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PREFACE

TREMENDOUS strides have been made in the past decade in the
study of the coagulation of the blood and in the broad subject of
hemostasis.  Clinicians and physiologists who have only a casual
acquaintance with this field are becoming bewildered at the radical
changes that are accurring in the basic concepts as well as by the new
terms that are being continuously introduced  The writer hashad the
temerity to assemble the facts and findings gamered from clinical
and from purely scientific researches in hemostasis, and to construct
out of them a concept that is more in accord with the known physio-
Togical principlcs than are the views that have dominated thinking
since 1731 when Petit introduced the basic idea that bleeding is con-
trolled by a fibrin clot which functions as a mechanical plug or seal,
or as a recent writer has expressed it, “the gel that keeps a cut per-
son from bleeding to death *’

The new hypothesis to explain hemostasis which is epitomized in
figure 2 is not presented with any sensc of finality, but is offered as 2
worhing blueprint, which will require changes and modifications, as
new knowledge becomes available Even in its present form, it
serves in unifying the concept of hemostasis, in outlining a fogical
classification of the hemorrhagic diseases and in placing therapy on a
rational basis A chapter 15 devoted to each of these objectives
Since the new hypothesis applies also to venous thrombosis, 1t was
felt desirable to include a chapter on this subject

Most of the important advances in hemostasis have resulted from
lahoratory studies  Quantitative procedures for estimating the var-
10us agents partiapating in the clotting mechanism are indispensable
m the study and management of the hemorrhagic diseases  1In the
second half of the monograph, therefare, the laboratory aspects of the
subject are presented  The tests and procedures currently employed
n the writer's laboratory are described in detail and are critieally
discussed .
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The author is sensible of the assistance he has obtained from his
associates, During the past five years a number of young physicians,
Doctors Mario Stefanini, Rene Honorato, Jacob Shanberge, Jean
Favre-Gilly, and George Collentine have worked with the author, and
have made valuable contributions, many of which are presented in
this monograph  Miss Clara Hussey and Mr. Emest Epstein have
rendered valuable service, especially in testing and modifying meth-
ods Mr, William Stapp, a hemophiliac who is now a Senior medical
student, has in the five years spent with the writer supplied valuable
information on hemophilia. The illustrations were made by Mr Leo
Massopust. To him and to others of the faculty of Marquette Uni-
versity School of Medicine, the author expresses his gratitude for their
cooperation. The clinical opportunities which the writer is enjoying
through his assocration with Milwaukee Children’s Hospital are ex-
ccedingly helpful for him to maintain a balanced point of view For
the past four years the studies on hemophilia have been aided by
grants from the United States Public Health Service, which are
gratefully acknowledged

The author is appreciative of many courtesies of the publisher,
Lea & Febiger A number of the charts and tables used in this
monograph appeared previously i The American Journal of the
Medical Saences

Ever mindful of Osler’s well-known dictum “To study the
phenomenon of dsease without books is to sail an unchartered sea,
while to study books without patients is not to go to sea at al},” the
author hopes that this little volume will Le of help to those who ven-
ture on the troubled waters of the hemorrhagic discases
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Part 1. Clinical

Chapter 1

THE HISTORICAL DEVELOPMENT OF THE
CONCEPTS OF HEMOSTASIS

It is inborn in man to accept the bounties of nature and the con-
tributians of his fellow men asamatter of course. To this the surgeon
is no exception, Equipped with the tampon, the ligature and the
hemostat, the surgeon so successfully achieves hemostasis, that it
rarely occurs to him that even such a simple tool as the ligature did
not alnays exist He probably does not know that it was perhaps
first used by an unknown physician in the Alevandrian era, that it
was forgotten for nearly a thousand years and then rediscovered by
Ambroise Paré

Itis easy to averlook the fact that with every incision, innumerable
caprllaries, venules and arterjoles are severed, because stanching oc-
curs so automatically It is not surprising, therefore, that the subject
of hemostasis attracts relatively little attention, and that most mod-
ern standard textbooks of surgery barely mention this important
physiological mechanism  Nevertheless, a function that is so per-
fected that it can cope both with the onslaught of man and the
unfavorable environment resulting from discase, mabes it alt the
more worthy of intensive study

VASCULAR CONTRACTION

No thorough understanding of hemostass can be attained without
a broad haowledge of its historical development Uutil Harvey's
monumental discovery of the circulation of the blood, all explanations
of the control of hemorrhage were purely speculative  DPetit™ (1731)
must be credited for the first scientafic approach to the physiology o
hemostasis He concluded that hemorrhage 1s stopped by the forma-
tion of 2 coagulum of blood  He recognmized that part of the clot was
in the vesscl and to this he gave the descriptive name bauchon (cork),
and part was outside which he designated as couvercle (cover) He

9



10 DEVELOPMENT OF THE CONCEPTS OF HEMOSTASIS

observed the adherence of clots to the internal coat of the vessel.
Five years later (1736) Morand® offercd a second type of explanation.
He postulated that an artery could undergo a longitudinal contraction
resulting in corrugation or plaiting whereby the lumen was diminished. .
While Morand’s hypothesis v as anatomically faulty since the muscle
fibers of arterics are circutar and not longitudinal, he did introduce
the important concept of contraction as a factor in hemostasis  With
the annunciation of these two explanations for the control of hemor-
rhage, a controversy was initiated which remains unsettled even to-
day. A number of the leading surgeons in England including Sharp,®
Gooch,”” Kirkland!” and White'%? accepted the contraction theory in
preference to Petit's hypothesis It is Interesting to recall that John
Hunter*® was particularly interested in traumatic arterial spasm and
stated that an injured vessel has a natural disposition to contract.
It remained for Jones® (1805) to present a concept of hemostasis
which combined the divergent views, and disclosed a remarkable
clarity of view He stated  “We can no fonger consider the sup-
pression of hemorrhage as a simple or mechanical effect, but as a
pracess performed by the concurrent and successive operations of
many causes these may be simply stated to consist in the retraction
and contraction of the artery, the formation of a coagulum at jts
mouth, the inflammation and consolidation of its extremity by an
effuston of coagulating lymph within its canal, betwcen its tunic and
in the cellular substance surrounding it

In the nineteenth century especally duning the latter half, the
developments n the field of coagulation of the blood dominated and
the contraction theory was cither ignored or forgotten  The marked
shift to Petit's ortginal concept of hemostasis 1s illustrated by the fact
that such eminent surgeons as Joseph Lister®® not only upheld the
coagulation theory but contributed actively to 1ts advancement

In 1923 Magnus* again brought the contraction theory to the fore-
ground He showed that normal arteries on njury can retract so
intensely that the lumen s obhiterated and the flow of blood 1s com-
pletely stopped  He concluded that * the process of hemostasis must
be considered more than heretofore as a property of the vesscl ttself
and that the coagulation of blood is not the only, perhaps not even
the essential factor in bringing about stanching ™ {(Author’s transfa-
won ) Interestingly enough Morawitz,® who in 1904 formulated the
classical theary of coagulation, markedly broadened his concept of
hemostasis twenty years fater as evidenced by two of his statements

“PBloed coagulation 15 nat the only factor which controls hemor-
rhage, yes, perhaps not even the most important ”

+Thus, we sce that for the control of bleeding one must regard blood
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and the vessel as interacting in an inseparable linked unity, and that
it is just as erroneous to attribute all anomalies (of hemostasis) to the
blood as to consider only the vessel ™ (Author’s translation )

Similar views were expressed by Schulz,* Stich® and others. Kut-
tner and Baruch®® on the basis of the study of an cxtensive series of
battlefield injuries emphasized segmental spasm of injured arterics,
which they found was sometimes so intcnse that the severed free end
of the vessel became pulseless  Stegemann,® although recognizing
the importance of both contraction and coagulation, introduced and
emphasized an additional factor in humostasis, namely a shunting of
the blood flow away from the site of injury. Tannenberg and Her-
mann® as well as others attacked this hypothesis The clearest
and no doubt final evaluation of shunting is given by Apitz® who
stated: “The deflection of blood from an injured vessel is always
the result; never the cause of stanching ™  (Author’s translation )

Tannenberg and Hermann were perhaps the first to emphasize
clearly that purely mechanical factors may participate in hemostasis
According to Tannenberg and his students there is in addition to the
physiological contraction, a retraction of the cut artery due to tension
in and about the vessel and also the pressure exerted by the hematoma
formed at the site of injury  Oddly cnough this phase of hemostasis
has received httle attention  Recently, however, Tocanting'® has
critically and ifluminatingly discussed these mechamcal extravascular
factors from the point of view of clinical application

Even more important than the pressure or force that clases the
vessel, is the consequence when intimal endothelial cells are pressed
together  They develop a stickiness which results in a gluing action
el . VoL T

. . “The
strong contraction presses the intimal surfaces together for a con-
siderable time and brings about a closure by adhesion ”  (Author’s
translation ) Herzog® concluded on the basis of studies on the capil-
faries of the frog's tongue that bleeding of capillaries 15 controlled in
cald blooded ammals pnimanly by adhesion Roskam® postulated
that this increased stickiness of irritated or injured endothelial cells
15 a type of opsonization brought about by the precipitation of an
adhesive protemn  Morawitz® also recognized the importance of this
apillary adhesiveness in hemostasis and Apitz? recently agam dis-
cussed this mechanism  He believed that it could be better explaned
on the basis of ample mechanical pressure, than by the mote clabo-
rate hypothesis of Roskam  Very recently Chen and Tsar con-
cluded that the capallary bleeding is controlled by adhesion of its
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walls as a consequence of endothelial injury. Chen and Tsai were
apparently not aware of the earlier work, for they state. “As the
ph of capillary adhesion after mechanical injury is so con-
stant and persistent, it is difficult to explain why it has escaped the
attention of previous workers” In a subsequent paper, they cite
the observations of other investigators on capillary adhesions and add
their own important finding that the adhesive force of the capillary
of the toad may withstand a pressure of 200 mm. of mercury, The
contraction of capillaries as a means of controlling hemorrhage re-
mains difficult to evaluate. Chen and Tsai point out the complexity
of the problem since capsllary contractility varies according to species
and situation  Macfarlane,’” however, centers his concept of hemo-
stasts on the vascular response to injury.

THE COAGULATION OF THE BLOOD~HISTORICAL
HIGHLIGHTS

Experimental work on coagulation of the blood began three cen-
turies ago and among the investigators are included the names of
many illustrious men m medicine and n science. The development
in this ficld may be divided into three periods (1) the pre-classical
theory era, (2) the classical theory era, and (3) the prothrombin era

The Pre-Classical Theory Era (1666-1904). —The observation
of Malpighi® m 1666 that strands of fibers remained after a clot of
blood was washed can be regarded as the first attempt to gain an in-
sight into the mysterious power of the blood to clot A century later,
Hewson® developed the first methods for keeping blood fluid outside
of the body He thereby laid the foundation for nearly all further
study of coagulatton. As a result of his investigation, 1t was estab
lished that the coagulation factors resided mn the non-cellular moiety
of the blood Buchanan'1n 1835 offered an explanation of the coagu-
lation reaction which was based on laboratory studies It anticipated
some of the cardimal features of the classical theory  Buchanan com-
pared the clotting of blood with the curdling of milk by rennin  In
Loth, a ferment reacted with a soluble protein to preduce a coagulum
Although Buchanan's work was apparcntly well-hnown in England,
as evidenced by the fact that Laster™ used his data as a basis for his
own studies in 1863, it farled, nevertheless, to sumulate others and
thus studies on coagulation declined in Lngland, and a period of
great activity began on the Continent Hammarsten® (1877) con-
tributed valuable information on fibrinogen, and was the first to state
that only thrombin was necessary to coagulate this Pruu-in, while
Schmidt* after many years of study formulated a logical scheme to
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explain the process of cvagulation. He postulated that thrombin was
formed from a precursor (named prothrombin by Pehelharing) which
requited {or its activation a zymoplastic agent. In 1890 Arthus and
Pagis® showed by irrefutable evidence that ealcium was essential for
coagulation, It now remained for Morawitz* and Fuld and Spiro®
in 1904 to assemble the data and condense it to the two well-known
equations
Prothrombin -+ Ca** 4+ Thrombokinase = Thrombin
Tibrinogen -+ Thrombin = Fibrin

With the formulation of this hypothesis now commonly called the
classical theary, a new era had its beginning

In the period that ended in 1904, only & few clinical advances oc-
curred.  Most notable were the recognition of hemorrhagic purpura
by Werthoft® in 1735 and hemophilia by Otto™ in 1803. Oddly
enough it took nearly a century before the prolonged coagulation in
the discase was recognized, but this is not surprising for it was not
unti) in 1878 that Vierordt'™ devised the first method for determining
coagulation time. It has alrcady been pointed out that Petit con-
sidered the blood coagutum as the primary means whereby the body
effected hemostasis, and this view, although it met carly opposition,
steadily gained, and continues to dominate cven today

The Classical Theory Era (1904~1934).—The simple concept
cxpressed by the two equations of Morawitz paradoxically did not
lead to agreement and unity among investigators, but rather to a mul-
tiphioity of theories  Only a few can be mentioned.  Nolf” postulated

B Loaguiauiliy LPUILY, 4UU CLUVIVIOLIE Were hejd L0 a1d the reaction
and, therefore, called thromboplastic substance Thrombin was con-
sidered not as the clotting agent, but as unsaturated fibrin produced
I T

b

from elatalare and hado sie an maead font o a1 st

He postulated that serozyme was present in blood as a'prccursor,
proserozyme  In the presence of calcium and on contact with a rough
surface 1t became activated and then reacted with cytozyme (throm-
boplastin) to form thrombin  These theories hampered rather tharn
advanced the study of coagulation 'This does not gainsay that these
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convepts, especially that of Bordet, contained ideas which modern
research is substantiating at Jeast in part, but when they were enun-
clated they confused rather than clarified the fssues. It was the
classical theory which remained the most reliable guide and led to
the noteworthy achievements that began in 1934,

A number of important clinical advances were made in this period.
The introduction of sodium citrate as an anticoagufant independently
by Hustin,* Agate® and Lewisohn®™ i 1915, when judged by the
number of lives saved by blood and plasma transfusions, can be
renked among the important medical contributions of all times. The
bleeding time test introduced by Duke!® in 1912 supplied the clinical
laboratory with a new tool for x field of study that had a paucity of
laboratory aids  The discovery of Kaznelson® m 1916 that splenec-
tomy abolished the bleeding drathesis in essential thrombocytapenie
purpura, was the first instance m which 2 hemorzhagic disease was
cured by a specific means  The discovery of heparin by McLean® in
1916 and 1ts subsequent study by Howell®  gave to medicine a new
toof and a valvable therapeutic agent

"These practical contrbutions greatly outranked the theoretical
advances made in hemnstasis  As already stated the period between
1904 and 1934 was one of confusion which fed to much desultory re-
search The clinician and surgeon had little i common with the
phystologist  The endless conflicts of theories made the physician
tgnore or actually shy from opinions of the faboratory workers  This
period was a lull between the intense activity that produced the clas-
sical theory and the new era that began i 1934

The Prothrombin Era. —In 1934 began, as {uick bas called 1t, 2
renaissance 1w the study of the coagulation of the blood  In seeking
the basic cause for these significant and pyramiding advances, one is
melined a prort to attrbute them to the discovery of vitamin K
While thie agent did spectacularly eradicate two mystenious discases,
chofermic blecding and the hemorrhagic disease of the newborn, 1t has
1 the decade and a half smce its 1solation contnbuted relatively little
towards solving the problem of woagulation  Its own action m the
s3 nthess of prothromiun remains |

Of far greater theoretual mportance in advanang the study of
coagulation was the development of the simple procedure by Quick®
and the twotage method of Warner, Brinkhouse and Smiths
far estimating prothromban activity 1w blood  Much of the confusion
rampant m the pressoas era can be traced ta laek of the quantitative
approach  The physiologist of necessity had to attach most t{( s
early problems qualitatively  This un(oriul{n!ﬁly often established
permanent habits, This s perhaps why biologists often until recentiy
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specified drops for measuring their reagents, The pipette apparently
had not become an everyday tool in physiological laboratories

How the lack of a readily avaitable procedure for d ining pro-
thrombin hampered progress can casily be demonstrated. In 1912
Whipple? reparted the absence of prothrombin in 2 case of melena
neonatorum and the following year found that this clotting factor was
diminished in a case of jaundice ™ These jsolated observatjons were
soon forgotten because only a shified and able investigator could
demonstrate the defect. Likewise Roderick® in 1931 showed by a
qualitative method that prothrombin was diminished in spoiled sweet
clover disease of cattle, but his findings apparently did not assist him
or others who sought to isolate the toxic principle  Only after the
one-stage method was developed, and employed as a means of aseav.
ing the extracts of spoiled sweet clover hay was it possible as Link#
expressed it, “to lay the hemorrhagic agent on the table in pure crys-
talline form.”

By means of the one-stage method Quick, Stantey-Brown and Ban-
croft® 7 observed that prothrombin was frequently diminished in
Jaundiced patients Later, when Quick?® developed vitamin K defi-
ciency in chicks by Almquist's procedure and found that the pro-
thrombin was diminished and that bleeding resulted when it reached
a critical level, he was able to postulate that the bleeding in obstruc-
tive jaundice was due to a vitamin K deficiency resulting from faulty
intestinal absorption  The correctness of his suggestion that vitamin
K and bile salts be given therapeaticaliy to counteract the hypopro-
thrombinemia was promptly verified clintcally by Warner and hus
assoctates'™ and by Butt and his co-workrs 1t

Without discussing the relative merits and defects of the one-stage
and two-stage methoeds, it is easy to understand why the one became
a routine chnrcal test both in America and abroad. white the other
was used little except in pure rescarch  The one-stage procedure was
simple, and the chmician found it reliable both dragnostically and for
the control of Dicumarol therapy  Oddly enough, the apparent de-
flections of the method which have been the targets for criticism, have
turned out to be due to complevities of prothrombin and actually
have led to the discovery of new coagulation factors

In defease of the two-stage method 1t should be said that tt s elded
in the hands of jts onginators valuable results  The fall in prothrom-
bin after bihary fistula® and after experimental liver injury,” and
the low prothrombin in a case of hemorrhagic disease of the newborn®®
were first demonstrated by this method  Had it not been for the
rapid headway made by the one-stage test, 1t would undoubtedly have
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occupied a more important position and would have found more ex-
tensive employment in the clinical laboratories

Both methods were based on the classical theory. The action of
vitamin K, likewise, could be most satisfactorily explained by this
theory As a consequence the theory reached its zenith about 1910
and appeared to have secured a permanent and leading position But
the discovery in 1943 of a new factor” escential for prothrombin ac-
tivity marked the beginning of its dissolution It had served its pur-
pose well, it made possible a rational classification of the hypopro-
thrombinemic diseases, it aided in placing therapy on a scentific
basis and it made prognosis by means of laboratory tests more reli-
able

The two outstanding clinical contributions in this era werc the intro-
duction of vitamin K and Dicumarol into therapy. The latter resulted
from the outstanding researches of Link and his students on spoiled
sweet clover hay The elucidation of the structure of vitamin K,
and K, by Doisy, Almquist, Fieser, Karrer and their associates and
the synthesis of the natural vitamin K. were brilliant chemical
achievements, but had no great clinical mfluence. Of far greater
practical value was the work of the Connaught Laboratories at the
University of Toronto and the contributions of the Caroline Insti-
tute of Stockholm, Sweden, on the purification of heparin, which
resulted in a product that could be given by njection with safety.

THE PLATELETS

It 1s likely that no other body constituent has recenved such indif-
ferent or hostile treatment from investigators as the platefet  Al-
though Donne™ 1n 1842 recognized that there was mn addition to red
and white cells a thrrd type of cell which he called “les globulins,”
and which were without question the platelets, thewr very existence
was still questtoned during the early part of the present century
Starling’s “Principles of Human Phystology™ in the carlier editions
contained a statemnent that they may be artefacts The greatest diffi-
culty was the establishment of the platelet as a distinct cell independ-
ent of the other types of formed elements occurring 1n the blood A
number of the early workers, particularly Zimmermann™ (1816),
Schultze® (1865) and espectally Hayem® considercd them cither de-
rived from other hlood cells or precursors of them  Hayem named
them hematablasts because he believed they were precursors of the
red cell

In 1882 Bizzozero” tn a brilliant paper bascd on a study of platelets
in the circulating blood not only showed that they were a distinct
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type of cell, but that they 1 a pecutiar behavior of agglutinat-
ing and adhering to forcign or rough surfaces Bizzozero’s work was
immediately attacked, especially by Schmidt's students, Hegl,
Rauschenbach and Feiertag who maintained that the platelets were
disintegration products of other hlood ccﬂs and they npposcd thc ldca
that they played a réle in coagul had
Lawnit's {1885) views were even mote hosmc He postulmcd (hnt
platelets were not even disintegrated fragments of other cells, hut
precipitated glabulin  Two years jater Wooldridge espoused a similar
concept. The underestimation of the impartance of the platelet in
hemaostasis by many British investigators, even up to the present time,
can probably be traced to the influence of Wooldridge. The account
aof the clash between Biazozero and his contemporarics is presented
in detail by Burher

The studies of Schimmelbusch,® Burher™® and others who, like
Bizzozero, abserved the platelets directly in the blood stream, effect-
tively established these cells as definite entities  Further support
came fram Mosen's™ demonstration that platelets could be isolated
from oxalated plasmas as discrete bodies  The most decisive con-
tribution, however, was that of Wright,"® who coavincingly shouned
that platelets were formed in the bone marrow from the fragmenta-
tion of the cytoplasm of the megakaryocytes The events leading to
this significant discovery are critically presented by Tocanting ™

Stnce it required over half a century to establish that the platelet
was an independent type of cell, it is not surprising that the problem
of determmning its functim presented even more formidable dif-
cuhics It was graduaﬂ) recognized that it participates in three

3

formation, lation and vaso-

consmc(mn

~Z as early as 1846 noted
the tendency of the new type of cell which he had discovered (Elemen.
tathlaschen) to clump  The same observation was recorded by
Schultze® in 1865 Wharton Jones* studying the circulating blood
of frogs under the microscope had also described the aggregation of
calarless corpuscles m kittle heaps and noted that this mass of cells
together with cozgulated fibrin sometimes blocked the blood flow in
anartery Mantegazza® four years later paved the way for a rational
explananon for the formation of white thrombi  He found that a
massing of the little white blood cells occurred 2bout a thread smtro-
duced 1nto the blood cell and that a similar piling up of these eelis
took place at the site of an injured vessel wall This 2gplutination
preceded the appearance of fibnin  Zahn™ imdependently made simi-
lar observatmns and reached somewhat similar conclusions He
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found that when he cut a vessel, bleeding was stopped not by coagula-
tion but by a white thrombus .

