 15 determined 1n lusterord or dn
filmed tubes nstead of 1 ordmary glass tubes the coigulation
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ume of the blood of subjects to whom dicumarol has been ad
minstered 10 therapeutic amounts 1s greatly prolonged

Thus Davidson and MacDonald (148) found that the coagula
tion tme of patients to whom dicumarol had been administered
was far more prolonged when determined 1n lusteroid tubes than
when determined 1n glass tubes although the varmbility n re
sults was also greater Prolongation of the coagulition time was
also frequently detected 1s much as 1 day carher m lusterod
tubes than 1n glass They suggested that the coagulation time 1n
lusteroid tubes indicates the true coagulation defect more closely
than does glass

Moloney and lus ssociates (151) using glassware coated with
a stlicone (duifilm) after the method described by Jaques and his
coworkers (152) have demonstrated that the admimstration of
dicumirol does prolong the coagulation time of whole blood 1n
dnifilmed tubes even when sumlar results cannot be obtaned
plain glass tubes Paraffin collodion and plastics such as lusteroid
have been used repeatedly in the past to ssmulate more closely
endothehal surfaces (153 151)

EAPERIMFNTAT INTRAVASCULAR THRONMEOSIS

Bingham Meyer and Pohle (39) were ongmally unsuccesstul
m therr attempt to study the effect of dicumarol on the forma
tion of intravascular throm Dale and Jaques (155) however
produced mtravascular thrombi 1n dogs by crushing the radial or
saphenous veins on a linen thread by the method of Murray
et al (189 140) and extracorporeal thrombi in glass cells after
the method of Best Cowan and Macl ean (141) In both series
of experiments when dicumarol was administered to the dogs
(n a single dose of 10 m, /hg intravenously 60 hours previously)
the mcidence of thrombus formation was reduced sharply Platelet
counts demonstrated no significant change from the normal

Richards and Cortell (156) uunlized the chemical method of
Murray et al (139) for producing thrombosis 1n the peripheral
veins of dogs by the injection of ethanolamine oleate When the
ammals were injected with the chemical from 3 to 5 days after
the 1mtiauon of dicumarol therapy the inadence and degree
of thrombus formation was greatly reduced Bollman and Preston
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A J Quurck (150) states that the determination of the coagula
tion tume of the blood 15 among the most empirscal procedures
routinely employed 1n the chimeal laboratory and 1s one most
prone to be misinterpreted  He concludes from Ins own obsena
trons 1nd from 1 study of the literature that 1t becomes clear
that the cogulition ume has limited value 1 the study of the
known hemorrhagic diseises The coagulition time 1s a measure
ment of the mtrinsic power of the blood to convert fibrinogen
to fibrin It 1s 2n emprrical test no matter how performed and
therefore m order to be rehiable requires that the test be done on
venous blood under strictly controlled conditions The coagula
tion time 1s prolonged in hemophilin bypoprothrombinemia
afibrinogenemia and heparinemin In hemophilin the coagula
tion time theoretically 1s 1 measure of the severity of the disese
but practically 1s of limited value since the coagulation time
may be within normal hmits 1 some patients the prothrom
bin consumed mn the coagulation of hemophilic blood 15 there
fore a better guide for dignosis The corgulation time 1 hypo
prothrombinemin 1s relatively hittle prolonged until a drastic re
duction occurs The test 15 therefore of no 1alue for establishing
a hemorrhagic condition 1in hypoprothrombinemia In afibrino
genemnt the blood 1s incorgulable A small 1mount of fibrinogen
restores the cogulation time to normal The presence of heparn
mncreases the coagulation time The test 1s therefore useful
controllmg the therapeutic action of this drug

While the \dministration of dicumarol m ordinary doses does
not mfluence the coagulatron ume of the whole blood as de
termuined by the commonly employed techmques 1t does prolong
the coagulation time of the whole blood under certain circum
stances It1s well estabhished for instance that when the prothrom
Dbin clotting time of the plasma 1s markedly prolonged as follow
1ng the admmmstration of large doses of dicumarol the conguhtion
time of the whole blood 15 Iikenise prolonged (148)

Clotting m Lusterord and Silicon Tubes

Of greater significance however 15 the fact that if the corgul
tion time of the whole blood 1s determined n lusteroid or dn
filmed tubes stead of 1 ordinary gliss tubes the coagulation
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of the occluston 1 ripid flow of biood was resumed in ail of
the small vessels

Dicumerol and Platelets

Baronofshy 1nd Quick (158) reported tht the platelers of blood
obtuned from animnls whose prothrombin level has heen dris
ucilly reduced by feeding dicumarol show no tendency to 1,
glutinate 1 the 1bsence of wn 1nucoagulnt Spooner wnd Meyer
(128) confirmed the observation previously reported by Wright
and Prandoni (42) and Ly Dale and Jagues (155) that dicumnrol
s no effect on the actual platelet count Spooner and Mever (128)
and H P WWnght (159) have shown thit when dicumarol 15
dmmistered orally to experimental anumnals 1t decreases the
wdhesiveness of the platelets 1s determined by the nethod ot
H P Wnght (127)

FArFRIMENTAL COROVARY OCCLUSION

Expeniments duplicating those performed by Best and his asso
antes producing coronary thrombosis by chemicil meins nd
mural thrombosts by combined chemical and mechanical means
and then determining the cffect of hepann 1n reducing the n
uidence of thrombr have not been carried out using dicumarol
as the anticoagulant 1s far as we are aware There are however
studies wlich 1re of considerable interest 1n this connection

Blumgart and his coworhers (160 161) produced experrmental
myacardial farciion i dogs by hgatng the left wnternior descend
Ing coronary arterv To some of these tmmals dicumarol or
heparm and dicumarol were admimstered 1mmediately post
operatively to determine 1f adierse myocardial chanyes might
result from anucoagulnt therapy

Dicumrol was administered to the dogs in doses desixned to
mamtun the prothrombin clottng time between 20 and 30 sec
onds Since the average prothrombin clotting ime in normal do,s
was 88 x 11 seconds this range represented « reduction
prothrombin activity to between 20 and 12 per cent of normal
The usual dosage schedule was 50 m, of dicumarol by mouth
on the day of operation and 50 mg, on the first postoperative day
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(#1) found that when glass cannulas were placed in the caroud
and femoral rteries of normal dogs the great majonty of the
cwnulis thrombosed completely within 20 minutes When the
animnls were dicumarohzed (prothrombin times greater than 30
seconds normal values for canine blood 9 to 10 scconds) the
cnnults remuned patent for 6 to 8 hours 1t which tme the ey
periments were terminated They found that cannulas of glss and
of metrl which rapidly thrombose m the blood vessels of normal
dogs remun patent mn dicumarolized dogs during the course of
phystological experiments lasung 6 and 8 hours

Thill Stafford Spooner and Meyer (157) repeated the expert
ments of Richards and Cortell (156) using monoethanolmine
olete 1s 1 chemucal wrritant and confirmed the fact that the
wucidence of thrombus formation was definitely reduced 1 ant
mals whose prothrombin times were prolonged from 2 to 7/
tumes the normal

These experiments established the fact that there 1s 1n effectise
reduction 1n the formation of mtravascular and of extricorporeal
(6l1ss cannulis) thrombi when the prothrombin clotting ume
15 markedly prolonged by the oral admumstration of dicumarol

Dicumarol and Sludged Blood

The experiments referred to above have been criucized on the
basis that the amounts of dicumarol used and the prothrombin
times muntuned m the experimental anumals had 1n the m?
jortey of imstances been n excess of thase ordimrily employed
climeally 1 man Of particular interest therefore 1s the expert
ence of T1ufman et 11 (147) In therr experiments prevtously
referred to m chapter 7 6 dogs were given doses of dicumarol
(from 25 to 50 mg per day for 3 days) so that just prior to the
venous occlusion the prothrombin Ievels on diluted plsmn ran,ed
from 1% to 25 per cent of normal the usual theripeutic level mn
man Sludge 1ppeared within I to 30 minutes nd the 1ppearnce
of the blood flow after 1 hour nas no different from that observed
1 the heparimized 1mmals Contrary to the findings m the control
anmals the sludged masses did not adhere to the inpma and

1n no snstance was there any thrombus formation Upon release
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changes i the dicumarolized dogs 15 compared with the controls
The authors concluded that the esperiments give no evidence
that dicumarol has a favorable effect on the evolution or outcome
of esteblished experimental myocardinl infarction They recognize
that their results can hardly be compared to those mticipited m
climeat coronary ocelusion since therr anumls had healthy coro
nary circultions the occlusion by ligaton wis both sudden and
complete and the number of expernments were too few for statisty
cal analysis Therr conclusions can hardly be applied to coronary
occlusion with myocardinl mfarction 1 man since the use of
anticoagulants chimcally is directed prumanly to the prevention
of thromboembolic phenomena and should not be espected to
alter the normal evolution of an exsting myocardial mnfarct
LeRoy and Nalefsky (163) have produced experimental myo
cardial infaretion by hgating the anterior descending branch of
the left coronary arterv with the purpose of determning if the use
of dicumarol might leid to 1dverse myocardial changes Their
vesults confirming those described above ndicate that it does not
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Since 1 animils permitted to surive for a week or more the
prothrombin time fell toward normal on the 6th or 7th days
additional doses of 20 to 50 mg of dicumarol were admimstered
to these amimals

‘The wmmals were sicrificed 1t various intersals postoperamel)
and detatled gross and microscopic examinations were performed
on exch heart Fifteen dogs who did not receive anticoagulants
served 25 a control group Fourteen numals recenved dicumarol
only and 3 also recerved heparin for several hours postoperatively
until the effect of dicumarol was 1pparent

The incidence and magmtude of hemorrhagic extravasations
on the endocardium and pertcardium were the sume 1n the treated
and untreated groups The incidence and magmitude of mihary
hemorrhages on microscopic examinatton of the myocardium were
stmilar 1n the dicumarohzed 1nd 1n the control anmmals In the
few dogs to whom sufficient dicumarol was administered to ele
vate the prothrombm time to levels as lugh as 132 seconds no
mncreise 1 hemorrhagic phenoment were observed mn the myo
cardium The size of the nfarcts produced 1nd the rate and charac
ter of healing did not differ between the treated and control
groups Thrombotic occlustons of the smaller arteries within the
wnfarcted areas were as common m dicumarolized 1nimals 15 11
the controls No mural thrombt were found in either treated ot
untreated dogs The development of collateral amastomoses be
tween the coronary 1rteries was the same 1n both groups

The authors concluded that dicumarol produces no adserse
effect on the myocardium of dogs nor does it retard the healng
or the development of collater1l crculation 1n expermmentilly
produced myocardial mfrction

Beattie et al (162) determined the effect upon experimental
coronary occlusion produced by ligation of the anterior descend
g branch of the left coronary artery of dicumnrol therapy
begun after the artery hid been ligated Dicumarol was guen
1n doses of 5 mg /hg by gavage while the animal was still anesthe
uzed 1nd an attempt was made to muntan the prothrombin tune
between 10 and 30 per cent of normal although considerable
difficulty was encountered 1 mamntamning this level There was
1o striking dufference n the electrocardiographic or pathological
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changes n the dicumarohized dogs as compared with the controls
The authors concluded thit the expermments give no evidence
thit dicumarol has a f1vorable effect on the evolution or outcome
of established experimental myocardinl mfarction They recognize
that their results can hardly be compared to those anticipated
chinical coronary occlusion since therr animals had healthy coro
nary arculations the occlusion by higation was both sudden and
complete and the number of experiments were too few for statisty
cal anlysis Their conclusions can hardly be applied to coronary
occlusion with myocardial nfarction 1n man since the use of
anticoagulants climcally 1s directed primanly to the prevenuon
of thromboembolic phenomeni and should not be evpected to
alter the normal evolution of wn existing myocardial mfarct
LeRoy and Nalefsky (163) have produced experimental myo
cudial nfarction by Ligating the antertor descending branch of
the left coronary 1rtery with the purpose of determining 1if the use
of dicumarol might lead to adverse myocardial changes Their
Tesults confirming those described above ndicate that it does not
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CHAPTER §

Indications for the Use of the Anucoagulants

IT MUST be cleatly understood that the actzon of the antx

coagulanis 13 pnmandy prophylactic to prevent or to retard
the formaon of mtravasculir thrombr and consequently to
mmmize also the hazard of emboltzauon The use of the ann
coagulants m the treatment of extsung thromboembolic lesions
s based hhewise on the ability of these drugs to prevent or o
miumize the occurrence of further thromboembohe complhica
tons whether extenstons of the exsting process or new throm
boembobe lesions elsewhere i the body

There 13 some evidence largely clmcal that the anticoagulans
do modify the natural esoluton of thromboembolic lesons but
1 ss difficuls to prove that this action 1s not merely to prevent the
aceretson of additronal thrombus to the existing leston during the
course of the latter s development For example it has been re
ported that retnal hemorrhages complicatng reunal venous
thrombosis resoh e more rapidly under antcoagulant therapy than
without Yihewise it has been claimed that mural thyombt com
plicating coremary occlusion with myocardial infarction tend 1 be
smaller more regular 1n outline and smoother on the surface
cases treated with anticoagulants than wn those untreated How
ever the hastening of resolution and the aftered character of the
lesion sf confirmed may represent only an miubitzon of progres
sive thrombus formation and not a modificanion of the esolution of
the primary thromboembolic lesion

Tt has been suggested that anticoagulant therapy may promose
the absorption of clots and ray hasten the yesolution of thrombi
At the present tme thus 15 purely speculatse Before such 2 con
clusion 15 rexched wich certamnty 1t will be necessiry to demon
strate that there 15 not only an wcelerated recotery when anu
coagulants are used but that such acceleraton 1s due to an effect
an the evsting snuravascular clot and not to the presention of us

63
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propigition It 15 possible that thete are fibrmolytic enzymes m
the blood {eg fibrmolysm) uhich asist the resolution of
thrombs by lytc wction  Antwogulints would fnor such 3ction
by preventing the simultaneous development of additomal
thrombus  Unforeunstely current bnowledge concernmng these
enzymes 13 not only menger but 15 bised entirely upon thewr action
0 sitso

There are certun well defined md quite generilly accepted
mdicitions for the use of the anticorgulants (164} There are also
certun condstions s which the use of the mtwcoigulants hns been
reported favorbly but not as yet nith safficent evidence to
warrnt varesersed recommendaton Finally anticosgulanis re
beng tned on 1 himited seale 1o certam disesses for which on
theotetical grounds they may be of value The mdications for wnd
posible nses of wmueonulant therpy are enumersted m Table
V' The use of the wmucorgulnts in these virtous condinions s
discussed 1 the following sections

(1) Pursonary Lasot sy

Antscoagulants should be wdmnstered wnmediatels o patients
who have suffered 1 pulmoniry embolus to prevent or to mm
mze the chinces of subsequent pubmonary embola ny one of
which miy be sufficrently masn e to produce death Contriry to
an expressed fewr estensne expenence has demonstrated thit
there 15 sery lude sk that 1 patient who develops + pulmonary
embolus while under tuucorgulant therpy will suffer 2 massive
pulmonary hemorrhage The ppearince of bloody sputum from
an nfarcted aret constitutes a strong sndwruon for yather tnn
a contraindicitzon to the use of anucoigulants

Both heparm and dicumarol should be admumustered mm
mediately to paients who have suffered 1 pulmonary embolus
becwse of the considerible immedinte nisk of secondary embolism
When the pruent s prothrombin clotung wme has been prolonged
swsfactorily hepann may be discontinued and the patsent masn
tuned on dicumarol

Iniestley Fssen and Barker (165) and Murray (166) reported
m 1941 sertes of non fatal pulmontry embolism tretted with
hepatia with geutfying vesults In AMurray 5 series of 46 cases
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TABLE V
INDICATIONS FOR THE USE OF ANTICOAGUL ANT THER \PY AND
SOVME CONDITIONS IN WHICH THE USE OF ANTICOAGULANTS
H1$ BEEN REIURTED FAVOR4BLY

Induations for Anticoaguiant Therapy
PULMONARY EMBOLISM DUE TO AN INTRAVASCULAR CLOT
to prevent [urther embolism which may be fatal
VENOUS THROMBOSIS (THROMBOPHLEBITIS I HLEBOTHROM
BOSIS) to prevent further venous throml and pul y embol.
and to decrease the chances of dironic venous insufficrency
SUDDEN ARITRIAL OCCLUSION DUL TO THROMbBOSIS OR
EMBOLISM to prevent propigition of a thrombus thrombosis at the
site of an embolus or turther embolizauon
TRAUMATIC INJURY TO THE BLOOD VESSELS to atoud throm
hosis
POSTOPERATIVELY AND IOSTPARTUM (o present venous
h and pul bolism 1n selected cases
CORON \R! OCCLUSIOI\ WITH Y OQCARDIAL INFARCTION to
present thromboembolic complicztions
RHEUMATIC HEART DISEASE WITH AURICULAR FIBRILLA
TION to prevent embolization
8 GANGRENE OF THE EXTREMITIES 1o prevent local thrombosis and
embolization
FROSTBITE
GENERAL VASCULAR SURGERY to prevent thrombosis and embolism
at operition and postoperatiyely

N

[
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Conditions in which the Use of Anticoagulants

Has Been Reported Favorably
CHROMNIC OBLITERATIVE VASCULAR DISEASES when thrombo
embohic complicitions hase occurred or present a grett nisk
CONGESTIVE HEART FAILURE
RETINAL VENOUS OCCLUSION
CEREBRAL SINUS THROMBOSIS
MESENTERIG THROMBOSIS or EMBOLIS

w o e N

Conditrons in which Anticoagulants Have
Been Twied Climeally
1 TONEMIA OF TREGNANCY

2 AULTIPLE SCLEROSIS
e
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{4) TRaUMA TO THE BLoop VESSTLS

Antcorgulant therpy is indichted paruscularly where there has
been 1 crushing njury to medium sized or large vemns Verns of
this size parttcularty if saricoved tend to develop ltarge thrombr
which are especially prone wo embolization

{5) Curovic OB ITTRATA L VAscur ar Diszasts

Anticorgulants hive 2 wide field of 1pplicatton as prophylactic
agents They should be administered to pavents with chronc
oblterative vaseular disewse whose history includes or suggests
a predisposition to thromboembohc ph In these prtients
unless a thramboembolic complication has accurred very recently
the patient should be dicumarohized In the presence of a recem
thrombosis ar embolism  heparn should be gnen mmmediuely

Since there 15 1 constderable permanent rish of thrombeembol
1sm 1n pattents with chrome obliterative vascudar disease due to
the very nmiture of the prunary dhsease it many nstances dicu
mirol must be rdmimstered oter long persods of tume to mimmuze
the nisk of repented thromboembohe phenomena

(6} POSYOIERATIVELY AND POSTPARTUM

The prophylactic use of anucogulants following surgical op
erations or childbwrth does not at the present tme scem war
ranted 1 all mstamwes ft s ndicated howeser under the fol
lowing circumstnces

(1) The development of venous thromboss (thrombo
phiebutts or phiebothrombosis) and/or pulmonary emholism

(2) History of thromboembolism or of predisposition to
thromboembolic phenomena

(3) Extensice pelvic trauma

(4} Certam types of operations which ave prueularly con
ducive to i bolie compl ms  sach as major
abdominal and pelesc eperations (ncluding major nhary
wack shrgery hysterectormes nd gynecologicat 1bdomino
pehic surgery mtestmal resections wnd abdonmo perineal
resections major gemta uniary tract surgesy selected ap
pendectomies hermoplastics major thoracic surgery radical
mastectomies and operatne procedures on fracturesy

(5} Surgteal patients over 40 years of age
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there was a possible recurrence of pulmonary embolism m 2
pruents but the other 44 had no further attacks of embolism and
showed a prompt clinicl improvement Further experiences with
anticoagulant therapy mn the treatment of pulmonary embolism
are included 1n the partial review of the literature wiuch follows
the section on the postoperitive and postpartum use of the anu
coagulants

(2) Vrnous THROVBOSIS (THROMBOPHLERITIS
AND PHLEBOTHROMBOSIS)

Anticoagulants should be admumstered to patients with throm
bophlebitts and with phlebothrombosis irrespectise of the factors
contributing to their dey elopment and of the general condition of
the patient provided that none of the contraindications to be dis
cussed subsequently are present Immediate hepirimization 1s not
always necessary i these cases but 1t 15 indicated 1 those patients
1m whom embolism has already occurred 1 which the sk of
embolization seems great or m which there has been a rapd
extension of the thrombophlebitic process The hazard of fatil
pulmonary embolism 1s probably greiter when the thrombotic
process mmvolves the proxmal portion of the femoral canal

In cases of acute thrombophlebitis without embolism or rapid
extension and 1n cises of chromc thrombophlebitys without
embolism 1n which the venous thrombus 1s probably well attached
dicumrol alone will almost 1nvanibly suffice

(3) SUDDEN ARTERIAL OCCLUSION

Anticoagulants should be administered to all patients who
suffer a sudden artenal occlusion whether 1t be thrombotic of
embolic 1n origin to prevent the propagation of the imual throm
bus and to prevent the detachment of embol: If the occlusion 15
on an embolic basis heparim and dicumarol should both be ad
ministered 1mmediately  otherwise dicumarol s usually sats
factory

The mmportince of anticongulant therapy in the treatment of
sudden artertal occlusion was demonstrited i the early pipers of
Olovson (167) Groth (168) Murray and Best (55) and Lindgren
and Wilander (169) The subject 15 summarized thoroughly 1n the
text by Allen Barker and Hines (G5)
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Among consen unvely treated cuses thrombosis had spread
to the thigh m 4 of 5 c1ses among patients treated with ant
coagulants thrombosis had been confined to the lower leg
m approamately every second patent When anticoagulant
therapy had been 1deal thrombosis did not extend above the
calf 1 4 of 5 cases Pausents treated conservatinely uere m
bed on an average of 35 1 days wnd were febrile for an average
of 21 days these periods were reduced to one third or one
quarter when nticoagulants were admimstered Among 214
pauents with thrombosis treated conservatively there were
59 cases of pulmonary embolism (28 per cent) 20 of which
were fatal among 570 pauents trenied with anucoagulants
there were 8§ cases of pubmonary embolism (13 per cent)
There were three fatal puimonary embolr one during
dicomarol therapy 2 after hepum had been disconuinued
‘Thrombosis spread to the opposite leg 11 66 patients (30 per
cent) treated conservatively but in only 8 patents (14 per
cent) treated with anticoagulants

When 609 of these pitients were traced at the time of reporung
it was found that 183 patsents who had been treated conservatinely
for deep venous thrombosts had 1 most 1nstances both chronic
suelbing and cyanoesis of the lower leg Varicose vemns were present
m many tostances and there were 14 patients wuth leg ulcers
Among 154 patients who hid had deep venous thrombosis mvols
g the thigh and who had been treated with hepanin there was
esseatnlly the same tradence of sequellae after 1 to 5 years as
patients treated consenanely ncluding 11 leg ulcers

However m 130 cases who hud had thrombosts m the fower leg
only and who had been treated with hepanin the majority were
symptom free after 1 to 4 years Swelling if 1t occurred was
restricted to the jower leg and was shight often wppearing only
follow g stramnung In all cases there was a striking difference n
the condition of those patients whose thrombosis had been con
fined 1o the lower leg as comprred to those m whom it had pro
gressed 1o the thigh

Signs of sudden pulmonary embolism without chimical evidence
of deep 1enous thrombosss occurred 1 282 cases and 1 114 cases
led 10 death so promptly as to preclude specific therapy In 60
autopstes {resh thrombi were observed 1n the leg vens Of the
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(6) Surgery 1n the presence of mtraabdominal and certain
other malignancies 1n which the meidence of thromboem
bolism 1s notoriously high

What climieal evidence 1s there to support these stitements®
Trom the myrind ot chinicnl reports which e appeared during
the past decade the staustics from 1 few selected papers are worth
reporting

The advantages of treating thrombosis wnd embolism with
heparin was appreciated generally 1n the Scandmnaviin countries
shortly after the appearance of the early papers by Crafoord (3
12) Bauer (5) nnd Hellsten (15) It was possible therefore for
Zilhncus (16) reporting on 1158 cases of deep venous throm
bosis treated m 20 clinics in Sweden during the years 1940 to
1945 to compare the results obtained by the various forms of
theripy by conservative management without anticoagulants and
by the use ol mucoagulants—heparin heparmn and dicumarol or
dicumarol lone

Deep venous thrombosis or sudden pulmonary embolism had
occurred m 616 (0 51 per cent) of 125521 surgical pitients m
387 (0 4 per cent) of 96 672 obstetric and gynecologic patients and
mn 125 (0 37 per cent) of 34 086 medical pattents The relauely
low 1ncdence of thromboembolic compheations n this material
1s explained by the strict selection of cases for analysts and prob
ably also by the widespread use of early molnlizatron s a pro
phylactic agunst thromboembolism

On the basis of the ror1l number of pitients wdmutted the
mncidence of pulmonary embolism was 0 23 per cent thout one
third that prevtously reported For obstetric and gynecologic
prtzents the maidence of pulmonary embolism was 0 09 per cent
about one tenth that presiously reported

The mortality from pulmonary embolism wrs 01 per cent for
surgical pattents 001 per cent for obstetric and gynecologic pa
tients and 0053 per cent for medical patients reductions 1n the
vartous categortes of 50 per cent 67 per cent and 83 per cent
respectively over figures previously reported

In summary Zillricus menaons the follow ing features obsers ed

1n this study
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Among consersatively treated cases thrombosis had spread
1o the thigh 1n 4 of 5 c1ses among patients treated with ant1
coagulants thrombosis had been confined to the lower leg
1 approxamately every second patient When anucoagulant
therapy had been ideal thrombosis did not extend above the
calf m 4 of 5 cases Patients treated conservatmvely were in
bed on an average of 35 1 days and were febrile for an average
of 2] days these periods were reduced to one third or one
quarter when anticoagulants were admimstered Among 214
patients with thrombosis treated conservatively there were
59 cases of pulmonary embolism (28 per cent) 20 of which
were fatal among 576 patients treated with anticoagulants
there were 8 cases of pulmonary embolism (13 per cent)
There were three fatal pulmonary emboli one during
dicumarol therapy 2 after heparm had been discontinued
Thrombosts spread to the oppostte leg 1 66 patients (30 per
cent) treated conservatively but in only 8 pauents {14 per
cent) treated with anticongulants

‘When 609 of these patients were traced at the time of reporting
1t was found that 183 patients who had been treated conservatrvely
for deep venous thrombosis had 1n most instances both chronic
suelling and cyanosis of the lower leg Varicose vens were present
m many mstinces and there were 14 patients with leg ulcers
Among 154 pattents who had had deep venous thrombosts mnvols
1ng the thigh and who had been treated with heparin there was
essentially the same incidence of sequellae after 1 to 5 years as 1in
pauents treated conservatively including 11 leg ulcers

However 1 130 cases who had had thrombosis 1 the lower leg
only and who had been treated with heparin the majority nere
symptom free after 1 to 4 years Swelling if 1t occurred was
restricted to the lower leg and was shight often appearing only
following straming In 1ll cases there was a striking difference
the condition of those patients whose thrombosis had been con
fined to the lower leg as compared to those i whom 1t had pro
gressed to the thugh

Signs of sudden pulmonary embohsm without clinical evidence
of deep venous thrombosis occurred 1n 282 cases and 1n 114 cases
led to death so promptly as to preclude specific therapy In 60
autopstes fresh thrombi were observed i the leg veins Of the
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paents who did not die mmmediately 65 were treated con
servatively and 24 of these died after 24 or more hours the
magority after repeated embolt Of 103 cases treated with ant
congulants none died

In a symposium 1n the Journal of the American Medical As
sociation m April 1947 Loewe and Hirsch (170) reported the
climenl effect of heparin in Pitkin s menstruum on 168 patents
with thrombophlebitis or phlebothrombosts 1ty three of these
pusents suffered pulmonary embolism 1nd 4 of these died 1n
maidence of fatal pulmonary embolism of 2 4 per cent 1n the total
series and of 6 3 per cent among those 1n whom pulmonary embol
1sm occurred Al four treatment farlures occurred before an 1deal
treatment program was estabiished

Allen Linton and Domldson (45) presented the expertence of
the Massichusetts General Hospital with thrombosis and embo
lism to June 1916 Of 985 patients between the ages of 40 and 64
admutted to a surgical service from January 1 1945 to June 1 1946
162 (16 5 per cent) recenved 1 or more doses of 200 mg of di
cumarol About two thirds of these prtients acquired an apprect
ble elevation of the prothrombin ume after a single dose nd
about one half of the remuning patients reached a satisfactory level
alter 1 second dose There were 8 cases of postoperatne phlebitis
1w this group and | mstance of sudden death for which the cause
was obscure Of 963 stmular patients admtted to another surgical
service 1n the sume hospiral during the same period and not
treated with anticoagulants there were 35 instances of post
operative phlebitis Thus the 1uthors conclude drcumarol given
1n small doses postoperatnely will reduce the mcidence of throm
bosis and embolism by 1t least 25 per cent

E V Allen (164) reported the experience of the Mayo Clinic
with dicumarol 1n 1 686 surgtcal cases in May 1947 Where pos
sible he utilized for comparison the figures obtuned with con
servative management 1t the chime and reported by Barker
Nygaard Walters and Priestly (25) acknowledging that the
comparison was not entirely sitisfactory In 280 cases of post
operatne thrombophlebitis treated with dicumarol there were 7
cases of subsequent senous chrombosts wnd 1 cses of munor pul
monary embolism On the basis of the previous experience 08
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thromboembolic comphicatons and 16 faal pulmonary embol
wonld have been ewpected Of 716 abdomunal bysterectomies
treated postoperatrsely nath dicumarol there were 2 1nstances of
nunor yerous thrombosis wnd no pulmoniry embolr Twenty mne
mstances of thromboembolism and fire fatal pulmonary emboh
wonld have been expected In 292 cases of pulmoenary embohism
treated with dicumarol there were three cases of subsequent throm
boembolism and 1 fal pulmonary embolus (occurred nfter the
prothrorabin time had retwsned to normal) The nucipated ma
dente was 127 cases of thromboembolism and 53 mstances of fatal
pulmonary embolism One hundred and fourteen patrents were
treated wath dicumol becse of a tustory of previous throm
boembolism and 284 panients recetsed dicumaro! prophylactically
In no mstance did senous thromboss or pulmonary erabolism
octur

Evans and Dee {171) reported the sxpenence at the Lahey
Chime duning the Syerr pertod 19121946 Dicomarol wd m
the myority of cases heparin also had been used 1w tyeat post
operamnve venous thromboss and pukmontry embobsm since Apnil
1941 Amony 1pproxumately o6 000 myor operations performed
there were 2358 sustances of recogmzed thrombosmbolic disease
{042 per cent) Sudden or unve { pul Ty bot

S
occursed m 54 ingtances In 184 addmoml cses  there were
venous thromboses m 123 without embolism and wn 61 wath 2
bamgn pulmonary embolus Sty three patients recessed hepanin
mtraencusty and B4 recened heparin subcutanecusly i Pulan
menstranm  Three patients vecened heparin only 63 recened du
cumaro} only Tnenty seven pavems (35 per cent) were con
sidered refracrory o dicumarol and some of these vere trented
with heprin Venous hgauon uas performed sn 10 of the 184
cases

There nere 6 fatalittes in these 184 cases One of these was from
hemorthage secondary to dicumarol posomng and 3 (16 per
cent of the torl) were thromboembalic Of these 5 1 dyed of a
septic embolus and 2 died before adequate anucorgalant therypy
had been wtamed In all 3 mnstances of fatal thromboembolism
a warsung embolus id occurred Of interest 1s the facy that of 61
patients who had suffered a warning pulmomry wmiarct there were
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patients who did not die immediately 65 were treated con
seriatinely and 24 of these died after 24 or more hours the
majority after repeated embolt Of 103 cases treated with anu
coagulants none died

In 2 symposium 1n the Journal of the American Medical As
soctation 1n April 1947 Loewe and Hirsch (170) reported the
chinicnl effect of heparm 1 Pitkin s menstruum on 168 patients
with thrombophlebitis or phlebothrombosis Sisty three of these
pattents suffered pulmonary embolism and 4 of these died n
wnadence of fatal pulmonary embolism of 2 4 per cent in the total
serzes and of 6 3 per cent among those tn whom pulmonary embol
1sm occurred All four treatment farlures occurred before an 1deal
treatment program was established

Allen Linton and Donaldson (45) presented the experience of
the Massachusetts General Hospital with thrombosts and embo
lism to June 1946 Of 985 patients between the ages of 40 and 64
admutted to a surgical service from January 1 1945 to June 1 1946
162 (16 5 per cent) recened 1 or more doses of 200 mg of di
cumarol About two thirds of these patients acquired an apprect
ble elevation of the prothrombin time after a single dose and
about one half of the remarming patients reached a satisfactory level
after 1 second dose There were 8 cases of postoperatie phlebitis
1n this group and 1 mstance of sudden death for which the cause
w1s obscure Of 963 similar pauents admatted to another surgical
service 1n the sime hospital during the sume pertod and not
treated with tnticorgulants there were 35 instances of post
operative phlebitis Thus the authors conclude dicumarol given
1n small doses postoperatively will reduce the mcidence of throm
bosis ind embolism by at least 25 per cent

E V Allen (164) reported the expenience of the Miyo Clime
with dicumarol m 1686 surgical cases mn May 1917 Where pos
sible he utilized for compartson the figures obtuned with con
servatine management at the clinic and reported by Barker
Nygurd Walters and Priestly (25) acknowledging that the
comparison was not enurely sausfactory In 280 cases of post
operatine thrombophlebitis treated with dicumarol there were 7
cases of subsequent venous thrombosis and 1 cases of mnor pul
monary embolism On the basis of the previous experience 68
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Their results are most comentently presented :n tabular form
{Tble VI

A recent monogriph an venous thrombosts and pulmonary
embohism by Neuhof (173) presents 1 brief review of the litera
ture and 1 consersate discussion of antwongulant therapy n
these condiuons More comprehensne pracucal discusstons of
thrombopliebius and pulmoniry embolism incluching sections on
antrcorguling therapy apperr m the tests by I8 Wright (174)
1nd by Allen Parker nd Hines (65)

{7) Corovary Occrusion wirk Myocarpiar INparRcTION

‘The use of anticoagnints 1 coronary occlusion with myocardind
miwrction will be discussed at some length m the following
chaprer {Chapter 10y Their nse m other crdiac conditions will
be chiscussed wn the following sections

Subacute Bacterial Endocardatss

It 15 quite apparent from the literiture that the use of hepwrm
or dwnraarol 45 an adjunct to the trewment of subrcnte hrcterid
endocarditrs wath peniciiin serves w10 useful purpose (175 177)

(8) Rurvstatic Hrart DISFAs: WiITH AURICLLAR DIBRILLATION

I 8 Wnght (178) first reported that 4 series of panents who
were sulfering from rheumatic hert disetse and 1uricular fibnlla
ton wd who nd expenenced muluple embols prior 10 the
wmimstratson of dicamarol were being treated wath dicamarol
on 1 long term ambulatory basis The object of admimstering
dicumarol was of course to preverst the further development of
mural thromby and the subsequent detachment of emboli to the
pulmonry or systemic arculinons

Wright and Foley (179 180} have reported subsequently
coradenble dewmil on the ongn ©wes nd on addisonal cases
of thas nature a total of 19 pauents m all who had been Lept on
dicumiarol for peniods of from % to 20 monthis {average of 11
menths) at the ume of reportin, The fnorable results i these
patients hept under dicumarol for pertods of months are no less
than dramatic ind i certun mstances pattents who were hiterally
myvalids prior to the wnstitution of anticongithnt therapy now lead
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3 fatal pulmonary embolt 1nd 2 bemgn pulmonary embolt
whereas among the 123 cases of venous thrombosis for which
wnticoagulants had been admumstered before a pulmonary embo
lus had occutred there were no pulmonary emboli bentgn or
fatal

The authors conclude that the mortality from postoperatiie
pulmonary embolism was reduced to one fourth 1n 1945 and to
one half 1n 1946 by the wmstitution of prophylactic exercises by

TABLE VI
SUMMARY OF RESULTS WITH THE ROUTINE USE OT' DICUMAROL
POSTOPERATIVELY AS A PROPHYLAXIS AGAINST THROMBOEM
BOLISM FOLLOWING MAJOR PELVIC AND ABDOMINAL SURGERY
WISE LOKRER AND BRAMBEL 1948 (172)

Controls
TE Denths “Total Vasc
{ FIS | Compl Emboli | pyj Emb | Compl
1037-1943 | 7220 | 57(0 8%) | 20 (0 3%) | 8(0 1%) | 85(1 0%)
1944~1947 | 2030 | 21 (1 0%) | 8(0 4%) | 5(0 2%) | 34(16%)
Total 9250 ‘ 78 (0 8%) [ 28 (0 3%) { 13 (0 149%) | 119 (1 2%)

Treated

6 (0 18%)

911947 | 0301 [ 100 1%) | 100 03%) [ *1 (0 03%)

* Probably not due to pulmonary embolism

ncreased watchfulness for signs of thromboembolism and by the
use of nticoagulnt therapy with heparin and dicumaro! mn
combinition

Wise 1oker and Brambel (172) have reported experience w ith
the routine adminstration of dicumarol postoperttively as a
prophylvas agamst thromboembolism follow ing mayjor pehic and
abdominal surgery at Mercy Hosptal mn Balumore In contrast
to the more widely accepted usage these authors do not attempt
to reduce prothrombin actisity below 40 per cent of norm1l which
they consider an adequite muntenance level Tor contrals they
utilized 2 groups of patients 2030 undergoing mjor abdomino
pelsic surgery during the sime period of time (1941 1947) but
not recenving nticoaguints and 7 220 undergoing stmlr surgery

during the pertod 1937 1944 and not 1ecenning anticoagulants
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300 mg weelly m duly doses of 0 mg siv dyys 2 weel

Followg the mitrid od rieton of inticoagul there
was an immedite cesswuon of embolic phenoment nd 2
completely uneventful course She was discharged from the
hospienl on January 6 1947

She contimmed 1o recenve mucorgulant theripy winte wm
bubwory She hiad severil epsades of ecchymoses of 7 very
mid degree Her prothrombin tune i genersl was hept be
tween 25 and 35 seconds the highest havng been 44 sec
onds No further embolic episodes occurred 1n a persod of
27 moanths The patients general condstion was eneellent
she was able to travel wd did so {reely and without dfficulty
wheneser swwsfactory prothrombin studies could be ar
ranged By plimnmng 1t was possible for her to truel from
New York to the Pacfic Coast md return hasing had pro
thrombin tests weekly 1t rehable laboratories en route The
tr1p was without untoward madent Her heart continned
a state of compensated uricular fbeatlaton

In the spring of 1949 the pauent decrded to discontinue
dicamarol since she had been tiking the anucoagulmt for
tho and one half years and had not evperienced 2 throm
beembohic episode dunng that period of ume Three weeks
after her last dose of dicumare! she suffered 1 large saddle
embolus winch lodged 2t the bifurcaton of the rorta Her
conditson was eritical  bur she recovered slowly on a regume
which included hoth hepinn and dicumarol This expert
ence demonsirites the need for permanent anucoaguimt
therpy for prtrents who have exhibited so profound ~ tend
ency to develop thromboembolic complications

LB a 39 yeir old housewafe developed rheumanc fever
at 4 yeurrs of age Frowm then until she was 12 she had mulnple
attachs of rhenmutic fever and developed a heart lesion In
1941 she developed aureular fibnillavion and was found to
have mutral stenosss with cardiac decompensation

In Febrnary 1946 she had 1severe saddie embolus She was
then gnen heparn for 2 weeks The embolus pprrencly
disided descending mto both legs 1nd lerng her with oc
cluston of the major arteries below the knees bilaterally
Berveen Februiry and Jume 1916 she suffered 6 embolic
episodes wnoluny ber leg her "bdomen and her bramn In
Septermber 1816 she Ind an embolus to her raght foot nd
agun 1 to eich leg

On hovember 2 1046 she developed 1 cesebral embolus
which produced diznmess diplopia slumng of speech m
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completely normal active Iives while taking dicumarol regularly

Two of the case reports from the most recent paper by Foley and
Wright (180) are republished here with the permission of the
authors

£S5 112 year old housentfe had typhord fever at § years
of age scarlet fever at 4 years and rheumatic fever at 5 years
Rheumatic heart disease w1s recogmzed during the 6th year
Chorea occurred 1t 6 10 and 12 years of age Since the age
of 33 her heart his been 1 a constant state of auricular
fibrillation  and during these years she had tiken digitalis
1lmost constantly

In 1935 she had 1n embolus to the left gromn and also a
pulmonary embolus In 1942 she had a cerebral embolus
which produced a right sided hemiplegra from which she
made a complete recovery During the years 1943 and 1944
1t 15 estimated that she had at least 6 small emboli to various
locations throughout her body In December 1945 she de
veloped 2 embolr 1 renal and 1 mesenteric In January 1946
she developed her 13th definite embolus and in September
1946 her 1tth embolus both of which were pulmonary

On November 15 1946 she becyme decompensated and
2 days Inter there occurred 1 15th embolus to the right arm
This produced coldness blinching loss of arterral pulsations
below the elbow and appeared to endanger the arm On
November 19th she developed the 16th embolus to the left
leg on November 25th 2 17th embolus to the night Iung
and on December 3rd her 18th to the night lower quadrant
of the abdomen producing shock paralytic 1leus and Inter
blood 1 the stool On December 3rd she developed her 19th
embolus to the left leg On December 6th she developed
a 20th embolus which was to the left forexrm and produced
marked generalized shock The patient was 1cutely 11l Her
outlook 1ppeared extremely serious

On the dvy of her 20th embolus because of her desperate
condition she was started on 1nticorgulant therapy despite
the presence of blood n her stools which was believed due to
a mesenteric infirction She recenved 525 mg of hepirn
mtrnenously 2t 900 pm  December 6th 525 mg at
am and 50 mg 1t 6 15 pm December 7th She w1s 1lso
given 300 mg of dicumarol on December Gth folloned by
daily doses of 200 mg and thereafter was regulited n 1c
cordance with the indications of her pro(hrombm clotung
times She was continued for 1 month on this regimen while
i the hospital Her werige requirement of dicumarol w1s
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{10) Toxesiia or PREGNANCY

Although the pathological chinges found at utopsy m women
wha hase died from tonemma of pregnancy are not consistent
diffuse capilary or artensolar lestons occur with considerable
Tegufarity an svarous organs (181) Perpherally located hepatic
necrosts observed in some eclamiptics may be due to vascular
thrombs (184) Sludgmg of the blood n the conjunctinal vessels
of eclamptics was reported by hnwsely (185) and this obsenvation
was confirmed by Odell Aragon and Potunger (186) For these
Teasons seseral observers hive considered tite possible usefulness
of heparin in the treatment of echmpsta and pre eclampsta Pre
lummnary reports have been published by E W Page (187) and
by Maech and Zihacus (188) In both mstances caunous and
conservatsve conclusions while drann from imated experience
have been favorable

{11) RETINAL VEnvDLs Oegiusion

Heparin w7s firse used 1n the treatment of thrombaosts of the
ceniral vemn of the retma i 1937 by Holmmn (189) There have
been a number of subsequent reports on the use of heparm n
rettnal venous occlusion (32 190 192) bwr though the results
are oftens encomraging the conclusions are cautious There 15
fact some disagreement as to the value of antucorgulant therapy
{192)

Dicumarol has also been used fo a hmited evtent (193 194)
MacLean and Brambel (194) treated 21 cases of vascular rettnap-
athies with dicumaro) and rutin 1nd concluded that the results
were sufficrently goed 1o warrant further cimien} evalvauon of
dicumarol and rutin m ophitalmology 1t was therr opinion that
the absorpnion of retinal hemorthages was decidedly more rapyd
than could hane been expecred 10 cases not sreated wth dicumnarol
and reun e have been umble to evaluate this problem 1n the
absence of 2 large wellcontrolled senies

(12) Crresrat Sives Tarovsosss

Antwoagulants partcatarly hepann have been used m con
junction with chemotherapy i the treatraent of ehrombosts of
the casernous and supenor longrtudinal smuses {32) but the
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voluntary twitching of the right 1rm ocapital headaches and
Toss of comvergence of the left eye She was admitted to the
New York Hospital on November 3rd and dicumaro! was
started at that time She remauned 1n the hospatal for 1 month
since which time she has been ambulxtory Her werige
weehly requirement of dicumarol 1s somewhat higher than
that of most patients She needs approximntely 800 mg per
week to muntain 1 level between 28 and 35 seconds She has
bad no further emboli and has led 1 rather active life dunng
the pst 28 months She has expertenced several transient
episodes of heart fulure
Sprague 1nd Jacobsen (181) have recently 1epotted 1 cse of
rheumntic heart disease with periodic trterial embolism who has
remuned free of thromboembolic complications during the 1p
prosumately 11 months that he has been under 1mbulatory treat
ment with dicumarol

(9) ConorsTnE HEART TAIIUREC

Since slowing of the blood streun 1s one of the principle pre
disposing causes for tlirombosis and since congestrve heart fulure
1s the most common c1use clinically for 1 generalized deceleruon
ot the arrculation 1t 15 not surprismg that thromboembolic phe
nomenn are enconntered frequently n patients suffermg from
congestive heart faulure (58 71 72 182)

Anderson wind Hull (183) have reported 1 series of 112 patients
with congestive heart failure of whom 61 recetved dicum ol 1
addition to conventional therapy The snadence of thromboem
bolic complications 1n the cases who did not recetve dic umarol was
15 per cent the mcdence 1n the group treited with dicumrol
ws only 8 per cent Furthermore wmony, the 61 treated cases 2l
but 2 of the thromboembolic comphieattons occurred before the
mstitution ol anticon,ulaint therapy In 4 pavents who had
suffered pulmonary emboli prior to the adiministraition of dicum
arol no further thromboembolic episodes occurred after the 1ntt
corgulnt was given The mortality n the treated group was one
turd lower than that m the group wiich recened no 1t
corgulant but the difference 15 not statistically significant

Thus report can be considered 1s only prelimunary but the

results sugzest thae further stucies on the use of 1nticoagulants 1n
S

congestive heart fuilure re Jusufied
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(10} Tore A oF PRFCAANGY

Although the patholegical chinges fonnd at waitopsy m women
who have died from tovemsn of pregnancy are not consistent
diffuse capiliwy or rrtenolar lesions occur with considerable
regularity sn varous orgins (181) Peripherally located hepatic
necrosts observed 1n some eclwnpucs my be due to vascular
thrombr (181) Sludging of the blood 1n the conjunctival vessels
of eclamptics w1s reported by hmsely (185) and dus absersation
was confinned by Odell 4dvagon and Pottinger (186) For these
veasons several observers hne conuidered the possibte usefulness
of heparin i the treament of eclimpsia and pre eclampsin Pre
luminary reports have been published by E W Page (187) and
by Maeck and Zilhacus (188} In both mstmnces ciutious and
consenatve conclustons wlule drawn from hmeted experience
hate been fnorible

{11} ReTivaL Venous Ocorusion

Hepanm was first used tn the trexwment of thrombosss of the
central vemn of the retinn mn 1937 by Holmun (189) There have
been a number of subsequent reports on the use of heparin n
retml venous accluston (32 190 192) bur though the resulbs
axe often encouraging the contlusions are cautions There 15 m
fact some disagreement as to the vilue of mnuicoagulant therapy
(192)

Dicumarol has also been used to a himted extent (193 194)
MacLen and Brambel (194) treated 21 chses of vascular retsnop
athues with dicurmaro! and runn and concluded thnt the vesults
were suffictently good to warrant further clincal evaluation of
dicumaral and runn 1 ophithalmology 1t was thewr opinton thas
the absorption of reunal hemorrhiges was decidedly more rapid
than could h1ve been expected 1n cases nat treated with dicumarol
and rutn We bave heen wnable to evalnate this problem m the
absence of a large wellconrolled serses

{12) Cerenrar S1us THROMPOSIS

Anucorguiats pirucelarly hepann have been used 1n con
Juzction with chemotherapy m the treviment of thromboss of
e cavernous nd supenos longiudmal simuses (32) but the
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smll number of cases reported and the relatinely jood results
obtained by the use of sulphonamides and more recently the
anttbiotics 1lone makes 1t difficult to evaluate the role of heparn
or dicumarol It s perhaps significant that the majority of cases
reported m wiich anticongulants have been used have recovered
rather promptly and with a mintmum of residutl sequelle The
dit1 however are madequite to warrant 1y conclusions at
present

(13) FROSTBITE AND GANGRENE OF THE ENTREMITIFS

A considerable number of reports have appetred suggesting thit
anticoagulants are indicated 1n the trentment of gangrene of the
extremities whether post traumatic artertosclerotic dnibetic or
secondary to frostbite (32 52 195197) Lange and Loene (52
195 196) have convincingly demonstrated the beneficial effects of
heparin 1n 2cute frostbite induced experimentally ammals and
man They have also acquired a somewhat limited experience 1th
clinical materinl

Brambel and Loker (197) reported a series of 11 cases of
gwngrene m 6 following crush injurtes mn 3 complicating drabetes
and m 1 complicating frostbite Although amputation seemed
mevitible 1n all mstances treatment with dicumarol was 1ccom
panied by such improvement that amputation was often avoided
The authors believe that anticoagulant therapy n patients with
arteniosclerotuc and diabetic gangrene of the toes may permit
amputation 1t 1 site of election below the knee rather thin the
md thigh amputations which are so commonly done Further
work 1s necessary to evaluate fully these claims

{11) MFSENTERIC THROMBOSIS AND EATBOLISM

The use of wticorgulants in mesenteric thrombosis 1s of par
ticulrr nterest because of the discouragin,ly high mortality rates
reported ordinanly The chinical experience of Murray and
Machensie (34 198) has been supported by many 1solated cise
reports (32) and mdicates that heparin 15 of extrrordinary value
o the treatment of mesenteric venous thrombosts mn sts exrlier

stages
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However Laufman (139 200) has shown expenmentilly m
dogs and his findings have been confirmed chmically that the
chances of recosery when segments of the sntestine have been
deprined of their blood supply emher by occlusion of the mes
enteric vessels or by strangulition 15 very small unless resection 15
performed Hepann may facthitate 1 fatal outcome by promoung
the escape of blood and fluad mto the pentoneal cxay wd e
the bowel Since this may occur esen ter resection the post
operatve admmistration of hepirin must be curied out with the
utmost Lantion

When the mesentenic occluston s embolic  anucongulant
therapy would appear to be dicated to prevent fuzther emboliza
uen from the ongimil sonrce

{155 GenFRA L ASCULAR SURGENY

The use of heparin it general vascular surgery particularly
connection with embolectomy has been treated m detad by
Murray and his coworhers (31 3% 166 201 204) and 1s well
summarnized by Jorpes (32)

{16} Muiriprr Screrosis

There 15 conuiderable esidence thar multiple sclerosis and
certamn encephalomyelitides are related n some way to vascular
damage within the centril nersous system most probably the
result of thrombosis of the senules (49) Putnam and his assoa
ates nere Jed to believe thar Jocal lestons might be prevented by
decreasing the coagulability of the blood as had been the case vath
expenmmental encephalomyelitts produced by the murnenous m
Jection of cextain coagulants As early as 1924 Purnam and Hoefer
reported that cystemne 15 a feeble antcorgulant »hich tends to
prevent relapses in cases of muluple sclerosss (205} In May 1944
Reese {206) reported that he had treated 28 cases of muluple
sclerosis for pertods up to 6 months with dicumarol but lus results
were disappoinung  Although all patients evpenienced subjectne
improvement gbjective BRpTOYement Was not noted

In January 1947 Puwnam et al (49) reported thet they had ad
mmistered cicumarol to 43 pauents with mulaple sclerosis for
pertads of from 6 months to 4 yeirs Dicuraral was admunistered
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small number of cases reported nd the reltrvely good results
obtained by the use of sulphonamdes and more recently, the
ntibiotics alone makes 1t difficult to evalurte the role of heparmn
or dicumarol It 1s perhaps significant that the mayonity of cases
reported 1 which nticogulants hve been used hive recovered
rather promptly and with 2* mummum of residual sequellae The
data houwever are imidequate to warrant any conclusions 1t
present

(13) FROSTBITC AND GANGRENE OF THE EXTREMITIES

A considerable number of reports have appered suggesting that
anticoagulants are indicated 1n the treatment of gangrene of the
extremities whether post traumatic arteriosclerotic drabetic or
secondary to frostbite (32 52 190 197) Lange and Loene (52
195 196) have convinungly demonstrated the beneficial effects of
heparin 1n acute frostbite induced expermmentally m animals and
man They have 1lso wcquired a somew hat imited espertence %ith
chinical material

Brambel and Loker (197) reported a series of 11 cases of
gangrene 1n 6 follow mng crush njurtes n § complicaung diabetes
and 1 compliciting frostbite Although amputatson seemed
mesitable m all instances treatment with dicumarol was accom
panied by such improyement that amputation w1 often avorded
The authors believe that anticoagulant theripy n patients with
artertosclerotic and diabetic gangrene of the toes may permit
amputation at a site of election below the knee rather than the
mud thigh amputatons which are so commonly done Further
work 1s necessary to evaluate fully these claims

(11) MEesenTERIC THROMBOsIS AND LATBOLISM

The use of nticorgulnts in mesentenic thrombosts 1s of par
trenlar interest because of the discouragingly ligh mortality rates
reported ordmnanly The climical experience of Murray and
Machensie (34 198) has been supported by many solated case
reports (32) and ndicates that hepanin s of extriordmary value
n the treatment of mesenteric senous thrombosis 1 1ts earlter

stages



CHAPTER 10

Anticoagulants 1 the Treatment of Coronary
Thrombosis with Myocardial Infarction

THE possibility of nuhizing anticoagulants to prevent the ex
tenston of coronary thromh: and the development of mural
thrombi 1n the presence of myocardial mfarcuion was sug ested
by Solandt N\assim and Best (142 143) m 1938 Their observa
tions were not applied to man on am significant scale because of
the difficuities nisk and epense inherent m the use of hepann
clrmcally at that nme

Prior 1o 1845 there were sporadic accounts of mdividual cases
of coromary occlusion with myocardiil nfarction bemng treated
with dicumarol (208) but the first definitrve papers on this type
of treatment were those by I § Wnight (209 210) by “achol and
Page (20%) and by Peters Guyther and Brambel (211} Wnght
(178 179 212214) Nichol and Fasert (21> 216) and
Peters Doenges and Brambel (217) have supplemented their
ongnal seports as their expenience has mcreased Other ongnal
observations have been reported by Cotlove 1nd \orzimer (218)
Parker and Barler (219 220} Glueck and her associates (221)
McCall (222) Rewch and Emisenmenger (223) Greismen and
Marcus {224) and others

The umformly favorable results although in no nstance of
sufficient magmtude nor sufficiently well controlled to warrant
statistical treatment justified a more extensive study and led
dll’ecll) to the formarnion of the Commttee for the Exaluation of
Anticoagulants in the Treatment of Coronary Thrombosis uith
Myocardial Infarction by the Amernican Heart Assocration in the
spring of 146

Tue Avrrrcan HEART ASs0CIATION STUDY!
The committee and the sivteen hosprtals which have con

The rematnder of this chapter 15 a condemsation of the prekmmany report
of the Committee which appears m full in the Jotrnal of the American Med
(Continued on page 82}

st
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tn amounts sufficient to prolong the prothrombmn tme to 30
seconds Twenty five patients suffering from 1 remittant form of
the disease were adequately treated without interruption for 1
total period of 61 patient years In this group no fresh symptoms
or obiious 1cute outbreaks occurred The majority of 16 patents
with chronic progresstie muluple sclerosis continued on their
downlhull course Two pitients who remuned free of new symp
toms while on dicumnrol suffered nacute relapses when antt
corgulant theripy was interrupted In 2 patients in whom large
doses of dicumarol faled to produce the expected increase 1n pro-
throbin time relipses occurred

Olwin (207) has commented on lus experience with four pa
tients with multiple sclerosis who were treated with dicumarol
One pattent 1 woman of 22 has shown continued mmprovement
over 1 pertod of about 8 months the other 3 women over the age
of 30 have shown no objective 1mprovement during therapy

Certainly further evidence that anticoagulants are of value 1
muluple sclerosis must be presented before they can be recom
mended generally for this disease
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Plan of the Study

Shightly fewer than one half of these one thousand cises were
treted by comventional methods of theripy alone The others
recerved nucoagulints n addition to conventional therapy A
detailed record of each case w1s forwarded on master forms by the
responsible investigator and his assocnites to the Central Office
of the commuttee 1t the New York Hospital where they are being
subjected to ntensive statistical analysis A definitine report on
the 1 031 cases will be prepared as promptly 1s the analysis permats

The duta reported here hve been obtained from a lhimited
analysis of the first 800 cases (225 226) Although the addition of
the last 200 cases 1nd other Inter revisions m1y change the figures
somewhat 1t 15 unhikely that the conclusions will be altered sig
nificantly since the relationship of deiths and thromboembolic
complications 1n the control and trewted groups remamed
relatively stable as the sample grew

The principles to be used as guides in the admimstration of
dicumarol and hepanin were outlined at the beginmng of the study
as follows

»

Heparin miy be given for the first 43 hours or more 1f
desired

Prothrombin determinations are to be done each day and
no dicumarol should ever be ordered unless the morning
prothrombin report 1s available

Dicumarol 200300 mg dady should be given unul the
prothrombin time reaches 30 seconds

Dicumarol 50 to 100 mg darly should be gren if the pro
thrombin time 1s between 30 1nd 35 seconds

Dicumarol 1s withheld 1f the prothrombin time 1s 35 sec
onds or more Then no drug 1s given until the prothrombin
tume 15 aghun down to 30 seconds or less after which the
drug 1s agun given cautiously in 100 mg doses

The Lk Shapiro technique wusing undiluted whole
plasma or the Quick method 15 ta be used for determining
the prothrombin clotung tme It 1s su.gested that the
Link Shapiro method using 125 per cent diluted plasma
be employed 1s an 1ddinional safeguard All prothrombm
tumes are given 1n terms of the 1k Shapiro (undiluted)
method

g Unless contraindications anise the dicumarol theripy s to

a A

~

-
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TABLE VII

THE PARTICIPATING HOSPITALS AND RESPONSIBLE INVESTI

GATORS COMMITTEE I'OR EJ ALUATION OF ANTICO 4GULANTS

IN THE TREATMENT OI CORONARY THROMBOSIS WITH YO
CARDIAL INTARCTION AMERICAN HEART ASSOCIATION

Participating Hospitals
Bellevue Hospital New York
Beth Israel Hospit1l Boston
Bronx Veterans Hospital New York
Cincmnatt General Hospatal

Cleveland City Hospital
Henrv Ford Hosptal Detroit
Jackson Memonal Hospital Miamt
Lakeside Hospital Cleveland

Massachusetts General Hospital Boston
Michael Reese Hospital Chicago

Mount Zion Hospital San Francisco
Pennsylvanir Hosprtal Phuladelphia
Peter Bent Brigham Hospital Boston
Rhode Island Hospital Providence

San Francsco County Hospital

The New York Hospital

Consultants

Ralph § Overman PhD
Charles E Brimbel PhD

Responsible Investigators
John E Deitrick MD
Herrman L. Blumgart M D
Louwis A happ MD
Johnson McGuire M D
Helen Glueck M D
Rov W Scote MD
F Janney Smuth M D
E Sterling Nichol MD
Joseph Hayman Jr MD
Harold Feil M D
Howard B Sprague MD
Louss N hatz M D
John J Sampson M D
Joseph M Vander Veer MD
Samuel A Levine MD
Frank B Cutts MD
John J Sampson MD
Irung § Wright MD
Harold J Stewart M D

Nelson W Parker M D
Grace Goldsmuth MD

Central Laboratory
IrvingS Wrght M D Chairman of Study
Charles D Marple M D Coordinator
Dorothy F Beck Ph D Statistician

tributed cases to this study are hsted 1n Table VII Addrtional
workers 1n these and other institutions have participated n an
advisory or consulting capacity Over 1000 cases of coroniry o¢
clusion with myocirdial infarction have been studied under the

conditions of this wnvestigation

1cal Association 138 1074 1079 December 11 1948 and in the Amevican Heart

Journal 36 801815 December 1948
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whom anticoagulants were withheld because of specific contra
ndications since these are considered to be disadvantages iherent
ta this type of therapy In both groups all rates for thromboem
bolic complications and hemorrhagic manifestations refer to con

diions diagnosed climeally Staustics on autopsy findings are not
yet available

TABLE VIIT
COMPOSITION OF SANPLE*
Item Control Group Treated Group
Compared (Even Days) (0dd Days)

Number of cises 368 432

Averape age 60 years 59 years

Proportion males 1% 6%

One or more pre 2%, 22%
vious infarctions

Ulness severe at 239, 30%
onset

————

Anticoagulant 889, no anticoagulants | 81% dicumarol without heparin
therapy received | 129, some anticoagu | 12% dicumarol plus same heparin
{exceptions  as|  lants (pnmanly after | 3% no anticoagulants because of
noted} complicatians) renal or liver disease of hemor

rhage
2% no anticoagulants because of
rmuscellaneous errors

—_—

* Total group 800 patients with coronary oceluston with myocardial mfirc
tion suryiving the first day of hospitalization

A comparison of the patients m the control group with those
m the treated group shows a stnking similarity 10 regards
2ge history of previous infarction and estumated severity of the
prestous attack as shown 1 [ble YIIT The werage age of the
control group was 60 years that of the treated group 59 vears The
erage age of the control group ot males was 58 9 years that ot
the treated group 57 2 vears The average age of the control group
of females wis 641 years that of the treued group 616 years
In this series of 800 pents the nerage for females was approx
mnately 6 4 years alder than that for males Twenty four per cent
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be conunued 1n the chosen cases over 2 mmmum penod
of 80 dys prefertbly 30 days after the last thromboembolic
episode

In instances of hemorrhagic mamfestations the use of
synthetic Vitrmuin K preparations in doses of 60 75 mg and
transfusions of fresh whole blood (may be citrated) 1re
recommended *

Of the first 800 patients 368 admutted to the partcipatng
services on even days recened conventional therapy oniy wmd
consutute the control group  Four hundred and thirty two pa
tients admutted on odd days recenved anticoagulants 1 addition
to conventional therapy and constitute the treated group

Eughty eight per cent of patients 1 the control group recened
no wnticorguline but 12 per cent did receise some mticoigulant
therapy often for short periods only Anucoagulmts nere ad
minstered to patzents 1 the control group followiny the develop
ment of 1 thromboembolic complication becuse of the msisrence
of the ptient s farmily or hus private physicim or for misceline
ous reasons Of the treated gronp 81 per cent recersed dicumarol
only while 14 per cent recenved dicumarol and some hepirtn In
three per cent of the treated cases no 1nticorgulnts were gren
because of concarrent remil or hepatic disease or beciuse of
hemorrhagic condinons and 2 per cent recenved no 1ntrcorgulmt
because of miscellaneous errors

In the computation of the rates upon which 111 of the folloning
charts are based smll and consenattve corrections were made m
order to simplify che presentatron * In the conerol group the rtes
were corrected for exceptions to the no nticorguhmne  rule
Rates 1s shown are those 1¢ 1s estumted nould hwve occurred if
no cwe 11t the control group had recersed any anticoagulant They
differ only shghtly from the data s actually reported nd are
believed to present 1 truer picture of rates without mticorgulnts
With more wntenswe anticorgulant theripy the rates for deaths
and complicitions 1n the treated group would hwe been lower
than those shiown No carrection w1s made for those pruents from

From the 1nstructions ssued to each participating tem-slightly modified

¥ The corrections for exceptions proved to be smill and sometimes were
completely without effect on the rates They do not alter at any point the
basic differences between groups from which conclustons are drann
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whom anticoagulints were withheld because of specific contra
mdications since these are considered to be disadvantages inherent
to this type of theripy In both groups all rates for thromboem
belic complications and hemorrhagic mamfestations refer to con
dinons diagnosed climeally Stasstics on autopsv findings are not
yet available

TABLE VIIL
COMPOSITION OF SAMPLE*
Ttem Control Group Treated Group
Compared (Even Days) {Odd Days)
Number of cases 368 432
Average age 60 years 59 years
Proportion males 71% 76%
One or more pre 219, 225,
vious infarctions
Ulness severe at 239, 30%
onset
A gul 88% no i 81% d | without heparin
therapy recerved | 1295 some anticoagu | 12% dicumarof plus some heparin
(exceptions as| lints (pnmanly after | 3% no anticoagulants because of
nated) complications) renal or liver disease or hemor
rhage
2%, no anticoagulants because of
muscellaneous errors

* Total group 800 patients with coronary octlusion with myocardial infare
tlon surviving the first day of hospitalization

4 companison of the pitents in the control group with those
in the treated group shows a striking sumlanty m regards to
age history of previous mfarction and estimated severity of the
previous atack 15 shown in Table VIIT The terage age of the
control group w1s 60 years that of the treated group 59 years The
avera,e age of the control group of males was 58 9 years that of
the treated roup 57 2 years The average age of the control group
of females was 611 years that of the trented group 616 years
In this series of 800 paents the average for females was approx
wmtcdy 6 4 yors older than that for males Twenty four per cent
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of the control group and 22 per cent of the treated group had ex
perienced one or more presious mfarctions

An estimate of the severity of the attack was made for each
patient at the time of diagnosis Twenty three per cent of the
control group and 30 per cent of the treated group were classified

cases dying in control and treated groups under study

percent of cases
0

~ I
B s

F1cuRe 5 Percentage of deaths 1 the control and treated groups studied
mdicated by the horizontal row of figures 2t the top The upper bar shows
results m the control group (24 per cent) and the lower bar in the treated
group (149 per cent) one third fewer deaths than 1n the control group The
hatched areas indicate deaths after one or more thromboembolic complica
tions and the darhened areas indrcate deaths not preceded by 2 thrombo
embolic complicatton

as having severe atticks Although this classification 1s arbatrary
the results suggest thit the treated group contans a somewhat
greater proportion of severely 11l patients The control and treated
groups were closely stmilar when the medical hustories of cardio
vascular disewses and the location of their oniginal infarcts were

compared



THE USE OF THE ANTICOAGULANTS CLINICALLY 87

Results of the Study

Deaths (Figure 5) Twenty four per cent of the control pruents
died whereas 15 per cent of the treated patients died Thus
somewhat more than one third of the mdniduals who would have
died without anticoagulnt therapy sursived the speaific attack
undes conssderition when anticoagulants were guven This daffer

death rates by week of diness

nlémb ¢ of deaths pet 100 survivers from grevious week
i

Chotral fre ted wat | b feg coabol e ted  onfef fetd foat |t led  antrel tee ted
frstweek  teondweek  thid week  leorthweek  Tifihweek sinth week

Ficure 6 Death tates by week of illness The number of deaths per hundred
suninors from the previous week 15 shown in the vertical column of figures
on the left

ence 15 statistically ssignificant * Further examinzton indicates that
the greatest tmprovement was aclieved n pauents who had
suffered one or more thromboembolic complications prior to

The term 15 used throughout the text to mean that
the chances that two random samples from the same population would yield
on the basis of chance alone differences as great as those observed and in the
same direction are Jess than one in one hundred In most instances the chances
of obtarning these dufferences in 2 samples from the same universe are in fact

much Jess—in the case of thromboembolic complicartons less than one in 2
thousand
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of the control group and 22 per cent of the treated group hid ex
perienced one or more previous mfarctions

An estimate of the severity of the attack w1s made for exch
paent at the ume of drgnosis Twenty three per cent of the
control group and 30 per cent of the treated group were classtfied

cases dying in control and treated groups under study

.

e

Ficure 5 Percenage of deaths mn the control and treated groups studied
smdicated by the horizontal row of figures at the top The upper brr shows
results in the control group (24 per cent) nd the lower bar m the treated
group (149 per cent) one third fewer deaths than 1n the control group The
hatched areas indicate deaths after one or more thromboembohic comphea
tions and the darkened areas indicate derths not preceded by a thrombo-
embolic complicition

as having severe atrachs Although this classification 1s arbitrary
the results suggest that the trexted group contamns a somewhat
greter proportion of severely 11l patients The control ind treted
groups were closely stmil1r when the medical historzes of cardio
yascular dise1ses 1nd the location of their origmal farcts were

compared
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coagulint treatment should be contimued for at least 4 weeks after
the last thromboembolic episode

The greatest benefits 1n the reduction of mortality e in pa
tients 60 years or older (Figure 7) Hemorrhagic complications
have been so few and so mild throughout the entire study nd the
benefits of treatment 1n the older age group so pronounced tht
we do not hesitate to prescribe nticoagulinis to older patients
It should be recognized that older patients have 1 lugher mcidence
of unrelated complicatrons and that cireful considerntion of such
factors 1s mandatory While the crude death rates for patients

cases developing one or more thromboembolic complications

percent of tases

] 30
control
Cases clossified by stotus of
treated | onhicoagulant theropy ot ime
of first complcation
¢ vming e oy by wcurng whle peaes
Whad dey at ot threa days of ot sxuering
Ahibagulont thes py stcvaquiont thecory onhconguionty

FieLRe 8 Percentage of cases 1n which one or more thromboembolic com
pheations developed and the tme when the complications occurred Cases
were classified by the status of antcoagulant therapy at the ume of the first
fomplcation The upper bar 1s of the control group and the lower bar of
the treated group The horzontal row of figures at the top mdicates the per
centage The checked area ndicates complications occurning after the third
day of anticoagulant therapy the blank area indicutes complications oceurnng
duning the first three days of anticoigulant therapy and the dwkened arens
mdicate complications occurring while the pruent was not recening anty
coagulants
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death Such deaths occurred 1n roughly 10 per cent of the control
cases but 1n only 3 per cent of the treated cises Death not pre
ceded by a clinically recogmzed thromboembohc complication
occurred 1n 1pprovimately 14 per cent of the controls s agamst
12 per cent 1n the treated group As previously antcipated nt
congulant reduced the death rate largely by reducing the number
of deaths due directly or mndirectly to thromboembohism

The death rates by week of tllness (Figure ) were highest
during the first 2 weeks Dbut were sull considerable durmng the
3rd and 4th weeks Tor each period the death rate for the control
patients was found to be significantly greater than that for the
treated group These figures indicate that anticoagulant therapy
1f not used before should be begun as late as the 2nd or 3rd weeks
after a myocardial mfarction has occurred—or later 1f complica
trons have developed 2nd that to give maximal protection antt

death rates by age groups

percen) of rases dying
50

40

3

m -
s Im BN
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I
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Pt otd it o1¢ ¢ tol  t oted o bt
under 50 50 59 &0 & 70 ond over

deaths not preceded by deaths ofter ane or more
W

Figure 7 Death rates by age groups The percentige of patents who dicd
1s shown m the vertical column of figures The darkened arcas indrcate deaths
ed by a thromboembolic complication and the hatched areas inds

not preced
v fier one or more thromboembolic complcations

cate deaths al
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ence 1s statistically signuficant However of these treated cnses
35 per cent developed their first complication before they had
recenved any anticoagulant ® and 15 per cent developed therr first
thromboembolic compliciion durmg the first 3 days of anti
coagulant therapy before dicumarol 1s ordinanily fully effectsse
Thus 5 per cent developed thromboembolic complications when
anticoagulant therapy could not have been fully effecuve Only
G per cent of the patients developed thromboembolic complica
tions while they were actually under the full effect of anticoagu
Int therapy

The number of thromboembolic complications dirgnosed clin
1cally per hundred cases was 36 1n the control group and only 14
m the treated group (Figure 9) In other words the patients in
the treated group experienced shghtly more than one third 1s
many thromboembolic complications as did the control group a
contrast which 1s highly significant stausticilly

Thus contrast 15 further emphisized by the facts that 5 throm
boembolic complications per 100 cases developed 1n the treated
group while the pattents were not recenving anticoagulant
therapy and 2 5 complications per 100 cases developed during the
first 3 days of anticoagulant therapy Actunlly then onlv 65
thromboembolic complications per 100 treated cases occurred 1n
pitients who were under the full therapeusic effect of wnticoagu
lant therapy This figure mcludes complications 1n some patients
whom we would not now consider to have been under adequate
therapy at the ume the complication occurred

Autopstes were conducted on 18 per cent of the patients who
died among the total series of 800 ind will be reported n detail
1n the definitive report of this study

The highest incidence of thromboembolic complications among
the control patients occurred 1n the 1ge group between 50 and 59
yerrs in distinct contrist to the death rate by age groups (Figure
10) The explanation for this contrast appears to be that while
the younger patents suffer numerous thromboembolic complica
tons and wihile some of these comphications result in permanent
damnge the younger patients are 1ble to survive them Thus an

Included in this group are thase who never recened anticoagulants becanse
of contramdications
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number of thromboembolic complications

number of complicahions per 100 cases
] s 10 15 4

control

i
treated g

vrming dunng o um ng after ovmng whil patent
§ fint heee days £ hddy ot 2 0
oea 1 Viher py 1 oogul nt ther py 009 feors

FIGURE 9 Number of thromboembolic complications The upper bar 15 of
the control group wnd the lower bat of the treated group The horizontal To%
of figures at the top mdicates the number of complications per hundred cases
The dotted area indicates the complications occutring during the finst three
days of anticoagulant therapy the checked areas indicate complications occur
rng after the tord day of anticoagulant therapy and the darkened areas
dicate complications occurring while the patient was not recerving ani
cogulants

under 59 1n the treated and control groups did not show 2 sig
nificant difference the incidence of thromboembolic comphez
tions 1s hugh in these age groups and the treated cases show a much
lower mncidence of thromboembolic complications Such thrombo
embolic complicitions may not only be serious incidents in them
selves but they may result 11 such serious permanent disbilitzes
as hemiplegia (following cerebral embolism) chronic venous 11
sufficiency (following thrombophlebitis) or restdual myocardial
damage (following repeated myocardial infarction)
Thromboembolic Complications Twenty five per cent of the
control cases and only 11 per cent of the treated cases developed at
least one thromboembolic complication (Figure 8) This differ
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throughout the first 4 weeks This demonstrates the importance of
beginning anticorgulant therapy even as late as the 2nd or 3rd
week following a myocardial nfarcnion Since 1t 15 1mpossible to
predect from the condition of the patient during the first weel
whether he will develop thromboembolic complications during
subsequent weehs and whether he will die from them 1t 1s import

rates of thramboembolic comphications by week of iliness

number of complixations per 100 survivars from previous week

P

Wi

firstweek  second week  third week  fourth week  filth week sixth week

=== R
e
o i)

Ficure 11 Number of thromboembolic comtplications by week of illness
The iertical column of figures shows the number of complications per hun
dred surstvors from the previous week The hatched areas indicate the com
plications oceurring during anticoagulant thesapy and the darkened areas
indicate the complications occurring while the paticnt was not recerving anti
coagulants

ant to gue anticoa ulant therapy to all patents with coronary
occluston and myocardial infarction unless specific contrarndica
tions exast

The types 1nd locatsons of thromboembolic complications and
the effects of anticoagulant therapy 1n each group have been
determined (Figure 12) There was evidence of extension of the
onginal myocardial nfarct 1n 9 cases per hundred m the controls



92 THROVIBOEMBOLIC CONDITIONS

mndividunl under 60 may have repeated thromboembolic compht
cations without 1 fatl eprsode wherens an older patient may suc
cumb to the mit1al attack and hence not have an opportunity of
developing repeited thromboembolic attacks This indicates
clearly the importance of preventing the thromboembolic complt
cations 1 1l age groups Within the treated group when a dis

rates of thromboembolic complications by age groups

50 number of per 100 cases
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Ficure 10 Number of thromboembolic complications by age groups The
hatched areas indicate the complicattons occurring during annicoagulant

therapy nd the darkened areas indicite the complications occurring while
the patient was not receiving anticoagulants

==

tinction 1s mide between those 1ctunlly receiving anticoagulants
and those who were not recerving anticoagulints 1t the time of
therr thromboembolic comphcitions the effects of anticoagulint
therapy are further emphasized

When the rate of thromboembolic complications by week of
sllness 1s constdered (Figure 11) the advantage of usin, ntt
coagulnts 1s clearly demonstrated for each of the first 4 weeks
of the 1llness As 1s the case with deaths the incidence of thrombo
embolic complicitions  highest 1n the 2nd week 1s marked
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throughout the first 4 weeks Thns demonstrites the importance of
beginning nticongulant theripy even 1s late s the 2nd or 3rd
week following 1 myocardial mfarction Since 1t s impossible to
predict from the conditton of the pattent during the first week
whether he udll develop thromboembolic complications during
subsequent weeks and whether he will die from them 1t 1s ymport

rates of thromhoemboht compheations by week of iiness

aumber of comphconions per 100 survivors from previous week
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Fioure 11 Number of thromboembolic complhications by week of allness
The vertictl column of figures shows the number of complicatsons per hun
dred survinors from the previous s ek The hatched arers mdicate the com
plications occurring during anucoigulant therapy and the darkened areas
andicate the complications occrring wlile the prtient was not recening anty
corgutints
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ant to grve anticoagulant therapy to all patrents with coronary
ocelusion and myocardial infarction unless specific contramdica
tions exist

The types 1nd locations of thremboembolic comphications and
the effects ot wnucongulant therpy 1 exch group have been
determined (Tt ure 12) There was evidence of evtension of the
ori,im] myocirdnl infarct i 9 cases per hundred 1n the controls
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mdividual under 60 may hive repeated thromboembolic complt
cattons without 1 fatal episode where1s an older patient may suc
cumb to the mmtial attack and hence not have an opportumty of
developing repetted thromboembolic attacks This sndicates
clearly the importance of preventing the thromboembolic complt
cations 1n all age groups Within the treated group when 2 dis

rates of thromboembolic complcations by age groups

50 number of per 100 coses
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Fiure 10 Number of thromboembolic complications by age groups The
hatched arews indicate the complications occurring durmg anticorgulant

therapy and the darkencd areas indicate the comphcations occurrmg while
the patient was not recening anticoagulants

unction 1s made betneen those actually receiving anticoagulanis
and those who were not recening anticoagulints at the time of
their thromboembolic complications the effects of anticorgulant
therapy are further emphasized

When the rate of thromboembolic complications by week of
Ilness 1s considered (Figure 11} the ndvantage of using antt
coagulants 1s clearly demonstrated for eich of the first | weeks
of the 1llness As 1s the case with deaths the mcidence of thrombo
embolic complications highest 1in the 2nd week 1s marked
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boembolic complications than did those who recenved the
comentional form of therapy alone

Hemorrhagie Comphcations Hemorrhagic complications num
bered 6 per hundred mn the contral group and shghtly more
than 12 per hundred wmong the treated cases (Figure 13) It should
be noted howeser thit of these comphcinons i the latter

relation of hemorrhagrc mamfestations to anticoagulants

number per 100 coses
Q 7 4 [ 8 14 n "
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treated
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Ficure 13 Relanion of hemorrhagic manifestations to anticoag ulants The
uppet bar 15 of the control group and the lower bar of the treated group The
hemorrhagic mimfestiions were mild i 50 per cent of the cases The hon
zontal line of figures at the top shows the number of hemorrhagic manifesta
tions per hundred cases ‘The area with vertical hatchinyg mdicates that the
hemorthagic manilestations were due to or aggrasated by anucoagulant
therapy the blank area indicates occurrence whule the patient was recewwing
anticoagulants but due ta other causes and the areas with horzontal hatching
show occurrence \ hen no anucongulants 3 exe being gren
group 2 m 12 developed in panents who were not under ants
coagulant therapy when their hemorrhnge occurred In an adds
uonal 3 the hemorrhages were known to be due to causcs other
than Antcor udnts and not to be aggravated by that therapy
The total hemorrthagic mamfestations 1 the treated group
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as agamst 2 cases per hundred m those treated There was in
farctzon of new areas 1n the myocardium 1 6 5 cases per hundred
m the controls as against 25 1mong those treited Pulmanary
emboli occurred m 94 cises per hundred among the controls as
agunst 5 2 cases among the treated and half of the latter were not
ctually recerving anttcoagulant therapy at the tume they suffered

types and tocations of thremboembolic complications

10 number of comp per 100 coses
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Fioure 12 Types and locations of thromboembohe complications The
hatched areas indicate the complications occurring durin, anticorgulant
therapy and the darkened areas tnicate the complications occurring while the
patient was not recenving anticoagulants

their pulmonry embolism Cerebril emboli occurred m 34 per
hundred of the control cases as agamst 1 4 per hundred 1mong the
treated cases Peripheral embol: developed 1t 3 per hundred of
the control cases as agunst 1 per hundred of the treated and
venous thrombosis occurred n 5 per hundred of the control cases
and 1n less than 2 per hundred ot the treated

1t 1s evident that at every site and with every type of complic
ton those recens ing anticorgulant trestment m addition to con
sentional therapy hd a disunctly better chance of esciping throm
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boembolic complications than did those who recenved the
comventional form of therapy alone

Hemorrhagic Complications Hemorrhagic complications num
bered 6 per hundred 1n the contral group and shghtly more
than 12 per hundred among the treated cases (Figure 13) It should
be noted however that of these complications m the latter

relation of hemorrhagic mantfestations to anhicoagulants
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upper bar 1s of the control group and the loy er bar of the wreated group The
hemorrhagic manifestations were mild i 50 per cent of the cases The hon
zontal line of figures at the tap shows the number of hemorrhagic mamfesta
tions per hundred cases The area v uth vertical hatdung indicates that the
hemorrhagic manifestations were due to or aggravated by anticoagulant
therapy the blank area indscates occurrence while the panent was recerang
anticoagulants but due to other rauses and the areas with horizontal hatching
show occurrence 1 hen no anticoagulants were bemng given

group 2 i 12 developed 1n pauents who were not under ant1
coagulant therapy when their hemorrhage occurred In an addi
tonal 3 the hemorrhages were known to be due to causes other
thin anticoagulants and not to be aggravated by that therapy
The total hemorrhagic manifestiions 1n the treated group
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which are known to be due to cruses other than anticoagulants
approxches that found n the control group Anp dditioml 7
per hundred cises however were beliesed to be due to o
wgrnvated by anucoaguiants The inadence ot severe hemor
rhage resulung from anticoagulant therapy was estremely low
OF the 30 hemorrhages clmically observed 15 (50 per cent)

saurces of bleeding tn hemorchagic mamfestatians

8 number per 100 cases

contal teted  contol teted  eotol teles  contmd teted  cant 4 ) sled
hematurra hemoptysts 2:";“:"‘:',"‘:,‘;‘ eprstaxss ather
der e
e ([ 7, o m:-

Figurr 14 Sources of bleeding in hemorrhagic manrfestaions Fifty per
cent of the mantfestations were mild The wrcs of dragonal hatchung mdheate
gross hemorrhage the areas of yertical batching indicite hemorrhagic maol
festions due to or aggravated by antcorgulant therapy and the darkened
areas 1ndhcate hemorrhagie mamiestauons due to other cau es

were muld i severity 14 (47 per cent) were moderately sevefe
and only 1 (3 per cent) w1s severe

The autopstes esmuned to date present no 1larmung picture
of hemorrhagic risks m anticoagulint therrpy under proper
controls As discussed tn Chapter 8 Blumgart and his coworhers
(166 161) Beattie et al (J62) nd IeRoy and Nalefshy (163)
working with dogs whosc coronary artertes had been hgated



THE USE OF THE ANTICOAGUI ANTS CIINICALLY 97

found that dicumarolized animals showed no increase of hemor
rhage 1 the myocardium endocardmum or pertcardium as com
pared with non dicumarolized 1mimals

When the sources of bleeding are considered (Figure 14) 1t
15 evident that there 1s 1 defimte madence of hemorrhnge
the control group 1n each of the categories except that of epistaxis
Hemotrhages due to causes other than anticoagulants also occur
n 3 of the categories 1n the treated group It will be noted that
hemorrhages occurred more frequently i the treated group m
7l categories except for that of hemoptysis which occurred more
frequently 1n the control cises The explanation for the greater
mctdence of hemoptysis 1n the control patients 1s that pulmonary
ifarcuon 1s much more common in these pauents than among
the treated cases

Intivian HEVORRHAGE AnD (ORONARY OccLusion

Paterson (227 220) and Wartman (290) have snggested that
hemorrha,e 1nto the intima of a coronary artery from ntimal
sinusoidal vessels 15 an nmportant precipitating factor in the pro
duction of coronmary thrombosis Sumifar processes hne been
described by Paterson in atherosclerotic cerebrai (231) and pul
monary vessels (232) Inumal hemorrhage in the coronary vessels
had previously been interpreted as part of an exudate mflamma
tory reiction by Boyd (233) 1nd s 2 result of regurgitation from
the lumen nto the muma following rupture of an 1theromarous
1bscess by Learv (234)

The view that mtramuril hemorrhage 1s the primary process
1n many instances of coronary cbstruction and that 1t may fre
quendy iewd to intraluminil thrombosts his been supported be
Winternitz et 11 (235) Horn and Finkelstein (236) and Nelson
(237) English and Wilhus (238) on the other hind concluded
that  The inuma changes that coexisted with the hemorrhage
appeared ta represent the primary fictor mn the pathologic conds
tion the hemorrhige was secondary It does not scem logical
moreover that hemorrhage n 1tself can have produced the effects
observed

That inumal hemorrhages occur commonls 1n atherosclerotic
coronary arteries and often 1n association with coronary occlusion
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which are knoun to be due to causes other than anticoagulants
approaches that found n the control group An dditonal 7
per hundred cises however were believed to be due to ot
aggrvated by antiongulants The ncidence of severe hemor
rhage resulting from anticongulant theripy was extremely low
Of the 30 hemorrhiges chmically observed 15 (50 per cent)

sources of bleeding n hemorrhagic mamifestations

8 number per 100 roses
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FicLre 14 Sources of bleedtng mn hemorrhagic mimifestattons Tifty per
cent of the mnufestations were mild The areas of chagonal hatching mdicate
gross hemorrhage the arexs of vertical hatching indicite hemorrigie mani
festations due to or aggravated by anucongulant therapy and the dirkened
areas indicate hemorrhagic mnifestations due to other cruses

were mld 1n severity 11 (47 per cent) were moderately severe
and only 1 (3 per cent) was severe

The autopsies eximned to date present no tlarmng preture
of hemorrhigic tishs 1n anucorgulant theripy under proper
controls As discussed mn Chapter 8 Blumgirt aind lus conorkers
(160 161) Beuttie et al (162) and LeRoy and Nalefsky (163)
working with dogs whose coronary artcries had been hgated



CHAPTER 11

Contramndications to the Use of the
Anticoagulants

HERE are a lumited number of circumstances 1n which the

anticoagulants are to be used cauttously or not at all These
are listed 1n Table I\ and are discussed briefly for the most
part 1n the following sections

(1) HyPOPROTHROMBINEMIA (239 241)

Prothrombn 15 believed to be produced solely by the liver
and vitamm Kk 15 necessary for its synthesis It 1s not known
whether vitamin k enters mnto the prothrombin molecule 1tself
or whether 1t acts as a component of an enzyme system concerned
with the formation ot prothrombin A deficzency of vitammn k
leads to a deficiency ot prothrombin in the blood and except m
those nstances when there 1s severe lnver damage prothrombin
deficiency secondary to the lack of vitamun K can be corrected
by the admunistratton of the vitamn

Vitarmn k 15 provided m the normnl diet and 1t 1 synthesized
by bacteria in the gastiomntestinal tract Since 1t 1s a fat soluble
vitimin bile must be present in the mtestine before vitanmn h
can be absorbed The only known effect of vitamun k deficiency
15 hypopiothrombinemia and the only recogmzed manifestation
of the deficiency the bleeding tendency which results from hypo
prothrombinemia  The coagulation ume of the whole blood 1s
ordinarily not prolonged unless the prothrombin concentration
15 very low the bleeding ume 1s normal

Simce the liver is the site of prothrombin formition severe
wtrmsic disease of the Inver and other conditions which mpaitr
s function may produce hypoprothrombinemia When hypo
prothrombinemin results entirely from decreased synthests of
prothrombin due to 1mpaired hepauc function the administra
uon of sitamun k will not mncrease the plasma prothrombin

%9
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his been demonstrated repeatedly when serial sections of these
arteries have been studied at autopsy Such studies show that
occasionally the intimal hemorrhage 1s sufficiently extensive 10
produce n mtermural hematoma which 1n atsell can block the
coronary vessel A lesser hemorrhage may sull produce parual
obstruction of and stasts 1n the coronary vessel or endothehal
dimage Necrosts of the endothelium m1y permit the hemorrhage
to rupture nto the lumen of the coronary yvessel It 15 not clear
from these studies that such intmal hemorrhages re frequemly
the immedite cause for coronary thrombosts

The frvorable results obtained with nticoagulnt therapy in
many hands indicate that 1t probably does not ordinarnly aggra
vate ewisting subintimal hemorrhage In instances where an
mtim1l hemorrhige produces endothelial damage or ruptures
into the lumen of a coronary artery anticoigulant therapy mter
feres with the development of intralumunal thrombosis
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TABLE %\

CLINICAL CONDITIONS WHICH MAY PRODUCE
HYPOPROTHROMBINEMIA

101

1 Deficent Availabiuy of Vitamun h
a Inadequate intake (simple dietary deficiency)
1 Malnutrition
u Panavitaminosss
- Vitamin K deficient diets—low fat diets
1 \norevia nervosa
b Interference with synthesss 1n the mntestne
1 Ad of certain ds
1 Hemorrhagic disease of the newborn ()
11 Intrinsic diseases of intestine
Defictent Absorption of Vitamin K
a Absence of bile salts from the intestine
1 Obstructne jaundice
u External bilary fistula
b Interference with digestion of fats
1 Pancreatic disease
1 Idiopathic Steatorrhea
ut Celiac disease
¢ Accelerated or interrupted flow of antestinal content
1 Chranic vomiung or diarthea
1 Gastrointestinal mtubation
m Gastromtestinal anastomoses resections and fistulae
d Loss of normal absorbing surface
1 Ulcerative colitis regronal ileiss etc
1 Short arcuiting operations and resections
Deficient Synthesis of I
a Duseases of the Iiver (hepatocellular damage)
1 Cirthosis of the Iner
1 Primary or metastatic malignancy
ut Acute hepatiis and infectious hepatits (catarrhal jaundice)
v Acute yellow atrophy
b Experimental
1 Hepatic poisons (chloroform carbon tetrachloride etc)
1 Partial or complete hepatectomy
4 Muscell causes for Hypop
Idiopathic Hypoprothrombinemia

ro

o

o

newborn)

Traumauc and hemorrhagic shock

The effect of certain drugs

1 Sal 1t Sulph w D

2 n

utilization of Vitamm k)

Hypoprothrombinemia of the newborn (hemorrhagic disease of the
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icuvity However s many instwnces of moderately impured
Iiver funcuon hypoprothrombmenua results from the combined
effect of vitamm h deficiency due to poor absorption and de
pressed prothrombin synthesis due to the Inver damage In such
instances the prothrombin actvity of the plasma may be partly
restored by the administration of vitamin K parenterally

TABLE I\

CONDITIONS IN WHICH ANTICOAGULANTS MUST
BE USED CAUTIOUSLY OR NOT AT ALL

PROTHROMBIN DEFICIENCY (HYPOPROTHROMBINLMIA) or po
tential prothrombin deficiency
a VITAMIN K DEFICIENCY
b SEVERE HEI \TIC DISEASE
VITAMIN C DEFICIENCY
RENAL INSUFFICIENCY
BLOOD DYSCRASIAS WITH IMPAIRMENT OF THE NORMAL
MECHANISMS FOR HEMOSTASIS
INTERRUPTIONS IN THE CONTINUITY OF THE VAS5CULAR
SYSTEM
a SURGICAL OPERATIONS
1 Recent operations on the brain and spinal cord

1t Recent surgieal operattons leaving raw surfaces

1 Postoperative tube dramnage of wounds or viscera

1 Operations performed 1n the presence of abstrucine jundice ex

ternal bilrary fistula or severe Iner dumage

b ULCERATIONS AND OPEN WOUNDS
LATE PREGNANCY
SUBACUTE BACTERIAL ENDOCARDITIS

o N

o

~ o

The more wmportant climical conditions which mny lead to
hypoprothrombinemta are listed 1 Table N

(a) Vitamin R Defictency

The discovery that hypoprothrombinemia s assoclated with
a deficiency of vitamun k was made when chucks were fed 1 dict
extracted 1 such a manner that no fat soluble vatamns remned
The chicks developed a hemorrhagic disease the manifesttions
of which were entirely the results of a dimmshed plasma

prothrombin actity
H)puprothrombmemxa has not been produced in man by
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and of fat soluble nutrnients may be mmpaired or ibsent The
deficient absorption of vitarmin K leads to hypoprothrombinemia
which accounts for the well known bleeding tendency encountered
postoperatively 1n patients with obstructive Jaundice or bihary
tract fistuln (215 218) 1f there 13 no sigmificane Iner damage ths
deficiency cn usually be corrected promptly and effictently by
the administration of vitamin k and bile salts by mouth or by
the parenteral administration of vitamin k without bile salts

Conditions which imterfere with the digestion of fit may like
wise mterfere with the absorption of sitamin Kk Thus a depressed
plasma prothrombin activity may be anucipated in those cases
of pancreatic disease 1n which the supply of lipolyuic enzymes
to the mtestine 15 interrupted (pancreanc steatorrhea) 1n tropical
sprue (249) nd 1n 1diopathic steatorrhea (celiac disease non
tropical sprue) (250 251) In the case of 1diopathic steatorrhea
with hypoprothrombinemia reported by Kark Souter and Hyy
ward (251) the admimstranon of sitamin K parenterally was
folloned promptly by an increase 1n the plisma prothrominn
actinaty but this was not well mamtained

A depleuon of the vutamin K reserves of the body though not
usually hypoprothrombinermia may occur when the normal ab
sorbing surface of the ntestine 15 deranged by disease or when
the flow of intesunal content 1s either accelerated to a degree
sufficient to mterfere with absorption or interrupted Hypo
prothrombmem:a may thus occur tn patents suffering from pro
tracted somiung or diarrhea from 1ny cause 1n patients intubated
for intestinal obstrucnion following surgical procedures such as
gastromntestinal 1mstomoses resections and external fistulas and
1 cases of ulceratine cohitis (252) regional ileiis and other
chronic intestinal disease

(b) Severe Liver Disease (Defictent Synthests of Prothrembin)

Severe liver disease which reduces hepauc function may mter
fere with the synthests of prothrorabin and thus be accompimed
by hypoprothrombinemin This may 1n a sense be considered a
defect 1n the utihization of vitamin K since 1n 1nstances of extreme
liver damnge there 15 hittle or no response to the administrition of
sitamm K orally or parenterally
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the sumple restriction of vitamun K mntake Kark and Lozner (242)
have reported four instances of malnutntion and multple vitumin
defictenctes 1n which a mild hypoprothrombinemin w1s corrected
by the admumstraton of vitamin k- Aggeler Lucr and Fishbon
(243) hve reported 1 cise of severe morenin nervosa with 1
marhed hypoprothrombinemra which responded promptly to the
dmmistration of adequate amounts of sitamin k- The possibility
of depressed plasmi prothrombin activity should be considered
n all cases of pan wituminosts The dietary restrictions of re
ducing diets ind of the low fat diets so often prescribed to pauents
suffering from bilary tract and hepatic disexse may lead 1f not to
actual hypoprothrombinema at least to 1 depleted reserve of
vitamin k Hypoprothrombinemia 1s then apt to occur 1f such
patients are operated upon

If chicks are kept on a diet free of vitamun K for 1 long period
of time they will sull not develop the characteristic hemorrhagic
chick disease unless they are prevented from ingesting therr feces
(copraphagy) Vitamin K 1s present in the feces even when chicks
are hept on 1 vitammn k free diet for a long pertod of nme mdt
cating that vitamimn b 1s synthesized by the bacterl flora of the
intestine Cuted as further evidence that the vitzmin 15 produced
mn the ntestine are the results obruned by the 1dmunistration of
sulfaguinidine or sulfasunidine (sucanylsulfathiazole) to rits
mamntuned on 1 diet deficrent m vitamin k. Whereas rats on 1
vitunn h deficient dict ordinarily do not develop a prothrombm
deficiency those on such 1 diet to whom the sulphonamide 1s
rdmnistered do develop a hypoprothrombinemrt which can be
corrected by the 1dministravon of sitamm k (241

It has been su.gested that hemorrhagic disease of the newborn
1s due to the mability of the relitnvely stertle gastrotntesunl
tract at burth to produce vitrmm K It 1s possible for vitamin
h deficiency to arsse when the synthests of viammn k 1n the
intestine 1s prevented by chronic intrinsic disease or by prolonged
~dmwnstration of the less readily absorbed sulfonamides in the
treatment of such 1ntestinal disease

W hen bile 15 excluded from the intestinal tract s in obstruc
undice or m the presence of an external biliry fistulr

e Ja
f fats does not occur and the absorption of fats

homogenizZtion o
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We have observed that very early lner damage can often be
detected by the exaggerated response of the patient to a single
dose of 200 or 300 mg of dicumarol Such an exaggerated response
may occur 1n the absence of any abnormal response to the Liver
function tests ordmarily emplojed In certain instances this
exaggerited response to dicumarol has been the only clue to
hepatic dysfunction which has proved later to be on the basis of
sertous liver disease We concur therefore with the view that the
response of a patient to dicumarol may serve as a sensitive mdex
of prothrombin formaton by the liver and as such 1s potentally
a useful test of lier function Further studies correlating the
response of patients with liver damage to dicumarol with the
tesults of other liver function tests are necessary to evaluate this
pomnt

When 1nitial doses of 200 to 300 mg of dicumarol are ad
minstered to patients who are extremely 11l following an acute
coronary occluston with myocardial infarction the response 1is
occaswonally very much exaggerated so that within 24 hours the
prothrombin clottng time may reach from 25 to 60 seconds (a
reduction of prothrombin activity to from 25 to less than 5
per cent of normal) These pauents usually die within 24 to 36
hours and do not present evidence of hemorrhage clinically Many
of them exlubit severe congestive heart failure or profound
shock In many instances the prothrombin clotting time before the
admimstration of dicumarol 1s not prolonged The cause for this
phenomenon 15 unexplained but an acute failure of the liver to
produce prothrombin may be the explanation This type of
response 1s probably of considerable prognostic significance and
1s certunly a contraindicanion to further anticoagulant therapy

(c) Muscellaneous Causes for Hypoprothrombinema

Idiopathic Hypoprothrombinemia There have been a few
instances Teported of a chronic hypoprothrombinemin of un
Lnown etiology npparently congemital resistant to vitamin k
therapy and unrelated to any recogmzed hepatic dysfunction The
findings of a prolonged coagulation time a normal bleeding ume
and the frequent occurrence of hemarthroses are similar 1o those
of hemophulia and suggest that some of the cases reported as
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Smith Warner and Brinkhous (253) observed a profound fall
m the concentration of prothrombin 1n the blood of a dog after
damaging the Iner with phosphorus and chloroform Warner
(254) accomplished the same result by pertormmg partal
hepatectomy 1n dogs Warren nd Rhoads (255) and Andrus
Lord and Moore (256) also have studied the effect of hepatectomy
on the plasma prothrombin actruaty These experiments prove
conclusively that the liver is essentral to the mamtenance of a
normal plasma prothrombin level

Climically hypoprothrombinemia occurs commonly 1 assoct
aton with portal curhosis (257 258) primary and metastatic
malignancy of the liver acute yeliow atrophy fatty infiltration
infections hepatitis (catarrhtl jaundice) and m cirdiac carrhosts
A reduction 1n the prothrombin 1ctivity of the blood 15 found
suificiently often 1n cases of Itver disease that the determination
of the prothrombin clotting time and the response of the plasma
prothrombin actnaty to the admimstration of vitamin K are
utilized commonly s tests of Iiver function In this connection
1t must be remembered that a considerable amount of lIrver
damage may cxist before hypoprothrombmema occurs

Unger and Shapiro (259) have devised a standirdized test for
Iner function based upon the prothrombin response to the
parenteral administration of large doses of vitamin h In 1nstances
of Iiver disease where the idmumstration of vitamin k 15 10
effectual n restoring the prothrombin actnaty of the plwm fo
normal thus indicating that the Iiser 1s completely unable 1o
synthesize prothrombin transfusions of fresh whole blood m1y
ncrease the plasma prothrombin level temporarily

It 1s apparent that the anticoagulants parucularly dicumarol
must be used with great caution in the presence of vieamin b
deficiency or Iiver disease In the presence of hepatic dysfunction
irrespective of etiology the effect of dicumarol 15 unpredictable
and the response of the prothrombin clotting tme 1s botlh
exaggerated 1nd labile Although aberrations in response to
dicumarol are more 4pt to occur when there 1s severe damage to
the Liver they may occur m relatively minor and reversible im
parment of liner function such as occurs in chronic passie con
gestion secondary to congestise heart failure
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addition of purified prothrombin or by the additon of either
old or fresh human plisma Human plasma was consistently
effectne 1 controlling the patients hemorrhagic tendency A
positive cephalin flocculation test and the presence of a cryoglobu
lin 1n the patients plasma suggest that there may hve been a
primary disturbance of protein synthesis mn the lnver

In the paper reporung ths case Hagen and Watson have
summarized n tabular form 13 cases of wdiopathic hypoprothrom
binemia previously reported by vanous observers With the possi
ble exception of 1 pauent to whom massive doses of vitamm h
and large amounts of blood and plasma were given during a period
of 3 days all of these cases were refractory to vitamin h although
this was administered in small doses only m some nstances

Lews and Bennett (265) have reported a case of 1diopathic
hypoprothrombinem:a m which there was a deficiency of Quick s
component B The prothrombin nme was prolonged to 10
minutes and the coagulation ume of the whole blood to 60
minutes The fibrinogen content of the blood was normal The
administration of massive doses of vitamin k resulted 1n a rapid
return of the prothrombin tme to normil and 1t had remuned
so for more than 60 days at the ume of reporting The authors
report that the idministration of massive doses of Synhavite or
of vitamin k., oxide will produce a rapid regeneration of com
ponent B unless there 1s severe Iner damage

Hemorrhagic Disease of the Newborn (240) The newborn
mnfant develops a deficiency of prothrombin at the tme of or
shortly after birth and this deficiency persists durmmg the first 5
or 6 days of hfe The cause for the infant s apparent nability to
synthestze prothrombin for this brief period is a matter of dis
agreement but usually the hypoprothrombinemia can be cor
rected promptly by the «dmnstration of vitamin h It may be
prevented by the administration of vitamin Kk to the newborn
at the ume ot birth or to the mother 12 to 24 hours before
delivery

It 15 posstble that the hemorrhagic disease of the newborn may
be aggravated 1n the occastonal nfant to whose mother dicumarol
1s adminnstered shortly prior to delivery Ammal evperiments
ated n the section on pregnancy suggest that this hypopro
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atypical hemophilin are in fact examples of 1diopathic hypo
prothrombinema (241}

The first recognized c1se of 1diopathic hypoprothrombinema
was reported by Rhowds and Ttz Hugh (260) in 1941 The
familnl nature of 1t lewst some of these cases was first indicated
when Hauser (261) reported two families m which several mem
bers had prolonged prothrombin times

A J Quick (91 262 263) has reported his observations on
members of two families in which there 1s 1 chronic and appar
ently congenual prolongation of the prothrombin ume The
syndromes 1n these two families appear to differ In the first
family the defect appenrs to be the syme 1s that which occurs m
the commonly known conditions of hypoprothrombinemin such
as vitumin K defictency and dicumarol powsoning  According to
Quick s theory of the composition of prothrombin members of
this frmuly are deficient 1n component B The condition 1s
truly congenital and familial Bleeding does not occur In the
second family  component B 1s present but there 1s an 1bsence
of some additional factor and therc 1s 1 definite hemorrhagic
tendency Quick destgnates this syndrome 1s congental pseudo
hypoprothrombiemia

Owren (107 108) has reported detailed stuchies of the coagu
Tntion defect of 1 patient whose prolonged prothrombm nme did
not respond to vitamm k but which was restored to normal m
vitro when 20 per cent prothrombnn free ox blood w1s dded to
the prtient s plasma Owren proposed the term  parahemophilin
for this condition

Hagen and Watson (264) have reported a cise of idiopathic
hypoprothrombinemia which has been followed 1n detul for ?
decade The hemorrhagic syndrome n this nstance included
epistins subcutaneous hematomas  perirticulir hemorrhages
menorrhigiz and metrorrhagin  Metrorrhagia was sufficiently
severe 1s to necessitate hysterectomy  All vulable members of the
family except the fither showed 1 prolongition of the pro
thrombin nme The major deficiency 1n tlis patient was of Quick s

component B yet large 1mounts of vitamn k were not effecttve
1n shortening the prothrombin ume The prothrombm clotting
ame of the pinents plasma could be shortened 1n vitro by the
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Histalogical examination of the livers of gumnea pigs given
dicumarol orally 1n doses of 25 mg every second day unul death
occurred 1respectnve of whether they had been mamtained on a
vitamin C free dict a normal diet or a diet fortified by the daily
njection of 50 mg vitamin G showed a tendency to fatty wnfil
tration and degenerition and a few foa of early necrosis An
1dentical picture was observed in guinea pigs hept on a vitamin
C free diet without adminsstranon of Dicumarol

As Lank has recently stated although the effect of vitamin C
on the response to dicumarol cannot be detected readily by the
prothrombin test 1ts influence 1n expenimental amimals on the
extent and duration of hypoprothrombinema and on the integnty
0( the capillary system cannot be gnored It 1s obvious that the

ration of anticoagul to pauents suffering from vita
min C deficiency may be fraught with an mcreased rish of bleed
ing It 1s consequently suvnested that all patients receiving nts
coagulant therapy be given viamin C

(3) RENAL INSUFFICIENGY

Dicumarol must be administered cautiously 1f atall to pauents
with severe renal disease and renal insufhiciency because the eftect
of dicumarol 1s exaggerated and prolonged 1 the presence of
impaired renal function The reason for this 1s not clear In some
cases of uremia there 1s evidence of liver damage and 1t has been
postulated that certain end products of protein metabolism or
thetr dernvatives retained in the circulation produce a  hepato
toxic effect If this s the case these tovic products may mfluence
the plasma prothrombin actnaty directly or indirectly by 1nter
fering with the synthesis of prothrombin by the Iiver Urema 1s
also accompanied by an increased tendency toward bleeding and
this tendency whatever 1ts nature and its mechanism of produc
tion will certainly aggrivate the tendency of the anucoagulints
to produce bleeding

Another reason for the cautious use of anticoagulants i the
presence of renal disease 1s the relatively high madence of hema
turn among the hemorrhagic mamfestations of anticovgulant
therapy particularly of dirumarol but to a lesser extent of
heparin also This aspect of the problem 1s discussed in a subse
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thrombinemia may be aggravated in the breast fed nfant if the
mother recenses dicumarol during the period of breast feeding
Shock (240) A sigmificaint prolongation of the prothrombim
time occurs In certain jnstances of triumatic and hemorrhagic
shock m mn The mechamism of us production 1s not known

The effect of certain drugs on the plasma prothrombin activty
will be discussed 1n a later chapter

(2) Virasn C DEFICILNGY

Although the role of vitnmin C in the mamtenance of hemo
stasis 1s concerned primarily wath the integrity of the cipitiwes
presumably by regulating an some manner the deposition of mtet
celiular cement and while 1t 1s not generally considered to be
mplicated 1n the process of blood cotgulation there 1s some e
pertmental evidence that 1 deficiency of vitamin C mny nfluence
the hypoprothrembinemi1 induced by dicumarol

Link and his associates (266 267) studied the effect of vitamn
C on the 1ction of dicumaral They found that when lugh levels
of 2methy! I 4 npthoquinone and 1ascorbic 1cid are gnen to
rabbits stmultineously the combined action erther drasticilly
reduces or completely nullifies the action of 1 single dose of
dicumarol They showed subsequently that the admimstration
of I ascorbic acid to rats fails to alter esther the degree or duration
of the hypoprothrombmemir mduced by dicumarel but that
substinces which stimulate the synthesis of vitamun C n the 1t
(eg cvone and chloretone) markedly reduce the degree of
hypoprothrombinem:a mduced by dicumarol

Sullivan and Gangstad (268) demonstrated that i the gumen
pig massive doses of 1 1scorbic 1erd prolong the survival time of
ammals recerving small drly doses of dicumarol and that when
1 smgle dose of dicumarol s given to guinea pigs depleted of
vitamn G the degree of hypoprothrombinemin 1s increised and
the duration drastically prolonged Finally Richards and Cortell
(156) confirmed the observation of Sulinan and Gangstad that
vitzmin C depleted guinen pigs tend to succumb earher to larpe
doses of dicumarol than do ammals recetving normal or vitwmn

C supplemented diets
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Histological esammation of the livers of gunea pigs given
dicumarol orally mn doses of 25 mg every second day until death
occurred 1rrespective of whether they had been maintained on a
vitamn C free diet a normal diet or a dret fortified by the daily
injection of 50 mg sitamin C  showed a tendency to fatty mfil
tration and degeneration and a few foci of early necrosis An
denucal picture nas observed 1 guinea pigs kept on a vitamin
C free diet without adminmstration of Dicumarol

As Link has recently stated although the effect of vitamin C
on the response to dicumarcl cannot be detected readily by the
prothrombin test 1ts mnfluence 1n experimental ammals on the
extent and duration of hypoprothrombinenia and on the integrity
of the capillary system cannot be 1gnored It 1s obvious that the
adminustration of anticoagulants to patients suffering from vita
min C deficiency may be fraught with 1n mcreased sk of bleed
ing It1s consequently suggested that all patients receiving anti
coagulint therapy be ginen sitamin C

(3) REVAL INSUFFICIENCY

Dicumarol must be administered cautiously if atall to patients
with severe renal disease and renal insufficiency because the effect
of dicumarol 1s exaggerated nd prolonged 1n the presence of
mpaired renal function The reason for this 1s not clear In some
cases of uremia there 1s evidence of hiver damage and 1t has been
postulated that certain end products of protein metabolism or
their derivatives retained 1n the circulation produce a  hepato
toxic effect IE this 1s the case these tovic products may mfluence
the plasmi prothrombin actity directly or indirectly by inter
fermg with the synthesis of prothrombin by the liver Uremia 1s
also accompamed by an increased tendency toward bleeding and
this tendency whatever its nature and 1ts mechanism of produc
ton will certamly aggravate the tendency of the anucoagulants
to produce bleeding

Another reason for the cwtious use of anticoagulants 1 the
presence of renal disease 1s the relatively high incidence of hema
turia among the hemorrhagic m 1ons of anticoagul
therpy particularly of dicumarol but to a lesser extent of
hepin also Tlus aspect of the problem 1s discussed 1n a subse
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quent chapter devoted to the hemorrhagic manifestations of antt
coagulant therapy

(1) BLoop D1SCRASIAS WITH IM1 AIRMENT OF THE NORMAL
Mrenasisys For HFvoSTASIS

Increased bleeding may follow the admimstration of ant
corgulnts to patients with purpurts or to those with blood
dyscrasias 1in which the normnl mechanisms for hemostists are
mpured or lost As 1 rule the plhisma prothrombim activty 1s
normal 1n the presence of such blood dyscrastas 1s the leukemias
thrombocytopenic purpura and aplastic anemia (239) However
these diseses nre accompanted frequently by an ncreased
tendency to bleed and there 1s some evidence that this hemor
rhagic tendency may be due to the release 1nto the circulation of
heprin (321)

Polycythemsa vera presents a speciil problem Although 1t 15
essentinlly a hematogenous disease 1t frequently presents itself
by the development of occlusive vascular disense  particularly
arternl occlustons or thrombophlebitis At the syme ume there
m1y be also 1n associated tendency to incrensed bleeding Thus
though 1nticongulant theripy 1s indicted for the treatment of the
vascular occlusne discase 1t must be admimstered with great
caution The prothrombin level n these patients 1s subject to
unusual fluctuations during dicumarol therapy

(5) INTERRUPTIONS IN THE GCONTINUITY OF THL VASCULAR SYSTLAM

Surgical Operations

When the contunuity of the vascular system 15 nterrupted by
accidental triuma or by surgical operation the administration
of 1n anticorgulant my be followed by local hemorrh,e Such
hemorrhage may be confined to the wound or operative tract
or 1t my dissect 1nto the tissues or pour out onto the surface of
the body Probbly the majority of such hemorrhiges which are
discovered are those which make their 1pperrince as subcutineous
hematomata

Particolarly serous howeser are those missne hemorthages
which occur 1nto the hollow ‘iscerr or nto the serons caviies
or which dissect 1nto the various solid vascera or their supporting

pssues Such hemorrhages are often not recognized during hife
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and are discovered only at postmortem examation Although
mimor hemorrhages probably cannot be atoided in 1 certain
minonty of surgical cases serious postoperative hemorrhages are
mfrequent uhen surgical hemostasis 1s observed meticulously

The use of heparin immediately following surgical operations
1s accompanied by a rather lugh incidence of hemorrhages and 1t
15 probably advisable to defer the administriion of heparin
for several hours postoperatively Among 351 patients to whom
Crifoord (32) admimstered heparin postoperatively there were
but 2 sertous hemorrhages The first of these was a retroperitoneal
hematoma which occurred 1n a woman age 70 who had had n
1leocecostoms for cancer of the colon The pauent died on the
3rd diy with s1 ns of heart fatlure and autopsy revealed 800 cc
blood 1nt the peritonenl cavity In a 2nd patient the enucleation
of a myoma was folloned by the development of symptoms of
peritonenl wrritation on the 2nd postoperative diy An evplortory
laparotomy revealed a peritoneal hematoma The patient re
covered after scveral transfusions had been given

Wetterdal observed moderate bleeding in 4 patients out of 231
postoperative pattents to whom heparn was admnistered post
operatinely One patient developed 1 retroperitoneal hematoma
betneen the bladder and the vagina which required surgical
exploration and repeated transfusions A second similar hemor
rhage occurred 3 weeks later 1n the absence of heparin A 2nd
patient age 38 had a supravaginal hysterectomy for myomata
Despite her poor postoperative condiion heparm was started
on the 3rd day The patient s condition deteriorated and she died
m uremia Postmortem examimition revealed 1400 cc of bloody
exvudate 1n the peritoneal cavity

By reasons of 1ts delayed effect on the plasma prothrombin time
dicumrol even when admintstered immediately after operition
miglt be expected to produce fewer postoperative hemorrhages
than does heparin Allen Barker and Hines (65) report that
bleeding from wounds occurs occasionally bue that in ther
experience 1t had not been critical i any instance and has always
been controlled They cite statistics for 1000 pauents treated
postoperatively with dicumarol Minor bleeding occurred in 39
(39 per cent) major bleeding 1 25 (2 5 per cent) of these patients

Cheney (269) hns reported m detail an nstince of gastromn
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tesunal hemorrhige which followed the admunstration of
dicumaro! to a patient recovermg from vagotomy and a subtotal
gisinic vestenton for duodenmt ulcer On the 4th postoperatine
day the patient devcloped n acute femoral thrombophlebinis and
on the 7th postoperative day dicumarol was started On the 11th
postoperytve diy 4 days after dicumarol was begun severe
gistromtestinal hemorrhige was manifested by pallor weahness
and the passige of tarry stools Tarry stools contnued for 6 days
and there was vomiting of 100 cc bright red blood on the 14th
postoperitive day  Transfusions were given repeatedly but
vitamin K only once m a single dose of 20 mg The patient expert
enced an uneventful recovery thereafter

Butsch and Steware (270) <nd Laufmann and Heller (200) have
reported that wound healing 1s not impaired by the adminstration
of hepirm while Sandblom (271) and Brusels (272) have found
that dicumarol does not mterfere with healing unless the plasm?
prothrombin actisty 1s very much reduced

There are certan types of operations operations wn ceriaift
locations 1nd operattons performed under certan circumstances
which are especally prone to hemorrhage following the admmis
tration of anticoagulants and which provuide a spectal harrd
These 1re enumerated s follows

1 Operations on the brun or spinal cord because even 2
small amount of bleeding may be disastrous

Operations such s prostatectomies guillotine amptta
uons and amputations of the hreast which leave extensive

raw surfaces
Massive resections especially those of the gastromntestinal
tract for malignancy ulcer bowel obstruction mesentertc

thrombosis and the hike
Operations followed by tube drimage of wounds or of

hollow viscera
Operations performed in the presence of obstructive jaun
dice externl biliary fistulr or severe hver disease {239

245 248)

If a surgical operation 1s contemplited 1n a patient recelving
anticoagulant ther1py the anticorgulant must be discontinued 1n
sufficient time to permit the mfnence of the drug, to wear off or if
an emergency Operation 1 necessary the effect of the anticoagu
lant must be counteracted by the use of the proper antagonist

”»
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sutamin k and fresh whole blood transfuston for dicumarol and
protamine sulfate or toluidine blue for heparin The use of
heparin 1n vascular surgery has been referred to previously and 1s
discussed 1n detaul 1n the papers of Murray (34 55 166 201 204)
and 1n the text by Jorpes (32)

Ulcerations and Open Wounds

Ulcerations wounds and raw surfaces from any cause on the
skin or on the mucous membranes may be the source of hemor
rhage following the admumstration of anticoagulants Gross
hemorrhage from the gastromtestinal tract of man has occurred
occastonally in panents with peptic ulcer latal hernia hemor
rhoids gastrointestinal neoplastus and certain intestinal diseases
when anticoagulants have been admimistered Bleeding into the
site of a fracture following the 1«dministratton of an anticoagulant
has occurred One frequently espressed fear of the use of the
anticoagulants on n ambulatory basts s the rish of exaggerated
hemorrhage occurring as a complication of accidents or traumi
which may befall the patient durmg the period over which lus
prothrombin activity 1s reduced We are not aware that any
mstances of this sort have been reported 1n the hiterature

Leedham and Orbison (273) have observed an instance of
cardiac tamponade associated with the admistration of
dicumarol to a patient who had suffered multiple severe mjuries
n an arreraft acaident In addition to multiple lacerations and
muluple fractures this panent had sustamed severe vascular
mjury to the night lower leg and the right foot was ischemic There
was gross hematuna There was no clinial or radiological est
dence of injury to the thoracic cage or its content Intensive
therapeutic meisures were undertaken to save the foot ncluding
the administration of dicumarol begmning on the 8th hospital
day At tlus ime there was climcal and electrocardiographic evi
dence of an acute pericarditis which was interpreted as 1 triumatic
pericarditis or contusion of the heart By all evidence available
this process had subsided on the eighteenth day

On the 19th day after 700 mg of dicumoral had been ad
ministered over a period of 10 days symptoms and signs of an
acute cirdac tamponide appeared suddenly This was confirmed
by xray and by electrocardiogram Pericardial aspiration removed



111 THROMBOEMBOIIC CONDITIONS

380 cc of dwrk non clotting blood from the pericardial sac with
immediate relicf of symptoms The prothrombin clotting time at
the onset of the tcute tamponide w1s 79 seconds (prothrombm
awctvaty 5 per cent of normal) Two 500 cc transfusions of fresh
whole blood 1nd 2,6 mg of Hykmone were guen durmg the
subsequent 18 hours The prothrombin trine was reduced to 40
seconds (prothrombin wctivity of 11 per cent) vfter 24 hours and
to 26 seconds (prothrombin activity of 22 per cent) after 18 hours
There was 1 transtent mcroscopic hematurrn during this ume
There w1s no evidence of further bleeding mto the pericardnl
sac
(6) I ATF PreCNANCY

Heparm has been rdministered successfully to women during
pregnancy for the trextment of thromboembolic conditions and
1n 1 few mstances for the treatment of toxem of pregnancy (187
188) Barnes ind Ervin (271) have reported that the blood loss
durmg the puerpertum 1s not increised by the administrition of
heparin or of dicumarol during this period I eissner (275) has
attempted to mmtate prophylictic heprrimzanon of patents as
early 1s 2 hours after delivery but serious uterine hemorrhage
occurred m Ins 4th patient and he did not begin hepann unul
12 to 21 hours postpartum 1n subsequent patients Jorpes stites
that the usual Scaindinvin practice 1n using heparin prophy
Inctically during the puerpertum 1s to begin the drug 48 hours
after chuldbirth

Greene and Ioewe (276) state thit thetr expertence with
heparin/Pithin menstruum 1 the obstetric wards may well sug
gest 1ts ulmate adopuon 1s 1 prepartum prophylactic mesure
However of the 34 cases of thromboembolic disease comphicating
the puerpertum treated by them only one was treated before
delnery Hepum therapy wis mterrupted during Ixbor and w1s
restarted postpartum

It has been reported repeatedly that the prothrombin actvity
of human plisma 1s usually mecrewsed during the later stages
of pregnancy (271 277 279) Davis and Porter (280) have reported
frvorably on the trextment of puerperal thrombophlebitis with
dicumarol and state that they have not observed any nstnces of
oss hemorrhage m their pitients
Freld and hus nssociates (281 282) hive made some interesung

o
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expenimental observations on the relation of pregnancy and
lactation to the anticoagulant effect of dicumirol They observed
that pregnant and lactating rats tolerate higher doses of dicumarol
than do normal femnle rats Continuous feeding of the anucoagu
lant to female rats with suckling pups caused the pups to become
hypoprothrombinemic and subject to hemorrhage TIhe admin
sstration of vitamuin k showed 1 greater protective effect on the
pup than on the mother These observations were later confirmed
on the dog

Allen has suggested thnt caution be exercised 1n the admnistry
tton of dicumarol to the postpartum pitient He stutes that there
1s lutle r1s} of bleeding akter the 7th day 1f the uterus has involuted
properly and the lochin 1s normal v Sydow (283) has reported
an imstnce of hny poprothrombmema and cerebrl mjury m a
newborn infant after the mother had been treated antepartum
with dicumarol for venous thromhosis

Kraus Perlow 1nd Singer* observed the nfluence of dicumarol
on the mtrauterme growth and development of the fetus n
pregnant rabbits The prothrombin ume was determmed by
Quick s method using 1 thromboplasun prepired from mbbuts
brain The newborn of four pregnint rabbats who did not recene
1y dicumarol and whose prothrombin umes were normal suffered
1 depression of prothrombin activity during the first 24 hours fol
lowing birth

Four pregnant mbbits were given sufficient dicumarol to de
press prothrombin ety to less than 10 per cent of normal for
no more than 1 few days at a ume When such low values were
attuned  dicumarol was withheld but no vieumin k was given
The pre,nant ribbuts whose prothrombin levels were Teduced to
below 10 per cent 1t one time or inother during pregnancy died
Only one fetus survived to the time of delivery and this was i a
rabbit which received dicumarol only during the last week of
~estation The fetuses were small macerated and decomposed

Four pregnant rabbuts were gien dicumarol 1 amounts to
mawtun safe  prothrombin lesels Three of the four pregnant
rabliits survived and did not bleed excessively at any time The
nenhorn sustuned an extreme depression of therwr prothrombin

hraus A P Perlow § & Singer h  Danger of dicumarol treatment 1
pregnancy JAM A 1>9 7158762 (March 19) 1949
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380 cc of dark non cloting blood from the pericardial sic with
mmmedinte relief of symptoms The prothrombin clotting ume at
the onset of the acute timponade was 79 seconds (prothrombin
activity 5 per cent of normal) Two 500 cc transfusions of fresh
whole blood 1nd 256 mg of Hykinone were given during the
subsequent 18 hours The prothrombin tume was reduced to 10
seconds (prothrombin activaty of 11 per cent) after 2¢ hours and
to 26 seconds (prothrombin 1ctivity of 22 per cent) after 48 hours
There w1s 1 transient nucroscopic hematurn during this time
There was no evidence of further bleeding 1nto the pericardinl
sac
(0) LATF PREGNANGY

Heparin has been vdministered successfully to women durin,
pregnancy for the treatment of thromboembolic conditions nd
m 1 few instances for the treatment of tosermir of pregnancy (187
188) Bnrrnes wnd Ervin (274) hne reported that the blood loss
durmg the puerpentum 1s not meresed by the rdmunstration of
hepanin or of dicumarol during tins period 1 eissner (275) has
attempted to 1itite prophylictic hepwrmizatton of patents as
carly 1s 2 hours after delisery but serious uterme hemorrhage
occurred tn his 4th patient wnd he did not begin hepirin untl
12 to 21 hours postpartum i subsequent patients Jorpes states
that the usual Scaindmmavian practice m using heparin prophy
Inctically durmng the puerperium 1s to begin the dru,, #8 hours
after childbareh

Creene nd loewe (276) state that their experience with
heparin/Pithin menstruum m the obstetric wards may well sug
gest 1ts ultimate adoption as 1 prepartum prophylictic measure
Houever of the 34 cases of thromboembolic disese complicating
the puerperium treated by them only one wis treated before
delivery Heprn therapy was mterrupted during libor and was
restarted postpartum

1t has been reported repeitedly that the prothrombin 1ctivity
of human plasmu 1s usually increxsed duning the later st1.es
of pregnancy (274 277 279) Davis and Porter (290) have reported
fuvorably on the trextment of puerperal thrombophlebitis with

dicumarol and state that they have not obsery ed any instances of

gross hemorrhage 1n their patients
T'teld and Ins assocrates (281 282) hve made some interesting

| —e,



SECTION V

TECHNICS FOR THE ADMINISTRATION
OF THE ANTICOAGULANTS



16 THROMBOEMBOLIC CO\DITIOAS

levels at the time of birth The newborn exhubited 1 pronouncec
hemorrhagic tendency and none survived for more than fise days
A few fetuses were stllborn

These expermments indicate that dicumarol passes the placental
barrier One out of four pregnine rabbues with safe prothrombin
levels 1borted on the 21st d1y and died 5 days Inter The newborn
demonstrated (1) extreme depression of prothrombin activty (2)
definite hemorrhagic tendency and (3) death priar to or shortly
after birth The prothrombin depression 1n these newborn was
more pronounced than that seen following birth m normal rab
bits Tovic doses of dicumarol consistently produced mtrapartum
hemorrhage md postpartum dexth of the mothers The fetuses
of only one rabbit mn this group survived to the tme of delnery

These and our own observatons indicate that 1f anticorgnlants
are to be administered to pregnint women especilly to those
approaching term considerable caution must be exerased Not
only 15 there the risk that the panent will hemorrhage profusely
at the time of delivery or thereafter but 1 the case of dicumarol
there 15 1 serious tisk that the mfant will suffer hemorrhages dur
mg the process of delivery or during the first weeh of hfe Sug
gestions for the management of this problem are mncluded 1 the
chapter on the management of hemorrhages due to anticoagu
lants

(7) SurACUTE BACTERIAL ENDOCARDITIS

The use of heparin as an adjunct to the trextment of subacute
bacterial endocardrtis with pentcitlin s been largely abandoned
(175 177) The use of dicumarol 1s felt to be contraindicated n
cases of subacute bacterinl endocarditis stnce 1t may increase the
sk of hemorrhage which 1s inherent to this disease

It should be emphasized that the number of cases to whom
anticoagulants should not be admimstered will vary in mverse
proportion to the experience of the physicran admunistermg the
drug It 1s the experience of those myestigators who hive used
both hepann and dicumarol over 1 period of some years that these
drugs may be admuimistered safely to prtients suffering from many
of the conditions discussed m this chapter if punstahing attention
1s pad to the pattent s condition and to his phsma prothrombin

clotting fime



CHAPTER 12

The Admunstration of Heparin

EPARIN a polysacchinde contaming glucosamine  an

urontc aad and sulfuric acid esters 1s 2 normal constituent

of the mammalian body It has been accepted quite generally but

not umversally that heparin 15 formed 1 the mast cells of Ehrlich

which are particularly numerous 1n the pernasculr connectne
tissue (32)

Heparn 1s not effective when given orally but it 15 effective
by all of the usual routes of parenteral administration Heparin
must interfere with the first stage of clotung since prothrombin
15 present unchanged tn heparinized blood (284) but 1t has also
an effect on the second stage of clotting 1ts so catled antithrombin
action (146) The anticoagulant action of heparin 1s mamifested
by the prolongation of the coagulation time ot the whole blood
and 1ts effect 1s measured with sufficient accuracy for clintcal
purposes by the determination of the clotting time of whole blood
mn a test tube by the method of Lee and White (182)

ADVANTAGES AND DISADYANTAGES OF HEPARIN

The advantages of heparin as an anticoagulant are numerous
It may be administered by all of the various routes for parenteral
administration—intravenously by intermuttent injection or by
contimuous drip subcutaneously 11 aqueous solution or in Pitkin
menstruum mtramuscularly m concentrated or dilute aqueous
solution or suspended m o1l or gelaun or intrasternally (32)
Its effect in prolonging the coagulation time of the whole blood
i1s prompt a matter of minutes This effect diminishes over a
period of 3 to 4 hours except when heparin has been administered
m a menstruum which releases 1t slowly Finally the effect of
heparin on the coagulation time can be determined conveniently
1t the bedside

However heparin has 2 disadvantages which are very definite

19
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longation for the duration of therapy This 1s generally achueved
i 300500 mg of hepatin are added to a liter of 5 per cent
glucose and rdrmmistered at 2 rate of 15 to 25 drops per minute
for the enure 24 hours Between 15 and 25 mg of hepann are
adminustered per hour and the total amount of fud introduced
per 21 hours 1s about 1200 cc

When heparin 1s given by continuous drip the clotting time of
the whole blood should be determined ordinanily at intervals of
esery 2 to 3 hours since longer mtervals without testing are unsafe
and have resulted m farilies If hepawin 15 adminustered 10 a
pattent by this method immediately after operauon the corgu
lation ume should be determined every hour for the first 2t
hours because of the increased hazard of bleeding 1if the coagu
Iation nme 15 greatly prolonged The rate of flow of the mfusion
should be requlated carefully and frequently Ordinanly it should
be mcreased or decreased by no more than 2 to £ drops per minute
at any single adjustment as mdicated by the pertodic determina
uon of the coaguianion tme The nuwber ot drops falling per
mnute should be counted at frequent wmntervals and the flow
regulated to the desired rate with great care

HEPARIN/PITE 1N MENSTRULUM

Leo Leewe and hus associates (51 170 195 196 276 285 288)
and Evans and Boller (289) have advocated the use of beparmn
gien subcutineousty 1n Pulins menstruum with or without
the addwon of tasocoustrictors {epineplinne and ephedune)
They have had a very great experience with this mode of 2d
mrmstering hepana and report consistently favorable results The
gredients of the Pithin menstruum are gelatm dextrose glacal
aceuc acid and distilled water Since the rate of hiberuon of the
contained heparin 15 inversely proportioni! to the viscosity of the
menstruum  the constituents are i proportions caiculated to
produce an optimal viscosity

Heparn 1 Puan menstrunm 15 distributed m ampules con
taimng 200 my or 300 mg of the sodinm salt of hepirin Ampules
labelled  with sasoconstrictors  contamn ephednine sulfate and
epwephnne hvdrochlonde ntended to delay the absorpuion of
the heparmn wd thus prolong the anucorgulant effect The nse
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handicaps to 1ts use clinically Heparin 1s very expensive and 1t
cnnot be 1dmnistered by mouth

INTRAVENOUS HEPARIN

Heparin 15 most commonly admimstered mtr enously and by
the mtermitient mnjection of the sodium salt dissolved 1n saline
diduent m 1 concentrition of 10 mg per cc (32 65 174) Injec
tions are made at intervals of from 3 to 6 hours most commonly
at 4 hours In The New York Hospital the procedure 1s generally
as follows

If a preliminary determinition of the clotting tume of the
patients whole blood reveals a normal value 1e 4 to 8 min
utes 50 mg of sodium heparin mn 5 cc of salme 1s njected
mntravenously and the clotting time 1s determined 1t intersals
of approximately 1 hour for the first 4 hours The clotting
time should be prolonged to from 30 to 60 minutes at the
pek of effectiseness and 1t should not have returned to from
10 to 15 munutes until 3 to 4 hours have elapsed Depending
upon the response of the patient to this matial dose 50 to 75
mg of heparm are administered mtravenously every 4 hours
thereafter and the dlotting time s determned mmedately
preceding each subsequent injectzon, during at least the first
few days

Many Scandmavian phystcians do not check the clotung ume of
the blood of patients under the influence of heparin with any
degree of regularity 1nd 1n some instances not 1t all feeling that
the response 1s sufficiently consistent as to make this test unneces
sary However it 1s our beltef that the clotting time should be
determined on sex eral oceasions during each day until the response
of the particular patient 1s clearly determmed

Heparnn 1n physiologic salime mn 5 per cent glucose solution
or 1n distilled water m1y also be ndministered intravenously to
bedndden patients by continuous drip (82 64) There has been
some question as to the advisability of using this method with
pattents 1 cirdiac or renal fmlure because large amounts of

saline are often njected but this m1y be avorded ewsily by using
a fluid free of sodium salts The objective 1n adnunistering hreparin
by continuous drip 1s to prolong the clotting me of the blood
to from two to four times normal and to muntun this pro
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15 heparin 10 Pathin menstrunm but acts atherwise n a sumilar
manner It apperrs to be parncndacdy useful as a means of ad
muustering heparin duning the first few davs of combined heparm
dicumnrel therapy—unti dicumarot 15 effective We have found
that the rdmimstraion of 200 my twice 1 diy 1s a sausfactory
dosage schedule for most patients A clotung tune by the method
of Tee and White should be done before each dose 15 gren If
the clatting tume exceeds 20 mmuties the dose should be postponed
for si< hours or omatted Use of this prepartion cach dy for
more than 5 or 6 days 15 not recommended unut the preparation
has been mote fully evttuated

ConceNrATED AQious HErarix

Heparin may be admmustered mtramuscularly dissolved n an
aqueouns medium for prompt absorption or suspended in an oty
menstrunm for delned absorpuon (290 203) Those who have
used hepann mn these medi and by tins route clam that myectons
are less punful than 1s the mjection of hepann o Pukan
menstryum  Intramuscular injechion 15 preferred not only be
canse 1t 15 fess pamnfnl than 1y subcutineous myection but becruse
absorption 15 more regutar

The paucity of reports on chmcal expenence with the mera
muscular wjection of dilute hepirtn suggests chat the experience
with 1t has been nnsisstactory A disidvantage which 1s 1pparent
vnmediately 15 that a telatinely Ihrze solume of solution must be
mjected with cach dose since each c¢ of solution o1 suspension
contains only 10 myg of heparm

Stats and “veuhot {173 20%) have wimimstered sccessfully by
miramuscular mmjecnion a concentrted solution of hepatin con
taming 100 m, of hepmn per ¢ They claim that preparavon
free of visoronstrictors or foreign substances fulfitls the require
ments for stmple pamnless safe and readily controlled admimstr
ton

Neutiof (173) his reviened briefly more than a year s esperience
with concentrated aqueous hepanin administered to oser 100
cases The contentrated hepinm 15 injecred nto the ghutes)
muscles n the conventtonil mauner 1 mtervals of from § to 12
hours % prolongnon of the conguliton ume 1s evident within
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of heparn sodinm  with sasoconstrictors  should be 1soided m
ptients with hypertension or myocardinl disease and also n cases
of arternl occluston by thrombus or embolus to word Aggrnvating
the existing rterial spism

Loewe ordmanly admuisters 1 nunnl dose of 300 mg of
sodium heparin to patients wesghing up to 150 pounds nd 400
mg to prents weighing more than this Subsequent doses are
admunistered to muntun the lotting time 1t between 30 and 60
minutes 1s deternuned by the Lee White method The conven
tional dose of 300 my of heparin will be sashctory for about
90 per cent of paents The remuning 10 per cent are either
hypo o1 hyperreactors ind will require doses of 400 or 200 mg
respectively In the werage pauent 1 single dose of one 3cc
ampule contuning 300 mg hepann sodim  will suffice to pro
duce an 1dequate heparin effect for approumately 2 days In
such 1 patent the content of one 3 cc mpule 15 admmistered
every 2nd dvy for the durttion of therapy

1f 1 blood transfusion 1s given the patient during this time one
3 cc ampule of heparin sodium m Pithin menstruum should be
admmustered 1mmedittely therenfter rrrespective of previous
Jections In the presence of 1 very severe thromboembolic
tendency 400 to 500 mg of heparm in Pithins menstruum 1s
grven and an actempt 15 made to prolong the clotung ume 1o
from 1 to 2 hours When vasoconstrictors are indicated nd more
than 1 ampule 15 to be adminstered at 1 given ume use only 1
ampule contumng visoconstrictors The amount of vasocon
strictor drugs in one ampule 1s sufficient for an enure dose of
heparin