The outstanding work of Hayem and Bizzozero left no doubt about
the nature of the white thrombus and its function as a hemostatic
plug  Hayem designated it as “clou hemostatique” while the Ger-
mans coined a similar term, ¢ Blutstillenden Keil ”

Schimmelbusch®® contributed two important facts concerning the
formation of white thrombi, namely, the stickiness of platelets, and
the importance of slowing of the circulation Platelets because of their
lightness travel in the center of the blood stream and they only come
to the periphery when the circulation becomes sluggish.  Schimmel-
busch was, therefore, the first to emphasize stasis as a factor in throm-
bosis

Without attempting to present subsequent researches directed to-
wards this phase of hemostasis, it can be stated that the idea of a
platelet plug as a means of controlling bleeding in small vessels has
been generally accepted, Macfarlanes™5 15 one of the few modern
students of hemorrhagic diseases who holds that the platelets play a
subordinate position in hemostasis and that the control of hemor-
rhage from small vessels is brought about primarily by the contrac-
tion of the vessel

Platelets’ Réle in Coagulation. —Perhaps no phase of the coagu-
lation problem has remained as unsettled as the role of the platelets
in coagulation Hayem® in 1878 clearly postulated that the platelets
were essential to coagulatton when he stated  “We do not believe
that this fibrin can appear unless the hematoblasts (platelets) m
undergoing changes give up to the plasma a substance which the
latter lacks and without which it cannot coagulate ” (Author’s
translation ) Bizzozero? reached a similar conclusion  “They (the
platelets) y1eld. as a result of the change which they undergo, a sub-
stance which acts on the coagulation factor in such a way that it
brings about the formation of fibmn™ (Author’s translation )
These views met a hostile reception by Schmudt and his students,
and by Lowit, Wooldridge and Schuimmelbusch  But Kemp® at
Johns Hophms in a paper published n 1884, which unfortunately
appears to have been entirely forgotten, came t? the same conclus-
1ons as Hayem and Bizzozero He wrote  *“The breakdown of
the plaques is mtimately connected, in its time relation at least,
with the clotting of the blood  The connection between the break
down of the plagues and the coagulatron of the blood 15 not histologi-
cal but chemical, 7 e, the plaques appear to give up a s?)ublc sub-
stance which 1s active m coagulation The active agent in question

1s most probably fibnin ferment "
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Tn 1904, Busker in a smasterful study convincingly defended the
rale of platelets in coagulation and £ Jated an observation which
time has shown to have the authenticity of alaw: “One observes that
every Bime coagulation s provented, the disintegration of platelets
is prevented; when coagulation is delayed, disintegration s delayed.
And when coagulation is not influenced, disintegration is not influ-
enced ™ {Anthor’s transtation

The findings of Delezenne® that the removal of thrombocytes from
goose blood by centsifugation, made it & lable, as well as the
observation of Tait and Green™ that filteting out spindle cells from
frog blood by means of antmal charcoal had a similar effect, stremgth-
ened the hypothesis that coagutation required a cellular factor  The
relationship of thrombacytes and spindle cells to platelets was recog-
nized early and is generally accepted  Gratia® obtained an incoagu-
1able plasma by protonged centrifugation, but did not believe plasma
could be completely deprived of platelets

One of the important reasons for the confusion concerning the func-
tion of the platelet in coagulation has been the uncestainty as to the
natute of the clotting {actor which they fiberate. It may be recalled
that Alexander Schmidt at fisst behwved that the fibrin ferment
{thrombin} originated from the feulocytes Later he maintained
that the feukocyte supplied a zymoplastic agent which activated the
fibrin proferment which was dissolved in the plasma  Morawite 5
Howel* and others postulated that the platelets supplied prothrom-
bin togethier with thromboplastin  Bardet and Delange? in contrast
to the prevailing view contended that these cells furtished only eyto-
zyme {thromboplastin) Although Tait and Green,” even as fate as
1926, argued that the term prothrombin can be replaced by unrup-
tured platelets, the concept of Hordet and Delange steaddy gained
A number of American workers, particularly Mills™ Eaglet and
Fesguson® published results to show that the platelets did aot con-
tasn prothrombin  Interestingly, LeSourd and Pagniez® suggested
that the action of the platelets might be enzymatic, but this was noy
too sgmficant since many held that thromboplastin functioned as
an enzyme

The cause of platelet aggtutination, which may be considered a
prel y step in thew participation in coagulation has been ex-
planed m vanous ways  Wright and Minot'™® obtamned evidence that
agplutination or metamorphosis, as they termed it, was due to an
agent in plasma which belonged to the globubn fraction of the plasma
This agent sigmficantly was inactvated at the same temperature at
which prothrombin activity 15 destroyed and at which fibranogen is
preapitated  They stated that the agent was not thrombin  Mora-
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witz and Brugsch®? also considered the possibility of a specific agent
that was responsible for the clumping of platelets. Roskam® pos-
tulated that platelets are covered with a film of protein as the pre-
liminary step in agglutination. Apitz* and Lenggenhager® proposed
that the layer was fibrin  Subsequently it was shown, however, that
agglutination occurs normally in the plasma from patients with afib-
rinogenemia * An observation of Fonio, which has attracted little
or no attention, may be so significant that it warrants being
restated in his own words  “We have in all our observations with
native preparations seen how the addition of thrombin solution affects
the thrombocytes causing an increased formation of pseudopods, as-
sisting their attachment, and further how the formation of fibrin
needles suddenly fixes them and brings about their disintegration "
{Author’s translation.)

Clot Retraction, —Hayem®® in confirming the findings of Krauss*
and Denys'? that the platelets were reduced in purpura, further ob-
served that blood in this condition failed to show clot retraction. The
subsequent studies of LeSourd and Pagniez,* Bordet and Delange,®
Fonio,® Opitz and Schober™ and others established that retraction
was quantitatively dependent on the number of platelets in the blood
and that only intact platelets were functionally effective.

Curiously, a number of investigators including Achard and Aynaud,'
Roskam,® Howell,¥ Hirose? and Pickermg™ maintained that clot
retraction was not due to the platelets Even aslate as 1931, MacKay®
in his review article on platelets wrote  “In retraction of the clot
the platelet 1s of secondary importance and serves to augment the
retractile property of the plasma ” It seems fairly certain that the
conclusions of these workers were based on experimental results that
were technically faulty  Their opintons were probably also influenced
by the mechanical colloidal concept which had been introduced to
explain clotting  Clot retraction was considered comparable to the
syneresis observed in a colloidal gel

Although few, 1if any, now question the fact that the platelet is the
primary cause of clot retraction, the actual mechanism whereby 1t is
accomplished remams an enigma  LeSourd and Pagniez®? in 1906
postulated that retraction wis brought abeut by a platclet ferment
or enzyme. Glanzmann® accf_pted this lde:t‘ na:ned‘ the enzmye

;h:: i:nots of the fibrin net underwent shrinkage and in that manner
caused a retraction secondarily of the whole clot A somewhat similar
concept was developed by Tocantins'® who showed by microscopic
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study that intact platelets become adherent to the fibrin strands and
in turn become the locus from which new needles of fibrin radiate
In this process, twisting, bending and shortening of the fibers occurs
and as a result the reticulum shrinks

The physiological significance of retraction has remained a matter
of speculation. Frank™ believed that it served as a means of closing
injured vessels and wounds Fonio® developed a similar view and
designated retraction as a physiological ligature This concept has
been widely accepted by modern workers in spite of the fact that it
is entirely speculative and is not supported by experimental evidence.

Vasoconstriction Action of Platelets.—It was observed early,
both experimentally and clirically, that the intravenous injection of
defibrinated blood or serum produced untoward effects which were
not seen when non-clotted blood or citrated plasma was injected In
1884 Stevens and Lee™ observed that a vasoconstricting substance
appeared 1 blood following coagulation Two decades later the
observation was again made by Brodie "' Thesc isolated observations
probably would have been forgotten and lost if it had not been for
the discovery and isolation of adrenaline which brought about a
renewed interest in vasoconstricting agents present in the blood.
0O’Connor™ (1911) in companng the action of pure adrenahne with
serum, concluded that the latter contained pressor agents that were not
adrenaline but which resembled it. They appeared only after the blood
had clotted  Janeway and Park® almost immediately confirmed
O’Connor’s findings, and added the significant observation that the
agent in serum acted directly on smooth muscle, and did not appear
to have any relation to the sympathetic enervation of muscles. Its
vasoconstriction action was brought about by a direct action on the
muscle of the artery and not on the receptive substance of the neuro-
muscular junction In the same year Stewart (H A.) and Harvey®
showed that this agent was not a protein, was thermostable and
soluble 1n alcoho}

To Stewart (G N ) and Zucker (T. F.)* belong the credit for the
mmportant discovery that the platelets are the source of the vaso-
constrictor m serum  Interestingly, this significant discovery is re-
corded in a short footnote to the main paper These authors were
the first to recognize the possibility that this constricting action might
have “an important part in the prompt sealing of wounded vessels
n addition to the mechanical effect of the clot ” It should be men-+
tioned, however, that O'Connor earlier had observed that the sedi-
ment of citrated blood which was nch in platelets had a powerful
effect on frog vessels At the time that these findings were reported,
LeSourd and Pagniez found that rabbit platelet extract when in-
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witz and Brugsch®® also considered the possibility of a specific agent
that was responsible for the clumping of platelets. Rosham® pos-
tulated that platelets are covered with a film of protein as the pre-
liminary step in agglutination. Apitz¢ and Lenggenhagers® proposed
that the layer was fibrin, Subsequently it was shown, however, that
agglutination occurs normally in the plasma from patients with afib-
rinogenemia ™ An observation of Fonio,” which has attracted little
or no attention, may be so significant that it warrants being
restated in his own words: “We have in all our observations with
native preparations scen how the addition of thrombin solution affects
the thrombocytes causing an increased formation of pseudopods, as-
sisting their attachment, and further how the formation of fibrin
necdles suddenly fises them and brings about their disintegration.”
{Author's translation.)

Clot Retraction. — Hayem®® in confirming the findings of Krauss*
and Denys'” that the platelets were reduced in purpura, further ob-
served that blood in this condition failed to show clot retraction. The
subsequent studies of LeSourd and Pagnicz,* Bordet and Delange,?
Fonio,® Opitz and Schober™ and others established that retraction
was quantitatively dependent on the number of platelets in the blood
and that only intact platelets were functionally effective

Curjously. a number of investigators including Achard and Aynaud,’
Roskam,$ Howell” Hirose" and Pickering® mantained that clot
retractton was not due to the platelets Even as late as 1931, MacKay®
in his review article on platelets wrote  *In retraction of the clot
the platelet is of secondary importance and serves to augment the
retractile property of the plasma " It seems fairly certain that the
conclusions of these workers were based on expenmental results that
were technically faulty  Their opinions were probably also influenced
by the mechantcal colloidal concept which had been introduced to
explain cloting  Clot retraction was considered comparable to the
syneresis observed in a colloidal gel

Although few, if any, now question the fact that the platelet 15 the
primary cause of clot retraction, the actual mechanism whereby it 1s
accomplished remains an enigma  LeSourd and Pagniez*? in 1906
postulated that retraction was brought nbyut by a platelet ferment
or enzyme  Glanzmann® accepted this ides, named the enzmye
retractozyme and postulated a disease entity, thrombasthema, caused
by hereditary deficient platelets Frank® offered a more mechanical
explanation He believed that little clumps of platelfzts anchored in
the knots of the fibrmn net underwent shrinkage and in that manner
caused a retraction secondarily of the whole cot A somewhat similar
concept was developed by Tocantins!® who showed by microscopic
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physiological mechanist made up of 4 number of companent parts

Hemostasis ke every other scientific prablem Is rarely solved by
any one individuat or by the fnvestigators of onc laboratory or of one
country. Qnly by the combined efforts of many workers from various
nations §5 the final sotution of the problem usvally achicved. Un-
fortunately the Europran continent znd Eagland where much of the
trithant ploneer work on hemostasis was done has heen scourged
by two terrible wats with the result that many investigations that
would have culminated in significant advances were rudely inter-
tupted and often never resumed, In spite of alf abstacles, the
contributions to hemostasis have eontinucd, and In recent years sui-
ficient advances have been made to peemit a correlation that should
bring about & cJarity and a rationality that herctofore has not been
possxble.

R — Knowledgs the physiclogy of hemo-
stasis de\e!opcd from studies in :)m-c different dreass sascular con-
traction after injury, coagulation of the blood, and platelets Only
after extensive advancements in these fickls had been made, did it
becotme apparent that effective hemostasis is not achieved by any
one of these factors but onfy by an orderly corrclation of alf three
forces
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jected produced a drop in blood pressure, This principle likewise
was heat stable and soluble in alcohol. A year later (1914) these
French workers also confirmed the work of Stewart and Zucker, They
expressed their perplexity in finding that platelet estract produced a
systemic hypotension and a constricting action on a dog carotid artery
ringin vitro Later Roskam® also obscrved the dual action of platelet
extract and pointed out that it simulated histamine. Unfortunately,
the problem has remained fallow, but the time seems propitious for
restudying the relation of histamine to platelets

In a paper which is particularly valuable for its excellent review of
the older literature, Janeway, Richardson and Park# in 1918 reported
complete confirmation of the obscrvations of O'Connor, Stewart and
Zucker and others that platelets liberate a vasoconstrictor agent. The
death of Janeway, and the disrupting influence of the First World War
brought this research to a close. Its significance was underestimated
so much that Macfarlane¥ for instance, in his sell-known article,
“Cnucal Review  The Mechanism of Haemostasis "' written in 1941
failed even to mention this paper and the eaclicr woek of Stewart and
Zucker and of the other pienecr investigators

In reviewing broadly the historical development of the physiology
of hemostasis one is struck with the periodic ascendency of interest
in one phase of the mechanism and the setting aside of all other as-
pects of the general process  Often the dominant objective was to
prove that the particular mechanism under investigation was the
primary or most mmportant in hcmostasts  Thus, as recent as 1918
Macfarlane’® wrote  “that blood coagulation, which is aiter all 2

bsichary and 1l frag of total bodily activity > But
only 6 years earlier Apitz® stated that by vanious approaches 1t has
been shown that *“normal stanching 1s a function of blood coagula-
tion and not dependent on the vascular response as has been the
dominant view during the past few decades.” (Author’s translation }
Neither of these writers stressed the importance of platelets, but
interest mn these celts as factors in nemostasts had 1ts peak during the
era of Bizzozero and Hayem, and agam from 1911 to 1918 when thetr
vasoconstriction action was investigated But after this short period,
interest in platelets lapsed and an increasing mdlﬂcrcncc ta these cells
became apparent In 1931 \Iaclxa} v 1 his article, * The Blood —
Platelet’ Its Clinical Sigmificance” made the following statements
1t is doubtful f the platelet factor in the clotting process 1s of more
than sccondary importance ' Tocantins'® in 1947 writing on the

mmmmbar p fnrle aran fa mantinn tha oac
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Function of Platelets in Coagulation.—The fust issue of basic
fmportance to be decided is whether the platelet is essential and in-
dispensable for coagulation. Can dlotting occur in the complete
absence of platelets? Due to the technical difficulties of removing
plateiets from plasma completely and of avoiding the ination
of the biood with a trace of tissue thromboplastin during the coblec-
tion, it becomes a formidable task to obtain a plasma sufficiently
platelet-free to become incoagulable. Patton, Ware and Seegers®
have succeeded by meticulous care in collecting the blood and by
high centnivgation in obtaining a plasma which remained fluid
for more than three days at room temperature  They employed
silicone-coated apparatus, lollowing the work of Jacques and his as-
sociates’t who discovered that by means of the reagent, silicone, 3
surface can be prepaced which hhe healthy endothelium does not
allow platelets to adhere and consequently presecves them  Patton
and his associates were justified i concluding that ro evidence can
be found “to support the view that plasma may contain a soluble
factor which can imtiate clotting independent of platelet action ™

When a misute amount of thromboplastim &s added to platelet-free
plasma, cosgulation begins promptly A preort one would conclude
that platelets an rupturning vield thromboplastin, but Quich®™ found
that platelets contain httle if any thromboplastin and this has been
confirmed by Ware, Fahey and Seegers ¥ Stnce the platelets do not
contain thromboplastin and yet the coagulation defect resulting from
platelet deficiency can be corrected by the addition of thrombo-
plastin, it appears logical to conclude that platelets while not supply-
ing thromboplastia directly, are nevertheless responsible for making
this clotting factor available  Quick® postulated that thromboplastin
exists in plasma as the mactive precursor, thromboplastinogen, and
that platelets on ropturing furmish the activator

Further confirmatory evidence for this view 15 obtanable {ram
hemophilic studies  The coagulation defect in this disease can be
promptly corrected by the addition of thromboplastin  Since the
platefets 1n hemoptuhe blood are unusually stable, it has heen as-
sumed by some investigators that the defect was localized in these
cells  But Pickenmng'® found that the addution of saponin to hemo-
philic blood, whick caused complete dismtegration of platelets, did
not restore normal coagulation  Recently Quich® reported that the
sddiian of hemophilic platelets to platelet-poor normal plasma
brought about normal clotting  On the basis of these findings, st
appears that hemophulic blood ts deficient in the precursor, thrombo-
plastimogen, and that the fault is not in the platelet actvator.

Ry means of a new quantitatave procedure, the prothrombin con-




Chapter 2

A NEW THEORY OF THE COAGULATION OF THE
BLOOD AND A UNIFIED CONCEPT OF
HEMOSTASIS

No one who has witnessed uncontrollable bleeding in hemophilia,
in congenital hypoprothrombinemia or in severe Dicumaro! poisoning
will question the importance of the coagulation reaction in hemo-
stasis In fact, it seems quite certain that the clotting mechanism
occupies a central position in the physiological process of stanching,
and that no comprehensive concept of the latter can be formufated
unless a logical and adequate explanation of coagulation can be
offered,

In the past the best guide was the classical theory, but it had in-
herent weaknesses and deficiencics which necessitated s replace-
ment by a new and more comprehensive hypothesis  The principal
shortcomings of the theory were.

It failed to define the function of the platelets.

. It had no explicit explanation for the source of thrombo-
plastin

. It considered the action of thromboplastin and calcium to
he catalytic

It ! prothrombin to be a unit substance

It offered no expositton for the autocatalytic nature of the

coagulation rcaction

It had no adequate expl jon for the ¢« of the

fluidity of the blood

It did not correlate the coagulation rcaction with the gencral-

1zed mechanism of hemostasis
During the past few years prodigious progress has been made in the
study of coagulation  As a reult it is possible to formulate a new
concept, which should successfully supplant the dassical theory and
meet the shortcomings of the older theory  In attempting to present
this simple workable hypothesis of coagulation, caution was taken to
avoxl the maze of conflicting theorics and an attempt was made to
correlate as well as integrate the pertinent findings which rest on
sound observations and well-controlled experimental evidence
(28)
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for the labilization and Iysis of platelets. Fonio® and more recently
Zatti* have found by direct microscopic obsenation that thrombin
acts on platclets causing their agglutination and lysis .

Tt appears certain, therefore, that thrombin is essential for platelet
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the wettable surface and that a platelet coming in contact with this
layer immediately becomes sticky and unstable A surface such as
silicone lacking the power 10 adsorb thrombin has no attraction for
platelets
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FIBRIN
Fic 2 —The coagulation mechanism  The tabihzing action of thrombin bnngs
about an autacatalviie or chan reaction which may be designated the thrombino-

geme cycle  The removal of thrombin through absorption by fibrin constitutes.
the most important means for controlling the chaun reaction

The acceptance of the finding that thrombin labilizes platelets,
permits the formulation of a logical explanation for the autocatalytic
reaction of coagulation  As soon as a small amount of thrombin is
formed, platelets begin to be labilized and to disintegrate This im-
mediately leads to an activation of thrombeplastinogen, which in
turn causes prothrombin to be converted to thrombin  The new
thrombin labilizes more platelets and an accelerated reaction results.



30 COAGULATION OF THE BLOOD

sumption test, which measures the amount of prothrombin remaining
after blood has been allowed to coagulate under standardized condi-
tions, Quick® has becn able further to substantiate that the essential
role of platelets in the coagulation of blood is the activation of throm-
boplastinogen  He found that when platelets were removed by high
centrifugation, the resulting plasma showed little diminution of pro-
thrombin after complete coagulation of the fibrinogen even when the
clotted plasma was allowed to stand 30 minutes or more, Later, he
with his associates®® showed that the specd of prothrombin activation
was a function of the number of platclets and the type of curve ob-
tained was typical of an enzyvmatic reaction (Fig. 1) There is, there-

100}

-~ 720,000 platelcts
3€0,000 -

Prothromt i converted in per c.nt
o
g

) 7 3 2
Min Hours Hocrs  Hours Houts
Tume after comalction of clotting
Fto 1 —The influence of the number of platclets on the speed of prothrombin
com erston

fore, expermmental evidence that the platelets are responsible for mak-
ing thromboplastin available especially on the basis of data obtained
with the prothrombin consumption test which measures the amount
of thromboplastin reacting with prothrombin  In hemophiha httle
prothrombin becomes activated during coagulation because there is,
according to Quich, a congemital lack of thromboplastmogen Even
though the platelets are normal, they cannot produce thromboplastin
because the precursor is lacking

The Labilization of Platelets.—The significant observation of
Burker® that the conditions or factors which prevent clotting also
inhibit platelet disintegration, 1s an important Vkey to the su.xd‘y of
coagulation  Platelets remain 1ntact m decalcified, in heparinized,
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method. Seegers,* as well as Fantl* and Owren,' considered the new
factor an accelerator, whereas Quick claimed that this agent reacts
stoechiometrically in the reaction.

Quick and Stefanini® in a recent study were able to prove that the
labile factor did not accelerate the conversion of prothrombin to
thrombin. They found that the prothrombin time was not shortened
by adding a large excess of labile factor to human oxalated plasma.
In an extension of this investigation® they were able to trace the
source of confusion, which undoubtedly misled others to conclude
that the labile factor wasan accelerator They found that when normal
oxalated human plasma is stored in glass, the prothrombin time as
determined by the onc-stage procedure steadily increases, but when
a small quantity of deprothrombinized rabbit plasma which is rich in
labile factor is added, the mixture will have a prothrombin time as
low as 8 seconds which is shorter than that of fresh plasma which is
12 seconds  If the plasma is stored in silicone-coated tubes, it like-
wise will progressively lose prothrombin activity on storage, but when
excess labile factor in the form of deprothrombinized rabbit plasma
is added, the prothrombin time is restored to the original 12 seconds,
They further found that when hemophilic plasma is placed in a glass
tube and allowed to stand, at 37° C. the prothrombln time which was
12 seconds gradually d to ly 8 seconds in the
course of an hour. If the plasmais placed in a snllcone coated tube
and thrombin added to induce coagulation, the prothrombin time
remains 12 seconds

A satisfactory explanation for these results demands a radical de-
parture {rom the prcvmlmg concept of prolhrombm The increase

[E—

that plasma contains prothrombin in a precursor state in addition to
the active prothrombin  For the conversion of the precursor, a rough
surface such as glass is required. It is likely that other factors play
a réle n this reaction, but further study will be required before a
satisfactory explanation of this activation can be attempted

It 1s very probable that failure to recognize the possibility of the
existence of an inactive form of proth bin, has been responstble for
erroneously postulating the participation of activators in the conver-
sion of prothrombin to thrombin Interestingly Bordet? mamtained
that all of the prothrombin or serozyme existed in the inactive state,
but his theory received very ittle attention While present studies
mdicate that only part of the prothrombin in human blood is wmactive,
the basic idea of Bordet that a precursor (a Pproserozyme) ecists is

3
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‘This chain reaction can be designated the thrombinogenic cyce  Its
position in the coagulation mechanism can readily be recognized by
studying figure 2.