In our expertence heparin in Pithin menstruum 1s excesstvely
punful and the patients frequently refuse 1 2nd mjection Like
wise the response of the clotting tme of the whole blood to this
form of admunstranion has been sery 1rre,ular and unpredictable
Efforts are being made to produce 1 more satisfactory menstruum

We have recently had experience nith Depo Heparin Sodum *
a preparation of 200 mg of heparin sodium with or without
\asoconstrictors  per ¢¢ of 1 gelatin dextrose medtm This

preparation 1ppers o be much less pamful upon ijection than

‘The Upjohn Company
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much as 300 mg may be concentrated mn s little as 01 cc of
solution

It has been suggested recently that caronamde may be useful
n delaying the excretion of heparin and thus permitting the more
economical admunistration of this anucoagulant (293) Since
with doses of heparin sufficient to produce moderate blood levels
only a small portion of the injected heparin 15 excreted (146) 1t
does not seem likely that caronarnide will sigmficantly reduce the
amount of heparin required for therapeutic purposes
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one it to 1 hour after the mtial mjection reaches a maximum
(30 to 60 minutes) 1n from 4 to 6 hours after njection and ap
proxches normal 1n about 8 to 12 hours after injection Individual
doses of concentrated 1queous heparin vary from 50 to 180 mg
correliting roughly with the weight of the pauent \dequate
hepirmization of pauents werghing less than 130 pounds 1s at
tuned by the mjection of 100 mg every 8 hours or by the mjec
tion of from 120 to 110 mg every 12 hours Proportionately larger
doses 1re used for heavier individuals The maxunum daily dose
should not exceed 450 mg

Stats and Neuhof (293) state that the effect of hepirn ad
ministered 1n this manner 1s controlled with ease and that 2
single determination of the coagulation time before the 1njectton
of the first duly dose 15 sufficient The dose for the day 1s reduced
slightly 1f the coagulation time m the mormng 1s found to be
over 24 minutes Small hematomata 1nd shightly painful nodules
have been noted 1t the site of injection occastonally No published
reports confirming this experience have come to our attention

Vorzimer Sussman and Marder (294) have been able to prolong
the coagulition ume to from 200 to 900 per cent of normal for
17 to 24 hours with 1 single intramuscular mnjection of con
centrated heprrin (200 mg per cc of aqueouns solutton) emulsified
m I cc of 1 minture of cholesterol dernvatnes (35 per cent)
penut o1l (65 per cent) and beeswax (2 per cent) Approximately
125 to 2 0 mg of heparin per pound of body weight was necessary
to mamtun this effect The sustained action of heparm was
ssured when the volume of the menstrnum 1nd the volume of
heparin solution were hept equal There was no hemorrhage
the site of injection and pamn was neghgible No bleeding oc
curred and there were no tovc effects Injections of the
menstruum alone produced no effect on the coigulation time and
mjections of 1 cc of the aqueous solution of heparin (200 mg)
produced a prolongtion of the coagulstion time of only 6 hours
duration

It 1s worthnhile to remember that heparin 1s an extremely
soluble substance and that 1t can be adminstered climcally n
concentrations consideribly greater than have hitherto been at
tempted Although 1t 1s not known af 1t would be desirable as
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mactinated or destroyed Tor this reason when the immediate
hazard of thromboembolism 1s great heparin should be ad
minstered concurrently for the first 2 or 3 days to protect the
patient during thus anal latent period

When dicumarol 1s withdrawn 1es effect on the protlirombin
time persists for from 2 to 7 days (39 296 298) 1f a hemorrhagic
complication occurs during the admumstration of dicumarol or
it the anticongulint effect of the drug must be terminated
promptly for some other reason 1t 15 necessary to mvoke active
measures to antagonize the effect of dicumarol

The response of different mdiiduals to given doses of dicu
marol 1s not accurately predictable and the response of the same
individual 15 often unpredictable from day to day necessitating
the daily determination of the prothrombin clotfing time before
each dose of the dicumarol 1s gwen at least duning the imeal
phase of the treatment and unul the response of the patent to
the drug has been studied thoroughly

The expense of performing a prothrombin test every day
teduces to some extent the economic advantage of dicumarol
but when a patient who 1s recering dicumarol has been under
observation for a nme and appears to respond 1n a reasonably
predictable manner 1t 1s frequently possible to perform the pro
thrombmn test at intersals greater than every day The test may
then be performed on alternate days and gradually at longer
mtervals up to 1 week The detcrmination of the prothrombin
time at intenals greiter than every other day should not be
attempted unless the physiciin has had an extensive experience
with the drug

It 15 evadent that the use of dicumarol requires punstaling and
contiruous supervision of the patient and of che laboratory find
mgs dunng the enure peniod of anticoagulant therapy even

though this therapy may be continued for weeks months or
years

Tue DFTFRAMINATION OF THE PLASMA PROTHROMBIN
Crorming TivrF

The importance of the laboratory control of dicumarol therapy
must be understood clearly by any physician who wishes to use



CHAPTER 13

The Adminmistration of Dicumarol

IT IS believed that dicumarol 33 methylenebss (4 hydrosy

coumirm) produces n inticongnlant effect by suppresstng the
formation ot prothrombm n the Iiver Its effect 15 reflected m
the prolongation of the prothrombrn clotting time of the plasma
As discussed previously m Chapter 8 1t does not consistently
prolong the clotting time of the whole blood as determined mn
glass tubes by the Iee White method when administered 1n
ordinry therapeutic doses (148)

ADVANTAGFS AND DIsADVANTAGEs OF DicuvaroL

Dicumarol has 2 great advantages over heparm—i¢ 1s cheip and
1t 1s effective when admimstered orally There 15 however no
commercial preparation of dicumarol for parenteral admmistr
tion Oprmion 1s divided 1s to which anticoagulant 1s more eastly
administered 1nd more readily controlled depending largely
upon the expertence of the mdisidual using the druy After more
than a decade of expertence with heparin and 8 years of experience
with dicumarol (IS W) we favor the laster for general use pro
vided that proper laboritory control 1s available However we
use both drugs in duly practice according to the mdications 1n 1
gnen cise

Drcumarol has however certamn disadvantiges Since a single
dose of dicumarol does not produce 1ts maximum effect as mes
ured by the prolongation of the prothrombin clotting fume for
from 48 to 72 hours the pauent to whom 1t 1s admmnustered 15
not fully protected during the early portion of this pertod of
time following the mitial dose (39 296 208) This 15 presumably
due to the fact that dicumarol nterferes with the synthesis of
prothromblin but has no effect upon prothrombin winch his
already been formed The latent period represents the pertod
of time necessary for the circulating plsma prothrombin to be

126
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and to minute varations i technic and concentrations of reagents
that using the same methad and the same thromboplastin
significant variations 1n results may be obtained by different
laboratories or even in the same laboratory from time to time

The climcian must understand the mechanism of the test and
the potential causes for the variations which may be encountered
to interpret the values reported to hum by a speaific laboratory on
samples of blood submitted from a given pattent He must know
what modification of the method 1s bemng used what thrombo
plasun 1s being used and what values are obtained when the
prothrombn clotting times of normal whole plasma and of normal
diluted plasma are determined daily as controls

The prothrombin clotting time 1s determned 1n our laboratory
by the Link Shapiro modification of the one stage method (299
306 307) uulizing a thromboplastin extracted from rabbit lung
(CE Appendix D) When performed on samples of whole plasma
(undiluted plasma) from normal persons (1e persons whose
plasma 1s presumed to possess normal prothrombin activity)
values of from 14 to 17 seconds are obtained consistently Only
rarely do the values fall slightly outside of this range The pro
thrombin clotting tume 15 also determined routinely on samples
of plasma which have been diluted to 125 per cent of normal
with 0 85 per cent saline (dilution of 1 8) and 1n normal persons
values of 38 seconds + 5 seconds are obtained with these diluted
plasmas

If the technic of performing the prothrombin clotting time 1s
altered or 1f the thromboplastin 1s obtamned from a different
source or extracted in a different manner the values obtamned
with normal plasma whether whole or diluted will differ shightly
from those just quoted Under such arcumstances the quoted
figures which serve as daily controls may no longer be relable
standards of comparison for the values obtained on samples of
plasma from patients berng treated with dicumarol A new and
different set of control values must be obtained by determining
the prothrombin clotting time on normal persons by the different
technic or with the different thromboplastin

Not only may thromboplastic reagents which are prepared n
different Inboratories differ 1 potency but various lots of throm
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the drug 1s an anucoagulnt There are many unanswered or
unsatisfactortly answered questions relative to the effect of dicu
marol on the prothrombimn clotting time but if the results of the
test 1re nterpreted cautiously 1t serves 1s an adequate guide to
the admmistrinon of dicumarol 1n the great majority of cases

There are 1 general 2 methods for performing a prothrom
bin test namely the one stage method first described by A ]
Quick (89) (Cf Appendic B) and subsequently modified m
certun respects by other miestigators nd the two stage method
of Warner Brinkhous and Smuth (97) (G Appendix C) The
latter method 1s an excellent research tool but ts not 1s widely
used for clinical purposes as 1s the onestige method because
of 1ts somewhat greater complexity wnd the further amount of
work mvolved We will therefore discuss only the one stage
method 1n detail

The One Stage Method

In outline the onestage prothrombin test 1s performed by
adding to a sample of oxalated or citrated blood plasma an excess
of ronic calctum and an excess of thromboplastin and then deter
muning the time necessary for the plasma to clot The test 15 based
on the concept that if you have an excess of calcium and of throm
boplastin 1n the coagulation system the speed of clotting will vary
n proportion to the concentrition of prothrombin in the sample
of plasma It 1s recognized that the actual facts are more complex
than this stmple explanation and that the test probably measures
something more than prothrombin alone but we continue to Use
this test becwuse when performed correctly 1t provides the best
avarlable guide for clinical work and becanse without such a
test we cannot use dicumarol erther sifely or effecuvely

The use of the one stige method for determiming the prothrom
bin clotung time 15 complicated by several important factors
which must be considered 1n the mterpretation of the results
obtaned First there are several modifications i the techme of
performimng the test (299 301) Secondly there are a ramnety of
thromboplastic reagents obtamed from quite different sources
which can be used 1 performing the test (302 305) Fimnlly the
test 1s sufficiently sensttive to a variety of environmental conditions
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and to minute variations in technic and concentrations of reagents
that using the same method and the same thromboplastin
sigmficant variations in results may be obtuned by different
labaratories or even 1n the same Iboratory from tme to tume

The cluucian must understwnd the mechusm of the test and
the potential cruses for the vamations which may be encountered
to interpret the values reported to hum by 1 specific laboratory on
symples of blood submitted from a given pauent He must hnow
what modification of the method 1s being used what thrombo
plastn 15 being used and what values are obtamned when the
prothrombin clotting times of normal whole plasma and of normal
diluted plasma are determined daily as controls

The prothrombin clotting time 15 determined 1 our laboratory
by the Ik Shapiro modification of the one stage method (299
306 307) uuiung a thromboplasun extracted from rabbit fung
(Cf Appendix D) When performed on symples of whole plasm2
(undnluted plasma) from normal persons (xe persons whosc
plasma 15 presumed to possess normal prothrombin activity)
values of from 14 to 17 seconds are obtained consistently Only
rarely do the values fall shghtly outside of this range The pro
thrombin clotting time 15 also determined routinely on samples
of plasma which hive been diluted to 125 per cent of normal
with 0 8o per cent saline (difution of { 8) and 1n normal persons
values of 38 seconds + 5 seconds are obtatned with these diluted
plasmas

If the technic of performing the prothrombin clotung time 1s
altered or 1f the thromboplastin 1s obtained from a different
source or ewvtracted in 1 different manner the values obtained
with normal plasma whether whole or diluted w1l differ slightly
from those just quoted Under such circumstances the quoted
figures which serve as daily controls may no longer be reliable
standards of companson for the values obtamed on samples of
plasma from pauents being treated with dicumarol A new and
different set of control values must be obtained by determining
the prathrambin clotting tume on normal persons by the different
technie or wath the different thromboplastin

Not only may thromboplastic reagents which are prepared 1n
different laboratortes differ in potency but varous lots of throm
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the drug 3s n nticoagulaint There re many unnswered or
unsansfctortly answered questions relatne to the effect of dicw
marol on the prothrombm clotting time but 1f the results of the
test are interpreted cautiously 1t serves s an dequate gurde to
the admmistrigon of dicumarol m the great majorty of cases

There are m general 2 methods for performing 2 prothrom
b test namely the one stige method first described by A ]
Quick (89) (Cf Appendix B) and subsequently modified
certun respects by other myvestigators and the two stage method
of Warner Brinkhous and Smith (97) (Cf Appendix C) The
Iatter method 1s 1n excellent research tool but 1s not 1s widely
used for clinienl purposes as 1s the onestige method becwse
ot 1ts somewlhat greater complesity and the further amount of
worh mvolved We will therefore discuss only the one stage
method 1n detul

The One Stage Method

In outlne the onestage prothrombin test 1s performed by
2dding to 1 sample of oxalated or citrated blood plisma an excess
of 10nic ciletum nd an excess of thromboplastin and then deter
muning the time necessary for the plasma to clot The test 1s based
on the concept that 1f you hase an excess of c2lcium 1nd of throm
baplastin 1n the congulation system the speed of clotting w 1l sary
1 proportion to the concentration of prothrombin in the sample
of plsm It 1s recognized that the 1ctunl [acts are more complex
than this sumple explanation and that the test probably measures
something more than prothrombin 1lone but we contmue to use
this test bectuse when performed correctly 1t provides the best
availble gmde for chnical work and because without such 1
test we cannot use dicumarol erther sifely or effectively

The use of the one stge method for determining the prothrom
bin clotung ume 15 comphcated by severnl mportwmt [ictors
wlich must be considered n the mterpretition of the resuits
obtuned Tirst there are several modificitions 1n the techme of
performing the test (299 301) Secondly there are 1 1arsety of
thromboplstic reagents obtaned from quite different sources
which cin be used m performung the test (302 305) Tinally the

test 15 sufficiently sensitive to a variety of environmentrl conditions
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compared directly with the results obruned in other laboratortes
ot by other techmics or with different thromboplistin Actually
1t has not been demonstrated convinaingly that conversion to per
cent of prothrombin ~ctivity does permit e\act comparison
It does permut sufficrently shusfactory companison for chimeal pur
poses However an evror i technic which affects the prothrominn

/0004 PROTHROMBIN ACTIVITY
CURVE USING SALINE
DILUTIONS OF WHOLE
NORMAL PLASMA
THROMBOPLASTIN
CONCENTRATION FROM RABBIT LUNG
OF DILUTED AND LINK~SHAPIRO
NORMAL PLASMA . MODIFICATION OF
(PROTHROMBIN QUICK'S ONE STAGE
ACTIVITY) TECHNIC
IN PERCENT
250
”s
625,

/0 20 3o 4o so0 6o
PROTHROMBIN TIME
1N SECONDS
Ficure 15 [rothrombin Activity Curve

ume m seconds will be perpetuated not corrected by comyersion
of the s1lue 1nto per cent

Stnce the reporting of prothrombin clotting trmes i seconds
permuts the clinician to observe that the control valuc for the day 1s
within the rnge ordinanly obtained by the particutar Tabortory
and so ffords lum some assurance 1s to the relinbility of the
technic and the potency of the thromboplisun thie duly report
from the lbortory should always include both the pent s pro
thrombin time and the control prothrombin fime 1n seconds
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boplastn prepared n the sime Inboratory may vary mn potency
from dy to dvy Thromboplistn must be stored m 2 refrigerator
1t zero degrees Centigrade to prevent 1 progressive loss of potency

To be able to mucrpret redbly the prothrombm clotting ume
reported on 1 patent recenving dicumarol e must be compared
with the control value for the given day Thus value may vary by
1s much as 3 or 5 seconds from dy to diy when whole plasma 1s
used by 1s many 1s 10 seconds when 12 5 per cent diluted plasmiis
used dependin, upon differences m techmc and upon the
potency of the thromboplstin Experience 1n performing the
prothrombin dottin, time will lead to more exacting and repro-
duuble technic but the potency of the thromboplasun will vary
from lot to lot It must therefore be checked for potency at the
time 1t 15 used

Prothrombin Acttvity Curve

It 1s customary for 1 laboratory performing tests of the pro
thrombmn clotting time to derive what 1s knowntasa  prothrombin
activty curve which 1s used to convert the prothrombin cloung
time tn seconds to the prothrombin activity n per cent Tins
curve 15 obtuned by determining the prothrombin clotting ume
ot normal whole plasma and of normal whole plasm1 diluted to
50 25 125 and 6 25 per cent The values m seconds so obtaned
are then plotted agunst the concentrations of the plasma evpressed
wm per cent Such 1 prothrombin actnty curve  erected in our
own laboratory by using the technic and the thromboplastin prevt
ously specified 15 reproduced mn Figure 15 By the use of such 1
curie the results of the prothrombin clotting nme may be re
ported m terms of percent of prothrombin ettty rather than
directly in observed seconds Tlus requires an wssumption thit
the reductions m prothrombm actvity produced by diluung the
normal whole plasm1 with the saline represent 1t least roughly
the reductions 1n prothrombin actss 1ty produced by admnisterng
dicumarol to a patient

Prothrombin actnity curves are utihized so that the tem
poral values obtained by performing the prothrombin clottng
time wm 1 rboratory or by 1 method or with I thromboplastin

can be converted 1nto per cent of prothrombin activity and then
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time on the particular day the Tesponse of the pauent to
previous doses and the trend of the prothrombin level
whether upward or downwnard

5 1f the prothrombin time (as determned 1n our labora
tory by the Link Shapiro modification of the one stage techmc
using thromboplastin made from ribbit lung) 1s shorter than
30 seconds (equisalent to a prothrombin actis ity greater than
20 per cent of normal) 100 to 200 mg of dicumarol are
gnen

6 If the prothrombin time 1s betneen 30 and 35 seconds
(roughly equinalent to a prothrombin activity between 15 1nd
20 per cent of normal) 50 to 100 mg of dicumarol are grven

7 If the prothrombin time 15 between 35 and 10 seconds
(roughly equivalent to a prothrombun actunity between 10 and
15 per cent of normal) 50 mg, or less of dicumarol are given
unless 1n extremely rapid prolongation of the prothrombmn
time 1ndicates a hyper response whereupon 1o drug 1s given

§ If the prothrombin time 15 longer than 10 seconds md1
cating a prothrombin activity of less than 10 per cent of
normal dicumarol 1s withheld on that parucular diy

9 More exact figures cannot be given because of the yana
tion 1n response between patents and indeed 1n the same
pauent from day to day

The scheme 15 modified frequently according to the trend 1n
the prothrombin clotung time on a given day The smaller doses
of dicumarol grven during a period mn which the prothrombin
clotting time 1s becoming longer will usually hue an effect
equal to that produced by larger doses of dicumarol 1dmmistered
while the prothrombin time 1s becoming shorter An occasional
patient the hyporeactor may require doses of 200 mg of dicu
marol almost every day to reich and maintamn the desired pro
longation of the prothrombin cloting tme Hyperreactors en
countered not uncommonly among pauents with renal msnfi
clency severe liver dimage or congestive heart fulure my not
require more than 50 mg a day Far better results are obtained
by giving smaller doses every day than by grving massive doses on 2
or 3 days out of each week

Following the suggestion made to us by Drs Zilhacus and
Jorpes we have found that the administration of a quart of milk
a day to those patients whose response to dicumarol 1s particu
larly erratc helps to stabilize this response It 1s occasionally of
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When 1 report 1s made m per cent of prothrombmn activity alone
there 1s no saleguard agunst laboratory errors (errors 1n collecting
the sumples ol blood errors i performance of the prothrombmn
clotting ttme usc of thromboplastin more or less active than usual)

The rexder 15 referred to the Transactions of the First Gonfer
ence Blood Clotting and Allied Problems, New York Jostah
Macy Jr Toundation 1948 for 2 detuled and extremely 1llumnat
ing discussion of the problems mvolved m prothrombin deter
minations

Tue TreuNic oF ADMINISTERING DICus iROL

The object 1n admimstering dicumarol 1s to heep the pro
thrombm actinity of the pittent s plasma betseen 10 and 20 per
cent of normil which 1s equivalent 1n our lrboratory to 1 pro
longation of the prothrombin clotting ume to between approx
mately 30 and 40 seconds (12 65 174 179)

The routine which we employ m wministering dicumarol 1s 1§
follows (42 174 179 210 213)

1 The prothrombin clotting time of the patients whole
plisma 1s determmed before the first dose of dicumarol 1
gnen?

2 On the first d1y of dicumarol therpy if the prothrombin
tume 1s norm:l or shorter than normal (hyperproth1ombm
emia) 300 mg of drcumarol are adminstered o11lly mn 1
single dose

3 Thereafter the prothiombin time 1s determmed and
reported to the cliniciin on exch day before the dose of d
cumnrol 15 ordered for that day

t Dicumnrol 1s Wdmrnistered rccording to the prothrombm

17 the need for the immedite dmimstration of dicumarol 1s urgent if
there 1s no evidence whatsoerer of 1 bleediny, tendency and sf 1t 15 1mpossible
to obtan 1 prothrombin clotting time tmmecdhately we do gne an mrtid] dxe
of 200 or 300 mg drumarol without obtuning a prehnunany prothrombin
determmation Tlus s then done on the following dty If there 1s 2 hypo-
prothrombinemit o1 other coagultton defect contrundicating the wve of
dicumarol 1t 15 still possibie to stop the admumustration of dicumarol and to
counteract the cffect of the il dose of dicumarol by the givin,, of blood
transfusions and wtamuin ko The sk of thus arcumenton 15 that 1 rwe
precxisting hypoprothrombinerin or corgulation defect may get

patent with
fliculty within 24 hours alter < single dose of dicumarol

1nto sertous dt
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dilute plasma m reflecting changes 1n the prothrombmn actiaty
of the plasma 15 frequently of value mn deciding upon the daily
dose of dicumarol

The effect of dicumarol on the prothrombin actisity of the
plasma may be evident as much as a dw earlier when 125 per
cent plasma 13 used than when whole plasma s studied alone
For practical purposes however most patients may be managed
satisfactorily by the use of whole plasma studies alone

E Sterling Nichol has devised a simple formula for calculating
rapidly if a patients prothrombin tme 1n seconds represents a
satisfactory d 1on of the prott acuvity It requures
that a daily control be run on whole plasma obtaned from a nor
mal subject According to thus formula the plasma prothrombin
clotting time on any given day 1s satisfactorily prolonged 1f 1t 15
between two and two and one half umes the control reading for
that day provided that the control figure 1s not longer than 20
seconds Thus 1f the control value 15 15 seconds a sausfactory
prolongation of the patient s prothrombin ume would be between
30 and 37 seconds If the control value 13 20 seconds a sausfactory
prothrombin time for the patient would be between 40 and 50
seconds

Covsinep Hepari Dicuniarol THERAPY

As mentioned previously 1if there 1s an urgent need for an
mmmediate anticoagulant effect hepanin may be admimstered
concurrently with dicumarol until the prothrambin time has been
prolonged suffictently to protect the patient completely In our
laboratory tlus means a prolongation to 30 seconds the equnalent
of a reduction 1n prothrombin actisity to 20 per cent of normal

Heparimzation may mfluence the prothrombin clotting time if
the spectmen of blood used for determiming the prothrombin
clotting ume 15 taken during the first 3 hours followng the injec
tion of a dose of hepanin It 15 customary therefore to withdraw
1 speamen of blood for determiming the prothrombin time
immedsately prior to the njection of a mamtenance dese of
hepano usually about 4 hours after the myection of the previous
dose of hepainin Ordinanly the coagulation time of the whole
blood 1s not more than 10 1o 15 minutes When hepann ;s being
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advantage to admmster the duly dose of dicumarol in fractions
to pauents whose prothrombin response 1s errtc and to those
rare mdaduals who complun of gastrowntestnal upset when
given large duly doses

It the prothrombin clotting time 1s prolonged beyond 60
seconds (prothrombin actisity of less than b per cent) the sk
of hemorrhige 1s very real but some pattents will tolerate 1
considerable elevation of the prothrombin time even to 100
seconds without bleeding Hemorrhage followng the admms
trition of dicumirol depends not alone on the prolongation of
the prothrombin time but on such 1dditional factors as altered
capillary fragility 1nterruptions m vascular continuaty nd others
which are incompletely understood If hemorrhage does occur
or 1f the prothrombin time remains prolonged excessively 61 to
72mg of a vitann K preparation should be injected mtrayenously
and repeated after 4 hours This will be discussed mn greater detul
m the chapter on management of hemorrhagic mamfestattons of
dicumarol therapy

Dicumaro! 1s admimstered to the majority of our patients for 20
to 30 days after the last eprsode of thrombosis or embolism Lt
dence which has confirmed the necessity for 1dmumstertng dicu
mrol for this Jength of time has been furnished by the study of the
use of mtcorgulants m the trcitment of coronary occluston with
myocardinl infarction In this study reported n some detul m
Chapter 10 the crude mortality rate ind the mcidence of throm
boembohic comphications following coronary occluston with myo-
cardil intarction remaned high for the first 4 weeks following
the mitnal 1cute acclusion We bave repeatedly obserscd relipses
of thrombophlebitts  some with serious consequences when anti
congulnts hive been admunstered for short pertods of tume only
eg for from 6 to 10 days For many pauents 2 short period of
treatment 1s undoubtedly sufficient but we beheve that the rish
of prematurely discontinuing therapy 1s sufficiently great to war
rant the general use of the longer term therapy

The prothromhm clotting ume of the pruent s plasm1 diluted
to 12 5 per cent with saline 1s determmmned mn our Jaboritory on
each day and 1s reported along with the prothrombin clottng time

of the nhole (undiluted) plasma The greater sensitivity of the
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details for the admmustration of the drug are essentially the same

If the pauent s daily requirement for dicumarol 1s farly con
stant he can be sent home on a specified daily dose of the drug
with Instructions to report twice a weeh for a prothrombin
determination If the prothrombin level shows only mmor fluctu
ations the mterval of ume between prothrombin determinations
may be extended to a weeh When the prothrombin level fluctu
ates widely prothrombin determinations must be done more fre
quently 1nd the dosage plan juggled about m a manner wnalogous
to the determination of the exact insulin requirements of « diffi
cult and labile case of diabetes mellitus It 15 Tarely adwisable to
extend the interval between prothrombin determinations beyond
one week

Since this method of management 15 somewhat hazardous 1t 1s
extremely important that the pattent be mntelligent and coopera
tive and that he take the exact amount of dicumarol prescribed
and appear regularly for prothrombin determinations He should
be wirned to report immedaately to his physician any hemorrhagic
manifestations or other change m his physical condition He
should also be made anare of the possibitiry that mild trauma may
produce an unusutl amount of bleeding

Long term dicumaro! therapy has permutted most of the pattents
so treated to lead furly normal hves and to continue when
necessiry At 1 gunful occupation There have not been any
serious hemorrhatc complications reported but the method re
quires constant vigilance on the part of the physictan and faithful
cooperation on the part of the pattent and lus family No patient
should attempt to regulate his own dosige
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admunsstered 1 a menstruum which produces 2 prolonged action
speaamens of blood for prothrombin determinations may be
obtamed just prior to the wdmnistrition of the hepinm m men
struum each day or on every other d1y Dicumarol does not ordt
nanily prolong the coagulation time of the whole blood There 1s
ustally no difficulty 1n maniging the admmustration of either
drug if these pomts 1re Lept 1 mind

Lo\ TFRM ANTICOAGULANT THERAPY

In certun pauents 1t 1s 1dvisable to continue antcoigulant
therpy for an indefinite period of time usually long fter the
patient has left the hospital and often when the pauent has
resumed an ambulitory stitus This has been rccomplished suc
cessfully with small doses of dicumarol (25 mg per day) by Put
nam et u (49) m patients with muluple sclerosis and with
larger doses by Nichol and Fissett (216) 1n an 1ttempt to forestall
coronry occlusion with myocardial mfarction Wright and Foley
(179 180) have reported on the successful manigement of long
term dicumarel therapy in cises of thrombophlebitis migrans
recurrent thrombophlebitts 1n pauents with rheumatc heart
disease and auricular fibrillanion who periodically release showers
of emboli to the peripheral circulation and following repeated
coronary occluston with myocrrdial mfarcuon C E Brambel
and his assocites at the Mercy Hospital in Balamore hive had
a very great espenience with ambulatory pauents mamtuned for
long periods of nme on dicumarol but they do not attempt to
reduce the prothrombin activity of the patients plasma below
40 to 50 per cent of normal 1 reduction which we believe 15
nsufficzent to offer the maximum protection to the patient

It 1s recommended that patients for whom long term nticoagy
lant therapy 1s indicited be hospitalized for a mmimum of two
weeks and dicumarol therapy crrrzed out n the conyentional
manner The patent s response to dicumarol 1s thus determmed
and 2 pattern for 1ts admimstration evolved The aim of long
term dicumarol therapy s the same as that of the conyentional
course of trextment except that the prothrombin clotting time of
the plisma 1s held between 25 and 35 seconds a reduction 1n pro

thrombin xctit1ty to between 25 and 12 5 per cent of normal The
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CHAPTEFR 14

The Toxiaty of the Anticoagulants

Hexarn (31 32)

ASIDIv from their anticongulant action punified preparations
of heparin are completely non toxic The toxic effects en
countered with the use of certain heparin preparanons dur
g the eatly investigations of this anticoa ulant were due to 1m
purities in the preparations Because of the ease with which
heparin forms stable salts with proteins protemn substances were
removed with difficulty Best ind Ins coworkers (31) found that
heparin prepared from a crystalline barum salt (308) was ordi
nanly non toxic but that very serious reactions were encountered
rarely The non toxiaity of the purified commerciil preparations
now 1n use has been confirmed repentedly

Hepanin may be mjected mntravenously into the rabbit mn single
doses of as much as 500 mg and n repeated doses of as much s
10 mg per kg body weight without producing toxic reactions
In 2 series of rabbuts given 10 mg per kg body wesght 1 tumes a
day for ten days hustological examimation of the parenchymatous
organs fatled to reveal any pathological changes Purified hepanin
1ins proved 1o be an 1deal anticoagulint 1n animal experiments not
only becuse of the absence of toxic effects but beciuse even in
tremendous doses 1t does not produce an effect on the blood
pressure or cardiac acuvity Both i amimals and it man  the
mmcroscopic exammation of viscera following the rdministration
of therapeutic doses of heparin over considerable periods of time
lias failed to demonstrate any pathological changes which might
be ascribed to the heparn

Dicuntarot

“There 15 no conclusine evidence that dicumarol produces toxic
effects 1n man other than those wlich are secondary to 1its anti
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corgulant actron Quick (2¢1) nd Prandon: and Wright (42 309)
stated 11 1942 that there 1s no evidence by any 1walable Iner func
tton test that dicumarol produces hepatic damage even when it ss
adminsstercd over periods of severil months We hve performed
an exhiustive barrage of Iiver function tests 1d have revtened au
topsy findings on patients who have been on continuous well con
trolled dicumarol therapy for periods of from 2 to 4 yetrs without
obtuming any evidence that long term therapy produces liver
damage chinically or histopathologically Aggeler (310) has stated
that no toxic effects on the blood constituents or nupon the orgns
or tissues huve been found 1n man or experimental animals follow
ng dicumarel therapy

Animal experiments mdicate that dicumarol does not act dt
rectly upon organs other than the bleod iascular system They
do suggest howesver that excessive dosage or prolonged admms
triaon of dicumrrol produces effects on the blood sessels which
m1y not be fully explained by the anticoagulant action alone

Rose Harris and Chen (311) carried out careful pharmacolog
c1l and toxicrty studies on dicumarol using a sarsety of laboratory
animals and determned the median Jethal doses when the drug
1s admunistered orally and intrayenously Death occurred uniformly
in rabbits when dicumarcl was mjected ntravenously m daly
doses of 1 to 2 mg per kg of body neight A majority of rabbis
tolerated daily mtravenous doses of dicumarol ranging from 0 1 to
05 mg per kg of body weight given for periods of as long 13 6
weeks Most ammals dying from dicumarol developed hemor
rhages mto various organs and tissues and pulmonary edema
Central necrosis of the liver w1s observed 1n about one half of
the rats esamined ind occasionally 1n rabbits rmce and dogs

Wakim Chen 1nd Gutch (312) extended these observitions and
found that lethal doses of dicumarol administered 1ntravenously
to anesthetized dogs produce immediate toxic efforts ind prompt
termnal circulatory collapse There was no latent period before
the reaction and hypoprothrombmem: did not occur Lethal
doses of dicumarol admimstered intravenously to anesthetized rats
produced mirhed splanchnuc diatation Other effects which were
observed consistently follow g the admmistration of lethal doses

of dicumarel intruenously included hyperglycemra (1n rabbits)
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accelerated metabolic rite (in tats) and a rise n the rectal tem
perature (m dogs and rats}

Richard nd Cortell (56) observed 1n post mortem studies of
dogs and monkeys who had recerved tovic doses of dicumarol
that necrosts of the Jner had occurred 1n a number of the animals
but since most of them suffered from a severe anema the authors
questioned the significance of the finding The Iners of guinea pigs
treated with dicumarol showed changes such 1s occur in viewmin
C depleted ammals

Roderick (313) had previonsly found that amimals dying of the
hemorrhagie sweet clover disewse show no evidence of patho
logicai changes m the Iinver Tins finding 1s supported by the work
of Oud Meyer and his associites and bv other investigators
Binghym Meyer and Pohle (39) found that the outstanding effect
of lethal doses of dicumarol 1s hemorrhage into the nssues and or
gans In amimals dying acutely after the administration of massive
doses of dicumarol there was diatation of the capiilaries and of
the small rteries and vems

McCarter Bingbam and Meyer (311) extended this work and
demonstrited that when massie doses of dicumarol were admin
wstered to dogs winch were then sacrificed histopathological
studv revealed serions damage to the small blood vessels dis
semuinated gross aind microscopic hemorrhages promient swell
i, of the renal glomerult and 1 tovic Iymphord reaction Hepauc
necrosts did not occur nor were lesions of the hiver encountered
consistently Bollman and Preston (41) agreed that dicumarol
produces hitle 1f 1y dimage to the liver and that when such
damage 15 encountered 1t 15 usually secondary to loc 1l hemorrhage

More recently Trish and Jicques (315 hne shown tha dicu
marol influences both the synthesis of prothrombin and the
production of fibrinogen in experimental animals They admims
tered dicumarol parenterally to dogs 1n doses 0£2 510200 mg per
g of Vody weight When dicumarol was wnjected 1n doses of

pprovimately 10 mg per kg there was 2 significant rise in the
plasm fibrinogen 1 from 24 to 48 hours following the mnjection
When larger doses of dicumarol m the neighborhood of 20 m,
per kg of body waght were mjected into the wumnls the plisma
fibrinogen was reduced 24 to 18 hours follow g wnjection The
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dosage of dicumarol at which the response of the fibrinogen shifted
from an mecrease to 1 decrease varied somewhat from ammal to
anmml but the pattern of response w1s consistent In all mstances
trrespective of dosage the prothrombin time was prolonged and
the prolonganon mncreased with the dose of dicumarol While
the chinges 1n fibriogen reached 1 peal 1n from 24 to 48 hours
and returned to normal by the second to the fifth day following
the mjection the maximum prothrombin time was not reiched
for from 3 to 5 days after injecnion

Irish and Jacques conclude tha these results are symilr to those
obtuned with Inver touns 1nd suggest thit dicumarol 1s 1n fact
torlc to the Iver Small doses may produce muld liver damage 1nd
sumulate the production of fibrinogen Larger doses may ciuse
more seiere Inver injury 1nd depress the formation of fibrinogen
It 1s well known that severe iver myury does depress the produc
tion of fibrinogen Schultz Nicholes and Schaeffer (316) found an
immediate rise m fibrinogen 1fter mild Iner injury and these
findings hnve been confirmed clinically and experimentally over
a wide range of clinical conditions (317)

Jansen (318, h1s reported thar while even toxtc doses of dicn
marol do not produce mjury to the blood or hidneys 1 expert
ments on rabbuts large doses of dicumarol produce pronounced
fatty degeneration resembling that of chloroform posomng No
such lesions have been demonstrated in the dog and in man uith
certainty



CHAPTER 15

Hemorrhage Due to Hepann and Its
Management

HF\IORRH AGF 1s the only common complication of antt
coagulant therapy—irrespective of whether hepanin or di

cumarol 15 employed Other complicitions are not only rare but
ordmarily they are of only shght clinwcal sigmificance

Bleeding that occurs during or after the admumstrauon of
hepann or dicumarol 1s frequently unpredictable 1t may occur
when 1n the case of dicumarol the prothrombin clotting time 1s
not prolonged excessively and when 1n the case of hepann the
coagulation time of the whole blood 15 withn the ran e recom
mended for theripeutic effect \When bleeding 15 encountered
under these circumstances 1 carcful serch 1s often rewrrded by
the discovery of a previously unrecogmzed pathological condition
such as malignancy or an ulceration which explains the unexpected
bleeding It mry occur however in patients who do not exhibit
any condition predisposing to hemorrhage and 1n whora even
the most pamnstahing study fails to reveal an explanation

The inadence of hemorrhagic comphcations following the
adminmistratson of anticoagulants 15 significantly greater where the
physician s experience with this tspe of therapy 1s limited and
where the laboratory and clinical manigement of the therapy 15
less than exacung In brief except 1n rare instances serious hemor
rhages and fatalities due to hemorrhage are 2 result of incom
petent adminwstration Jack of proper selection of cases suitable
for this treatment or of Iapses 1 10 otherwise meticulous regtme

Sausfictory treatment of serious bleeding depends upon effi
Cient emergency manigement of the inmediate sitwanon This
mcludes 1n 4ll instances the immedite discontinnance of the
Amucongulant the Wdmimistrition of whote blood to replace blood
loss and to combat shock the use of anallary measures to support
the patent and the admntsttation to the pattent of adequite
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amounts of the speufic antgomst effective agunst the particy
I mucorguiang being used

Other types of reactions hnve occurred rarely following the
admimistration of heparm True anaphylictc rexctions occurring
immedrately fter mjection have been reported from the Scan
dinvan countnies but to our knowledge not mn this country
They were probably due to unpursties m the heparin racher than
to the drug per se Toxic reactions of a delayed nature chavacter
1zed by chills fever headache and Inmbar backache nd occurming
Irom 1 to 2 hours after the mnjection of heparmn are pparently
due to impurities i the preparition since they have rarely been
encountered since the introduction of purer and more potent
commierctal preparatang

Of greater pricucal significance are local 1€ trons inherent to
the prrentertl route of admmstraiion These occur not 10
frequently 1nd myy be of considerable sigmficince Despite the
nticor,ulant action of heparin its rdministrition mtras enously
has been followed by venous thrombosts 1t the site of injectton
This 1s probibly due to severe triuma to the vemn and to 1ts
supportin,, tissues  \s mentioned previously the Injection of
hepanin in Pitkin s menstruum 1s commonly wcomprmed by stich
severe pimn that the patient may refuse to continue these wmjections

The mjection of heparm subcutneously or intramuscularly has
been followed occasionally by local inflammatory reactions which
hwve rrely resulted mn bscess formation These complicitions
are common to miny forms of parenteral therapy and must m
general be wtnbuted to the technic of 1dministration

The madence of sersons hemorrhage followmg the use of
heparin 1s Tow It 1s however not uncommon for bleedng to
occur 1 and 1round operatise wounds yn mnstces wihere heparin
1s administered postoperunely  Since heparin has been used
widely 1 the manigement of postoperitive thromboembolism
the number of mstances m wlih hematomata have occurred 1
considerible and has perhps uen the mmpression that bleeding
from hepirm 15 to be feared Bleeding because of heparmn 1s €y
tremely uncemmon when the continuity of the vascular walls 15

ntact (Cf pages 110113)
Some< f’lta]l;CS hve occurred from cerebral hemorrhage when
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hepann has been admimistered without adequate control Tran
sient hematuria has been reported rarely during heparin therapy
but bas not proceeded to serious consequences even when the
drug has been continued Hemorrhage 1nto the pleural cavty of
patients who have suffered a pulmonary embolism 1nd to whom
heparin his been administered has likewise been reported in
tsolated nstances Jorpes (32) 1n commenting upen this comphica
ton pomts out that the hizard of progressive or recurrent embo-
lization 1s far greater than s thae of serious bleeding following the
use of heparin

The first step in controlling a significant amount of bleeding
due to or aggravated by hepanin s to withdraw the drug Trans
fustons preferably of whole fresh blood may be given to restore
blood loss and to stumulate the process of blood corgulanion
Citrated blood m1y be used but 1t should be fresh

I'rotamine and Toludine Blue

There are two substances which possess what 1s apparently a
specific antagonistic acuon to the anucoagulant effect of heparn
These are the azo dye tolwsdine blue (319) and the protemn from
fish roe protamine sulfate {320) Exther of these substances may
be administered ntravenousls m doses of from 1 to 4 mg per kg,
of body weight Both act promptly 1n restoring the coagulation
ume of whole blood to normal but their effect may be transient
and repeated injections on subsequent days may be necessary It
15 obviously advisable to determne the clotng nme of the whole
blood at frequent mtersals unul 1t has become normal and re
mained so for a period of several days

Tolwdine blue or protamine sulfate are fairly well tolerated
when administered tntravenously m man (321) A dose of about
2 mg per kg of body weight appears to be adequate with ether
drug They have been ordinaniy admmstered mntravenously over
2 two hour peried 1n from 200 to 500 ¢¢ of normal saine

The toviaity of tolmdine blue (321) 1s relauvely unknown It
1s strongly hemolytic 1n normal dogs but hemoalyuc reactions have
not becn encountered when therapeutic doses have been ad
mimstered to man Both the urine and the stool become highly
colored and remarn o {or 36 to 48 hours following the admimsta
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ton of therapeuuc doses but the skin of the patient does not
become discolored when such doses are used Neither toluidine
blue nor protamine sulfate 1s effective when 1dminustered orally

The protamines neutralize heparin m vivo and 1n vitro al
though they themselves possess anticoagulant properties (322
324) Because protamine sulphate 1s 1 foreign protemn and because
1 early animl experiments 1ts mtravenous mjection into the dog
was followed by sertous tosic effects 1t has been fewred that
protammne could not be administered intrivenously mto man
without a considerible huard (319) Apparently howeser the
rexctions mctted m the dog 1re anaphylactord reactions peculiar
to the canine species since they do not occur m other expersmental
animals The untoward reactions anticipited i man hatve not
occurred 1n the somewhat limited clinical experience so far accum
ulated (32 320 326) The experience with tolurdime blue 1s even
more hmited than that with protamine (316) and both substances
should be used with caution 1t the present time



CHAPTER 16

Hemorrhage Due to Dicumarol and Its
Management

MILD gastrointestinal disturbances are reported rarely fol
Towing the administration of dicumarol Ordinarily nausea
and dyspepsia alone occur but vomiting and abdominal pain have
been reported occasionally Several obsersers have reported that
when the daily amount of dicumarol 1s grnven m drvided doses
these gastromtestinal complaints subside It 1s difficult to behese
that they are the result of any specific action of dicumarol

Skin rashes of vartous types most usually erythematous have
been reported infrequently during the course of dicumarol ther
apy but 1 most mstances the patients hate been recerving other
drugs at the same time 1nd 1t 15 mmpossible to state with certamnty
that dicumarol was an enological factor

It has been our practice to conunue the admmmstration of
dicumarol 1n these circumstances and the gastromtestinal or skin
manifestations have imvartably cleared spontaneously We hase
not seen any proven allergic reactions to dicumarol but E V
Allen has mentioned the unusual occurrence of urucaria durng
dicumarol therapy (65)

Hemorrhages comphicating dicumarol therapy have been re
ported m considerable numbers not infrequently of serious con
sequence and occasionally fatal in outcome This 1s not surprising
since tablets of dicumnro! can be dispensed so easily that the dru,
1s sometimes used under circumstances 1 which the necessatily
exacting laboratory control 15 either not mailible or 1s not
utilized fully It 15 impossible to discuss in detul the numercus
nstances 1n which lapses 1 proper management have resulted in
unfortunate and sometimes tragic consequences

In our experience 1t has been uncommon th1t 1 serious hemor
rhage due to dicumnrol has not been the direct result of unreliable
laboratory reports mmproper management of therapy or the
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fatlure to crrefully observe the patient and his prothrombin clot
ting time * One 1s rermnded constantly of the plea by karl Paul
Lok to ask that human subjects be shown at least as much con
sideration as we give our standardized assy animals We never
wdmmster the anticoagulint without deternning the prothrom
bin level (or activity) It 1s my duty to indicate at this late date
nearly 3 years after the drug has become avulable for climcal
research some clinicians stll feed 1t to human subjects without
following exther the whole blood coagulition time or the pro
thrombin time But I must confess that when I learn that a
chimicran has mduced 1 frank case of the hemorrhagic sweet clover
disease of cattle tn man my usual buoyant spirits are brsed I
regard such blundering s 1 direct assault on the ntegrty of our
work 1s recorded 1n the Journal of Biological Chemustry There 15
not only a tremendous spread between the detectible and the
lethal dose of this tnucongulant—there 15 also a wide margin
between the detectable dose and the dosige that can cause
hemorrhage (37)

Incidence of Hemorrhage

In 1946 Aggeler (310) collected and tabulated the mcidence of
hemorrhagic complications following dicumarol therapy from 9
clinicnl reports i the American literiture (270 309 327 333)
In a totl number of 1 471 patents treated with dicumarol hemor
rhagtc complicitions had occurred n 129 pattents (8 3 per cent)
In certain of these reports such miner bleeding as microscoptc
hematurra mild epistaxis and minor bleeding from wounds was
included The deaths of 5 patients (0 3! per cent of those treated)
were atiributed to dicumarol therapy

It 1s of mterest that 1n this collected series by far the highest
incidence of hemorrhage was reported by Prandom: and Wright
(309) n mcidence of 40 per cent but without deaths These
cases were studied m 1940 when the opttmum dosage of drcumarol
was as yet not known and when the technic nvailable for perform
mg the prothrombin clotting ume was crude Furthermore the

+ Having had the experience of reviewng many published and unpublished
! hag lications we feel justfied

reports of cases p
making this conclusion most emphatically
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patients reported mn this series were mostly malnourished the
importance of which was not fully appreciated until several years
later This incidence has been reduced to less than 10 per cent
during subsequent expertence

Examples of the Scandinavian esperience are the reports by
Lehmann (334) and by Bruzehus (272) Lebmann treated 100
cases of venous thrombosts (phlebothrombosis) and 32 cases of
thrombophlebitis with dicumarol Hemorrhage of any degree
occurred 1n about 1 case out of every 10 cases treated but was
protuse 1n only 1 case out ot every 100 It was controlled readily
by the use of vitamin h and blood transfusions and no deaths
ensued Bruzehus reported that hemorrhages had occurred m 64
cases (44 per cent) of 1448 patients treated with dicumarol post
operatrvely In the total series of 1656 patients treated with
dicumarol and reported by Bruzelms profuse hemorrhage oc
curred 1n 13 patients and death could be attributed to dicumarol
therapy m 2 or perhaps 3 instances

The pertodic reports of the cumulative experience with dicu
marol at the Mayo Clinic are of considerable 1nterest since they
represent not only a very large experience with the drug but one
which has been acquired with the most careful management of
therapy

In 19456 Barker Cromer Hurn and Waugh (331) reported on
1000 surgical patients gnen dicumarol postoperatively Minor
bleeding has been encountered 1 39 patients (3 9 per cent) major
bleeding 1n 25 patients (2 5 per cent) 1 total of 64 pauents (64
per cent) of those treated There was a single death attributed to
dicumarol

In July 1946 Allen (164) reported on 1686 surgicil pauents
treated postoperatively with dicumarol Minor hemorrhages had
occurred 1 3 1 per cent and major hemorrhages in 19 per cent
of these cases Tiwo deaths occurred from hemorrhage but in 1
case bleeding was obviously not caused by Dicumarol and there
was doubt that the drug was responsible for bleeding n the other
case

In May 1947 Allen Hmes Kuale and Barker (335) reported

This was due to from a n the
—~I18%W

tract
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on 2307 patents trewted with dicumarol 2019 of these post
operatively and 288 during the course of medical slinesses Among
the 198% panents treated postoperitnely minor bleeding had
ocenrred m 3 4 per cent and serious bleeding 1n 1 8 per cent The
2 deaths menuoned 1 tlus report are those referred 1o 1n previous
reports from the Chinic and there had been no subsequent deths
Among the 288 pitents with medical conditions to whom dicu
marol had been given 2 patients (0 66 per cent) suffered mmor
bleeding nd 3 pauents (10 per cent) muor bleeding Mijor
bleeding occurred from the gutromtestinal tract i 2 mnstances
and subcutneously n 1 mnstance
The experience of the American Heart Association s Commattee
for the Evaluation of Anticoagulnts 1n the Treatment of Coro
nary Occlusion with Myocardial Infarction 1s discussed m Chapter
10 In brief 7 hemorrhagic minifestations behieved to be due to
or aggrasated by anticogulints were observed 1n every 100 cases
treated In 432 pauents treated with anticorgulanes 30 hemor
rhages were observed climcally mnd one half of these were miid
i severity Only 1 nstance of bleeding could be clssified s
severe It should be noted that hemorrhges occurred n 6 per
cent of pauents not recen ing mticoagulants

Instances of Hemorrhage

Although statistics on the ncidence md outcome of bleeding
followng the admmstration of dicumarol are of great value 1n
assessing the importance of the hemorrhages due to the drug thes
we perhaps of less mterest to the pricticing physican than are
the detatls of the more drimatic mstances of severe and even fatal
hemorrhage Comversations with practising physicians suggest tht
the majority of untoward 1exctions to dicumarol are not reported
1 the hiterrture Those c1ses of severe and even fatal hemorrhage
which huve been reported mdicate that bleeding may occur under
3 wide range of circumstances may mmolve any one or more of
the body trcts or systems and my be influenced by factors other
than the hypoprothrombmemt produced by dicumarol

Where bleeding occurs from 1 single trict of the body during
dicumarol therapy 1t 1s 1mperative to consider that local cause
for or source of bleeding may exist before attribuung 1t solely
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to the effect of the anticoagulint In the presence of nlcerations or
wounds of the shin or mucous membranes bleeding 1s apt to occur
when the prothrombmn time 1s only moderately prolonged to
therapeutic levels or even less In cases which have bled prior to
the mstitution of anticoagulrnt therapy this bleeding 1 1pt to
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be 1ggravated under dicumarol In others bleeding may occur
for the first ime when dicumirol 1s adimmustered We have en
countered such bleeding n the presence of cancer peptic ulcer
Inatal hernia hemorrhoids and of course postoperatively after
surgery on the gastrotntestinal tract

The patient whose course 15 represented graphically 1n Figure



154 THROMBOEMBOLIC CONDITIONS

16 bhad a hiatal herma confirmed rdiologically which bled
sufficiently during the administration of dicumarol to produce
tarry stools although the prothrombin clottng time did not exceed
52 seconds That the bleeding was not due solely to dicumarol
1s suggested by the fact that tlus patient had bled sufficiently prior
to mnticoagulint theripy to develop a significant \nemia

In most reported 1nstances of severe bleeding from the gastro
mtestinal trace there s been 2 gastric ulcer or some other m
trinsic disease or the lustory of 1 recent surgical operation on the
gastrointesttnal tract It 15 of course difficult to s1y 1r such
mstances that bleeding would not have occurred f dicumarol had
not been administered Abramson (336) reported serious bleeding
from a gastric ulcer 10 a woman of 47 following the admimnistratton
of 2250 mg of dicumrol mn nine days Fahrreus (337) reported
1 death from gastric bleeding after dicumarol had been given m
doses of 250 mg daily for 10 days In nesther case were prothrom
bin clotting times performed during the course of therapy
Cheney s case (269) described briefly i Chapter 11 first mam
fested severe gastrowntestinal bleeding 11 days after a gastric 1e
section and 1 days fter the nstitution of dicumarol theripy It
1s not made clear 1 the report of ths case why this pauent might
not have bled from the operative site 1f dicumarel had not been
admimistered  Fahrieus (337) has also reported severe post
partum hemorrhage 1 a woman who had recenved 6 500 mg of
dicumarol over a pertod of 18 days for suspected postpartum
thrombosis This represents an average daily dose of 360 mg for
the entire pertod an excesstve 1nd dangerous dose regardless of
laboratory findings

It has been observed repeitedly that hematuria 1s the most
common type of bleeding encountered during the administration
of dicumarol In most nstances this 1s microscopic only not more
than from half a dozen to 1 dozen erythrocytes bemng seen per
high power field in the urmnary sediment The microscopic hema
tuna usuaily disappears or remains msignificant even though the
admunustration of dicumarol s continued In only an occastonal
case 1s the hematurn aggrunated by continued anticoigulant

therapy
Rosenbloom and Crane (338) have reported a case of massive
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hematurnn n 1 32 year old male beginming 2 days after the
completion of 1 course of therpy consisung of 2300 mg of
dicumrol 1n seven days an average of almost 330 mg a day for
a weeh Bleedmg cetsed after repeated trinsfusions Hendrich
(339) has observed massive hematuria in several cases post
operatively Ievan (340) reported that 1 of 66 cases treated with
ordinary doses of dicumarol showed gross hematurin

W here bleeding 15 generatized or where 1t involies more thn
one trict of the body 1t may be attnbuted more readily to the
mfluence of dicumarol Cahan (341) described 1n instance of
hemorrhage and purpura developing m 1 patient who had re
ceived 2800 mg of dicumarol over a period of 32 days The
bleeding nme was prolonged during the height of the hypo
prothrombinemma and the patient improved as both the bleeding
ume and the prothrombin clotting time returned to normal

Although hemorrhagic complications to dicumarol therapy are
observed with prothrombin times at all levels bleeding 15 more
apt 10 be encountered when the prothirombin time 15 excessively
prolonged In our experience hemorrhagic mimfestations are
much more common when the prothrombin ume 1s prolonged to
60 or 70 seconds or longer and particularly when the prothrom
in time 15 mamtamed at such escessne fevels It 1y true that
miny patients will tolerite such prolongation of the prothrombin
time even when 1t s sustained for some days but 1t 15 unwise to
permut such levels to exist unnecessarily Not only 1s the hazard
of bleeding increased but in ammals 1if the exaggerated pro
thrombin umes tre sustuned there 1s damage to the walls of the
vessels and hepitic necrosis may result from hemorrhage nto the
Inver parenchyma (39 156 311 314 315) Although such patho
logical changes have not been described for man 1 conservative
atutude 15 certunly advisable

Figure 17 gives the essential facts 1 2 case n which a shower
of erythrocytes appeared in the urine when the prothrombin
clotung ume reached and was mamtuned t levels between 70
and 99 seconds No effort was made to reduce the prothrombin
clotung ume by mens other than withholding dicumarol After
1 week the prothrombin clotting ume fell and the hematuria
cleared spontaneously without further attention
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In the presence of hepatic diserse (including hepatic congestion
secondry to congestive heart fulure) md of renal disease when
the patient s response to dicumarol my be esiggerated and the
prothromiun tmes obtamed 1n response to ordmary doses of
dicumarol mny fluctuate widely bleeding 15 1pt w oceur The
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Ficure 17 Transtent hemturs1 occurring upon excessive prolongtion of
prothrombn clotting tme W sthholding of dicumarol followed promptly b
a fall in the prothrombm time and clearmg of the urme

pruent represented by Figure 18 had 1 grossly enlrged liser nd
although a barrage of hepc function tests gave normal results
the response to relatively smill amounts of dicumarol was ex
1ggerated The prothrombin clottng time remuned betwcen 60
and 100 seconds for 2 week during which 2 shower of erythrocytes
1ppeared 11 the urine When dicnmarol was withheld the pro
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thrombin clotting time fell and the urine cleared spontaneously

In other instances when the hepauc or renal dystunction 1s
reversible and 15 relieved as for example the relief of passine
congestion of the liver secondary to congestive heart failure or
the improvement 1n renal function after a transient urerma  the
tendency 1s for the patient to require smaller doses of dicumarol

60 DINES!
#méo-/oo JF
SECoNDS B
PRO- 5o 16015
THROMBIN
TIME
vsecomas |y

N
Q
{ ' \(
3 om/ S~

0
DICUHAR%L
w nens
100
ggi’ofﬂ% f PATIENT HAD HEPATOMEGALY
OCCLUSION CAUSE UNKNQOWN BARRAGE OF
LIVER TESTS NORMAL
URINE NUMERGUS —_——
RBC/HPF L S0 MRSy s ©

Fictre 18 Excessively prolonged prothrombin dotting ume following rela
thely moderate doses of dicumarol 1n a patient with hepatomegaly Prothrom
b1a ume fell and hematurit ceared about one 1 eek after dicumarol was 1 sth
held

and to respond 1n a more regular manner to a given dose thus
simplifying the matter of wdmimistration and decrewsing the
chances of bleeding

The rish of bleeding when dicumarol 1s taken indiscriminately
1s 1llustrated by the case reported by Draper (342) In thus instance
2 graduate nurse age 16 took 8 or 10 tablets of dicumarol for
her arthuitis Approximatels one week later she developed gross
hiematurny grossly bloody stools estensne subcutaneous ecchy
moses on her trunk And himbs and bleeding from her gums There
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In the presence of hepatic disease (including hepatic congestion
secondry to congestive heart fulure) 1nd of renl disewse when
the patient s response to dicumarol may be evigyerated and the
prothrombin umes obtamed m response to ordinary doses of
dicumarol may fluctuate widely bleeding 1s apt to occur The
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Ticure 17 Transient hematunia occurring upon excesstve prolongation ol
prothrombin clotting time W.thholding of dieumro! followed promptly by
a fall 1n the prothrombin time and cleaning of the urine

patient represented by I'igure 18 hnd a grossly enlirged liver and
although a burage of hepanc function tests gave normal results
the response to relatnely small amounts of dicumarol was ev
aggerated The prothrombin clotting time remained between 60
and 100 seconds for a week during which 1 shower of ervthrocytes
appeared 1n the urine When dhcumarol was withheld the pro
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from the gums was noted but two days Jater hematuria appeated
Two days later the patient was admitted to the hospital with
bleeding gums ecchymoses over the extremities and hematuria
Her prothrombin clotting time was prolonged to from 60 seconds
to more than 6 minutes during the period of observation and the
coagulation time of her whole blood ranged between 9 and more
than 49 minutes Repeated transfusions of citrated blood were
meffectual 1 controtling the bleeding or 1n Testoring the pro-
thrombin activity to normal Vitamun K was not gen

At autopsy hemorrhages were described 1 the shin the me
ninges the retropentoneal tissues the renal pelves the umnary
bladder the stomach and the duodenum It 3s of interest that
anaillary anatomc diagnoses included not only advanced general
wzed artertosclerosts but crrrhosis of the liver as well The mam
feature of the autopsy findings was the mathed engorgement of
all the blood vessels except the larger trunks This engorgement
was most pronounced m the capilianes the arterioles and the
senules Hemorrhagic Iesions were not associated with any ap
parent defect in the contimuity of the vessel walls but resembled
those seen in essenual thrombocytopemic purpura

e TREATMENT OF HFVIORRHAGE AND OF EXCESSIVE
HyPOPROTIIROMEBINEMIA DUE 10 DicuMArOL THERAPY
The Use of Blood Transfustons
When 1t 15 desirable to reduce an excessively prolonged pro
thrombin time or to staunch bleeding which occurs as 1 result of
hypoprothromt the transfy of 500 cc of fresh whole
blood (may be aitrated) 1s usuaily effectne temporanly Banked
blood which has been stored for more than 2§ hours 1s usually less
effectne than fresh blood Since the prothrombin time tends
to ncrease agun n from 2 to 6 hours after a trinsfusion of fresh
blood 1t 15 usually necessary to give repeated transfusions over a
pentod of several days in order to control bleeding or to restore
the prothrombin lesel of the blood to normal The effect of
transfused whole blood appears to be due sumply to the addinon
of the prothrombin in the donor s biood to the patient s prothrom
tan defictent plasma It may serve (o sustain the patient s plasma
prothrombin actnuty until the effect of dicumarol has worn off
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was severe low back pun due perhaps to bleeding into the renal
pelves or retroperitonelly Physical eximination revealed mul
tiple ecchymoses nd scattered petechiie on her skhin and mucous
membranes There was a depression of the plisma prolhrombm
activaty to less than 10 per cent of normal and the coagulation ume
of the whole blood was prolonged The patent recovered un
eventfully although 1t 1s not clear that 1 blood transfusion and
repeated mjectons of vitamin K hastened the recovery The pro-
thrombin clotting time did not return to normal until the Gth
hospital dry

Thorson (343) has reported an interesting case of dicumarol
porsonmng i a womin who had taken I4 grams of dicumarol m
3 weeks There was severe hemorrhage from the mucous mem
branes and into the peritoneal cavity but no evidence of renal or
hepatic damage Desprte repeited blood transfusions and the
administration of vitwmim K orally m amounts of 200 to 400 mg
daily supplemented by small doses of vitumin K inrasenously
(10 to 30 mg daily) bleeding did not cense for 18 days Three and
one half months later without hatng taken any more dicumaro!
the patient developed further bleeding from the nose the gums
and the vagma and both cutineous nd subcutaneous hemor
rthages Durmng the first week of treatment of ths relapse only
blood trnsfusions were grien The bleeding continued and the
prothrombin activity did not rise above 30 per cent msing to that
level after each transfusion and then falling back raprdly to about
10 per cent After a week vitrmm K was grien mtravenously m
doses of 50 mg twice daily but the transfustons were continued
for 4 drys The prothrombin clotting tme did not return com
pletely to mormal for a1 full week after parenteral viamm k
therapy hnd been started Bleeding ceased however shortly after
the mstitution of vitamin K therpy

Shlevin and Lederer (344) have reported 1n detail the history
and post mortem findings in @ patient who died of uncontrollable
hemorrhage following dicumarol therapy The patent was a 79
year old woman who had been treated with 100 mg of dicumarol
a day for 21 days beciuse of a thrombosis of the right retnal vern
No pmthrombln clotting fimes were run while dicumarol was
being admimstered Dicumarol was discontinued when bleeding
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nones with a single long side chun Both are fa soluble and
depend for their 1bsorption from the gustromntestinal tract upon
the presence of bile salts Vitamn ha has the chemical formula
2 methyl $ phyty] 1 4 naphthoquinone and 1s obtuned synthet:
cally or from natural sources especiatly alfalfa Vianun k- which
has about 60 per cent of the inuhemorrhagic rctivnty of vitamin
K, probably has the chemical formula 2 3 difarnesyl 1 4 naptho
qunone It was obtaned first from putrefied fish meal A con
siderable number of compounds h1ve been synthetized and tested
for sitamin K activity Most of those which possess such activity
are bisically 1 4 naphthoquinones or the corresponding hydro
qumones A few however are not

Phithiocol (2 methyl 3 hydroxy 1 4 naphtholquinone) was the
first prepration shown to possess not only physictl and chemicl
properties similar o those of vitamun k but also ats marked
antithemorrhagic actinity Of the compounds studied subsequently
Z2methyl 1 4 naphthoquinone has the most potent antihemor
rhagic actisity However wherets vitamir K nppears to be
completely non toxic 1 even large doses 2methyl i 4 naththo
quinone may exhibit toxic properties in large doses

The preparauens possessing vitwan K actinaty wlhich e com
mercially nailable for therrpeutic use are chiefly vitwmin K,
for orl admmistravon (with the addition of Lile salts)
emulsions for mtruwenous Wdmmstration or . ails for ntr
muscular injection 2 methyl 1 4 naphthoquinone (menadione)
for oral or intravenous use and the water soluble derivatives 4
amino 2 methyl L naphthol hydrochlonde (synkamm) and 2
methyl 1 1 niphthohydroquinone 3 sodmm sulfonate (hykinone)
which may be given orally without the addition of bile slts or
wntravenousty Vienmn ke and the sumpler naphthoguinones be
come effectine at about the same rate following wdministration
but the former appears to have a somewhat more prolonged action
The water soluble dernaties of 2methyl 1 4 naphthoquinone
are less aictn e than the parent but they are effective clincally The
nateral and synthetie naphithoquinones used more commonly for
thesr vitamun K actinaty are hsted in Talile NI

Although the dosige of these prepirations with vitamun k
actinity varies somewhat with the potency of the preparation and
the ndication for 1ts Wdmuustranon doses i the ringe of 1 to 5
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aud the synthests of prothrombin his becn resumed mn the liver

A patent seen recently 1 consultation by one of us (I S W)
recenned 12 transfusions of bank blood for massise bleeding due
to dicumarol without 1ny apparent effect on exther the prothrom
b level or upon the bleedin, Two 500 cc trnslustons with
fresh whole blood (citrited) brought the prothrombin time to
norm1l and stopped the bleeding within a few hours

The Use of Lyophili.ed Plasma

Lyophilized plisma reconstituted with 0 1 per cent cutric acid
and distilled water has been shown by Strumiz (345) to possess
1 normal prothrombin content comparable to that of fresh whole
blood It Ias the 2dvantage over nhole blood of not being diluted
to approximately 50 per cent with cellular elements

Cosgriff Cross ind Habif (346) confirmed Strumin s findmg by
determming the prothrombin activaty of random samples of
Iyophilized plasma The prothrombin of these sumples weraged
between 75 and 100 per cent of normal They 1dmumstered
lyophulized plasma 1n amounts of 500 cc to 13 pattents wito ad
developed an excessive hypoprothrombinemin during dicumnrol
therapy In no nstance was there sigmficant hemorrhage 1t the
tine of trnsfusion Lyophilized plasma proved to be effective 1n
reducing the prothrombin time immediately to within 1 sie
ringe There was however a subsequent prolongition of the
prothrombin time sumilar to that seen following the transfuston
of whole blood and occurring as early 1s 6 hours after the ad
minstration of lyophilized plasma

These authors warn that while lyophilized plasmt may serse
to maumtun the prothrombin time within a sale 11nge temporartly
and untl more permanent restoratton of normal prothrombin
actvaty 1s obtuned by the use of vitamm K or through the
spontineous reactivition of prothrombin synthesis pooled lyo
phtlized plasm should be used only when grouped fresh blood 15
not avalible because of the risk of transmitting homologous

serum hepatitis

The Use of Vitamun R Preparations

Vitimm K (239 244) ests naturally in at least 2 forms sitammn

., and viammn ks both of which are substituted naphthoqui
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mg daly are suflicient for certun purposes Doscs m this ringe
hae been recommended for the simple vitwmin ke deficiencies
which may exest in obstructiye yundice 1 severe hepitie dunage
nmtestimal diseases ind i hemorrhagic discase of the new born
(a%° 2,6 248) Larger doses 1re probably more effectine

It has been long known among mmvestigators  however th
doses of thys magnitude are completely nefecttve 1 correcung
the evcesstye hypoprothrombineria or bleedin, which results
oasomlly from the admimstrition of dicumarol Appnrently
thus Fae 5 not generally recognized by clinicrns since reports stall
*PPear 1n the lterature 1n which preryune doses of vitunmn
Prepanations are gien to antagomize the nticoagulmt effect of
dicumaro}

It has been demonstrated repeatedly and 1n 1 varety of species
eluding man  thae when the synthetic naiphthoquinones 1re
ﬂdmlmstered erther orally or parenterally in the doses emplo)cd
successfu]]) m the trewtment of ordwnary ‘uamn K deficrency
they do not usully exther diminush the degree or shorten the
duration of the hypoprothrombinena resuluny from the ad
Mistration of dicumarol (266 297 317 319) On the other hand
s well established both experimentally and chinically that when
Preparations possessing vitamin K acenvaty are admunistered 1n
a1ge doses they will usually counternct the hy poprothrombinemn
nd control the bleeding due to dicumarol

This fact has been demonstrited m a varzety of laboratory
Mmmals (266 317) and has been confirmed chnically in man by
many observers (39 148 350 304) For example Shapiro Redish
and Campbell (350) found that large doses of menadione (2
Methyl 1 4 paphthoquinone) gnen orally or muwamuscularly to
™0 prevented the prolongation of the prothrombin tme follow
Mg the administration of dicumarol

Cromer and Barker (355) admimstered menadione bisulfite
Intrivenously usually i a single dose of 64 mg to 37 patients
who had an excessiely prolonged prothrombin time following the
admmistration of dicumarol In all but 2 patients the prothrom
bin time was shortened only shghtly mn 3 cases but to a marked
degree nd 10 a relatvely short tume in $2 patients Bleeding
which had occurred 1n 8 cses following the use of dicumarol
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TABLE I