Normal blood contains no free or active thromboplastin. It can
only be produced by the action of a platelet factor on the precursor.
A deficiency of thromboplastin can result from a lack of thrombo-
plastivogen, which occurs in hermophilia; from a lack of platelet activa-
tor which may be the result of either a qualitative defect of the plate-
let or a quantitative deficiency, 7 e., thrombocytopenia; or from an
inhibitor which antagonizes the platelet activator A deficiency of
thromboplastin can readily be determined by the prothrombin con-
sumption test **

The Prothrombin Complex.— The majority of investigators have
accepted from the time of Pekelharing and Schmidt that thrombin is
formed from a precursor, prothrombin, which was considered a dis-
crete compound  In 1943 Quick® found that when he mixed stored
oxalated human plasma in which the prothrombin activity had been
markedly reduced, with an equal volume of hypoprothrombinemic
plasma from a Dicumarolized animal, the resulting mixture had a
prothrombin potency even greater than normal.  He concluded that
the prothrombin consisted of two distinct factors, one of which was
destroy ed by storage, the other dimmnished by Dicumarol. He further
noted that aluminum hydroxide adsorbed little of this new factor.
The following year, Owren' in Oslo studied a patient with a hypo-
prothrombinemia whose plasma was made normal by the addition of
normal plasma deprothrombinized by an adsorbent. He concluded
that this patient did not lack prothrombin, but a new clotting prin-
aple which he named Factor VIt is apparent that the latter is
identrcal with the component discovered a year earlier by Quick
Because of the war, Owren's work did not become known until 1947
At this time a number of other investigators, particularly Fantl,!
Seegers and therr associates®® described what they considered were
new clotting factors and which they designated as accelerators. Fur-
ther study, however, showed that these new agents were the same as
Quick’s, which he originally designated Component A® but later re-
named labile factor ¥

In his original study Quick® found that the concentration of the
Iabile factor was much higher in rabbit and dog plasma than in human
plasma, and later he with Stefanini® determined that rabbit plasma
contained 50 times and dog plasma 10 times as much labile factor as
human plasma. Murphy and Seegers! confirmed in part this finding,
and they postulated that the new factor (Ac-gl?bu]in) markedly in-
fluences the determination of protbrombin activity by the one-stage
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The Thrombinogenic Cycle and Its Control.—For the formation
of thrombin, thromboplastin and the vatious components of the pro-
thrombin complex must be present in adequate amounts.  For the
cycle to function, the thrombin must labilize platelets which in turn
yield the agent that activates thromboplastinogen  As each cydle is
completed mare thrombin is formed, and this resuits in a marked
aceeleration of clotting since the speed of clotting is almost solely a
function of the concentration of thrombin

Thrombin is an enzyme and the amount formed even from as ittle
as 1 cc of blood is enough to coagulate potentially all the fibrinogen
of the circulating blood. 1t is obvious, therefore, that the production
as well a5 the action of thrombin must be controlled. The existence
of an antithrombin in normal blood has been recognized since the
carly studies were made on thrombin Lenggenhager'® and Quick®
found that the active neutralizer of thrombin was brought about by
a constituent present in the albumin fraction. This natura) anti-
thrombin, sigmficantiy does not prevent the coagulation of fibrinogen
Only after the latter is completely converted to fibtin does the anti-
thrombin remove the active thrombin  Thus, if one adds a minute
amount of thrombin to highly centrifuged hemophific plasma, re-
peated crops of fibtin can be removed for as long as 5 days, which
shows the ineffectiveness of the natural antithrombin

Siace the activity of thrombin obvicusly canaot he controlled by
the natural antithrombin, also known as Albumin X, some other
physiological scheme must be sought to account for the controlling
and the localizing of the action of thrombin  Quite accidentally
Quick and Favre-Gilly*® made an obscrvation which dlearly gave the
key to the mechamsm whereby the action of thrombin is controlled
‘These investigators found that in normal coagulation of blood only
a trace of prothrombin was converted to thrombin, and that it was
only after the serum was separated from the clot that a rapid disap-
pearance of prothrombin occurred It thus became evident that the
fibrin reticulum with its tremendous surface adsorbs thrombin so ef-
fectively that Iittle is available for acting on the platelets  The chain

reaction thus becomes slowed and 1s put under control

The observation that only a minute amount of prothrombin is
utilized for forming the dot, challenges the widely accepted concept
of the vble coagulation plays 1n hemostasis which is that a fibrin clot
1s promptly produced and acts as a mechanical plug  Ever since
Petit called the thrombus within a vessel a bouchen and the one out-
sude the vessel, a couvercle, nearly everyone has tacitly accepted the
réle of the clot as a mechanical stopper or seal  In regard to hemo-
stasis, the vasculat system has been viewed from a plumber’s point of
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Chapter 3

CLASSIFICATION OF THE HEMORRHAGIC
DISEASES AND THEIR DIAGNOSIS

Sixce hnowledge concerning even the common hemorrhagic dls<
eases jsstill i ! y scheme of classification must be consid
tentative and temporary—mnot permanent or final. This does not
gamsay the value of a classification, for without it both diagnosis and
treatment become more difficult. It is with this purpose that the fol-
lowing classification is offered:

Classification of the Hemorrhagic Diseases

I Bleeding diseases due to vascular defect  {Angiostaxis)
A. Anatomical defect
a. Scurvy
b Hereditary telangiectasia
B Physiological Dysfunction
a Hereditary pseudo-hemophilia
b. Purpuras (Without thrombocytopenia)
II Bleeding diseases due to factors in the blood (Hematostaxis)
A. Hypothromboplastinemias
a Lack of platelet activity.
1 Thrombecytopenia
2 Qualitative platelet defect
3 Platelet enzyme inhibitor
b Deficiency of thromboplastinogen.
1 Hemophilia.
2 Acquired hemophiha-like disease (Tentative)
B Hypoprothrombinemia (Decreased prothrombin activity)
a Congemtal
1 Deficiency of labile factor.
2 Defiiency of free prothrombin  (Hereditary)
3. Deficiency of free and total prothrombin  (Famulial)
b Acquired
1 Dietary deficiency
i Hemorrhagic disease of the newborn
Stenlization of intestinal tract

41
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ii. Faulty absorption.
Obstructive jaundice
Biliary fistula.
Sprue.
2. Liver damage
i Atrophic cirrhosis,
ii, Hepatitis
3 Toxins
i Dicumarol,
1. Salicylate,
iii Penicillin.
. Hypofibrinogenemia
a Congenital
b Acquired
D Platelets defictent in vasoconstrictor principle (Hypotheti-
cal)
E Heparinemia.

[g]

ANGIOSTAXIS

Only two well-known hemorrhagic diseases can be unequivocally
ascribed as being due to a vascular defect They are scurvy and
hereditary telangiectasia

Scurvy.—In this disease, the small blood vessels become impaired
from the lack of the intercellular cementing substance, collagen The
diagnosis offers lttle difficulty In the aduit, the dietary history
alone is often enough to make the diagnosis The bleeding spongy
gums, the characteristic perifollicular petechia-like eruptton especially
on the legs, the asthema with dyspnea and the decp muscle and joint
pain present a combination found n no other disease In the infant,
the extreme tenderness of the legs, the spongy gums, swellings near
and about the large joints and the bleeding tendency should imme-
diately suggest the diagnosis The striking and prompt response to
a diet high in vitamin C establishes the diagnosis The tourniquet
test 1s positive, Other hemostatic tests including the bleeding time
are normal,

Hereditary Telangiectasia.—This disease 1s caused by an in-
herited malformation of the capillaries of the skin and of the mucous
membrane. The capillary defect manifests itself as localized dilata-
tions resulting 1 minute often spider-hke in
which have a tendency to bleed when mjured  Although the lcslons
may make their appearance in early youth or even 1n childhood, the
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ii. Faulty absorption. N
Obstructive jaundice,
Biliary fistula.
Sprue.
. Liver damage.
i Atrophic cirrhosis.
ii Hepatitis
3 Toxins
i Dicumarol.
it Salicylate
iit, Penicillin
C Hypofibrinogenemia.
a2 Congenital
& Acquired
D Platelets deficient in vasoconstrictor principle. {Hypotheti-
cal
L Heparinemia
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ANGIOSTAXIS

Only two well-known hemorrhagic diseases can be unequivocally
ascribed as being due to a vascular defect They are scurvy and
hereditary telangiectasia

Scurvy.—In this discase, the small blood vessels become impaired
from the lach of the ntercellular cementing substance, collagen The
diagnosis offers little difficulty In the adult, the dietary history
alone is often enough to make the diagnosis The bleeding spongy
gums, the characteristic perifollicular petechta-like eruption especiaily
on the legs, the asthenia with dyspnea and the deep muscle and joint
pain present a combination found 1n no other disease  In the infant,
the extreme tenderness of the legs, the spongy gums, swellings near
and about the large joints and the bleeding tendency should imme-
diately suggest the diagnosis  The striking and prompt response to
a diet high in vitammn C establishes the diagnosts  The tourniquet
test is positive  Other hemostatic tests including the bleeding time
are normat

Hereditary Telangiectasia.— This disease 1s caused by an in-
hented malformation of the capiftaries of the shin and of the mucons
membrane The capillary defect manifests atself as Jocahzed dilata-
tions resulting in minute angiomas often spider-like 1n appearance
which have a tendency to bleed when injured  Although the lesions
mayv make their appearance in early youth or even in childhood, the
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fairly certain that the defect manifests itsell in the primary tesponse
to injury which may be cither the reflex contraction ar lack of sticki-
ness of endothelium when irritated, The platelets and the coagula-
tion mechanism appear to be entirely normal, On the basis of one
case studied by Reid,¢" the vasoconstricting activity of platelets can
be considered to be normal. One can conclude that the abnormality
resides in the vessel itself, It is not an anatomical, but a physiolog-
ical deficiency. Whether only the capillaries are affected or whether
the arterioles also are involved has not been determined.
0ddly enough, the bleeding time which is the only available means
to study this condition shows far greater variations than can be
attributed to mechanical factors or faulty technique At times the
bleeding time may be within normal limits and at other times may
be prolonged to one hour or more
The diagnosis in the typical case is extremely simple  The hered-
itary history, the prolonged bleeding time, the absence of telanglec-
tasia, and normal coagulatioh tests estsblish the diagnosis. Unfor-
tunately, the primary disease can be comphicated by a superimposed
thrombocytopenia, as the writer recently encountered, and perhaps
by other conditions, Clinically the bleeding may simulate that of
purpusa or of hemaptulia  Epistaxis is frequent  Easy bruising is
also common  Bleeding after dental extractions, cuts and minor
wnjuries are seen often  Hemarthrosis which is not found in purpura,
has been repotted in a number of patients with pseudohernophilia.
For a detailed account of the disease, the monograph of Quick™ and
the review of Estren, Medal and Dameshek" should be consulted
An unequivocal di of hereditary pseudohemophifia can only
be made 1f a istory of heredity can be established, and a prolonged
bieeding time is {ound in the presence of normal clotting factors, in-
cluding platelets It 15 probable that an acquired type of pseudo-
hemoptulia may exist Carpenter and Allen,® and Estren and his
associates® have each reported a case that fits mto that category
In each the biceding tendency developed fairly suddenly durng the
third decade of life and in neither could a family history of bleeding
be found
Attention should be called to the fact that a positive family bistory
of bleeding can usually be established more easily m telangiectasiz
and n dohemophilia than in hemophilia In the first two dis-
eases, the mbented characteristic is dommant and oceurs in bathsexes,
whereas in hemoplhulia st is a sex-dinked recessive and the disease may
be transmitted for several generations occultly through females
Purpura. —Although the term purpura is often used loosely to
describe all types of hemorrhages into and below the skin, the disease
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full development of the disease usually occurs during the fourth decade
of life and the bleeding tendency increases with age.

The diagnosis rarely offers any difficulty. The lesions are readily
recognized and occur most frequently in the nose, mouth, neck, face
and finger tips  The most common form of hemorrhage is epistaxis
The bleeding can often be traced to visible telangiectatic lesions The
disease is hereditary, is transmitted as a non-sex linked dominant,
and occurs in both males and females Occasionally no hereditary
history is obtainable This may be due to atavistic skipping, or to
such extreme mildness of the disease in a transmitter that it fails to
give clinical evidence of its existence

While the disease is easily differentiated from the well-known bleed-
ing diatheses, recognition of hereditary telangiectasia as the cause of
certam forms of hemorrhage that might easily be considered second-
ary to other diseases may at times tax clinical acumen. Thus, the
hemoptysis resulting from telangiectatic lesions of the pulmonary
tree may easily be mistaken for tuberculosis Likewise gastric and
intestinal bleeding traceable to traumatized angiomata might be
erroneously attributed to ulcer, cancer, and other conditions.

The laboratory tests are of little value in diagnosis, for all are nor-
mal in uncomplicated telangiectasia In table 1 a comparson of the
chief characteristics of this disease with other hemorrhagic diatheses
is given.

Hereditary Pseudohemophilia.—~This hemorrhagic disease is
characterized by a prolonged bleeding time and a normal coagulation
mechamism. It 1s inhented as a simple dominant, occurs in and is
transmutted by both sexes While the term pseudohemophilia is not
entirely satisfactory, 1t has been used extensively by many writers
including von Willebrand,” who was the first to recognize the condi-
tion as a clinical entity The term hereditarv athrombocytopenic
purpura which has been proposed is unsuitable, for not all of the
patients have purpura, and petechiz are very uncommon The con-
dition should not be confused with Glanzmann’s'? hereditary hemor-
rhagic thrombasthenia, which is still an ill-defined condition It 1s
erroneous to consider the disease identical with thrombasthenia since
the existing evidence fails to show any platelet dysfunction in pseudo-
hemophilia

The basic defect in this disease which causes the bleeding tendency
remains undetermined. While 1t has been found that in certain cases
the capillary loops have bizarre shapes,” others® have reported nor-
mal capillaries as observed in the nail bed microscopically It is
generally agreed that the prompt contraction that is observed when
normal capillaries are injured, is lacking in this disease It seems
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capillaty tone or by the production of a difator in excessive amounts.

Many etatiorate cassifications of purpura have been proposed, hut
they have nat grealy advanced the study of this group of diseases
Often in such classifications, entitles Yike senile purpura are included.
1{ this condition is due to degenerative changes of the small Llaod
vessels as some believe, it s not & true purpura. It <eems desirable
to Himit the term purpura to capiliary hyperpermeabitity due to an
extrinsic factor and to exclude hemorthagic conditions which arise
from an intrinsic anatomical defect

1t is reasonable to suspect that a close relation exists between the
thrombocytopenic purpura and the purpuras with a normal platelet
count, It is difficult to understand why the well-known anaphylac-
toid types of purpura known as the Schonlein-Henach Syndrome have
a consistently normal platelet count

The diagnosis of purpura without thrombocytopenia is made
mainly by exclusion. The presence of a ted macular exanthem which
persists on pressure and comes in recurrent crops suggests purpura.
Urscob contest  eenbrat
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Fic 3 —The control of cirenlation m the san and muscles

The appearance of small petechie and cochymases make the duag-
nosts more certain  Purpura must be differentiated from pseudo-
hemophilia and telangicctasia  This is rather simple since the bleed.
ng time in non thrombocy topenic purpura is usually normal and no
telangiectasias are detectable In purpura, the routine tests for coag-
ulation and hemostasis are normal with the exception of the tourni-
quet test which often 18 positive  Since putpura 15 onty one of &
charactenistic geaup of symptoms in the Schonfein-Henoch Syn-
drome, the diagnosis must be made on the basis of the whole symptom
complex
HEMATOSTAXIS

A practical dasstfication of the hemorrhagic diseases atising from
defects of the coagulation mechanism hecame possible through a series



46 HEMORRHAGIC DISEASES AND THELIR DIAGNOSIS

entity designated purpura in this treatise is defined as 2 diapedetic
blecding into skin causing petechiz and ecchymoses and into mucous
membrane giving rise to spontaneous hemorrhage, The defect is
salely in the capillaries and the recent studies of Humblet® indicate
that purpuric manifestation arises only at the arteriolar end of the
capillary loop  Humble points out that this arteriolar-capillary junc-
tion is of great importance in the maintenance of blood flow and sug-
gests that it may perhaps be subject to selective poisoning. At this
point in the vascular system, the blood pressure s still relatively high,
but the protective muscular coat is no longer present, which explains
its high vulnerability.

Since purpura can and often does occur with no diminution of
platelets, it can be concluded that these cells are only indirectly
related to purpura  Likewise the coagulation mechanism has no
direct relation to this bleeding condition

1t is significant that the capillaties of the skin and mucous mem-
brane are mainly involved, while there is no evidence that the capil-
laries supplying muscle tissue are affected. Perhaps this observation
may serve as a key to a better understanding of the cause of purpura.
According to Krogh,? the capillaries supplying muscles are mostly
collapsed when the tissue is in the resting stage  On stimulating the
muscle, the blood flow increases and the capillaries open and dilate
The stimulus comes from the accumulation of metabolites which have
a dilating effect  Barcroft and his associates® have reported findings
which indicate that less than 10 per cent of the blood flow through
skeletal muscles is under the control of the sympathetic nervous
system  Since the demands for increased blood supply is local, it is
logrcal to expect that the control likewrse 1s local and not systemic or
mediated through the central nervous system

The capillaries of the skin. in contrast, present a different situation.
Not more than 1 per cent of the maximum potential blood flow is
required to mect the metabolic needs of the skin The important
function of the circulation of blood through the skin is to regulate
body temperature and to dissipate heat  This necessitates that the
control be central The circulation of the bloed in the skin ss, there-
fore, not regulated locally, but systemically In figure 3 the capil-
lary blood flow through muscles and skin is presented based on data
taken from a study of Goetz

It is probable that the blood flow through the capillaries of the
skan is, as Humble! suggests, regulated at the capillary-arteriolar
junction. Whether the control is nervous or hormonal is not known,
but one may postulate that the abnormal increase in capillary per-
meability is brought about either by the lack of 2 factor essential for
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capiliary tone or by the production of a dilator in excessive amounts.

Many elaborate classifications of purpura have been praposed, but
they have not greatly advanced the study of this group of discases
Often in such dassifications, entities Tike senife purpura are included,
1f this condition is due to degenerative changes of the small blood
vessels as some believe, it is not a true purpura It scems desirable
ta limit the term purpura to capillary hyperpermeability due to an
extrinsic factor and to exclude hemorrhagic conditions which atise
from an intrinsic anatomicat defect.

1t {5 reasonable to suspeet that a close refation exists between the
thromboeytopenic purpura and the purparas with a normal platelet
count It {s difficult to understand why the wefl-known anaphyiac-
toid typrs of purpura known as the Schonlein-Henoch Syndrome have
a consistently normal platelet count

‘The dingnosis of purpura without thrombocytopeara is made
mainty by exelusion The presence of a red macular eanthiem w hitch
persists on pressure and comes in recutrent crops suggests purpura
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Thc. appeasance of small pelechiz and ecchymoses make the diag-
nosis more certain  Purpura must be differentiated from pseudo-
hemophilia and telangiectasia This 15 rather sinple since the bleed-
ing timae 1 non-thrombocytopeme purpura s usually normal and no
telangiectasias ave detectable  In purpura, the routine tests for coag-
ulation and hemostasts are normal with the exception of the tourn-
quet test which often 15 positive  Since purpura 1s only one of a
charactenstic group of symptoms tn the Schonlen-Henock Syn-
drome, the diagnosis must be made on the basis of the whole symptom
camplex
HEMATOBTAXIS

A practical classification of the hemorrhagic diseases aristng from
defects of the coagulation mechanism became possible through 2 series
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of hasic studies initiated in 1934 which yielded simple procedures for
determining quantitatively prothrombin and recently prothrombin
consumption. Before these tests became available, chief reliance had
to be placed on the coagulation time, which unfortunately gave mis-
Jeading results in a number of important bleeding conditions It
failed for instance to disclose a clotting defect in thrombocytopenic
purpura and even in mod ly severe hypoprothrombinemia. The
time has come te recognize that the coagulation test, no matter how
meticulously refined, remains an empiric procedure which is entirely
unphysiological. While a prolonged coagulation time is abvays sig-
nificant, a normal finding is meaningless, since a serious coagulation
defect may exist when the coagulation time is normal or even shorter
than normal

The term, *coagulation defect,” is unsatisfactory since it is merely
2 measure of the time required for sufficient fibrin to form to produce
arigid clot. In such a clot less than one-third of the fibrinogen may
be converted to fibrin, and less than 1 per cent of the prothrombin
may be activated The term, thrombinogenesis, is much more mean-
ingful since the production of thrombin is indispensable for hemo-
stasis while fibrin is not It is suggested, therefore, that defective
thrombinogenesis rather than defective clotting be used to designate
the conditions in which the production of thrombin is decreased and
that the term, hematostaxis, cover all the bleeding diseases in which
the fault resides mn the blood

Hypothromboplastinemias.— According to the theory of coag-
ulation presented m figure 2, the production of thrombin depends
on a group of factors compnsing the prothrombin complex, and on
thromboplastin, which 1s derived from a plasma precursor, thrombo-
plastinogen, through the activation of a platelet factor A deficiency
of thromboplastin can anse from (1) lack of platelets, (2) an inhibitor
of the platelet activator, or {3} a deficiency of thromboplastinogen.
A deficiency of any one of these factors will result in a markedly in-
camplete activation of prothrombin, which can readily be measured
by the prothrombin consumption test. This procedure establishes
the existence of hypothromboplastinerma yust as the prothrombin
time test indicates hypoprothrombinemia Neither test specifically
determines any one of the factors responsible, but other methods have
been developed to serve this purpose

Thrombocytopenia.—In the discussion of purpura, it was pointed
out that a purputic type of a hemorrhagic diathesis can occur with a
normal platelet count It is well known, moreover, that an exceed-
mgly and persistent low platelet count may be unaccompanted by
hemorrhage. It s reasonable to conclude that the capillary hyper-
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permeability cbserved in purpuric hemorrhage is nat caused by lack
of a platelet factor. Nevertheless, the severity of the hemorrhagic
tendency is usually much greater in thrombocytopenic purpura than
in the non-thrombocytopenic types. Apparently bleeding does not
occur until capitlary dystunction has been produced, but when estab-
lished the bleeding is accentuated hy a decrease in platelets,

To understand better the possible efiect of thrombocytopenia it
should be recalled that platelets have at least two clearly defined
functions; namely, to activate thromboplastinagen and to supply &
vasoconstricting principle  Since the agent that converts thrombo-
plastinogen to thromboplastin appears to be an enzyme, it is obvious
that a small number of platelets may stili supply enough activator to
prevent as serious a deficiency of thromboplastin as eccurs in hemo-
philia It should also be remarhed that Doan™ has recently obtained
evidence that the platelet count in the peripheral blood may not be
a true measure of platelet production  There is apparently a high
consumption of platelets for normal physiological processes, and the
platelets in the blood appear to represent the surplus.  The platelet
count, therefore, may not always be 3 true criterion of thrombocyte-
penia

Far a critical study of thrombacytopema, the bone marrow must
be examined, and by this means two general types can be differen-
tiated In the first the megakaryocytes are normal or hyperplastic,
while in the sccond the marrow is aplastic and the megakary ocytes
often greatly reduced and non-funchioning  The second type is en-
countered in aplastic anemia and is produced by certain poisons of
which benzene is the most notorious  The blecding tendency s
severe in this form of thrombocytopenia

Thrombocytopenia with relatively normal bone marrow 15 the more
common  Under this class can be grouped the primary or wiopathic,
commonly known as Werlhof's disease and the various secondary
purpuras  In these the decrease in platelets appears to be due to
excessive destruction. In Werlhof's disease the spleen plays such an
important role in this destruction, that splenectomy cures, at least
chimeally, the disease, The same is also true in panhypersplenism

There 1s much experimental evidence to support the view that the
first step in the production of thrombocytopenia is agglutination of
platelets It follaws logically that the factor that produces tius
agglutination s likely to be the causative agent of the thrombocyto-
penia It has been postulated that a specific compound is respansible
{or this agglutination Sotme have mamtained that the substance is
heparin, ! but this has been disproved * % In a recent study on the

path of the thrombocytopena resutting {rom Sedormud \alfyl-
4
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isopropyl-acetyl-carbamide) Ackroyd! has obtained results which are
most provocative He found that when he added the drug to the
blood of a patient sensitized to Sedormid, agglutination of platelets
occurred in vitro, thus indicating that the platelets themselves be-
come sensitized In a later study, Ackroyd? found that the offending
drug did not act directly on the platelets, but that it apparently reacted
with a substance in the plasma of the sensitized patient and thereby
produced an agent which agglutinated the platelets He further
noted that the drug inhibited clot retraction. Such findings as re-
ported by Ackroyd, may be perhaps the turning point in the approach
ta the problem of the secondary thrombocytopenic purpura.

An acute type of thrombocytopenic purpura with generalized plate-
let thrombosts may occur. Twelve such cases have been described
since 1925  Singer and his associates*® have summarized these cases
and have presented a critical discussion of this clinical entity. A
recent editorial in Annals of Internal Medicine™ also thoroughly re-
views and discusses this disease A significant new idea concerning
the cause of this clinical entity has been offered by Meacham and
his co-workers * They question whether the platelet emboli consti-
tute the primary occlusive lesion  They believed that the primary
cause is a degeneration of the arteriolar wall which is responsible
for the massing of platelets in the affected area

While the spleen and the bone marroware the two organs that should
always receive first consideration 1n thrombocytopenic purpura, one
should not overlook the fact that other organs may at least mdirectly
bringabout purpura and thrombocytopenia  Whiteselland Snell*have
pointed out that a fall 1n platelets as well as an increased capillary
permeability are common in parenchymal diseases of the liver. It
becomes imperative, therefore, not to make a diagnosis of ihopathic
or primary thrombocytopentc purpura until liver disease as a prob-
able cause has been excluded

The diagnosis of thrombocytopenia depends first of all on the plate-
let count  The prothrombin consumption test is an additional valu-
able confirmatory method Bone marrow examination is necessary
to determine whether the decrease in platelets results from excessive
destruction or decreased production.

A qualitative defect of platelets although theoretically probable,
has remained uncertain Whether a clinical entity such as Glanz-
mann’s hereditary hemorrhagic thrombasthenia in which only clot
retraction is impaired or absent actually exists, 1s open to question
Clot retraction is too ill-defined a phenomenon to be the sole means
for establishing a hemorrhagic diathesis. With the development of
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the prothrombin consumption test, a new means has become avail-
able to test the thrombinogenic activity of platelets, and it is hoped
that in sddition a simple procedure can be perfected to test the vaso-
constricting praperty of these cells.

Platelet Enzyme Inbibitor. —When normal blood or plasma is added
to hemophitic blood, the coagulation time is reduced to normal, or
often to a value below that of the blood added. This can he con-
sidered fairly satisfactory proof that the coagulation defect in true
hemophilia is not due to an inhibitory agent. In 1950 Lozner and his
associates™ encountered 1 bleeding diatbesis in a 61 year old Negro
which closely resembled hemopluitia. The negative family history,
and the occurrence of the disease late in life made the diagnosis of
hemophilia improbable. They concluded that the prolonged coagu-
fation time was brought about by a circulating anticoagulant since
addition of the patient’s plasma to normal blood caused a delay in
coagulation. A year later Lawrence and Johnson™ studied a hemo-
philiac who bkewise had in his blood a similar anticoagulant. Munro
and Jones®” also reported such an agent appearing in the blood of a
hemophiliac as the result of numerous transfusions. In these patients
a transfusion with normal blood neither reduced the coagulation time
nor brought about climeal improvement

Fantl and Nance® reported a sumlar acquired condition in a 34
year old woman It is significant that the case of a hemophilic-ltke
disease in a woman reported by Joules and Macfarlane™ earlier did
not show such an anticoagulant substance 1 her hlood

Madison and Quick ® and Chargaff and West? have each reported
an additianal case of 2 bleeding disease in a woman closely simulating
hemophilia, but in neither report was the study complete enough to
exclude the presence of an anticoagulant  Tven from this limited
number of cases, one is justified to conclude that an acquired hemo-
philicdike disease can occurina woman. In some the causative factor
is a citculating anticoagulant while in others 1t appears probable
that the condition is similar to hemophilia and is independent of any
inhibitory factor

Studies particularly by Munro,* Craddock and Lawrence! as well
as others™ show clearly that this new anticoagulant i i not hepann
not an hrombin, antiprothrombin, or an anti
Munro®” found it was 1n the globulin fraction and fater ey as well
as Craddaoch and Lawrence?? traced it (urthcr to the gamma globu!m
The latter workers postulated that 1t inhibited the
globuhn  Quick and Stefanini, who studied one case corroborated
the findings that the anticoagulant did not correspond to any of the
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known inhibitors. ‘The same conclusion had been reached by Dieter,
Spooner and Pohle,™ who had studied the case earlier. The blood of
this paticnt when added to normal blood, not only increased the
coagulation time but also strikingly decreased the prothrombin con-
sumption, Quick and Stefanini postulated that this anticoagulant
inhibits the platelet activator and that this brings about a deficiency
of thromboplastin since the thromboplastinogen cannot be converted
to the active form  Craddock and Lawrence® have proposed the
interesting hypothesis that this anticoagulant is an antibody resulting
from the injection of whole blood, plasma or Fraction I of Cohn
Conley and his associates,” however, have found this inhibitor in
non-hemophilic patients who had received no transfusions.

On the basis of these findings one can conclude that an anticoagu-
lant which is perhaps 2 gamma globulin and which inactivates the
platelet enzyme can arise ether as the result of transfusions (partic-
ularly from the injection of the antihemophilic fraction of Cohn) or
secondary to a number of systemic diseases (in the case of Quick ard
Stefanini, it was pemphigus) The inhibitor can occur 1n either a
non-hemophilic subject or 1n a true hemophiliac

The diagnosis of this bleeding diathesis 1s readily made Blood
is drawn from the patient and from a normal subject using silicone-
coated glassware  The coagulation time by the Lee-White method
and the prothrombin consumption ttme are done on both bloods and
on an equal mixture of the two bloods. In uncomplicated hemo-
philia. the coagulation time of the misture is normal, whereas it is
prolonged if the blood contains the mhibitor A more quantitative
method has been developed by Conley ef ai * In their procedure, the
pathological blood 1s higbly centrifuged to obtan a platelet-free
plasma which i> added 1n increasing amounts to 1 cc samples of nor-
mal blood and the effect on the clotting tume 15 determined

Hermophilia —Thzs disease 1s caused by an mhented deficiency of
thromboplastinogen in the blood It can, therefore, be designated as
a congenital, hereditary hypothromboplastinagenemia It appears
Iikely that the level of thromboplastinogen 1s relatively constant and
that the severity of the condition depends on how low the level is
fived The vanations of the bleeding terdency in the mdividual, how-
ever, are probably the result of other factors superimposed on the
bastc defect

Although the diagnosis of hemophiha 1s usually relatively easy, it
may occastonally be extremely difficult  The classical triad  a con-
genttal bleeding tendency in a male, positive farmly history, and a
prolonged coagulation time of the bloed is a useful guide but has
hmitations  Not always is it possible to establish the complete triad
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Frequently no hereditary history is obtainable and surprisingly often
the coagulation time is equivocal Fortunately, the prothrombin
consumption test promises to become an important means not enly to
aid in establishing a diagnosis, but also to estimate quantitatively the
severity of the discase ® In table 2 typical findings are recorded

Tant £ 2 = Tur Provurosters Consesirrion TreT

Prothromhin consumplion time® 11 seconds
‘imie after formation of a solud clot
Tube fimm 30 prn 43 mun 60 min

Normat 1 6 2 23 25
1 7 n 23

il 11

Thrombocytopeme purpurs 1 7 i 9) 10
Platclets— 30,000 1 1 9} 10
i 9

Hemophitia (severe) 1 7 83 8} 8
Coagulation trme—1 br I 8 8 81
i 8

Hemophiha trmtd)** I 9 13 14 14
Coagulation tme—8 mn 11 o 16 16
i It

* The procedurc of Quich™ was used
*+ The patient had a poutive family history and had 2 mild bleeding tendency
wnce childnood

It should be remarked that this test has not had wide chnical trial
and, therefore, its evaluation can only be tentative

The dizgnosis of hemophlia requires clintcal observation, a careful
history, and laboratory study The bleeding of hemophilia 15 charac-
teristically deep in contrast to the hemorrhage of purpura which 1s
mostly limtted to the skin and mucous membrane In hemophilia
bleeding into muscles and joints is common  Stnce this type of bleed-
ing produces pressure, pawn often is present while jt is infrequent in
purpuric hemorrhage  Hemophilic bleeding may be indistinguish-
able from that caused by hypoprothrombinemia, but the two conds-
tions are rcadily differentiated by the prothrombin time test

A hereditary history when obtainable makes the diagnosis certamn
‘The writer has scen a number of very muld cases in which the bleeding
tendency 1s present but not severe enough to produce for instance,
hemarthroses The clotting time, too, 15 cither normal or only shghtly
prolonged If 1t were not for a posittve family history which mcludes
members who are unquestionably true hemophilics, the diagnosis
could not be made with any degree of certainty  Typical findings 1n
20 cases recently studied are summarized in table 3
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The lak offer: tuable assistance in the di is of hemo-
philia. In all but a small number of hemopbhiliacs the clotting time is
significantly prolonged provided the blood ean be collected without
admixture of tissue juice This may be difficult to achieve in young
infants, and accounts perhaps for delayed diagnosis of this disease
in children.  The prothrombin consumption test promises to be much
more informative and reliable The writer has applied the test to
three newborn infants in whom the disease could be expected because
of the family history. In one whose blood was studied on the fourth
day of life, a prothrombin consumption typical of hemophilia was
obtained Likenise in a second infant who bled followmg circumei-
sion the prothrombin consumption test was low and has remained
abnormal and the child subsequently shawed signs of a hemorrhagic
tendency. In the third boy the test has been consistently normal
The prothrombin time and other hemostatic tests are normal in hemo-
philia It should be remembered, ho“cvcr, that the disease can be
C icated by bocytopenia, hypop binemia, a arculat-
ing anticoagulant and other conditions  Table 1 is helpful in dif-
ferentiating hemophilia from other hemorrhagic conditions

Acquired Hemophilic-Like Diseases, —It is entirely reasonable to
wipect that the factor, thromboplastmogen, which in true hemo-
phlha xs reduccd by an inborn defect, may be dacrcasecl in normal

to acquired hypor It appears
likely that the case described by Joules and Macfarlane® of 4 woman
with a hemophilic-like diathesis might well belong to this category
In all such cases the platelet enzyme inhibitor {circulating anticoag-
ulanty must be ruled out, before a chagnosis can be made

Hypoprothrombinemia. —According to the classical theory, pro-
thrombin was idered to be a unitary sub , but the discovery
1n 1943 of a labile factor®® which was found to be equally as necessary
for prothrombin activity has led to a revolutionary revision of the
concept of prothrombin  Quick and Stefamini® found that the labile
factor was not an accc]era!or of prothrombin comersxon but an
actual ¢ parti n the hi reaction to form
thrombin The) “ further estabhshed that in addition to the free
prathrombin, human plasma also contawed 2 large amount of the
Pmthrombm in a precursor state which for convenuence can be des-
ignated prothrambinogen  For the activation of the latter a rough

surface and perhaps an additional factor tentatively designated co-
factor are necessary The prothrombin complex can be presented
dlzgrammahcally table 4

Prothrombin activity as measured by the one-stage method is de-
pendent upon the concentrations of free prothrombun, the labile factar
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and calcium. The latter appeats to be combined with a compound
which is necessary for the reaction but the nature of this compound
and its réle remains unknown It has been proven experimentally
that a prolonged prothrombin time can occur either from a decrease
of free prothrombin or from the lack of the labile factor. Thus far
no other factor has been found either experimentally or clinjcally
which increascs prothrombin activity in fresh plasma other than the
concentration of free prothrombin itself
The réle of prothrombinogen remains an enigma  While it gradu-
ally becomes converted to the frec state when oxalated or citrated
plasma is stored in glass and is rapidly activated when blood is al-
lowed to clot in glass, there is no evidence that any appreciable
conversion occurswhen coagulation takes placeinasilicone-coated con-
tainer Since coagulation in silicone-coated vessels perhaps approxi-
mates more closely the endothehial lining than does glass, it scems
questionable whether the prothrombinogen plays any tmmediate role
in physiological clotting It must further be remembered that only a
part even of the free prothrombin is converted to thrombin during
coagulation Apparently there exists a ratio of free to total prothrom-
bin and as the total is reduced the free decreases proportionately
Preliminary studies indicate that this occurs in Dicumarol therapy.
The C ital Types of Hyp h bi is.—Soon after the
relationship between vitamin K defici and hypoprothrombinemi
was established, Rhoads and Fitz-Hugh** described a case in which a
hypoprothrombinermia was present from early Yife  Neither the bleed-
ing tendency nor the prothrombin level responded to vitanun K. They
called the condition idiopathic although it probably was congenital.
In 1943 Quick®* discovered a new prothrombin factor which decreases
rapidly in stored ovalated plasma, but remains unaffected by Dicuma-
rol and vitamin K deficiency Quick stated that although a decrease
of this factor (which he later designated as the labile factor) has been
observed only tn vitro, “it is entirely probable that clinical hypopro-
thrombimemia due to lack of this factor may occur  One year later
Owren® found the first case resulting from a deficiency of the labile
factor He named the condition parabemophilia, which unfortun-
ately 1s a confusing term
In 1946 Quick® reported that he had found a fixed lowered pro-
thrombin in a young healthy medical student  For a period of several
years the prothrombin time remained at 15} to 16 seconds instead of
12 seconds which 1s the normal value He found that the subject’s
mother and sister also had this fixed prothrombrn time of 16 seconds
It showed clearly that the defect was both congenital and hereditary
Later Quick® studied another famly m which two boys with a bleed-
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ing tendency had a prolonged prothrombin time, Significantly it
remained conslstcntly at 19 to 20 scconds. The defect seems certain
to be congenital since the bleeding tendency was discovered in one
of the boys when he was circumcised at the age of 7 days. Vitamin
K had no effect on the prothrombin level of either family and in both
the labile factor was normal. Surprisingly, when the blood of the
fisst subject was added to an equal volume of the blood of one of the
boys of the second family, the mixed blood had a normal prothrom-
bin time.

From these results it became obvious that the hypoprothrombine-
miza of the medical student was not identical with that of the two
boys of the second family. Further study disclosed that in the first
case the total prothrombin was practically normal and that only the
frec was diminished In the second type both the free and the totat
were diminished  The mutual correcting effect of the two bloods can
be explained satisfactorily as follows: The blood of the first subject
is lacking in the co-factor necessary to convert prothrombinogen to
reactive prothrombin, whereas the second type blood contains the
co-factor but is deficient in prothrombinogen On mixing the two
bloods, the co-factor of type 2 converts enough of the prothrombino-
gen of the first blood to bring the Jevel of the reactive prothrombin in
the mived blood to normal.

From the studxes reported thus far. one can conclude that three

types of conge,© ** --*-+ - —-asured by the
one-stage test tor) 1s readily
diagnosed, for (deprothrom-

binized with tricalcium phosphate) to 9 volumes of the plasma to be
tested, the prothrombin time becomes normal ~ For establishing the
diagnosis of the second type in which only the free prothrombin is
reduced, the following procedure is employed  Blood is collected in
silicone-coated glassware and centrifuged at 4,000 RPM in an
Angle Centrifuge for 15 minutes to remove the platelets. The plasma
1s transferred to a glass tcst tube and allowed to clot Under these
conditions, the prot} b 15 converted comy Iy to free pro-
thrombm che the removal of plate)ets stops the actwatmn of

e Ahanaad 0

of Quick. If the hypaprothrombin belongs to the second type, the
total prothrombin will be the same as that of normal blood  In the

th\rd t)pe the total is marked]y dlmxmshed
Hy inary studies indicate

that vltamm 1\ deﬁczency causes 2 dccrease of both free and total
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prothrombin but does not affect the concentration of the labile factor.
In Dicumarol poisoning both the free and total are diminished, but
the mechanism whereby this is brought about remains undetermined.
The labile factor is not affected by this drug ** In experimental liver
damage, Quick®* obtained evidence that both prothrombin and the
labile factor are reduced. This has been verified by Munro and his
associates®™ who noted a decrease of both components after total
hepatectomy Recently Sykes, Seegers and Ware* have also noted
that Ac-globulin (which appears to be identical with the labile factor)
is dimimshed after liver damage with chloroform.

Since the labile factor is rarely diminished clinically, the one-stage
prothrombin test, which estimates free prothrombin, has in the decade
and a half since its introduction into the chnical laboratory yielded
consistently reliable results for diagnosis, prognosis and control of
therapy  Nevertheless for accurate scientific studies, new methods,
particularly the procedure of Quick and Stefanini®® 1n which the pro-
thrombin is adsorbed by tricalcium phosphate and eluted with sodium
trate, are recommended to complement but not to supplant the
one-stage method

Hypofibri ia.—The 1 type of hypoprott b
ma 13 not only an exceedingly interesting clinical entity, but it has
served as a source of valuable information, Pinniger and Prunty®
found that the platelets agglutinated when the blood was placed in
2 glass test tube, and that thrombin was formed  Recently Quick*®
noted that the prothrombin consumption was very rapid in afibrino-
genemic plasma which 15 explained by the absence of fibnn which
adsorbs thrombin and slows the thrombinogenic cycle Of greatest
importance 1s the obscrvation that patients with complete absence
of fibrinogen often have a relatively mild hemorrhagic diathesis The
patient of Pinmger and Prunty 1s menstruating regularly  Although
the flow 1s heavy, it stops spontaneously at the end of about 7 days
At times these patients will have hittle bleeding following such trauma
as results from tooth extraction, which i a hemophihac invariably
causes serious hemorrhage

The diagnosis is readily made  The blood 1s collected and oxalated
asin the prothrombin time test  If no clot forms on recalcification and
on the addition of thromboplastin the absence of fibrinogen 15 sug-
gested The plasma is then mixzed with an equal volume of rabbit
plasma deprothrombinized with tricalcium phosphate and the pro-
thrombin time of the mixture determined  If the condition is uncom-

RO N
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ing hypoprothrombinemia is present  In determining the fibrinogen,
it is to be recommended that it be done by two methods In the
first procedure the fibrinogen should be clotted by the addition of
thrombin and in the second the fibrinogen should be precipitated
with half saturated sodium chloride A simple means to test whether
any fibrinogen 1s present 1n blood, is to heat the oxalated plasma at
60° C for 10 minutes At that temperature, the albumen and
globulin are not coagulated

Platelet Defici in V: ictor Principle.—Smce platelets
supply a vasoconstrictor substance on lysis, it is theoretically possible
that under certain pathological conditions platelets may be produced
which lack this pressor agent The writer has seen a patient who for
several years has had a platelet count consistently over two million
Paradoxically, he has a hemorrhagic tendency On one occasion he
has required several transfusions before the bleeding following the
extraction of a tooth was stopped He develops spontaneous deep
hematomas His coagulation time, bleeding time, prothrombin con-
centration and prothrombin consumption and fibrinogen are normal
There ts a definite likelthood that Ius platelets are functionally defi-
cient The bleeding and thrombocytosis began shortly after splenec-
tomy As soon as a reliable clinical method for determinng the vaso-
constricting agent in platelets is developed, the functional properties
of this patient’s platelets will be studied

Since the vasoconstrictor agent in platelets is an established fact,
1t is desirable that a switable name for this substance be selected
Reid* has proposed the name *thrombocytm " while Rapport and
his associates® have designated the pressor factor in serum, which is
probably identical with the platelet agent, “serotomin ” Perhaps a
compromise name, “thrombotonin” might be selected This name
suggests both the source and action of the compound

Heparinemia. —Although heparinemia can readily be produced mn
dogs either by anaphylactic shock or by injection of peptone, the
appearance of heparmn m human blood 1s uncommon It is difficult
to find m the medical literature any evidence that heparin has ever
been found to be the primary cause of any hemorrhagic discase in
man Jorpes,® to be sure, cites one condition, urticaria pigmentosa,
in which mast cells accumulate about the capillares ot the skin Since
these cells are rich in heparm, and since petechial hemorrhages are
common in this disease, he imphes that a causal relation may exist

Recently Allen and Jacobson? found that 1n certain purpuric condi-
tions such as resulted from exposure to ionizing radiation the appear-
ance of 2 heparnotd substance in the blood can be detected Ths
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substance is determined by the protamine titration developed by
Allen and his co-worhers ¢

To establish the presence of heparin in blood, the titration of
plasma with varying concentrations of thrombin according to the
method developed by Quich™ js simple and reliable. With this test
the amount of heparin can be estimated wath a high degree of ac-
curacy

Recapitulation. —1he hemorrhagic diseases can be grouped into
two general classes  The fiest consists of those entities in which the
defect is 1n the vessel itself while in the second the fault js traceable
to the blood  The second class is clinically the more important since
it includes the more common ty pes of the hemorrhagic diseases These
ma) be subdivided into lhc hy polhrombophshncml;\s hy poprothrom-

ias, and hypofibri ¢ prothrombin consumption

test determines the existence of the first, while the prothrombin time
procedure establishes the presence of the second
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Chapter 4

TREATMENT OF THE HEMORRHAGIC DISEASES
AND SURGICAL HANDLING

WHENEVER hemorrhage is encountered, the decision has to be made
whether it is purely traumatic in origin or whether it is brought on
or accentuated by a basic hemostatic defect. Generally, no difficulty
is experienced in recognizing bleeding conditions arising solely from
trauma, and both the internist and the surgeon have learned from
long experience the various means for controlling this type of hemeor-
rhage Treatment runs the wide gamut from an injection of mor-
phine to control hemoptysis to ligation of a severed or corroded artery
Obviously the subject of hemorrhage m the normal patient is too
extensive for adequate presentation, and discussion will, therefore,
be limited to the control of blecding in the hemorrhagic diseases

The first prerequistte for the rational treatment of hemorrhage is
an accurate diagnosis In the preceding chapter an outline of the
known hemorrhagic diseases was presented and their characteristics
discussed 1n order to provide a guide for diagnosis and treatment.
The clinical approach to the bleeding condition is the same as to any
other diseascs A careful history is essential and in obtaining it, a
specific inquiry should be made in regard to the presence of a bleeding
tendency in the individual and in his family. Attention to minor
signs and symptoms is important  Repeated nose bleeds may some-
times serve as the clue to the diagnosis of pscudohemophilia and
telangiectasia  Easy bruising in an infant may be noted by parents
for a long time before a diagnosis of hemophiha is made

Often serious difficulties are encountered when an attempt 1s made
to decide whether hemorrhage from a known lesion 1s accentuated by
a concomitant coagulation defect A specific instance is the bleeding
of esophageal varices in hepatic cirrhosis with an accompanying mild
hypoprothrombi A second ple is hemorrhage in pulmo-
nary tuberculosis and a co custing state of hypoprothrombinemia
Such complications may lead to sertous consequences. Thus, the
development of a gastric ulcer in a patient with pseudohemophilia
may give rise to bleeding that will require heroic efforts to prevent
the patient from becoming exsanguinated 5

In the diagnosis of the hemorrhagic discases, the laboratory is

(64)
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indispensable, but oddly enough only three tests are needed in the
majority of instances to establish a dmgnesxs, ‘The three tests are: (1}
the biceding time, (2) the prothrombin time and (3) the prothrombin
consumption determination  The coagulation time yields httle i
any additional information, but it has eccupied an honored position
in the list of Jaboratory procedures so long that few will have the
temerity to omit it. When carefully performed, the Lee-White pro-
cedure serves as a screening lest A prolonged coagulation is always
significant, but a normal clotting tire does niot exclude serious coag-
ulation defects in the blood. Tt cannot be emphasized too vigarously
that normal bleeding and clotting times offer na assurance that the
patient has a narmal hemostatic mechanism and that he will not
bleed postoperatively A careful evaluation of the patient’s answer
to the simple question: " Do you bleed easily?” may be far more
significant than a carefully performed coagulation time test

Hereditary Telangiectasia. —Since no means have been found to
Pprevent or cure this disease, therapy 1s mainty directed to the control
of bleeding by local means  Nase bleed can often be stapped by the
insertion of 2 small batloon which on mflation acts as a pressure tam-
pon* Various agents have been recommended for destroying the
nevi  These have been reviewed recently by Figi and Wathins ¥
These authors conclude that electro-coagulation of the leston is the
most effective means to stop nasal bleeding

A hopeful note m therapy s found in the report of Kushlan™ that
utin, a flavone glucaside, markedly improved the bleeding tendency
in telangiectasia  Cope and Grover® have also obtamed favorable
tesults n one case  Should these findings be substantiated by studies
an 2 larger sertes of cases, 1t will mask the first encouraging advance
in the treatment of this troublesome disease It now appears that
the early reports were probably too optwmstic  Glass' recently
reported that three cases of telangiectasia faied to respond to this
therapeutic agent

Since the lesions are superficiat and the coagulation of the blood?”
entirely normal, ne trouble 15 encountered when a patient with this
discase undergoes surgery A transfusion of blood wll bave no effect
on the basic hemostatic defect of the disease, but may be bemeficial
since these pauients frequently have a secandary microcytic anemi
Adequate admimstration of ren is also essential 1 treating the
anemia

—The of hemorrhage in this dis-
ease is most unsatisfactory especially if the hleeding comes from an
inaccessible location such as the stomach  Transfusions of hlood or
plasma are appasently entirely mefigctive except {or maintaming the

5
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hemoglobin above the safety level and counteracting shock ~ Splenec-
tomy has given disappointing results, and may be a hazardous pro-
cedure  The most common forms of hemorrhage in this disease are
epistaxis and bleeding after extraction of teeth Both are amenable
to local measures such as pressure tampons. ‘The use of fibrm foam,
sponge gelatin or oxidized or absorbable cellulose with or without
thrombin should have therapeutic value, but no extensive studies
apparently have been made. McLaughlin® used gelfoam (sponge
gel) on one patient with partial success

It is interesting that the bleeding time which is the best criterion
to judge the severity of the hemorrhagic tendency does not remain
constant but shows marked variations The cause for these varia-
tions is not known If means can be found to shorten the bleeding
time, a marked advance in the treatment of pseudohemophilia will
undoubtedly result

A serious problem arises when a subject with this disease requires
surgery since the severity of postoperative bleeding is unpredictable
and the control unsatisfactory If an emergency operation is re-
quired, it should be recognized that many transfusions may have to
be given before bleeding is permanently stopped

Purpura.—Capillary hyperpermeability which gives rise to super-
ficial skin and mucous membrane hemorrhage may occur without any
demonstrable qualitative or quantitative change in the platelets, or
it may be accompamed by a marked thrombopenia in which case
the hemorrhagic tendency 1s usually much more severe

In the non-thrombocytopenic purpuras, the control of hemorrhage
15 usually not a serious problem In the Schonlein-Henoch Syndrome
gastro-mtestinal bleeding may be troublesome, but it is generally
overshadowed by other symptoms and signs which are more sinister
Often the abdominal colic, the rigidity and the distension are so ex-
treme, that it becomes difficult to decide 1f the patient should be
transferred from medical to surgical care Thus 1s particularly true
in the case of infants i whom intussusception is a recognized com-
plication of Henoch’s disease  Only recently Benson and Martmer®
have reported such a case and have given references to previous ac-

+ noh-
thrombocytopenic Lype 4L Like DICEULLE 16 SeVere elougn Lo cause 2
marked anemia, transfusion of whole blood is indicated If surgery
is necessary, it can be carried out without trepidation, insofar as the
danger from hemorrhage 1s concerned It should be mentioned that
2 heredhtary condition of capillary weakness is apparently not un-

common  Davistt calls this state a hereditary familial purpura sim-
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tomy has given disappointing results, and may be a hazardous pro-
cedure.® The maost common forms of hemorrhage in this disease are
epistaxis and bleeding after extraction of teeth. Both are amenable
to local measures such as pressure tampons.  The use of fibrin foam,
sponge gelatin or oaidized or absorbable celfulose with ar without
thrombin should have therapeutic value, but no extensive studies
apparently have been made, McLaughlin®® used gelfoam (sponge
gef) on one patient with partial success.