NATURAL AND SYNTHETIC NAPHTHOQUINONES USEFUL
THERAPEUTICALLY FOR THEIR VITAMIN k ACTIVITY

Chemical Name

Solubility

Route of
Admimstration

Naturally Occurring Naphthoquinones

Vitimin Ky | 2 methyl 3 phyty] 1 Fat soluble Orally
4-naphthoquinene Intramuscularly 1n ol
Intravenously 1n emul
sions
Vitrmin Ky | 2 3-difarnesyl 1 4- Fat soluble

naphthogqumone

Phthrocol

Synthetic Naphthoquinones*

2 methyl 3 hydroxy 1
4-naphthoquinone

Water soluble
sodium salt

Intravenously

Orally 1n vegetable oll

Menadione | 2 methy! 1 4 naphtho- | Fat soluble
quinone Intramuscularly 1 ol
Intravenously
Synkamin | 4 amino-2 methyl 1 | Water soluble | Orally
naphthol hydrochloride Subcutaneously
Intramuscularly
Intravenously
Hykinone | 2 methyl 1 4naphtho | Water soluble | Intravenously
hydroquinone 3 sodum
sulphonate
Synkavite | 2 methyl 14 naphtho- | Water soluble Intravenously

hydroqunone diphos
phortc acid ester

* There are mny oth r synthetic naphthoquinones with some d gree of vita
min K activity
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mg daily re sufficient for certun purposes Doses in tins range
hne been recommended for the sunple vitimin K deficiencies
which may exist i obstructive jrundice n severe hepatic dumage
m mtestml diserses and 1n hemorrhagic disease of the newborn
(210 252 2,6 208) Larger doses e probably more effective

It has been long hnown among nyesugutors however that
doses of tlus magmiude are completely meffectine 1 correcting
the ¢veessive hypoprothrombinemia or bleeding which results
occasionally from the admimstration of dicumarol Apprrently
this fact 13 not generally recogmzed by clinicians sunce reports sull
appear n the literature in which piciyune doses of vitamin b
preparations 1re given to antagonize the anticoagulnt effect of
dicumarol

It has been demonstrated repeatedly and in a variety of species
mcluding man  that when the synthetic niphthoquinones ire
administered either orlly or parenterally n the doses employed
successfully 1n the trewtment of ordmnary vitamim Kk deficiency
they do not usmilly either diminish the degree or shorten the
durition of the hypoprothrombinemin resulung from the ad
mnistrasion of dicumarol (266 297 347 349) On the other hand
1t 15 well establishied both expermmentally and chimcally that when
p(ep’\nuons pOSSeSSlng vittoun h J.CllVlly are administered in
large doses they will nsually counteract the hypoprothrombinernin
and controf the bleeding due to dicumarof

Thus fact has been demonstrated m 1 vanety of laboratory
ammals (206 347) and has been confirmed clinically 1 man by
many obsersers (39 148 350 351) For example Shapwro Redish
and Campbell (350) found that Iarge doses of menmadione (2
methyl 1 4 naphthoguinone) given orally or mtramuscularly to
man prevented the prolongation of the prothrombin trme follow
ing the wmmistrition of dicumaro)

Cromer 1nd Barker (355) administered menadione isulfite
wtravenously usually 1n 1 single dose of 64 mg o 37 patients
who had an excessisely prolonged prathrombin time following the
admastrition of dicumarat In alt but 2 patients the prothrom
bin tine was shortened only shightly 1n $ cises but to a marked
degree and 1 a relatiely short time 1n 32 paents Bleeding
which had occurred 1n 3 cases following the use of dicumarol



161 THROMBOEMBOLIC CONDITIONS

ceased in 2 panents after menadione had been gnen and with
the 3rd patient after menadione and a blood transfuston

Davidson and MacDonald (351) were able to restore to normal
prolonged prothrombin times induced by dicumarol 1n 3 out of
4 cses given large doses of a preparation contumng vitimm Ry
oxide ntravenously Lehmann (334) reported that hemorrhage
following the admimstrition of dicumarol was controlled by the
use of blood transfuston 1nd large doses of methyl naphthoqut
none dihydrosulfate given orally

The mimmum dose of the synthctic vitamm K prepirations
necessary to exhubit this effect consistantly 1s 1n the range of 64
to 75 mg depending upon the preparation used The route of
admimstration must be ntravenous to assure prompt action The
patient s condition nd his prothrombin clotung time must be
cheched at frequent intervals and additional doses of similar
magnitude admimstered at # hour intervals unul the response is
satisfactory Repeated doses and even single doses of the vitamin
K preparitions totalling from 500 to 1000 mg hive been gien
clinically without apparent 11l effect

When the prothrombin clotting nme of patients recewing
dicumarol becomes excesstvely prolonged (when the prothrombin
activty 1s reduced to 10 per cent or less of normal) 30 to 60 mg
of menadione bisulfite may be grien mtravenously and subsequent
doses of dicumarol omitted or reduced wn amount If bleeding of
a sigmificant degree occurs 60 72 mg of menadione busulfite may
be given mntravenously and followed mmmedrately by a trans
fusion of 500 cc whole fresh blood The vitamin k preparaton
should be repeated 1t regular intervals of 4 hours unul the pro
thrombin clotting time has returned to and been mamtuned at
approxmmately normal Transfusions may be given pertodically
to control the bleeding and to combat any anemir which develops

Vitarun R, Oxide

In certain mstances patients who fail to respond satisfactorily
to the adminsstration of the synthetic vitamin k prepartions ad
mnistered 1n even massive doses will respond to large doses of
wtamin K, oside gnven imtravenously We have scen this m 2
patients with hypoprothrombimemia and a hemorrhagtc diathesis
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secondary to a blood dyscrasia of unknown etiology When the
synthetic naphthoqumones and muluple transfusions failed to
correct the hypoprothrombmemia or reduce the bleeding vita
mun k, oxrde mn doses of 1 000 mg reduced the prothrombin tume
to normal Furthermore as tested by the two stage method the
prothrombin lesel wlhich was zero after repeated transfuston and
the administration of synthetic vatamm k 1ose ripidly after the ad
ministration of vitamn k; oxide

Davidson Freed and MacDonald (356) give vitarmn k, oxide
intravenously 1n an alcohol water emulsion prepared by a modi
fication (351) of the method of Seligman (357) to 10 patients on
dicumarol whose prothrombin clotting times were prolonged
excessively (from 60 to 170 seconds) and whose coagulation tmes
were also prolonged to from 14 to 20 mmutes One half to 3 grams
of vitamin K, oxade were admmmstered mntravenously over a period
of from 1 to 214 hours These large doses of vitammn k; oxide
reversed both the hypoprothrombinemia and the prolonged co
agulation time mn all 10 patients The effect was achieved even
when the adminustration of dicumarol was continued after the
ging of the vitamun k; oude However coagulation times did
not become normal for from 3 5 to 36 hours

Lucra and Aggeler (353) found that the hypoprothrombinemia
nduced m a human subject by the adminustration of dicumarol
was corrected by the intravenous administration of a smgle mas
stve dose of vitamin k, oxide However they noted that the period
of time which elapsed between the admmustration of the vitamin

K and the cessation of hemorrhage was too long for control of
massive bleeding chinically

Late Pregnancy

In Chapter 11 the nisk of admunistering dicumarol to women
late 1 pregnancy was discussed It was pomnted out that not only
may the mother bleed profusely at the time of delrnery but that
the infant may hemorrhage during or following birth It 15 sug
gested that when dicumarol 1s being adminustered to a pregnant
woman at term 1t be withheld from the time the patient goes into
labor With the onset of labor the patient should be grien a vitamin
K preparation intravenously in sufficiently large doses and re
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peated as often as indicated by the patient s prothrombin clottng
tme Immediately after delivery and pertodically through the first
week of life the nfine should be gien vitumin K parenterally
Tollowing delnvery the mother may agun be placed on dicumarol
1f necessary The miant should be weaned or at least not be
allowed to nurse at the breast unul dicumarol has been dis
continued 1nd the mother s plasma prothrombin activity restored
to normal

Mscellaneous Observations on Vitanun A

Smith Warner and Brinkhous (253) Pohle and Stewart (358)
Seligman et 11 (357) and Shapiro wnd Richards (309 360) have
reported 1nstances mn both ewperimental anmmls and man m
which the "dmmustrtion of synthetic vitamin k to subjects whose
prothrombrn clotting times were alrexdy prolonged 1s a result of
liver damnge has resulted 1n 4 transient further prolongation of
the prothrombin time This has occurred following both oral and
prenteral administration Shipiro and Richards (359 360) hne
lso observed m dogs whose livers have been dimnaged by carbon
tetrachloride and 1n human subjects with liver damage that the
admimstration of synthetic vitimm K may cause a transient pro
longation of 1 presiously normal prothrombin clotting time The
reason for this ¢ype of reaction 15 not clear

Unger 1nd Shapiro (259) suggest however that when vitamin
k 1s admrmustered to patients with prolonged prothrombin clot
ting times partcully m the presence of liver damage smll
wmitial doses be used If the prothrombin clotting tme fails to
respond or if 1t 15 actually prolonged by the administration of
vitamin Kk prothrombin acuvity can be augmented by the trans
fusion of fresh whole blood or possibly of frozen plasma (258)

Unger and Shapiro (361) have shown that the 1njecuion of large
amounts of vitamin K may accelerate the production of prothrom
bin 1n some normnl subjects so that 1 temporary hyperprothron
binemia occurs The demonstrition of hyperprothrombinemi
ordinarily requires that the prothrombin clotting ume be de
termined on 12 5 per cent diluted plasma since the determination
using whole plasma 1s not sufficzently sensitine to demonstrite
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consistently the chinges of shight magmtude which are s olved
(299)

Richards and Shapiro (359) have shown that the tovicity of
menadione bisulfite 1s due to the quinone radical which produces
ws effect acutely and irrespective of prothrombin synthesis Re
peated njections of menidione into dogs 1 doses of 100 to 150
mg per g of body weight are lethal while shightly lower sub
lethal doses produce a depression of the erythrocytes and hemo
globin content of the blood These revert promptly to normal
when the drag 15 withdriwn Doses of this ma nitude are of
course fir 1n excess of those used in man When doses of mena
dione bisulfite approximately 10 times 4s great as those usually
employed were grien to man every day for a weeh sigmficant
changes 1n the blood could not be demonstrited

Most of the reports dealing with the effect of vitamin K on the
hypoprothrombinerma induced by the admimstranon of dicu
marol have utilized the one stage method (89) or one of 1ts mod1
ficauons for the determination of the prothromn cloting nme
Boyd and Warner (362) using the two stige method (97) report
that mentdione given orally in doses of 50 mg per d1y or mena
dione bisulfite (Hykinone) grien intrapentoneally m doses of
10 cc per day hve no detectable influence on the hypoprothrom
binemn produced in rats by the use of dicumarol The results
were consistent whether the menadione or 1ts sulfite were gren
before during or after the admunistrauon of dicumarol

Impressed by the role of subintunal hemorrhage 1n the forma
uon of arteral thrombi particularly those mn the coronary vessels
(363 364) and by the possible role of hypoprothrombinema n
the production of such inumal hemorrhages Doles (365 369) has
advocated the administrinon of large doses of vitamin K to
patients 1iminediately following a coronary thrombosts and to
pattents i whom 2n 1cute coronary occlusion may be anucipated
This work has not been confirmed as far as we know There 1s no
published evidence s far s we are aware that such patients
suffer a iypoprothrombinemia nd 1n fct the work of Shapiro
(299) and others suggests that thromboembolism may be associated
with a hyperprothrombmermia It 1s not clear whether such hyper
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peited s often as indicated by the patient s prothrombin clotting
time Immedintely after delivery nd periodically through the first
week of Iife the infant should be given vitmm k parenterally
Tollowing delivery the mother may 1gnun be pliced on dicumarol
1f necesswry The infmt should be weaned or 1t lewst not be
llowed to nurse 1t the breast unul dicumairol his Leen dis
continued nd the mother s plasma prothrombin actnv ity restored
to normal

Muscellaneous Observations on Vitamun A

Smith Warner ind Brinkhous (253) Pohle and Stewart (358}
Seligman et 2l (357) and Shapiro and Richards (359 360) hue
reported instinces 1n both experrmental annnals and mwn
wlich the admimistration of synthetc vitamin h to subjects whose
prothrombin clotting times were alrexdy prolonged 1s a result of
Inver damage has resulted m 4 trnsient further prolongation of
the prothrombin ume Tlus has occurred following both oral wnd
prrenteral idministration Shapiro 1nd Richards (359 360) hne
also observed 1n dogs whose Iivers have been dumaged by carbon
tetrichloride ind 1n human subjects with Irver damage that the
administration of synthetic vitamin k m2y cause 1 transient pro
longation of 1 previously normal prothrombin clotting time The
reason for this type of reaction 1s not clenr

Unger and Shapiro (259) suggest however that when vitimin
K 1s «dminsstered to patients with prolonged prothrombm clot
ting imes particulurly in the presence of liver dumage smll
mitinl doses be used If the prothrombin clotting time fuls to
respond or 1f 1t 15 ctually prolonged by the administravon of
vitamin ko prothrombin actinity can be augmented by the trns
fusion of fresh whole blood or possibly of frozen plsma (253)

Unger and Shaptro (361) have shown that the mjection of large
amounts of vitamin k may 1ccelerate the production of prothrom
bin 1n some norml subjects so that a temporary hyperprothrom
binemia occurs The demonstration of hyperprothrombinemi
ordinnly requires that the prothrombin cloting time be de
termmed on 12 5 per cent diluted plasmn since the determinition
using whole plasm1 1s not sufficiently sensitine to demonstrate
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FAILURES AND ABUSES
OF ANTICOAGULANT THERAPY
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prothrombinema precedes or whether 1t «ccompanies the throm
boembolic incident On the basis of present evidence we cannot
subscribe to Doles hypothesis 1nd we dvise agunst the use of
vitimin K as a mensure to be employed 1n the treatment of coro-
nary thrombosis with myocardinl ifarction



CHAPTER 17

Failures with Anticoagulant Therapy

IT 1S unreasonable at the present time to expect that the ad
mumstration of the anticoagulants will prevent the occurrence
of thromboembolic phenomena m every mstance Not only 1s
our understanding of the actron of the anticoagulants mcomplete
but so also 15 our comprehension of the various factors which
mfluence the formation of ntravascular clots In dealing with
thromboembolic phenomena we encounter a variety of complex
processes of which the coagulation of the blood is but one albeit
an mmportant one Although certamn factors involsed in thrombosis
are known and understood 1t 1s not yet possible to evaluite the
relative importance of each mdnvadual factor 1n 1 given thiombo
embolic episode

It 15 usually impossible to be certan at what moment 1 throm
hoembolic process begins In the nstance of an embolus we
reilize that a thrombus alieady exists from which the embolus
has arisen It appears probable that the genesis of a thrombus
precedes by hours perhaps sometimes by days the chnical mam
festaions of the condiion For example 1n phlebothrombosis
where there 15 mitally no significant nflammatory rexction
symptoms nd signs do not appear until the thrombotic process
has completely occluded the vemns or has at least interfered
sertously with the local arculition through them We are dealing
with phenomenr which miy be manifested only indirectly by
therr interference with the circulation to or from 1 given organ
or area of the body

There 15 at present no test nor barrae of tests by which we
can anticipate with certamty the onset of 2 thromboembolic et
dent Until 1t 15 possible to predict with considerable accuracy m
which cases and under what arcumstances such inadents will
occur we ¢ assess the value of anucoagulint theripy only by
determining statistically to what degree such therapy will reduce

1m
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binemua as a pomt 1n the differental diagnosis betw een posterior
myocardial 1nfarction and pulmonary infarction In our expert
ence hyperprothrombinem:a has occurred though not con
sistently 1n 1nstances of all types of thromboembolic disease We
have seen several fanlies 1 which this tendency occurs 1in many
members

Hepanin Tolerance

There are two laboratory procedures by which an apparent
hypercoagulability of the blood may be demonstrated in certain
groups of patients 1rrespectine of whether they have suffered a
thromboembolic episode De Takats (373 375) has devised a simple
1n w1vo test of the clotting mechamsm i which a small amount of
heparn 15 1mjected 1ntravenously and coagulauon times deter
mmned at 10 minute mtervals for 40 minutes He has found 1
group of heparin resistant persons including patients in the early
postoperatine period following cardiovascular acadents such as
coronary thrombosis cerebral thrombosis artertal embolism and
venous thrombosis and those suffering from Buerger s disease

In commenung upon their personal experience with ths test
Hagedorn and Barker (375) state  we cannot say whether the
heparin tolerance test as applied by us can be used to determine
the presence or absence of a tendency to intravascular thrombosis
but we beheve there 1s significance 1n the relatnely high incidence
of non reactors and hyporeactors among the patients who had
mtravascular thrombosis However further study of a larger
sertes of cases of thrombosis of vanous types 1s indicated

Waugh and Ruddick (376 877) have reported a test for in
creased corgulability of the blood based on controlled deceleration
of the clotting mechanism through the addition of heparin to the
blood 1n sitro Using this test they demonstrated an increased
coagulability of the blood under a wide variety of circumstances
including various acute infectious processes postoperatively and
following hemorrhage

Ogur and his 1ssocrates (378) using the Waugh Ruddick test
found that 1n 77 8 per cent of 27 cases of coronary thrombosis there
was a decreased coagulation time evident by the 2nd or 3rd day
following the acute thrombosis and lasting nto or through the
3rd week thereafter Hagedorn and Barker (379) compared the
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the number and severity of thromboembolic complications 1n 2
selected pitient populition We should not be surpnised there
fore to encounter 1n occasional thromboembolic episode n the
presence of apparently adequate anticoagulant therapy As a
matter of fact 1t 1s somewhat surprising that the anticoagulants
do not more often ful to prevent or ameliorate thromboembolic
phenomena

H1 PCRCOAGULABILITY OF THE BLoOD

There 1s constdernble evidence that 1 definite hypercmguh
bility of the blood predisposes certain persons to the develop
ment of thromboembolic phenomena Such persons 1re found
commonly among those who suffer from obliteritive vastt
Inr disese coronary artery disease and similar cardiovascular
conditions among persons bedridden following major surgery
childbirth trauma and because of debilitating chromc diseases
and m certain others The common denominators of these condi
tions are that there 15 a disturbance of one sort or another m the
blood vascular system and 2 particularly hugh incidence of throm
boembolism Unfortunately 1t has not been demonstrated con
vincingly that such hypercoagulability of the blood occurs con
sistently 1n these conditions or that 1t 1s necessarly the precursor
of a thromboembolic episode

Hyperprathrombinema

Shapiro and others (218 299 307 370 371) have shown that
hyperprothrombinermia as mdicated by a shorteming of the pro
thrombrn clotting time to below the normal range may occur 18
man during the developmental stage of intrwvascular thrombosts
and m man and ammals following the admmstration of vitamnt
k (360 361 872) It1s necessary ordinarily to employ 12 5 per cent
diluted plasma mn determing the prothrombin clotting time
1n order to demonstrate this hyperprothrombinemia

Shaptro (299) has observed reactive hyperprothrombinerma m
acute thrombophlebitis and 1n pulmonary infarction but not
arterial thrombosis embolism other than that of the pulmonary
vessels or mn acute coronary occluston In 1cute coronary occluston
1 arteral embolizatton prothrombimemin was the

and 1n peripheral
d the presence or absence of hyperprothront

rule He has uulize
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against thromboembolism 1s the failure to recognize the potential
hazard and 50 to delay the institution of anticoagulant therapy If
heparin 15 used alone 1t must be conunued duning the entire
period during which thromboembolic complicntions are antici
pated 1n most mnstances for 4 weeks after the hst thromboembolic
complication

DicuviaroL (381)

Anticoagulant therapy with dicumarol may ful to prevent the
occurrence of thromboembolic phenomena under any one of the
following circumstances

(1) The maximum prolongation of the prothrombin clot
ting tme does not ordinarily occur for from 18 to 72 hours
alter the adminsstration of 1 single dose of dicumarol (37)
There 1s ordmarily 1 latent period somewlat shorter than this
during which there s no significant prolongation of the pro
thrombin clotung time =t all If we accept the view that the
anticoagulant effect of dicumarol 15 reflected by the prolong:
von of the prothrombin clotting ume one m1y not expect to
obtan therapeutic prothrombin levels 1 1 patent for the
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Fiter 19 Thromboembolic complication occurring during the imtiation
of dicumarol therapy but before the prothrombin cloting time had been
aderuately prolonged
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results of this test with those of the heparin tolerance test and
concluded that the results of the heparin tolerance test can be
closely duplicated by testing the coagulation time of blood added
to heparin 1n vitro immeditely fter withdrawal if the concentra
tion of heparin 15 approximately the syme The coagulation time
of heparinized blood 1 vitro 15 1 simpler test  Silverman (380)
using 1 modficatron of the test which employs recalcified plasma
mstead of whole blood found that m patients undergoing major
surgical operations there 1s an increised coagulibility of the
blood present within 24 hours postoperatrvely and that this con
dition persists for from 1 to 2 weeks

As v prictical matter however the fulure of anticoagulant
therapy to prevent the occurrence of thromboembolic phenoment
1s most often the result of any one or more of three errors on the
ptrt of the physiciin m prescribing these drugs namely

(1) A delny m the mstitutton of anticoagulant therapy

(2) Failure to obtun or to mamtain an adequate level of
effectiveness during the period of a«dmnistratron and

(3) The premniture discontinuation of the anticoagulant

Optimal medicruon 1s not attamed without pamstihing evalua
tron day by day but the techmque 1s stmple enough 1f the physt
aan understands the significance of ndequate therapy

HEPARIN

The current trend 1s to use dicumarol for anticoagulant therapy
mn a majorty of those cases which require such medication for
more thin a few drys Heparin 15 being used increastngly only
during the first few days of anticoazulant therapy untit such a ume
as the full effect of dicumarol has been attuned Heparin acts 50
promptly that there 1s ordmarily no difficulty in obtainng satis
factory prolongation of the coagulation time within a matter of 2
fraction of an hour after its administration Following the mutial
dose of heparin bedside determination of the coagulation tme
should be done at 1ntervals of about 1 hour to ascertam that the
cogulation time has been prolonged at least three to sixfold and
that 1t has not returned to normal level nside of 3 or 31/ hours
Subsequent checks should be made on 1 or 2 occasions daily

The most common reason for failure to protect the patient
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bin clotting time 1s not mfluenced appreciably when the
coagulation time 15 no longer than about 12 minutes Ordt
nanly when hepann 1s being admmistered intermittently by
the intravenous route the coagulation time of the whole
blood will have been shortened to 10 to 12 mnutes within
314 hours It 15 advisable then to obtan samples of blood
for the prothrombmn clotting time just prior to the admims
tration of a dose of heparin
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Ficure 20 Thromboembol F of myocardsal mfarct)
occurring during the initiation of anticoagulant therapy in the interval be
tween the withdrawal of hepanin and the adequate prolongation of the
prothrombin clotung time by dicumarol

(3) At tlus ime there 15 not complete agreement on the
extent to which the prothrombin clotuing time must be pro
longed to completely protect the patent against thrombo-
embolism nor on the need for mamtaining such levels over
a pertod of ume We have been mpressed by the frequency
with which thromboembolic complications occurring duning
the admimstranon of drcumarol have comcided with rela
tuvely short prothrombin times This has been true whether
the patient has been mamtamed at relatiely shight prolonga
tons of the prothrombin time or whether there has been =
temporary fall i an otherwise considerably prolonged pro
thrombin time

Ve have made a preliminary review of those cases m the
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first 2 or 3 days following the adminstratton of even an ade
quiate mitial dose of dicumarol alone In other words one
cannot hope to reduce the 1mcidence of thromboembolic com
plications consistently until dicumarol has had sufficient ume
to reduce the prothrombin actinity of the plasma to a level
which 1s effectsve tn interfering with meravascular clot formr
tion

An example of the occurrence of 1 thromboembolic com
plication durmg the period of mtinting dicumarol therapy
15 1llustrated 1n Tigure 19 Despite the administration of 300
mg of dicumarol on each of the first 3 days of therapy 2
pulmonary embolus occurred on the 3rd day At the tme the
embolus occurred the prothrombin clotting tume had not yet
been prolonged to 25 seconds (25 per cent of prothrombin
activity) The embolus may have ansen from 1 preexisung
venous thrombus

{2) To reduce the risk of thromboembolism to a minmmwm
during the mmtrtion of dicumarol therapy 1t 1s necessary t0
admunister heparin concurrently and n adequate amounts
Heparin must not be discontinued arbieraraly  but only after
the prothrombn clotting time has been prolonged adequately
sice 1f the anticoagulant effect of the heparin 1s lost before
that of the dicumarol 15 sufficient to protect the patent
thromboembolic phenomena may occur during the mtersal
m which neither drug 1s effective (33%)

This situartion 1s 1llustrated by the patient 1n Figure 20
from whom heparin was withheld after 1t had been admin
1stered for 18 hours Because dicumarol had been given m
relatively small doses after the Ist day the prothrombin clot
ting time was not prolonged sufficiently unul the 6th day On
the 5th day when the prothrombin clottng time was still
shorter than 25 seconds there was an extension of the are1 of
myocirdial firction mamfested climcally nd confirme!
by alterations n the electrocardiogram

Therefore when 1t 1s necessary to protect the patient imme
diately aganst thromboembolic phenomena both heparin and
dicumarol are to be admumstered concurrently 1n full thera
peutic doses and hepinn 1s not to be withheld until the
prothrombin clotting time of the blood has reiched = level
which 1s considered 1dequate therapeutically

When heparin and dicumarol are being administered to 1

atient at the sime time 1t 15 1mportant not to take samples
of blood for determining the prothrombin clotting time winle
the corgulation tume of the whole blood 1s significantly pro
longed by the action of heparin It appenrs that the prothrom
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agreement with Allen and hus associates of the Mayo Chinic
who advocate the reduction of prothrombin 1ctivity to 20
per cent of normal We do not agree w1th those who feel that
the pauent has optimal protection from thromboembolic
complications with reductions i prothrombmn actnaty to
between 40 and 50 per cent of normal (172)

(4) inticoagulant therapy must be conunued for that
period of time during which the hazard of thromboembolism

6o

’%g DICUMAROL 4w rGn3 -

00

foom—momarasasas e

ERIOR EXTENSION BILA”ERAL PULM
INFARCTION OF INFARCT THROMBO ~EDEMA
PYELITIS —————————— > WITH SHOCK PHLEBITIS

Fioure 23 Thromboembolic comphications oceurrin,, following withdrawal
of dicumarol Anticorgulant resumed immediately upon recognitton of throm
bophlebius

1s great This pertod will vary from pauent to patient de
pending upon 1 1artety of crrcumstances and no arbtrary
time lunit may be set for the discontinuation of the antt
corgulints However there 1s considerable evidence sup
ported by our data on thromboembelism follow ing coronary
occluston with myocardinl mfirction that anticoagulants
should be grven for at lexst 25 to 30 days after the most recent
thromboembolic comphicition

The occurrence of thromboembolic complications immed:
ately or very shortly after the premature discontinuation of
dicumarol hts been observed repeatedly This is demonstrated
by the cise in Figure 23 m whom there was 1n extension of
the origmal myocirdial mfarction immediately and the de
velopment of 1 bilteral thromhophlebitis shortly after the
termmtion of dicumaroel therapy

A T Quck (150) has made some interesng observitions in
tns connection He discovered that a heart puncture performed
on 1 rabbit with 1 reduced prothrombin 1ctiaty would produce
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Figere 21 Thromboembolic complicttions (pulmonary embolr and phlcbo
thrombosts) occurring when the prothrombin clotting time was insufficiently
prolonged

current Americin Heart Assocration study n which thiombo
embolic complications occurred during dicumarol therapy
This revien 1eveals that of the 38 complications obserte

during the course of dicumarol theripy only 4 occurred
ptients whose prothrombin clotting times are known to hne
been mamntaned t levels of 30 seconds or abox ¢ (prothrombint
ctivaty reduced to 20 per cent ot less of normal) for at least
the 3 days preceding the appeirince of the complication
(225)

The occurrence of muluple thromboembolic phenomena
1 a patent treated with dicumarol but in whom the pro
thrombin clotting time 15 not prolonged to the degree recom
mended 1s illustrited mn Figure 21 In sharp contrast ts the
cise portrayed 1n Figure 22 1n whom dicumarol was 2dmin
istered m amounts sufficient to mauntain the prothrombin
clotting time within the recommended ringe for almost the
entire pertod of anticoagulant therapy We are m complete
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Froure 22 Prothrombin clotting time ma nt1umned 1t adequately prolonged
lesels for the greater portton of six weeks



CHAPTER 18

The Abuses of Anticoagulant Therapy

NI MUST conclude that the greatest weakness 1n the clin
cal application of the anticoagulants today 1s the human ele
ment Unfortunately, both heparin and dicumarol are therapeuiic
agents which require meticulous care m order to achieve successful
therapeutic results without producing hemorrhage
As h1s been emphasized repeatedly by E V Allen (164) neither
heparin or dicumarol are ideal anticoagulants Actually they
fall far short of the mark They cannot be ordered and admunus
tered with the abandon which characterizes the current usage of
sedatives analgesics and antibiotics Too many physicians criticize
the anticoagulants for the shortcomings which demand this pains
taking administration
In the vast majority of specific instances brought to our atten
tion where anticoagulant therapy has failed to accomplish 1ts
purpose or where 1t had led to bleeding 1t has been obvious that
the fault rested with the physician who admimstered the drug
For example dicumarol 1s often administered to a patient before
the prothrombimn clotting time has been determined Less fre
quently dicumarol 15 admimstered over a period of days without
the prothrombin clotuing time being determned at any time
Instances of serious bleeding and of fatal bleeding occurring under
such ctrcumstances has already been mentioned in Chapter 16 i
connection with the reports of Abramson (336) Fahrreus (337)
Draper (342) Thorson (343) and Shlevin and Lederer (344) It 1s
true that difficulties may arise from the peculiarity of response by
a particular patient or from erroneous work 1n the laboratory
but 1n the final analysts 1t 15 the responsibility of the phystcian
to recogmize that such instances may arise and to guard agamnst
them
It must be repeated that there 1s no rigid rule for \dministering
nticoagulants Each patient responds differently and any patient
181
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fatal hemopericardium To 5 of 6 rabbits whose prothrombin
times were 6 seconds before trertment he gave dicumarol n
1mounts of 2 mg per kg of body weight daily by stomach tube
Each day he performed a cardiac puncture with a #21 needle
Fatal hemopericardium occurred mn 2 animals on the 2nd day
i 2 1mimals on the 3rd day nd in the remaming animal on the
ith d1y In all instances where cardiac puncture was performed
on an ammal whose prothrombin time was 19 seconds or less
the amimals survived In every instance where the cardiac puncture
was performed on an animal whose prothrombin clotting time
wis 24 seconds or more fital hemopericardium occurred Ac
cording to the prothrombin activity curve obtuned by Quick on
ribbit plasma using his one stage method these temporal values
represent 17 and 12 per cent of normal prothrombin actity re
spectively

Quick cites his experience with cases of idiopathic hypo
prothrombinemrn Those patients with prothrombin times of 16
seconds (approximately 45 per cent of normal prothrombin ac
tivity') had no hemorrhagic tendency 2 cases with prothrombm
clotting tmes of 19 seconds (approximately 30 per cent of nor
mal') exhibited 1 disunct bleeding tendency while 1 patient
with 1 prothrombin clotting time of 30 seconds (approsimately
15 per cent of the normal’) had a very severe hemorrhagic condi
tron Quick concludes that hemostasis depends upon the amount
of thrombin formed and when prothrombmn actrvaty 1s reduced
to about 20 per cent of normal 1nsufficient thrombmn 15 furnished
for stanching

These figures for percentage of proth actrvaty are d from
the prothrombin actiity curse obtained by Quick using his onginal technique
and thromboplastin obtamned from rabbit bram The prothrombin time ob
tatned on normal whole plasma is 12 to 13 seconds
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That dicumarol cin often be safely admimstered to pauents
who are apparently poor nisks 15 demonstrated by the case 1
Figure 24 This patient had long stnding rentl disease of a
complex nature Renal cilculi with left sided hydroureter and
hyronephrosis had esisted for % years There was impaired renal
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SINCE 1942
PAGET S DISEASE SINCE 1940
PROSTATECTOMY FOR CARCINOMA 1995
ARTERIOSCLEROTIC HYPERTENSIVE HEART DISEASE FOR
IW AGEST YEARS
NYHz3OS¥ ENTERED MOSPITAL IN SHOCK AND WITH LEFT AND RIGHT
HEART FAILURE INCLUDING BILATERAL PLEURAL
EFFUSION
PRO
THROMBIN
vo
AN JECONDS

o [\ A
] 'R
o]

>
H

DICUMAROL,
in rarts

ANTERIOR DICUMAROL  URINE CULTURE + GI SERIES PYLOAK ULCER
CORONARY STARTED £ coLl AND PROTEUS 2 STAGHORN CALCULY
OCCLUSION PSP EXCRETION 637 LEFT KIONEY

IN TWQO HOURS PAGET S DISEASE

———————+URINE ALBUMINURIA MANY RBC & WBC:
— 81000 UREA NITRAGEN 24 Jsmemsh

Froure 24 Adminustration of dicumirel despte muluple complicating
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time was maintained for over one month without producing hemorrhage

function and the urimiry sediment contuned leukocytes and
erythrocytes 1n moderate numbers A prepyloric gastric ulcer was
demonstrated rdiograplucally Additional diagnoses which re
vealed conditions aggraviung the pinents poor msh included
bronchiectasis with pulmonary fibrosis Paget s disease and hyper
tensive cardiorascular disease with both right and left sided
heart farlure and bilateral pleurat effusions Despite the con
siderible nsh dicumarol was admuinistered to this patent for 2t
least 30 drys and the prothrombin clotung tume of s whole
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may respond differently from dny to day as for example during
recovery from congestiie heart failure or dehydration or uremn
Thus only by considering the condrion of the pitient the
prothrombin level the trend of the prothrombin curve and the
previous response of the patient can the duly dose of ant
congulant be ordered There are specific contrundications to the
use of the anticoagulants but the patients these mvolve are
reluvely few 1 number T'nally when pattents are treated with
dicumarol on wn ambulatory basts there are 1lwys the wddional
risks that the pioent will not follow mstructtons carefully or that
he may suffer accidental trauma wlich may lead to serious
hemorrhages
The responsible physiciin must understand the use of the
anticoagulnts nd their control by the Inboritory sufficiently
well 50 as to be 1ble to recogmize erroneous ltboratory reports
These m1y occur s 1 result of carelessness i obtumng sumples
of blood m prepaning the thromboplastin msture or m de
termining the prothrombin clotung time More often they occur
because the Inboratory has fatled to develop 1 consistently repro
ducible techmque or because of yvaritions m the potency of the
thromboplstin Prothrombin activity curves which are not cor
rectly obtrmed or which cannot be interpolited 1re very common
souirces of consistent error in reporting percentage of prothrombin
activity (174)
Fmally the physiciin must learn from experience
(1) How these drugs act and their Iimittions
(2) The rationile of obtaiing an adequate therapeutic
level
(3) The hazrd of too mtensive 2nticonguint therapy
(4) Where to look for hemorrhagic manifestations an
(5) How to treat these promptly and efficiently
In this wiy many well truned physicians hne demonstrated
that theripeutic successes cn be the rule and complications the
esception
Since the thromboembolic diseases are serious condittons with
death tates frequently exceeding 20 per cent and with a high
incidence of crippling and debthtating residunl effects the hazard
of anticorgulint theripy to 1 patient presents 2 small but calcu

lated risk
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plasma was muntamed at levels between 30 and 50 seconds
There was no bleeding outside of the urmnary tract and the num
ber of erythrocytes in the urinary sediment did not mncrease during
anticoagulant therapy Such 1 patient must be handled judiciously
and must be observed carefully during the entire pertod of anu
coagulant theripy



CHAPTER 19

Physiological Varsations m the
Prothrombmn Test

EN]\ (382) has listed comsemently the factors known to influence
the response to dicumirol mn standardized susceptible assay
ammals whose body weight age sex and other factors are undes
nigd control Three of these factors the Ievels of vitamins C and
K 1n the diet and 1n the body reserve the hepatc and remal func
tions and 1n females pregnancy and lactation have been discussed
previowsty m Chapter 11 1 relvon to the use of dicumarol 1
man

Two factors the influence of the methylxanthines and of di 1
tilis and the production of hypoprothrominemi bv salicvlates
will be discussed 1n the next chapter Those which remamn the
age and sensitivity of the anumal and the nutntional status of
the subject along with certun other physiological vanations
will be discussed briefly n the following paragraphs

INDVIDUAL SENSITIVITY

A very mirked vanation n the sensitisaty of indisidual rabbuts
to dicumarol was observed first by Wk Smith (393 384) and
was shown to be due in part to a vamiuon inherited as 1
Mendehan character by Campbell (385) Vanauon n response
to the oral xdrmmstration of dicumarol occurs also Lecause of
variations in the abiliey of the anunnd to absorb the substance from
the gastrointestinal tract In contrast Link and Ius coworkers did
not observe Tehtne Tesistmee 1o dicumarol 10 Fis gminea pigs or
dogs He mentions that the horse does not deselop the hemor
thagic sweet clover disense from the eaung of spoiled sweet clover
Since the rabbit does not 1cquire 1n 1mmunity to dicumarol 1t 1s
possible to use the nssay rabbits repeatedly after permutung a
short period of recovery from iny gnien experment

187
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Orverman Newman and Wright (390) have recently remnsest1
gated this matter on 25 presumably normal young 1dults The
prothrombin clotting times were determined by the Link Shapiro
modification of the one stage techmic and the thromboplistn
used was obtuned from rabbit lung Observations were made
daly for periods of from 10 to 10 weeks The prothrombin times
were determined by 3 chfferent individuals and no values were
discarded In 828 determinations on whole plasma the men
prothrombin time was 15 8 seconds and the standard deviation
=122 seconds In 813 determunations on 125 per cent diluted
plasma the mean prothrombin time was 38 6 seconds and the
standard deviation =216 seconds The range of prothrombin
clotting times was 12 to 18 seconds for whole plasma and 32 to 42
seconds for 125 per cent diluted plasma

To determine the variations between mdividuals these workers
analyzed 13 prothrombin readings on plismas from each of 15
presumnbly normal persons a total of 195 readings by the method
of analysis of variables This was done for both whole (undiluted)
and 125 per cent diluted plasmas The variability between wndr
viduals was found to be significantly greater than the vanabiliyy
between repeated prothrombm determinations on the same ind1
vidual although the findings with 12 5 per cent plasma were less
significant than were those with undiluted plasma Inspection of
the oniginal data ndicates clearly that individuals differ 1n thew
normal prothrombin clotting ttmes When the 13 readings on
each of the 15 individuals were averaged there were variations of
as much as 2 seconds for undiluted plasma and as much as §
seconds for 12 5 diluted plasma No attempt was made m this study
to correlate these variations with age sex or other potential
vanables

T ariations According to Time of Day

Tantur1 and Banfi (301) concluded that the prott 1
clotting time for normal persons 1s constant and does not vary with
time of day Levin (340) however noted that the prothrombin
clotting time determined on samples of plasma obtained after
breakfast were Tugher than those obtained on fasting specimens
Meyers and Poindexter (371) found a tendency of the prothrom
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Daly Varations i Prothrombn Clotting Ttme

Varntions 1n the prothrombim clotting time of whole and
diluted plasm1 from normal individuals have been studied from
dy to day by several observers but the results are somewhat
conflicting and the nterpretitions differ widely due i part
to the varntons m the methods employed 1n the determinations

Quuck (211) stated 1n 1942 that the prothrombin concentration
m the blood of normal healthy adults 1s remarkably constant
Huuse aind Tocantns (386) using the one stige method de
termined the prothrombin clotting time of 3 healthy men for 53
consecutive days They found that the mean clotting ime of whole
plismt was 195 seconds with a standard deviation of =093
sccond They observed also that certun normal individuals have
consistently hugh prothrombin values Cotlote and Vorzimer (218)
studied the prothrombin clotting times of 35 normal subjects
using the Link Shapiro modification of the one stage method and
2 thromboplistin obtained from rabbit lung They obtuned 2
mewn cloting time for whole plasma of 155 seconds with 2
stindard deviatton of +15 seconds Aggeler et al (387) de
termined the plasma prothrombin clotting time on 30 normal
subjects by the one stage method but utilized a thromboplastim
obtuned from human brain They found 2 men cloting time
of 11 5 seconds with a standard deviation of =0 78 second

Martin  Curfman and Cavano (388) using Brambels modt
fication of the one stage method and 8 dufferent batches of throm
boplastin found m 2 group of 93 normal people that the mew
clotting time was 17 2 seconds with a standard devtion of +06
second The range of variation among these normal subjects was
3 seconds They found that the prothrombin times obtained » 1th
the use of 12 5 per cent diluted plasma were much less conssstent
having a standard deviation of 10 seconds and a range of norml
from 56 to 115 seconds They conclude that moderate vartions
in the prothrombin clotting tumes as obtained by this method
are of doubtful significance

Nitshe Gerarde and Deutsch (389) applied a fibrinogen dilution
technic to serial plasmas obtamned from normal subjects and
found that there was considerable variition 1n the prothrombin

clotting times obtamned
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The Effect of Diet

Tocantins and O Neil (391) noted pronounced mcrewses in
prothrombin 1ctinty as determined by Quick s method 1n both
dogs and humnns following the ingestion of protein rich menls
Warner Brinklous and Smath (97) obsersed varations n the
prothrombin clotttng times obtuned on dogs who were fed widely
different diets but the results were within the hmits of expert
mental error

Poble and Stewart (301) observed thit grossly lipemic plasma
tended to h1te short prothrombin clotting umes Using the Quick
method they found that the prothrombin clotting time tended to
be shorter following the ingestion of a menl heavy mn fat Martin
Curfman and Cavano (388) were unable to show any difierence m
the prothrombin clotting times obtaned on undiluted samples of
plasma taken 2 hours alter an average breakfwst contuming 20 to
30 grams of fat and those taken before and 2 hours after 1 break
fast contuning 50 grams of fat

To ascertain 1f a diet hugh 1 cholesterol would 1nfluence the
prothrombin clotung ume Overman Newman and Wrighe (390)
gave 4 subjects 6 eggs a day 1n addition to their regular diet and
determined the prothrombin clottin,, time daily for 4 weeks In 66
prothrombin determinations on whole and on diluted plasma
mean values of [b4 seconds and 391 seconds respectuvely were
obtumed The vanation was less than that encountered 1n normat
mdniduals

MEeNSTRUATION

We hmne observed repeitedly that some women patents who
are treated with dicumrol require 1 somewhat greater amount of
dicumarol to mumntain A guen prolongaon of the prothrombin
ume during menstrition than dunng the intersal between
menses Brambel (392) has observed that just preceding and
during menstruation theve 15 1w increxse 1n the protl t
activity of the plasma which may be demonstrated when the pro
thrombin clotung tme 15 determimned using 12 5 per cent diluted
plasmr Hause and Tocanuns (386) using the one stage method
1nd whole plasma found no consistent change 1n the prothrombin
level during the menstrual cycle

It 1s of interest that O W Smith and & V Smuth (393) have
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bin clotting time 1n patients with coronry artertosclerosts to drop
after midmght but they did not observe this phenomenon i 6
norml males studied 1s controls

Martm Curfman and Cwvano (388) rn serinl determinitions of
the prothrombin clotung time on mbulatory patients through
the d1y using the Iink Shapiro method They did not find any
sipnificint difference between bloods driwn before or after break
fast but they did find 1 consstent lengthening of the prothrombin
cloting times obtuned on spectmens drawn 1n the nudafternoon
1s compired with the umes obtuned on morning specimens

Overman Newman and Wright (390) obtuned samples of blood
1t different umes of day from 9 sndniduals oser a period of 3
weeks One hundred prothrombin clotting times were performed
on blood samples taken before breakfast 109 on sunples obtamed
after brewkfast and 115 on samples obtamned ~fter lunch When
compred statistically sariations were found to be shight some
whit inconsistent and of doubtful sigmificance for clinical pur
poses They concluded that if the relation between the tume of
obtaming symples of blood for prothrombin detcrminations o
menls has ny effect on the prothrombin values obtamned 1t must
be smnll 1t best

The Lffect of Exercise

There 1re 2 studies which indicate that exercise has no effect ot
the prothrombin clotung time of the plaisma Meyers and Pomn
dexter (371) using the Link Shaptro techmic could detect no
chinge 1n the prothrombin clotting time followng toe touching
exercises by 5 normal males and 5 ptuients recovering from
coronary occlusion Overman Newman and Wright (390) studied
the effect of exercise on 10 subjects Blood samples were obtuned
before and after these subjects had run down nd back up 5
fughts of sturs The tests were performed on the same day nd
under 1denticil conditions The mean prothrombin clotting ime
of 34 determinations performed before exercise was 17 09 seconds
for whole plism and 39 65 seconds for diluted plism ‘The memn
pmthrombm clotung time of 34 determnations performed on
blood obtned after exercise was 17 03 seconds for whole plasm?
and 396 seconds for diluted plism1 The differences are not

significant statistrcally



CHAPTER 20

The Effect of Certain Drugs on the Blood
Coagulation and on the Prothrombin Time

SALICYLATES

ENk and lus associates (37 394 395) first demonstrated that
the salicylates possess the property of inducing hypopro
thrombinemia When they adminustered a single dose of salicylic
acid orally or intravenously to rats fed a diet low in vitamm ka2
temparary hypoprothrombinemia occurred When the rats were
fed a natural gram raton or one contaming 2methyll
4 naphthoquinone salicyhic acid fatled to induce hypoprothrom
bmemia It was thus demonstrated that viamin k counteracts this
particular effect of the salicylates The hypoprothirombinema
produced by salicylates could be demonstrated by the use of 125
per cent diluted plasma before changes were ohserved n the
prothrombin clottimg time of the whole plasma The coagulation
ume of the whole blood was ordinanly unaffected Hemorrhage
did not occur unless the sahicylates were fed or injected contin
uously over periods of time

The sumlanty of the hypoprothrombimemia induced by
salicylates nd thae induced by dicumarol was obtious though
the rat the potency of salicylic acid was only about one twentieth
that of dicumarol $alicylic acid was obtamned by the quantitative
chemical degradation of dicumarol n vitro but no comparable
degradation was demonstrated 1n vivo There was evidence that
the salicyltes 1cted 1s anticoagulants in vitro

The abality of the commonly used salicylates to produce hypo
prothrombmemin i man was demonstrated promptly by a num
ber of observers Meyer and Howard (396) admimistered sodium
silicylte and acetylsalicylic acid orally to human subjects in doses
of 13 to 53 grams daily and found that the plasma prothrombin
clotting time was prolonged « ly The ltaneous ad
minustratton of vitwmin K prevented tlus effect

198
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shown that the blood of women during menstruation and in
certun mnstances of toxemin of pregnancy has marked fibrmolyuc
activity evidently due to the elaboration of 2 proteolytic enzyme
which may 2ffect the clotting and bleeding times It 15 common
expertence that the menstrual flow myy be increased mn pauents
who are recening dicumarol 1t the time of menses

The nfluence of pregnancy and Iactatton upon the pro-
thrombin clottng time and the relatton of this to the admunistra
tion of dicumarol has been discussed i Chapter 11
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epistaxss or hemorrhages mto the nail beds occurred at the ume
of maumum prothrombin depression {lausen and Jager ($10)
have also reported an 1nstance of bleeding from nose and gums
durig hypoprothrombinema mduced by sabicylates Hendl
Anderson and Friedlander {411) have reported thrombimemia n
which salicylate therapy nay bave been a factor

Newert (412} has scribed the occurrence of Jate postoperative
hemorthage following tonsillectomy to hypoprothrombinemia
brought about by the use of salicylates and has advocated the con
current admunistration of vitamin k 1f sahicylates are admmistered
to panents undergoing tonsillectomsy

QUININE AND QUINIDINE

Pirk and Engelberg (113) reported 1 194, that when quinme
sulphate or hvdrochlonde was admimstered orally to normal
human subjects a hypoprothrombinemia was induced which
could be prevented by the concurrent admimistration of synthetic
vitamin k. Prothrombin clotung times were determined by the
method of Page (303) uulizing Russell viper senom as the
thromboplastic agent

Two to 1 prothrombin determinatons performed on each
subject prior to the admimstranon of quinine grve values within
the range of normal 1aranon When quinine sulphate or hydro
chlonde was given orally 1 single daily doses of 0 33 grim the
prothrombin clotung tumes were prolonged by from 5 o 118
seconds When after 6 to 16 days of mediciuon the quimine was
disconuinued  the prothrombin clotting times fell to approxs
mately the control values in a few days Subsequently subjects
were given both quinine sulfate 0 33 gram a day and Synkavite
10 mg a day concurrently The concurrent admimstration of
sitamin k. protected all subjects agawnst the development of hypo
prott t Subseq iy q sulfate 1n daily doses of
033 gram was given alone to 2 of these subjects for a pertod of
7t 8 days and agan the prothrombin cloting tumes were pro
longed

T'he authors conciuded that the prolonged admumistranion of
quimne in large doses might mterfere with the normal process of
blaod coagulation They stated further that quintdine has a
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Shapiro Redish and Gampbell (397) confirmed the fact that
adequate doses of silicyltes produce 1 hypoprothrombinemra it
rats and i man and that this hypoprothrombmenua can be pre
ventcd by the administravon of vitamn K provided that Iner
function 1s wequate Fhey 1lso confinmed

(1y That the hypoprothrombinemin 1s most readily demon
strated by the use of diluted plsma
(2) That the Ievel of vitamm K intike hisa constderable
mfluence on the degree nd durition of the hypothrom
binemnn and
(3) That the effect of salicylte 1s qugmented 1n the pres
ence of preexistng hypoprothrombinemua or hepatic damage
Shapiro (398) showed thit patients recerving 5 to G grms of
salicylic acid duly developed hypoprothrombinema after 310 5
days of theripy but that menadione 1n doses of 2 to 9 mg datly
protected agamst thus hypoprothrombinemin  7unmerman and
Shapiro (399) have shown subsequently that the addition of 1 mg
of mendione and 100 mg of 1scorbic 1c1d to each gram of
salicylte admimistered will mamtain the prothromb time at
normal levels without altermg the salicylic acid concentrauion of
the plasma
Coombs Higley and Warren (100) and Butt et al (101) e
ported that patients with rhenmauc fever recenving 6 to 10 grams
of sodium stlicylate duly developed moderate prolongations of
the prothrombin clotung tme but did not exhibit spontaneous
hemorrhage
Fashena and Walker (102) found that moderate 1s well 1s I11ge
doses of sodrum salicylnte induce hypoprothrombinemia regularly
but that this hypoprothrombinemia may regress spontaneousl) to
some extent even though silicylate therapy 1s continued This
spontancous TEgression was confirmed m nfants and children by
Govan (403) 1nd 1n 1dults by Rapoport Wing and Guest (404)
Petechial hemorrhages due to thrombocytopenrt artributable
to salicylate therapy hae been reported (405 406) 1s has frank
purpura (406 107) nd death from hemorrhage (408) Owen and
Bradford (409) have reported hypoprothrombinem of varying
degrec occurnng m 25 cases of acute theumntic fever treated with

massive doses of sodium salicylate and 1 5 of these patients
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quunne can be demonstrated when viper venom 1s used as the
source of thromboplastin but not when 1 rapidly acting thrombo
plastic tissue extract 1s used They believe that the abihity of
Mitamuin ke to teverse the effect of quinme 1s proof that hypo
prothrombinemia does occur

Clark and Spitalny (416) reported i February 1946 that a
number of antipyretic dru.s are able to produce a hypoprothrom
binemia Clark {417) has subsequently studied the hypopro
thrombimemic effect of quimne on rats fed stock diets Link s low
sitamn K dier and 20 per cent mineral oil 1 powdered dog
blocks Quinine w1s admimstered orally for 3 to t days 1 doses
up to 200 to 400 mg per hg body weight The prothrombimn trme
was determined by the method of Liak and Campbell using
dried rabbit bain extract as the source of thromboplastin usually
on 20 per cent diluted plasma No hypoprothrombinemia was
demonstrated following the administrition of quinine

Pomdexter and Meyers (418) gave 1 0 gram of quumdine onlly
to 10 patients with coronary arterosclerosts and determined the
prothrombin (lotting time after 1 and after 3 hours by the Shapiro
modification of the one stage method using both whole and 125
per cent diluted plasma There was no effect on the prothrombin
tune as determined on esther the whole or dilute plasma We
have used quimidine m doses of as much as 2 5 to 5 5 grams a day
for the restituuon of normal cardiac thythm simultaneously with
the admimstration of dicumarol without encountering any diffi
culty 1in the management of the anticoagulant

THE \ANTHINES

Nonnenbruch and Szyszha (419) discovered that the coagula
bility of the blood was mcreased m rabbits following the mtra
venous njection of theophyllin and ethylenediimine Studies by
these authors and by others (420-423) confirmed the orgimal
observation and led to the recommendation that this drug be
used as a coagulant m cases of hemorrhagic dathesss Subse
quently Sirasaka (424) has reported that the administration of
caffeine shortens the bleeding time 1n rabbuts

Link and his associates studied extensively the effect of the
methyl<antlunes on the prothrombimn clotting time of exper
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simtlar action though offered no esidence m support of this state
ment

Quuck (414) adminustered the same duly dose of quimne sulfate
(033 gram) orilly to 4 normal young adults for 8 dys Pro-
thrombrn clotting times were determimed on both undiluted and
on 20 per cent diluted plsma by Quicks onestige method
utilizing thromboplistin obtuned from rabbie bramn He could
not demonstrate 1y reduction i prothrombin 1ty Quick
suggested thac the difference 1n results between his study and
that of Pirk and Engelberg may have resulted from the use of
different thromboplastic substances

Prompted by Quichs contrary results Pirh and Engelberg
(415) repented therr mitial work on 2 subjects and 1gun found
thit when quinine was admunistered alone the prothrombin
clotting ume was prolonged but that when both quinme and
vitamin K were admunistered the prothrombin tme was un
chainged They then checked the 2 methods of determimng the
prothrombin tme against each other on normml subjects but
modified the Quick technic by using 1 commercial thrombophstin
obtained from rabbit lung Control values were obtuned by run
ning the prothrombin clotting tme m duplicate by exch method
on exch of 3 days The average of the 6 values so obtuned w1
considered to be the premedication value for each subject by the
prrticular method used

Although the duplicate values for 1 given method checked
well there was considerable difference between the results ob
tuned by the 2 methods on each pattent When qummne W15
given to each subject mn daily doses of 0 33 gram for from 4 t0
11 days hypoprothrombinemia was manifested by the Page
method (using Russell viper venom) 1n from 1 to 9 drys but no
chinge in the prothrombin clotting time was demonstrated by the
use of the Quick method When quinine and vitamm K were
administered concurrently there was no change m prorhrombm
activity when determined by the method of Page When quinine
was adminstered alone subsequently hypoprothrombinemsa was
agan demonstrated by the method of Page but not by the method

of Quick
The authors concluded that the prothrombinopenic effect of
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demonstrited by the use of highly diluted plwsma which he con
sidered to be highly artifical and empirical

Scherf and Schlachman (429) studied the prothrombin clotting
time and the plasma coagulation time 11 man following the 1n
jection intravenously of theophylhn and ethylenedimine
(aminophyllin) or theophyllin with sodium acetate nd after the
oral admimstration of several methyl«anthimes Therr subjects
were free of hepauc disexse or other conditon which might m
fluence blood coagulition Prothrombin trmes were determined
1n duplicate by the Fullerton modificitzon (430) of the Quick one
stage metlod and a2 mean calculated Plasma corgulation tmes
were determmed by a modification of Cheneys method (481)
Control values were obtiuned before the admintstratton of medica
tton and serial determinations were made 1 2 3 and 24 hours after
mtravenous admmistration and dasly for 5 days after oral ad
ministragion

When 05 gram of ammophyllin was mnjected intravenously
mto 22 subjects the prothrombin clotting tymes were shortened
1n all but I subject by from 12 10 95 seconds but exceedng 3
seconds i 14 instances There was a distinct reduction in the
prothrombin clotting time 1 18 of 21 subjects after 1 hour The
maxumum effect occurred 1 from 1 to 3 hours but values were
returning to normnl after 6 hours 1n those cases followed this long
The plasma coagulation time was shortened 1n 18 of 20 cases and
n 15 of these the shorteming was greater thin 1 mmute It was
defimte after 1 hour 1n 10 of 18 cases but the maximum effect
occurred 11 from 2 to 24 hours It was returning to normal 1n 16
cases and had reached the control value in 12 cases 24 hours after
mjection

When theophyllin with sodium acetate Wwas mjected ntra
venously 1nto 12 subjects there was a shortening of the pro
thrombin clotting time 1n 11 mstances Eight of the 12 subjects
exhuibited 1 shortened congulition tune but 4 subjects had
unexplained prolongation of the coagulatron ime There was no
correlrtion between the prothrombin clotting times and the
plhsmn corgulation times

The effect of the methyl\anthines ndministered orally was
studied by the use of theobromme 1 gram 8 times daily amino-
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mental mimals (37 394 425, 426) Campbell noted that when the
purine bodies were remoyved from active concentrates containing
dicumarol but free of vitamin K the ability of these concentrates
to produce hypoprothrombinemia w1s enhanced out of proportton
to that which might be expected 1f only mert materials were re
moved

Field ind Overman showed that theobromine reduces the hypo
prothrombinemic effect of the standard dose of dicumarol Field
and Larsen demonstrated that large single doses of caffeine theo
phyllin and theobromine given orally to the dog rabbit or rat
induce 1 state of hyperprothrombinemia readily detected when
125 per cent plwisma 1s used but also demonstrable 1 whole
plasma or whole blood The effect Insted for 5 to 7 days mn the
dog and rabbit but was of shorter duration and more varmable in
the rat

Field 1nd Spero showed that if a standard dose of dicumarol be
guven to a dog long with the methylated xanthine the 1iction of
dicumarol 15 strongly suppressed If the methylated \anthine 15
grien 24 hours =fter the dicumarol the extent of the hypopro
thrombinemia 1s reduced 1nd the durition 1s shortened The effect
of the methylated santhines 15 not due to their diuretic effect and
they do not influence the prothrombin time when added to blood
or to plasma i vitro In addition to producing a hyperprothrom
binemia the methylsanthines produce an increase 1 the
fibrinogen level of the plasma (426) The hyperprothrombinerma
effect 1s restricted to the methylated xanthmes but does occur
with combmations of these drugs used clinically namely amin
ophyllin 1nd theocine

Quick (427 428) gave single doses of 200 mg of ciffemne theo
brommne or theophyihn to rabbits and 10 dogs and determuned
their prothrombin clotting times by his one stage method usmng
whole plasma He found no ncrease wn the prothrombin level of
the plasma and no protection agamnst the anticoagulant effect of
dicumarol Quick concluded that the discrepancy in results
probably resulted from differences in the technies for determimng
the prothrombin clotting time He questioned whether a true
[\ypcrpmchrombmemn ever evists or can be produced and cnts
cized the evidence for hyperprothrombinenua because 1t had been
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Pomndexter and Meyers (418) determined the prothrombin
clotting time on whole plasma wnd on 125 per cent diluted
plasma from 10 subjects following the oral admistration of 08
gram of amimophyllin (3 gramns 3 times during the preceding day
3 grawms prior to performing the test) and found no change

Holland and Gross {434) injected dogs ntravenously with 50
mg per kg of theophyllin sodium with glycine wmmnophyllin
or dihydroxypropyl theophylhin and followed the prothrombin
clotting times for 5 hours They then adnumstered these same
compounds to dogs by mouth 1n doses of 20 mg per kg daily for
13 days No sigmificant change was observed 1n the prothrombin
times or m the plsma clotting times When any 1 of the 3 drugs
were grven with dicumarol or when tminophyllin was given prior
to the admimistration of dicumarol there was no less depresston
the prothrombin activaty than was produced by the admmuistration
of dicumnrol alone Ten human subjects were given 500 mg of
ammophyllm intravenously and the prothrombin time and
plasma clotting time determined before and at 1 2 3 and 24 hours
after injection No sigmficant changes were obtained

In our own laboratory Overman (435) has administered doses of
600 mg to 1 gram of vmunophyllin daily to 15 normal adults
Tan,ng n age from 25 to 35 years The aminophyllin was d
mmstered over periods of 3 to 4 weeks In two mndividuals doses
of 18 grims duly produced toxic effects which necessitated dis
continuance of the drug Prothrombin clotting times were de
termined on whole 1nd 125 per cent diluted plasma by the
methods of Quick and Link Shapire ustng thromboplasun ob
tamned from rabbit lung and by the method of Fullerton, using
Russell viper venom Fien in the doses provoking toxic reactions
no sigmficine changes were found n the prothrombin clotting
tumes of these subjects Sumtlar negative results have been reported
by Rieben (436) ind by Nushe Gerarde and Deutsch (389)

DiGiTALIS AND DIGITAI OIDS
Coagulation Time
Macht (81 137) reported that when reperted samples of blood
are tihen from cats duning intravenous injections of digttals or
ouaban solutions for purposes of assay the coagulation time of
the blood samples as determined by Howell s method 1s progres
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phylin 05 gram 3 umes daly or theobromine sodium acetite
in enteric coated tablets 05 gram 3 times duly given to I4
subjects There nas a significant shortening of the prothrombmn
clotung time 1n 10 of these 14 subjects and the average shorten
ing m those with significant shortenmg only was 4 65 seconds
The prothrombin clotting ttime was determined 1n 6 of the 14
subjects 21 hours fter the ingestion of the drug and 3 revealed 2
hyperprothrombinemia 1t this time

Breytspraal 1nd Greenspan (432) studied the effect of thera
peutc doses of nminophyllin on the prothrombin time of young
adult male patients with bronchal asthma who were under no
other drug therapy at the time Prothrombin clotting times were
determined on 12 5 per cent diluted plasma by the Quick method
1s stindardized by Aggeler et 2l The thromboplistin was ob
tained from dehydrated human bramn The authors standardized
their technic by determiming prothrombin clotting times on 10
normal indniduals and then by determinmng the prothrombin
clotting time on 10 sepirate specimens of blood from a single
mdividual Five patients were given aminophyllin in doses of 01
gram orally 3 tumes a day for 7 days 4 patients were gnen 05
grim orlly 3 times a dvy for 2 diys and 3 patients were given
single doses of 0 5 gram mtravenously No significant changes in
the prothrombn cloting time were detected

Gilbert Dey and Trump (433) carried out 1 series of exper!
ments on humtn subjects and on ammals determming the
corgulation time of the blood by the capillary tube method and
the prothrombin clotting time on whole a1nd 12 5 per cent diluted
plisma by the method of Quick and performing the hepinn
tolerance test of de Takats Ammophyllin was :dmmstered to
human subjects mtramuscularly 1nd mtrivenously m doses of 05
gram every 2 hours or orally 1n doses of 02 gram 3 times a day
for as long as 28 days Studies were also made on patients who
had been taking methylated xanthines over periods of years Dogs
were gren aminophyliin in doses up to 135 mg 3 umes a day
for as long 1s 2 weeks The authors concluded— Prothrombm
times were determined 1n the whole plasma and in the dilute
plasma No change was found by erther method Coagulation
times were not affected The heparin curves were either not

affected or were improved
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De Talats Trump and Gilbert (82) studied the effect of digs
talis on the clotting mechamsm by means of the heparin tolerance
test TI'heir results indicated that digitalis antagomized the ann
coagulant actnaty of hepann m both man and i experimental
anumals although they were unabie to explain i mechamsm of
thas action

Massie Stillerman Wnght and Minmch (83) reported that the
administration of digitalis causes a decrease 1n the clotting time
of the blood In 35 patients of both sexes with and without heart
disease and rangng 1 age from 24 to 78 years they could
demonstrate no alteration in the prothrombin time nor 11 clot
vetraction determined before and after digiahzation The general
condition of the patient the degree of reaction to the drug or
the presence or absence of heart failure had no detectable effect
on the coagulation accelerating effect of digualis

Moses ($42) studied the response of 8 individuals to the mntra
senous admunstration of 015 mg of hepanin per kg of body
weight before durmg and after therapeutic digitahizanon Neather
the coagulauon ume of the whole blood nor the response to
hepann was sigmificantly influenced

Sokoloff and Ferrer (81) studied 10 pattents with heart failure
who were able to tolerate a period of observation before digt
talization The cloting time was determined by the three tube
method of Lee and White daily for 4 days prior to digatalization
The pattents were then digutalized by oral administration accord
ng to the Eggleston method 6 patients to the pownt of mnor
towiaty Clotung times were then determined daly for 4 days
thercafter The average clotung tme before and after digitaliza
uon did not differ However the clotung times of indisiduals
differed sigmificantly regardless of therapy and the vanations due
to treatment were considerably less than those due to experimental

error The expeniment failed to support the view that oral digt
talizauon increases the coagulability of the blood as determined by
this technmique

Prothrombin Time

Pondexter and Meyers (418) determined the prothrombin
cloting time on whole plasma and on 12 5 per cent difuted plasma
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swvely shortened The same shortening of the coagulation time of
the blood was observed in rabbits from which the blood samples
were taken by heart puncture This thromboplastic effect ws also
mamfested sn 11tro not only by digitalis and ouaban but also
by all digitalord glucosides obtunable 1t was not produccd by
numerous other drugs employed 1s controls with the exception
of epinephrin 1nd progesterone Assiys on digitahs tincture made
by the Hartcher cat method showed that the tierage lethal dose
of digitalis for cats was definttely greater when the cats were prevt
ously given hepirm by mntravenous mnjection

Other imvesugitors including Tanaka (using strophanthin)
(438) Ramsey Pinschmidt ind Hng (85) and Richardson and
Walton ($39) have found to the contrary that digitalis does not
influence the clotting time of the blood 1 vitro Werch (440)
found that when digifolin 15 1njected 1nto rabbuts mtravenously
m comparatively large doses 1t cruses 1 significant decrease 11 the
coagulation time of the blood Tanaka (438) had previously re
ported the sime effect when using strophantiin  Howerer
Ramsey Pmschmide and Hag (85) were unable to confirm that
heparin had any influence on the toxicity of digitalis the lethal
dose for their heparimzed cats bemng the sime s for the group
recerving digitrlis only

De Takats Trump and Gilbert (82) reported that digitahis had
httle effect on the cogultion time mn the dog but that 1t did
decreise the magnitude wnd duration of the heprn tolernce
curve Richardson and Walton (433 441) injecting digitahs
preparations intrimuscularly 1nto nesthetized dogs found that
the extent of decrease 1n the coagulation time 1s not greater thin
that obtuned 1n previous experiments without digrtahs

Ramsey Pmnschmide and Haag (85) performed an extensne
series of experiments on dogs In many of therr expeniments the
results are complicated by the use of ether or barbiturate
anesthesin which produced changes in the coagulation time How
ever when 50 per cent of the fatal dose of digrtalis was grien as
single ntrvenous mjection to uniesthetized dogs no reduction
1n coagulatron time followed When dogs were gien digitalis
orally 1n daily doses suffictent to produce mild 1ntoxication there

was no effect on the coagulation time
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course quite contrary to general belief and practice

Nay and Barnes (75) n their study of the incidence of thrombo
embolic complications during the ymmediate convalescence from
acute myocarditl mfarction noted that 8 out of 12 patients who
recerved digitalis suffered thromboembolic phenoment  Pul
monary embolism with mfarction occurred 1n 5 of the 7 cases i
congestive heart failure who recened digialis Among the 5
patients Who were not n congestive heart fallure but received
digitalis 3 had thromboembolic comphications Tive of the 12
patients died and pulmonary embolism was the cause of death
of 1 of these Total vascular complicazons m the 8 patients who
suffered them were 12 m number pulmonary embolism 7
thrombophlebitis 2 and acute nrtenal occlusion 3 The authors
conclude that becuse of the small number of pauents who re
cenved digrtalis they can only comment with mterest on the role
of digitalis mn causing vascular complications

As has been mentioned in Chapter 4 1n the series of 572 cases
of recent myocardial mfarction reviewed by Mintz and hatz (80)
of those patients who suffered thromboembolic complications 20
recerved digitalis and 16 of these died a mortality rate of 80 per
cent Of the 32 patients who suffered thromboembolic comply
cattons but did not recenve digitalis 13 died a mortahity rate of
40 6 per cent It 1s not clear from the report whether or not the
most seriously 11l panients recened the dugutals

MERCURIAL DIURETICS

Macht (157) has studied the effect of three mercurial diurecs
mercupurin salyrgin and mercuhydrin on the process of blood
coagulation 1 the rabbit the cat and the dog Mercupurin and
salyrgan were employed without theophylline but mercuhydrm
was employed 1n the solution as marketed 1n combination with
theophylline W hen any one of these mercurials was injected intra
venously or intramuscularly n doses of from 10 to 20 mg the
clotung time of the whole blood as deterrmuined by Howells
method w1svery markedly accelerated The prothrombin clotting
time was 1lso definitely shoriened and the heparin tolerance curve
diminished 1n height and durition There was not 1n any
nstance an alteration i the blood platelet count or in the level
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from 13 patients before and after administering 1 full digitalizing
dose of digitalis There was no significant change 1n the prothrom
bin ume Cotlove and Vorzimer (218) using both whole and
diluted plasma found no alteration 1n the prothrombm time of
7 prents studied by them Massie Stullerman Wright and
Minnich (83) obtuned the same results However Peters Guyther
and Brambel (211) stated that they were 1ble to demonstrate re
peatedly 1 decreased prothrombin clotting time upon the ad
munistrition of digitalis but only by using 12 5 per cent diluted
plasma They performed prothrombin determinttions by the
method of Quich using a modified thromboplastic reagent de
scribed by Brambel (300)

Clinical Reports

Askey and Neurath (443) studied the effect of digitalis m 2
group of 81 patients with auriculr fibrillation among 1247
patients with myocardial mfarction rdmtted to the Los Angeles
General Hosprtal Forty four patients recenved digitalis alone and
40 recened either quimdine alone quumdine nd digilis or
no medication at all Digitalis had no apparent tole m producing
sudden death or rupture of the heart In 48 pauents with auricular
fibrillation and congestive heart faillure 32 were given digualis
alone Thirty one of these 32 patients (96 8 per cent) died mn 13
nstances of chinically recogmzed fatal embolism to the greater
arculation Of the 16 patients with tricular fibritlation and
congestive heart fulure who recersed medrcation other than
digrtalis 11 died (68 7 per cent) 1 no instance of fatal embolism
to the systemic circulation In the 36 panients without congestive
heart fatlure digutalis alone produced no greater incidence of
systemic embolism than did other types of treatment

Admimstration of digitalis alone seemed definitely associated
with increased mortality and wath increased systemic embolism 1n
those with congestive heart fulure but not i those without con
gestive heart faillure The hizard of giving digitalis apparently
was chuefly the hazard of embolism The authors conclude that on
the basis of these data digitahs admunistered alone for congestive
heart fatlure associated with auriculrr fibrllation and myocardirl
infarction would seem contraindicated This conclusion 1s of
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peatedly for these experuments there was a permanent shortening
of the coagulation ume for long pertods of time so that fresh
ammals had to be used Dicumarol admimistered by stomach tube
antagomized and nullified the effect of the antibiotics Macht
ates the report of Frada who attributed embolic accidents 1n 4
patients to an mecreased coagulability of the blood due to pem
allm

Macht (447) 1n reporting s experyments m further detail
states that pemiaithn shortens the coagulation time of the whole
blood and the prothrombin time in animals and man that the
thromboplastic effect of pemcillin can be antagonized by surtable
doses of dicumarol and that 1 ammals the excessive prolongation
of the prothrombin time and of the coagulation time produced by
drcumarol can be corrected by the adminsstration of penicilin He
cites the statements of Pelz who has used pemcillin as a blood
coagulant before tonsillectomy (448 449)

Hines and kessler (450) studied 10 patients before during and
after the administration of pentcillin 1n doses of 10000 Oxford
units every 3 hours to total doses of 140 000 to 2 5 million units
There was ne sigmificant change m the prothrombm clotting
time and according to the heparin tolerance test of de Takats
there was a definite increase mn the coagulation ume 1n only 2
mstances They suggested that pemaillin may produce an increased
reaction to heparin when the 2 drugs are administered together
as m the treatment of subacute bacteral endocarditis

Lewis (451) studied the effects of peniaallin on the blood of
normal and hemophilic subjects both 1n vivo and m vitro The
addition of various dilutions of pemcillin to normal or hemo
philic blood 1 vitro produced no effect on the coagulation time
The intramuscular mnjection of peniallin 1n doses of 25000 to
200000 units had no effect on the coagulation time the clot
retraction the prothrombin time platelet count bleeding time
or fibrinogen concentratton 1 either mormal or hemophihe
subjects

Overman (117 118) has reported that streptomycan hydro
chloride and streptomycin sulfate prolong the prothrombin time
and the coagulation time of blood 1n vitro However if strepto
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of the blood calcium There was however a marked increase in
the fibrinogen content of the blood

Mnache states that clotting 1s ccelerited follow g the njection
of various other mercury compounds of an organic or morgamc
nature He refers to the reports of haufman 1nd of Silberman m
which ntravascular clots were described in cases of sublimate
potsoning

Pomndexter and Meyers observed that the nirnenous ad
munistration of 10 cc of mercupurin had no apparent effect on
the prothrombin clotting times of whole or 125 per cent diluted
plasmn from 7 pauents when determined one half hour following
the 1njection

ANTIBIOTICS

Moldavsky Hasselbrook and Cateno (444) reported 1 1945 that
there 1s a marked shorteming of the coagulition tume of the
blood following the parenter1l admimstration of penicithn
Macht and Ostro (445) reported that they had confirmed this
obseriation on expermmental ammnls and on man They stated
that the mntrimuscular or intrivenous injection of from 2 000 to
5000 Oxford units of penicitlin into a rabbit or a ¢t produced a
difimite shortening of the coagulation time within 2 to 3 hours
In 2 hemophilic human subjects the mtramuscular 1njection of
50 000 to 75 000 umits of pemciilin did not hasten congulation

Macht (446) tested amorphous penmicillin the crystallime sodim
salts of pemcillin the solated crystalline penrcilin princrples
and streptomycin on ammals and man Clotting times were de
termined by the Iee White method Amorphous pemcillin of
every brand examined administered parenterally or by stomach
tube mived with amphojel markedly 1ccelerated the clottmg ume
Following 1njection 2n effect was noted within 15 to 30 minutes
was most marked after an hour and persisted for several hours
The sodium salt of crystallme pemallin produced a much less
striking result Of the t crystalline peniailhin prinaples \ pro
duced the most marked effect followed by K G and F A small
amount of pemaillin X 2dded to pemcillin G produced a syner
gistic effect Streptomycm showed 1 marked thromboplastic effect
on the blood of rbbits aind cits When rbbits were used re
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{4) Cysteme hydrochlonde is well tolevated by most patients
1 doses up to 3 grams per day over many months
(5) It 15 suggested as an anticoagulant of rather low effi
clency for use over long penods of tume for conditions 1
which such an agent might be valuable
De Takats (457) studied the effect of sulphur compounds by
means of the heparin tolerance test In every wstance the mn
1ection of a single dose of 0 v gram of sodum tetrathionate mntra
wenously mcretsed heparin sensittvity irrespectin e of the patient s
previous type of rexction When sodmumn tetrathionate was mjected
wmtravenously n this dosage twice a week for & weeks there nas
xmprovement 1n the heparin tolerance as early as the 3rd day of
wreatment The response to hepinn was increased mart edlv in all
mstances Given without heparin sodim tetratinonate did not
prolong the capiilary coagulation tume When aingle doses of 1
gram of cystemne were grven by mouth and the heparin tolerance
eune determmed between 15 and 120 munutes thereafter no
effect was obtamned nor were clear cut effects on the hepann
tolerance noted v patients 1o whom 1 gram of cystemne was
admimstered orally 3 imes a day after meals for as long as 2 weels
De Talats also mentions that patients recenving suiphonamide
drugs have shown a remarhable Tesponse to heparin He con
cludes that sedium tetrathionate was found to increase defintely
the patient s response to heparin after both single ind repeated
doses and that the use of this drug for the prevention of postopera
trve thrombosis and for the acute stages of Buergers disease n
wiuch the heparin toferance 15 poor 15 defimtely worth while
Thus has not been confirmed chimcatly
The mmportance of certam sulphur contarming dretary factors
and their norml metabolism i the prevention of hemorrhagic
states within the body 15 probabiv considerably greater than 1s
~enerally appreciated The role of sulphur containmg products
of mcomplete protein metbolism w producing the clotung de
fireney associated with obstructive jaundice has been discussed
m detul by Carr nd has assoantes (453 45%) More recently
Gyorgy (459) has summarized experimental obsersations of the
hemorrhagic manifestations of certain dietary deficiencies includ
g choline and ¢ystne
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mycin 1s added to oxrlated diluted plasma the plasma will clot
in a few mnutes without the addition of calcium 1ons and throm
boplastin The presence of prothrombn seems to be necessary
for this clotting 1ctton of streptomycin

SuLrHUR CoNTAINING COMPOUNDS

Mueller and Sturgss (452) observed that cystemne hydrochloride
mhibits the coagulation of whole blood 1n v1tro and thus work was
confirmed and elborated by Carr and Foote (453) who suggested
that the delay 1n coagulation mught be due to changes which they
observed 1n the phystal state of the fibrinogen huhniu and
Morgenstern (454) also described inhibition of coagulation by
glutathione within a certun range of pH

Sterner and Medes (455) found that cysteine and methionine
ingested and mJECled mtrivenously m amounts varying from
1 to 3 5 grams prolong the bleeding time and the coagulation time
1n human subjects In vitro molar concentrations of cystemne from
016 to 064 markedly prolonged the coigulation utme
Methionine twrtne and tanrocholic acid exhibited somewhat
similar properties They concluded that cysteine acted as an antt
prothrombin

Hoefer Putnam ana Gray (456) in experiments on the produc
tion of encephalitic lestons by the travenous imjection of
coagulants found that cysteine hydrochloride given mtravenously
or by mouth prevented deth from several times the usual lethal
dose of a well standardized lung extrict Putnam and Hoefer
(205) then performed further studies which they summarize as
follows

(1) The mntracardrc injection of cystemne hydrochlorde
1n dogs was followed by a prolongation of the coigulation time
of 40 to 100 per cent m 3 out of 5 experiments

(2) The admimistration of cysteme hydrochlonde to dogs
by stomach tube was followed by an mcrease of clotting time
of from 25 to 100 per cent 1n all techmcally satisfactory ex
periments

(8) Cysteme hydrochloride ws also idministered by mouth
to 23 patients in whom the diagnosis of multiple sclerosts had
been made In 17 a prolongation of the coagulation time was
observed which varied from 30 to 90 per cent
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shght shortening of the coagulation time was noted 1n the control
dogs anesthetized with sodium pentabarbital although no such
shortening occurred 1n dogs anesthetized with Dial

Levy and Conley (464) found that spinal anesthesia with pro
camne has no nfluence on the prothrombin clotting time They
state that morphine shortens both the coagulation time and the
prothrombin ume Pomdexter and Meyers found no change n
the prothrombin clotting time of patients one half hour after the
subcutaneous administration of morphine sulfate 1n doses of one
quarter and one hilf graun

ADRENALIN (SYMPATHETIC PARASY\IPATHETIC RELATIONSHIF)

Vosburg and Richards (472) first observed the accelerated coagu
lation of blood withdrawn from ammals to whom adrenalin had
been admimstered Cannon and his associutes (465 173 474)
reported that adrenalin 1n small doses intravenously and 1n larger
doses subcutaneously would hasten the coagulation of the blood
The same effect could be produced by stimulation of the splanchme
nerves by pain or excitement mn the mtct ammal Since this
effect did not follow these various sumult when the lnver and
mtestines were removed from the circulation they concluded that
the common mechanmism must be the action of adrenalin on the
liser (and intestines?) Grabfield (470) confirmed the fact that
very small amounts of adrenalin intravenously decreased the
coagulation time but he ascribed the effect to 1 decrease 1n the
amount of prothrombin in the blood

De Talats (476) interested 1 the relationship between sym
pathetic parasympathetic balance and the tendency to thrombosis
studied the effect of epinephrine and of parasympathetic stimu
Innts on patients by means of his hepann tolernce test He men
tions that vagal sumulaion has been reported to prolong the
coagulation ime by Platmer and hoder (477) and by Zunz and
La Barre (478 479) De Takats 1dmimstered 0001 mg of epineph
Tine intruenonsly to 2 hypertensive patients and found that
the drug marl.edly mhibited the reaction to hieparin The admims
tration of 10 mg of mecholyl or of 1 cc of prostigmine 1 2000
subcutineously to other patients elevated their heparin tolerance
curves
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THYROID

Wakin Chen and Gatch (160) have demonstrited that the
administrition of desicated thyrowd alone has no significant
mfluence on the prothrombin clotting time of the dog or the rat
nor does the dminstration of desiccated thyrowd have any sigmifi
cant influence upon the hypoprothrombinemic effect of dicu
marol on these xmmals Shapiro (161) has confirmed this observa
tion mn man by administering from 01 to 10 gram (15 to 15
grains) of thyroid globulin (Proloid) duly to 16 patents for from
10 to 104 days In no instance was there 1 prolongation of the
prothrombin clotting time of the whole or 12 5 per cent diluted
plasma

Ancstirrics AND HypnoTics

Allen and Livingstone (162 163) observed that except 1 bilt
ary tract surgery the prothrombin level of the blood did not fall
post operatively when 1 variety of anesthetic agents were em
ployed Their expermmental studies on dogs confirmed the Jack of
effect of 1 variety of anesthetic 1gents on the prothrombun clotting
tune Tollowmng chloroform anesthesia there was however a
reduction 1 prothrombin svalues Levy and Conroy (464) using
the Smith bedside method for determining the prothrombin clot
ting ume reported that ether anesthesia 1n the surgical stage
shortens markedly the prothrombin time of the blood Ths
method 1s however unrelable in most hands

Cannon (465) Usnns (466) and Searles (467 168) hwve all
reported that the coagulation time of the whole blood 1s shortened
by ether nesthestn Searles found 1t to be unaffected by chloro
form anesthesin

Fitzgerald and Webster (469 and Levy 470) have reported that
the prothrombm clotting time 1s prolonged by sodium pentabar
bital Howeser Pomndexter and Meyers (418) observed no sigmfi
cant change m the prothrombm times of 10 patients onc half
hour ~fter the subcutaneous mjection of 013 gram of sodtum
phenobarbital

Ellis and Barlow (471) reported that the coagulition time 1
cats and pigeons 1s decreased by Dbarbial anesthes:r Ramsey
Pinschimidt and H1ag (85) state 1n thetr studies on digitalis that 1
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De Trhats concluded that the clotting mechanism of patients as
tested by their response to heparin 1s under neurogenic influence
Adrenergic sumuli increase cholinergic sttmuli decrense the tend
ency to thrombosis Fear apprehension nervous strain and
Iremorrhage incretse the tendency to clotting prostigmine by 1ts
cholmergic action lessens the tendency to thrombosis Moses (442)
howeser reported that the admimstration of 1 mg of epnephrine
mtrivenously ciused no sigmificant or consistent change 1n the
heparn tolerince curves of 5 subjects recerving 15 mg of heparin
per kg of body weight

Lk (37) stated that adrenalin could hasten the restoratton of
the prothrombin ume when given to ammals about to bleed from
excessive doses of dicumarol Ths statement 1s supported by the
work of Cannon and of Grabfield and by the report of Usnas
(466) that adrenalin sumulates the production of prothrombin by
the liver

Wakim Fink ind Chen (480) however using the Pohle and
Stewart modification of the one stage method on 125 per cent
diluted plisma were unable to demonstrite any sigmificant change
in the prothrombin clotting time of normal dogs and albino rats
following the mnjection of adrenalin In dogs made hypoprothrom
binemic by dicumarol the effects of adrenalin were variable 1nd
inconsistent and were therefore considered probably msignifi
cant
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Heparinemia, or Hyperheparinemia

AS POINTED out by Tocantins {(481) there 1s some doubt that

heparin 1s a component of normal blood or that 1t 15 the
physiologic anticongulant of the circulation Jaques and Waters
(482) were unable to recover any hepann from as much as 4 hters
of blood obtained from normal dogs Although protamine com
bimes with heparin quantitatrvely the smallest amount of pro
tamine which can be added to normal blood and sull produce an
effect usunlly delays rather than accelerates coagulation The same
1 true for toluidine blue and simlar hepanin bindings dyes Hepa
TN i very minute concentrations actually accelerates coagula
tion

The concentration of heparin 1n the blood of man or the 1ntact
experimental ammal 15 unknown No heparin or other anticoagu
lant has been found to date 1n any plasma fraction obtamned by the
method of Cohn Apparently a powerful cytolyuc action 15 1e
quired to release heparnn from the mast cells Fien the blood of
dogs with mast cell tumors which contamn concentrations of
hepatin up to 50 imes that found in extracts from hher contains
no heparin and displays no alterition m cotgulability from nor
mal

However 1n anmals heparinermia has been observed after the
ntravenous 1njection of peptone (483) ascars extracts and trypsin
(181) 1n anaphylactic shock (482 48,) and after the exposure
of the body to massive doses of 10mzing radsation (486 487) More
vecently 1t has been reported that a heparn like anucoagulant 1s
found ¢n the blood of patents treated with one of the nitrogen
mustards (488)

There 15 some evidence that heparmemia exists during the
hemorrhagic phases of acute leukemia thrombopenias and aplas
tic aemas (321) In contrast to the expenimental heparmemtas
which follow arrahation there 1s no direct evidence that hepanin

215






MISCELLANEOUS OBSERT ATIONS 217

anticoagulant Capillary dilatation leads to hemostasis edema and
anoxia setting up a vicious cycle comparable to that encountered
1 wrresersible shock (496) Once ussue anovia 1s produced the
cycle becomes more and move difficult to break Anemut 1s pro
duced not only by loss of blood 1nto the tissues and hollow viscert
but by destruction of the erythropotetic tissues i the bone mar
tow and by ncreased phagocytosis of the erythrocytes

A titratable heparin like anticoagulant has been reported 1 the
blood of 1rradiated animals (487 497 498) and the blood of i
radiated ammals 1s mcoagulable 1n a test tube (497) However
clotted blood and fibrin are present mn the tissues of the same
ammals The coexstence of 1 arculating anticoagulant of a pro
longed corgulation time 1n vitro and of the ability to form fibrin
n vivo simultaneously 15 not explamed 1s yet
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1s present in the blood of the patients with these conditions
Therapeutic trials with protumne nd toluidine blue have been
made with meonclusive results Heparmnemir m1y exist in climcal
states wcompanied by widespreid tssue necrosts Anticogulants
other than heparin may be 1ntroduced mto the blood or 1f al
ready present may be mcreised i amount (189 190)

The view that an absolute defictency of pltelets of prothrom
bin or of fibrinogen 1s necessary for dummmshed cogulabality of
the blood m1y have to be modified in the light of facts recently
accumulated

Tnr ErFrcr oF Ionizine Rapiation Uros Tar Brooo

Tullis (491) has reported a comparitise study of the lestons
produced 1n swine after total body exposure to ronizing radiations
from the 2tomic bomb tests at Bikim and after tot1] body exposure
to mullion volt irradiation The lestons produced by the 2 typesof
exposure nere found to be indisunguishable and to consist manly
of

(1) Hemorrhage
(2) Necrosts and
(3) Secondary nfection

It 15 emphasized that when 10mzation 1s produced within the
tissues the biologrcal effects of ny of the several types of omang
radirtion are essentrally sumlar (192 195) The effect produced
by penetrating external radiations 1s stmlar to the effect of
matersils depostted mternally provided that equal mounts of
roentgen units or equivalents ire delivered to the tissues

Hemorrhages occur as peteclitae ecchymoses ind sometimes 25
hemitomata mvolving all parts of the body and all types of tissue
There 15 extravasation of blood 1nto tissue spaces throughout the
body 1ccounting for considerable blood loss but 1 much more
voluminous blood loss occurs s1a the gastrosntestinal and urinary
tracts Surface erosions ind ulcerations 1 the gastrmntesuml
tract bleed grossly No ulcerations are seen grossly n the Kidney
pelves to account for the considerable blood loss from this source
Climical hematuria 1s a sign of severe radittion 1liness

The generalized hemorrhage 1s caused by ncreased ca];x]]‘ll’)
permeability arded perhaps by the presence of a crculating
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sedimentation rate determined before the administration of hepa
nn and 30 mimutes and 1n some mstances 90 to 300 minutes after
the mjection of heparin Amounts of heparin which prolonged the
venous clotting time to between 50 and 220 minutes did not 1n
crease or decrease the erythrocyte sedimentauon rate significantly

Dicumarol was admimstered orally 1n amounts aimed to main
tain a therapeutic prolongation of the prothrombin clotting time
This dosage was usunlly 300 mg the Ist day 200 mg the 2nd day
and amounts determined by the daily prothrombin tume thereafter
The sedimentation rate and the prothrombin clotting time ere
determined prior to the admnistration of dicumarol and At
intervals of from 1 to 3 days during and subsequent to dicumarol
therapy The sedimentation rate was not altered significantly
during dicumarol therapy

Because Walker and Rhoads (291) had reported that the effect
of heparim was augmented by the concurrent admimstration of
dicumarol the effect of combmed heparin and dicumarol therapy
admimistration was studied on 5 mdraduals When dicumarol
was given m doses sufficient to produce a marked hypoprothrom
bmemia there was no effect on the erythrocyte sedsmentation rate
and when heparin was given m addition to dicumarol n amount
sufficient to prolong the venous clotting time there was sull no
alteration 1n the erythrocyte sedimentation rate



CHAPTER 22

The Effect of Anticoagulants on the
Erythrocyte Sedimentation Rate

SINCE heparin and dicumarol 1n ordinary therapeutic doses
do not alter the erythrocyte sedimentation rate of the patient
recerving anticoagulant therapy the erythrocyte sedimentation
rate of such patients may be uulized as a guide to diagnosis and
prognosis in exactly the same manner as 1t 1s i patients not
recerving anticoagulant therapy

The sedimentation rate of heparinized blood has recetved con
siderable attention because heparin has been used m vitro as the
anticoagulant for samples of blood obtained for the purpose of
determuning the erythrocyte sedimentation rate Although earher
reports were conflicung they supported in general the view that
the sedimentation rate of heparinized blood s somewhat more
rapid than that of citrated or oxalated blood (499 505) It was
noted also that heparm 1n unusually high concentrattons produces
an accelerated sedimentation rate (503 506) Finally 1t has been
observed repeatedly that there 15 a rapid separation of the plasm
and cells of heparinized blood placed 1n test tubes for the deter
munation of the venous clotting time (170 288)

Although Wright and Prandom (42) reported i 1942 that
dicumarol does not increase the sedimentation rate several subse
quent reports have held the opposing view (40 211 507) It1s of
mterest m this connection that the group at the Mayo Glmic has
reversed 1ts original stand and now agrees that dicumarol does
not accelerate the erythrocyte sedimentation rate (508)

Cosgnff (509) has recently reported 1 wellcontrolled study on
blood specimens from patients recetving therapeutic amounts of
dicumarol heparin  or combined anticoagulant therapy The
sedimentation rates were determined by the Westergren method
Heparm was administered ntray enously 1n intermittent doses of
50 mg to 10 subjects and the venous clotting tune and erythrocyte

218
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12 patients exhibited no clinical or electrocirdiographic evidence
of cardiorascular disease 16 were patents with cardiovascular dis
ease and rbnormal electrocirdiographic patterns 14 were pattents
with acute mfirction and 6 patients were digitalized The effect of
dicumarol admunsstration was closely controlled by daily determy

nations of prothrombin 1ctivity and microscopic examimation of the
unne for hematuria Leads I 11 III CF, and CF, and CF; were
taken and electrocardiogriphs were thoroughly analyzed No
dlectrocardiogriphic effects of hypoprothrombmemia were shown
by subjects on maximnl doses of dicumarol with depression of
prothrombin activaty to less than 10 per cent of normal In general

no significant electrocardiogrphic deviition attributable to dicu

mrol was observed



CHAPTER 23

The Effect of Anticoagulants on the
Electrocardiogram

THE rdmimistration of either heparin or dicumarol to a patient
has no direct 1nfluence on the electrocardiogram There 15

both expermmental and clinical proof of this fict m the mstance
of dicumarol We are not however aware of any studies on this
point 1n connection with heparn

In their studies on the use of dicumarol 1n expersmental coro
nary occlusion m dogs n which the descending branch of the left
coronary artery was Ligited Beattie Cutler Fanteaux hnney and
Levine (162) studied the evolution of the electrocardiographic
changes m the control animals and m those to whom dicumarol
wis administered Electrocardiograms were taken immediately
postoperatively datly for 1 week postoperatively and on the 14th
postoperatine day just prior to the sicrifice of the anunaly
Electrocardiogriphic changes n all ammals 1rrespective of
whether they recerved anticoagulants or not included singly or 1n
combination displacements of the RS T segments changes mn the
direction of the T wives ectopic thythms and conduction dis
turbances typical of those described 1n similar hgation experiments
1n the Iiterature No fewer 1nstances nor lesser degrees of these
changes developed 1n the dicumarol treated than in the untreated
animals The authors conclude that there are no significant differ
ences m the electrocardiographic findings between the 2 groups

The same conclusion nas reached by LeRoy and Nalefshi (163)
1n similar experiments 1n which antertor nfarction was produced
by ligation of the descending branch of the left coronary artery
of dogs Sernl electrocardiograms showed no varition n the rate
or the character of the evolution of changes 1 dogs treated with
dicumarol as compared to untreated control ammals

Balkin and Gootnick (510) have nvestigated the effect of dicu
marol on the electrocardiogram 1n a sertes of 48 patients Of these
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SECTION X

RFCENT DI VELOPMENTS

IN A FIELD so dynamic developments during the period re
quired for the publication of a monograph are often of funda
mental importance and may 1n fact alter certamn basic concepts
held at the tume of writing Tor this reason 1t was planned to
append a final section written immedaately prior to printing and
destgned to present the most recent advances
The number of articles published during the past year has been
formidable and 1t has been impossible to assess the ultimate value
of many ¥or this reason the material 1s presented largely 1n the
form of abstracts without personal comments or convenience
relating the material which follows to subject matter which has
been presented i the preceding sections this final section has
been divided into mine chapters Fach of these chapters 1s con
cerned 1 general with the same subjects referred to m a single
stction of the preceding text The list of references while com
prehensive does not pretend to include every article published
duning the past year Some older references of particular interest
which were overlooked 1n the writing of the origiral manuscript
arencluded 1n the following pages
CDM
1sw






CHAPTER 24

Thromboembolic Phenomena m Chinical
Medicine

Venous THROVBOSIS

CCORDING to Stanton (211) varicose dilatations in the deep
vemns of the lower extremities are important m the develop
ment of thromboembolic disease m min Data from 50 venogra
phies ind 6 anatomical dissections suggested that (1) the deep
venous system of the lower extremity tends to have a greater cross
section 1 older than mn younger individuals (2) mn persons over
the age of 40 local saccular dilatations not uncommonly occur m
the deep veins of the calf {3) such local lesions are commonly site
ated proximal to the valves where hydrostatic pressure 1s probably
greatest 1n the erect position and are accompanied by histological
changes in the vessel wall and (4) slowing and puddling of
Jected contrast media occurs m these dilated areas in v1v0

PuLronAry EnroLisy

The necessity of making the diagnosis of venous thrombosis
early 1f pulmonary embolism 15 to be prevented 1s emphasized by
Tecent articles of which the following are good examples

Evoy (512) surieyed 1000 proven cases of pulmonary embolism
from 6 reports 1n the literature and including 130 cases previously
unreported The choice of material depended mamly upon the
completeness of reporting and upon the presentation of statistics
M a reasonably similar manner Among 172 patients known to be
suffermg from medical illnesses there was a preponderance of
cardiovascular ciseases (81 patients) and a significant number of
mahgnincaes (35 patients)

Among 111 patients who developed a fatal pulmonary embolus
Postoperatively the peak inadence was on the 7th postoperative
day and a second lower peak w1s reached on the 13th day The
average time for the accurrence of fat1l pulmonary embolism was
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CHAPTER 24

Thromboembolic Phenomena in Clinical
Medicine

VENous THROMBOSIS

CCORDING to Stanton (»11) varicose dilatations 1n the deep
vens of the lower extremities are important 1 the develop
ment of thromboembolic disease 1n man Data from 50 venogra
phies and G anatomical dissections suggested that (1) the deep
venous system of the Jower extremity tends to have a greater cross
section 1n older than 1n younger mdividuals (2) 1 persons over
the age of 10 local saccular dilatations not uncommonly occur 1n
the deep veins of the calf (3) such local lesions are commonly situ
ated prowamal to the valves where hydrostatic pressure 15 probably
greatest mn the erect position and are accompanied by histological
changes 1 the vessel wall and (4) slowing and puddling of
Jected contrast media occurs 1n these dilated areas m vivo

PuLnmoNArRy EMBOLISM

The necessity of making the dirgnosis of venous thrombosis
ely of pulmonary embolism 15 to be prevented 1s emphasized by
recent articles of which the following are good examples

Eroy (512) surveyed 100 proven cases of pulmonary embolism
from 6 reports in the literature and mcluding 130 cases previously
unreported The choice of matersal depended mainly upon the
completeness of reporting and upon the presentanion of statsstics
n 1 reasomibly similar manner Among 172 patients known to be
suffering from medical illnesses there was 1 preponderance of
cardiovascular diseases (81 patients) and a sigmficant number of
malignincies (35 pattents)

Among 111 patients who developed a fatal pulmonary embolus
Postoperatively the peak incidence was on the 7th postoperative
day and a second lower peak was reached on the 13th day The
average time for the occurrence of fatal pulmonary embolism was
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125 days following operatton Sixty per cent of fatal pulmonary
emboli occurred by the 7th dry and 80 per cent by the 14th day

In Exoy s oun series hemoptysis occurred m 13 patients or 10
per cent of 130 cises Chinical evidence of phlebitts was recog
nized 1n only 18 pauents or 155 per cent of 116 cases of these
15 or 78 9 per cent had onc or more 1nfarcts at autopsy Actity
most commonly straining 1t stool w1s assocated wath the releise
of a fatal embolus 1n 20 or 15 4 per cent of 130 patients Symptoms
of prelethal emboli had occurred n 37 or 318 per cent of 116
patients Since 50 4 per cent of these cases exhibited one or more
farcts 1t autopsy 18 6 per cent of patients had suffered asympte-
matic nfarcts

Among 246 patients 1n two series 69 per cent died within one
hour nd 92 per cent withm 24 hours following recogmzed pul
monary embolism In Evoy s onn series half of the patients with
fatal pulmonnry embolism dred within one hour and 92 per cent
within 24 hours

Among 216 patients from combined series 607 per cent had
one or more pulmonary nfarcts at autopsy In the author s series
58 or 50 4 per cent of 115 pauents hid one or more mnfarcts and
84 8 per cent had multiple infarcts The posiion of ndwvidual
wnfarcts 1n 78 cases m two series w1s preponderantly mn the lower
lobes 384 per cent on the left and 42 3 per cent on the nght
Probable sources of embol1 were found mn 463 or 77 per cent of
601 patients Nearly 80 per cent were from the leg vems and about
15 per cent from the heart

Zimmerman Miller and Marshall (518) found pulmonary em
boli 1n 61 per cent of 5588 autopstes Embol1 i 166 autopsies
were purely incidental findings ongmaung mn bland thrombz 1
154 instances and from infective phlebiudes 1n 12 instances Pul
monary embols which contributed to the patient s death occurred
1n 108 mstances from bland thromb: 1n five nstances from non
suppuratise thrombophlebitis and 1n 10 instances from suppura
tine phlebiis Massive fatal pulmonary embolism resulted from
bland thrombt in 53 nstances and three also occurred 1n patients
with non suppuratite thrombophlebitis Embolt which had pro
duced death chimically were found m I per cent of 2l autopstes

Incidental embolt arose mainly from small mural thrombr m
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auncular appendages an patients with cirdiac decompensation or
aurcular fibnltition or from the ventricular walls and sites of
myacardial wfarction The most frequent sues of ongin of embols
which contributed to or caused death were the yems of the Jower
extremities Most mcidental embolt occurred 1n medical prients
but fatal embols were three tsmes as frequent in surgetl as m
medical pitsents and constituted the pruniry cause of death m
005 per cent of patients undergong major susgery

in the Jess severe forms of pulmonary embolism cardiac disease
was the mosy mmportant predispost, fictor n fatal embolsm
debility and rmpaired general health were the most unportant pre
dispostng facrors Phiebothrombosis or thrombophilebitis were rec
agnized climcally before fatal embolism m only 7 pauents Pre
montary non fatal emboli occurred i 14 patients but fatal emboh
occtirred 1n 12 waithout warning

The authors advise venous higinon m mstnces af phiebothrom
bosis and anncorgalant therapy 1 thrombophlebius Exercie and
motion are encoursged and the patent 15 madc ambulatory with
the support of an elastic bandage s soon as the temperature has
become normal Qur own evperience warrants the use of antr
corgulant therapy in c1ses ot both types

According o Dehlinger and R hneider (511) there was
no significant decrease m the percentage of cases m which pul
monary embols were demonstrited 2t necropsy at the New England
Deaconess 1nd \ew England Baptist Hospitals since the introduc
tion of definitive and prophylactic treatment of venous thrombosis
This therapy ncluded venous igation the admimsiration of the
anucoagulants prophylicuc esercises early ambulition and para
vertebril sympathetic block 1n 1 case

During the 13 years from 1928 through 1940 pulmoniry emboh
uete found in 75 per cent of all autopstes during the followng
G year period w 67 per cent The percentage of operitions fol
towed by pulmonary embolnsm as determined at antopsy de
creased from 0 13 per cent to 0 09 per cent a decrease that 15 not
defimtely sigmificint statisucally

The authors sought to explam why many prents are stilt dyan,
of pulmonary embolism despue the matlability of antcogulant
drugs and the use of venous higation No analysty w 1s made of the
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numerous successfully treated cases Hence tins report 1s an ndica
tion that the problem of presenting pulmonary embolism 1s stll
great and not 1 condemnation of the methods used at the present
time

Seventy four crses 1in which necropsy was performed Dbetween
1941 and 1946 were amalyzed accordmg to age sex 1mmediate
cause of death primary site of thrombus medrca] versus surgical
status and preventive theripy In only five of the 74 cases of pul
monary embolt did the patient recewe spectfic therapy for the
prevention of embolism 1 hus supports the iew that the primary
problem s the difficulty i the early diagnosis of venous thrombosts
and of non fatal pulmonary embolism We have been increastngly
impressed with the fact that inadequate treatment may be little
better than no treatment

Vander Veer huo and Marshall (515) studied 204 cases of throm
boembolic disease ncluding 83 patients with pulmonnry embol
1sm during a two year pertod Seventy per cent of the pattents
were 40 years or older Nearly one half of the prtients suffered
from chronic medical 1llnesses

Of the 83 piutents with pulmonary embolism 37 presented Iutle
or no evidence of venous thrombosis of the extrermties mnd post
mortem study revealed soft clots 1n the large veins of the pelvis
and abdomen 1n three of these cases Five patents developed pul
monary embolism after bilateral femoral Iigations 1nd two of them
died Five patients developed retrogride thrombosis of the femor1l
veins after embolism Patients suffering from pelvic frictures
chronic heart disease and prostatic abdomnal and pelsic opera
tions were especially prone to develop pulmonary embolism

Anticoagulant therapy was grven to 114 of the 204 patients One
patient developed an attack of non fatal pulmonary embolism
during the admmistraton of heparm and one prtient died Fe
moral ligations performed on 46 patients were followed by five
nstances of pulmonary embolization and three fatalities

BED-REST AND THROMBOEMBOLISM

The hazard of thromboembolism has been used as an rgument
application of strict bed rest to the trextment of tu

against the
Zahn and Peirce (516) reviewed 8 672 autopsies at Fiiz

berculosis
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simons General Hospital of which 1700 were on tuberculous
subjects The uncorrected ncidence of thromboembolism 1 the
tuberculous group was 21 per cent and the corrected 1ntidence
was 15 per cent The authors state that this incidence 1s less than
one fifth that reported 1 the Iiterature for non tuberculous dis
eases In only three cases could the cause of death be ascribed to
pulmonary embolism

It 1s suggested that in cardac patients mural thromb: may be
more mmportant sources of embolt than are the peripheral venous
chinnels The possible etiological factors n the production of
thromboss are discussed The authors conclude that thrombo
embolism does not constitute a significant threat to the hife of the
tuberculous patient who 1s being treated with strict bed rest

Cook and Lyons (517) observed 45 paralyzed veterans represent
g a total of 115 man years m which therr lower extremities were
not moved voluntanily They had been subjected to 175 opera
tions There was not a single death from pulmonary embolism dur
ng the period of observation although the coagulation mechan
1sm of these patients was often defective Factors producing venous
mjury and venous stasts 1 the lower extremities were reviewed
by the authors who concluded that the young average age of these
pattents accounts for the low madence of thromboembolism

THe Duar Purmonary CIRCULATION
AND PULMONARY INFARCTION

Various observers have noted that an embolus to the lung may
not produce pulmonary mfarction n a person with a normal ar
cultion Pulmonary embolism 15 rather commonly followed by
pulmonary infarction n the presence of pulmonary congestion and
edema Tius situation 1s generally explamned by the presence of 1
dual circulation to the lungs through the bronchial and pulmonary
artertes Westermark reported that only 20 per cent of instances of
pulmonary embolism confirmed at necropsy showed evidence of 1n
farction and concluded that hemorrhagic farcts occur only when
there 15 an oculusion of both the brenchial and pulmenary artertes

The role of the bronchal arteries has been studied by many
mestigators It has been demonstrated repeatedly that there 1s an
mdependence of the bronchial and pulmonary arterial systems 1n
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normal lungs except for capillary anastomoses (518 521) Such
capillary anastomoses connect the bronclial arteries with the pul
monary arteries and with the pulmonary vems as well (522)
Changes 1n the pulmonary arteril system are followed by changes
1n the bronchial arterzes

Virchow (523) demonstrated that chronic obstruction to a branch
of 1 pulmonary 1rtery serving one lobe of the Jung results m an
incresed bronchial arterial development and this work was con
firmed by the expertmental studies of Mathes Holman and Rexch
ert (518) The development of a collateral circulation through the
bronchial arterses 1 1nstances of pulmonary artery atresia and
stenosts was demonstrated by Christeller (524)

Rather striking changes 1n the dual arrculation m the lungs of
indrviduals dying of various diseases were reported by Wood and
Muller (525) These tncluded the development of numerous bron
chial pulmonary arterral wnastomoses 1n the presence of cardio
vascular diseases which result 1n m elevated pulmonary enous
pressure 1nd are possibly associated with lesions of the pulmonary
vascular tree

Chapman Gugle and Wheeler (026) produced pulmonary em
bolism 1n 12 normal dogs by releasing from the jugular vems
blood clots produced by the injection of thrombin Infarction was
not demonstrible at autopsy three to 10 days later

Pulmonary congestion was produced conssstently in four dogs
given alphanaphthylthiourea ntravenously When erght dogs
were njected with alpha naphthylthiourea just before release of
mtrvascular clots three showed pulmonary nfarction distal to
embol: and four showed intraalveolar hemorrhage without necro
sis distal to the emboli

These results suggest that embolism alone does not produce 1n
farction of the normal lung probably because of adequate col
lateral blood supply through the bronchil arteries or through
anastomoses between the intralobar pulmonary artertes Inter
ference with this circulation by congestton or edem1 1s apprently
necessary for pulmonary infarction

Shapiro and Ragler (527) reported three mstances confirmed at
autopsy of pulmonary embolism without infarction Ischemia of
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the 1olied pulmonary segment was represented radiologieally
by » seg 1 area of wcreved ridiabihity The vascular pattern
was nell outlined central to the site of embolism bus stopped
1hruptly at the ymohed wexr The local area with dmnmshed

or absent vascularization costesponded to the pul 13y segment
supplied by the occluded s escel
Yt 15 1pp that pul embobsm nithout mfarcton can

be dignosed radloXcha)ly Senmennl abstrucive emphysema
Jocalized non obstructive cmph)sem-l and pulmonary embohsm
withaut mfarction produce an dencical roentgen ppearince but
<an be differentiated aften on chimcal grounds

TaroOVEBOEMBOLISM v CorRONARY (GOLUSION
WitH M1ocArnral INFARCTION

Wang Blwnd wd Whate {528) found « total of 506 crses of myo
cardal infarction and 130 cases of coronary thrombosis without
wfsretion among 7 028 consecuune autopsies performed ac the
Massichuseuts € eneral Hospatal between 1926 and 1845 mnclusrve
OF the 556 cases of myocardial tnfarction 267 were vecent and 289
were old nd healed The wntenor wall ot the left ventricle was
i alied Almost twice as often as the posterior wall Leswons lumuted
o the sepiam or to the night semncle were infreguent buy e
tension 1o the septum by fresk wniertor or postertor mixrcts was
not uncommon occurring m 72 of 190 herts with antersor and
m 35 of 109 hearts with postertor infarction

Large cardiac anearysms due to infarcuon were found i 10 per
cent of tuses 1lthough small shallow aneurysmal dijarations nere
common Rupture of the ventriculrr w1l at the sice of wnfrrction
occusred 1 less th & per cemt of cases Both aveurysms and
Tuptures were preponderintly n the antersor wall of the left
tentricle There wis 1 single ventnenlar spetal defect ac the site
of an wnfrct

Of 207 patients uath thrambe m the chambers of the left heart
9% had penipheral embolt ot gutopsy There uwere half agam as
meny patients with a penspheral artenal occdusion who &id wot
exlubit a thrombus an the left heavt suggesting, that the embolus
conshitnted the entire ihrombus or that a local thrombus formed



232 THROMBOEMBOLIC CONDITIONS

in the artery Pulmonary embolism occurred in 106 cases and
could not be related to intracardiac thrombosis in most nstances
Most often 1t was due to unrecogmzed thrombosis of a leg vein
Pericarditis occurred tn tbout one third of the acute and 1n about
one quarter of the chronic cses, but was always slight 1n degree



CHAPTER 20

The Mechanisms of Intravascular Clotting

PROTHROMBIN AND ACCELERATOR FACTORS

MOST workers agree that normal plasma contans an accelera
tor factor which affects the transformation of prothrombin
to thrombin Such a factor has been described by various observers
but there 1s not complete agreement as to the identity or non
dentity of these factors Smce they have been discovered and
studied under various experimental conditions and by different
methods (Table XII) 1t 1s impossible to state categorically whether
there 15 1 single plasma accelerator substance or several

A ] Quick demes the existence of an accelerator factor Quick
and Stefamni (529) concluded that the formation of thrombin
requires component A  the labile factor thromboplastin and
combined calcrum They contend that the reaction follows the
law of mass action

According to these authors component A (prothrombin) exists
partly free and partly 1n an mactive or precursor state in fresh
human plasma A rough surface 1s necessary for its acuvation
but calaum  thromboplastin and thrombin are not In oxalated
human plasma nearly all component A 1s actnvated after 24 hours
1f kept 1n contact with 1 rough surface such s glass

In thromboplastin deficient plasma (in hemophilia or n
platelet free plasma) coagulation 1s accompanted by a marked
mcrease 1 the concentrition of free component A because little
of the active form 1s consumed and addiuonal amounts are pro
duced from the mactive precursor There are 2 1y pes of congenital
hypoprothrombinemia associated with a deficiency of component
A (1) a deficiency of bath free and total component A and (2)
the more common hereditary form in which the total amount
of component A 1s normzl but the amount of free component A
1s reduced

Quick and Stefanin belteve that the descriptions of prothrom
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Manner of Di covery of Factor

Furst reported that the proth omb n
time of plasm d 1 ted wich pro-
thrombin free pl sm. 15 shorter then
that of plasma dil ted to the s me
deg ecwthsals e

Studied a patient witha hem th g
tendency whose clotty g times and
p thrombin t me by the one stage
method were prolon,ed b t whose
pl sma w s shown to have a norm |
prothrombin ¢ ntent DM te
amounts of norm 1 pla m added to
the patient splasm  vitr £ st ed
the p othrombin time to normal Ad
min: ¢ ation of norm | plasma to the
patient temporarily ¢ ected the co-
agulat on defect

Confi med the find gs of Fantl and
Nance and of O n that an add

tional factor1sco  raed nth ¢ n
version of prachrombin ¢ _thromb 1
Demonstr ted that th accel r tor
fact exsts nseram n & more 4
tive fo m than in pl m

Sc desonst edpl sm andonpa
tients w th d opathic hypop othram
bineria by the  stage method o
p thrombn d termi ton Con
ol d d that p othrombin s & com
plex of threc ¢ nponent

mj
f n t AandBandtheLabit F ctor

D gstud onthe dorpton of

¢ the mbi by v © ssalts SP
rated a facto which s not prothrom
b b twh ha tsts1the conve
s nof prothramb n to thrombi

Show d that whensm llam ntsof
srum  dddtopl ama there1s
m kedly rdced p thromba
wime by the onc stage m thod t
b tettothep s ce sem f
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TABLE XI1
PROTHROMBIN CONVERSION ACCELERATOR FACTORS
DESCRIBED IN THE LITERATURE
Name Author s Opin on
Author(s)  Applied to s To Tdennity
ace ¢ of Factor
Tantl and Plasma
nce Factor
Owen P Factor ¥ Identical with Plasmz F ctor
(&F ctor V1) of Fantl nd Na ce with
Seegers Ac globulin  and
w th Quick s L bile Factor
Seege s Acglob Iin  Identical w th Owre s F c
ctal tors ¥ and VI but n ¢ the
(> umAc s measQ chsLabl Fc
globuln  tor
Plasma Ac
globulin)
Quch A J  Compon nts Labile F ceor ident cal with
A ndB Owrens FctrV bt not
wth Seeg  Acglob In
Labil Quick st tes clearly th t the
Fctor  formation of thrombmn fol
Lows the law of m 5 ct on
nd that the de ¢ peo s o
accelerato £ cts rernreal
ity th  ctvation of C mpo
nene
Honorato Plsm e Mybed telwithQu ks
Cofsto f Labl F ctor
Thrombo
plstn
Alevander S m  Myb Owe sFctor VI
e 1 Pothrombn o s A glob in but
Conv sion  1sn ¢Quick Labl Fcro
Acc ler to
(SPCA)

protho binco  tn cele t

facto




RECFNT DE}ELOPMENTS 285

bin conversion accelertor factors represent the actisation of com
ponent A They suggest that the twostage method does not dis
unguish between free and macove fonms of this component sinice
the method depends upon the conversion of afl prothrombin to
thrombin

The use of amberlite which quanutatively removes caciam
from the blood and other new technics have been uuhzed by
Quick and Stefamn (530) to remnsestigate the sole of 1omzed cal
cum 1n coagulation They conclude that sodium oxalate pre
cipuates 1omzed caloium and also yemoves 1t from a compound
which 15 essential for coagulation Catrate combines with 1nd 1
actnates prothrombin  The addition of magnestum or stronnum
restores the prothrombin to its ongmal state Studies of pro
thrombin activity under vanious conditions suggest the presence of
1 labje factor which 15 indispensible to coaguiztion

Ac globuiin

Lewss and Ferguson (531) studied the clotung time m vitro of
blood to which hid been added i varying wmounts prothrominn
serum Ac globulin ussue thromboplastin thrombin and fibrino
gen Ihey found thar a thrombin yield 1 directly dependent on
the concentrition of ¢alcium and that Ac globuhin increases both
the rate of formation and the vield of thrombwin from a gnen
amount of prothrombin thromboplisun and (aleam Ac globubin
15 necessary for the formanon of anv thrombin Thromboplasun
exerted effects simalar to those of calcium and Ac globulin With
out ussie thromboplasun no thrombm 1s formed ft wis con
cluded that the thrombm yield ns well as its rate of forminon
depends upon the quantity of each of the four agents—pro
thrombin seram Ac globulin  thromboplasun  nd calcium

Seegers and WWure (532) reviened recent advances i the hnowl
edge of prothrombin wnd the tole of the 1ccelerator futor They
stited tentanvely that the Iabile factor  (Qunck) the plasmauc
cafactor  (Houorato) the prothrombin comvertabiluy factor
(Smath)  factor V. {Owren) Acglobubn  (Ware Guest 1nd
Seegers) and the rceelerator factor (Tandt and Nance) are one
and the same substance

Seegers and Ware cniticwe the one stige method of determining
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prothrombin as vagarious, but admut that while 1t does not meas
ure prothrombin concentration 1t 1s 1 useful tool for measuring
the total coagulibility of the blood The two stige method has
been modified so that 1t measures the actual prothrombin con
centrition nd 1t can be used to accurately determine Ac globulin
quanatatively The authors believe that the two stage method
should be used more commonly once the regents are available
commercnlly since the procedure 1s not difficult to perform

Fahey Ware and Seegers (533) studied the stability of the
plasma accelerntor substance hnown 1s Ac globulin and of pro
thrombm under specific conditions Human venous blood was
drawn mnto citrate or osalate mistures and then after various
mampulrtions (centrifugation 1t various speeds storage for van
ous lengths of ume use of various concentrations of oxalate or
citrate) tested for prothrombin and Ac globulin contents

Ac globulin w1s determined by a method 1n which prothrombin
thromboplastin and cilcium are present 1n controlled amounts S0
that the rite of formation of thrombmn measures the amount of
Acglobulin The wmount of prothrombin was determmed (1) by
a standard two stage procedure m which saline 1s the diluent nd
(2) by a modified twostage procedure in which bovine serum
(contuning Ac globulin) 1s the diluent

In both oxalated and citrated plisma the prothrombm activity
remamed constant for several days and then fell progressively
when studied by the standard two stage method By the modified
method m which Acglobulin was added the amount of pro
thrombin remained unchanged for as long as 56 days The con
cluston 1s that the decrease 1n  prothrombin 15 actually due to the
loss of Ac globulin and not prothrombrn 1tself from the plismt

When = sample of oxalated plasma which ongmally had a pro:
thrombin content of 290 umits per cc was stored for 53 days the
prothrombin  content by the standard two stage method was 19
umits per c¢ When the determination was modified by the add:
t1on of () bavine serum (b) pure Ac globulin or (c) an extrct
of bovine platelets the prothrombin content after 58 days was
found stll to be 290 umits per cc Not only scrum but platelets

as well contain 2 prothrombin accelerator factor Platelets were
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also shown to contain a factor which decreases the stability of Ac
globulin

The authors conclude that plasma serum and platelet Ac
globulin substances are similar that they are the same as Quick s
prothrombin A and Owrens Factor V and that they are
important factors mn the nital stage of coagulation

Murphy and Seegers (»34) determined the concentrations of pro
thrombin and Acglobulin mn the blood of various animals
cluding man and noted a wide variation between species The
dog man and the guinea pig have identical prothrombin con
tents according to the two stage method but widely divergent pro
thrombin times by the one stage method This 1s due to wide dif
ferences 1n the Ac globulin concentrations 1 these species Man
fas a low Ac globulin activity and therefore a relatively high ratio
of prothrombin to Ac globulm This suggests that there may be
a relatinely narrow margmm of sifety beyond which hypopro
thrombinemia may occur

Fahey Ware and Seegers (535) found that the prothrombin
content of plasma obtained from blood which contains 0 0087 M
sodium citrate remains constant for at least 21 days when stored
at 5° C Under the same conditions the Ac globulin content re
mains constant for 2 week and then gradually decreases to 55 per
cent i two weeks and to 30 per cent 1n three weehs Ac globulin
appered to be somewhat less stable in whole blood than 1n centr1
fuged blood Hence for the rehable estimation of prothrombin
by the twostage method 1t 15 necessary to add Ac globuhin if 1t
15 not aiready present 1n the blood sample 1n sufficient quantities

Analysis of extracts of bouvine platelets by Ware Fahey and
Seegers (536) altered the concept that platelets imtiate coagulation
by the liberation of thromboplastin Actually only mrnute
amounts of thromboplastin were found n platelets In addition
two other substances were present (1) an Ac globulin substance
and (2) anew factor called  platelet factor 2

Platelet extracts were found to contain a substance which acted
similarly to Ac globulin i accelerating the conversion of pro
thrombin to thromban in the presence of thromboplastin and ¢al
ctum It was quanutatnvely 1denucal with serum Ac globulin 1n
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s ibility to convert prothrombmn to thrombin Pltelet Ac
globulin ind serum Ac globulin were both sumlarly precipitated
by balf saturated 1mmonium sulfate Both were destroyed by heat
mg to 53° C  but there was 1 difference n ther length of sta
bility at tius temperiture Only platelet Ac globulin could be
sedimented 1n the ultricentrifuge It was concluded that platelet
Ac globulin and serum Ac globulin 1re probably two different
proteins which have sumlar prothrombin actis 1ting properues

Platelet extracts were found to possess 1 preyiously undescribed
property that of hasteming the 1ction of thrombin on fibrinegen
Tius effect was diluted out ripidly

It 15 emphastzed that neither serum nor phielet Ac globulin are
absolutely necessary for the production of thrombimn but act
merely as catalysts

Serum Prothrombin Converston Accelerator

Alexnder and his conorkers at Beth Israel Hospital m Boston
h1ve published 1 series of papers during the past yeir describmg
results of studies on corgulition These include 1 description of
2 prothrombm comerston acceleritor factor (SPCA) and 1 new
theory of blood coagulation based upon the eistence of this ac
celerator factor

Alesander and de Vries (537) reported that the prozhrombl"
activity of stored plism: as determmed by the one stage technic
cn be fully restored by the admuxture of 1ny one of the following
barium sulfite plasma (prothrombin free) congemital afibrino
genemic plaisma hemophilic plasmn or fresh normal plasmi The
restorative factor (labile factor) 1s not fibrinogen

Prothrombin free plasma (barum sulfate) hs 2 normal amount
of Iabile factor fibrmogen and anuhemophilic activity Its use
as 1 diluent m measuring prothrombmn by the one stage techmic
1s advantageous since the non prothrombin yvarnbles are ade
quately controlled Plasmx stored for more thin 2 weeks shows
enhanced pro:hrombm actinity when meisured by the birum
sulfate plasma dilution method

According to Alesander Landwehr and Goldstein (538) serum
contamns a substance which ansing dunn, corguliien cn LI\C
celerate the consersion of prothrombin to thromin Many of the
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properties of this factor (SPCA) have been determined and 1t has
been separated 1n a fraction of serum comprising 20 mg of protein
per 100 cc of serum (539 510) Evidence presented by Alexander
and his associates ndicates that SPCA 15 a new clotting factor
distint from the Ac globulin of Ware and Seegers factors V and
VIof Owren and the labile factor of Quick (541 542 543)

The amount of accelerator which evolves during coagulation
15 related to the amount of prothrombin consumed In hypopro
thrombinemia whether congemital dicumarol induced or result
g from liver disease abnormally small amounts of accelerator
are elaborated The nteraction of purified prothrombin prepma
tions with thrombeplastin and calcium yields substantial amounts
of SPCA 1n addition to thrombm Alexander proposes that pro
thrombin may be split during 1ts conversion to grve thrombin and
SPCA This concept 1s supported by certain remarhable sumlar
ties between prothrombin and the accelerator

SPCA cannot accelerate the conversion of prothrombin 1n the
absence of a labile factor 1 plasmt which Alevander believes 1s
wdentical with Quicks labile factor Owrens factor V and the
plasma Ac globubin of Seeger On this basis Alexander Land
wehr and Goldstein propose a new theory of coagulation as fol
lous

In the presence of thromboplastn and iomized calcium
prothrombin 1s split slowly 1nto thrombin and SPCA Under
the influence of this SPCA plasma Ac globulin s converted
mto serum Ac globulin which then 1ccelerates the converston
of additional prothrombin to thrombin and more SPCA The
reaction proceeds with increasing velocity until prothrombin
15 almost entirely consumed

The authors conclude that a reduction 1n serum accelerator
rather than hypoprothrombinemia per se may explamn the effi
cacy of dicumarol in prevenung and treating thromboembolic
disenses

Jacox and Bays (544) found that 1 indrviduals with 2 normal
quantity of plasma prothrombin the rate of disappearince (or
degridation) of the serum prothrombin comverting factor 15 con

stant but that 1n sera from ndrviduals recening dicumarol the
degradation rite of the serum prothrombin converting factor
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1ts ability to convert prothrombin to thrombin Platelet Ac
globulin 1nd serum Ac globulin were both similarly precnplmcd
by half saturited immonium sulfate Both were destroyed by heat
g to 53° C but there was 1 difference 1n therr length of sta
bility at this temperature Only plitelet Ac globulin could be
sedimented n the ultricentrifuge It was concluded that platelet
Acglobulin 1nd serum Ac globulin are probably two different
proteins which have sumilar prothrombin actis 3ung praperties

Platelet extracts were found to possess 1 prestously undescribed
property that of hastentng the 1cuon of thrombin on fibrimogen
This effect was diluted out rapidly

It 1s emphasized that neither serum nor platelet Ac g]obulm are
absolutely necessary for the production of thrombin but act
merely as catulysts

Serum Prothrombn Conversion Accelerator

Alestnder 1nd his coworkers 1t Beth Israel Hospreal in Boston
have pubhished 1 sertes of papers during the pist year describing
results of studies on corguhition These include 2 description of
a prothrombin conversion accelerator factor (SPCA) and a new
theary of blood coagulation based upon the esistence of this ac
celerator factor

Alexander ind de Vries (537) reported that the prozhrombl"
activity of stored plisma 15 determuined by the one stige technic
cn be fully restored by the idmixture of any one of the following
barum sulfate plisma (prothrombin free) congenal 2fibnno-
genemic plisma hemophilic plisma or fresh normal plasma The
restorative factor (Inbile factor) 1s not fibrinogen

Prothrombin free plasmz (barium sulfate) has 1 normal amount
of Iabile factor fibrinogen and antthemophilic actrvrty Its use
as a diluent 1 measurmg prothrombin by the one stige techmic
15 advantageous since the non prothrombin sarnebles are ade
quately controlled Plasm stored for more than 2 weehs shons
enhanced prothrombin activity when meisured by the barum
sulfate plasma dilution method

According to Alexander Landwehr and Goldstemn (538) serum
contams a substance which arising during coagulanon cin ac
celerate the comersion of prothrombin to thrombin Many of the
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24 hours Fibrinolysis occurred even before operation in anxious
patients and could be produced by exercise suggesting that 1ts
mitiation might be associated with the release of epinephrine
although epinephrine does not produce fibrinolysis in vitro Judg
ing from the effects of injection of epinephrine n certain patho
logical states fibrinolysis 1s independent of the funcuons of the
adrenal cortex the spleen pancreas and lrver but may mvolve
lymphoid tissue

Plasmin 1s thought to participate n the reabsorption of fibrin
formed 1n all inflammatons 1n the disintegration of thromb and
in the dissolution of endometnal clots duning menstruation In
chloroform poisoning there 1s a demonstrable fall i serum fibrmo
gen It 1s postulated that plasmin functions as one of the enzymes
necessary for the conversion of prothrombin precursors to therr
more active forms n blood coagulation Plasmin may be re
sponsible for the lowering of serum albumin 1n Selye s alarm re
action and may be 1ssociated with the release of histamine 1n ana
phulaxis

The finding of fluid and incoagulable blood at autepsy 1s not
uncommon A study was undertiken by Mole (517) to explain thus
phenomenon Blood was obtained from the heart and great vessels
of 61 cadavers at rouune but not consecutive autopsies Observa
tions were made on the fibnnolysin in supernatant serum by
1 modification of Macfirlane s method Cadaver fibnnolysin ap-
pears 10 be a globulin It 15 nondialyzable 1s precipitated at
neutral pH 1 50 per cent saturation of ammonium sulfate and
18 mactnated by pepsin: The appearance of fibrinolysin seems to
be part of the body s general reaction 10 1njury and 1t 15 probably
produced by the endothelium

Guest Daly Ware and Seegers (513) assayed mn human patients
the plisma antifibrinolysin which inactisates bovine fibrinolysin
Antifibrinolysin activity was increased in pernicious anemia pneu
monins ntestinal obstruction acute bacterial endocarditis cir
thosis of the liver and coronary thrombosis Single patients with
hemophiha and with hemorrhigic purpura showed no change i
plasma anufibrinolysin actinity Plasmas of patients exhibiting no
obvious puhology were relatnely umform n anufibrinolysin
actiaty
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usually varies directly with plasma prothrombin roncentration
Sera and plasmas from patients recen ing dicumarol were assayed
duly for prothrombin by one and twostige technics and the
serum prothrombin converting fictor degridation rate determined
There w1s a good correlation between the two determmations
although the measurement of the degradauon rate of serum pro
thrombin converting factor was no substitute for comventional
methods of prothrombin assry
Miale (545) attempted to define the relationship of staphylo
coagulase to blood congulation Sterile cell free filtrates of broth
cultures of some strains of staphylococer contain staphylocoaguhsc
which clots oxalated plasma but not purified fibrinogen When a
plasma factor ( coagulase globulin ) 1s added to staphylocoagulase
1 thrombin like substance ( coagulase thrombin ) 1s formed which
15 able to clot punfied fibrinogen When the clotting umes of
plasma containing mereasing amounts of either staphylocoagulase
or coagulise thrombin are plotted agamnst concentrations of the
clotuing agents hyperbolic curses are obtamned which are similar
to those obtaned with prothrombin or thrombin Mle states that
corgnlase globulin appears to be distinct from Ac globulin the
V factor of Owren and the antr hemophilic globulin of Tay
lor et al The substance could not be demonstrited 1 platelets

FIBRINOLYSIN

Macfarlane and Biggs (546) have reviewed the process of fibrin
olysts and have correlated current concepts with therr own obser
vations The proteolytic enzyme of the plasm 1s called plasmin
(serum trypsin serum protexse serum tryptise fibrinolysin throm
bolysin) and 1ts mactive precursor ts termed plismmogen The
streptococcic filtrate factor 15 called streptokinise and the antibody
developed by patients recovering from streptococcic nfection
antistreptohinase The nhibitor of plasmin found n plasm1 15
called antiplasmin

Since traumatic shock had exasted 1 all cases in which fibrinoly
s1s had been demonstrated Macfarlane mestigated the blood of
patients undergomg surgical operations A fibrin web m normal
blood samples was found to remain for weeks but fibnn webs m
blood removed from patients recently operated disappeared 1n
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suggesting that thrombocytopenic purpura 1s accompinied by a
serious coagulation defect which has hitherto been unrecogmzed
bectuse 1t 15 mashed by a normal coagulation time

Conley Hartman and Morse (551) prepared human platelet
free plasma by use of sihcone treated apparatus and high speed
centrifugation and determined 1ts clotung behavior Needles
syringes test tubes and pipettes were treated wath silicone after
the method described by Jaques \ muluple syringe technic was
used and the contents of the first syringe were discarded Thurty
10 40 cc of blood 1n treated tubes were centrifuged 1t 7000 r pm
at 4° C for five minutes to remote cells and most of the platelets
The upper portion of the plisma was removed with a silicone
treated pipette and recentnifuged at 12000 to 11000 rpm for 10
minutes Thereafter the upper lyer of this plasma was removed
and stored 1n silicone treated tubes 1n an ice bath Normal plasma
obtained 1n this manner remamns fluid for at least several days at
4° C It was not always possible to obtun plisma enurely free of
platelets but platelets appeared to be completely 1bsent 1n some
mnstances

Of the 86 subjects studied 41 were narmal persons and the
others had vanous diseases Normal platelet free plasma clotted
n a reltsely short tme 1n glass tubes at 37° € but s clotung
time 1n silicone treated tubes was greatly prolonged and somenmes
clotting did not occur This obsersation suggests that contact with
glass activates some plasma constituent which can mitiate clatting
Thus factor 1s apparently activated slowly or not at ail by contact
with silicone treated surfaces The authors believe that with per
fect techinic normal platelet free plisma would be incoagulable 1n
sihcone treted tubes

There 15 no evidence that 1 sthicone surface 1tself interferes with
clotting for on the addition of highly dilute thromboplastin to
platelet free plasma clotting occurred s promptly n silicone
treated as 1n glass tubes The conclusion 15 that an inactive throm
boplastin precursor i plasma 1s activated on contact with glss
surfaces

These studies seem to show that platelets re probably unneces
sary to imuate clotting but that they incretse the rte of clotting
and the amount of prothrombin consumed 1n the process There 1s
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Horanyt (549) h1s reported the sphitting of fibrinogen 1nto two
fractzons by a simple method Shinowara (550) noted that the level
of the clotting time becomes elevated 1s the purity of a fibrinogcn
preparation 1ncreases He studied the effect of vartous plasma
protein fractions added to the substrate on the thrombin fibrino
gen reaction time (551) In a system of fibrinogen fractions (79
to 80 per cent purity) in citrate phosphate buffer albumin defimte
ly lowered Fractions 11 11T and IV 1 elevated and fractions IV-4
and hemoglobin slightly depressed the clotung times The sig
mificance of these findings with fibrinogen fractions prepared by
the low salt—low temperature—ethnol principle 1s discussed

An 1nteresting case report by Moloney Egan and Gorman (552)
described a hemorrirgic drathests 11t 1 pregnant wontan 1t term
characterized by a cnitical decrease in fibrinogen Following the
admimstration of blood transfustons and fraction I of Cohn 1
was possible to remove 1 dead fetus surgically after which the
mother recovered promptly The nuthors discuss the possible role
of fibrinolysin m this type of acquired afibrinogenemia

THE BLoop PLATELLTS

A technic was devised by Quick Shanberge and Stefanini {553)
for varying the number of platelets 1n samples of plasma without
otherwise altering the plasma The following obseryvations were
made (2) the greater the number of platelets the sooner clot re
traction began and the smaller the final clot (b) the clot retrac
tion was characterized by a relatively long latent pertod follow ed
by an accelerwted phase and protracted completion (¢) withm 2
wide range mn the number of phtelets no sigmficant change 1n
coagulation time was observed (d) 1s the number of platelets
dimnished the speed of prothrombin consumption was decresed
but within normal limits the final amount of prothrombin con
verted approximated 1 fixed value (e) below a critical number of
plelets the consumption of prothrombin stopped after a rela
tively short time suggesting that plisma contuns n agent that
nactivates the platelet enzyme (f) tn thrombocytopenic purpura
the consumption of prothrombin may be marhedly duntmshed
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their relative proportions in the total platelet count The normal
range of adhesne platelets was found to be between 60 000 and
110 000 platelets per cu mm Platelet adhesiveness appeared to be
mdependent of the adhesiveness or sedimentation rate of the
erythrocytes The method 15 relatively simple and can be readily
applied 1o the chimcal detection of thromboembolic tendencies

Using the methiod described Moolien Vroman and Vroman
(557) studied platelet adhiesiveness 1 hemorrhagic and thrombouc
diseases Platelet rdhesneness was reduced in thrombocytopenic
purpura wath hypersplenism and n patents under the influence
of heparin The hypoprothrombinemia induced by dicumarol had
Inttle effect on platelet adhesiveness In hemophilia the platelet ad
hesiveness was normal or increased

The authors state that hyperadhesieness with or without an
merease 1 the total platelet count accompanies cellulr destruc
tion anywhere 1n the body during uncomplicated convalescence
from operations or acaidental triuma 1 nstances of ischemic
necrosts such as myocardial infarction or peripheril gingrene
cancer and 1n such blood dyscrasias as polvcythemia vera 1dio
pathic thrombocythemia and essential thrombophiia Advanced
degrees of hyperadhesnveness predispose 1o thrombosis Raprd
duminutions in the platelet count particularly of the adhesne
platelets are warnings of developing thrombosis In eases of throm
botic disease the blood may be so rapidly depleted of adhesive
platelets that purpura occurs

Fndocrine Influences on the Platelets

Adams (558) found that ~drenal cortical extract failed to
fluence the platelet count 1 muce rats or ribbits Adrenalectomy
and sham adrenmalectomy were followed by almost identical n
crenses 1 the platelets in mice and rats When adrenal cortica
extract or physiological saline were gien to adrenalectormized
rats there followed a consistent 11l 1n platelets not observed n
sham adremilectomized 1its or after grung distilled water to
adrenihized rats Platelet levels 1 hypophysectonuzed rats were
significantly lower than in unoperated controls The mavimum
nise 1 platelets following splenectomy i hypophysectomzed s
was markedly lower than that following splenectomy n ntact rats
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1 close correlation between the number of platelets present and
the amount of prothrombin comverted durng clotng m glass
tubes