1t is interesting that the bleeding time which is the best criterion
to judge the severity of the hemorrhagic tendency does not remain
constant but shows marked variations. The cause for these varia-
tions is not known If means can be found to shorten the bleeding
time, a marked advance in the treatment of pseudohemophitia will
undoubtedly result

A serious problem anses when a subject with this disease requires
surgery since the severity of postoperative bleeding is unpredictable
and the control unsatisfactory If an emergency operation is re-
quired, it should be recognized that many transfusions may have to
be given before bicedng s permanently stopped

Purpura.—~ Capiltary hyperpermeability which gives rise to super-
frcral skin and mucous membrane hemorrhiage may occur without any
demonstrable qualitative or quantitative change in the platefets, or
it may be accompanicd by a marked thrombopenia in which case
the hemorthagic tendency is usually much more severe.

In the non-thrombocytopenic purpuras, the control of hemorrhage
15 usually not a serious problem  In the Schonlein-Henoch Syndrome
gastro-intestinal bleeding may be troublesome, but it 1s generally

hadowed by other symy and signs which are mare sinister.

Often the abdomunal colie, the rgidity and the distension are so ex-
treme, that st becomes difficult 1o deade if the patient should be
transferred from medcal to surgical care  This 15 particularly true
in the case of infants 1w whom ntussusception s a recognized com-
plication of Henoch's disease  Only recently Benson and Martmer®
have reported such a case and have given references to previous ac-
counts of ntussusception secondary to anaphylactoid purpura,

There is no specific treatment for purpunc bleeding of the non-
thrombocytopenic type  If the bleeding 1s severe enough to canse 2
marked anemia, transfusion of whole blood »s mdicated  1f surgery
is necessary, it can be carnied out without trepidation, nsofar as the
danger irom bemorrhage is concerned It should be mentioned that
2 hereditasy condition of capMlary weakness is apparently not un-
common Daws® calls this state a hereditary familsal purpura sim-
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epistaxis and bleeding after extraction of tecth. Both are amenable
to local measures such as pressure tampons  The use of fibrin foam,
sponge gelatin or oxidized or absorbable cellulose with or without
thrombin should have therapeutic value, but no extensive studies
apparently have been made. McLaughlin® used gelfoam (sponge
gel) on one patient with partial success

It is interesting that the bleeding time which is the best criterion
to judge the severity of the hemorrhagic tendency does not remain
constant but shows marked variations The cause for these varia-
tions is not known If means can be found to shorten the bleeding
time, 2 marked advance in the treatment of pseudohemophilia will
undoubtedly result.

A serious problem arises when a subject with this disease requires
surgery since the severity of postoperative bleeding is unpredictable
and the control unsatisfactory If an emergency operation is re-
quired, it should be recognized that many transfusions may have to
be given before bleeding is permanently stopped

Purpura, —Capillary hyperpermeability which gives risc to super-
ficial skin and mucous membrane hemorrhage may occur without any
demonstrable qualitative or quantitative change in the platelets, or
1t may be accompanied by a marked thrombopenia in which case
the hemorrhagic tendency 1s usually much more severe.

In the non-thrombocytopenic purpuras, the control of hemorrhage
is usually not a serious problem In the Schonlein-Henoch Syndrome
gastro-intestinal bleeding may be troublesome, but it is generally
overshadowed by other symptoms and signs which are more sinister
Often the abdominal colic, the rigidity and the distension are so ex-
treme, that 1t becomes difficult to decide if the patient should be
transferred from medical to surgical care This is particularly true
in the case of infants 1n whom intussusception is a recognized com-
plication of Henoch's disease  Only recently Benson and Martmer®
have reported such a case and have given references to previous ac-
counts of intussusception secondary to anaphylactord purpura

There is no specific treatment for purpuric bleeding of the non-
thrombocytopenic type If the bleeding is severe enough to cause a
marked anemia, transfusion of whole blood is indicated If surgery
is necessary, it can be carried out without trepidation, insofar as the
danger from hemorrhage is COl:lCEl'ned It ShUl'lld be mentioned that
a hereditary condition of capillary weakness is apparently not un-

common Davis calls this state a hereditary familial purpura sim-
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The common causes of thrombocytopenia with normal or hyper-
plastic bone marrow are:
1) Infection {Virus, bacteria and occasional higher forms such as
plasmodia, #fc.).
2) Blood dyscrasias (Particularly acute leukemias).
3) Allergy (Drugs, foods, synthetic hormones).
4} Diseases of the lver
3} Ionizing radiation
Tins st serves as a guide for determining the agent and factor
responsible for the decrease in the platelet count and the hyperper-
weability of the penpheral capillaries  Sometimes it becomes difficult
ta deaide whether one agent is responsible for both the effect on the
platelets and on the capillanies It 15 not uncommon to observe a
child with an acute lymphatic feukemia to have a negative tourniquet
test, a normal bleeding time and no purpura in spite of a platelet count
below 25,000 As saor, however, as aminoptynm {(a folic acid antag-
onist) is adminj: d a marked bleeding tendency may develop,
petechia will appear and both the tourmguet and the bleeding time
test becorne positive without any change in the platelet count Obser-
vations such as these lead one 16 conclude that although thrombocyto-
pema and purpuric bleeding are closely associated, they are separable
factors
The first step in the treatment of thrombocytopeate purpura is to
semove the canse when possible  This is readily accomplished when
the condittan 1s caused by a drug or faod to which the patient has
developed sensitivity  The clearing of an infection may cure the
purpura, but there may be a considerable lag in the time required for
the purpura to disappear and the bieeding to stop
Although transfustons are frequently given, there is no good eve
dence that they bave any besefictal cffect other than combating
anemia  Lawrence, Valentine and Adams? found that the platelet
count could not be elevated i thrombocytopenta by even large vol-
umes of fresh blood 3t is a common experience that the bleeding
tendency lkewse s httle altered by the administration of fresh bloed
It appears logical, therefore, to employ transfusions primardy to cor-
rect the anemis, and to be guded solely by the erythrocyte count and
the hemoglobin level as to when they should be given Many tvpes
of treatment have been suggested from time to fime  The alder of
these measures are reviewed by Quick”  They mclude spleaic -
radiation, snake venom, vitamns C and P. parathyroid bormone, and
drugs rlated chemyeally to epinephnne  In spite of the imtsal en-
thusiasm with which these agents were first reported, subsequent
critical stuch apparently has found them wanting  Of probable great
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significance is the recent report of Meyer, Miller and Bethell?™ that
three patients sath idiopathic thrombocyfopenfc purpura bad a
prolonged clinical and h logical remission after 2 single course
of therapy with ACTH A dose of 100 mg. was given for 8 to 13
days  Similar results have also been published by Robsan and Dy-
thigts.

Recently Alen and his associatest have reported promising results
with tolwdine blue and protamine sulfate, Both these substances
antagonize of neutralize the action of hepann  While there is no
proof that actual heparia is present in the blood, Allen has by meaas
of his test, the protamine titration, adduccd evidence of a condition
which he has named a heparinoid state  In many instances, he has
found that a bleeding condition in which the protamine titeation is
devated would respond to these two drugs given intravenonsly Allen
and his co-worherst recommend that a daily dose of 7 ta 10 mg, of
teluidine blue per kilogram of bedy weight be given intravenously
for 3to 6 dass. The dose of protamine sulfate 1s 130 my. Both must
be given in several hundred cc of physiological saline solution and at
avery stow rate  Allen and his group have found that toluidine hlue
is intffective 1n the idiopathic type of thrombocytopenic puspura, and
this also has been the observation of other workers,® From these
limited studics, it appears that in certain hemaerrhagte conditions
these drugs eilect a dramatic curative action, hile in others including
cases with thrombocy topenia no benefit is obtained

Vitamun P and related flavone corpounds, patticulasly rutin, have
Leen tned therapeutically for controiing purpuric bleeding with
equivocal results  Recently a more tavorable response has been re-
ported i a group of conditions named radialion discase, These
studies are reviewed by Levitan ®

The writer has observed in a small number of cases of thrombo-
cytopenic purpura in chuldren a favorable response to fohe acid
Curiously, the bleeding stopped lang hefare the platelet count began
totncrease  The senes 1s sull too small, however, to warrant drawing
any definite conclusions

Hemophilia. ~Until very recently, attempts a1 therapy w hemo-
philia could be best desenbed by the sunple Auglo-Saxon word—~
“grouping Al treatment had to be on an empincal basts since the
nature of the discase was not understood  Nevertheless, 2 number
of observations were made which have been of tmmeasurable value,
The mast waportant of these was the finding that transfussons defi-
nitely assisted mn controlling the bleeding It ts tnteresting to note
that Lane® over one hundred years ago gave a blood transfusion to a
hemopt ,who had been op d on for correction of squint, and he
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thereby controlled the serious postoperative bleeding  In 1922 Stege-
mann*® summarized the reports of 12 European workers who obtaned
good results using transfusions in hemophliacs undergoing surgery
Nevertheless, the failures, which rarely are reported, unguestionably
far outnumber the relatively few reported successes which have
been summarized in the papers of Mertz and Meiks,” Schiller and his
co-workers#* and Craddock and his associates.” The latter makes the
significant statement: “Emphasis is placed on the failure of the
coagulation time to indicate the severity of the hemorrhagic tendency
or the degree of response to treatment ”

A rational approach to a reliable control of hemophilic bleeding is
contingent on understanding the nature of the disease. It has been
recognized by many investigators that hemophilic blood lacks a factor
necessary for the conversion of prothrombin to thrombin. Some like
Bendien and Creveld,* Patek and Taylor and their associates,™ #
Lenggenhager®™ and others believed that this factor is a plasma con-
stituent, whereas many other workers including Howell,” Fonio® and
Brinkhous® ” maintained that the prothrombin activator or thrombo-
plastin is supplied by the disintegrating platelets and that 1n hemo-
phulia the platelets are broken down too slowly to meet thehemostatic
demands Quick who had also shared these views prior to 1947,
showed that the hemophiliac has a congenital lack of the thrombo-
plastin precursor found in the plasma, which he named thrombo-
plastinogen **  His experimental findings showed that this precursor
is activated by a platelet factor In other words, the platelets do not
supply thromboplastin but activated it from a plasma precursor
By means of the prothrombin consumption test, he was able to obtain
a fairly quantitative estimation of the thromboplastinogen concen-
tration

On the basis of Quick’s studies, one can postulate that the basic
defect in 1 philia is a defi y of thromboplastinogen which ac-
counts for a low production of thrombm This not only causes a
delayed clotting time but a very incomplete lysis of platelets, thereby
causing an inadequate liberation of the vasoconstrictor on which
effective hemostasts depends ~ The abnormal bleeding is not due to
a failure of a clot to form, but to a lack of the clot to supply the pressor
agent By transfusion of normal blood, thromboplastinogen is sup-
plied and the basic defect partially corrected

From personal observations of various kinds of bleeding encount-
ered in hemophilia, the writer has come to the conclusion that at least
90 per cent comes from rupture of minute arteries and arterioles
The larger arteries having thicker and stronger wallsas well as the pro-
tection of their deeper location are rarely involved except in major
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accidents. The hemophiliac has no trouble controlling capillary
hemorshage as evidenced by the fact that the bleeding time, which
measures the capiliary response, is normal - Significantly, the bleed-
ing time tends to remain normal until the cut is about 6 mm. deep, v
when presumably arterioles are severed.

The hemophifiae has tw o normal hemostatic responses the initiafor
primary vascular contraction immediately after injury snd the ghiing
effert when cndothelium is pressed together, which is particulardy
effectise in controlling capitlary bleeding. The first is often not suf-
fictent in itself  Thus, bleeding resulting from the astraction of a
tooth 15 often temporarily controlled, but after the initial contraction
has passcd b)cedzng resumes bccausc the thmbm phase is defectise
Undoubtediy, the adh dathelium is the most
important means whereby most of the bleedsng in hemophilia is even-
tually stopped and this fact he!p: to muonzlxze local therapy

The fisst step in hage locally is the
application of cold and pressure By means of cold, preferably an
1ce bag, the vessefs in the area are contracted and the blood pressure
decreased  Under these conditions there is a greater opportunity
for the inured vessel to be sealed by endothelial adhesiveness Under
no conditions should heat be applied 1t is not uncomumon 0 see 1
minor blecding hecome massive as the result of using heat locally The
application of pressure 1s more fimted in scope, swce it is ineflectave
unless the Jocation of the hemorrhage issuitable A pressure bandage

pily apphed 1o a b h or to 3 beginning hemorrhage
it a muscle of an arm or leg often effectively hastens stanching and
fiumats the size of the hemorrhage  Simple prolonged pressure upward
agamst the side of the nose to bring the turbinates agamst the septum
occasionally is enough to stop epistasss  The cardinal ponts of Jocal
treatment are cold, pressure and rest  If these measures fail to bring
the bleeding under control, & transfusion of fresh or iyophilized plasma
should be given  The effect of this measure should be determimed by
the prothrombin consumption test as wilt be discussed Jater  Sinee
evidence is accumutating whieh makes st appear probable that trans.
Tusions may sometitnes cause the appearance of a circulating ante
coagulany, {an antagomst to the platelet enzyme) ot seems )udu:ious
to give blood or plasma only when there 1s defimte need for it
One of the most senous sequele of interstitial hemorrhage 15 pres-
sure atrophy  If there are chimical signs that this 1s occurtg, the
blood must be aspated after the patient has been prepared with 2
plasma transfusion  Subperiosteal hemorrhage may cause bone at-
rophy and pseudotemors which at tumes may be mistaken for bone
sarcoma since they simulate the roentgen changes of the later agcord-
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thereby controlled the serious postoperative bleeding. In 1922 Stege-
mann summarized the reports of 12 European workers who obtained
good results using transfusions in hemophiliacs undergoing surgery.
Nevertheless, the failures, which rarely are reported, unquestionably
far outnumber the relatively few reported successes which have
been summarized in the papers of Mertz and Meiks,* Schiller and his
ca-workers!? and Craddock and his associates.® The Jatter makes the
significant statement: “Emphasis is placed on the failure of the
coagulation time to indicate the severity of the hemorrhagic tendency
or the degree of response to treatment ™

A rational approach to a reliable control of hemophilic bleeding is
contingent on understanding the nature of the disease. It has been
recognized by many investigators that hemophilic blood lacks a factor
necessary for the conversion of prothrombin to thrombin, Some like
Bendien and Creveld,* Patek and Taylor and their associates,% ¥
Lenggenhager®™ and others believed that this factor is a plasma con-
stituent, whereas many other workers including Howell,* Fonio® and
Brinkhous® 7 maintained that the prothrombin activator or thrombo-
plastin is supplied by the disintegrating platelets and that in hemo-
philia the platelets are broken down too slowly to meet thehemostatic
demands  Quick who had also shared these views prior to 1947,
showed that the hemophiliac has a congenital lack of the thrombo-
plastin precursor found in the plasma, which he named thrombo-
plastinogen ¢ His experimental findings showed that this precursor
is activated by a platelet factor In other words, the platelets do not
supply thromboplastin but activated 1t from a plasma precursor.
By means of the prothrombin consumption test, he was able to obtain
a fairly quantitative estimation of the thromboplastinogen concen-
tration

On the basis of Quick’s studies, one can postulate that the basic
defect in hemophilia 15 a deficiency of thromboplastinogen which ac-
counts for a low production of thrombin This not only causes 3
delayed clotting time but a very incomplete lysis of platelets, thereby
causing an inadequate liberation of the vasocomstrictor on which
effective hemostasis depends  The abnormal bleeding is not due to
a failure of a clot to form, but to a lack of the clot to supply the pressor
agent By transfusion of nommal blood, thromboplastinogen is sup-
plicd and the basic defect partially corrected i

From personal observations of various kinds of bl?cdmg encount-
ered in hemophilia, the writer has come to the conclusion that ac'least
90 per cent comes from rupture of minute artenes and asterioles
The larger arterics having thicker and stronger wallsasw ellas the pro-

tection of their deeper location are rarely involved except in major
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Tamg S~Tus Paonzoumn Covstsrrtan Tiae Tast as & Meass 1o Test
The E3Icacy or Nowiat BLooo 1o Correer e Drreer or Hiovormae Ruoon
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Prothromlun Consumption Hime
m Sreonds®
Time afier farmatron of u seird elot

Clotting
Time Tube [ienn  Swwm [Smm G0smun

Normal (3]} 6ma, 1 6 it 28 30
11 iy 15 b

1t 13

Hemaphilee (LK) 5o 1 B 8 3§ 8
i 13 & B}

m 4
I{rmophﬂme LK) 2ma 3 13 15 144 44
A it 124 13 13
\omal (A}) 110} m 12
Hemophulac (LK} & oun 1 & 10 0 1
After transfusion. it 7 13 13
of 230 cc of ho- w A¢]

phelized plasma

* The procedure of Quuk was usd
** The blood was rmxed 10 a test tube

It will be observed that the patient’s blood responded to normal
blood and plasma both 1n vitro and in vive  While the transfusion
did net brang the prothrombin consumption time to the normal level,
it did apparently elevate it sufficiently to meet the hemostatic de-
mands  After a weeh at this fevel, the transfussons were stopped
No more gozing pceurred than s usually obsersed in a nosmat subject
Similar results harve heen obtaned in several other orthopedic opera-
tions and 1n one appendectomy sn which a rormal appendix, but a
retropentoneal hemorrhage, was found

Obviously the sertes 1s too small to put 2n unquabified stamp of
approval on the prothrombin consumption test It 1s 1o be emphasized
that the test will require much study before its reliabiny is fuly
esmbhshed It seetas certan that it does not measure solely the

inogen ¢ 1t appears to be influenced by a
fattor which whibits the platetet enzyme  Thus, one should cansxder
that the test n its present forra he
plastic actvity  Interestingly enough thes activaty vancs v normal
dividuals, and therefore some donors are more satisfactory for cor-
secting hemophilic blood than others  This is sflustrated 12 table 6

On examining the results of table 6, it s clearly seen that Subyect

M S s blood clevated the prothrombin consumption time of the
hemophile blood definately more than did the blood of A J in spite
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ing to Echternacht.® For a summary of bone complications, the
article of this author as well as the paper of Ghormley and Clegg™
should be consulted.

The neurological complications are even more sertous, Bleeding
into the brain or spinal cord is usually difficult to cope with; but
oceasionally an intrepid decision to operate to relieve the pressure
is rewarded by a brilliant result, as for instance one recorded by Schiller
and his associates** who obtained a partial recovery of a paraplegia,
duc to a subdural spinal hematoma, by an extensive laminectomy.
The various neurological complications of hemophilia with a review
of the literature are presented by Aggeler and Lucia.!

Not only is it essential to stop hemorrhage, but it is equally as
important to avoid permanent damages such as ankylosis and muscle
atrophy D diately after the bleeding into a muscle or joint has
subsided, heat should be cautiously applied to hasten the readsorp-
tion of extravasated blood. Later, diathermy, passive exercise, and light
massage yield valuable results When recovery is complete, active
exercise is recommended to maintain good circulation, for in that
mannes the jomnt is brought into its normal state  Swimming is par-
ticularly to be recommended Physiotherapy is unfortunately stil
inadequately employed in the treatment of the sequela of hemophilic
blecding  Prolonged splinting and rest for hemasthrosis explains
many of the ankyloses that one sees so frequently

One observation that the wnier has failed to find in any discussion
of hemophilia 15 that when bleeding has occurred into a joint, cspe-
clally if repeatedly, attacks of arthritis, generally caused by strain
or overwork of the joint, are common There 1s even evidence at
times of effusion nto the joint It is difficult 1o dufferentiate between
this inflammatory state and true hemarthrosis  Blood transfusions
are of no value in the treatment of the arthritis

Surgery in hemophilic subjects presents an interesting and impor-
tant problem  While a surprisingly large number of hemophuliacs have
survived operations, 1t is no exaggeration to say that multiple trans-
fusions and a hind fate tipped the balance in their favor In none of
these cases was any control used other than the coagulation time,
which Craddock and his assoctates? justifiably condemn as indicating
neither the severity of the condition nor the degree of response to
treatment  With the develop of the prothrombi ion
test, a new means {or measuring the response to therapy has become
available While its limitations should not be underestimated, one
cannot deny that it represents an important step forward, In table
5 the application of this test to the practical problem of preparing 3
hemophilic for an extensive bone operation is presented
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given. It appears that the hemostatic potency of blood is increased
rather than decreased by anemia. 1t should also be remembered that
most hemophiliacs have a remarkable ability to regenerate erythro-
cytes.

Infection complicates the problem of hemostasis in hemophilia.
The extraction of an infected tooth for instance in a hemophiliac is
always scrious.  Fortunately with the availability of the antibiotics,
the control of infection is now usually possible  Granulation tissue
may frequently be the cause of considerable bleeding and may hase
to be cauterized and destroyed to stop the oozing of blood

It should be emphasized that even though many operations have
been successfully carried out on the hemophiliac, one must never lose
sight of the hazard  Even though it is fairly certain that the basic
defect of the discase is lack of thromboplastinogen, a substance which
normal blood contains in excess of its own minimal requirement for
hemostasis, the administration of normal blood to correct the defi-
ciency is sometimes not enough  Before thromboplastinogen becomes
available it must be activated by a platelet factor and the latter js
counteracted by an inhibitor which is a variable even in normal blood
The control of this variable 1s not understood Because of these un-
certaintics it scems best to limat surgical procedures to cmergencies,
and not to undertake electine operations unless reliable laboratory
faalities are available

Hy ia,—The th ic approach to the
bchdmg caused by diminished prolhrombm is simple. The objective
is to bring the level above 30 per cent as measured by the one-stage
method It has been demonstrated both experimentally® and clini-
cally*that a prothrombin time of 20 seconds(using dehydrated rabbut
bram as thromboplastin) is the critical value at which the hemor-
thagic tendency mamfests itself  The prothrombin level can be ¢le-
vated by giving plasma intravenously, or by vitamin K provided the
hypoprothrombinemia 1s caused by a deficiency of this vitamin

The response to vitamin K in uncomplicated avitaminosis K 15
truly remarkable Collentine and Quick produced a drastic bypo-
prothrembinemia 1n a dog by means of an intraabdominal biliary
fistula produced by a cholecystnephrostomy In the course of two
months the prothrombin time dropped from a nomal of 6 to 75
seconds  On giving vitamin K, the prothrombin was promptly re-
stored, but after the supply of the vitamin became exhausted the
prothrombin rapidly fell to the previous low level In table 7, the
effcct of natural vitamin K and of menadione are presented.

The results clearly indicate that natural vitamin X, 1s much more

effective than the synthetic product, menadione  Miller ef al » in
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TABLE 6 ~VARIATIONS 1% NorMAL PLasya 18 IT$ EFFicacy To CORRFCT ThE
Hi mormiLic DeFect

Prothrombin Consumption Time
1 Seconds
Tume afler the formation of a solid clot

Tube [5mm  0mn.  fSmum 60mn

Normal (A J.) 1 s 2 23 2
11 11 28 30

ur 13
Normal (M S ) I 7 15 14} 13}
11 9 20 21

1t 12

Hemophiliac (W S ) 1 7 8 8 8
1 8 8 8

biés 8

Hemophiliac (W S ) 1 [ 104 104 11
19 Vol 11 10 10 10
Normal (A J ) 1 vol m 10
Hemophiliac (W S ) I 11 123 124 12§
9 5ol i 13 13 12}
Normal (M S} 1 vol ur u

of the fact that A J’s prothrombin consumptien time was higher
than that of M 5 Without attempting to explain these secmingly
paradoxical results, the practical conclusion can be drawn that the anti-
hemophilic potency of a normal plasma can only be assayed on hemo-
phitic blood It should be remarked that none of the antihemophilic
globulin fractions have been assayed by this methed. The ability of
an agent to bring a prolonged coagulation time to normal is no meas-
ure of its true antihemophilic potency

Transfusion 1s most effective if given immediately before or even
during the operation The object 15 to mcrcase the thromboplastine-
gen content to as high a level as is feasible in order to achieve perman-
ent hemostasis immediatcly Small amounts of blood or plasma or
plasma fractions may be enough to bring the coagulation time to
normal but not enough to influence the prothrombin consumption
The coagulation time, therefore, is most misleading and often creates
a false sense of security

Plasma is far more valuable in combating hemophilic hemorrhage
than is whole blood  Since the thromboplastinogen 1s contained only
in the plasma, one volume of the latter is equivalent to two volumcs
of whole blood  Another great advantage is that much larger volumes
of plasma can be given when the need arises than of whole blood
Only when the anemia becomes fairly severe, should whole blood be
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administering vitamin K to the mother prepartum, the incidence of
hy poprothrombinemia and bleeding as a result of it is now very Jow
1t is more common at present to encounter hypoprothrombinemia
caused by drugs such as certain sulfonamides and antibiotics which
depress the bacterial flora of the intestines and thereby curtail the
available vitamin K

When an operation has to be done on a very young infant, vitamin
K {preferably the natural K,) should be given pre-operatively and
rpeated daily after the operation until the baby again feeds regularly.