Hemophilic platelet free plasmas were invartably spomaneously
incoagulable 1n glass and 1 silicone tubes 1t 37° C although they
clotted promptly upon the addition of thromboplastin suggesting
that the defect i hemophilia 1s a deficiency of the plhsma thrombe-
plastic fictor The authors concluded that hemophilta 15 not
csed by any defect 1n platelets but that the presence of platelets
1s what makes hemophilic blood clot 1t all In one hemopiulic 2
hemorrhagic drithesis persisted despite a normnl whole blood clot
ung ttme Ths ndicates that plasma thromboplastin 15 necessary
for normal hemostasis regardless of the clottng time 1n RO
Presumably anthemophlic globulin 15 1denttcal with the plasma
thromboplastin precursor

The authors concluded that both the platelet and the plasma
factors are apparently necessary for normal corgulaton although
either one alone 1s sufficient to mtiate corgulation The mnterac
tion between platelets and the plasma factor 1s not yet clear

Hartman Conley and Lalley (555) prepred mormal human
plasmas of varyng platelet concentrations without anticorgulant
by centrifuging blood 1n silicone treated apparatus Frsentrally
platelet free plasma clotted relatnnely promptly after transfer to
glass tubes but coagulation frequently did not occur sthcone
treated tubes Increasing the glass surface area 1n contct with the
plasma shortened the cloting time marhedly regardless of the
platelet concentration Crushed glass was more effective mn this
respect than w1s a suspenston of macerated platelets

The authors believe that the clot promoting effect of crushed
glass on centrifuged plasma 1s more readily expluned by n altera
tion of the platelet free plasma 1tself thin by the disruption of the
few remuning platelets After brief periods of storige plasma
often fuls to clot on the addition of crushed glass In plasma clot
ting upon contact with glass the rate of conversion of prothrombin
was directly related to the platelet concentration

Moolten and Vroman (556) devised a w 1ek of brarded glass wool
as an adsorbing hlter for the separation of adhesive from non
adhesive platelets in citrated blood permitting an enumerition of
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Rationale for the Use of the Anticoagulants

CroTring 1N SiLicoNe TUBES

THE effect of surfice contact on blood coagulation 1s important
1n the development of sutable methods for studying the coagu

lation time of the whole blood the prothrombin time of plasma
and 1n other reacting systems used 1n research and clinical labort
tortes OF greater ultumate mmportance 1s n understanding of the
role of surfice contact 1n the process of mtravascular clotting At
the present time there 1s a considerable nterest 1n the reactions of
blood and its components n silicone tubes

Margulies and Barker (562) described a method of measuring
the corgulation time of whole blood in contamners coated with
sthicone A corgulition time of 30 minutes or more was obtained
1 83 per cent of normal subjects and for this reason 30 minutes
was regarded as the usual lower limit of normal When bloed
samples were allowed to stand 1n silicone coated syringes for as
long as 10 minutes following vempuncture no significant differ
ence 1 the corgulation time was obtamned

Among patients with cluucal evidence of a tendency to throm
bosts a significant number had abnormally rapid silicone coagula
tion times  Patients with thrombophlebitis and with spontaneous
mtrascular clotung frequently had coagulanon times of less than
30 minutes  Pattents with occlusive artenal diseases usually had
normal times

Changes 1n the prothrombin tune 1n 13 patients recerving i
cumarol were assoctited with corresponding changes 1n the coagu
lation ume m silicone tubes though not 1n the congulation time
mesured m glass tubes {163) Changes in the silicone coagulation
time often Ingged behind chinges 1n the prothrombin time The
relation Letween prothrombin trme and sihicone coagulruon time
rarted from indiidual to indndual so that there was no correla
tion between the two methods but changes in prothrombin time

247
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No change 1n the number or morphology of the megakaryocytes
occurred following splenectomy erther in imtact or m hypophy
sectomized rits

Smce an increase 1n pltelet concentration 1 the pmpheml
blood usually rccompantes infection trauma hemorrhage and
asphyxia conditions which stimulate the release of pitutary
drenocorticothroplun (ACTH) the possible effect of the latter
was tested by Greer aind Brown (559) No change 1n platelet counts
were detected following the adminustration of hog prtwitary tissue
or of purified ACTH There was no reduction of circulating
lymphocytes m these expertments although 1 transient polymor
phonuclear leuhocytosts did occur

Gerherm and Miller (560) studied the effect of exercise on the
platelet count Exercrse consisted of running a treadmill for fise
minutes at 1 speed of seven miles an hour on a grade of 17 5 per
cent or on the level for two minutes 1t 12 miles per hour Blood
was obtamed before exercise 1mmediately after exercise and 10
30 60 and 90 minutes after exercise There was a 60 to 100 per
cent mcrease 1 the leukocyte count but no mcrease m the plate
let count The authors suggest that the increised velacity of the
cireulation may have destroyed the very labile platelets and that
thus effect may have masked any platelet increrse

There hive been 15 or more cases reported of 1 rapidly fatdl
anemin 1 which mutiple visceral hyalme thrombr composed of
platelets have been demonstrated within arterioles and capillaries
at autopsy Thromb: were frequently surrounded by proliferaung
cells from the vessel walls In presenting another such cise Muwr
head Crass and Hill (561) described a diffuse proliferative glomer
uliis which has not previously been emphasized 1n assoctition
with platelet thrombosis
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acute thrombophlebitis They described experiments in xabbits
which showed that heparin alone 1s not effective 1 presenting the
formation or causing the solution of an mtravascular clot in the
presence of acute thrombophlebitis The combined administra
tion of heparin and penicilin howeser prevented or caused the
disappearance of 2 clot m a Jarge number of amimals with ex
perimentally produced acute thrombophlebitis

HePARIN AND PLATELETS

Fidler and Jaques (966) confirmed the fact that heparin added
to dog s blood fails to preserve the platelets although citrate does
preserve them The 1ntrasenous injection of heparmn lowers the
platelet count 1n dogs

The intravenous mjection of heparin also produced a moderate
and transient fall m the platelet count 1n man Heparin added to
human blood n vitro also lowered the platelet count Different
samples of commercial heparin of the same anticoagulant strength
show different effects on platelets Wath some samples the effect
1s very small

To evaluate the sigmificance of the reported increased susceptt
bulity of thrombocytopenic blood to heparin Conley Hartmann
and Lalley (567) studied the clotting times of platelet free and
platelet rich plasmas prepared 1n silicone coated apparatus which
were muxed m different propornons and contained grided con
centrations of added heparin They concluded that the magmtude
of the clot mhibitory effect of heparin 1s inversely proportional to
the number of platelets present and that the mncreased susceptt
bility of thrombocytopenic purpura blood to the action of heparin
1s attnibutable to the reduced platelet concentration rather than
to 1 supplemental anticoagulant effect mtroduced by the presence
of hypothetic heparin like substance The results further suggest
that the concentration of actin e heparin normally present in plasma
ismunute 1e 0000, mg /ml orless

DIcUMAROL AND EXPERIMENTAL THROMEOSIS

OF great clhinical interest 15 the relation between the degree to
which prothrombin activity 1s reduced and the effectrveness of
dicumarol therapy mn prevenung intravascular clotting Two e
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were accompanied by changes in silicone coagulation time pre
dictable 1n direction 1f not 1n magmitude

Conley Hartmann & Lalley (561) used stlicone treated apparatus
to obtain blood from normal human subjects without the use of
anucongulnts The formed elements were removed by high speed
centrifugation at low temperatures Dircct microscopic examing
tion of the undiluted plasma revealed as 1 rule less than 10 platelets
per cubic milimeter In some nstinces no platelets were seen
Plasmas prepared by this manner regularly clotted within a few
munutes at 37° C following the addition of ground glass

Platelet extracts prepared by grinding wshed platelets m glass
contuners also brought about coagulation However the concen
trated platelet extracts did not cause coagulation to occur more
rapidly than did ground glass when added to these essentially
platelet free plasmas T he rate of clot formation followng the addt
tion of gronnd gliss was related to the amount of glass added and
w1s independent of the number of platelets or quantity of platelet
extrict present The amount of prothrombm converted dunng
congulation seemed directly related to the amount of platelet mt
teral avulible When plisma was clotted by ground glass in the
urtual absence of platelets prothrombm consumption seemed
neghgible Unlike normal plwsmn hemophilic plasma deprned
of 1ts platelets failed to clot on contact with glass

Normal platelet deficient plasma could be kept i silicone
treated tubes at 37° G for relatnvely long periods of tume without
spontaneous corgulation even though clotung occurred promptly
following the addion of ground glass Although fresh normal
plasma mvariably dlotted on contact with glass portions of this
plasma stored for 2 hours at 2° G 1n some 1nstances failed to clot
on the addition of ground glass

These observations suggest that the mitiation of coagulation by
surface contict may be brought about by alterations produccd mn
the plasm stself and not necessarily by platelet changes

HrrArRIN AND EXPERIMENTAL THROMEBOSIS

Rabimovitch and Pines (065) undertook to deternnine whether
heparin alone or 1 combination with pemciilin could bring about

the solutton of a clot m the presence of experimentally produced
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acute thrombophlebitis They described experiments in rabbits
which showed that hepanin alone 1s not effectrve 1 preventung the
formauon or causing the solution of an mntravascular clot n the
presence of acute thrombophlebitis The combined administra
tion of heparin and pemcillin however prevented or caused the
disappearance of a clot 1n a large number of ammals with ex
pertmentally produced acute thrombophlebitis

HEPAPIN AND PLATELETS

Fidler and Jaques (566) confirmed the fact that heparin added
to dog's blood fails to preserve the platelets although citrate does
preserve them The intrivenous 1njection of heparin lowers the
platelet count 1in dogs

The intravenous njection of heparimn 1lso produced a moderate
and transient fall in the platelet count i man Heparin added to
human blood m vitro also lowered the platelet count Dafferent
samples of commercial heparm of the same anticoagulant strength
show different effects on platelets With some samples the effect
1s very small

To evaluate the significance of the reported increased suscepty
bility of thrombocytopenic blood to heparin Conley Haremann
and Lalley (567) studied the clotung times of platelet free and
platelet rich plasmas prepared n silicone coated apparatus which
were muxed 1n different proportions and contained graded con
centrations of added heparin They concluded that the magnitude
of the clot inubitory effect of heparin 1s inversely proportional to
the number of platelets present nd that the increased susceptt
bility of thrombacytopenic purpura blood to the action of heparin
1s attributable to the reduced platelet concentration rather than
{0 a supplemental anticoagulant effect introduced by the presence
of hypothetic heparin Iike substance The results further suggest
that the concentration of active heparin normally present in plasma
Isminute 1e 00005 mg /ml or less

DicunmaroL ANp EXPERINMENTAL THROMBOSIS

Of great chinical 1nterest 15 the relation between the degree to
which prothrombin actinity 1s reduced and the effectiveness of
dicumarol therapy 1 preventing mtravascular cloting Two e
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cent studies of expernimental thrombosis in dogs have attempted
to clanfy this question In both mstances a reduction of pro
thrombin 1ctivity to approximately 35 to 40 per cent appears
necessary for theripeutic success Taking 1nto wccount such factors
s differences between spectes differences between expermmental
and climeal conditions nd the necessary factor of safety mn man
we would interpret these results as compatible with a reduction
1n prothrombin wcivity to the neighborhood of 30 per cent in the
climieal apphication of dicumarol

Moss Schafer and hirby (568) have studied the anticoagulant
effect of dicumarol at various prothrombin levels 1 dogs In con
trol anmmals thrombosis occurred 1 cannulated femoral artertes
m from three to 10 minutes (average 6 3 minutes) In animals
treated with dicumarol there was no significant delay before the
appearance of thromb: until the prothrombin levels were reduced
to 40 per cent or less of normal At thus prothrombin level the
tme of appeirance of thrombi wveraged 16 6 minutes The line
of demarcation was sharp at 40 per cent but at 10 20 and 30 per
cent of normal further retardation mn the occurrence of throm
bosis was not significant

Holden Cameron Shea and Shaw (569) anesthetized dogs lightly
with sodrum pentobarbrtl and 1solated segments of veins with
soft rubber clamps A minumum amount of either trypsin of
thrombin soluuion was injected and after 15 mmutes the vem
was opened and mspected Similar experiments were done on dogs
who had been given dicumarol It was found that evperimental
thrombi could be prevented by reducing the prothrombin activity
to 35 per cent of normal as determmned by Brambel s method

Owen and Bollman (570) present evidence obtained from e
periments on dicumarolized dogs which suggests that the hemor
rhagic diathests produced by dicumarol 1s attributable not alone
to a disappearance of prothrombn but also to the loss of 1 factor
the function of wliuch 1s to facilitate the conversion of pro
¢hrombin to thrombin Varmtions 1n the concentration of this
conversion factor present in plasma serum or serum pseudo
globulin may explain the familiar discrepancies in the results of
one and two stage methods of estimating prothrombin activity
It may also account for the therapeutic efficacy of serum in the
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treatment of cattle with sweet clover diserse a phenomenon other
wise difficult to explain

COMPARATIVE STUDIES OF HEPARIN AnD DiCUMARAL

Loewe Hirsch Grayzel and kashdan (571} induced clotting 1n
the jugular veins of adult yabbits Nine to 14 days after the pro
duenon of thrombosis heparin or dicumarol was administered toal
ternate anumals tespectincly for 1 period of two weeks Sufficient
anticoagulant was given to mantain either the coagulation time
or the prothrombin time well above clintcally accepted limits

The authors found that m the presence of hepann all clos
underwent resolution 1f they were 1 the sludge stage Dicumarol
did not produce this response because of the tme lag between the
admimstration of the drug and the effective prolongation of the
protirombin time However beyond thus mutial stage both anu
coagulants effectively caused resumpuion to chnical patency n a
considerable number of vemns which were occluded by clots for
from four days to two weehs This effect 1s 1t variance wrth the
commonly accepted hnowledge of thrombus behavior The degree
of recanaluzation appeared to be greater with heparin On the
basis of this comparative study the authors concluded that heparin
18 superior to dicumarol as an anticoagulant

Muun Laufman R Tuell (572) employed direct micrometry of
small caliber vessels 1n dogs to determe the effects of varous
therapeutic measures on the behatior of these vessels following
matn stem occlusions Sludge formauon occurred within a rela
tively short time after erther artenal or venous occlusion and
appenred to be a precursor to thrombosis Heparin and dicumarot
prevented thrombus formition n such cases but did not alter the
character of the sludge apppreciibly ‘The fact that vasodilaung
agents 1re not capable of producing a favorable effect in throm
bosed small vessels implies that the use of anticoagulants should
be n integral part of therpy 1n acute main stem occlusions

Kiesewetter and Shumacker (573) undertook to compare under
controlled experimental conditions the reliability of heparin and
dicumarol mn the prevention of artenal 1nd venous thrombosis
The common carotid arteries the external juular veins and the
femoral arteries and vemns of healthy mongrel dogs were used
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The rtertes were dissected free and blood was excluded from a
one to two mch segment by 1 rubber band tourmquet The artery
was transected through half 1ts circumference and was then closed
roughly by 1 continuous silk suture The cirotid arteries were cut
wnd closed transversely the femoral arteries were cut transversely
but closely longttudinally to produce a definste narrowing Veins
were dissected free aind blood expelied from a one to two mch
segment The isolated segment was then distended maximally with
5 per cent sodium morrhuate solution for three to four mnutes
The morrhunte was then withdrawn by asptration mnd blood flow
permitted to resume

The admmstration of anticoagulants was begun prior to opera
tion so that an effectre level was present when the vessels were
traumatized Dicumarol w1s admumistered ntrasenously 1 1 solu
tion contuning 10 mg per cc The drug was given 24 hours
preoperattvely 1n 2 dose of two to three mg per kg body weight It
was guven therefter according to the prothrombin tume 1n doses
of one to thvo mg per kg body weight Crystalline heparin was
grien mtrenously immedrtely before operation and thereafter
at ntervals of two to four hours Dosage ranged from 05 to 4 mg
kg body weight Heparin/Pithin menstrunm was given subcutine
ously or mtrimuscularly i dose of 5 to 10 mg per kg body werght

Before and exch day following operation blood was withdrawn
by venipuncture for determmation of the coagulation time (Le¢
White method) fibrinogen level (technic of Mylon Winternitz
and de Suto Nagy) and prothrombin time (Quick method for
whole plasma Wright Prandont modification for 25 per cent
diluted plasmn)

Experiments were carried out on 81 dogs but only 70 of these
were satisfactory for statistical comparison Difteen dogs served as
controls 25 recerved dicumarol n varying 1mounts 1nd 30 were
heparimized Altogether 228 vems and 177 arteries were trum?
tized and subsequently examined for thrombosis Except m certaint
instances VCSSCIS were not reexamined POS[OPCT&(“C]) unul seven
days after the operatnve trauma

Among the 15 control ammals thrombosis occurred m 91 per
cent of the veins 83 3 per cent of the small arteries and 70 per cent
of the large artenies Blood studies on the control antmals showed
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that the coagulation ume was generally shortened on the first post
operative day There was a measurable hyperprothrombinemia
five of mine dogs but this persisted 1n only four Despite great
variation from day to day the fibrinogen determinitions showed
a rise on the first or second day and then fell gradually to normal

Among 11 dogs given crystalline heparin before operation and
every four hours thereafter (some were given heparin/Pithin men
struum every evening to tide them over to morning) the incidence
of thrombosis at the end of the period of treatment was 56 3 per
cent m the vewns 67 per cent mn the small arteries and 95 per
cent 1n the large artertes ‘There were wide variations m the clot
ting times performed from time to time and 1 prolonged clotting
time was generally not mamtained mn any ammal for the duration
of the experiment There was a significant hyperprothrombinemia
m one ammmal and a hypoprothrombinema n only two n
stances where the coagulation time was markedly prolonged The
fibrinogen studies were sumlar to those 1n the controls

Tourteen dogs were gien large doses of heparn m Prhmn
menstruum suff to produce a and effective prolonga
tion of the clotting time for 24 hours 48 hours or 72 hours
Venous thromboses occurred as follons

Hepanmzed with heparin/Pithan menstruum for

24 hours 48 hours 72 hours Total

Per cent venous thromboses
At end of treatment 91 208 0 129
At end of 7 days 455 667 571 567

Five dogs were given only a single dose of heparin (2 mg kg
body weight) intravenously just prior to operation After one
week 625 per cent of the vemns 10 per cent of the small arteries
and 30 per cent of the large arteries were thrombosed

In 10 ammals treated with dicumarol before and for an average
of six days after operation and 1n which the per cent of pro
thrombin activiy was kept consistently low thrombosis occurred
m 414 per cent of traumiuzed vems 50 per cent of the small
artertes and 13 8 per cent of the large arteries The prothrombn
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levels were almost unmiformly low the blood fibrmogen levels
did not differ maternlly from the controls and the coagulation
times were generally prolonged when the prothrombm actiity
w1s below 20 per cent of normal

In four dogs whose prothrombmn levels were not constantly
muntuned the ncidence of thrombosis was 76 per cent for
vewns 75 per cent for small rteries ind 429 per cent for large
artertes The vewns of six dogs were triumatized and excessive
amounts of dicumrol were given for the first 24 or 48 hours The
anticoagulint effect was then terminated by blood transtusion nd
the parenteral administration of vitamn h The madence of
venous thrombosts was 16 7 per cent at the end of treatment and
47 6 per cent of the end of 1 week Five dogs were grven a single
dose of dicumarol (5 mg per kg body weight) 24 hours before
operition One week postoperatively thrombosis had occurred i
75 per cent of triumatized vemns none 1n the small rteries and in
44 4 per cent of large arteries

When the mcidence ot thrombosis from five to seven days post
operatively 1n the untreated animals n the animals heparn ed
for this length of time and i the adequately dicumarohed ant
mals (prothrombin level fairly constant at 30 per cent or less) e
compared the figures 1re as tollows

Incidence of thrombosis 1 per cent

Anticoagulant
treatment vems small arterses large arteries
none 852 920 667
heparm 615 91 ns
dicumarol 462 500 176

There 1s no staustical difference 1 the mcidence of thrombosts
1 veins and large arteries between the groups treated with heparin
or with dicumarol The incidence mn the small arteries 15 St
nificantly higher m those treated with dicumarol than with
heparm

In ammals untreated and n those treated intenstvely with
heparin or dicumarol for pertods of 24 to 48 hours the mcidence
of venous thrombosis nas 100 per cent m the control group but
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auly 15 2 per cent n those trewted with hepanin wnd 167 per cent
m those trevted with dievmarol The admmistrtion of single
doses of heparn or of dicnmarol had little demonstrable efficiey
m lowermg the incidence of venous thromhosts

Of 35 anumals treated with frepanin 25 (71 4 per cent) had evt
dence of subcutineous hemorrhage Nineteen {76 per cent) of
these were massive three (12 per cent) were so severe 1§ 10 require
Lgwen and mine wumals (36 per cent) died of postoperative
hemorrhiage Of 2o dogs trexted with dscumnrol 11 (1 per cent)
bled subcutancously Frve (45 5 per cent) of these were luge none
required artertal Jigation and three animals (27 8 per cent) dsed as
a result of hemorrhage Among the 28 dogs grven heparmn i Pre
i menstrunm 16 (57 } per cent) had some serions comphication
five {179 per cent) developed 7 slough mipe (321 per cemy) had
marked edema and snflammavon and o (7 1 per centy died of
gas gangrene

haesewetter and Shumacker wamn that certain cauuons 1re
necessiry n interpresing these resulis In the long term expert
ments hepartn was given m amounts and at intervals generally
madequate 1o muntim a constant protongaton of the coagula
ton time In simalar expeniments dicumarel was given {0 mamtam
prothrombin levels which the authors consider harardous clime
ally The expermmental conditsons of arterial and venous damage
were of an extreme degree Signsficant hemorrhage was rare 1n
venous trauma nd occurred usually from along the suture line
m arterzal trawmn

The anthors concluded 1hit under the condinons of these ew
perttments drcumarat and hepinn appeared equally effectine 1n
reducing the wodence of senous thrombosts that micoagulwe
theripy was more effectsve mn presenung arteral than venous
thrombosis and that staustically superior results were obtasned
with hepatin than with dicwmarol m preventing thrombosis of in
Jured small arterses though not large artenies

The Effect of Hepanin and Dicumarol
on the Coronary drteries

Gilbert and Nalefshy (574) did nat bebieve that the fower mor
talyy wd fewer embolic aciidents reported n patternits treated
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with heparm and dicumarol could be due to the anticoagulant
action 1lone They performed experiments on dogs which showed
that hepann and dicumarol increase the coronary blood flow The
effect of heparin wis modertte but with dicumarol 1t w1s defimte
and comparable to that of the xanthmes though of longer durt
tion It was evident from this effect of dicumarol on the empty
beating hexr that the action must be directly on the vessel walls
The nuthors cite the experience of other observers who noted that
tontc doses of dicumarol produce 1 marked peripheral yascular
dilatruon 1n the smaller vessels This suggests that hemorrhage
following the admumstration of dicumarol m1y be due to a gross
vascular effect 1 addition to the effect on the prothrombimn con
centrauon



CHAPTER 27

The Use of the Anticoagulants Chimcally

INDICATIONS

INES and Barker (575) assert that anticoagulant therapy 1s
the best method for prevenung thrombosis and embolhism
which 15 available at present They list the following situations
i which the use of anticoagulants may be advisable in chronic
cardiovascular disease and those cardrovascular diseases in which
these situations may arise
Situations 1n which the use of anticoagulants may be indicated
1 Longterm treatment of the disease {only m
special situattons)
II Prevention of recurring episodes of thrombosis
TII Treatment of single eptsodes of thrombosis or
embolism
A Acute arterial occlusion (including coronary
artery occluston)
B Acute thrombophlebitts or phiebothrombosis
C Pulmonary embolism or nfarction
Chrome cardiovascular conditions or diseases 1n which ant
cogulant therapy may be indicated
I Occlusne artenial diseases
A Thromboangntis obliterans
B Arteriosclerosis obliterans
C Simple thrombosis
1 Idiopathic
2 Secondary to
a Polycythema ver
b Malignancy
¢ Infectron
Venous diseases
A Primary vancose \eins
B Chrome venous nsufficiency
C Recurring 1diopathic thrombophlebitis
257

1

~]
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111 Cerebral thrombosis
IV Cardiac diseases
A Cardiac infarction
B Cardine fibnllation
C Congestive heart fulure
In the chronic occluse arterial diseases thromboanguitss ob-
literans and arterosclerosss obliterans the final complete occlu
sion 15 usually due to thrombosis Long term anticoagulant therapy
as a prophylactic 1s not practicil m all instances of occlusiee ar
terial disease but 1s mdicated 1 patients with thromboangutis
obliterans who have frequently recurring attacks of thrombo
phlebitis and 1n nstances of sudden arterzal occlusion especrally
1f frequently recurrent
The authors report that they have given dicumarol to 76 pa
tients with Buerger s disease or artertosclerosis obliterans for as
long s four to six months Drcumarol was given to 40 patients
with actrie occlusive disexse and to 36 patients prophylacucall)
after amputation In none of these cases was there any evidence
of recurrence or extension of arterial or venous thrombosts during
the period 1 which dicumarol was given
The best type of anticoagulant therapy 1n sudden arterial occlu
sion 1s a combination of heparin and dicumarol Without antt
coagulants further thrombosis occurs 1n collateral vessels relieved
of arterial spasm or by propagation of an imtal thrombus prox
mnally Emboli may arise fiom the source of an 1nittal embolism
or from an initial peripheral thrombus The authors report that
they have treated 11 patients with arterial embolism and 16 pa
tients with 1cute artertal thrombosis of the extremities prompﬂ)'
with anticoagulants The mvolved extremittes were saved m 10
mstances of embolism and 1n 13 of thrombosis
They advise anticoagulant therapy with dicumarol for seven (0
10 days 1n cases of thrombosts of the greater saphenous system
of the deep vemns of the calf or in mstances elsewhere when
localized thrombophlebiis extends They also recommend dict
marol for patients with chronic venous msufficiency who are bed
ridden for pertads of several weeks Anticoagulants are valuable
in cases of recurrent idiopathic thrombophlebitis to prevent €X

tension of the venous thrombosis or occurrence of thrombosts
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elsewhere 1n the venous system Long term anticoagulant therapy
1s indicated only when the recurrent attacks of venous thrombosis
occur frequently

Anticoagulants are useful 1n preventing extension of a cerebral
thrombosis but great care must be exercised to avord excessive de
pression of the prothrombin level and consequential hemorrhage
It 15 necessary to distinguish carefully between cerebral thrombosis
and cerebral hemorrhage and evamination of the cerebrospinal
fluid 15 1ndicated before admnistering anticoagulants

‘The authors cite the expertence at the Mayo Chinic with dicu
marol 1n coronary occlusion with myocardial infarcnion Although
the mortality rate has not been greatly reduced there has been a
striking decrease in the nctdence of thromboembolic complica
tions when anticoagulants have been used In no instance has there
been serious hemorrhage which was considered due to the ant1
coagulants

Hines and Barker suggest also the use of dicumarol tn pattents
with rheumacic heart disease and aurnicular fibrillation who expert
ence repeated peripheral emboli and n selected mstances ot con
gestive heart faillure They outline methods of adminstrition of
heparm and drcumarol which are essentially those described in
this monograph

There 15 2 comprehensive discusston of many aspects of anti
coagulant therapy n cardiovascular disease by Nichol Falk Men
cely and Hull (576) who presented a panel discussion of the sub
Ject before the Southern Medical Association i October 1948

VENOUS THROMBOSIS AND PULMONARY FArBoLIsht

Smuth and Mulligan (577) reported the prophylactic use of dicu
marol against the development of postoperative thromboembolism
in 2353 women undergoing mijor and vaginal plastic surgery
Several dosage schedules were used 1s follows (1) 200 400 mg dur
ing the 40 hours preceding operition (2) 100 200 mg fter 10 days
1f the patent was still 1n bed and (3) 50 mg within 48 hours fol
lowing operation and again after five to 10 days

The results of this study are most consentently compared by 1n
dicaung the dences of thromb ! in three groups of
patients
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Inadence of  Inadence of Non  Inadence of
Thromboembolism  fatal Lmbols Fatal Embolt

I rior to 1943 when
dicumaro! prophylxis 190 1482 1484
was 1nitiated

Followmg 1943 90o1
pruents of whom 2 353 1215 11181 1301
recened dicumarol

Following 1943 2 353
patients recening 1138 11177 12353
drcumarol

Hemorrhagic compliciions mcluding hematemests hematuria
vaginal hemorrhage and subarachnoid bleeding were the only com
plications of dicumarol therapy occurring 26 times or mn one out
of every 91 patients trexted One f1tal subarachnord hemorrhage
occurred and the patient was found 1t autopsy to have multiple
small aneurysms of the Circle of Willis 1long with organized and
recent hemorrhage

The authors concluded that on the basts of these observations
the use of dicumarol 1n 2 853 selected patients out of a total of
9051 operated upon during a four year period 1ppears to hae con
tributed to a considerable reduction mn the mcidence of postoperd
tive thrombotic complicitions without 1n 1tself crusing a distress
g amount of trouble

J P Strombeck (578) evaluated early iambulation and 1nticoagtt
lants 1n the prevention and tretment of thrombosis and embolism
and outlined a plin of treatment for these conditions A funda
mental factor m the deselopment of venous thrombosis 1s m his
opmnion the retrrdation of venous return from the thrombosed
aren

Among 940 patients gien dicumarol prophylactcally 29
(81 = 057 per cent) developed thrombosis Early ambulation w18
prescrlbed for 891 pauents and 50 of these (56 = 076 per cent)
developed thrombosts When the figures were adjusted to 1ccount
for those for whom dicumarol was contraindicited or uhol;l
operations of a type rarely followed by thrombos:s were performed
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the favorable results of dicumarol prophylaxis became stattstically
significant  This group showed clearly a lowered mcidence of
thrombosts

The frequency of thrombosis was the same among men who re
cenved dicumarol as 1t was among those on early ambulation alone
‘Women given dicumarol had a lower incidence of thrombosis than
those on early ambulation Fatal pulmonary embolism did not
occur among those recerving the drug but did occur n four p1
tients on early ambulation

Strombeck recommends early ambulation as the fundamental
and most tmportant measure 1n presention of thrombosts It should
be started the first day or at the latest two or three days after
operation It should be supplemented especially 1 women by
dicumarol prophylaxis the day after operttion and continued until
the panent 1s fully mobilized He advises that the prothrombin
actiity be mamtamned between 10 and 30 per cent of normal

Strombeck urges that physictans and nurses be trained to recog
nize early signs and symptoms of thrombosis so that combied
heparin and dicumarol therapy may be started as soon as possible
According to Allen early thrombosis must be stopped within 24
hours if the risk of embolism 1s to be avotded

The results of treatment of 92 cases representing 105 extremities
with deep thrombophlebitis were reported by Felder (579) to
gether with a detailed discussion of the dragnostic signs methods
of treatment type of \enous thrombosis 1nd the primary disease
process T'or practical purposes both the bland and nflammatory
thromboses were called thrombophlebitis With the exception of
eght pattents who were treated with vemn ligation anticoagulants
(dicumarol and heparin) were used with 1n average of 10 days of
bed rest usually in mild Trendelenburg posttion

Although most of the patients had had one pulmonary embolism
1t the time of the dingnosis of thrombophlebitis anticoagulant
therapy reduced the incidence of secondary embolism from an ex
pected 30 per cent to 2 17 per cent and that of secondary fital em
bolism from an expected 25 per cent to zero An analysis of the
primary condition ndicated the mmportince of prophyltctic post
operative antrcoagulant theripy 1n pattents with cancer and in
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Incidence of  Inadence of Non  Incrdence of
Thromboembolism  fatal Emboli Fatal Embolt

1rior to 1943 when
dicumarol prophylaxis 190 1432 1484
was initiated

Following 1943 9001
pauents of whom 2 353 1215 11131 13017
recerved dicumarol

Followng 1943 2353
pauents recenving 1138 11177 12303
dicumarol

Hemorrhagic complications including hematemesis hematuria
vagmnal hemorrhage and subarichnoid bleeding were the only com
plicattons of dicumarol therapy occurring 26 tymes or m one oul
of every 91 pauents treated One fatal subarachnoid hemorrhage
occurred and the pauent was found at autopsy to have multiple
small meurysms of the Circle of Willis along wath orgamized and
recent hemorrhage

The 1uthors concluded that on the basis of these obserytions
the use of dicumarol m 2 353 selected patients out of a total of
9051 operated upon during 1 four year period appenrs to have con
trrbuted to a considerable reduction 1n the mcidence of postopera
tive thrombotic complications without in itself causing a distress
ing amount of trouble

J P Strombeck (578) evaluated early ambulation ind anticorgu
lants in the prevention and treatment of thrombosts 1nd embolisim
and outlined 1 pln of trexment for these condittons A funda
mental factor 1n the development of senous thrombosis 15 10 s
opwnion  the retirdation of venous return from the thrombosed
el

Among 90 puents gnen dicumarol prophylctically 29
(81 = 057 per cent) developed thrombosis Exrly ambulation was
prescnbed for 891 pauents and 50 of these (56 = 076 per cent)
developed thrombosis When the figures were adjusted to account
for those for whom dicumarol was contrundicited or whom

operations of a type rarely followed by thrombosis were performed



RECENT DEVELOPMENTS 263

TABLE AlI—(Contsnued)

Authors TE Hm
Refere ces o Prg M e Compl € gl
T 15 Dicum rot 7 3 31 ne
Gresman  d Ma cus ©7) @) my
Am He ¢7 36
Oct ber 1948 C 100 35 21
[ )
T 3 Deumarl 4 2 s
Com hd & Oetng W33 6% (6 6”)
Nasol M Bull 49 13
Jan Feb 1939 [ 7 12 2
(16 3%) Q27 9% (4 6%)
T i Not stated
Fuman et | Abt 1m oD (%9 2mld
FdCn R B 99 G g0
@R W)
T ki’ D cum rol $) Zm or
Fest & Tayls Abt a3 @207y (10 6%)
YA B ey
@257y (@50%)
T e D cumarol 3
Schll g FJ fist Am Combnd  (16™)  2ft1
H o iMee Jon tod9 o o 2
Wy  sfw
T 20 H painf 1 14 pre Rx
e o Prns % oenR
15 1945
one
T 432 D marol (&3] 1 100
Bt M ple & Beck Combi ed 159 ey € ses
Dec 43 FAM 4 135
Cc s (©) 6/100
1074 Dec 11 1948 4 o2

Comb edther py Hepa  2dm  teredd ingfi tfwd ysofd m rol ther py
TTre ted cases

C erolc

(1) 43m leplecoro  yorpe fhe Depsod 11 (25¢) death
3uncomplc rdise  2d re ks 4(1207) de the

() Seresof NyandBres fm If 17 30 65 ] Iy 1945

(3) Myocard al rupt wehd ths

) Am ngsurv orsform th 24h s

B)T tde Mempleto perl0Opt ts

16) Control ¢ ses 36 complc to spe 100p te ts



262 THROMBOEMBOLIC CONDITIONS

TABLE \.iII

SUMMARY OF THE RESULTS OF ANTICOAGULANT THERAPY IN
THE TREATMENT OF COROVARY OCCLUSION WITH MYOCAR
DIAL INFARCTION AS REPORTED IN THE LITERATURE

Authors TE Hem
References Prs Drug Mort Compl Compl
Wehe 1S Po am T 76D Dicumarol 15 Clin 0
Fd* Chn Rewearch 2 @9 1% Post0®
101 Dec 1945
[4 none
T & Hpwn& 22 41126
Holten € Saert yk fr Combined  (25%) posts
Nordisk M 1 31 2136
1046 c n 38 15 41
49%) posts
T & Dicumarol 11 0nt
Nichal & Fassete S o4
M Y 40 631 August (70 (s %) posts
1947
c none
T 10 Dicumaro! 12 1 1 misor
Icters D ence & Br m 09"y (097
bel Sorrk M 7 41 526
Jun 1948 [ 2 13
(25 $%a) (15 1)
T  ® Dicun rol 1 H 8 none
Parher & Baher Poc 100) Combs ed  (119) (57) e ere
Staff AL et M yo Cln
23 367 Aug 4 1948 C 100 13 37
@ (13) 37°7)
T 4 Comb ned 9 3 39
Gluech etal dm Hearr (20°7) ey 1d
7 35 269 Februry
1948 c 19 12
5%) 17y
T s Dicumarol 3 [ Zgro
Vand Ve et al ®6%)  (1717)
Trans Phla ¢ 1 Phy
1667 ¢ 1988 c st 18 12
@537) @ 5)
T n D cumarol 9 2 both s
McC It M Am 7 Med az%) faal  3grows
Se 215 612 ] ¢ 194
no
4
Rech & Eisenmenger # D evm ool 6 77)
m 7 Md Sc 215

617 J ne 1948 c non




RECENT DEFELOPMENTS 265

arise from organtzanion of mural thrombi and has traced this proc
ess from the earltest deposition of fibrin to the formation of massiie
deposits with atheromatous softening Dugwd concluded that
atherosclerosis depends not only upon changes mn the tissues with
the walls of the vessels but upon changes in factors governing
fibrin formation n the circulation

Harmison (587) produced lesions indistinguishible morpho
logically from those of arteriosclerosts in the pulmonary artertes
of rabbits by 1njecting finely fragmented fibrin clots into the ear
vemns

Gibson concluded that a clotting tendency 15 an essential fexrure
of coronary thrombosis and 1s also the basis of the local leston which
determunes the ste of such thrombosts On this basts he advocates
the use of anticoagulant therapy as an essential part of the treat
ment of coronary thrombosis

Carmichael and Oetting (588) observed 73 patients with acute
coronary thrombosts and myvocardral infarction of whom 43 were
treated by the usual conservative measures only and 30 were treated
similarly except that they were given dicumarol A few patents
recerved heparin imitially The selection of pauents excluded
from the study those (1) dyng within 36 hours of admission (2)
m whom the occlusion hid occurred more than four days pre
viously and who had been treated adequately during that mterval
(3) for whom the dingnosts was not established by the fourth hos
pital day and (4) who exhibited a contraindication to dicumarol
therapy

A prehminary prothrombin time was done The mtial dose of
dicumarol was 300 mg and the dosige thereafter was determined
by the prothrombin ume An effort was made to Leep the pro-
thrombin concentration between 15 and 30 per cent of normal
Prothrombin times were determined by Quick s method

When heparin was used 300 mg was grven in the hter of 5 per
cent dextrose mtravenously at the rate of 20 drops a mmute The
coagulition ume was determined by the capillary tube method
every four hours An attempt was made to Lkeep the coagulation
time between 18 to 24 minutes

Tuelte patients or 27 9 per cent of those 1 the control group
suffered thromboembolic comphicattons clinically There were



264 THROMBOEMBOLIC CONDITIONS

those undergoing mjor gustromtestntl surgery hysterectomies
and hip fixations

Both wnucoigulant theripy and vemn ligation have 2 place in the
prevention and treatment of thromboembolism The mdications
for exch should be determined on the basts of the type of thrombo-
phlebius the underlying disense 1nd condition of the patient the
avatlability of laboratory control and the esumated risk of faeal
embolism It 1s quite possible that the incidence of death from
pulmonry embolism 1n untreated patients 1s lower than generally
believed

Ball ind Hughes (580) reported an nnlysis of 100 pauents
treated with anticorgulants 1nd discussed the hazard of venous
thrombosis with the treacherous complicition of sudden pul
monary embolism Venous thrombosts was found to be a common
conditton  particularly n medical pruents Heparm combined
with dicumarol proved to be an effectise method of tretment
Since the admunistration of dicumarol requires careful laboratory
control the authors dopted the use of the one stige method of
Quick They conclude that with the erly dingnosis of thrombosts
m the leg vems both pulmonary embolism 1nd chronic leg ulcers
can be prevented

Acute CoroNary OccLusioN
wirn MyOCGARDIAL INFARCTION

Bean (581) has listed the considerations which form the basts
for the use of 1nticoagulants 1n the trextment of patients wrth acute
myocardial mfarction

Gibson (582) has emphasized the role of mtrnascular clotting
1n the genests of corontry thrombosis He cites Bourne (583) who
pointed out thnt the mjority of persons with 1theromatous coron
ary arterzes dic without coronary thrombosis whereas some persons
die of coronary thrombosis who have little coronary atherosclero-
s1s Bourne reported five cises i which coronuy thrombosis co
maded with thrombosts elsewhere n the body Meakns nd
Ealins (584) found that a1l but four of 62 ptients with coronary
thrombosis had thromboses 1n the arterral or venotis systems at

autopsy
Dugwd (585 586) has clyumed that atherosclerotic lestons m1v
g
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group of pagents recentng dicumarol (6) serious hemorrhage
comphicating drcumarc} theripy 1s nncommeon  (7) buger doses of
dicumarot wdmnistered during the imtrat 48 hours may produce
2 hugher percentage of sausfrctory prothrombin levels durng the
early stages of tremment (8) adequate anucoaguling therapy wil
reduce the hazard of embolization by portions of mural thrombi
when quamdine 15 given to regulate cardine arrhythmns and (9)
m tiew of the apparent efficacy of dicwmarol in the treatment of
myocardeal infarction o would seem justified ta wclude anticoagu
lant therapy as part of the sctive therapeutic regimen for all pa
hents having thes condition and atheriise suited to this therapy
Seventy four patents with coronary thrambosis and treated with
“utcoagutants at the Vmderinte Unnersity Hospial during 1987
48 were sorted nfo categories of knonn prognosuc mmpore and
studied by Furman Gale Billings wnd Meneely (289) Tlus group
was then compared with 2 control group of 240 patients with coro
nary occlusion but not treated with anucoagnlints selected from
the files of the Vanderbilt Hasputal for the years 1925 1846
The mcidence of extracardiac thromboeembolssm m the control
group was 11 per cent 1 the treated group it was five per cent
The maortality rite n the control group was 10 per cent n the
wreated group 1t was only 19 per cent
The mortaliry among those treated piuents exhibitmg grave
prograstc signs and symptoms (espeatitly those of congestve fad
ure or shock like states) was agher than that for the treated group
collectrvely However the beneficial effect of micorgubinis carrsed
over m varying degree to most of these groups
The authars conciude that the benefioal effect of anticoagulants
m the treutment of artertosclerotic coronary thrombosts must re
sult from some action other than ar wn addition to the prevention
of extratardiac thrombeembolie phenomena The nawre of such
an action is not apparent from this study
Freston and Tylor (590) duided 127 prtrenis with 1wute myo-
<ardind anfarcuon mio two groups ohe comsistng of 71 pruents
with 73 admissions was treited with dicumarol when the diagnosss
could be established without delty the other consisung of 51
pitents admusted to nother serssce during the same period of
oneyerwr served as control
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eight secondary myocardial mfarctions four pulmonary mfarc
tions three instances of thrombophlebitis and one mesentenc
thrombosis Two patients or 67 per cent of those treated with
dicumarol suffered vascular complications One of these Was a
secondary myocardial infirction and the other was a renal mfarct

Seven patients or 163 per cent of those 1n the control group
died Four pauents or 13 3 per cent of those treated with dicu
marol died Two or 285 per cent of the control patients who
died had thromboembolic complications which were reported as
the cause of death OF the 4 patients in the treated group who died
none had vasculir comphications $1x of seven deaths m the control
group and 11l deaths 1n the treated group were due to heart failure

Two control pattents suffered a hemorrhage 1n both nstances
muld rectal bleeding while under observation Among the treated
cases hemorrhages occurred in five patients (16 6 per cent) These
included two nstances of mild epistaxis two nstances of mild
gingnial bleeding and one gastromntestinal hemotrhage treated
successfully by the admnistration of vitamm k parenterally and
transfustons

An 1ttempt was made to keep the prothrombin actnty reduced
to about 30 per cent of normal This level was attained within 12
hours after the first dose of dicumarol mn 14 3 per cent of pattents
within 36 hours 1n 53 6 per cent of patients within 60 hours mn
64 3 per cent of pauents and within 84 hours mn 96 4 per cent of
patients In all cases but one the destred level nas reached within
35 days

Among the conclusions reached by the authors the tollowing
warrant emphasis (1) dicumarol apparently does not adversely
affect the cardiac functions during or immediately after the heal
ng stage of mfarcuion (2) digualis appears to be admunstered
more safely to patients who are under adequate anticoagulant con
trol (3) the admmistration of dicumarol has no effect on the de
gree or duration of the pain of acute coronary thrombosis (4) dr
cumarol therapy significantly reduces to less than one fourth the
number of thromboembolic complications (5) the slight difference
n mortality 1 this series might have been increased 1if the nct
dence of cardiac enlargement of multiple attacks of coronary
thrombosts and of shock hnd not been shightly greater in the
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In the reports cited thus far anucoagulant therapy has con
sisted largely or exclusively of the admumistration of dicumarol
Except 1n an occasional mstance heparin was admitustered con
currently with dicumarol and was given only during that period
of 48 to 72 hours at the beginning of anticoagulant therapy dur
m,, which dicumarol 1s known to be not fully effective In most
studies heparm has been an adjuvant designed to protect the pa
tient during the 1mtial pertod of dicumarol therapy No attempt
has been made to assess the value of heparmn alone as an antico
agulant in the treatment of coronary occlusion with myocardial
nfarction

It 15 therefore of considerable interest that Loewe and Eiber
(592) have reported recently the results of treatment w1th heparin/
Pithin menstruum m twenty consecutive unselected patents with
acute coronary artery thrombosis and myocardial nfarction 4l
patients were acutely 11l and the majonty had serious complica
tions Ten patients were seen from three to 72 hours after onset
The remaining 10 patients were seen from six to 56 days after the
acute occlusion

An il dose of 400 mg heparin/Pitkin menstruum sub
cutaneously was followed usually by 400 mg every other day for
three to four implants The frequency and dosage of induvidual
jectrons (200 to 400 mg) was then regulated by the response of
the coagulation time of the whole blood as determined by the
method of Lee and White effectrve heparmzation requinng that
the coagulation trme be prolonged to 1t least three times normal
(8045 munutes)

Loewe and Eiber state that the three purposes of anticoagulant
therapy mn coroniry occlusion with myocardial mfarction are (1)
to prevent the propagation of the coronary thrombus (2) to pre
vent embolization from mural thromb: and (3) to prevent throm
bosis of the deep venous channels They discuss the comparatise
advantages and disadvantages of heparin/Pithin menstruum and
drcumarol

The authors summarize their experience as follows  Anticoagu
lation therapy with heparin/Pithin menstruum was the subject of
an exploratory study mn 20 consecutive unselected patients with
acute coronary artery thrombosis and myocardial infarcuon

All of the patients 1n the sertes were seriously 11l some were
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Omutting the pattents who died during the first 24 hours in the
hospital the mortality rate of the survivors nas 22 5 per cent for
the control group and 25 8 per cent for the treated group If the
13 patients 1 the treated group who did not recenve dicumarol
because of the fatlure to diagnose infarction promptly are omitted
of 45 pauents who actunlly recenved the drug the mortality rate
w1s 20 per cent

There was 1 marked reduction m thromhoembohc complia
tions n the treated graup The merdence among the contrals was
25 per cent that 1mony the treated patients 106 per cent Siv
complications occurred 1n patients less than 60 yers of 1ge 121
pattents 60 years or older The majority of these patienss were n
congestrve heart fulure or had been when the coronary attack oc
curred Only two mcidences of minor gentto urinary blecding oc
curred 1n the pattents treated with dicumarol

The authors conclude thit (1) dicumaro] 1s reasonibly safe to
use 1n the presence of myocardsal ifrrcuon although it 1s not an
deal anticoagulant (2) there is 4 sigmificant drop 1n the inudence
of thromboembolic complications when dicum ol 1s admnistered
(3) the frequency of thromboembolism mcreses 1n persons over
60 years of 1ge suggesting that nticoagulants be used n this
group particularly m the presence of congestive heart fulure ()
the difference 1n the mortality rate 1s not convincing

The report by Sclulling (591) 1s based upon the obseryation of
120 patients with myocardial mfarction 60 of whom recenved di
cumarol and heparin or dicumarol 1lone The Link Shipiro
method was used for the determnttion of the prothrombin time
The author found that the use of 125 per cent diuted plasma
was of greater salue an following the course of the dicumarol ther
apy than was the use of whole phsma He advocates the use of
heparn 1n 11l cises of myocardial infarction because of 1 stite of
hypercoigulability existing during the early phases of myocirdal
infarction

The mortality 1n the control group was roughly 40 per cent
tht 1n the treated group 16 per cent Thromboembolic complica
tions contributed to the death of eight pattents 1mong the con
trols 1nd of two ptients among the treated cases There were 23

thromboembolic complicitions 1n the control group and only

three 1n the treated group
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there was cerebral hemorrhage due to rupture of a right ventricu
lar striate artery OF the four patients not autopsied two died of
recurrent coronary thrombosis

Of the 49 patients remamning on dicumarol all have been active
i business or household duties but four have experienced ept
sodes of acute coronary mnsufficiency without nfarction followed
by tecovery without complication The patient who had been on
dicumarol for five years had three attacks of coronary thrombosis
before dicumarol therapy but none since Many patients comment
upon the abatement of anginal pamn while taking dicumarol The
authors do not claim that coronary thrombosis can be prevented
by this therapy but feel that they have demonstrated that the re
gime 1s feastble providing accurate prothrombin determinations
can be obtamned

Foley (594) has recently summarized and brought up to date the
expenence which he and Irving Wrnight had with Iong term ant
coagulant therapy i patients with rheumatic heart disease coro
nary occlusion and phlebitis migrans Nineteen patients have been
mantuned on dicumarol without mishap for 2 minimum of 15
months and some patients have been carried for as long as three
years

CoNGESTIVE HEART FAILURE

Patents wrth congestive heart faillure are prone to develop
thromboembolic complications which ncrease the morbidity and
the mortality of congestive heart fatlure hinsey and White (71)
reported the presence of pulmonary nfarction 1n no less than 24
of 50 autopsied cases of congestive heart failure Carlott: and his
associates (72) 1 2 study of pulmonary embolism m 273 medical
cases found that the admission diagnosis i 104 instances had been
conesuve heart failure

On the other hand patients with liver damage are 1pt to have
1 reduced plasma prothrombin activity and to Teact m an ex
tremely sensitive manner to a given dose of dicumrol (1 e are apt
to be hyperreactors } Reisner Norman Freld and Brown (595)
stuchied 100 male subjects chosen from two medical wards at Belle
vue Hospital The prothrombin time was determined before and
following a single dose of 100 mg of dicumarol No patrent was
selected whose prothrombin activaty was not normal The pro
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desperately 11l Fourteen of the patients (70 per cent) had climeally
detectable compliciting thromboembohc eptsodes One of these
complicated cases represented the only treatment fulure (five per
cent) 1n the series of 20 patients

In none of the 19 patients who recovered was there evidence
of thrombus propagition once anticoagulation theripy w1s st
tuted Furthermore all complicating thromboembolic processes
were promptly terminated

In the optimally treated patients the span of bed rest was con
spicuously reduced Convalescence was accelerited and the patients
were restored more ripidly to their wcustomed activity

The graufying response to this small though representaine
sertes of gravely 11l patients wonld seem to indrcate that heparn/
Pitkin menstruum  because of ats sumphicity of admmistration
prompt effectrseness 1nd absence of toxicaty 15 well smted for the
treatment of acute coroniry thrombosis and 1ts complications

Long Term Anticoagulant Therapy

Nichol and Borg (593) reported their further experience with
long term dicumarol therapy 11 68 patients who had suffered one
or more attacks of coronary thrombosis and/or myocardial nfarc
tion Approvumately half the patients had experienced more than
one attack previously Thirty six patients on dicumarol had been
followed for three to 12 months 20 for one to two years 11 for
two to three yerrs and one for five yewrs Prothrombin times are
performed at weekly mtersals after the pattent has become 1mbula
tory and the dos1ge of dicumarol verages 60 to 75 mgm aday The
prothrombin time 15 mamtamed at 1 value twice normal 1s €x
pressed 1n seconds the equnrlent of a reduction 1n prothrombin
actiaty to between 10 and 30 per cent of normal Hemorrhage h1s
occurred 1n one fourth of the patients usually due to the presence
of some pathological lesion or to an over dose of dicumarol and
has necessitated the abandonment of the therpy in three patients

Nine patients stopped therapy and two of these died later with
recurrent attachs Ten pattents died wlile on dicummirol and six
were autopsied In two instances there w1s a fresh corotiry throm
bosts or infarcuon 11 three instances death was ascribed to ven
tricular fibrillation or congestive heart fulure and 1n one mstance
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there was cerebral hemorrhage due to rupture of a right ventricu
lar striate artery Of the four patients not autopsied two died of
recurrent coronary thrombosis

Of the 49 patients remaining on dicumarol all have been active
n busmess or household duties but four have experienced ept
sodes of acute coronary wnsufficiency without infarction followed
by recovery without complication The patient who hid been on
dicumarol for five years had three attacks of coronary thrombosts
before dicumarol therapy but none since Many patients comment
upon the abatement of anginal pain while taking dicumarol The
authors do not claim that coronary thrombosts can be prevented
by this therapy but feel that they have demonstrated that the re
gune 1s fewsible providing accurate prothrombin determinations
can be obtained

Foley (594) has recently summarized and brought up to date the
experience which he and Irving Wright had with long term anti
coagulant therapy m patients with rheumatic heart disease coro
nary occlusion and phlebitis migrans Nineteen patients have been
mauntaimed on dicumarol without mishap for a mmmum of 15
months and some patients have been carried for as long as three
years

ConcesTive HEART FAILURE

Pauients with congestsve heart failure are prome to develop
thromboembolic complications which mcrease the morbidity and
the mortality of congestive heart farlure hinsey and White (71)
reported the presence of pulmonary nfarction 1n no less than 24
of 50 autopsied cases of congestive heart fulure Carlottz and his
assoctates (72) 1n a study of pulmonary embolism m 273 medical
cases found that the admusston diagnosts in 104 instances had been
congestive heart failure

On the other hand patients with liver damage are apt to have
a reduced plasma prothrombin activity and to react 1 mn ex
tremely sensitive manner to a grven dose of dicurmarol {1 € are apt
to be hyperreactors ) Reisner Norman Field and Brown (595)
studied 100 male subjects chosen from two medical wards at Belle
vue Hospital The prothrombin tme was determined before and
following a single dose of 100 mg of dicumarol No patient was
selected whose prothrombin activity was not normal The pro
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thrombm time w1s determined each duy on whole plasma (Link
Shapiro technic thromboplistin from ox lung) untl 1t had re
turned to normal or until four days hd elapsed with no change
A barrge of liver function tests were performed on most patients
and obseryation made of the size of the liver the presence or ab
sence of 1scites 1nd the presence 1nd degree of congestive heart
farlure

Depression of prothrombin 1ctivity to less than 60 per cent of
norm1l occurred 1n 28 pattents of whom 93 per cent had evidence
of Iiver diserse or congestine heart fulure The patents with the
most profound depresston of prothrombin actrity had extensne
liver dmage as indicited by the presence of ascites positine cepha
lin flocculation tests enlarged livers and/or inyverted albumen/
globuhn ratos

Among 33 patients with congestive heart fatlure 14 (424 per
cent) were hyperreactors 1s manifested by a depression of pro
thrombm actisity to below 60 per cent following tins single test
dose of dicumarol Three of these patients had other liser disease
as well Twenty other patients with heart failure (57 6 per cent)
of whom three had other liver disense 1s well did not show 1 1€
duction of prothrombin actnity to Iess than 60 per cent mn response
to the single test dose of dicumarol

The high mcidence of congestive heart failure among the pa
tients who were hyperreactors to dicumarol 1s evidence that in en
Inrged Iner due to congestive heart fulure 1s physiologically de
ranged This 15 supported by the results of lnver function tests It
1s evident also that the presence of congestive heart failure may
alter the pattent s response to dicumarol On this basts the uthors
beliese that the response of 1 patient (o0 1 single test dose of dicu
marol 15 a sensttrve test of Irser funcrion

Wishart and Chapman wlmimstered dicumarol to 61 pitients
with frank congestive heart fatlure Auricuiar fibnlhtion was pres
ent m 19 cases (three per cent) 1nd there were definte s1xns of
mmatral stenosts 1n 11 (18 per cent)

In the absence of contrundicttions wnd with 2 normnl prehinn
nary prmhrnmbm time n 1l dose (usually 200 mg ) of dicuma
rol was gnen orally I 1 few cses small doses of hepanin were
gunen mtrunuscularly for the first 24 or 18 hours The prothrom
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b tsshe was decermuned daily and the dosage of the drug was ad
justed to heep the prothrombin concentration between 30 and 10
percent of normal The 1verage ul prothrombin concentration
before dicumarol was started was G2 per cent of notmal and i one
crse st wasonly 17 per cent evidence that hiver function may be sig
nificntly impared in congestn e heart farlure

The average daily dose of dicumarol for an adequate effect was
78 my which ws constdered evidence that prients i cardiac
faslure require smaller doscs of dicumarol than do compensited
pexsons

Mo hemorrhagic complications developed in any of the cases al
thou h 1t was often necessary to suspend dicumarol therapy be
cruse of excesstve depression of the prothromin concentration
Vitamin k(30 mg mtrnenously three or four times datly) was
owcasionally nsed to counteract excessive dicumarol effect

The mortahity 1 the serzes was 32 8 per cent (20 deaths) nd
autopstes were performed 1 12 cases There were no deaths defi
nttely attributable to pulmonary embohism nd only I death
mght concenably hate been due to such a condition In the re
mammng 10 fatal cases death wzs not sudden and the termual
symptoms were not sug.,estive of fatal pulmonary embolism No
such embolus was found wn any of the 12 autopsicd cases althou h
small emboh were present m several

The chnical diagnosts of non fatal embohism and infarction
the hings 15 difficule and many cises umpossible In dis study
$Symptoms and signs of mfarction were carefully sought elevatons
m temperature pulse rte white cell count and sedimentation rate
were mmieshgated and x riys of the chest were taken upon the
shightest suspicIon

Defimte pulmonary mfarcts devefoped chmically 1 2 patients
on dicumarol therapy The dicumarol effect was wdequate before
wd during the time the embolic phenomena appeared Tuwa pa
tienss had transient microscopic hemnturia winle on dicumarol
therapy

Atautopsy mfarcts (othier than myocardial) were present m six
out of 1.2 cases T'rom the ages of the lestons as judged morpho-
‘0‘;‘0“} 1t was possible to determyne thr in five cases infarcts had
developed eather before dicumarol had been gnen or after 1t had
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been withdrawn In the remainng c1se pulmonary infarction had
apparently occurred mn spite of adequate doses of dicumarol

With the clinical and postmortem evidence combtned 1t seems
probible that embolic phenomena developed 1n 4 (65 per cent)
of the 61 cises despite adequate dicumarol therapy Prevtously
published reports indicate that 1n 1 group of comparable cardic
patients one m1y expect pulmonary emboli 1n 1t Ieast 22 per cent

The writers beheve thit dicumarol therapy 1s probably effective
mn protecting the patient with congestive heart fulure from the
danger of embolism and that controlled anticoagulant therapy may
become as important mn the treatment of the disorder as it alrewd)
15 10 that of thrombophlebiis or of post operatne pattents al
though the protection it affords 1s not absolute

Stats and Dvson (597) determined the hypoprothrombimemic
effect of a single dose of 150 mg of dicumarol 11 48 control sub
jects mnd tn 36 patients wich varying degrees of night sided heart
failure Chmnical 1nd statistical analysts of the results showed 10
creased response 1n those cardiac patients with moderate to sesere
heart failure There was no difference mn the prothrombin time
between normal and cardac patients when whole plisma was used
but when 12 5 per cent plasma was used the prothrombin time was
prolonged unong the phuents 1n heart fulure

MuvrTipLE Sc1TROSIS

Chiavaca nd Putnam (598) surveyed the hypothesis that the
charctenstic lesions of multiple sclerosis 1re the result of vascular
closure Spotty areas of demyehination with relitive presersation
of axts cyhinders and 1 purely ectodermal type of repur m7y he
produced by experimental venous obstruction or m1y be observed
m conjunction with a variety of lesions which embariss the venous
return Results of 1 search for alterattons 1n the cipillaries m the
nal beds were reported

Observations were made on 48 patients with multiple sclerosis
selected from a larger series on the grounds of certainty of drgno
cooperatiieness and comvemence For control nine persons em
t the laboratory were observed The authors found
11 18 patents (19 men 1nd 29 women) showed alter

515
PIO)ed abou
¢hat almost 1
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tion of the capillaries consisting marnly 1n spasticity sluggishness
or absence of circulation and thickening of mtermediate parts of
the loop ‘The capillary obsersations did not correspond with the
severity of the pruent s climcal condition

These observations seem to point to the primary nature of vascu
lar changes 1n multiple sclerosts The authors believe that the pres
ence of abnormalities in capillary pattern mn assoctation with neuro
logic signs and symptoms m1y prove rehable though not mfallible
evidence m favor of the diagnosis of muluple sclerosis These m
vestigations will be continued on a larger scale with respect to the
mfluence of various chemical and physical agents on the capillary
shape

Cox Fant! and Fitzpatrick (599) were prompted by the report
of Putnam and Iis conorkers (49) to admunister 3 3 ethyhdene
bis-4 hydroxycoumarin (F D C) to 30 unselected patents with
duisseminated sclerosis Treitment was abandoned 1n one case after
a fortnight but was continued 1n the remaming patients for pe
riods up to 19 months Treatment was discontinued m 19 patients
because of the deterroration of the patient or because of the oc
currence of acute exacerbations of the disease

Prothrombin determimnations were performed by the one stage
method of Quick using plasma from venous or capillary blood
Percentages of prothrombin actrvity were calculated from stand
ardized hyperbolic curves Twenty nine of the 30 pauents had a
preluminary prothrombin actvity between 60 and 100 per cent of
normal One patient had a preliminary prothrombin activity be
tween 35 and 40 per cent and was not accepted for treatment

EDC was given orally 05 gm for two successive days 0 3 gm
on the third day and according to the prothrombin activity there
after An atterupt was made to keep the prothrombin actisity be
tween 25 1nd 30 per cent of normal This was 1ccomplished 1 26
pitients but in the remuning three the prothmmbm actvity was
not reduced below 50 per cent even on daily doses of 0 3 gm The
prothrombin tune was determmed once or twice weekly depending
upon the stability of the patient s response to F DC

No untoward reactions were noted even by patients treated for
as long s 12 months and with a total dose of ED C of from 40
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been withdrwwn In the remuning cise pulmonary nfarction had
apparently occurred in spite of 2dequate doses of dicumarol

With the clinieal and postmortem evidence combined 1t seems
probable thit embolic phenomena developed 1n 1 (6 5 per cent)
of the 61 cses despite rdequate dicumarol therpy Presiously
published reports indictte that 1n 1 group of comparable cardiac
patients one may expect pulmonary emboli 1n at lewst 22 per cent

The writers believe that dicumaro! therapy 1s probably effectrve
in protecting the patient with congestive heart fulure from the
danger of embolism and that controlled anticoagulant therapy may
becotme as important 1n the treatment of the disorder as 1t already
1s 1n that of thrombophlebitts or of post operative patients 1l
though the protection it affords 15 not absolute

Stats and Dvison (597) determuned the hypoprothrombimemic
effect of a single dose ol 150 my, of dicumarol i 18 control sub
jects 1nd m 36 patients with sarying degrees of right sided heart
farlure Clhinical 1nd statistical anlysts of the results showed n 1
creased response 1n those cardinc patients with moderate to severe
heart fulure There was no difference 1n the prothrombin time
between normal and cardiac pattents when whole plasma wis used
but when 12 5 per cent plisma was used the prothrombrn time was
prolonged among the patients in heart failure

Mui TIPLE ScI FROSIS

Chinaces and Putnam (598) surveyed the hypothests thit the
characteristic lesions of multiple sclerosis are the result of visculir
closure Spotty areis of demyelinrtion with relatnve preservauon
of au1s cyhinders and 1 purely ectodermal type of repair m1y be
produced by expermental venous obstruction or m1y be observed
i conjunction with a vartety of lestons which embarass the venous
return Results of 1 search for alterauons i the capillares in the
nail beds were reported

Obsenvations were made on 18 patients with multiple sclerosts
selected from 1 larger series on the grounds of certainty of digno
sis cooperatiieness and comvemence For control nie persons em
ployed about the l1boritory were observed The authors found
that 1lmost 11l 48 patients (19 men and 29 women) show ed 1lter
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He states that though he has used anticoagulants m the treat
ment of cardiac infarctions 1t 1s too early to make any statements
regarding the results Heparin was also used 1n a case of transfusion
reaction mn which there was anurta Two hours after the start of
hepinn therapy the anuria cleared up and long fibrin casts of
tubuli were vorded

Finally m fibrinous bronchitis heparin was used to decrease or
counteract the deposit of fibrin and when combined with ephe
drine and epmephrme 1s characterized by the author as life
saving

CONTRADINDICATIONS AND CAUTIONS IN THE UsE
OF ANTICOAGULANTS

Hypoprothrombinemia Due
to Lwer Disease

Hemorrhagic states complicating hepatic disease are generally
attributed to hypoprothrombinemtr  An additional factor m
parenchymatous liver disease may be 2 circulating heparin like
anticoagulant Whatesell and Snell (601) emphasize that two add1
tionl factors may be associated with a coagulation defect 1n hepatic
disease namely thrombopenia and an increased capillary fragility
They reported that not only are thrombocytopenia and increa ed
capillary fragility common 1n the presence of parenchymatous
liver disease but that there 1s some carrelation between the oc
currence of these defects and an abnormnl state of the serum col
lods for example an ncrease 1 the gamma globulin fraction of
the plasma protems The hazards presented by these findings are
the performance of splenectomy for thrombocytopenia of hepatic
origin the increased hazird of bleeding at surgery and the danger
of postoperatine hepatic insuffictency

The increased sensitivity of patients with liver dysfuncuion
cluding that due to congestive heart failure to dicumarol has been
referred to earher n this chapter Rewsner Norman Field and
Brown (595) employed single test doses of 100 mg of dicumarol for
a liver function test and suggest that 50 mg as employed by
Shapiro and his coworkers may have been too small a dose

Unger Wetner and Shapiro (602) have reported further expert
ence with a Iiver function test of hih sensitivity 1n which they
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to 70 gms Twenty five patients were treated for at least several
months 12 patients for one year or longer Twenty two patients
were studied sufficiently long and well for analysts

Significant exacerbations occurred during therapy 1n four cses
in three whose prothrombin levels were maintamed between 20
wmd 30 per cent and 1n one at 36 per cent Pauents who had suf
fered frequent attacks of disseminated sclerosis continued to suffer
attacks under adequate dicumarol therapy In the group of 11
patients with slowly progressive disease unquestionable deterior
tion occurred during treatment despite the usual remissions and
exacerbations In three of these 11 patients the prothrombin con
centrattons could not be reduced below 50 per cent or normal

The authors concluded that anticoagulant therapy had no ap
parent beneficial effect on the course of dissemnated sclerosts
Comparison of 55 untreated patients observed personally with the
results reported by Putnam m his cases treated with drcumarol re
vealed very similar mean acute exicerbation tumes—namely 23 24
months 1s agaumst 27 02 months The reduction of blood prothrom
bin levels 1n pauents with dissermnited sclerosis by means of
ED C had no appreciable effect on the course of the disease

Mi1scELLANLOUS CONDITIONS

hallner (600) studied patients with pneumoma i whom fever
persisted after the pneumomn had been apparently controlled by
antibiotic therapy The author used heparin and dicumarol to
treat the thrombosts which he feels causes the fever to persist and
which he thinks 15 located 1n the venous system either of the pelv1s
or of the lower extremnies With this theripy he gives massage*
to the lower extremities and permits exrly movement of the lower
extremittes and trunk Therapy 1s continued unul the patient 1s
out of bed and mosving about freely The same technique 1s used
for suspected thrombotic complications m the treatment of cases
of heart disease anemia parturition and elderly pattents who
hve been confined to bed for a long time for ny reason 1nd in any
cases 1n which 2 manifest thrombosis h1s been present

d this seems

* Once thrombosis 1n the lower e 15 diag
to us (CDM ISW)
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occur m the winter and spring No other defects of clotting mech
anism were known to be of sexsonal incidence

The authors tested capallary fragility 1 239 healthy children
at various times of the year using both positive and negative
pressure methods and found that the mcidence of increased capil
lary fragility increxsed 1n winter and spring diminished 1 sum
mer and was munimal m late summer In addition they noted
that conjunctinal petechiae 1n the newborn which are supposedly
due to rupture of capillaries during labor were most numerous
m spring and winter There was thus a distinct parallelism 1n 1n
cidence of cerebral hemorrhage cephalhematoma conjuncuival
petechiae and excessive capillary fragihity

The authors suggest that the use of vitamms k and P during
the latter months of pregnancy may prevent these hemorrhagic
tendenctes

Sachs and Labate (604) reported the case of a 23 year old mult1
para who was admatted 1n the seventh month of pregnancy with a
diagnosts of phlebothrombosis and pulmonaty embolism Because
of three additional episodes of pulmonary embolism each ocour
rng as the prothrombin time wns allowed to approach normal 1t
®as necessary to continue drcumarol therapy through the last two
months of pregnancy and the postpirtum period Intrauterme
fetal death occurred on the 53rd hospital day and on the 74th day
the woman delnvered a sullborn macerated fetus Fxamination of
the fetus revealed that death was due to hemorrhage apparently
caused by dicumarol Attention 1s drawn to the danger of fetal
death from hemorrhage which may result trom the administra
tion of the drug during the antenatal period

Cotlove Spiro and Vorumer (605) performed 277 prothrombin
determinations at various mtervals from early pregnancy through
the puerperium on 62 chimic pattents usmng the Link Shapiro
method on both whole and 12 5 per cent dilute plasma When the
results 1n the tests of these 62 patients were plotted on a chart
there were no sigmificant alterations 1n the average values nor n
the bulk of the specific values when whole plasma was used How
ever using the diluted plasma1 prothrombin times there was a
progressive shortening below the normal range after the third
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utihize the response of the prothrombin time following the 2d
munstration of large doscs of vitami k. The resting level of pro-
thrombin 15 estimated on 125 per cent diluted plasma on each
of several consecutive days Large doses of vitimin h (Synkavite
70 mg) are gnen ntrnenously on exch of 4 successive days and
the prothrombin time determined on exch day following mjection

The results ave interpreted 1s follows (1) 1 negative test 1s one
m which the resting level 1nd ser1al determimations of the pro
thrombm trme are 2l within normal limats (37 to 42 seconds by the
Ink Shapiro technic using 125 per cent diluted plasma) or the
resting level indicates hypoprothrombinemiy which 1s corrected
during the admmistrition of vitwmin K or the resting level 1s
normal nd becomes hyperprothrombinemic during the admints
trition of vitumin k (2) A positive test 1s indicated by hypopro-
thrombinemra which 1emnuns uncorrected or 1s ex 1ggerted by the
admunistration of vitvmin K or a normal resting prothrombimn
time which becomes hypoprothrombimemic durin, the admimnistra
tion of vitamn K Forty five seconds (dilute) his been arbitranly
taken as the dniding line between normal and 1bnormal and
values within the range of 15 to 17 seconds are considered border
line

Unger Weiner and Shaptro have found a high degree of correl
tion between this test 1nd clinteal and histologieal findings 1nd
believe 1t to be a sensttive test of Iner function They recommend
1ts use 15 1 scout test for Iiver impurment

Late Pregnancy

In a study of 10000 newborn children over 1 period of five
years kerpel Frontus Varga and Pl (608) found 1 seisonal varm
tion 1n the ncidence of melenn cerebral hemorrhage wnd cephal
hematoma The peak period was identical for exch nd occurred
during winter and spring with diminution durmg summer and
wrtumn Since the triuma of delivery presumably did not have a
seasonal variation 1n explinaton for the madence vrrations ¥1s
sought m possnble changes 1 the clotting mechanisms and m the
capillary frgihity ‘The authors state that ccording to the Titer
ture the most marhed prothrombin reducttons hwve been noted to
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The Admunsstration of the Anticoagulants

THE ApviuNisTraTION or HEz ARIN

A\IETHOD {or the determmauon of hepin in blood s

been developed by Monkhouse Stewart and Jrques (606) It
1 apphicable 1o the estrmation of 1ncrensed guanuues of hepaamn
m blood s after mtravenous mjection or anphylactic shock
Using the metrchromatic method of assay recot eres of 80 90 per
cent were abeained for hepwnm added to blood 1n concentrations of
02t 38 mg /100 ml while complete fecovery of hepwurin was
obtuned from phsma Normal hunrn blood without added hep
ann gave 1 value equnalent to 0 009 mg per cent of hepum by
s methad Ouang 1o the extremely smatl amounts of heprin
thus found w normal blood certun modifications of the method
ar¢ indicated 1 applying 1t to the esumation of normal blood
heparn

Parstol 4 New Heparu Like Anticoagulant (Heparinod)

Sorenson Serfter and Wright (607) have reportcd obserations
on the effect 1n humans of 1 synthetsc wnticorgulant prepared by
the sulfation of Agime acsd The maternl 1s 2 polysulfuric ester
of polyinhydromannurontc 1exd obtuned as 1 wter soluble sodtum
st which 15 stable at yoom temperiture  Pharmacological data
ndicare that the drig has bout the same toxiaty 1a animals as
hepamin and s 2bout 1/10 to 1/20 15 toxsc as other synthetic
polysicchande sulfure anid ester o ulants that have heen
tested Rabbaes ghen B to 15 mg/hg of Paritol by mirasenous in
Jectson every three howrs daly for one weel showed no towc
mndestations Studtes 10 anumals on the f1te of Paritol indscate
that tbout 2, per cent s exereted i the urme The remunder
PPENS Lo be intctnved  the Blood nd the incenated product
prckhed up by the veuculoendathelind system

The results reported were based on the dminisiration of Pug

281
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month of pregnancy and the shortest times appeared i the first
few days post partum Values obtamed seseral months post partum
were untformly slightly elevated above norm1l These statements
1pply both to 1verage values and to the bulk of the individual
vilues

The authors suggest that among the fictors which may play a
role 1n these chinges are plasmn dilution 1nd concentration altera
tions 1n the concentrition of fibrimogen and m the prothrombin
activator substaince Anti thrombins may also pliy a role In sum
mary the authors state that by the one stage prothrombm de
termunation using 12 5 per cent diluted plasm1 there 1s a progres
sive acceleration of the clotting time beyond the normal range
through the course of pregnancy and lasting through the first n eek
post partum At a later post partum period the prothrombin ume
15 somewhat lengthened The results are suntlwr m indnvadual
cises 1n whom serial determinatons are made to those mn !he
group 1s 1 whole No sigmificint changes are nated when whole
plrsma s used
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vomiting abdominal cramps defecation oppression over the
chest pallor sweating bradycardia and fall in blood pressure to
mmperceptible levels These symptoms and signs responded to
prompt admmistration of epinephrine

One of the other reactions noted w1s a flushing of the face feel
1ng of epigastric fullness with belching and a 16 mm fall 1n the
diastolic blood pressure These mantfestations disappeared with
out medication when the 1njection of the drug was discontinued

The third reaction noted was a flushing of the face 1ssociated
with a 10 mm fall 1n blood pressure The mjection was completed
and the flush subsided within 15 minutes Within 1bout two hours
both hands were noted to be slightly edematous thus lasted about
two hours and subsided spontaneously

No tovic effects of Paritol have been observed on the bload
hidneys or hver as determined by red blood cell counts white
blood cell counts sedimentation rates urine examnations PSP
tests prothrombin times BSP tests and cephalin flocculation
thymol turbidity and total protein determinations

Further clinical experience with Parttol seems to indicate that
it may be a satisfactory substitute for short term heparmn therapy
Certamn reactions are however being studied before final conclu
sions can be drawn Experience with long term use of Parrtol 1s
not yet available

THE ADMINISTRATION OF DicunaroL

There have been many artcles during the past year which have
discussed 1n general terms the admunstration of dicumarol and
the determmation of the plasma prothrombin clotting ttme Ol
win (608) Coleman (609) and Blumenthal (610) have written at
length upon the control of dicumarol therapy by means of the
prothrombin time Wroblewsk (611) has emphasized the need for
cireful laboratory control during dicumarol therapy and has
argued 1 favor of reporting the prothrombin time 1n seconds

Gastric Aciduty and the Absorption
of Dicumarol

The extreme varitbility i the tesponse of the prothrombin
time to 1dentical doses of dicumarol has raised the question as to



282 THROMBOEMBOLIC CONDITIONS

tol to eleven pauients a tot1l of 25 injections It wis gnen ntra
venously in 1 5 and I0 per cent solutions

The amount of Partol required to prolong the clottng time
two to three times the control time was approsimately 5 to 10
mg/Lg However some individual variition in response was ob
served This amount 1s approximately 13 times that of the sodim

TABLE \IV

METHODS FOR ADMINISTERING TBE ANTICOAGULANTS AND
POTENTIAL SUBSTITUTES UNDER INVESTIGATION

HEPARIN
METHODS OF ADMINISTRATION 1t INTRAVENOUSLY
a Intermittent
b Continuous

2 SUBCUTANEOUSLY
a Pithan menstruum

3 INTRAMUSCULARLY
a Dilute aqueous
b Concentrated aqueous
¢ O menstruums
d Gelatin-dextrose menstruums

POTENTIAL SUBSTITUTES 1 Partol

DICUMAROL
METHODS OF ADMINISTRATION 1 Orally

POTENTIAL SUBSTITUTES 1 Tromexan
2 Phenylindanedione

s1lt of heparin necessary to produce comparable maximum clotting
times The durition of action of 5 to 10 mg/kg given intra enousty
has been observed to last from four to eight hours but the re
sults suggest that the action may be more prolonged than tint of
heparm gien mtrasenously

Immediate toxic Teactions to the slow intruenous mjection of
Paritol were observed 1n three panients one of these Was severce
tno were muld The severe reactton was mantested by nuser
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TABLE \V

YARIOUS METHODS AND MODIFICATIONS USED IN DETERMIN
ING PROTHROMBIN AS REPORTED IN THE LITERATURE*

Blood or Thrombo-

Authorls) Descrrpe on Plasma plastn

Comments

ONE STAGE METHOD

Qadag CF Append x B whol pl ma rabbtban orgnat one stage method

Stew rt and Cf reference whole plasma 1 bbiebran  diff rs 1n the amount of cal
P b n cum us

MgthTB  Clecfeecs whole plasma  rabbitbr 1o st nd d zes the mboplast n
300 8 304

efore use
Flhren HW CF refe nee wh Jeglasma  Russellv p r viper venom used as throm
430 enor bop! svm

LikShapro  CF AppendixD 12 5 per eent 1 bbitlung  ue of diuted p sma for

dhut dpls m grete ¢ twmer
Brambel, C £, Cf refere ce whol plasma r bbebran d fr to handling of theom
305 4125 pe
cent plasm

BEDSIDF METHODs ONESTACE Usk OF WHOLE BLOOD

Zfen Owen  Am y Chw Parh wh le bl od
Hoffoan & 7e 48 1,4 13
Smseh 1910

Mo h&  FIMA 1T ocd tede pl
Pockr HG 949723 Mach2 1 yblood
1940

TWO-STAGE MFTHOD

Warner Bk

Cf o I pk b efl ¢ sseandard zed th om
b o sk dloren ¢ whiplim beflug reg e

bas luton ad &b

Segers et | Cf appendxC whole plasma beefl ng  refi dmeth d mwh hA
Rir( ence gl buln s contr fled
614

Other mod fics s nelud ng both vo tons and r fin ments hav ben usd nd rer
Ported by oche wo ke's The  re howe ¢ the more mpo ta tmethods ngen aluse

Seven prtients were scudted from the beginning of treatment
with dicumaro] Values for Ac globulin were depressed during the
first days of dicumarol therapy but had returned to normal by the
end of 2} days Patients treated for longer periods of time (up to
18 months) show ed nto material variation from normal The author
concludes that factors other than Ac globulm are responsible for
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the possible nfluence of gastric 1cidity upon the absorption of
dicumarol LaTona ind Ielevre* hive attempted to mswer
this questton by studying the prothrombin response 1 indniduals
who were given a standard dosage of dicumarol 1nd determining
the amount of free hydrochloric 1e1d present in the gistric con
tents The amount of free hydrochloric 1cid was determned by
the histamine fractional test and the prothrombin times were
determined by 2 modification of Quick s method Dicumarol was
admuinustered to 21l pitients mn a dose of 300 mg on the first dy
1nd 150 mg on the second dvy The subjects all of whom but one
were postoperitine patients were divided into three groups as
follows five showed true achlorhydria 10 hrd 2t least one fmc
tronal spectmen from 1 degree through 70 degrees of free hydro
chloric actd 17 hind more than 70 degrees of free liydrochlorzc 2cud

The one consistent finding ws the extreme degree of vartability
1 the response of the prothrombin ttme to dicumarol The datt
otherwise mdicated that there 1s no correlntion between mereised
or decrewsed absorption of dicumarol and gastric acidity There
was a shight increse mm the 1verage prothrombn concentration
gomg from the xchlorhydric to the hypericidity group but the
groups showed such a marked varbility 1n response to dicumarol
that the 1uthors did not believe this merese to be significint. The
min,e of varability n the achlorhydric group was defimtely less
than 1n the others There w1s no correlation between the level of
free hydrochloric acid aud the prothrombin concentration

One and Two Stage Method for Prothrombin
Determination (Table \T)

Olwnin (612) states that the two stage method for the determm
tion of prothrombin provides 1 more 1ccurate and 1 sifer control
of prothrombin rcenity dunng dicnnarol therapy than does the
one stage method The Intter 15 of value 1n estimanng 1 summagon
of the vartous factors miolved i clotting Prothrombin activaty of
below 10 per cent by the two stige method does not mdicate 1m
mment bleeding espectally if the rexding by the one stage method
15 greter than 10 per cent

eLaTona § R & LeFerre F Relauonsiup of dicumarol absorption to
gastric free hydrochloric acid Am Heart J 38 713716 (November) 1919
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Iiqud state 1s highly unstable and that both prothrombin free
human and bowine plasmis mamtun stabilisy when properly
lyophilized and stored at —20 deg ( for as long as 10 and 20
weeks respectively The author concludes that these latter plasmas
when reconstituted to pH 7 3 are 1deal diluents of fresh plasma
for the determmation of the prothrombin concentration

Deutsch and Gerarde (617) indicated that the prothrombmn time
aof diluted rabbit plasma mav be mnfluenced by vanations in the
fibninogen 1avel

Simultaneous estimation of the prothrombin time of 125 per
cent diluted human plasma by the Link Shapiro method and of
the fibrmogen concentration of plasma m normal subjects cases
of hyperprothrombinemia and 1n cases of hypoprothrombinemia
were performed by W erner and Shapiro (618) The effect of normal
varatons of fibrimogen concentrition from 180 to 600 mg per
cent on the 12 5 per cent diluted plasma prothrombin ume 1 man
was not significant The authors pomnt out that massive doses of
dicumarol may depress the plasma fibrinogen level but that with
therapeutic doses of dicumarol the fibrinogen concentration is
mamtained within the normal range

Wemer Shaptro Axelrod and Brodie (619) believe that the
chief problem nvolved in dicumarol therapy 1s that of obtaiming
an adequate anuthrombotic effect without hemorrhage They be
eve that an understanding of the fate of dicumarol 1 the body
miught permut the planning of safer regimens of therapy

The absorption distnbutton and rate of metabolism of dicum
arol was studied The drug 1s almost completels transformed 1n the
body and only traces are found 1n the urme after its administra
uon It 1s transformed slowly with marked vanations i different
mdniduals  Absorption from the gastro-intestinal tract s slow
and vanes with the mndinidual and the dose Prothrombin estima
tions correlated with dicumarol lesels show that there 1s a thresh
old level for dicumarol below which no prothrombin response 1s
detected Changes n the prothrombin actinay Ing behind changes
1 dicumarol levels The magnitude and durauon of prothrombin
time prolongauon correlate much better with dicumarol plasma
levels than with the dose of dicumarol administered
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the dispariey between the results of the one stage nd two stage
methods

Mawson (613) described modified methods and apparatus for the
esttmation of prothrombin by the one stige wnd two stage meth
ods When plasma from patients treated with dicum irol was used
the two stage method gave results in fur agreement with those
obtuned by the one stage method 1n which Russell Viper Venom
nd lecittun were used 1s thromboplastin: When rabbit bran or
ox lung were used as thromboplstin the prothrombin concentr
tion found was lower than that obtamed by the two stige method
The author discusses possible rewsons for this discrepancy and
the significance of observations m the control of nticoigulnt
therapy

Ware 1nd Seegers (614) have described a modified method for
the two stage determunation of prothrombin which consists of sup
plying Ac globulin in the form of diluted heef serum for the acti1
tion of prothrombin The authors believe that with this modifict
uon the twostige procedure becomes 1 spectfic quantitative test
for prothrombm By comparing the results obtimed on 1 gnen
spectmen of human plasma by the ongnal two stage method of
Warner Brinkhous and Smuth with that determined by this new
modification 1t 15 possible to estmate the Ac globulin content of
the plasma When the Ac globulin content of the plasmn 1s below
50 per cent of normal the original two stage method grves con
siderably loner values than does the modificition The modfication
and the required reagents wre described m detail

Schwager and Jaques (615) hwve also described a sumple rpid
method for the determinition of the prothrombin time using
whole blood Thromboplistin dispensed in capillary tubes 1nd
stored 1n 1 frozen state 1s plwced mn the center of a watch ghss
and 2 cc of venous blood taken 1n = stlicone syringe 1s wdded to 1t
The clotting time of the plisma represents the prothrombin time
The autliors have used the medhod for tna yerrs nath srtisfictory
results

Frommeyer (G16) has presented experimental data showing that
normal human plisma rendered prothrombin free by treatment

with barium sulfite and stored 2t various temperatures in the
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hours when doses of 5 to 15 mg/kg had been given 1n 48 hours
followng larger doses

Tromexan 1s more rapidly ehmmated than 1s dicumarol and
has therefore a less pronounced effect for any given dose Chn
teally the mtial dose of Tromexan should be about three times
that of dicumarol A dose as small as 15 mg/Lg has a constant ef
fect on the prothrombin time but to maintain a constant pro-
thrombin level 15 mg/lg 15 given twice daily Doses as great as
400 mg/Ag have been given repeatedly at intersals of seseral days
These were well tolerated and produced curves similar to those
obtained with smaller doses Doses of 400 to 500 mg/kg failed to
reduce the prothrombin index

Prothrombin time 1n normal plasma (sec) 100
Trothrombin time of pathic plasma (sec)

below 10 No significant untoward effects were noted on the NPN
blood sugar bilirubin or blood count The authors conclude that
Tromexan presents all of the adsantages of dicumarol without the
disadvantages of the latter drug

Pulver and von Kaulla (621) found that  considerable amount
of a relatnvely 1nactive and non toxic metabolic product can be
1solated from the urine following the admmnistration of Tromexan
They described a method for the quantitatinve determination of
Tromexan 1 serum and 1n urine by coupling the drug with diazo-
uzed para mtroanthne at PH 6 to form a jellow dye Following
separation from the serum protemns Tromexan 1s extracted with
benzene and 15 measured colorimetnically This method can be
applied to other coumartns mcludmg dicumarol 1f standard
curves for these are determuined The nactive metabolic products
of Tromexan are measured also by this method but with con
centrattons of Tromexan of from 2 to 20 mg/100 cc the method
Isaccurite within == 15 per cent

Amimal experiments 1n which rabbits were gnven dicumarol or
Tromexan by stomach tube 1n doses of 50 mg/hg revealed that
Tromesan 1s better tolerated and more ripidly absorbed than 1s
dicumarol The average masimum blood concentration was some
what less for Tromexan {97 mg per cent) than for dicumarol
(133 mg per cent) but no Tromexan could be demonstrited 1n
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SUBSTITUTES TOR DICUMAROL

Tromexan 4 New Anticoagulant
of the Coumarin Series

Several experimental and chinical reports have appeared from
Swatzerland and England and Czechoslovakia concerning the antt
coagulnt effect of the ethyl ester of di (4 hydroxy-coumannyl)
acetic acild known as pelentain in Czechoslovakia butas Tro-
mexan 1n Switzerland 1nd elsewhere This drug 1s the first mem
ber of the coumarin series or for that matter the first drug of
any type which gives promise of bemng a satisfactory substitute

0y [T
cH
] f ac
1 0
COOEHg

TROMEXAN

FIGURE 25

for dicumarol clinically Indeed prelummary reports suggest that 1t
may be a more satisfactory anticongulant than dicumarol because
of 1ts prompt acton and the stmtlarly prompt loss of s effect

In Switzerland von haulla and Pulver (620) reported evpert
mental mnvestigations on mice and on rrbbits The smgle LD 50
for Tromexan was 750 mg/kg 1n mice (dicumarol LD 50 was 270
mg/kg) and over 1000 mg/kg in rabbits (dicumarol LD 50 was
150 250 mg/hg) Histological studies on muce revealed changes only
i the Iver nd occasionally 1n the kidneys if 100 mg/hg were
admunistered datly for from 26 to 51 days

Followmg the admmistration of a single dose of Tromexan to
rabbuts they report a prolongation of the prothrombin time w1s
noted after sx hours nd a maxumum prolongztion was artained
n from 24 to 48 hours There was n mmmediate return of pro

thrombin activity thereafter and thiy reached a maxamum 1n 24
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readings of 22 24 seconds at 18 hours and 26 35 seconds depend
ng upon the dose at 24 hours The peak or the greitest prolonga
tions of the prothrombin time from single doses occurred at 36 40
hours returming to normal m from 12 18 hours thereafter

Wri ht and Burke found that with increased doses Tromexan
sumlarly to dicumarol produced a higher prothrembin time as
well as a longer period of hypoprothrombimemra (7290 hours
after mytial dose) WWith doses of 100 to 300 mgs the prothrombin
time had returned to normal by the third day (60 72 hours)

Following these experiments which will be reported n detarl
elsewhere a clinical evaluation of Tromexan was undertaken To
date 3o patients have been treated with the drug The following
studes are being carried out on each patient before during and
after the use of Tromexan daily urine examinations PSP tests
BSP determinations cephalin flocculation and thymol turbudity
tests RBC WBC and Hbg sedimentanon rates the alkaline
phosphatase stool studies for guaic total protemn and albumin
globulin rano determinations To date no patient has shown
symptomatic or physical evidence of toxicity or any toxicity as
evidenced by the above laboratory procedures

The responses to Tromexan have been s follows A satis
factory hypoprothrombinemua 1s usunlly obtained following single
dose of 1500 mgs Twenty four hours following the adminis
tration of a single dose (1500 mgs ) of Tromexan the prothrombin
time has umformly reached a lexel of 20 32 seconds (unditute) and
65 90 seconds (dilute) With single doses of 1200 mgs a lower level
was achieved Following a single dose of 1200 1500 mgs the pro
thrombin time returns to normal n 60 72 hours These results
were obtained on both normal controls and patients with thrombo
embolic disease One patient who was exght months pregnant and
who developed thrombophlebitis and one pulmonary embolism
was found to be resustant to the drug requiring larger doses thin
others This phenomenon has been encountered n pregnancy
with dicumarol

Pauents with thromboembolic diseases ncluding coronary oc
clusion thrombophlebius of the lower and upper extremty with
and without embolic phenoment were treated An mmitial dose of
1500 mgs was usually given followed by 1 muntenance dose of
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treatment or who had 1ssocrited lestons resistant to this treatment
Seven patients had had one or several pulmonary embol: before
treatment but bad no recurrence during treatment There were
four recurrences due to msufficient treatment Suspension of treat
ment must be gridual to avoid the possibility of 2 hy perprothrom
binemic reaction

Delln Santa treated four patients with myocardial infirction and
six patients with degenerttive arterial disorders of the loner ex
tremuties of which only one improved Four patients with hem
plegia were treated with delayed but satisfactory remission of the
symptoms 1n one with thrombosis 1nd one with embolism

Wright and Burke* have been cirrying out the first studies 1n
the United States on the possible use of the ethyl ester of di (4 hy
droxycumrninyl) 1cetic aad ( Tromesan ) as a2 new anucoagulint
Bechuse of the enthusiastic reports from the European authors
ated above 1n effort his been made to evaluate this drug

Ammal studies were carnied out using ribbits ind rats The
fethal dose 1 rbbits (3035 kg) was found to be oser 1200 mg
per k3 Turther toxicological mvestigation 1s 1lso being performed
by Dr Gruber at Jeffersan Medical School

In the work of Wri ht and Burke because of spectes and indi
vdual sariatons 1n response to anticorgulints the rbbats were
standardized with 1 30 m,, dose of dicumarol according to the
technic of Link Campbell 1nd Overman Resistant 1mnmals were
eltminated To the sensitive wmals a N2OH solution of [ro
mexan was fed by tube 1n doses of 100 200 300 400 500 600 mg
Prothrombin determinatons (Link Shapirae) were done at sty hour
intersals around the clock for the first twenty four hours ind
thence every 12 hours No chinges were noted n stx hours In
consistent elevitions 1n the dilute prothrombin time were evident
at the end of twelse hours while at 18 and 24 hours the undtlute
and dilute tests showed consistent nd reproducible prolongition
of the prothrombimn time with doses of 1200 1500 mg The normnl
tume (1012 seconds undilute) was doubled m 18 24 hours with

*Wnght 1 § & Burke G L Tromexan the Ethyl Ister of di ( hydrovy
cuminmyl) Acetic Acd Its Anucoagulant Iroperties I resented Defore the
Course on Diseases of Blood 1 essels Amenican College of Physicians March

16 1920
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after pregnancy In all these cases doses of 10 to 20 mg/hilo
yelded a very constant decrese of prothrombin lesel The de
crease began earlier than with dicumarol about the 12th hour
and the full effect was obtamed between the 24th and the 48th
hour Return to a normal level was quite constant and 100 per
cent prothrombin was reached by about the 96th hour

This constancy 15 very different from that obsened with di
camaro! Individual susceptibility to the drug seems also to be
less important than 1n the case of dicumarol

PID was given to two patients with known thrombophlebitis
10 mg /kg every three days This dose was effectine 1n con
trolling the prothrombin level around 30 per cent The patients
state was m both cases favorably affected In the 41 cases where
the drug was gnen prophylactically no phlebitis was observed

In contrast with these advintages the complete mactivity of
vitamin K, even 1n huge doses and even when given prior to the
admimstration of PID  must be emphasized

The effect of PID on prothrombin time was tested by Jaques
Taylor and Lepp (626) 1n dogs and rabbits Single doses showed
a rapid but shght effect on prothrombm time Repeated adminis
tration of the drug at frequent mtervals caused a marked effect
oun the prothrombin time 83 mg /hg every erght hours gave a
prothrombin time of infimty 1 mg/hg every erght hours doubled
the prothrambin ttme Withdranal of P1D caused the prothrom
bin tme to return to normal within 36 hours Vitamn h had no
effect on the action of P 1 D

The prolonged prothrombin time following admmustration of
PID was accompanied by a very marked diminution wn Factor V
actinity (Owren) PID rtself had little effect on the components
of the clotting system Large doses of the drug over a long pertod
of time plus other factors produced a hemorrhagic condition sim1
Iar to that of dicumarol overdosage Withdrawal of the drug rap
wdly reversed this condition No toxic effects were observed with
83 mg/hg gnen every eight hours for 18 days to dogs The PID
Was excreted by the hidneys

A study was made by Mentzer (627) to determmne the relation
between the chemical structure of various compounds stmilar to
dicumarol and their anticoagulant actnnity His conclusions are
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600 900 mgs once 2 day Iittle vanaon has been found 1n re
peated prothrombin times following a smngle duly dose and
these workers feel that divided doses may not be necessary

As yet no defintte statement may be made 1s to the ease of regu
Intion of a pattent on Tromexan as compared with drcumarol It
would appear on the basis of these studies that because of 1ts more
rapid action the results of a dose may be eviluated the following
day 1t should be emphasized that unless the prothrombin time 15
t0o prolonged daily dosage 1s important for 1f the dose 1s mussed
for one day the time will return to normal within 48 hours At
the same time the rapid excretion of this drug reduces the danger
of hemorrhagic comphcations

The results reported from abroad and as experienced by Wright
and Burke 1n this country appeared to be encouraging Tromexan
appears to have certain advantages over dicumarol as outlmned
above A more complete evaluation of this substance 15 being
undertaken by the Committee on Anticoagulints of the Amenicin
Heart Association

Phenylindanedione (PID) A Prothrombinopenic Agent

Meunter Mentzer \nd Molhe (624) reported that 2 phenyl m
dane dionel 3 (PID) 15 a more rapudly acting prothrombrno
penic agent than dicumarol

Soulier and Gueguan (625) studred the effect of this drug expert
mentally on the rabbit and clinically 1 humans

In the first series of experiments using 16 rabbits the ruthors
found that phenyl indine dione (PID) had 1 marked effect on
the prothrombin level Doses of 10 to 20 milligrams per hilo pro
duced 2 decrease of prothrombin to a level of 30 to 40 per cent
this effect being reached before the erghhteenth hour There w1s
no modification of platelets clot retraction or fibrinogen level
Higher dosage did not produce greater hypoprothrombimemra and
the wuthors did not find any hemorrhages even with a dosige ten
umes the standard dosage The lethal dose was well over 600
mg/hilo which gave a very high margin of safety Histologic ex
Aminations of the rabbits Ziven very high doses of PID (under
400 mg/Milo) did not show histologic mjuries

P1D was used 1 the prevention of thrombosis 1n 13 women



CHAPTER 29

Hemorrhage Due to the Anticoagulants
and Its Management

HenorrrAGT Due To HrFiariy
FProtenune (Salmine) and Toluidime Blue

IN A STUDY of the toxacaty of the protammne silmine Jrques
(628) confirmed the fact that among the more common esperl

mental anim1ls protumne 1s most toxic to the dog Not only 1s
protanune toic to the dog 1t a much Jower dose level but s un
usual 1 the mature of its tovic effects The intravenous njection
of salmine i the dog caused a pronounced {1l of blood pressure
with rapid recovery the result of an extensave yrsodilaration m the
rtenoles of muscles There was 1 defimte wanstent thrombocyto
pema and leuhopenit Salmine 2dded o blood m stheone trered
containers caused thrombocytopenta but not leukopenia The
withor concludes that 1t 15 unlikely that protumne will be tovic
chinmically

Parlan and hvale {629) found that 15 mg of salmine sulfite
newralized 1 mg of heparin 1 vstro When silnine sulfite wis
admnistered m large doses to guinen pigs ribbuts and dogs 3t was
found to hase toxic effects but when small doses such as 1 0 mg
per kg of body wesght were admimstered toic effects were not
noted Salmine neutralized the nucongulant effect of mtratenous
mjections of heparn snio dogs When heparn 1n Pithins men
Strium was injected wtrimuscularly mto dogs the elevated coagu
laton time returned to normat temporarily after the mtrunenous
mjection of salmine The authors 1lso reported studies of 10 per
sons who underwent tests with sitmme sulfrte They found that
m human subjects the intrisenous mpection of 18 to 50 my of
wimme sulfate neutralired promptly the nticoagulant effect of
50 mg of heparmn when silmine sulfate was admmistered stowly
1 these doses st did not produce any reactions

297
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similar to those of Link and his collborators but whereas the
Amerrcan authors believe that the B eycle 1s necessarily n hydroxy
4 pyrone 1 2 Mentzer estimates that other cydes such as thye
pyrone quinon pyridin cyclo pentinedione 1re able to confer
to the molecule the syme acuvity as the B pyronic cycle In con
clusion 1l the actrve compounds have the same structure which
can be schematized 1s follows

(o]
NN R \ = (CO-0) or
(CO-NH) or
(CO) or
AV Y ®

If R 15 an 1tom of chloride or of hydrogen or a comple of at Jewt
six carbon atoms the molecule behaves 15 an antnitunm k- Al
the compounds also have mn common the O atom m B this O
atom can belong to an enolic or hetonic group but the blockage of
this oxyhydrile function suppresses the actiyity
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these patients the hemorrhagic complication responded perma
nently to toluidine or to protamine

Patients with malignant blood diseases assoctated with hemor
rhage and with increased protamine titratton and whole blood
clotting times gave a variable response to toluidme blue therapy
Difficulty mn controlling local hemorrhage appeared to be due to
the impaired formation of platelet thromb: which 1ppeared to be
unaffected by toluidine or protamine

When bleeding was uncomplicated as 1 menorrhagia or post
partum hemorrhage intramuscular protarmne gave results equal
to or better than the dye In bleeding assocrated with sertous mar
row disorders toluidine blue was more effective Protamine sulfate
1s rapid m action the action of toluidine 1s slower but more pro-
longed Combined therapy was used occastonally

Fifty mg of protamune sulfate was administered intramuscularly
n 5 cc aqueous solution every four to srx hours Usually 150 mg
protamine was given mtravenously in saline over a period of one
hour simulianeous with the first intramuscular dose

The dosage range for toluidine blue varied considerably Cur
Tent practice 1s 1o give 6 to 8 mg per kg of body weight daily for
three days and one half this dose daily for three days thereafter
Bleeding tecurs commonly 1f any less vigorous program 1s fol
loned The dyc 1s dissolved 1 1sotomc sodium chlonde solution
passed through 2 Sertz filter and admunistered slowly over a pertod
of two hours

The only reaction to protamine njected intramuscularly 1s occa
sional local pain When tolurdine blue 1s mnjected ntravenously
about 15 per cent of pauents expertence transient niusea and
vomunin, A slight but transient bluc unt to the shin has been
noted 1n anemic patients

The nature of the clotting defect m the patients reported ap-
pears to be heparinlike but 1s probably not 1dentical with that
produced by the intrasenous ijection of commercial beef hepirin
Only occastonally could an anticoagul effect be d rated
m the blood of these patients The exact nature of the deran ed
clotting mechanism 1n these patients 1s not known at this time

Toludine blue 1s of ralue as an nul

thagic agent
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Allen et al (630) reported datr on 1 series of patients with
spontaneous blceding who exhibited a clotting defect character
1zed by n increse m the protymme titration and frequently a
prolongation m the clotting time of the whole blood Many of
these ptients had 1 moderate or severe thrombopenin The nature
of the defect revealed by the protamine titration resembles but 1s
not identical with that praduced by the intrivenous wnjectton of
commercial beef heparin 1t may be influenced by fictors other
than beparmn and 1s probably increased by a disturbance which
mterferes with fibrin formation

The blood of these patients showed an increased protamine
titration when the prothrombin level was normal or near normal
when fibrinogen levels were not abnormal and when fibrinolysin
was not grossly disturbed Many patients had thrombopenia but
this was 2n associated disturbance mndependent of the protamine
titration  Rarely was the clotting time of whole blood of these
pruents sufficiently prolonged to indicate 1n apprecrable delay
the clotting of normal blood

The bleeding of many of these panents 1ppeared to respond to
the administrauion of toluidine blue and/or protimine sulfate
The following observations were made on exch patent clotting
time of whole blood protamne titration erythrocyte leuhocyte
and thrombocyte counts measurement of prothrombin actrity
1nd gross absersatton of clot retraction and fibrinolysin

The protamine titration was increased m 1l of these patients
even though some did not respond to tolurdine blue or protamine
sulfice In some the increwsed protamine titration was due 10
hemopfulia m others to pronounced prothrombm deficiency
Neither of these groups responded to tolmdine or to protamite
Patients who did respond hxd neither hemophihia or prothrombin
deficiency but did have an increased protamimne titer It 1s obyvious
that each patient with a bleeding tendency must be studred cre
fully 1f therapy 15 to be applied correctly

Hemorrlmgm eplsodes OCCllTer m some p'mems at times w hen
severe endocrine disturbances re known to occur which sug
gested shat there m1y have been a relwtionship between the bleed
mg nd endocrme disturbances espeaally in the estrogens In
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tions 1n a small drop of medium contammng the disodium salt of
dicumarol 1 10 per cent rabbit serum and Tyrodes solution were
sealed 1nto deep well micro culture shides and mcubated at 38° C
After 48 to 72 hours the preparations were fised mn Boun s solu
tion washed repeatedly stained and mounted
All of the control cultures of I er showed prohiferauron of endo
thelral ke cells at 48 and 72 hours In concentrations of dicumarol
of 150000 and 1 100000 the cultures contained living cells at
the end of 48 to 72 hours In concentrations of dicumarol of
110000 proliferating cells were present after 48 hours but these
died and disintegrated 1n those cultures observed for 72 hours
Spleen cultures contamed proliferatmg blood cells i media con
tamming dicumarol 1n concentrations of 1 50 000 and 1 10000 in
48 and 72 hours
Thus concentrations of dicumarol of 1 100 000 4nd 1 50 000 did
not inhibit the prohferation of endothehal cells when compared
with controls after 48 and 72 hours 1 10 000 concentrations of di
cumarol produced death and lysts of prohiferaung cells mn irver
culture after 48 and before 72 hours but not i spleen cultures
One hundred patients recerning dicumarol were studied by
Jubelirer and Glueck (433) to determune 1f any correlation existed
between the occurrence of hemorrhage and mncreased capillary
fragility as mewsured by the Gothhin test Six of these patients had
recenned dicumarol contnuously the shortest period was three
months and the longest 19 months None of these patients demon
strated a positive Gothlin test Hemorrhage was observed seven
times 1n 100 cases of pitients recers ing dicumarol In none of these
was the Gothlin index positine Seven patients demonstrated a
posttive Gothlin test who gave no chimical cvidence of hemorrhage
A discussion of the mterpretation of the various tests for the
detection of 1ncreased capillary fragility was followed by a review
of the pathologic findings of hemorrhage occurring with dicu
marol This study suggests that the status of the cutaneous capil
laries 1s detected by the Gothlin test does not reflect alterations
which my occur in other portions of the capillary bed Careful
clinical obseryation and meticulous labortory control are neces

sary to detect and prevent hemorrliage 1n patients Tecenng di
cumarol
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1n some instances of hemorrhage uncontrolled by other methods
In malignnt conditions bleeding tends to recur unless toluidine
blue 15 administered at regular intervals In patients with leu
kemm and treated with aminopterin the problem 1s complex
Aminopterin can produce bleeding and 1n increased protamine
utruon in the norml ammal It also may induce 1n enteritis with
focai bleeding When this s complicated by thrombopenia second
ary to acute leukemin only healing of the local areas will control
the gastromtestinal bleeding

Toluidine blue does not influence the bleeding 1 uncomph
cated 1diopatiuc thrombopenia unless there 1s an assoctated 1m
cresed protamuie titrtion

The correlition between climenl response nd 1mprosed prota
mne utratton his been striking To date the protumine titration
has proved to be the best guide for estimating progress m this type
of hemorrhagic disorder

Holoubek Hendrick and Hollis (631) reported three cases where
toluidine blue was used to treat bleeding in patients with throm
bocytopeni1 There was little or no response to the dye n one
case but 1 dramauc response followed the admimstration of the
dye 1n the two other c1ses Heparin titritions performed on one
of the latter patients showed an increased heparin hhke actniy
The authors suggest the following indicrtsons for therapy with the
antiheparm drugs (1) petechial bleeding i selected ptients with
thrombocytopenin (2) in prepirition for splenectomy 1n piuents
with thrombocytopenic purpura (3) 1 nstances of 1cute bone
marrow suppression nd (4) for decreasing the amount of pete
chinl and oral bleeding from patients with leuhemia Tolmdmne
blue will 1lso counternct bleeding tendency in patients gren tod
much hepann Tolmdme blue titriuons performed on 30 pruents
wath purpuric states assocrited with thrombocytopenin revealed
1 positive test 1n all mstances of leukerar

HentorrtAce DUF To DIGUMAROL
(Sec also footnote on pase 308)

The Toxtcrty of Dicumarol

Goldstein 1nd Cameron (632) observed the effect of vartous con
centrations of the sodium salt of dicumarol on 1solated sections of

Iner wnd speen from 11 day chick embryos Cnlures of these sec
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Within 24 hours after hosprialization multiple cutimeous and
subcutaneous petechial hemorrhages had appeared with melem
and a huge sublingual hemtoma The hematoma caused the
tongue to swelf to the size of a tangerine threatening to obstruct
the paent s airway Fhe process was not stopped by blood trans
fusion A tracheotomy ws pesformed A submandibutar hematoma
formed and the pauent was considered 1 extrenus 1000 cc of
stored blood was guen mtravenously and vitymm K was guen
mtramuscularly without mprovement 1500 cc of fresh blood
was then given over 2 period of 48 hours with prompt and dra
matic smprovement This case illustrates the bazard of adminster
ing drcumarol without lboratory contrel the need lor uwung
fresh blood to counteract the effect of dicumarol and the m
effectineness of vitamm k wnless gren marmenously m lrge
doses

Young Derbyshure and Cramer (636) found 40 confirmed cases
of paradovical embolism m the hterature 33 due to aurcular and
seven to ventricular septil defects Fafty per cent of the embolt
were cerebral

They reported a case of a 50 year old woman who bled severely
from the mctsion 2t hours following a hysterectomy Her pro
thrombug time was found to be 27 munutes and st was subsequently
determmed that she had taken 956 gm of dagumarol prescribed
by an osteopath during the weeb before operation She wis gnen
blood transfusion and stamin h

The patient s hemitomata became infected and five weeks past
operattiely she suffered a sudden pam 1 the chest One weeh later
she suffeved embolt to the right leg and to the left arm nd died
12 hours later

At necropsy there was thrombosts of the right hypogastric vem
nd pulmonary embohsm Other embol had passed through a
Patent auricular septum (due to rise of right tuncular pressure) to
the systemic crenlaion An embolus was found lodged sn the
foramen enate

Applebaum and Shulman (637) reported an mstance of the
mdiscrimmate use of dicumarol where facilittes for the determima
Lon of the prothrombin time were not empioyed A 55 yerr old
white male was told by hus physician that he had a  clot on the
heart and was gren dicumarel He ook 300 mg on the first day
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Instances of Hemorrhage

The uncontrolled or madequately controlled administration of
dicumazol contnues to be the single most common cause for the
hemorrhagic complications of dicumarol therapy Lack of e
quate laboratory control 1s one of the most tmportant factors op
erating i the occurrence of bleeding mn this type of therapy To
our personal Anowledge many 1nstances of bleeding during the
administration of dicumarol are unieported and some of these
are undoubtedly sertous

Duff mnd Shull (634) reviened the reports of 21 deaths attributed
to dicumirol and added two previously unreported cases They
comment that a sigmficant nuntber of fatilittes have occurred m
patients with subacute bacterial endocarditss (seven of the 23
fatalities) death bemg due usually to hemorrhage 1nto the bramn
A significant number of deaths his followed massive hemorrhige
nto the gastromtestinal trict from a surgical wound or a bemgn
or malignant ulceration The thors have observed two fatalities
both due to cerebrovascular accidents occurting at the time the
prothrombin time was prolonged excessively

They emphasize the need for proper laboratory control of di
cumarol therapy and bewail those imstances of fatal hemorrhage
from dicumarol 1n which the prothrombim time was not followed
during the course of therapy They note also that the use of Russell
viper venom as thromboplastin may fail to demonstrate moderate
prolongations of the prothrombin ume which are reverled by
Quick s method

Duff and Shull conclude that the most important of all contra
wndications to the use of dicumarol is lack of reliable laboratory
facilstres for prothrombin determmation ‘The drug should be ad
ministered with caution to pitients with severe hypertension espe
aally 1f there 1s a history of cerebrovascular accidents

Miller and Drucquer (635) reported the case of 1 57 vear old
male who entered the hospital with severe hematurir The cause
for this bematurr1 was not known until a detailed history had been
taken during which mtersal other hemorrhagic symptoms had
appeared The patient had igested 100 mg of dicumarol daily
on his own wltative for a period of mne to 10 days After seven
days he had experienced abdominal pain and twenty four hours

fater hematuria had 2 ppeared
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Within 24 hours after hospitalization multiple cutaneous and
subcutaneous petechial hemorrhages had appeared with melena
and a huge sublingual hematoma The hemitoma caused the
tongue to swell to the size of a tangenine threatenmg to obstruct
the patient s arnay The process was not stopped by blood trans
fusion A tracheotomy was performed A submandibular hematoma
formed and the patient was considered n extrermis 1000 cc ot
stored blood was given itravenously and vitamin k was gnen
mtramuscularly without improvement 1500 ec of fresh blood
was then given over a period of 48 hours with prompt and dra
matic improvement This case 1llustrates the hazard of administer
ing dicumarol without labotatory control the need for using
fresh blood to counteract the effect of dicumarol and the n
effectiveness of vitamm % unless given 1ngravenously in large
doses

Young Derbyshure and Cramer (636) found 40 conflirmed cases
of paradosical embolism 1n the Literature 33 due to aurscular and
Seven to ventricular septal defects Tifty per cent of the embolt
were cerebral

They reported a case of a 50 year old woman who bled severely
from the incision 24 hours following a hysterectomy Her pro
thrombin me was found to be 27 minutes and 1 was subsequently
determined that she had taken 950 gm of dicumarol prescribed
{’}' an osteopath during the week before operation She was given
blood transfusion and vitamin k

The patient s hematomata became fected and five weehs post
Operatrsely she suffered a sudden paimn 1n the chest One week later
she suffered embol to the right leg and to the left arm and died
12 hours later

At necropsy there was thrombosis of the right hypogastric vein
and pulmonary embolism Other emboli had passed through 2
Patent auricular septum (due to r1se of night auricular pressure) to
the systemic circulanon An embolus was found lodged 1n the
foramen ovale

Applebaum and Shulman (637) reported an mstance of the
Indiscriminate use of dicumarol where facilities for the determina
von of the prothrombin ume were hot employed A 55 year old
white male was told by his physician that he had 2 clot on the
heart and was given dicumarol He took 300 mg on the first day
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and 100 mg a day thereafter Four or five days before hospital ad
mission the patient noted that his urine was dark and on the dvy
prior to admusston he suffered severe bilateral lower quadrint
1nd lumbar back pain He entered the hosprtal cutely 1l three
weeks 2fter the onset of his illness

Upon hospital entry the patient presented 1 boardlike 1b
domen and tenderness 1n the flanks and costos ertebral angles His
bleeding time was 55 minutes and 1o clot formed after 20 minutes
The prothrombin time by the Smith bedside method was five
minutes ind 54 seconds His urine was port wime 1 color and
filled with erythrocytes At least 1800 mg of dicumarol had been
ingested

The patient was ginen 60 mg of Synkavute ntrayenously and
one pint of blood by transfusion Recovery was prompt The urine
was cler after the sixth dav Stools were never grossly bloody
Some hemorrhages were seen on the skin on the day after admus
sion

Hammarsten (638) has reported the case of 1 58 yer old white
male who suffered an acute myocardial mfarcuon one hour after
the 1njection of 1 cc pitressin during the course of cholecystogrt
phy Preliminary prothrombmn umes were 11 seconds (pro
thrombin activity 78 per cent of normal) mnd 16 5 seconds (pro
thrombin ctivity 55 per cent of normal) Dicumarol was gren
in moderite doses since the patient proved to be more sensiti &
to the drug than usual On severa] occasions the prothrombin
activaty fell to 10 per cent of normal or less No bleeding occurred
and no vitamint K was given Lner function tests ndicated 1m
paired hepatic function

On the 23rd day of dicumarol therapy the patent died i acut¢
heart falure At autopsy the pertcirdium contuned 800 cc ot
dark red blood A thin walled aneurysmal dilatatron existed on the
anterolateral surface of the left ventricle An endocardinl thrombus
lined the aneurysmal dilatrion There was occlusion of the
antertor descending branch of the left coronary artery No gross
Jaceration and no mimnute rupture of the ventricle nor of the

y vessels could be 1dentified
the majorty of cases with hemoper!

dral nfarction are associated with

coronir
"The author comments that

cardium secondary to mjocar
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complete Tupture of the wall of the heart The gradual onset of
symptoms of cardiac tamponade m this patient indicates that the
bleeding occurred slowly Undoubtedly the anticoagulant therapy
made possible the massive hemorrhage

holler and Pedrazzimi (639) reported that an elderly woman
with thrombosis of the central vein of the left retina for whom
dicumarol had been prescnbed ingested 300 mg of the drug
datly for 14 days without a single determination of the prothrom
bin fime A severe hemorrhagic diathesis developed and the p1
tient s condition was precartous for one week despute adequate
treatment There was rapid 1mprovement after 10 days and grad
ual complete recovery It 1s surprisng that with this dosage the
hemorrhages did not appear for two weeks

The coagulation time of the whole blood was not mcreased
{Lee White method) Vitamun h did not cause the prothrombin
time to return to normal and this occurred only after 15 days dur
mg which multiple transfusions were given There was increased
capiilary permeability as demonstrated by a strongly posttive Rum
pel s phenomenon and by the flourescein test of the capillarzes of
the 1imis The usual liver tests were normal

Recently one of us (IS ) saw a pattent who was directed to
take 150 mg of dicumarol a day for angmnal pain by a phystcian
who (a) did not do a single prothrombin test {b) did not mention
any 1isk or danger to the patient (c) went on a vacation After
approximately three weeks the patient developed massive subcu
taneous purpert from head to feet By the use of massive repeated
fresh whole blood transfusions and three daily doses of 1000 mg
each of vitamm K, oxide she recovered Such treatment 1s difficult
to defend 1 the hight of the voluminous literature on this subject

THE TRCATMENT OF HEMORRHAGE AND OF EXCESSIVE
H3 POrROTHROMBINFAIA DUE TO DicUMAROL
The Use of Blood Transfustons
According to Schilling Natale and Amull (640) the prothrombin
Actnaey of stored blood 1s increased through the first four or five
days 1s norml from the fifth through the seventh day and flls
slowly thereafter to slightly less than 50 per cent of normal by the
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21st dy The nunl merese 1 prothrombin actinty 1s thought
due to the disintegration of platelets 1nd the libertion of throm
boplistin The withors conclude that 1t 1s practical to use banked
blood to treat hypopropthrombinema or bleeding secondary
thereto during the first week of storage

Vitamin A, Ovide

James Bennett Schemberg and Butler (641) gave 101 patients
dicumarol i duly oral doses of 300 mg the first day 1nd 200 mg
on each successive day unul the prothrombin actrvity was less than
20 per cent of normal The patient was then either allowed to re
cover untreated or given large single doses of Hykmone Synkavite
or vitnmin Kk, oxtde The efficiency of these substances was estt
mated by (1) the time elapsing between rdminustration of the drug
and the converston of pronounced to moderate hypoprothrom
binemia and (2) the ume elapsing after admmstration of the agent
untl the 1ppearance of 1 prothrombin level consistent with normal
mtrvascular clotting Vitamn K, oside was strihingly more effec
tive n both respects

Among 26 patients given 0 5 gm or more of vitammn k, oxide
mtrivenously the prothrombin ume was shortened and remamed
at a value representing not less than 30 per cent of normal on an
averige of 13 hours When menadione sodium busulfite (64 to 180
mg ) was given mtravenowsly to 19 patients tlus shortening of the
prothrombin time w1s aclueved on an average of 4 7 days When
Synkayvite (100 to 500 mg ) w1s grven mtrnenously to six patients
an average ume of 5 3 days elipsed S1x pauents with severe hypo
prothrombinemia who were treated with 01 gm or more of vita
min k, oxide required an aserige of four hours to achrere a pro
thrombin concentration within what 1s generally regarded 1s a
safe rainge

About one of every five patients required five or more dys to
achiese 1 significant theripentic effect from dicumarol m the
usual doses The requirement of an individual subject for dicu
mrol 15 approsimately predictable on the basts of the degree of lus
pres 10Us Tesponsiteness 1o the drug An exception to this situatton
occurs shortly after the 1dministration of vitamm k, oxide 2fter
which pitients are relatnely msensitise to dicumarol
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Miscellaneous Observations on T stamn A
and Related Compounds

Quick and Stefammi (642) described a sumple vitamin k free
diet which produces a marked hypoprothrombinemia m newly
hatched chicks within 10 days They also outline a method for
vitamin K assay

It was noted that 15 to 2 gammas of 2 methyl 1 4 naphthoquin
one or shghtly more than 2 5 gammas of nituril vitamm ks per
day was required to mamtain the prothrombin levels of chicks
during the first ten dys of hte The mnjection of menadione mto
markedly deficient chicks ctused the prothrombin activty to re
turn slowly at first then progressively more rapidly gradually
becoming normal after four hours The size of the dose beyond
that mimimally effective did not mfluence the speed of recovery
of prothrombin activity

The susceptibility of chicks to the action of dicumarol was
mncreased by removal of vitamin k from the diet The addition
of vitamin k counteracted the hypoprothrombinemma No differ
ence was noted between the efficacy of natural vitamin k and
menadione Excessive intake of vitamin A which causes hypopro
thrombinemua m rats had no effect on the prothrombin level of
chicks recerving vieamm k

Boyd and Warner (643) studied the prothrombin tevel mn rats
treated with dicumarol by the two stage method There was a con
siderable vaniation from day to day n the prothrombin level but
a definite recovery phase was apparent soon after the imtial fall m
prothrombin caused by dicumarol Later the anmmals showed 2
definite tendency to escape from the effect of the drug

Menadione 1n doses of 50 mg daily by stomach tube and mena
dione bisulfite (Hylinone) in doses of 4 c¢ (10 mg menadione)
daily by ntraperitoneal mnjection had no detectable effect on the
prothrombin level of rits whether given before dunng or after
dicumarol admimstration This 15 1n heeping with chinical ex
perience which shows that vitamin k preparations must be given
mtravenously and in large doses to be effective 1n counteracting
the hypoprothrombinemia due to dicum rol

To determimne the possible influence of vitammn P compounds
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on the wnticoagulant effect of dicumarol Martin and Swayne (644)
used rats 1ccording to the technique of Overman et al The chem
cals under test were mived with cottonseed o1l mnd were gnen
orally on three successive days to five rats m each series The pro
thrombm times were determmed four hours after the Jast dose
Dosages were s follows dicumarol 10 mg /hg vitamin P com
pound 80 mg/kg ascorbic rcid 80 mg /Ag menadione 32
mg /by

The authors conclude from therr findings that (1) D-catechin
and rutin counterict dicumarol while hesperidin does not and
(2) ascorbtc acid counteracts dicumarol 1nd acts synergisticilly with
d catechin 1n this respect

The serious hazards of anticoulnt therapy are emphasized by the
report of Lilly and Lee (Lilly G D & Lee R M Complications of
anticoigulant therapy Swigery 26 957 969 (December) 1919) The
experience of others has not been so discouraging as demonstrated by
the comment made by G H Pratt in refercnce to this paper (Pratt G E
Classification and treatment of the varicose post thrombone and
arterial venous problems Bull N} Acad Med 26 300328 (May)
1950
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Failures and Abuses of Anticoagulant Therapy

ARTZ Martin and McCleery (645) have summarized some of
the obsersed madequacies of dicumarol therapy in the treat
ment of v enous thrombosis as follows
1 The frequently unpredictable responsc of the patient
makes 1t difficult to maintain the prothrombin level within
the therapeutic ringe of 10 to 30 per cent of normal
2 Thrombosis may occur even when the prothrombin de
presstion 1s mamntamed within the therapeutic range
3 Thrombosis may extend desprte a hypoprothrombinemia
of less than 30 per cent of normal
4 A transfusion of whole blood to rectify an excessive de
pression of prothrombm activity may increase the coagula
bility of the blood sufficiently to permit the occurrence of
thromboembolism
5 The prothrombin determmation by the onestige
method may be 1nrccurate 1f performed on blood contarming
esen moderate amounts of heparn
The authors suggest thit the newer preparations of heparmn n
gelatin menstruums may prove safer and more dependable thin
dicumarol
It should rightly be mentioned that (a) the therapentic level of 1
clotung time cannot always be mantamned during heparm ad
mmnstration  (b) emboli wnd thromboses have occurred during
supposedly therapeutic levels of heparin theripy (c) heparn
therapy 15 vastly more expensive and (d) long term ambulatory
therapy 15 not practical with heparin (ISW LCD M)

HYPERCOAGULABILITY OF THF BLOOD

Hyperprothrombinemua

Sandrock and Mahoney (646) noted that a definite ncrease in
prothrombin actinsty of whole plasma the second or third post
operative day appears to be a warning of impending venous throm

200
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bosis Using a one stage method for determtning the prothrombin
actvaty they studied 382 surgicnl patients of many types post
operitively Thrombosis did not develop in any patient studied
the first second or third postoperatrve days who had not had pre
ceding hyperprothrombinemra

Neuther postoperative hyperprothrombinemit nor thromboem
bolic complications developed 1n 306 patients Thrombosis de
veloped m 16 Dicumarol was admimstered prophylacticatly to 11
pitients being started 1n 18 immediately after operation and 1n
23 on the third postoperattve d1y because of a sudden rise 1 the
whole plasma prothrombin actiuaty on that day Beciuse of made
quate dicumarol cherapy one patient had 1 nonfat1l pulmonary em
bolus 12 days postoperatively None of the other patents given di
cumarol had thromboembolic complications Nineteen patients
had hyperprothrombinemit the third postoperatny e day but cim
cal evidence of thrombosis did not develop Unexplained tachy
cardin and fever developed 1n 10 of this group during the post
operative period

The authors concluded that all patients showing hyperpro
thrombinemt1 the second or third postoperative day should re
cerve dicumarol prophylaxis unless there nre definite contrundict
tions It 1s not necessary to reduce prothrombin concentration to
dangerously low levels when dicumarol 15 being used prophylic
tically Hyperprothrombinemia occurs before thrombosis cn be
diagnosed by chnical eximumnation When thrombosts 1s est1b
lished prothrombin activity may be normnl or even subnormal

Heparin Tolerance Tests

kravchick & Sheiman (617) studred the Sihverman modificition
of the Waugh Ruddick 1n vitro heparin tolerance test as a method
for predicting thromboembolism 1n patients Seventy four con
trols 12 obstetrical pattents and seven postprostatectomy patients
were studied Staustically the results failed to show a significant
difference between the control and the post partum and postopera
tive groups

Fowler (648) studied 20 postoperntive patients and three pitients
with acute thrombophlebitts by means of the follonng si\ tests
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which were run simultaneously and then repeated on seven of the
postoperative patients later in therr postoperative courses (1)
modified Lee White clotting test (2) the lusteroid tube coagula
tion test (3) the prothrombm times on whole and (4) on 125
per cent plasma (5) the Waugh Ruddick hepirm retarded coagu
lahon test and (6) the heparn tolerance test Twenty seven pa
tients with congestive heart fulure were studied by the lusteroid
tube coagulation test and by the modified Lee White test Fifty
control patients were studied by the lusteroid tube coagulation
test and the modified Iee White test while 20 control pauents
were studted with the heparin tolerance test and the modified Lee
White test The whole and dilute prothrombin times were studied
on 28 control patients and the Waugh Ruddick test by 25 deter
minations on 15 control subjects

Of 29 postoperative patients studied evidence for accelerated
coagulation was obtained as follows 19 by the Waugh Ruddick
test 10 by the lusteroid tube ceagulatton test six by increased
heparm tolerance five by shortening of the prothrombin time
of whole plasma three by shortening of the prothrombin time of
125 per cent diluted plasma and three by the modified Lee
White test The same tests repeated on seven patients showed per
sistence of hypercoagulability on the 12th post operative day
However the different tests did not correlate and the only patient
who subsequently developed thrombophlebitis was normal mn re
spect to all tests Three other patents with thrombophlebirs
showed accelerated coagulation 1n lusteroid tubes and shortening
of the prothrombmn time with whole plasma but gave normal
Tesponses to the Waugh Ruddick test and to the dilute plasma
prothrombin time Of 27 patients with congestive heart failure
only one showed accelerated clotting m lusteroid tubes and two
showed accelerated clotting by the T ee White test

Fowler concluded that hypercoigulability of the blood 15 1 fre
quent finding postoperatnely for as long as 12 days folloning
operation The poor correlation obtamned between the various clot
ting tests suggests that they 1re concerned with different factors
molved 1n clotting They did not permt the prediction of which
Postoperative patients are gomng to develop ienous thrombosts
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bosis Using 1 one stage method for determming the prothrombin
activaty  they studied 382 surgical patients of many types post
operwively Thrombosis did not develop m iy patient studied
the first second or third postoperative days who had not had pre
ceding hyperprothrombmemia

Neither postoperative hyperprothrombinemia nor thromboem
bolic complications developed 1 306 patients Thrombosis de
veloped 16 Dicumarol was admrnistered prophylacuically to 41
prtients bemng started 1n 18 immedintely nfter operition and m
2% on the thurd postoperatrve d1y because of 1 sudden nise in the
whole plisma prothrombin ctivity on that diy Because of nade
quate dicumarol therapy one patient had 1 nonfatal pulmomry em
bolus 12 dnys postoperainely None of the other patients grven di
cumarol had thromboembolic complications Nineteen pitients
had hyperprothrombinemin the third postoperitive dy but chint
cal evidence of thrombosts did not develop Unexplained tachy
cardr and fever developed 1n 10 of this group during the post
operatn e pertod

The authors concluded that all patents showing hyperpro
thrombinemia the second or third postoperative diy should re
cetve dicumarol prophylaxis unless there 1re defimte contraindica
tions It Is not necessary to reduce prothrombin concentration to
dangerously low levels when dicumarol 15 being used prophylhc
ucally Hyperprothrombmema occurs before thrombosts ¢in be
dingnosed by chinical eximmation When thrombosts 1s est1ib
lished prothrombm activity may be norm1l or even subnormal

Heparin Tolerance Tesls

Rravchick & Sheiman (647) studied the Silverman modificition
of the Waugh Ruddick n x1tro heparin tolerance test 1s 1 method
for predicting thromboembolism 1n patients Seventy four con
trols 12 obstetrical patients 1nd seven postprostitectomy patients
were studied Statstically the results fuled to show a significant
difference between the control and the post partum and postopera
e gl'OllpS

Fowler (648) studied 29 postoperative patients and three patients
with acute thrombophlebius by means of the following si\ tests
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When performing the heparin tolerance test blood for analysis
should be withdrawn from a vein other than that into which the
heparin 15 mjected Of the tests studied the author found the
Wangh Ruddick test the most sensittve but 1ts lack of speaficity
indicates that 1¢ 15 of no value m predicting or diagnosing throm
bophlebrus

Fibrinogen B

Lyons and Cumminge (649) hve studied m detail the role of
fibrinogen m thromboembolism Lyons described 2 form of fi
brinogen which he termed fibrinogen B as an intermediate
stage between normally occurring plasma fibrinogen and fibrin
He contends that an increase i the amount of tus form of
fibrinogen mn the blood 1s an umportant factor m the development
of thromboembolic phenomena postoperatively wnd postpartum
According to Lyons and Cumminge ntravascular clotting 1s the
end result of three Frctors—the presence of fibrinogen B mn the
plasma localized or generahzed venous stasis nd traumatic 1
fective or degeneratne endothelial changes 1n the vessel wall
These factors are shown i their respective roles in the accompiny
ing schema ad1pted from Cummunge (Table XVI)

Lyons and Cumminge have found that 1n cases where hittle or
no fibrinogen B develops after operation thrombosis does not
occur except in localized varicosities 1n the presence of intra
venous cannulation or in extenstons of e'ustmg 1enous or plll
monary thrombosts The authors feel that the fibrinogen B deter
mination has both prophylactic 1nd prognostic vilue They clum
that postoperatively and postpartum serial fibrinogen B deter
mmations will erther remain negative i which case thrombo-
embolism almost never occurs (except under the circumstinces
described above or will show 2 development of fibrinogen B
commonly by the second week Cummuinge uses heparin postop
eratvely under any one ot the following arcumstances (1) con
finement to bed (venous stasis) (2) pyrex (especrlly of low grade
Intermuttent nature) (3) accelerated blood corgultton tme (three
to five minutes) or (f) presence of fibrinogen B 1 more than

shight umounts f
‘After thrombosts sertal fibrmogen B findings may be one of
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time was determined every day or every second day on pattents
recerving dicumarol and the blood volume was determined only
after admussion and just prior to discharge

The Waugh Ruddick test was performed 138 times on 31 pa
tients A high percentage of 1rregular curves was obtained At the
ume of admission the curies were normal 1n 20 patients 45
per cent) low (increased tendency to clot) 1n six patients (194
per cent) and high (decreased tendency to clot) mn five instances
(161 per cent) Thus upon admisston 1n seven cases only (226
per cent) was there an increased tendency toward clotting a find
ing at variance with those of Ogura et al (378) During hosprtal:
zation only two of 14 patients not recenving dicumarol showed
an increased clotting time the majonty remaining unchanged In
those patients receiving dicumarol two patients showed an n
creased coagulability and these patients were resistant to di
cumarol These findings indicate that the Waugh Ruddick test
1s not abnormal m a significant percentage of pauents suffering
acute coronary occlusion

The prothrombin time was determined by the method of
Quick using thromboplastin prepared from rabbit brain Normal
values were taken as 15 to 22 seconds for whole plasma and 60 to
80 seconds for 12 5 per cent diluted plasma values which do not
conform with those which Dr Quick demands from hus technic

The results fail to reveal any constant shortenmg of the pro
thrombin time 1n mstances of acute coronary occlusion at the ume
of hospital admission or during the course of the 1llness The au
thors found no evidence that hypo or hyperprothrombinemua 1s 2
constant accompaniment of acute coronary thrombosts

The clotting tume of the whole blood was determined by the
three tube method of Lec and White and times of from 10 to 15
minutes were considered to be normnal Only two patents had a
value of less than 10 mmutes upon rdmission No constant varia
tion 1n clotng time was noted during hospitalization on the 13
patients not recewving nticoagulant The pauents recerving di
cumarol tended to show 1 shightly prolonged coagulition time

The authors concluded thit no constant changes m blood
cogultbility rould be demonstrated following an acute coronary
occlusion by the Waugh Ruddick test the prothrombin time or
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three types (I) no fibrinogen B 1s found (II) fibrogen B absent
trinstently and then present again or (III) fibrinogen B present
constantly Irrespective of these findings heparm and dicamarol
are given On the third day a fibrinogen B determmnation and 2
prothrombin time are done If the result of the fibrinogen B de
terminition 1s negatnne no further anticongulant 15 guen If
fibrimogen B 1s present anticongulant therpy 15 conunued

Voorhees ind Pulasks (650) performed 553 tests for fibrinogen B
and 337 determinations of the capillary clotting time on 48 hos
pital patients and on four normal subjects In only two instances
were the critern of Cumminge and Lyons for 1nevitable thrombosts
fulfilled but neither patient dey eloped clinical esadence of mntra
vascular thrombosis On the basis of therr experience Voorhees
and Pulisk: concluded that the test 1s of no particulr value m
confirming 1 diagnosis of thrombophlebitis They did notice
however an apparent relation between the presence of tissue
necrosts and the appearance of fibrmogen B m the crculating
plasmx 1nd 1 persistently negatrve test for fibrinogen B n throm
bophilebitis after 1t 1s imtrally positive both obseryations having
previously been made by Cumminge 1nd Lyons

Dunn Jackson nd Lyons (651) have recently reported 2 high
percentage of positive fibrinogen B tests 1n the following condt
tions 97 per cent of patients in congestive hexrt fulure 100 per
cent of patients wath recent coronary occlusion 100 per cent of pn
tients with thrombotic states 100 per cent of patients with acute
sepsis and 90 per cent of patients with chronic sepsis John Beyer
working m our laboritory has fauled to confirm the work of Lyons
et 1l Lyven patients with early or advanced thrombotic states usual
1y failed to show positive tests for fibrinogen B

Changes in Coagulability 1n Coronary Occlusion
with Myocardial Infarction

Hlton et al (652) studied the changes in the Waugh Ruddick
test the prothrombm time corgulation ume blood solume ar
culanon time hematocnt and plasmt protemns on a series of 31
cases of 1cute coronary occlusion Alternate patients recenved ntt
congulant therapy Blood studies were performed 1t the time of
admusston nd weekly thereafter except that the prothrombm



CHAPTER 31

The Effect of Certamn Drugs on Coagulation
and on the Prothrombin Time

THE NANTHINES

BLOOD and Patterson (654) reported that they were unable to
confirm previous obsenvations that ammophyllm possesses 1

thromboplastic action with an accelerating effect on blood clotting
which mught predispose to intravascular thrombosts Following
the admmistration of ammophyllin orally and by vemn no st1
tistically sigmificant changes were detectable m the clotung time or
i the prothrombin activity of hospitil patients with normnl
hepatic function and hematological findings