Cholenuc Bleeding.~ Postoj ive hamorrhage m the jaundiced
paticnt prior to 1936 was not only an cnigma, but an excecdingly
scrious problem  \When vitamin K even in crude form was made
available, this type of blecding became only of historic importance
Synthetic vitamin K pruparations for both oral and parenteral ad-
ministration are available commercially. They should be given be-
forc the opcration, and their cffectiveness determined by the pro-
thrombin time  If the prothrombin level fails to be raiscd to the 40
per cent level, a plasma transfusion should be grnven before the opera-
tion A poor response to vitamin K usually indicates liver damage

this is due directly to the low level of prothrombin It is much more
likely to be a purpura, especially of the thrombocy topenic type,
superimposed on the basic prothrombin deficiency  As already men-
tioned Whitescll and Snell have recently reported that thrombocyto-
Ppenia is not uncommon in liver discase  One can be reasonably cer-
tain that whenever the bleeding time becomes prolonged and typical
superficial skin hemorrhage occurs in hypoprothrombinemia or hemo-
philia, the primary condition is complicated by an additional factor.

The hypoprothrombinemia resulting from Jiver disease 15 usually
not seve.e enough to cause a frank hemorrhage tendency  Probably
the one exception is acute yellow atrophy  Vitamin K will not elevate
the prothrombin level ~Therefore, if surgery 1s required. the pro-
thrombin concentration must be elevated and mamntaincd by means
of plasma transfusions

The Hy hrombif ia Caused by Di ~With the ex-
tenstve use of this drug in therapy, it is not surpnsing that the number
?f severe hemorrhages and even fatal hemorrhages caused by it are
increasing  Duff and Shull” have collected a record of 23 deaths
from bleeding caused by this drug  With better control of dosage
based on daily prothrombin time determinations, the incidence of
abnormal bleeding would be greatly reduced  Likewse by following
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TasLe 7 —Tie CouPARATIVE EFFECT OF NATURAL VITAMIN Ki AND MENADIONE 1N RESTORING
THE PROTHROMBIN LEVEL IN A Do Witi Vitamiv K Dericiency

Prothyomban tme i seconds

Menadione Vitamn Ky
Time ajter
admm,mmnon 1000 gammas 100 gammas 50 gammas 125 gammas 100 gammas

he

0 75 (1* 80 (b 85 () 70 (1) 40 ()
1 75 (§) — - — 42 q)
2 30 2 60 (1) — - 184 3h
3 10 (20) 37 (1) - — 8 (40
4 8 (40) 25 (2) 22 @b 6 (100) 7 {50)
5 8 (40 19 (3) — — -

24 8 (40) 10 (20) 10} (17 6 (100 6 (100)
48 & (40) 12} (9 16 (43 74 (45) 8 140

* The figures m are the of 1n per cent of normal
‘The expenments were carried out on a dog werghmg 14 kg Several months earber a chole-
cystnephrostomy had been performed

confirmation of older studies have also found that the natural product
is much more potent in antagonizing the hypoprothrombinemia of
Dicumarol than the synthetic vitamin K compounds. These differ-
ferences are not as apparent when chicks are employed as the test
anmmals #

Quick and Stefanini® have recently developed a procedure whereby
the prothrombin of plasma can be concentrated by means of adsorp-
tion with tricalcium phosphate and elution with sodium citrate With
this method, these investigators have been able to prepare a solution
of prothrombin of such strength that 10 cc had the potency of 200 cc
of plasma as tested on 1ts ability to elevate the prothrombin in Dicum-
arolized dogs This concentrate has not yet been employed in humans,
but there appears no contraindication to its use

C: 1 Hypoprot ia.—The three types of congemtal
deficiency of prothrombin discussed i the preceding chapter, al-
though differing basically require the same treatment None of the
three show any response to vitamm K, but 1 all the hypoprothrom-
binemia is temporarily but promptly corrected by plasma transfusion
In the type Owren®’ described, the plasma must be fresh since the
lacking agent is the labile factor which diminishes in plasma when
stored When the hypoprothrombinemia 1s very severe the patient
may require frequent plasma transfusions Thus, the patient re-
ported by Hagen and Watson'” who has a prothrombin time of about
50 seconds requires a weekly transfusion, whereas the two boys
studied by Quick®® whose prothrombin 1s 19 seconds only rarely
have hemorrhages and have required only a few transfusions

Hemorrhagic Disease of the Newborn.—With the improvement
of the diet of the general population and the rather wide practice of
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the rule not to give Dicumarol to any patient with a bleeding tendency
or discase, or with impaired renal or hepatic function, bleeding can
be minimized.

Every patient that is put on Dicumarol therapy should be in-
structed to watch his urine for any sign of blood. Hematuria appears
to be the most common and carliest form of bleeding. At the first
indication of bleeding the administration of the drug should be
stopped. If the hypoprothrombinemia is marked, the patient should
be given a relatively large dose of vitamin K, oxide® or a water-soluble
synthetic product such as Hykinone (2-methyl,-1,4-naphthohydro-
quinone, 3-sodium sulfonate). The usual amount given intravenously
is 50 to 60 mg. For a comprehensive treatment of this subject the
articles of Quick®4 and of Thompson and Hilferty*® should be con-
sulted

The use of Dicumarol prepartum is exceedingly dangerous. Quick*®
found that in dogs, the fetus was far more affected than the mother
and that death of the puppies occurred shortly after birth as a result of
massive internal hemorrhage with dosages that only moderately
lowered the prothrombin of the maternal blood. Similar findings
have been observed by Kraus and his associates® in the human, and
Sacks and Labate® have reported the death of a human fetus from
hemorrhage caused by Dicumarol It is clear, therefore, that Di-
cumarol should never be given before the baby is bom. The drug is
safe when given postpartum since the amount excreted in the milk is
too small to affect the baby

Recapitulation. —The treatment of hemorrhage, in states with
defective hemostasis, is local in some discases such as hereditary telan-
giectasia, and systemic especially in those in which the cause is a defi-
ciency of a clotting factor which can be corrected  In hemophilia the
lack of thromboplastinogen can temporarily be rectified by the trans-
fusion of blood or plasma, thereby establishing a condition suffi-
ciently favorable to permut the performance of a major opcration
The correction of the defect is measurable by the prothrombin con-
sumption test In hypoprothrombinemia, vitamin K will correct the
defect if it has been caused by a deficiency of this vitamin  In con-
genital hypoprothrombinemia, and when caused by liver damage,
vitamin K 1s ineffective, and only transfusion of plasma will elevate
the prothrombin above the hemorrhagic level  In Dicumarol poison-
ng, vitamin K can increase the prothrombin concentration, but its
effect is relatively weak and large doses are required  The critical
level of prothrombin at which a hemorrhagic tendency appears in
man is approximately 20 per cent of normal  For surgical safety, a
level of 40 per cent or higher is required.
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the rule not to give Dicumarol to any patient with a blceding tendency
or disease, or with impaired renal or hepatic function, bleeding can
be minimized.

Every patient that is put on Dicumarol therapy should be in-
structed to watch his urine for any sign of blood Hematuria appears
to be the most common and earliest form of bleeding. At the first
indication of bleeding the administration of the drug should be
stopped. If the hypoprothrombinemia is marked, the patient should
be given a relatively large dose of vitamin K; oxide® or a water-soluble
synthetic product such as Hykinone (2-methyl,-1,4-naphthohydro-
quinone, 3-sodium sulfonate). The usual amount given intravenously
is 50 to 60 mg For a comprehensive treatment of this subject the
articles of Quick®+ and of Thompson and Hilerty*® should be con-
sulted

The use of Dicumarol prepartum is exceedingly dangerous. Quick?
found that in dogs, the fetus was far more affected than the mother
and that death of the puppies occurred shortly after birth as a result of
massive internal hemorrhage with dosages that only moderately
lowered the prothrombin of the maternal blood Similar findings
have been observed by Kraus and his associates® in the human, and
Sacks and Labate® have reported the death of a human fetus from
hemorrhage caused by Dicumarol It is clear, therefore, that Di-,
cumarol should never be given before the baby is bon  The drugis
safe when given postpartum since the amount eacreted in the milk 1s
too small to affect the baby

Recapitulation. —The treatment of hemorrhage, in states with
defective hemostasis, is local in some discases such as hereditary telan-
giectasia, and systemic especially in those in which the cause 1s a defi-
ciency of a clotting factor which can be corrected  In hemophiha the
lack of thromboplastinogen can temy ily be rectified by the trans-
fusion of blood or plasma, thereby establishing a condition suffi-
ciently favorable to permit the performance of a major operation
The correction of the defect is measurable by the prothrombin con-
sumption test In hypoprothrombinemia, vitamin K will correct the
defect if it has been caused by a deficiency of this vitamin, In con-
genital hypoprothrombinemia, and when caused by liver damage,
vitamin K 1s ineffective, and only transfusion of plasma will elevate
the prothrombin above the hemorrhagic level  In Dicumarol poison-
ing, vitamin K can increase the prothrombin concentration, but its
effect 1s relatively weak and large doscs are required  The critical
level of prothrombin at which a hemorrhagic tendency appears
man is approximately 20 per cent of normal  For surgical safety, a
level of 40 per cent or higher 1s required
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clots in the vcnous circulation, and I regard the occurrence of the
first (in the pulmonary artery) as a sure sign that somewhere in the
enous sy stem, an okder blood clot is to be found ™ (Author’s trans-
lation.)
Another milestone was reached when Hayen'® and Bizzozero dis-
cu\cnd that platelet agglutination and disintegration mitiated fibrin
Eberth and Schi Thusch® made the additional observa-
tion that when the circulation was slowed, platclets left the center
of the stream, migrated to the periphery and became responsible
for the formation of a thrombus TForty ycars later .\schoff* re-
emphasized the importance of the slowing of the arculation and the
agglutination of platclets as causal events in thrombosis  He enum-
erated the variables which have been widely accepted as the impor-
tant factors in thrombosis  They are- (1) changes in the coagu-
lability of the blood, {2) changes in the blood elemunts, particularly in
the power to agglutinate, (3) changes in the blood flow both in regard
to speed and the formation of eddics, and () changes in the vessel
wall In this country, Homans,” a pioncer worher 1 this field, came
to similar conclusions  Mention should also be made of the important
contributions of Welch to the histopathology of thrombesis and his
masterly presentation of the subject® which even after a half century
.

as dmgnosuc means to dclcct mclpxcnt thrombosis His work further
) 1 that throml lisn is a comphication of medical condi-

tions as much as it 1s a postoperative sequcla

As the result of carcful autopsy studies, a number of workers in-
cluding Denecke,” Clow,*> Homans," Rossle,? Ncumann Putzer,®
Fryhholm? and Hunter and his group™ '? established that thrombosis
usually begins in the deep veins of the calf and even in the plantar
veins, and propagates i the direction of the blood stream  The
process rarely if ever has its begunning wn the large vessels such as the
femoral vemns

Another significant step in the advance of thrombosis was made by
Ochsner and DeBake) * who differentiated intravascular clotting into
two classes  Phicbothrombosis and thrombophlebitis  In the first,
the clot 1s formed mdependent of mflammation and 1s not firmly
attached to the vessel wall, while 1n thrombophlebinis the clot is
firmly adherent and has resulted from an mflammatory condition 1n
the wall of the vein In practice, the border line between the two
types is often not sharp and considerable averlapping occurs




Chapter 5
VENOUS THROMBOSIS

VENous thrombosis and pul bolism present a major
problem in both medicine and surger} 1f judged by the number of
papers devoted to it, particalarly in current surgical journals, it can
be considered as one of the most catensively studied subjects at the
present time  Even a brief review of the contributions made during
the past few years would be beyond the scope of this chapter. The
presentation will be strictly limited ta the application of the new
concepts developed in the study of hemostasis to a consideration of
venous thrombosis

HISTORY

Since few advances can be made without the solid foundation of
past experiences and findings, 1t 15 well to summarize briefly the his-
tory of thrombosis or better of the thrombo-embolic state  There is
a certain amount of parallelism between the study of thrombosis and
hemostasis  Though the pursuit has been along different channels,
the relation of the one to the other was recogmzed by the early
wnters In 1892 Alexander Schmidt*® wrote  *“He who busies him-
self with the cntical study of coagulation and assumes the task to
establish its cause, strives imphaitly at the same time to understand
the reason for the permanent fluid state of circulating blood, for 1t is
clear that the moment we fully comprehend the clotting of fibrinogen
in its basic relationships, we have also found the answer to the prob-
lem why this process does not occur i the living organism ” (Author's
translation )

The first speaific mention of intravascular clotting was made by
Petit?in 1731 Ahalf century later, John Hunter® stated that throm-
bosis was caused by an inflammation 1n the wall of a vesse]l  Another
siaty years elapsed before the classical studies of Virchow® made thear
appearance  To him belongs the credit for the discovery that pul-
monary embolism is the result of clots formed m the vans far re
moved from thelungs  Toquote hisownwords  “Every time I found
a clot in the pulmonary artery, 1 always succecded n tracing other

(82)
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specifically limited to the platelets, needs little discussion Recently
much effort has been spent in an attempt to show that under certain
conditions, platelets are supposcdly more stichy. The measurement
of this property is made entircly empirically and under conditions
grossly unphysiological.  For a comprehensi e review of this subject
the paper of Moolten and his aseociates * should be consultcd  Until
a procedure is devised which approvimates intracorporal conditions
more closely, attempts to measure the behavior of platelets must be
evaluated with much shepticism

The fourth factor remains, namely, changes in the vessel wall. It
can be stated with a fair degree of certainty that no coagulation occurs
in the Intact vascular systum provided there is no break in the endo-
thlium lining.  If this statement is accepted, it naturally follows that
a change somewhere in the endothelial laycr of the venous system is
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T'ie 4 The probable scquence n the formation of a vcnous thrombus.

Step 1 Inmury of vewel wall, adherence of platclts to local arca of trauma

Step 2 Disintegration of platelets  Formation of a rcticulated fibrin clat cn
meshing intact platelets

Step 3 Retraction of primary clot thercby expressing a scrum mich m nascunt
thrombin

Sup 4 Formation of a new fibrin coagulum attached to the primary thrombus

Step 5 Growth of thrombus by successit e formation of new clots, Aad repeated
elaboration of nascent thrombum by clot retraction
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THE MECHANISM OF THROMBOSIS

In a critical analysis of the problem of thrombosis, the four factors
postulated by Aschoff serve as a suitable starting peint. The first
question to be answered is+ which is or are primary factors, and which
are secondary?

For convenience, changes in circulation will be considered first.
1t is well recognized that impairment of circulation is frequently fol-
lowed by thrombosis. No better example can be cited than the cases
of thrombosis of the Jower extremities which frequently occurred in
the older people who spent long periods during the bombing of London
in shelters on hard deck chairs.#* Obviously, impairment of circulation
must be an important factor in the development of these “shelter
legs” as the condition was called. One may even venture {urther
and calt it the precipitating event, but beyond that one cannot go
and call the impaired circulation the primary cause. ©ne must not
ignore the fact that many other people sat in the same cramped posi-
tion for equally long periods of time without suffering thrombosis.
Since the latter very likely had the same impairment of circulation,
it stands to reason that the circulatory factor alone cannot bring
about intravascular clotting It might also be pertinent to mention
the old observation (probably first made by John Hunter) that blood
in a segment of vein separated from the general circulation by double
ligature remains fluid It scems fairly clear that a change in circula-
tion does not nitiate intravascular clotting, but 15 an important con-
tributing factor

The sccond factor, changes in the coagulability of the blood, is the
most difficult to discuss critically, As pointed out in Chapter 2,
coagulabibity 1s an mtangible property that one measures empirically
in a glass test tube It is doubtful if one could ever obtain a specimen
of blood, even during the period when 2 massive thrombus is forming,
that would show a coagulation time of less than 20 minutes provided
the blood be carcfully collected and transferred to a silicone-coated
test tube A blood with such a prolonged coagulation time outside of
the body is not ltkely to be more coagulable when enclosed in a system
lined with natural protective endothelium It should also be mem-
tioned that if thromboplastin or thrombin is injected slowly intra-
venously no massive thrombosis occurs although a relatively slow
but drastic drop in fibninogen takes place as Jurgens and Studer™
again recently reported  In view of these established facts it is diffi-
cult to see how a change in coagulability (as defined by the clotting

tume) can possibly be the primary or initiating cause of thrombosis
The third factor, a change in the blood elements, which can now be
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the wall of the vein, If it were not for retraction, the formation of a
thrombus 18 inches in length, attached only at a distal base and
floating freely in the femoral and estending into the iliac vein, as is
not uncommon, could not occur. Actually a sluggish arculation is
more conducive to the formation of these long dangling thromin
which casily become massive pulmonary emboli, than a stagnant pool
of blood which would tend to clot solidiy in the vein and adhere to the
vessel wall,

According to this concept, the pnmary or initiating cause of throm-
bosis in an alteration in the vessel wall and the immediate contribut-
ing factor is the slowingof the circulation » No qualitative change in the
platelets needs to be postulated, sl‘\cc under the influence of the first
two factors they will begin their participation in the formation of the
thrombus. The number of platelgts, however, will markedly influence
the speed with which thrombin is formed, and even more important,
the extent and rate of clot retraction It is interesting that a nse
in the platelet count postoperatively is rather common

Since the propagation of the th ling to the wnter’s
hy pothesis is largely dependent on clot retraction, this property of
the coagulum deserves utmost attention  Interestingly enough,
Hirschboech and Coffey™ reported that clot retraction was accelerated
in patients with a thrombotic tendency and recently Hirschboech!
has published additional data to support the original findings. He
has further devised a simple test for clot retraction  He observes the
coagulation of a drop of blood suspended in castor o1l and accurately
times the appearance of a serum globule

The four prinapal factors which influence both the rate and com-
pleteness of clot retraction are (1) the number of platclets, (2) the
total cell volume, (3) the specd and amount of thrombin formation,
and (4) the concentration of fibrinogen

As pointed out i Chapter 1, 1t has been hnown since the work of
Hayem that clot retraction 15 dependent upon the number of plate-
lets In figure 5 one can sce clearly the dircct relationship between
the number of platelets and the degree of retraction It might also
be mentioned that the speed of retraction is likewise increased as the
platelet count rises  Sigmificantly too, thrombocytosis has long been
recogiuzed as an important factor 1 thrombosis Thus, a marked in-
crease m the platelet count usually occurs following splenectomy and
this 15 d by a high incid of thr

The influence of cell volume on clot retraction 1s explainable on a
mechanical basis  Since the cells are non-compressible, the greater
their bulk, the less will be the retraction of the clot In figure 6 the

relatian of clot retraction to the hematocnt reading is illustrated
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the first and essential step in the train of events which eventually may
culminate in a massive thrombus and a fatal pulmonary embolus
Without question, one of the common mistakes has been the implica-
tion that absence of gross or at least histologically demonstrable alter-
ation of the vessel wall is necessary for the thrombotic process to
start  Moolten and his co-workers® by an ingemous device of studying
the miniscus of an entrapped air bubble in a small vessel have shown
that normal endothelium behaves like a non-wettable surface but that
a slight disturbance, too small to be scen histologically, may cause
the surface to become relatively more wettable, and thus serve as the
locus of origin of the thrombus .

On the basis of these considerations, a relatively simple explanation
of thrombosis can be offered which 1s 1llustrated schematically in fig-
ure 4 Any small area on the mner surface of the vein may tempo-
rarily become abnormal, 1 ¢, lose its non-wettable property. Like
other wettable surfaces it will then adsorb a minute quantity of throm-
bin to its surface  This thrombin may come from the blood itself, or
may anse from a slight exudation of thromboplastin from the vessel
wall For the immediate discussion, the source of thrombin is im-
matenial, but 1ts spread on the vessel wall, perhaps as 2 molecular
layer is important  As soon as platelets strike thrs surface, they ad-
here and begin to disintegrate (Step 1) Since these cells, because of
their lightness, travel in the center of the stream, few will come in
contact with the defective vessel wall unless the circulation is slowed
The first unfavorable effect of impaired circulation therefore becomes
obvious, the platelets migrate to the periphery and come mn contact
with the defective vessel wall The platelets which undergo lysis
liberate the activator of thromboplastinogen, and the chain reaction
(illustrated in figure 2 and explamned i Chapter 2) 15 sct off A
reticulated fibnin clot is formed (Step 2)

The third step 1s perhaps the most important key to the problem
of thrombosis It 1s clot retraction  On it depends furst the growth
of the thrombus and secondly the shrinking of the propagating mass
which prevents it from staying n contact with the vessel wall The
serum expressed from the clot immedrately acquires a high concentra-
tion of thrombin and unless the serum 1s immediately washed away
by the flowing blood, massive new coagulation will occur locally  Ap-
parently the blood flow generally does remove most of the serum
along the sides of the clot, but not from the tip as 15 to be deduced
on purely physical grounds (m)wt}} of the thrombus occurs, }hcrc-
fore, almost entirely at the tip  If it were not for the shrinking of
the body of the thrembus, 1t would press upon the vesscl wall, and
there is evidence that when this occurs, the clot becomes adherent to
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stressed that anemia is an important ctiological factor Shaw?® in
discussing a paper on pulmonary embohsm read by Glynn in 1924,
emphasized the importance of anemia following hemorrhage as an
important cause of thrombocmbolism, and the chairman, Dr Donald,
confirmed this view by citing additional data in support Ochsner®
attnbuted the effect of anemia in part to a diminution of cardiac tone
Recently Hirschboeck® again called attention to anemia as a cause of
increased clot retraction and a factor in thrombosis Interestingly,
massive pulmonary embolism is uncommon or absent in poly cythcmia
although thromboses occur frequently  This can readily be explained
by the poor clot retraction of such blood

The third factor which influences the speed of clot retraction is
the concentration of thrombin. In the experiment presented in figure
7 increasing amounts of thrombin were added to a fived suspension

FIG 7 —The effect of the concentration of thrombin on clot retraction

Thrombin was added to a ~uspension of sashed human platelets 1n a solution of
punfied human fibrinogen  Absorption and adsorption of thrombin by fibnn pro-
ducesa surface to which platelets adhere, and the metamorphosis, induced by throm
bun, which these cells underzo affects the structure of the fibrin reticulum to which
the platelets are attached with the result that retraction occurs

of washed platelets in punfied fibrinogen It 1s obvious that clot
retraction depends solely on platelets and thrombin  Thisis in accord
with the concept of the clotting mechanism presented in figure 2 It
may be postulated that thrombin 15 absarbed by fibrin and that plate-
lets coming in contact with thrombin-coated fibrin strands adhere
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Obviously, clot retraction is accentuated by anemia, yet only a few
students of the problem of thromboembolism have attempted to
correlate anemia with thrombosis While many surgeons instinc-
tively and from experience are aware that the incidence of thrombosis
and pulmonary embolism is higher in the anemic patient, few have

1 hour
Fi6 5 —The quantitatis ¢ relationship of ¢lot retraction to the platelet count
The tubes of natrve plasma containing increasing numbcr of platelets as marked
on the tubes nere incubated at 37° C for one hour

F16 6 —The wnfluence of cell volume on clot retraction
The platelet count was mantamned constant but the phsma volume was pro-

gressi ely increased
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or consumed during coagulation, it is unlikely that hyperprothrom-
binemia is an important factor in thrombosis clinically ~ The limiting
agent in coagulation ncarly always is available thromboplastin, Its
production dcpends primarily on the store of thromboplastinogen and
the number of platelets.  Unfortunatcly, it is not known how to con-
trol or regulate the latter two agents. 'The best known means to sup-
press thrombin production is cither to inject hepann intravenously,
or to administer Dicumarol  Since these two anticoagulants are oc-
cupying a prominent place m the therapy of thromboembolism, a
discussion of the anticoagulants is warranted

THE ANTITHROMBINS AND ANTICOAGULANTS AND
THEIR RELATION TO THROMBOSIS

The Normal Serum Antithrombin, Albumin X. ~Much contro-
versy has centered about the anticoagulanty and their rdle in the
coagulation mechanism and in the maintenance of the fluidity of the
blood. Histonically, two naturally occurring antithrombins have been
recognized, namely heparin and albumin X # The latter is generally

t

15 to be emphasized that the serum antithrombin does not inhibit the

action of thrombin on fibrinogen and is therefore not an anticcagu-

lant  Heparin, on the contrary, 1 conjunction with a co-factor acts
as a powerful anticoagulant

‘The relationship of heparin and the normal serum antithrombin are

ing which time fibnin 1s formed and the thrombin 15 iberated  Both
fibrin and fibrinogen have an affinity for thrombin, but since the
latter has the stronger attraction, the conversion of fibrinogen to
fibrin proceeds until all has been clotted The antithrombin of the
serum (albumin X) has such a weak affinity for thrombin that it can
not compete with either fibrinogen or fibrin, but 1n their absence 1t
has the capacity to neutralize large quantities of thrombin  Obwi
ously, therefore, the normal antithrombin cannot protect against the
clotting of fibrnogen by thrombin It can remove excessive amounts
of thrombin but only at a relatively slow rate

Fibrin, the Physiological Antith bin. — It must be ized
that a few muilihters of blood can produce potentially enough throm-
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and undergo metamorphosis, since thrombin labilizes these cells
The change in the physio-chemical state of the platelet somehow af-
fects the fibrin strand causing it to undergo alterations which results
in a shrinking of the fibrin reticulum.