McCormick and Young (655) administered large single doses of
ammophyllin (25 to 100 mg per kg body weight) intravenously
to dogs and determined the prothrombin activity by the modified
twvostage method of See,ers There was a transtent elevation n
prothrombin actiity followed by 1 lite hypoprothrombinemia
and a return to normal in about two to three weeks Simultane
ously a more marked and more persistent rise m Ac globulin
activity occurred as determined by the method of Wnre and Seeg
ers Small doses of aminophyllin (6 mg per kg body weight) were
without significant effect

No correlation cowld he ascertained between the clotung tme
of whole blood (I cc White method) and vanations n the pro
thrombin and Ac ,lobulim sty

Dict1ALts Ay THE DicrraLois
Honorato and T opetegun (656) studied the influence of a single
dose ok Digilamid Digitalin ouabamne cholic actid and Cumarone
on the prothrombin time of rabbits \ll of these drugs shortened
the prothrombin time The authors ciunon that spectal care must
be tiken to work with diluted plismas because the normal con
317
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the coagulation time of the whole blood A high percentage of
patients had prolonged circulation times due to shock heart ful
ure or a combination of these fctors

Meyers (653) who had previously reported that the prothrombmn
time becomes shortened 1 cases of myocardiil infarction studied
28 patients with acute myocardial infarction to determine whether
changes occur 1n the plisma fibrinogen 1n such nstances Plasma
fibrinogen was determined on each patient two or three times 2
week by digestion and nesslerization of the fibrin clot A normal
control studied for four months had fibrinogen values of 02 nd
0 3 grams

In all instances of definite myocardial mfarction there was n
mcreased value for plasma fibrinogen which paralleled the ery
throcyte sedimentition rate rither closely The amount of plsma
fibrinogen paralleled the extent of the infarct When the presence
of n nfarct w1s equivocal and the erythrocyte sedimentation rate
was normal fibrinogen levels were not abnormal Elevated fibrmo
gen levels failed 1o return to normal though they were alwys
moring 1n that direction 1t the time of the pattent s discharge In
two patients given dicumarol fibrinogen levels were elevated
despite the prolonged prothrombin ume The 2uthor suggests the
use of plwm1 fibrinagen levels for determining the status of an
infarct in the presence of anucoagulint therapy
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Three other patients whose prothrombin activity was kept be
tween 10 and 30 per cent of normal by the admmustration of the
necessary doses of dienmarol were given digitalng doses of
digitoxin There was no rise of prothrombin activity above the
forementioned levels following digitoxin

These data do not support the view that digitalis promotes co
igulation of the blood

Cathcart and blood (659) undertook to deterrame 1if digitalis
modifies the clotting time and the prothrombin time m vivo
They quote the following papers in the hiterature

(1) Tanaka (438) who first stated that strophanthin short
ened the clotung tme of blood

(2) Werch (410) who described a decrease in the clotting
time of rabbats following digitahization

(3) Decourt and Barbato (660) who reported a decrease
the coagulation time 1 32 digitalized patients

(4) Massie Sullerman Wright and Minnich (83) who
found a decrease of the clotung ume 1n digitahized patients
which averaged 3 3 minutes

(5) Ramsey Pinschmidt and Haag (85) and Sokoloff and
Ferrer (84) who found no change 1n the clotung time follow
ing digitalis

{6) Mache (81) who reported that heparinuzed cats are less
susceptible to toxic doses of digitalis than were untreated am
mals

(7) de Takats (82) who found that digitalized animals were
unusunlly msensitive to heparnn administration (hepann tol
erince test)

{8) Moses (412) who using a ssmilar test found no change
m the clotting time or 1n the response to heparin following
ntravenous digitalis and

(9) Pomndexter and Meyers (418) who found no change 1n
the prothrombm ume following adequate digitalization

Catheart and Blood studied two groups of patients before and
after digitalization 17 pauents in congestive heart failure and 21
normal hospital personnel Fourteen hospital pacents were used
as controls In the control group the diseases which led to hos
pralization varted but 1n no 1nstance was there any disorder of the
Isver or of the blood forming organs nor any medication which
might be expected to nterfere with blood clotting  Coagulation
times were determined by two meth ds (I ee White and Leifer)
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centration of the factor apparently responsible for this result 15
very ligh

An increase of a plasma protemn resembling the co factor of
thromboplstin was found and 1s suggested s an mmportant factor
mn the shortening of the prothrombin time Increases of fibrinogen
thromboplistinogen nd prothrombin were not responsible for
the results obtamned

The authors also claim to have confirmed an antagonism be
tween the effects of digitalis and dicumnrol Honorato nd Gomez
(657) found that 6 1 mg per kg body weight of dicumrol 1s sufft
ctent to prevent the shortening of the prothrombin time produced
by 01 mg per kg body weight of Digilanid No decrerse in cardio
tonic potency was observed m tests conducted on the frog even
when 0 5 mg of dicumarol was used

Ixpertmental thrombesis w3s readily produced wn rabbis
treated with Digilamd but was prevented by the administration of
dicumarol The differences m results between the treated and con
trol groups were signtficanc

Clinical Reports

Levin and Ruskin (658) performed heparin tolerance studies on
11 patients who had no evidence of cardinc decompensition or
thromboembolic disease The tests were done before and after the
piuents had recerved a full digit thzing dose (1 6 mg ) of digrtoxin
The tolerance tests were done as described by de Takats and by 1
modified method using the Lee and White corgulation tune tech
nic The hepann tolerance curves displiyed no signtficint changes
following digitoxin when the capillary tube technic was used
Seven of the same 11 patrents showed no significint changes m
heparin tolerince after digitoxin when the I e 1nd White method
was used Two showed decreased tolerance to heparmn after digt
foxn using this same technic

The problem was studied further by performing prothrombin
umes on nine sumlr patients before and after admimistration of
digitoxin There was no significant change n the prothrombin
ume These subjects were then gien dicumarol 1n doses of 300
mg 200 mg and 100 mg on 3 successive days while on 1 mainte
nance dose of digton (0 2 mg /d1y) In all instances the response
10 dicumarol was considered normal
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Some patients showed slight shortening others shight prolonga
tion of the cloting time These changes were not always m the
same direction by the two methods There was no sigmficant dif
ference 1n the response of the clotting tume to digitalis whether
or not the patients were 1n congestrve heart falure Changes
the patients recens ing digatalis were of no greater magmitude than
1n the normal

The prothrombin times of the whole plasma in the normal
controls and 1n the undigitalized hosprtal patients averaged 13 34
seconds (range from 119 to 17 8 seconds) All but one determina
tion on one subject fell within a range of 13 5 seconds = 1 6 sec
onds With 125 per cent plasma the average prothrombimn time
was 31 0 seconds (over all range 25 » to 42 5 seconds) The range
wasquite wide and the end point less rehiable

In the pauents with congestive heart failure the average pro-
thrombin times for whole (undiluted) plasma were 14 6 seconds
before and 138 seconds after digitahization a decrease of 08
seconds or 5 per cent Using 12 5 per cent plasma the average pro-
thrombin times before and after digitahization were 32 3 seconds
and 300 seconds respectrvely a decrease of 2 3 seconds or 7 per
cent

In normal subjects who were digitahized the 1mual prothrom
b time with undiluted plasma was 131 seconds and the final
time 13 5 seconds a change of 0 4 seconds or 3 per cent

In the controls the imtial ime with undiluted plasma was 13 6
seconds and the final ume 13 4 seconds a decrease of 0 2 second
or 2 per cent With dilute plasma the averaze times were 289
seconds and 30 7 seconds an averige increase of 18 seconds or
6 per cent

As with the coagulation umes there was no constant ivend
toward erther a prolongation or 1 shortening of the prothrombin
tme The awerage time 1t the start of the study was comparable
m all groups and the duly average changes following digitaliza
tion were nsignificant

The authors conclude that there are no statistically sigmificant
changes 1n enther the clotung or prothrombin times following the
admnistration of digitalis 1n therapeuuc doses



320 THROMBOEMBOIIC CONDITIONS

before and every day for five days after digitalizition Prothrombin
times were determmed on both undiluted and 12 5 per cent di
hated plasma

Of the panents m congestive fulure 11 wele digiahized with
m 1erge dose of 21 mgm (152 1) of digitoxin m five days
Two were digitalized with Lnatoside C by 1ntrivenous mjection
and then 12 mg of digttonin were given by mouth during the
subsequent four days The third pattent recened 12 mgm of
Lanitoside C mtruenously and a total of 5 Umts (USP NI
of digutalts leaf by mouth during the next five days The desired
therapeuttc response was obtained chmically n all patients

Normal subjects who were digitalized were treated as follows
four recerved 1820 USP Units of digitahss leaf m five days 17
recened 193 0 mg (average dose 2 mgm ) of digtoxin m five days
Two pruents experienced minor toxic symptoms

The clotting time of normal controls ncluding the undigt
talized hospital pauents and the hospital personnel before digualt
zation weraged 116 minutes by the Ieec White method (range
from 81/, to 19 minutes) 6 2 mimutes by the Leifer method (ringe
of four to 10 minutes) In patents with congestive hert fulure
belore digitahizatton the average congulition tume was 119 mum
utes by the Lee White method Following digitahization the aver
age ume was 111 minutes n 1verage decrewse of 08 mnute
or 7 per cent By the Letfer method the clotng times before
and sfter digrtihzaton weriged 6 1 and six minutes respectnely
an 1erage change of only 0 1 minute or 2 per cent In the nor
mals who were digitalized the cogulatson time by the Lee W hute
method averaged 121 minutes before and 123 after digitaliz
tion 1w averae change of 02 munute or 2 per cent By the
1 eifer method there was no change with digitalizrtion 66 mmn
utes being obtuned both before 1nd after

In the control patrents who recenved no digitalis the 1verage
clotung ume was 107 at the beg g and 11
at the end of the study by the Lee White method 1 change of only
03 mnute or 3 per cent With the Leifer method the corre
sponding times were 56 and 6 3 mmnutes 1 change of 07 minute

or 13 per cent
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that these hemorrhages may be attributed to a lowening of the pro
thrombin actruty by the pemeilim

Streptomycin

To determine the effect of oral streptomyain on the prothrom
bin time Hertfort and Standard (633) administered 3 grams of
the wtibiotic daily to four normal subjects for 14 days The pro
thrombin times and the bactenal count of the stool were deter
mined for each subject on two different days prior to the mstitu
ton of oral streptomycin 24 hours after the admimstration of the
anubiotic and at 48 to 72 hour ntervals throughout the 14 day
period There was no attempt to modfy the diet

There was a duminution 1 stool bacterial counts varying from
an 80 to 100 per cent reduction demonstrating that the antibiotic
vares 1n 1ts effectiveness i different mdividuals In all subjects
the maxmmum reduction 1 bacterial count was clieved within
48 hours after the admmstration of streptomycin Concomitant
with the decreased bacterial counts 1n the stool there was a sigmfi
cant prolongation 1n the prothrombmn times of whole blood and
125 per cent diluted plasmn as determined by the Link Shapiro
modification Whole blood prothrombin times rose from 16 to 19
seconds to maxamums of 22 to 24 seconds The peak of the hypo
prothrombinemia was reached within one to four days Wath dilute
plasmis the prothrombin times were prolonged from a pretreat
ment level of 36 to 51 seconds to 1 masimum of 51 to 75 seconds
These maximums were reached within from one to seven days

In all subjects the bacterial counts of the stools began ristng
progressively seven days after streptomycin admimistration was
started As the bacternl count increased the prothrombtn times
subsequently decreased so that by the end of a fortmght both
dilute 1nd whole blood prothrombin times approached the levels
PrIOT to streptomycin treatment

The authars suggest that a \itamuin h prepiration be gien
before and after surgery of large bowel to present the develop
ment of hypoprothrombinemir In eight cases of proven or sus
pected lesions 1n the colon streptomycin was given orally n half
gram doses every four hours for two days immediately preopera
tvely and 1n conjunction with parenteral synthetic vitamin k
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ANTIBIOTICS*
Pencllin

Lew1tus (661) mn 1 letter to the cditors of the Archives of In
ternal Medicine refers to an article by himself and Aschurelt m
which 1t was shown that m 04 per cent of patients who recerved
penicillin there was a defintte decrease of the prothrombin activ
1ty of the blood This depression of prothrombin actity which
often reached to between 50 and G0 per cent of normal lasted
during the entire period of pemcillin admimstration It could be
corrected by mjections ot vitamin K and was terminated spon
taneously following the mnterruption of penicillin therapy The
authors considered this effect to be analogous to a ssmilar effect
by the sulfonamides

Lewitus states that the confusion over the effect of pemcillin
on the prothrombin activity arises from the fact that m the first
hours after the beginming of percillin therapy there 15 some
times an increase m prothrombin activity which perststs for sev
eral days The prothrombinopenic effect of penicillin may become
evident only after three to four d1ys He states further that when
treating mfective thrombotic processes with combined pemucillin
drcumarol therapy much less dicumarol 1s necessary than is nsually
prescribed 1n order to attain n adequate depression of prothrom
bin activity

The prothrombinopenic effect of pemcillin was noted also by
Axtrup (662) who reported three infants less thin six months of
1ge who were observed to show a fall in prothrombin activity dur
mg treatment with penicillin Two of these 1nfants showed a hem
orrhagic tendency 1n one case so severe 1s to contribute 1o 1 fatal
outcome The literature contuns reports of hemorrhage as @ com
plication 1n penicillin treatment Such phenoment result mainly
when the pentcillin 1s applied mtrathecally but simlar symptoms
have also been noted ~fter subcutaneous or mtramuscular mjec
tion though only when the doses were very large It 1s possible

«ee also (1) Dolkart R E Halpern B Larkin M Dey F L & De
Takats G The effect of peniallin upon the clotung acumity of blood 1
ormal human subjects | Pharmacol & Exper Thewap 96291291 (July)
1940 (2) Long P H  Antibrotucs and blood coagulation J 4 AMA 142 1950

(Jan 7) 1920
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clotting trme was determined by the method of Lee and White
before and periodically after the administration of the aureomy
cn

When doses of aureomycin from Io to 100 mg were admnis
tered to four rabbits blood obtained by cardiac puncture showed
a shortemng of the coagulation from a pre admimstration time of
ten to eleven minutes to three to nine minutes after one hour
and to 114 to seven munutes after 114 to three hours A report of
an experiment on a single cat revealed that after the administra
tion of 200 mg aureomycin the coagulation time fell progressn ely
from 1014 to 1114 munutes to four minutes the mavimum shorten
ng occurring after approxamately one hour Aureomycin was ad
munistered 1n doses of 250 or 500 mg to 14 human subjects whose
coagulatton times prior to admimistration ranged from 814 to
1414 minutes In every instance there was a shortening 1n the co-
agulation ime when determmed from one to 314 hours after the
admimistration The reduced times ranged from 314 to mine mn
utes Without exception the clotting times were shortened by
from 114 to seven miutes on an average 314 minutes

The authors state that prothrombin times 1n both animals and
man were unaltered by the administration of aureomycin
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Where peritoneal contammnition was anucipated additional
streptomycin was grven parenterally for two days preoperatnely
and for two days postoperatinely The sitamin h was continued
postoperattvely for 1 week In all eight cases the prothrombin
ume w1s muntuned at the levels which existed before the ad
mumstration of streptomycin  there were no hemorrhagic com
plications and recovery was uneventful

Elson (664) studied the corgulition ume of the whole blood
and the prothrombin time 1n 21 cases of pulmonary tuberculosis
treated with streptomycin and 1n 21 matched cases not so treated
The details of case matching blood studies and methods are
gven n the onginal article The results were treated statistrcally

The findings 1 normal subjects and m tuberculous reveiled
that the blood clotting tume and the prothrombin time are un
ffected n tuberculosts and that there 1s no correlation of these
times with age actrvaty or extent of the lesion m either the control
Or streptomycin group

When sertal clotting time were performed significant differences
between the menn clotting time of some of the test periods were
observed but the results were inconclusive nd could not be
ascribed with certamnty to the nfluence of streptomyan No stg
nificant differences could be demonstrated between the mein
clotting tmes of the streptomycin and control groups obtamed on
different days

No significant effects by streptomycin upon the prothrombin
rume could be demonstrited either by serial prothrombin times
performed up to 15 hours follow mg the administration of strepto
mycmn or by the prothrombin times obtamed on different days

In brief this study indicates that streptomycin probably has no
mfluence on erther the clotting umes or the prothrombin tme
climeally

Aureomycn
Macht and Tarkas (665) pursuing further studies of the effects
of the 1ntibiotics on blood coagulation hue reported studies ot
the nfluence of tureomycin Fxperiments were done on rbbits
cats and on humans who had not recened any previous medic

tion In all mstances the aureomycin was admnistered orally The
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man strniking changes occurred m blood coagulation Further
more the addition of the disodium salt of d 1 alpha tocopherol
phosphate 1n vatro prolonged the clotting time of recalcified plasma
and also prolonged the clotting time of prothrombmn free human
plasma when added 1n concentrations on the order of those found
m human plasma A similar antithrombic activity was demon
strated 1n v1vo by measuning the thrombin clotting ume of plasma
fotlowing the imtraperitoneal mjection of alpha tocopherol mto
rats The authors suggest the possibility that tocopherol partica
pates normally m mamtarmng the equiibrium which prevents
mtravascular clottng

hay and lus coworkers (669 671) have studied the influence of
alpha tocopherol phosphate on coagulation at some length They
conclude that (1) alpha tocopherol phosphate a potent mnhibitor
of thrombin occurs 1n the accelerator globulin fraction of plasma
and 1n Cohns fraction 1 (2) when antithrombm in this form 1s
combined with fibrinogen and thrombin 1n optimum quantities
a substance 1s formed which 15 indisinguishable from fibrinogen
B (8) thrombosis 1s likely to occur when the plasma anuthrombin
level 15 abnormally low while the prothrombin conversion ratc 1§
at or near normal and () himited studtes suggest that the ant
thrombin level can be raised by the oral admimstriuon of alpha
tocopherol and that the routine adminstration of 2lpha tecopherol
i the postoperative period mav prote to ehminate mtrazascular
clotting as a postoperative complication

Popper et al (672) determined plasma tocopherol lesels i van
ous normal and abnormal conditions both before wnd after the
admimstration of a test dose of tocopherol The ringe of plasma
tocopherol levels was sigmficantly widened 1n a variety of diseases
The plasma tocopherol level w1s increased 1n nephritss 1n the
presence of carcinomt 1m obstructive jaundice and most con
sistently 1n the presence of cardiac disease The plasma tocopherol

levels were reduced slightly and not consistently 1n hepatocellular
damage

Coagulation Defects 1n
Leukema and Polycythemia

The hepwin clotung time which measures the clotting senst
ity of the blood to added heparnin and the clot retraction rate
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Miscellaneous Observations

CIRCULATING ANTICOAGULANTS

CONLE& Hartmann & Morse (666) have described a test for
circulating anticongulants utilizing the effect of platelet free
plasma on normal blood The preparation of the platelet free
plasma depends on scrupulous technic siliconed syringes test tubes
and pipets handling the blood at low temperatures and two sepa
rations by centrifugation at 7000 and 12 000 14 000 r pm By this
method amounts of 1dded heparin as low as 0001 mg/mli of
platelet free plisma were detectable In clintcal studies eight 1
stances of a circulating anticoagulant were detected In only one
did the addition of tolurdine blue suggest the presence of a hepann
Iike substance In nine cases of thrombocytopenta the anticoagu
lant assays were negative These studies suggest that circulating
anticoagulants are probably present more commonly than hitherto
supposed The su,gested technic offers another approach to the
study of hemorrhigic diatheses
Conley Rathbun Morse 1nd Robinson (667) reported thiee
cases 1n which a hemorrhagic diathesis with prolonged clotung
time was assoctated with the presence of an anticongulant in the
blood In one mstance the anticoagulant mn the patient s plasma
delyed the conversion of prothrombin to thrombmn but in two
nstances the anticoagulant appeared to interfere with the actina
tion of thromboplastin in the blood These findings suggest a
multuplicaty of cirenlating anticoagulants The authors advise that
the blood of all patients who suffer a prolonged clotting ume
should be assayed for the presence of circulating anticoagulants

The Antithrombic Actinty of Alpha Tocopherol Phosphate®
Zierler Grob and Lilienthal (668) observed that when alpha
tocopherol phosphate was adminustered 1n large doses to rats or to
»See also Lemley J M Gale R G Furman R H Cherrington M E
Darby W J & Mencely G R Plasma tocopherol Ievels n cardtac patients
Am Heart J 37 1029 1034 (June) 1949
326
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quently a prolonged blood clotting time Many of these patients
also hve a severe thrombopenia In other pauents hemorrhages
occur when the platelet count 1s norma! Bleeding 1n the myjority
of these patients ceased upon the admmstration of adequate
amounts of toltidine blue or protimine sulfate but the hemor
rhagic diathesss produced by thrombopenir did not respond to
this type of therapy In patients with 1diopathic thrombopeni
and with increased protamine utrations the response to toludme
blue and to protamne was wadequate Thrombopenta occurred
with or without an increase mn the protamimne titration and vice
verst The authors conclude that the random use of toluidime blue
and of protamine sulfate will lead to random results

Allen and hus coworkers (667) have described the protumine
ttration test wlich they utihize 1s an indication of the clotting de
fect in certain hemorrhagic states Thus test 1s described m Ap
pendix L

Tanturt and Wetzel (675) present a hypothests which sug,ests
that heparin 15 the normal anticoagulant of plasma Their con
clusions may be summarzed s follows

1 Lyophilized ereated and aged plasmas show 1n increase
of antithrombin activity 1s compared with the corresponding
fresh plasma The antuthrombn activity was studied using 2
thrombin sotution of constant activity

2 The increased antithrombin activity 1s not related to the
presence of prothrombin because the same changes occur m
Iyophilized ,ed 1nd aereated prothrombin free plismas

3 The effect of the increwsed antithrombin activity 1s re
flected 1 the prothrombin ttmes of these plismas and on the
prothrombin times of fresh plismas when plasmas with mn
creased wntithrombin activity are used as diluents

1 The ncreased anuthrombm ictivaty may be brought
bick to normal by means of various treitments (CO, pro
tawmne}

5 The anuthrombin actisity varies directly as the pH of
phisma However protamune sulfate decreises the antithrom
b activity without changing the pH of the plisma It my
be concluded that the decrease of prothrombin noted by other
nestigators 1n sumiar plismas 1s due to the presence of the
antithrombin and not solely due to changes of the pH

6 Protamune sulfate his a tendency to decrease prothombin
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which 15 a quantitative measure of clot retraction obtamned by
electric resistance measurements were well standardized on a
Inrge number of normal subjects and limits of normal clearly
established by Rosenthal (673) In both myelocyuc and lympho-
cyuic chronic leukemin half of the patients exhibited 1 coagula
tion defect chircterized by (1) prolonged hepirin clotting tune
(2) decrensed clot retraction rate and (8) shight thrombocytopenia
(110000 to 180 000) The severty of the defect was closely related
to the severity of the hemorrhagic symptoms Tolmdine blue tt
tration tests failed to demonstrate free or neutralizable heparin in
two patents with hemorrhagic symptoms and the clotung defect
I'euhemic patients without the clotting defect presented no est
dence of bleedmng and these pattents were in better condition
hematologically and chinically a1nd demonstrated a better prog
nosis than did the others

Untreated patients with polycythemi vera and elevated hemato
crits showed increased clot retraction rates and platelet counts
above 400 000 m one third of instances A sumilar percentige of
these patients had histonies of erther thrombosts or hemorrhage
suggesting that the elevation in platelet count 1s 1 most rmportint
factor 1n the occurrence of both thrombosis 1nd hemorrhige mn
polycythemia

Thus study 1ndicates the relative valie of various coagultion
tests The Lee White clotung time 1s of extremely lumited value
The platelet count bleeding ume tourniquet test and clot re
traction have himitations and inrdequacies The clot retraction
rate provides a useful quantitatie measure of clot retriction but
requires spectil equipment The heparin clotung time appears to
be the most valuable single test for blood coagulation smcc 1t
readily detects abnormally increased or decreased clotting abihty
erther experimentally or clinrcally

HrPARINEMIA OR HiPERHE PARINFMIA
According to Allen ind his conorkers (630) 1bnormal bleeding
may result from 1 heparnoid disturbance 1n the clotting mecht
nism 1 state resembling but not 1denticrl with that produced by
the ntrivenous injection of commercial beefl heparin Patients
with tlis defect show 1n increase 1n protamine tiration and fre
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smlanty between acute total body radiation illness and the
radiation 1ilness that follows localized theripy except that both
are caused by jomazing radiauon Admmstration of rutn to a
small group of dogs for two weeks prior to exposure and con
tinued use after exposure ippirently improved thewr survnal rate
(682) Lipersments showed rutin to be of no salue in the treat
ment of three separate large groups of muce regirdless of when
rutin admimstration was started (633)

Following the 1dentificanion of an anticoagulant with heparin
like properties 1 tcute radiation 1llness by Allen et al (487 498)
and the confirmation of this work (497) 1t was hoped that control
of the coagulation defect by antihepatin agents such as toludine
blue and protamine sulfate would decrease the mortality Thas has
not yet been demonstrated

THE EFFECT OF ANTICOACULANTS O\ THE
ERYTHROCYTE SEDIMENTATION RATE

Litwins Vesell Kissin Cohen and Paul (684) studied the effect
of dicumarol on the, sedimentation rate 1n (1) persons with normal
sedimentation rates (2) pautents with myocardial infarction and
eleated sedimentation rates who recened dicumarol therapeut:
ally and (3) other patients with elevated sedimentation rates who
did not require anticoagulant therapy The sedimentation rate
was determined 1 Wintrobe tubes by a single reading at 60 mn
utes Prothrombin times were determined by the method of Quick

Among the 12 patients with normal sedimentation rates gnen
dicumarol 1n amounts sufficient to reduce the prothrombin actiy
1ty to as low as 3 per cent of normal the sedimentation rates re
mamed normal

Among seven patients with acute myocardial mfarction given
dicumarol 1n amounts sufficient to muntam the prothrombin ac
ity between 5 and 20 per cent of normal dicumarol did not
increase the sedimentation rate which dimmshed gradually dur
mg the early stages of the 1llness despite the progressive prolonga
tion of the prothrombin time Seven additional cases of myocardial
infarction treated with dicumarol showed no discrepancy between
the recorded sedimentation rate and the state of healing climcally

Among eight patients with medical conditions other than nio-
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and precipitate fibrinogen depending upon the quantity
present

7 With appropriate quantities of protamine sulfate the an
tithrombin actiaty of fresh oxalated normal plwsma can be
reduced to a certain extent but no more 1rrespective of the
amount of protamme used An approximate proportion be
tween the quantity of protamine necessiry to return to nor
mal the thrombin times of certain plasmas and to reduce the
anuthrombin rcusity of normal plasmas has been demon
strated

The Effect of Iomzng Radiation Upon the Blood

Cronkate and Chapman (676) have made a critical analysis of

the syndrome of 1cute total body radiition 1llness They describe

m

brief what 15 known of the pathogenesis of the hemorrhigic

diathesis that 1s so promunent m tcute radrtion ilness particu
Inrly 1n the lethal dose ringe

In the early phase capillry fragility 1s increased later 1
platelet defictency develops As the thrombopenii progresses
purpura becomes more evident In the last days hemorrhage
m1y berome profuse at which stage the blood clotting ume
and occasionally the one stage prothrombin time 15 prolonged
Generally heparin can be titrited by indirect mens wn dogs
(187 498) and 1n swine and goats (197 677 678)

In addition to the routme chmcal obsersations and physt
cal examinations the following studies are definitely ndicated
for purposes of theripeutic control wnd cliucal unesugtion

(1) Platelet counts should be performed every two to
three days A\ return of platelets will usually precede the
cessation or lessening of bleeding and n general 1s a good
pTOQl‘lOS(lC S1;

(2) Capillary fragility should be studied and 1t would be
of great nterest to do this m conjunction with the admin
1istration of utin

(3) Whole blood clotung times (Lee Whte) prothrom
bin times (Quick) fibrinolysin titers (679) 21nd heparin nd
heparin complement xssays (680 681) and tolerinces should
be performed m order to estiblish the presence of nd to
clnfy the nature of the clotting defect 1n man

Most of the drugs that have been suggested were diised on

the basis of therr valtte 1n the treatment of ridiation sickness
that follows localized therapeutic wrradition ‘There 15 no great
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cardral infarction and raprd sedimentation rates grven dicumarol
n amounts sufficient to produce theripeutic prolongations of the
prothrombin ume the sedimentition rate piralleled the observed
clinical course

These findings confirmed the original work of Prandont and
Wright previously discussed 1n this volume



APPENDIX A

Method of Determining the Coagulation
Time of Whole Blood
(One Tube Method of Lee and White)

NE ml of blood 1s withdrawn from the arm vemn using 1
smll all glass syringe ‘The time 1t which the blood 1s drawn
ts noted The needle 1s removed and the syringe then emptied
mto a small glass tube (Widal tube) about 8 mm 1n diameter
which has previously been rinsed out with physiologic saline
solution ( 85 per cent) The tube 15 rotated endwise (t2lted) every
30 seconds and that pont at which the blood no longer flows
from 1ts position but mamntams 1ts surface contour when nverted
15 taken as the endpoint Care must be used to exclude air bubbles
as they tend to accelerate coagulation If the test 15 done at room
temperature (65° 90° F) the error although present 1s within
one minute and may be neglected Normal coagulation ume 1s
614 mimutes (5 8 minutes)

REFERENCES
Lee R L and White I D A chinscal study of the coagulation ume of blood
Am J M Sc 140 495503 April 1913
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not ground undex 1 layer of acetone The spent acetone 1s poured
off the bramn covered with fresh acetone and the trituraton
repeated This 1s continued unul the preparatton becomes adhe
sive and flaky It 1s then ground under fresh acetone unul granu
far The materal 1s filtered by suction and dried at 37° G for 30
minutes

By placing the material m glass ampoules evacuating by means
of 1n o1l vacuum pump and sealing in a glass flame full potency
can be preserved indefinitely An alternatne method of preser
sation 1s to place 0 2 gm of the dry matenal m small pyrex test
tubes cover with 5 cc saline solution (0 85 per cent) and place
immediately in the freezing compartment of a refrigerator The
material remains fully potent for at least 2 weeks It requires m
cubation at 50° C before 1t 1s ready for use

11 Tae TEest

Nine volumes of blood obtamned by venipuncture are mrved
with Ivolume of 0 1 M sodium ovalate If 1t 1s difficult to obtamn
blood by a vemn a deep skin cut should be made and the blood
allowed to drop 1nto test tube or comcal centrifuge tube hav
ngalcc graduation and contatnmg 0 1 cc of 0 1 M sodium ox1
late The 1 cc sample thus obtamned 1s sufficient for 4 prothrombin
determinations It 15 conventent to remove plasma by means of a
Pipette having a rubber bulb from a medicine dropper attached
to the end

The prothrombin time 15 determuned by transferting 01 cc
of oxalated plasma to a small pyrex test tube and then adding 0 1
cc of thromboplastn solution After the tube has been in the
water bath for a few seconds 01 cc of 002 M calaium chlonde
15 blown foreibly nto the muxture and the stop watched clhicked
simultaneously The tube 1s put 1n the water bath and shaken
Iightly

A few seconds before the expected clotting time the tube 1s
held toward a distant source of hight so that one can see through
the tube from below The tube 15 tilted very gently to permt
detecting the mcipient web of fibrin which 1s the end point If the
tube 15 shaken too vigorously the mmtial fibrin mesh 1s apt to be
broken and so ¢scape detection More time will therefore be
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The Determination of Prothrombin
(By the Method of Quick)

I RrQuired EQuirvEent

I Tipettes—1 cc serological graduated in tenthsand hundredths
ofacc The pipettes shonld be cut to 170 mm lengths

2 Water bath A glass dish 8 to 10 inches 1n diameter mwd 4
to 5 inches deep will serve the purpose It should be on 1 base
containing two 25 watt electric hight bulbs These supply suffi
cient heat to muntain the temperature fairly well at 37°C

3 A thermos bottle filled with water at 50° C for incubaung
the thromboplastin solution

4 A stop watch

5 Test tubes pyrex (J3 X 100 mm)

II REAGEATS

1 Sodwum oxalate 01 M ~13% gm sodium oxalwe CP 1s
dissolved 1n 100 ec of distilled water

2 Caletum chloride 002 M —02%2 gm anhydrous cdcnum
chloride 1s dissolved 1n 100 cc of distilled water

3 Thromboplistin solution—02 gm of dehydrited rabbit
brain 1s put 1nto a small pyrex test tube covered with 5 cc of 085
per cent sodium chloride solution and mmixed by blowing through
the suspension with a pipette Trituranng the thromboplistin
with saline 1n a mortar should be avoided since this reduces the
activaty  After incubaung the solution for 20 minutes 1t 50° C
1t 1s tranferred to the water bath kept 1t 37° C Agitation of the
solution by blowing through 1t helps 1o muntun a umform
qctnity Suspended parucles do not iterfere with the accuracy
of the test but actunlly axd i the detection of the incipient clot

4 Preparation of thromboplastin The ribbit brain 1s freed of
all visible blood sessels and then triturated with acetone in 2 gliss
materal at first should be mashed and crushed but

436

mortar The
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not ground unde: 1 layer of acetone The spent acetone 1s poured
off the bramn covered with fresh acetone and the triuration
repeated Thus 15 contintied unul the preparation becomes adhe
sneand flaky It 1s then ground under fresh 1cetone until granu
lar The material s filtered by suction and dried at 37° C for 30
mimutes

By placing the materinl 1n glass ampoules evacurting by means
of 1n o1} xacuum pump and seahng 1n a glass flame full potency
can be preserved indefinitely An alternitne method of preser
‘atron 1s to place 02 gm of the dry materal m small pyrex test
tubes cover with 5 cc salime solution (0 85 per cent) nd place
wnmedrately n the freesing compartment of a refrgerator The
material remains fully potent for at least 2 weeks It requures
cubation at 50° C before 1t 1s ready for use

III Tue Test

Nine volumes of blood obtamed by vemipuncture are mred
with I volume 0of 01 M sodivm oxalate If 1t 15 difficult to obtun
blood by a vein a deep shin cut should be made and the blood
allowed to drop mto test tube or conical centnifuge tube hm
mgn1cc graduation and contuning 0 1 cc of 0 1 M sodium ox1
late The 1 cc sample thus obtuned 1s sufficient for 4 prothrombin
determmations It 1s convenient to remove plasm1 by means of 1
Pipette having a rubber bulb from 1 medicine dropper attached
to the end

The prothrombin time 1s determined by trnsferring 01 cc
of oxalated plasma to a small pyre\ test tube and then adding 0 1
< of thromboplastm solution After the tube his been in the
water bath for a few seronds 01 cc of 002 M calaium chlonide
1s blown foreibly into the mixture and the stop watched clicked
simultaneously The tube 1s put n the water bath 1nd shaken
hghtly

A few seconds before the expected cloting ume the tube 1s
held toward a distant source of hight so that one c1n see through
the tube from below The tube 1s nlted very gently o permu
detecting the inciprent web of fibrin which 1s the end pomnt If the
tube 1s shaken too vigorously the mmtrl fibrin mesh 1s apt to be
brolen nd so escape detection More time will therefore be
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required before sufficient fibrin will again be formed to become
visible and this mtroduces an 1ppreciable error

‘When the prothrombin time 15 greatly prolonged 1t 1s conven
tent to use 2 large test tube (25 X 100 mm ) filled with water at
875° C as a jacket The large tube 1s fitted with a cork with 2
hole through which the smaller test tube can be mserted and held
n plice This device allows continuous obsersition while the
temperiture of the reicung medium 1s muntaned constant

Calculation Due to the complex nature of the prothrombin
1t 15 best to express results in terms of prothrombin acunaty When
the prothrombm nctivity (in per cent of normal) 1s plotted agumnst
the clotting time 1 characteristic hyperbolic curve 1s obtuned
which 1s furly satisfactonly expressed by the equation

Prothrombin actn ity = =
(per cent of normal) P
(pt = prothrombmn time Kk nd 1 are constants with the vilue of
303 and 8 7 respectively)
For convenience the following table cin be used
Prothrombin Activtty i

Prothrombin Time Per Cent of Normal

i 100
13y 60
15 50
17 40
19y 30
2114 22 25
2426 20
3740 10

5

5565

1t 15 to be noted that netther the equation nor the table 1s vahd
unless a thromboplastin of constant potency ts used The pro
thrombin time obtarned on a normal control plasma must fall
wathn the limats of 11 to 13 seconds It s to be emphas: ed that
1t 15 completely erroneous to caleulate prothrombin actinly 153
drding the prothrombn time of the normal by that of the un

known
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Two-Stage Prothrombin Determnation’

THEORETICAL
ROTHROMBIN clots fibriogen only after 1t has been act
vated to thrombin The equations are often written as follows
Car
1 Prothiombin + Thiomboplastin ——=Thiombim
thrombin

2 Fibimogen Fibun

In the onestage methods for prothrombin analysis reactions
one and two are allowed to occur simultaneously In the two stage
method reaction one 1s allowed to go to completion There
after the second reaction 1s used to measure thrombin concentra
tion The fundamental relationship between thrombin concen
tration and clotting time 15 described 1n detail elsewhere (1) A umit
of thrombin 15 arbitranily defined as the amount which will clot
one cc of fibrinogen under the conditions umposed for the two
stage analysis This unit 1s for all practical purposes the same as
the one used by government agencies for controlling and
standardizing thrombin products sold on the market

It can be noted from the equations above that the measurement
of thrombin concentration by means of reaction two requires
the use of fibrinogen Rather than assume that the patient s fibrin

This description 15 that contributed by Walter H Seegers to the Transac
tions of the First Conference on Blaod Clotung and Allied Problems New
York Josah Macy Jr Foundation 1918 It gives the procedure used 1n the
Department of Physiology Wayne University as of January 1948 The oniginal
communications of Warner Brinkhous and Smuth are m Arch Path 20 163
(1935) Am ] Phystol 114 667 (1936) J Fxper Med f 801 (1957) Our
modificatic ns hase no bearing on theoretical matters but are modificitions
of comvemence ganed through experience An exception 15 however to be
found n the mnosation which supplies Acglobulin In practice that change
1s 50 simple that one should scarcely be credited with having made a modifica
ton —Walter H Seegers
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required before sufficient fibrin w1l agan be formed to become
visible 1nd this introduces an appreciable error

‘When the prothrombin time 1s greatly prolonged 1t 1s conven
lent to use a large test tube (25 X 100 mm ) filled with water at
375° G as 1 jacket The large tube 15 fitted with a corh with 1
hole through which the smaller test tube can be mserted and held
in place This device allows continuous observation while the
temperature of the reacting medium 1s muntuned constnt

Calculation Due to the comples nature of the prothrombmn
1t 15 best to express results in terms of prothrombin actnvty When
the prothrombin 1ctivity (in per cent of normal) 1s plotted aganst
the clotting time 2 charactenistic hyperbolic curve 1s obtamned
which s furly sutistrctorily expressed by the equaten

k
Prothrombtn activity = —_
pt —a

(per cent of normal)
(pt = prothrombin time \ and 1 are constants with the vlue of
303 and 8 7 respectively)
Tor conventence the following tible cn be used
Prothrombin Actiotty m

Prothrombin Time Per Cent of Normal

11121 100
13/ 60
15 50
17 40
1917 30
21y 22 25
2426 20
3740 10
50 62 5

It 15 1o be noted that netther the equation nor the table 1s valid
wnless a thromboplastin of constant potency 1s used The pro
thrombin time obtamned on a normal control plasma must fall
wathm the nmuts of 11 to 13 seconds It 1s to be emphasied that
it 15 completely erroneous to calculate prothrombin activly by
dwiding the prothrombn time of the normal by that of the un

I nown
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Two-Stage Prothrombm Determmnation’

THEORFTICAL
KROTHROMBIN clots fibrinogen only After st hns been et
‘ated to thrombnn The equations are often written as follons
Cv
1 Prothrombn + Thiowboplastun—~—>Thiambin

thhomina
2 Fibrmo,en————>L1bnn

In the onestige methods for prothrombin andlysis reacuons
one and two are allowed to occur simultaneonsly In the two stage
method reaction one 15 allowed 1o 4o 1o complenon Theve
after the second reaction 15 used to measure thrombin concentra
ton The fundamental relationshup between thrombin concen
tration and clotting time 1s described in detail elsewhere (1) A unit
of thrombin 15 arbitranly defined as the amount which wll clot
ane cc of fibrinogen under the conditons imposed for the two
stage analysis This umt 1s for all pracucal purposes the same as
the one wsed by government agencies for controlling and
standardizing thrombin products sold on the market

1t can be noted from the equations above thit the measurement
of thrombin concentranion by means of reacnon two requires
the use of fibrinogen Rather than ssume that the pavent s fibrin

*This description 1 that contributed by Walter 3 Seegers to the Transac
tgns of the Eirst Conference an Blool Clottns, and Alhed Problems New
York Josiah Macy Jr Toundation 148 It guves the procedure wsed in the
Depariment of Physiology Wavne Unisersity as of January 1918 The onigmal
commumicanons of Warner Brmkhous and Smsth are i Areh Path 20 163
(1930 tm J Phyuoel 114 667 {1930) J Fxper Ved B6 80} (1957} Our
madifications hase no beanng on theoretical matters but are modifications
af omsenence guned through experence An exception 3 however ta be
frund in the mnavstion which supphes Acglobulin In practice that change
15 50 simple that ane should scarcely be credued wih hasing made 2 modifica
uon ~Walter H Seegers
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ogen 1s norm1l 1 quantty and quality 1t 1s supplied s 1 standard
1zed reagent prepared in the lhboratory

Factors concerned with prothrombin activation are hept under
control These are pH salt concentration thrombophstin ¢l
cium 1on concentrition and collowd concentrition even antt
thrombmn 15 argely eliminated In the new modification Ac globu
11n 15 controlled Since there 1s s yet little information concerning
varntions i Ac globulin concentration m health and diseise no
one 1s able to esumate to what extent this factor may hve been
an influence 1n the two stage method reports When applied to the
analysis of purified prothrombn 1t 1s an 1mportant consideration

PracTIcAL REMARKS

There 1s considerable latitude n the practical use of this
method Only a few 1tems need to be mentoned by w1y of illus
tration (1) Any suitable anticorgulant such as oxalate or crtrue
may be used (b) One cc of blood can be suffictent (c) Storage of
the plasma for 2 dy or so 1n the deep freeze does not xlter the
results significantly  (d) Changes in the pauents fibrinogen con
centration or 1ts quality do not influence the results (¢) The
reagents can be used for the quintitatsse determination of pun
fied prothrombin (f) The reagents can be used for the mesure
ment of thrombin concentration (g) The results can be expressed
m per cent of normal or in absolute umts (1) A good techmcian
can make 20 determmations mn 1 day (1) The method cm be
adapted to the quanutaine determmation of Acglobulin con
centration ()) The reagents employed can be used for the study
of antithrombin activity

DETERMINATION OF PROTHROMBIN

For the actual determinition of prothrombin the blood 15 drinn
by ordinary venipuncture 1nto 1 clean syringe The manipulition
shonld be completed with reasonable promptness so thit no pro
thrombm becomes actnated to thrombin The blood 1s then
delisered 1nto 1 sutable quantty of antcorgulint The volume
of anticoaquint must however be noted Tor example 7 parts
of blood m1y he delisered 1nto 1 graduated centnifuge tube
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contaiming 1 part of 185 per cent h C:0, Proper miung must
be msured 1nd the specumen 1n a beaker with 1ce may be taken
to the laboratory 1 duc course of time nd centrifuged in a
graduated tube so that the hematocrit can be recorded Althaugh
1t1s not absolutely necessiry to centrifuge 1n the cold 1t 1s unadvis
thle to centrifuge for prolonged periods of time on hot summer
days The plasmt can be analyzed ymmedittely or after 24 hours
storage 1n a deep freeze at —20° C or colder
Three basic reagents are required for the determination
(1) Standardized thrombin solution 1s needed for defibrina
uon
(2) Incubation mixture 1s used for activating prothrombin
to thrombimn It contans thromboplastin 1n excess calcum
10n 11 correct concentratton imdazole buffer and colloidal
acati
(3) Fibrinogen 1s needed to measure thrombin concentra
tion

SPECIFIC PROCEDURE

1 The blood 15 centrifuged The hemtocrit 15 determined and
the plasma drawn off

2 05cc plasma1s mixed with 0 5 cc salme and 0 1 cc of throm
bin (100 Jowa umts per cc ) sotution 1s added Thas 15 allowed 1o
stand 10 minutes and the clot 1s wrapped on a stirring rod The
antithrombin destroys the added thrombin

3 Saline dilupions are made according to the following ex
amples
1 cc defibrimated plasma + 0 9 cc saline
1 cc defibrinated plasma + 14 ¢c sahine
1 cc defibrinated plasma + 19 cc saline
150 = 0 1cc defibrinated plasma + 2 4 cc saline

120=0
130=0
140=0

4 Fibrinogen (01 cc) 15 placed into a series of 6 test tubes
(10 X 75 mm)

5 Take 10 cc diluted defibrinted plasma and 2dd 1t to 30
cc of reaction mixture Allow actnation of prothrombm to pro
ceed and at 1 minute ntervals add 04 cc of the misture to a fi
brinogen tube Note clottin, time 11 seconds The tube 15 t1lted re
peatedly to the horizontal position and viewed from below towrd
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a suttable source of light The first definite visible signs of fibrin
are tahen as the end point Shortly after the end point 1s reached
a rather more solid clot forms

Select the dilution giving a clot nearest to 15 seconds Mavmum
activation of prothrombin can usunlly be expected m 3 mmutes
with dog and bovine plisma and 1n 5 minutes with human plisma
A 15 second clot represents unit concentrition mnd 1n the compt
tition 1t must be remembered that the diluted prothrombin (Step
3 above) agun becomes diluted 5 fold 1n the finl clotting mixture
The units of prothrombin m the plisma without correction for
anticongulant can be noted from the following table

UNITS OF PROTHRORMBIN IN I ASVA
VARIOUS CLOTTING TIME AND \ ARIOUS DILUTIONS ARE GIVEN

Saline Observed clotung time 1 seconds
Dilution 130 135 140 145 150 155 160 165
Factor Unuts prothrombin per cc oxalated plasma

160 396 379 360 313 330 317 30¢ 293

1565 363 318 330 314 302 290 278 %69
150 330 316 306 286 275 264 253 245
145 297 281 270 257 248 298 228 290
110 264 w3 200 220 230 2l 202 196
1385 231 221 210 200 193 185 177 171
130 198 190 180 171 165 158 152 147
125 165 158 150 148 138 182 127 122

120 132 126 120 114 110 106 101 98
115 99 9 90 86 83 79 76 73
110 66 63 60 57 55 53 51 48
18 53 51 48 46 44 42 40 39
15 33 32 30 29 28 26 25 21
14 26 25 24 23 22 21 20 20
13 20 19 18 17 17 16 15 15
12 13 13 12 1 1 1 10 io
11 7 [ 6 6 [4 5 5 5

Example Total volume =75 cc
Cell volume =29 cc
Oxalate volume = 11 cc
75-(29+11)= %5 plasm volume
75 —29 = 16 volume titrated
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Table for saline dilution factor vs obseried dotting time
j—: K value from table = prothrombin n units

Patients prothrombin units

X 100 = ¢ of normal
Control prothrombin units

Mopiriep Two STAGE

In item $ above under specific procedure the defibrinated
plasma 1s dituted with saline contmning Ac globulin Go to the
packing house and obtatn beef blood After 2 hours centrifuge
and obtain serum Take 1 cc serum plus 200 cc sahme Use thas
salme for diluting the defibrinated plasma Store unused serum
n deep freeze All else 1s exactly as described above for the regular
two-stage procedure

LABorATORY EQUIPMENT
‘The laboratory arrangements can ‘ary consideribly to gne
convenient access to the following essential stems

(1) Stop watch activated by a foot pedal
(2) 01 cc serological pipettes
(8) 02 cc seroIog?lca[ g:;?eues
(4) 10 cc serological pipettes
(5) 50 cc serological pipettes
{6) Bin contamning 10 X 75 mm serological test tubes with
out rim
(7) Bin contaimng 36 ¥ 150 mm test tubes without nm
{8) Stock of 099 NaCl for dilutions
{9) Test tube rack
(10) Constant temperature bath set at 28° G for use 1f room
temperatures deviate more than 2 or 3 degrees from 28

The glassware used for this work should always be clean It 1s
well to have a container partly filled with water so that used glass
ware can be hept moist Dried protem solution m glassnare 13 an
unnecessary nupance These are then well rinsed 1 water and
immersed m chromate H SO cleaning solution overmght We
have found it helpful to adhere to the ngid rule that this chromate
H 50, cleaning solution may not be used for any other purpose
m the laboratory For cleaning the serological test tubes stainless
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steel baskets are used (Central Scienufic No 48525) For the
larger tubes stainless steel beakers are passably satisfactory The
next day the glassware 1s rinsed thoroughly in tap water m
distilled water drained and dried 1n 1n ordinary oven

REAGENTS

Standardi.ed Thiombin Solution The solution 1s prepared by
dissolving the contents of one ampoule of Thrombim Topical
(Parke Davis & Co ) 1n 50 cc ot glycerol The glycerol should be
cp glycerol dissolved m physiological salme 50 50 Actually 75
per cent glycerol 1s a better stabihizing agent (2) but 50 per cent 15
preferred The thrombin can be stored 1 an 1cebox for a month
or more In certain special circumstances 1t 15 well to bear in mmd
that the Thrombin Topical contans calcium  thromboplastin
carbohydrate and Ac globulin

Calcium Solution Dissolve 040 grams NaCl and 067 grams
CaCl, 1n 100 cc water

Acacia Solution Dissolve 15 grams purified acacia mn 09 per
cent NaCl solution

Imadazole Buffer We synthesize much of our own midazole
Recently 1t has been possible to secure prompt delivery of good
quality material from Edcan Laboratortes 1020 Pime Street
South Norwalk Connecucut Dissolve 172 grams in 90 cc of 01
N HCI and dilute with water to 100 cc The pH should be 7 25

Crude Lung Extract Obtain a beef lung and wash thoroughly i
cold water Cut into preces and grind 1n a domestic meat chopper
Set aside 1n the 1cebox 24 40 hours Strain and centrifuge Store
1n a deep freeze Belore using dilute 1 8 with saline

Fibrinogen Several sources are suitable The preparation of
Ware Guest and Seegers (3) 1s obtamned as 1 I per cent solution
(09 per cent NaCl + 10 per cent mmdazole buffer by volume)
It 15 well to distribute 1 serological tubes Store in deep freere
Thaw 1n water bath 1t 37°C with rotation of the tube

Punified Acacia Commercial acacia contans caleium which
must be removed 400 g powdered acacia USP are dissolied 1
4 Iiters of water To tius 40 grams of k,C:0, are added The
solutton 15 allowed to stand 5 days and then heated to 70°C The

precipitate of caleum oxalate 1s removed with the aid of a lab
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oratory model Shasples super centnifuge wrbin drive at 50 000
RPM The clew solution 1s then dialyzed aganst deminerabized
water until free of osalate The cacia 15 then precipitated by
adding 3 votumes of ~lcohol and 200 grams of NaCl The lter
breaks the stabihuy of the collordal solution This 1s atloved to
stand over might The supernatant sotution s discarded and the
agac 15 drted with aleohol dry alcohol and finally with ether
A nhate ponder 1s obtasned Check the purnified acacia to mike
sute thit 1t §s not contarmnted with soduim chloride
Reaction Mixture

3 parts Crude Lung Furwet 1o 8

2 parts Calcaum Solution

2 parts Acwesa Solution

1 part Imidazole Buffer

1 part Sahme

The terction mixiure can be stored at ~20°C or colder for

petiods of time np to 2 months A quantity required for use can
be thawed n a warm water bath and may be kept at room tem
perature for 2t least 6 hours Rewction munture may abso be dried
from the frozen state and stored n sealed ampaules for severil
years For that reason the material can be prepared and standard
1zed at a central laboratory and distributed for use mn other Iab
oratories The dry powder can be restored i solution by addmg
to 1t the requisite amount of water

RererencEs

1 Seegers and Smath Am J Phyuol 137 318 1952

© Secgers Arch Biochem 8 363 1034

3 Ware Guest and Seegers Arch Brackem 13 231 1947
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Method for the Determination of Prothrombin
Clotting Time
(Link and Shapiro Modificition of Quick s Method)

MeTHop

ALL quintitatse methods bised on empirical rather thm

stoichiometric relationships can give reltable and reproduc
1ble results only by strict conformuty to ngidly standardized mamp
ulatrve conditions This 15 especially true for the prothrombin
time determinations since one 1s dealing bere with the sensine
and variable process of blood coagulation If the procedure given
below 1s followed carefully reproducible results will be obtned

Reagents and Sofutions

1 Sodium oxalate reagent grade anhydrous Prepare 1n a
volumetric flish a0 1 M solution (13 4 grams dissolsed 1n distlled
water and mide up to 1 600 ml )

2 Sodum chloride reagent gride Prepare m 1 volumetric
flash an 0 85 per cent solution (85 grams dissolved 1n distilled
water and made up to 1000 ml)

3 Calcum chlonide reigent gride anhydrous Prepare n a
volumetric flask 0025 M solution (277 grams dissobved 1n dis
tilled water and made up to 1 000 ml)

1 Thromboplastin calcrum chlonde suspension To 50 m} of
0 85 per cent sodium chloride solutton mn a 15 ml centrifuge tube
01 grams of thromboplastin 1s ndded The muxture ts agitated
thoroughly The temperature of this suspension 1s maintuned 1t
54 55 degrees C 1n 1 water bath for 10 muinutes with constant
agitation and then cooled to 25 26 degrees C To the suspension
5 ml of 0020 M calcim chlonide solunon 1s 1dded The miture
15 sturred for 4 mmutes and centrifuged { minutes ¢ 1 700 R P M
The centnfuge 1s brought to 1 standsull slowly so as to ol
resuspending the flocculent precipitate The shghtly turbid super

246
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natant solution 1s Temoted with a pipette nd used 1 the deter
mhinaten

Procedure

To a test whe contatmag 05 ml of 01 M sodium oxalate
solutron 45 m} of freshly drawn blood are rdded Thus s quichly
mixed The oxalated blood 15 centrifuged 2t 1700 R P M for 10
minutes The clexr plasma s then transferred with a prpeste to
a test tube The prothrombin ume of the pluma should be de
termined as soen as possible after collection

Tor the prothrombin tme of whole plastn apprasamately 05
mi of plasma 15 transferied o 1 75 X 10 mm test wbe I
dituzed plasma 15 to be used 03 mt of phisma is trangferred muo
another 75 X 10 mm test tube and diluted with 0 8> per cent
sodium chlonide To obtam 1 plisma concentratton of 125 per
cent 01 ml of plasma 1s deluted wath 07 ml of saline The whole
plasma and diluted plasma samples < be convententdy mixed
by bolding firmly the test tabe near the top with the thumb and
index finger and stiking the lower end sharply wih glancng
blows using the index Bnger of the other hand Thus accomplishes
a thorough mrung without contarmmition The whole and dituted
plasmas are mixed thoroughly and placed i the consrine tempera
ture water bath at 37 degrees C

Fram the thromboplastincalcium chiorde suspension 02 mi
15 transferred snio 100 X 12 mm 1est rabes with a 02 mi pipeste
{micro blood stigar) Ths suspension 1 blown mto the test tubes
1nd eare 1s taken that the prpette 1s completely empty after ech
transfer These tubes are placed mt the rck beside the whole and
diluted plasma samples in the constamt temperature bath

As soon as the contents of the tubes have reached the bath tem
perature the prothrombin ume of the plisma 15 determimed as
follows  The tube comaimung the whole plasma 1s shaken agam
and 6 ol s ransferred wath 18 Lml pipene (mscro blood sugar)
0 2 tnabe contuning 02 mt of the thromboplasun calcum
chiorsde suspension The plasina 1s blown quiclly from the prpette
and at the same tme the stop watch 1s started (The stop watch can
be tomemently operated by a foot treadle) The tube 53 tapped
shatply to mi the solutions This insures imgation of the clottng
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process umiformly throughout the solution A small stirrer made
of No 22 nichrome wire with a small loop on the end 1s then
mtroduced If any small droplets 1re present on the sides of the
tube they can be removed by pissing the stirrer over them thus
mahking certamn that all of the constituents are 1n the bottom of the
tube At this stage only 2 3 seconds should h1ve elapsed since the
tume the plasma was added to the thromboplastin calctum chloride
suspension
The muxture 1s stirred so that the strrer Joop sweeps across the
test tube from 1 side to the other at 1 rate of 2 times per second
The end point (formation of clot) 1s that point at which the
fibrin clot 1s sufficiently stable to be draun to one side by the
stirrer thus bringing into view a clear area The clot 15 usually
somewhat turbid since the calcium oxalate formed upon caleify
ing the oxalated plasma 1s enmeshed tn the clot The formation of
fibrids which 1mpart 2 viscous appearance to the solution before
the clot forms can be disregarded Record the number of seconds
required for clot formation The same process 15 repeited using
the diluted plasma
RIIERENCES
Campbell H A Smuth W K Roberts W L & Iink k P Studies on
hemorrhagic sweet clover disease Bioassty of hemorrhagic concentrates
by following prothromben level m plasma of rbbit blood J Biol Chem
138 1 March 1944
Quick & J The nature of bleeding in jaundice J 1314 110 1628 My
14 1938
Shapiro S Hyperp slgn of
tion (description of technic) Expzr Med ¢ Surg 2 103 May 1944
Shipwro 5 Sherwin B Rednh M & Campbell H \ Prothrombin estima
won Procedure and chinieal interpretations Proc Soc Lxper Biol ¢
Med 50 85 \May 1912
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The Protamine Thitration'

1 REAGENTS AND EQUIPNMENT

(a) Protamme (salmimne) sulfate stoch solution 50 mg of
powdered protamine sulfate (L1lly) are dissolved in distilled water
and made up to 50 ml m a volumetric flask Do not use for 24
hours keep refrigerated at 1 to 4° G (1t 1s stable for one week)

(b) Liquid commercial heparin (Abbott)

(¢} Ten serology tubes (I cm inside diameter by 8 cm long)

(d) Comical centrifuge tube graduated to 15 milliliters

() 10m! pipette graduated to ip

(f) 20 ml syrmge glass upped with thin coating of light
mineral o1l

(g) 18 gauge needles 114 inches long These must be sharp and
should be cleansed with Haemasol and cheched with hydrogen
peroxide for evidence of peroxidase before drymg with alcohol
and ether

All glassware must be chemically clean and dry before using

2 PROCEDURE

(@) Pipetting the protamne solution To each of the 10 serology
tubes the protamine sulfate solution 1s added from a micropipette
1 increments of 002 ml (002 mg) beginning with 002 ml
(002 mg ) 1n the first tube and endimng with 020 m! (020 mg) in
the tenth tube The entire 10 tube range runs serially from 0 02 ml
t0 020 ml (0 02mg to 020 mg )

(L) Pipette heparin nto the conical tube With a microprpette
deliver 0 10 ml (1 0 mg) liquid commercial heparin to the bottom
of the contcal centrifuge tube

Allen ] G Moulder PV Eighammer R Burton ] Mcheen C
Sanderson M Egner W & Crosbie ] M A protamme titration as an md:
cat sn of a dstung delect in certain hemorrhagic states [ Lab & Chn Med
34 473477 (Spril) 1949

349
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(¢) Penpuncture Cleanse skin with alcohol and dry Apply
tourmquet and m1ke clewn needle puncture Gently aspirate (pref
erbly by venous pressure) 12 to 14 ml of blood If 2 good vent
puncture 1s not ccomplished on the imitinl puncture nother
needle should be used 1s tissue juice or small amounts of blood
may mtroduce serious error The syringe should be free of air
bubbles

(d) Mixing the blood and heparmn Remove needle from syrin e
and allow the blood to run gently down the side of the conical
tube contuning 10 mg (01 ml) of heparin bringing the blood
to the 11 ml mark Stopper the tube with rubber stopper and
slowly 1nvert 15 times to obtun reasonable mising The remamnder
of the test may be done 1n the Inboratory and should be completed
within one hour If not pipetted 1t once nversion miving 1s 1¢
peated immediately before use

() Pipetting the blood The 10 ml pipette 1s carefully filled
with the heparinized blood mixture wnoiding aspiration of awr
bubbles One mithliter of blood 1s allowed to flow down the side
of each of the 10 tubes contamnng the protamine solution Iach
tube 1s shaken briskly eight to 10 times to obtan resonible mix
ing of the heparimized blood with protamine solution The entire
series of tubes 15 then allowed to stand undisturbed for one hour
at room temperature before the end point 1s rexd The end point
1s defined 1n terms of the protamine content of the tube contun
ing the le1st amount of protamine 1n which a solid clot has formed
at this ame

(f) The end point In 1 series of 100 normal male subjects il
tubes contaimng 0 14 mg or more of protamune clotted Those
tubes contumng 0 12 mg or less remamned fliid Two unesplaned
exceptions have been obsersed These did not clot with 0 14 mz
protamine 1t the end of one hour but did clot 1nto the norm!
range at the end of two hours In a sumilar sertes of norranl dogs
the end point was found to be 012 m_ of protwmne Herealter
the human normal end pomnt s the one described In women this

end pomt m1ty be mcrersed during the menstrual pertod Nor
mally the clot appeirs firm and retracts in all tubes contumng
01¢ mg of protunine or more and 13 entirely flud i 2l the
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tubes containing 0 12 mg or less after one hour Clot retraction
howeser 1s slightly rmpatred 1n the tubes of lugh protamine con
centration The effect of other mld to moderate blood deficien
cies on reading the end pomnt 1s minimized by reading at one hour
This 15 especially true of thrombocytopema and prothrombin de
ficrency

3 Sourcrs or ErRrOR

(2) Moist or unclein glassware or needles

(b) Inaccurate measurement of protammne and/or heparin solu
trons

{c) Poor venipuncture techmque In 1ll coagulation studies 1t
1s imperative that the blood flow 1s prompt and free

{d) Talure 1o age protaimne solunon for 24 hours before use
using protarmne solution that has been standing for longer than
one week or that has not been Kept refrigerated The antiheparm
activity can be cheched by mnning a protamine titration on nor
mal blood with each new batch of protamine solution

() Brologic variations that may occur 1 preparaton of heparin
It 15 advisable to check each new vial of heparin with the previous
vial by running a protamine ttration on normal blood usimg
heparin from both vials before the supply from the one tn use 1s
exhausted

() Failure to obtun adequate mixng of either heparin with
the oniginal blood or of the heparinized blood with the protamine
solutions In the latter case clotting may appear sporadically mn
the series of protamine tubes

(g) Gelation In some cases gelation precedes or substitutes for
coagulation Thus problem 1s best resolved by reading as the end
point the tube in which gelation first appears

(h) Undirgnosed hemophiliac or prothrombin deficient bloods
These conditions may increase the protamine titration

(1) Clottin, within normal range (0 14 mg of protamine) after
1 hour As previowsly stated normal blood and most abnormal
blood specimens show no further clotuing after one hour An oc
casional blood symple however may show an increase 1n the pro
tamine nitration at the end of one hour but clot within the normal
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() Fenpuncture Gleanse shin with alcohol and dry Apply
tourmgquet and make clen needle puncture Gently aspirate (pref
erably by venous pressure) 12 to 14 ml of blood If a good ven
puncture 1s not wcomphished on the imuial puncture another
needle should be used s tissue juice or small 1mounts of blood
may 1introduce serious error The syringe should be free of air
bubbles

() Mixving the blood and heparin Remove needle from syrin e
and allow the blood to run gently down the side of the concal
tube contumng 10 mg (01 ml) of heparin bringing the blood
to the 11 ml mark Stopper the tube with rubber stopper and
slowly invert 15 times to obtun reasonible mixing The remmnder
of the test may be done 11 the Iboratory 1nd should be completed
within one hour If not pipetted at once myersion mivng 1s re
perted immediately belore use

(¢) Prpetting the blood The 10 ml prpette 15 carefully filled
with the hepartnized blood miture avoiding asprration of air
bubbles One milliliter of blood 1s 1llowed to flow down the side
of eich of the 10 tubes contuning the protymme solution Lach
tube 1s shiken briskly eight to 10 times to obtam reasontble mix
1ng of the heparimzed blood with protamine solution The entire
sertes of tubes 15 then allowed to stand undisturbed for one hour
at room temperature before the end point 1s rexd The end pomnt
15 defined 111 terms of the protimine content of the tube contun
ing the least nmount of protamune mn which a solid clot hts formed
at this ume

(D) The end point In a series of 100 normal male subjects il
tubes contumng 011 mg or more of protamne clotted Those
tubes contamming 0 12 mg or less remained flind Two unespluned
exceptions huve been observed These did not clot with 011 mg
protamine 1t the end of one hour but did clot nto the normai
range at the end of two hours In a similar series of normal dogs
the end pomt was found to be 012 m, of protamme Hereafter
the human normal end pomnt 1s the one described In women this
end pomnt may be mncretsed during the menstrual pertod Nor
mally the clot appears firm and retricts m 2l wbes contuni,
014 mg of protamine or more and 1s entirely fluid n 2l the



o

o

ES

o

S

-

3

©

B2 s

=

>

®

References

Ophuls W A Stanstical Survey of Three Thousand Autopstes Stanford
Unnversity Stanford Univ Press 1926 Stanford Unuersity Publications
Unnersity Seyies Medical Saences I 3

Hunter W . Sneeden V D Robertson T D & Snyder G A C

Thrombosis of the deep vems of the leg 1ts chnical sy,mificance as ex
emplified 1n 351 autopsies 4rch Int Med 68 117 (July) 1041

hiby G K Venous th and pub y embolsm Surg Clin
North 4mertea 26 13891403 (Dec) 1946

Bauer G A graphuc study of ] by lic probls Acta chir
Scandinav 81 suppl 61 175 1940

Bauer G Early of venous bosts by means of '

grap
and abortive treatment with hepanin Acta med Scandingv 107 186 147
1941

Pauer G A roentgenological and chnscal study of the sequels of throm
bosts Acta chir Scandimav 86 suppl 74 1116 1942

Giertz k. H & Crafoord C On the thromboembolic diseise and us
surgscal treatment Acta chir Scandinar 61 122171 1929

Crafoord C T y report on postoperative treatment with heparin
as a preventne of thrombosis Acta chir Scandinay 79 407 426 1937
Crafoord G Heparn as a prophylactic aganst postoperative thrombosis
{cta med Scandinav 107 116122 1941

Crafoord € n discussion on O Lidman Heparinbehandlade sjukdoms
fall pa marra sjukhus Nord med 8 22082299 1940

Crafoord C & Jorpes L Hepann as 2 prophvlactc agamnst thrombosis
JAAMA 116 28312835 (June 28) 1941

Crafoord C Om postoperativ hepanmbehandiung Nord med 2 1040
1339

Frykholm R Pathogenesis of venous thrombosts and mechanical pro
phylaxis Nord med (Hygrea)4 35343542 (Dec 2) 1939

Frykholm R Pathogenests and mechanical prophylass of venous throm
bosis Surg Gynec o Obst (1 307312 (Sept) 1940

Hellsten W Phlebographic studies and hepanin treatment in thrombo
embolic diseases dcta chir Scandinar 86 suppl 73 1206 1942
Zilbacus H  On the speafic of th and pul Y
embolism with anticoagulants with particular reference to the post
thrombotic sequelae Icta med Seandingv suppl 171 1221 1916
Homns J Venous thrombosss in the lower lmbs Its relation to pul
monary embolism Am ] Surg 33 316-326 (Not ) 1937

Homans ] \Vaneues of thrombophlebitis of the limbs Their ougin
course and treatment 4m J Surg 44 316 (April) 1939

353




3.2 THROMBOEMBOLIC CONDITIONS

tube (0 14 mg of protamine) after several hours It has been our
experience that these otherwise normnl indmviduals show no sig
nificant clotting abnormahity In a few instances a sumilar decrease
n the protimine titration occurred n bleeding cases but these
generally did not return to the normnl range
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