The fourth factor that quantitatively affects clot retraction is the
concentration of fibrinogen  As already stated, it can be postulated
that retraction depends on the adhercnce of platelets on strands of
fibrin, and on the alteration of these cells by thrombin, Thercfore
the greater the number of platelets per unit strand of fibrin and the
higher the concentration of thrombin, the more will be the retrac-
tion. It follows, therelore, that if the number of platelets and the con-
centration of thrombin are kept constant, but the amount of fibrino-
gen is wcreased, retraction will become less complete because the
ratio of the number of reacting platelets to a strand of fibrin is de-
creased  This is experimentally substantiated by the results presented
in figure 8 Since an increase in the concentration of fibrinogen

250 200 150

Alg of Fibroan

Fi. 8 —The mfluence of the concentration of fibrnagun on dlot rutraction

The platlct count was 30 000 par cmm and 0 1cc of thrombm (F S ) was added
(0 each tube

causes clot retraction to bucome less complete, one can conclude that
a risc 1n the fibnnogen level tends to reduce the thrombotic tendency
Some nvestigators have of coursc accepted the opposite view because
the viscosity of the blood 15 1ncreased by a nse in the concentration of
fibrinogen

Since thrombin quantitatively affects cot retraction, it stands to
reason that any increase in the formation of thrombin should tend
to produce a thrombotic tendency  Theoretically any increase n
the prothrombin or lhrombupl.asuc factors should favor lhrom.b()sls
Since prothrombin is normally in eveess and 1s not completely utilized,
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theless, heparin with its co-factor Albumin X; is the most poweriul
antithrombin known, and has been used widely in the prophylaxis
against thrombosis

Heparin actually inhibits clotting in several ways. It is first of all
an antiprothrombin, { e., it combines with prothrombin and thereby
prevents its conversion to thrombin, Its antithrombic action has
already been discussed. Due to these properties hepann is a powerful
anticoagulant. It, therefore, stops a thrombotic process expeditiously
and prevents the propagation of an intravenous clot  Since heparin
inactivates thrombin, it preserves the stabihty of platelets There-
fore, in heparinized blood, platelets will not adhere to injured vessel
walls, and the formation of new thrombi and potential emboli is
prevented.

Dicumarol. — Although this compound 1s not, strictly speaking, an
anticoagulant, it is usually placed in this group of agents. It per se

effectiveness

Dicumarol reduces the prothrombin of the blood Recent unpub-
lished work of the writer and his associates shows that thefree or active
prothrombin is decreased first  Usually no reduction of the precursor,
prothrombinogen, is demonstrable until the drug has been given for
several days. The action of Dicumarol 15 not known It does not
destroy prothrombin alrcady formed, but interferes with the mechan-
ism of its synthesis

A plausible explanation for the action of Dicumarol in combating
thrombosis can be offered  As pointed out repeatedly, thrombin is
necessary not only to form a fibrin clot, but also to labilize platelets
Without the latter action, platelets fail to bring about the activation
of thromboplastinogen or to effect clot retraction If, therefore, the
production of thrombin is reduced, the thrombinogenic chain reaction
15 abnormally slowed and clot retraction is retarded  Both these
effects are favorable, since they are protection against the formation
and growth of a venous thrombus

The lower the prothrombin level is reduced by Dicumarol, the
more effective 1s 1ts prophylactic action against thrombosis  Accord-
ing to this hypothesis, even a slight lowering of the prothrombin
concentration 1s already beneficial In practice one strives to attain
a level that has the maximum therapeutic action consistent with
safety from hemorrhage Both on the basis of theory and from clini-
cal experience a prothrombin level of about 20 per cent is accepted
as the ideal
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bin to coagulate all of the blood in the body. In the past there has
been much speculation how this danger is averted but no satisfactory
explanation could be offered until Quick and Favre-Gilly¥” made the
important discovery that anly a minute amount of prothrombin is
converted to thrombin during the period when all of the fibrinogen
is changed to fibrin, and that the rapid activation of prothrombin
occurs only alter the serum is separated from the clot. ‘These observa-
tions furnish valuable information concerning the contro! of coagula-
tion. Initially, a small quantity of thrombin is formed which clots
all of the fibrinogen A reticulum of fibrin presenting an cnormous
surface is formed which quickly and effctively absorbs thrombin.
With the immediate removal of this clotiing agent, the labilization

THOMBIA +  FIRHNCELN e ———» Thromin = Fibrinogen

S

s

TN
S,
SSE Thrombin Fibun

R

s
Heparin —Albumin X, Albumin X

F1c 9 —The hip of the n;
The number of hnes in the arrows indicate the relative athmty that the anti-
thrombins have for thrombin

of platelets is markedly retarded, and the chan reaction is held in
restraint It is only when the serum separates from the clot, that
the intimate contact of serum with the fibrin surface is broken Asa
result the chain reaction is sct off and the production of thrombin
occurs rapudly  This eaplains why the serum eapressed by the intra-
vascular clot in figure 415 rich m thrombin, and therefore produces
a secondary clot

Heparin. —Although this compound is often called the natural
anticoagulant, there is no evidence that it has any phy siological func-
tion relative to hemostasis or qlrombosis Tl}c organism never se-
cretes heparm into the blood in defense against thrombosis Its
employment is probably solely for immunological purposes  Never-
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thedess, heparin with its co-factor Albumin X, is the most pawerful
antithrombin known, and has been used widely in the prophylaxis
against thrombosts.

Heparin actuall\ mhxblts clotting in several ways, It is first of all
an antiprothrombi , it combines with prothrombin and thereby
prevents its cm\\crsmu (u thrombin,  Its antithcombic action has
already been discussed.  Due to these properties heparin is a powerful
anticoagulant. It, therefore, stops a thrombotic process expeditiously
and prevents the propagation of an intravenous clot. Sunce heparin
inactivates thrombin, it preserves the stability of platelets  There-
fore, in heparinized blood, platelets will not adhere to injured vessel
walls, and the formation of new thrombi and potential emboli is
prevented.

Dicumarol, — Although this compound is not, strictly speaking. an
anticoagulant, it is usually placed in this group of agents. It per se
has no cficet on coagulation and even the hypoprothrombinemia
which it produces is not reflected in the clotting time until the pro-
thrombin is reduced to a level far below that required for therapeutic
cffccmcmss

Di

1 reduces the prothrombin of the bloed  Recent unpub-
lishedwork of the writer and his associates shows that the free or active
prothrombin is decreased first  Usually no reduction of the precursor,
prothrombinogen, is demonstrable uatil the drug has been given for
severat days  ‘The action of Dicumarol is not known It daes not
destroy prothrombin already formed, but interferes with the mechan-
ism of 1ts synthesis

A plausible caplanation for the action of Dicumaro} in combating
thrombosis can be offered  As pointed out repeatediy, thrombun js
necessary not only to form a fibrin clot, but also to labihize platelets
Without the latter action, platelets farl to bring about the activation
of thromboplastinogen or 1o cffect clot retraction  If, thercfore, the
production of thrombin is reduced, the thrombinogenic chain reaction
is abnormally slowud and clot retraction is retarded  Both these
effects are favorable, smee they are protection agamst the formation
and growth of a venous thrombus

‘The lower the prothrombin level is teduced by Dicumaral, the
more effective is 1ts prophylactic action agawnst thrombosis  Accord-
ing to this hypothesis, even a slight lowering of the prothrombin
concentration 1s already bcncﬁc\a& In practice one stnives to attan
a level that has the action ¢ with
safety {rom hemorrhage. Botb on the basis of theory and from clinj-
cal expetience a prothrombin level of about 20 per cent is accepted
2s the ideal,
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‘The profussion owes a debt of gratitude to Dr. Link and his students
for the splendid rescarch which made this drug available. For the
historical development the reader is referred to Dr. Link’s Hanvey
Lecture®  Fortunately, this drug is amazingly safe  This is ac-
counted for by the fact that the blood contains an amount of pro-
thrombin far in excess of the requirements for hamostasis. By far
the largest number of accidents, i.e., serious hemorrhages attributable
to the drug have been causd by inadequate control with proper pro-
thrombin time determinations. Whether Dicumarol will be super-
seded by better drugs is difficult to predict, but even if it is ultimately
replaced, its important role in initiating a new approach to the solu-
tion of the problem of thrombosis can never be underestimated.

Since the availability of the simple prothrombin time test not only
greatly assisted in the isolation of Dicumarol from spoiled sweet
clover hay and later made safc its therapeutic employment, one can-
not help speculating whether the prothrombin consumption test may
not similarly help to bring the thromboplastin factors under control
and eventually make possible the utilization of this knowledge for
the prevention of thrombosis

Thrombophlebitis.— When a long scgment of vein becomes in-
flamed, a large area of endothelium becomes abnormal  Platelet
adhesion will be widespread. with the result that a fibrin clot firmly
adherent in its entire course and filling the lumen completedy will
result  Such a clot cannot retract and propagate in the manner of
the phlchothrombotic type  Pulmonary emboli are, therefore, much
less common  One of the best cxamples of pure thrombophlebitis is
the idiopathic recurrent type which is commonly called thrombo-
phlebitis migrans ~ This entity 1llustrates one feature of lhromb?sls
that s often overlooked, namely, the rapidity with which the organism
can dissolve a clot  This 1s brought about by fibrinolysin, an enzyme
which eusts in the plasma in an inactive form  Little is known con-
cerning the regulation of this cnzy me, but its role in thrombosis should
not be underestimated It should be pointed out that neither hepana
nor Dicumarol have any direct action en the clot already formed. but
they assist in preventing an extension of the clot, while the fibrinoly sin
begins 1ts disintegrating action on the fibrin

There is a certam analogy between thrombosis and lobar pneu-
moma In both the consohdation is due to a fibrin clot In the
normal process, resolution 1s effectcd by fibrinolysm and hitle or no
residual damage occurs to the endothelial hning  If, hox\f*\'etz the
process is delay ed,.mﬁ.llranon of the fibrin clot b). connective tissue
sets in, and organization occurs  In the lung this leads to fibrosis
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while in the veins the lumen becomes markedly narrowed or totally
occluded  Inlobary ia and other intl. Ty processes, the
deposition of fibrin may be a part of the immunological response. I
this be so, one should not overlook the probability that the massive
intravascular clotting in thrombophlebitis may perhaps also be pur-
poseful even though the harmful effects may be far more promimnent.
Some of the chief points of differences between phlebothrombosis
and thrombophlebitis may be outlined as follows,

T)
Reason for bung Purposcful Aeadantal
Primary cause Alteration 1 1w Alteration 18 veswld
wall, ustaally due to 1n- wall due often to trvi-
flammation ul Lausts such as anox
1a, pressure externally
pasm et
Lowtion Naarly any regon of Almost alwavs in the
1he body Tower extrumitics
Site of orign In any van wTespe- Usually tn the plantar
tine of size or location ar other small vains of
the lower eatremitics
Contrbutary fuctars
Vinous stasts Little snftucnce \Marhed influence
“Thromboy tosis Not sigmificant sigmficant
Anemta Without much «ffect Predisposing
Probable mode wher- Extension of tnflamma- Clot retraction
by thrombus 15 propa- Gon of vesscl walt
Rated
Nature of thrombus Firmiv attached ta Trecdy floating n blood
vewel wall stream with fes  at-
tichments to sl
wall
Local physical signs Pan wwelling tender Aild o 1o signs
ness and elevated tem-
perature
Sequelx Occlusion of lumen of Pulmonary cmboli

v Pulmonary em-
boli uncommon unless
thrombus 15 supptira-
e

TREATMENT

The key to the treatment of thrombosis 1s prevention  Reliance
on any one agent or approach is not enough In a program of pro-
phylaxis, all the known factors must be considered  Since an altera-
tion 1n the vessel wall 1s the pimary cause of thrombosss, all efforts
must be dirccted to maintain the health of the vesscls, particularly of
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the lower extremitics.  Since anonia is a likely cause of a temporary
change in the vessel wall, stasis should not be allowed to occur. Even
seemingly trivial factors such as chilling, cramped position, and smok-
ing should not be dismissed lightly.

While only indirect means are available for maintaining the normal
phy siological state of the blood vessels, the second factor, circulation,
can be attacked directly.  Most of the measures have been repeatedly
chscussed in the current literature,  For a comprehensive review, the
paper of Ochsner® is particularly to be recommended.  The impor-
tance of foot and leg exercise, the avoidance of posture that favors
venous stasis (especially Fowler’s pusition), the employment of loose
abdominal binders, and deep breathing to increase the negative pres-
sure of the thorax thereby aiding the emptying of the large veins are
all important means to combat sluggish circulation in the lower ex-
tremities  The condition of the heart should not be overloohed. If
in the opinion of the physician, digitalis, quinidine or theobromine is
indicated, these drugs should be given without hesitation. The un-
critical claims that these substances influence the coagulation reac-
tions can be set aside until more convincing experimental and clinical
data are offered

No practical means are available to influence the platelets, but
since their action is intimatcly related to coagulation, regulation of
the latter 1s usually adequate for tahing carc of the platelet factor s
already discussed, the coagulability and the th bil of the
blood is suppressed by both heparin and Dicumarol  The efficacy of
these drugs to reduce the mcidence of thrombosis and fatal pulmenary
cmbolism has been repeatedly reported s examples of several out-
standing reports the papers of Barker and his associates,? Bauer® and
Zilhacus* may be mentioned

Correction of anemia as a prophy factic measure against thrombosis
should be triply underscored The significant effect anemia has on
clot retraction has been discussed and the probable rdle of retraction
in the propagation of the clot 1s illustrated in figure 4 Hemorrhage
1s particularly apt to predispose the patient to thrombosis, for not
only does it cause anemia but 1t often is followed by a marked throm-
bocytosis A transfusion to correct the anemia should be regarded
as an important means to protect the patient against thromboembol-
ism
No attempt will be made to discuss the pros and cons of vein liga-
tion The surgeon’s jud, should be pa bat that judg-
ment should be tempered by a full appreciation of the possibilities of
the anticoagulants Much has been accomplished by both those who
favor and those who oppose ligation as a prophylactic measure against
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pulmonaty embolism. Both sides agree that neither possesses the
means to detetmine which paticnt will suddenly and without watning
dic of a massive pulmonary embolism before cither anticoagulants
can be given, or a femoral vein can be ligated.  When the enigma
regarding the events that lead to this catastrophy has been completely
solved, the controversy of ligation versus anticoagutants will become
merely of historic interest,

Recapitulation.— A the result of the studies of many investiga-
tors, it is fairly well established that the majority of thromboses which
fesult in pulmonary cmbolism have their origin in the deep veins of
the calf or in the plantar viins. The principa) factors in thrombosis
are an alteration in the vessel wall, slowing of the arculation, increase
in the number of circulating platelets and a change in the coagula-
bility of the blood. 1t 1s postulated that the thrombus is initiatcd by
alocal change in the endothelium of a small van which acts as a focus
for the accumulation and adhercnce of platelets  The disintegration
of platclets brngs about the formation of thrombin which produces
a fibrin clot. When clot retraction sets in, & sccum is expressed m
which a high generation of thrombin occurs, thus bringing about the
formation of a new clot attached to the original thrombus By re-
peated retractions and the production of new clots by the extruded
scrum, the thrombus is propagated  Clot retraction plays an impor-
tant réle in thrombosis, since in the unretracted clot the fibrin wath
Uts tremendous surface, because of its dispersed state in the reticulum,
temoves thrombin promptly and effectively In the prophylaxis
against thrombosis, the averdance of venous stasis 1 the lower ex-
tremities is essential  ‘The correction of an existing anemia is impor-
tant since the speed and eatent of clot retraction increases as the
hem:}tocnt reading decreases  The two drugs effective in the pre-
vention of thrombosis arc heparin and Dicumarol The first is a
powerful antithrombin It inactivates thrombin, thereby stopping
coagulation and fusther growth of the thrombus Dicumarol pro-
. T
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Part II. Laboratory Methods

INTRODUCTION

TuE diagnosis, management of therapy and prognosis of the hemor-
rhagic diseases depends largely on laboratory methods  The clinician
should be familiar with the various tests which are contributing to
the understanding and control of abnormal bleeding, and the labora-
tory worker should have avalable exphcit directions to carry out
these tests The writer has selected the methods which he considers
the most valuable for the clinical study of the hemorrhagic discases
In outlining the various procedures, he has had the advantage of
long and intensive experience with them Every test descnibed has
been repeatedly cheched by the writer and his associates both on
normal and pathological bloods No attempt is made to present a
histonical background for these tests nor to compare them with similar
procedures developed by other investigators Proper credit for pni-
onty however is given

It is to be emphasized that meticulous attention to details is a
primary requirement for accurate results It is equally important
that the details should be correct If one should follow, for instance,
the directions for the one-stage method for the determination of
prothrombin as given in a recent book, in which interestingly enough
5 per cent of the entire content of the volume 1s devoted to this test,
one could not possibly obtain precise and correct values because of
a few seemuingly minor deviations from the orginal procedure It
1s most disconcerting that the originator of a test has no control
over his own invention Inferior modifications are readily and un-
cntically accepted and promulgated Research programs natronal
in scope in which his test 1s an integral part are sct up without any
effort being made to consult him Vet withal he remaimns the recipi-
ent of all the hostile craticisms

A common fallacy is to conclude that a method lacks accuracy be-
cause 1t 15 simple  Often such a procedure, to the contrary, may be
far more accurate than a more complex test consisting of several steps.
Unfortunately, however, there is a tendency to permit carelessness
to creep 1n when a test appears simple  Too often workers of limited
expertence and ability who will not attempt doing a complex pro-

(101)
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cedure will have little hesitancy trying their luck with a scemingly
simple test. It is casy to blame ones’ unsatisfactory results on a sloppy
method; but on close scrutiny it is often found that the adjective is
more applicable to the technician  In the methods selected, accuracy
was never sacrificed for simplicity, but judgment was exercised in
deciding what the limits of accuracy should be  ‘The methods as out-
lined meet the clinical demands as bascd on present day knowledge
Any well-trained laboratory worker should be able to carry out any
one of the tests by follawing the directions outlined,

While the procedures are selected mainly for their clinical utility,
this does not gainsay that they are cqually suitable for research. It
was through these tests that the labile factor was discovered, that
the existence of thromboplastinogen in plasma was established and
its lack in hemophilia pointed out By means of the prothrombin
consumption test, the function of platelets in activating thrombo-
plastinogen was demonstrated, and for the first time it was shown
that a true coagulation defect is present in thrombacytopenia  These
tests made it possible to establish that prothrombin in human plasma
enists partly free and partly in a precursor state, a concept which
makes it posaible to differentiate two types of congenital hypopro-
thrombinemia

It has become almost a fetish with certan investigators that sys-
tems of partly purificd reagents are the only legitimate means for
doing rescarch in coagulation  While this approach may ultimately
produce valuable data, it has in the past led to several serious errors
In evaluating the results obtained from the study of artifical sy stems,
one should carefully differentiate between purified and pure agents
Blood is an intnicate and delicately balanced system in which numer-
ous factors interact  The moment blood 1s withdrawn changes ate
introduced and the more the blood is manipulated. the greater will
be the alteration 1 the balance and equilibrium of 1ts true physio-
logical state  One must be particularly cautious in drawing con-
clusions from results obtained on blood collected in a slaughter house
because by the time such blood reaches the laboratory, trreversible
chemical changes can and do occur  These statements are i no
way intended to be derogatory of the eflorts to obtain the various
doiting factars n pure form  The availabihity of heparin, thrombin,
fibrinogen, Dicumarol and other agents in pure or purified form has
been immeasurably helpful i research  Butat is unfortunately be-
coming necessary to combat afnvely the erroncous na.non that tthe
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that appeared absurd or foolhardy to the more sagacious scientist
have succeeded at times when astute plans of research failed. It is well
to remember that it isn’t cnough merely to transfer blood to a test
tube; one must also carry with it an intuitive feeling for physiological
reactions and an insight into the scheme of body function,

GENERAL COMMENTS AND SUGGESTIONS

The routine tests needed for the study of the hemorrhagic diseaces
are relatively simple, and do not require elaborate, complicated or
expensive equipment Nevertheless to carry out these procedures
successfully and accurately, fundamental training in laboratory tech-
nique and strict adherence to a few basic rules are primary requisites

The control of temperature in coagulation tests should be mentioned
first, since most of the reactions measured are significantly influenced
by variations in temperature. One must emphatically condemn the
practice of doing tests at room temperature  Since many laboratories
have a temperature range from 18 to 32° C, 1t is easy to see how
ridiculous, unscientific and meaningless the term, room temperature,
is  Most of the tests described are carned out at 37°-38° C. since it
seems logical to study the clotting reactions at body temperature
In some tests, however, a temperature of 25° C is selected, which
can be considercd the equivalent of a constant room temperature
A constant temperature water bath as described in Test 1, should be
part of the standard laboratory equiprent The ordinary vacuum
bottle serves as a convenient and mexpensive portable water hath
which is particularly suitable for incubating solutions and mixtures

Standardization of glassware likewise is important for satisfactory
results  Borosilicate glassware (Pyrex or Kimble) is recommended
The 13 X 100 mm test tube is used routinely in all tests unless a
a different size 1s defimtely specified Thus test tube 1s convenient
to handle and 15 easily cleaned The 1 cc serological pipette grad-
uated 1n tenths and hundredths of a cc is likewise standard equip-
ment  Since 1ts length makes 1t cumbersome, it 1s shortened to 170
mm by cutting The end is fire polished The©2and 01 ¢c sero-
logical pipettes are also employed 1n many tests By means of a

ical pipette filler marketed under the name Pipette Suction
Apparatus (Clay-Adams A2473) quantities of 0 01 ¢c and less can be
measured and transferred from a 0 1 cc pipette with a high degree of
precision

‘The proper cleaning of glassware requires particular emphasis be
cause several clotting factors are significantly affected by surface
contact  An agent hike thrombin 15 adsorbed by glass and is not re-
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moved by mere rinsing as the following experiment clearly illus-
trates. Onc cc of thrombin was transferred to a test tube and after
1 minute it was poured out. The tube was drained and then thor-
oughly rinsed 3 times with saline solution It was caleufated that
whatever thrombin remained in the test bubie was diluted 3 X 10.7
Nevertheless when 1 cc. of hemophilic bload, which clotted in 50
minutes in a control test tube rinscd only with saline, was transferred
to the test tube that had contained thrombin, a solid clot formed in
8minutes  Sucha finding can only be explained by assuming that the
glass surface adsorbed thrombin and held it so firmly that repeated
rinsing did not remove it. This simple experiment emphasizes the
necessity for scrupulously clean glassware.

Glassware is rautinely cleaned as follows, Test tubes are rinsed
with tap water immediately after use, then soaked in soap solution
or a detergent made for chemical ware, and finally washed on a re-
volving test tube brush driven by a water motor, Inlicu of thelatter,
thorough scrubbing with a test tube brush by hand is necessary. The
test tubes are repeatedly rinsed with hot tap water, finally with dis-
tilled water, placed in a wire bashet to drain and are air dried.
Chromic acid cleaning fiuid is pot used for deaning test tubes. Badly
scratched test tubes are discarded

Pipettes are best cleaned with chromic acid mixture  The acid
must be completely removed by repeated rinsing with tap and finally
distilled water

Coating of Glassware with Silicone —Glassware is thoroughly
cleaned, nnsed and dned One volume of silicone (methyl-chioro-
silane, marketed under the trade name Dri-Film No. 9987, General
Electric Co } ismixed with 3volumes of toluene This mistureis poured
into the container to be coated .\fter the solution has been in contact
with every part of the surface, it is pourcd out, and the container
drained for 30 minutes It 1s then thoroughly rinsed in warm runmng
water, and air dried  The surface is polished with a nylon cloth until
smoath It is agam treated with the silicone-toluene mixture. For
meticulous work, six coats of silicone are applied  After each the
surface 15 polished with a nylon cloth except after the final coating
The coated glassware 1s protected from dust ~ After the glassware has
been used, 1t is cleaned with a detergent, nnsed, dned, polished with
anylon cloth and again given one coat of silicone  To coat needles,
the silicone-toluene mixture is passed through, then the eacess s
blown out by compressed air  The needle is immediately erp}{Cd
into a dilute ammonium hydroaide solution to prevent contact with
the free hydrochlotic acid which is hberated when me(.hyLChlom-
silane is hydrolyzed  The bore of the needle 1s polished with a nylon
bristle  As with glassware siv coatings are applied



LABORATORY MLTHODS 103

Silicone-coated ware must be kept scparate from the other glass-
ware. The brushes used to clean silicone-coated glass should be
reserved exclusively for that purpose. Silicone-coated glassware can-
not e cleancd with chromic-sulfuric acid cleaning solution. The
complete removal of silicone is well-nigh impossible, therefore any
apparatus treated with silicone cannot be reclaimed

Collection of Blood.—With few cceptions, the tests are carried out
on blood collected by venipuncture. I{ trouble is encountered in
entering a vein, it is advisalle to start again using a fresh necdle.
In infants the scalp veins often can be used advantageously for ob-
taining blood, and sometimes the arm veins are suitable  Routinely,
nine volumes of blood are mixed with one volume of the anticoagulant
solution {sodium oxalate or citrate) It is to be remembered that 1
cc. of such plasma contains only approximately 0 9 cc. true plasma
Native plasma can readily be obtained by collecting and heeping
blood in silicone-coated glassware On stow centrifugation (800rpm )
a platelet-rich plasma is obtained, whereas at 8,000 rpm  z platelet-
poor plasma results.

Stock Solutions —Physiological saline solution 8.5 gm of sodium
chloride are dissolved in 1 liter of distilled water

Sodium oxalate 01 M.—134gm of ¢ p sodium oxalate are dis-
solved in distilled water and diluted to 1 liter It 15 kept in the re-
frigerator

Sodum citrate 0.2 M —58 8 gm  of sodium atrate (N2:CeH 0, -
2H,0) are dissolved 1n distilled water and diluted to 1 liter.

Sodium aitrate 0 1 M. One volume of the 0 2 M solution is diluted
with an equal volume of distilled water Both 01 M and 02 M
sodium citrate solutions should be kept 1n the refrigerator

Calcium chloride 01 M —11 1 gm of andydrous calcium chloride
are dissolved and diluted to 1 liter.

Calawm chlonde 002 M —20 cc of 01 M calcium chlonde 1s di-
luted with 80 cc of distilled water.

Calcium chloride 001 M.—10 cc of 01 M. calcium chloride is
diluted with 90 cc of distilled water

Specral Eguipment —The mstruments listed are being used in the
writer's laboratory  This does not imply that they are necessarily
supenior to others on the market, but they are entirely satisfactory.

Centrifuges

1) International Climcal Centrifuge.
2) Angle Centrifuge Sorvall Type SS.
3) Angle Centrifuge Sorvall Type XL. -

Beckman pH Meter, Model G.

Coleman Spectrophotometer, Junior Model 6A

Constant Water Bath Technicon



Test 1
THE COAGULATION TIME

Definition —The coagulation time of blood is a measure of the time
required for sufficient fibrin to form in a mass of extracorporat bood,
callected and kept under specific conditions, ta convert it from a free
flowing to a gelatinous state,

Principle —To determine the intrinsic coagulative power of the
blood, collection must be made without admivture of tissue jnice, 2nd
the test should be carried out an a fived volume of blood in a glass
test tube of a fived diameter at a constant temperature It is a meas-
ure of the composite factors that participate in the formation of
thrombin and the conversion of fibrinogen by thrombin to fibrin
under standardized conditions

Equipment

Syringe - 5 or 10 cc coated with silicone (Dri-Film)

No 20 ncedle coated with siticone

Test tubes— 13 X 100 mm. with an internal diameter of exactly
11 mm,

Water bath kept at 373° C

Procedure —Blaod is obtained by vemipuncture. A tourniquet s
applied just prior to the puncture  If the vein is not entered imme-
drately and without trauma, the operation is repeated using 2 new
needle and a different vein  The ncedie is removed from the syringe
and 1 cc of blnod transferred into each of two clean, dry test tubes,
care being taken to avord foamung and bubbles  The tubes are placed
in the water bath, and tilted gently every J0seconds If clotting does
not occur in 10 minutes, the tubes are tilted every 60 seconds, 1f
the clotting time is bey ond 20 minutes, it is sufficient to examine the
tubes only every 5 minutes For domng the coagulation at the bed
side, 8 vacuum bottle titted with a cork having a hole in which a test
tube can be inserted, serves as a convenient water bath  The range
for the coagulation time of normal blood 1s 5 to 10 minutes

To measure the incipient coagulation time, a glass rod is put in a
{est tube containing 1 cc of bloed  The rod 1s gently withdrawn every
30 seconds, A fine thread of fibrin marks the beginning of clotting
This oceurs 1 3 to 4 minutes 1 normal blood and is usually fo]l(m:ed
hy a sohd clot 2 to 6 mmutes later In hemophilic blood, the begin-
ning clot may occur 1n 10 minates but the formation of a sohd clot

may require 1to 2 hours
(106}
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Application and Interpretation —The clotting time serves two im-
portant uses It is a screcning test in the diagnosis of hemorrhagic
diseases and it is the most practical means for controlling hepann
therapy.

A prolonged clotting time is always significant, whereas a normal
value gives no assurance whatsoever that the patient has normal
hemostasis  1f blood fails to clot, afibrinogenemiz is the most likely
diagnosis, The most common disease in which clotting is much pro-
longed is hemophilia  The presence of approximately 20 gammas of
heparin per cc. of human blood will prolong the clotting time to ap-
proximately 30 minutes

test are far more sensitive in detecting deficiencies in the coagulation
mechanism

1t should be emphasized that a minute amount of tissue juice which
may inadvertently gain cntrance into a specimen of blood can re-
duce a clotting time of 2 hours to 8 minutes or less  Due to the great
difficulty of obtaining blood from a newborn infant, the true pro-
Jonged coagulation time in a hemophilic baby is often missed

There is no longer any justification for doing routine coagulation
times on capillary blood since a normal value merely gives the surgeon
a false sense of security One of the few excuses for doing clotting
times on capillary blood is 1n the control of hepann therapy when 1t
15 difficult to obtain venous blood

For a comprehensive discussion of the uses and limitations of the
coagulation time, the article of Quick and huis associates should be
consulted

BIBLIOGRAPHY
1 Quick A J, Honomrato, R € and Steravivg, M The value and hmita-

tions of the coagulation time 1n the study of the hemorrhagic diseases, Blood,
38,1120, 1948



Test 2

THE COAGULATION TIME OF RECALCIFIED PLASMA

Definition.~"I'he coagulation time of recalcified plasma is the time
required for a fibein clot to appear in decalcified plasma, obtained
from blood mixed with a fixed amount of sodium oxalate, to which 2
standard quantity of calcium chloride has been added.

Principle.—On adding sodium oxalate to blood, calcium is removed
as an insoluble salt and coagulation is thereby prevented. On re-add-
ing calcium, the coagulation reaction is re-initiated. In normal blood
many platelets are disrupted before decalcification is complete, where-
as in hemophilic blood the platelets remain mostly intact. Therefore,
on high centrifugation of oxalated hemophilic blood many platelets
are removed, and the resulting coagulation time of the highly centri-
fuged plasma 1s prolonged.

Lguipment and Reagents:

Same as Test 1, plus 01 M sodium oxalate
Centrifuges 001 M. calcium chloride.

Procedure —Blood is collected with a silicone coated syringe and
needle. To cach of two glass test tubes contamming 0.2 cc. of 0.1 M.
sodium oxalate, 1 8 cc of blood are added  After mixing, one test
tube is centrifuged for S minutes at 1,000 rp m. while the second is
spun in an angle centrifuge at 3,000 rpm for S minutes

TABLE 8 —Titr CLOTTING TiME OF RECALCIFIED OXALATED PLASMA a5 &
TEsT FOR HEMOPHILIA

Coagtdation trme
Recalerfied plasma

Lee Whte After low After hrgh
method centrifugation  cenirifugation
mn sec see
Normal 1 6 920 108
I 6 125 145
I 5 105 130
Hemophilia I 38 180 630+-1080}
11 22 165%-195¢ 480*-660t
111 180 330
w 40 165*-200t 300600t
v 73 540 900
180% 1808

+ Begnming of coagulation. 1 After standing 6 hours

t Formation of a firm clot

L eno s
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The clotting time of the two plasmas is determined by miing 0.1
cc. of plasma with 0.2 cc. of 0 01 M. caleium chlotide. The caleivm
chloride is forcibly blown with the plasma, and the period from that
momment to the formation of a fibrin film is carefully timed with a
stop watch  Normal buman plasma has a clotting time of 80 to 120
scconds for the fow centrifuged plasma and 105 to 150 seconds for the
high centrifuged specimen For hemophiliaes bath fow and high
centrifuged plasma have & prolonged value and the latter is usuafly
twice as long as the former,

Application and Interprelation.~The procedure has been vscful in
the diagnovis of hemophilia as shown in table 8.2 It is not specific,
however, for this disease  With the introduction of the prothrombin
consumption test, the procedure has become dispensable for dhagnos-
tic purposes, but occasionally is useful.

BIBLIOGRAPHY
tQuicn, & J The dugnosss of hemophiha Am J Med Ser 207, 369, 1941,



Test 3

BLEEDING TIME

Definition ~The time required for bleeding to cease after a stab
wound of the skin not over 4 mm decp is designated as the bleeding
time.

Principle — The bleeding time is a measure of the ability of the skin
capillaries to stop bleeding alter a standardized stab wound. The
mechanism that brings about this response remains undetermined.
Endothelil adhesiveness after injury, reflex contraction, platelet
thrombi and releasc of thrombotonin from labilized platclets may be
factors 1n closing or obliterating bleeding capillarics

Equtpment

1. .\ spring lancet with an adjustable blade. The cutting depth
of the blade should be fied at 2 mm.
2 Ordinary fiter paper

Procedure —The lobe of the car is cleansed with alcohel, and a cut
2mm deep1s made with a spring lancet  Every 30 seconds, the drop-
let of blood 15 blotted with the filter paper  Normally, bleeding stops
in 3 minutes or less  The results obtained on a normal subject and
on a patient with thrombocy topenic purpura are recorded in figure 19

. 10 —The bleeding time test
The filter paper to the right ss the recard of a normal subject while that on the
left of a patient with thrumbocytopenic purpura  The bleeding surface was Blotted

cvery 30 seconds
(110)
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When the result is equivocal, e, slightly more than 3 minutes, the
test should be repeated on the other lobe of the ear. If bleeding
continucs after 30 minutes, it is stopped by pressute and by a coating
of collodion. Occasionally it is necessary to apply a mixture of throm-
boplastin and epincphrin to control the bleeding

Apphcation and Interpretation.~The bleeding time test is exceed-
ingly important in the diagnosis of hemorrhagic discases  In pscudo-
hemophilia it is usually the only positive laboratory finding It is
commonly prolonged m thrombocytopenic purpura, but it is not
directly related to the platelet count A normal bleeding time is
not infrequently observed with a low platelet count In non-throm-
bocy topcmc purpum the blccdmg time ls normal :md it is not pro-
longed in h hilia, nor in hypop . If, thercfore,
the test is abnormall\ long in cnhcr condition, one can conclude that
a secondary dysfunction has been superimposed on the primary de-
fect

The bleeding time 1s not a measure of capillary fragllity  Inscurvy,
the test isnormal  I'requently a prolonged bleeding time is observed
when the tourniquet test is positive, but this association is co-inciden-
tal  In pseudo-hemophilia the tourniquet test is often negative,
whereas it is not unusual to find a normal biceding time in thrombo-
cytopenic purpura, but a strongly positive tourniquet test

In certain patients the blecding time is sufficiently wmportant and
informative to warrant having the physician do the test instead of
entrusting it to an indifferent and unshilled technician  Much can
be learned by observing the reaction of the skin to the cut




Test 4
PLATELET COUNT

Principle — Platelets in the absence of thrombin remain discrete,
show no tendency to agglutinate and do not adhere to a foreign sur-
face By drawing blood into a silicone syringe and mixing it imme-
diately with sodum citrate, no formation of thrombin is permitted
and the platelets can be counted 1n an ordinary counting chamber
in the same manner as are erythrocytes

Egutpment and Reagents*

Microscope. Red cell pipette.

Counting chamber Glass dish with a cover and a small sponge
Silicone coated test tube, 10 X 75 mm , with calibration mark

for 15 cc.
Silicone coated syringe and needle
Diluting flmd
Sodium citrate 3 8gm.
Formaldehyde (407) 0 2cc
Distilled water 100 O cc.

Thas solution is the same as that of Rees-Ecker, except that
the dye, bnlliant cresyl blue, is omitted The reagent
must be filtered just prior to using it

Procedure —Blood 1s collected 1n a silicone-coated syringe. Exactly
1 cc 1s transferred to a small silicone-coated test tube, immersed inan
ice bath, containing 05 cc of the sodium citrate diluting fluid The
test tube 1s covered with parafilm (a paraffin coated paper) and in-
verted several times to effect mixing  The atrated blood is drawn
up to the 0 5 mark of a red blood cell pipette which is then filled to
the 101 mark with the diluting fluid The pipette is shaken either
by hand or in a mechanical shaker for 5 minutes. Both sides of the
counting chamber are filled with the diluted blood The platelets are
allowed to settle by placing the counting chamber for 15 minutes
in a flat glass dish provided with a cover To prevent drying a small
sponge soaked with water is placed in the dish

The platelets are counted using the 4 mm objective of the mucro-
scope  The platelets are recognized as highly refractile bodies which
are usually about one-fourth as large as an erythrocyte but may oc-

(112)
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casionally be very much smaller  Continuous adjusting of the focus
of the microscope is necessary to detect all the platelets in the field,

. The phlelcls in2 separate sq mm fields are counted. 'lo calculate,

the count in 1sq mm is multiplied by 2,000 and then by ] to correct
for the initial dilution. The platelets may vary normally from 150,000
to 500,000 A red cell count may be made on the same prcpz\r;\lion
after the platelet count {s completed

The method as outlined assures a platelet count equally as accurate
as a carefully performed erythrocyte count. Routinely, platelets
are counted by drawing capillary blood directly into a red cell pipette
The procedure can be improved by first drawing diluting fluid to the
0 5 mark and then drawing blood to this mark, after which the pipette
is filled to the 101 mark.

When the platelet count is exceedingly low, it may be helpful to
centrifuge the citrated blood after chilling in an ice bath for 5 minutes
at 300 rpm and do the count on the plasma  Quick and his asso-
ciates® have found that the platelet count in plasma obtained by slow
centrifugation is approximately double that of whole blood

Application and Infrrpretation —For a discussion of the significance

of the platelet count in h is the section on thrombocy topenia
in Chapter 3 should be consulted 1f platelcts are deficient, the plasma
thromboplastinogen is inad, Iy activated, and little prothrombin

is converted to thrombin  This quantitative deficiency of thrombin
causes impaired hemostasis which the clotting time fails to disclose
since it 1s almost always normal in thrombocy topenia

The platelet count of peripheral blood may not always be a true
reflection of the production of platelets by bone marrow  Doan? has
noted that after scvere bone marrow depression and a marked throm-
bocytopenia there1s a considerable lag between the restoration of the
platelets in peripheral blood and the appearance of new functioning
‘megakaryocytes Only aiter the production of platelets exceeds the
rate of destruction, can there be an accumulation of the blood

The platelet count has prognostic significance in acute leuhemia
Frequently, the platelet count rises during a remission mduced by
folic acid antagonists such as 4-amino, pteroyl-glutamic acid (amino-
pterin)  Interestingly, the production of platelets is depressed in
pernicious anemia, and is stimulated by liver extracts

The platelet count per se yields no information concerning the
physiologieal activity of these cells Lack of platelet function has
been designated thrombasthema Usually the dysfunction implied
15 failure to cause clot retraction  Since it 15 dubious whether clot
retraction has any hemostatic purpose, 1t scems better perhaps to

8
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reserve this term for one of the important functions of the platelets
The two primary functions arc the activation of plasma thrombo-
plastinogen and the liberation of a vasoconstrictor. The possible
assay of the platelets’ potency in activating thromboplastinogen will
be discussed under the “ Prathrombin Consumption Test.”

BIBLIOGRAPHY

1 Quick, A J., Snannercr, J. N and SteFaning, M. The coagulation defect
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Test 5

CLOT RETRACTION

Definition ~Clot retraction is the spontaneous shrinking of a blood
coagulum with the expression of a clear serum.

Principle.—When blood clots, a fibrin reticulum is formed which
enmeshes the cellular constitutents including the platelets. The
fibrin strands absorb thrombin and gradually become coated with
this agent, thereby presenting a surface to which platelets adhere,
Under the influence of tt bin, the platelets undergo ~
phosis which results in physio-chemical changes that affect, perhaps
in a passive manner, the fibrin strands to which platelets are attached,
causing them to twist, shorten and contract

The degree and speed of clot retraction is dependent upon three
intrinsic factors  the number of platelets, the quantity of thrombin
and the concentraction of fibrinogen, and two extrinsic factors  the
nature of the walls of the container, and cell volume. Increase in
either platelets or thrombin augment retraction whereas the higher
the concentration of fibrinogen the less the contraction. Certain
surfaces such as collodion have such a great affinity for fibrin that
they will not permit clot retraction even of normal blood The
greater the cell volume, the less the contraction  In determining the
retraction of plasma, the cell volume as a factor is elimmated The
mechanics of clat retraction has been critically discussed recently '*

Equipment:

Same as for Test 1, plus
Clinical centrifuge.
Test tube filled with castor oil USP

Procedure —Clot retraction, whole blood Two cc. of blood ob-
tained by venipuncture are transferred to a standard test tube which
is then placed in a water bath at 37°C  Normal blood shows retrac-
tion 1n 30 to 60 minutes

Clot Retraction, Nalie Plasma *~Blood collected by venipuncture
15 transferred to a silicone-coated test tube which is immersed n an
1ce bath  After the blood 1s chilled, it is centnfuged at 800 rpm for

10 minutes  Usually 5 to 6 ec of blood is sufficient to obtain 2 cc of
plasma  This amount of plasma 1s transferred to a standard test
tube which is placed in a water bath at 37° C.  The tube is examined
every minute to detect the beginning of clot retraction. Plasma with
(115)
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a normal platelet count will generally show clot retraction in 8 to 12
minutes

Hirschboeck's Clot Retraction Test:**  “The skin of the finger
tip is cleansed with alcohol and a puncture 3 mm decp is made with
a No U1 Rard-Parker blade with a cork guard sct 3 mm., from the tip
The time is recorded when the skin puncture is made. Two samples
of blood (20 ¢ mm, cach) are drawn as quickly as possible into Sahli
hemoglabinometer pipettes. The same pipette may be used for each
sample if the blood flaws freely and the aspiration is done quichly.
Lach sample of blood is suspended in a separate test tube filled with
castor oil, US P, in the following manner. The blood is evpelled
from the pipette as & large single dvop which is ‘planted’ an the
center of the oil surface by touching the tip of the pipette to the of!
The drop will settle 1nto the oif and hang by surface attraction to the
menmiscus  Castor oil was selected because its specific gravity at room
temperature is almost the same as the specific gravity of blood  The
tubes are stoppered to prevent evaporation  This procedure should
not take longer than 20 scconds  Two samples are vsid for purposes
of control  1f the clot retraction time 15 not equal or within three
minutes ot being equal in hoth tubes, the test is repeated  This is
scldom necessary The tubes are placed in a rack at room temperature
and are abserved at the end of 10, 15, and 20 minute periods  Theend
point of coagulation 1 not determined  The begmning of clot retrac-
tion 15 established when a visible dimpling of the clot surface with
extrusion of a tiny droplet of scrum occurs It is usually readily seen
hecause of the tughly refractile ol-blood interface This is the end point
of the test The droplet of serum enlarges until clat retraction is com-
plete 1t was found that normal tndividuals have a clot retraction
time of 20 minutes or longer, the average being 33 1 minutes  Clot
retraction times longer than 50 minutes were observed only in throm-
bocy topemia and erythremia and 1n persons with a coagulation defect
‘The clot retraction time may {luctuate during the course of the day
tn some indrviduals

Applcation and Interpretation. Clot retraction 15 essentially an
sndirect measure of the platelet count in most instances  Since the
measurement of clot retraction turmshes no iformation which cannot
be obtaned more accurately by other means, all the various pro-
cedures developed to determine the ratio of the volume of serum to
that of the clot are of mited value either scientifically or clinically.

Synce it is becoming exceedingly doubtiul that the fibrm clot serves
hemostatically as a mechanical plug, the speculation that a non-

+ The wniter has had na opportunity to test Hirnchboeck’s clot retraction et
ctimscally, but he fecls that 1t should be gaven a thorough climeat trial
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retractile clot, such as is formed in thrombocytopenic blood, is faulty
in stopping bleeding because of its friable, fragile and non-adhesive
character, is no longer convincing Likewise, the belief that clot
retraction serves in drawing together the walls of the injured vessels
can be summarily dismissed. The retractile force in the clot is far
too weak to be effective for such a purpose. It hecomes very doubt-
ful, therefore, that clot retraction influences hemostasis directly. The
information whether blood shows retraction or not adds little to diag-
nosis or prognosis.

Since experimental and clinical evidence points strongly to clot
retraction as a key factor in venous thrombosis? a procedure to
detect an abnormal hyperretractility may prove to become clinically
valuable, as the findings of Hirschboeck suggest. Such a test com-
plemented with a platelet count, a hematocrit reading, and a pro-
thrombin consumption test may materially aid in detecting the true
or potential thrombotic state of the blood
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Test 6
THE TOURNIQUET TEST

Definstion,—The tourniquet test, also known as the Rumple-Leed,
Hess or capillary fragility test, and as le signe du Lacel in France, is
a measure of capillary fragility and hyperpermeability. The test
consists in obstructing venous blood flow and observing the number
of petechix formed in a unit area of skin distal to the obstruction

Principle —Capillary fragility is essentially a hyperpermeability
which allows the escape of the cellular elements of the blood, causing
petechize and ecchymoses  The specific cause is not known. Theo-
retically it may be due to an anatomical defect, a toxin or the lack
of a factor essential for capillary tonicity In the acute stage, the
petechiz and ecchymoses appear spontancously and the condition
is recognized as purpura By obstructing the venous blood flow, the
intracapillary pressure is raised sufficicntly to disclose a latent hyper-
permeability, shown by the appearance of petechie below the level
of the obstruction Obviously, a tourniquet test need not be done
when showers of petechiz appear spontaneously

Equipment:

Sphygmomanometer and a stethoscope

Procedure —The blood pressure cuff is placed on the upper arm,
and the blood pressure taken A pressure midway between the dia-
stolic and systolic 1smaintained for 5 minutes A circle 5 cm in diam-
eter is drawn on the flexor surface of the forearm a little below the
bend of the elbow  The number of petechiz formed in 15 minutes
following the release of pressure are counted and recorded A count
above 5 can be regarded as positive

Application and Interprelation — The interpretation and evaluation
of a positive tourniquet test 15 difficult While a positive test is often
accompanied by a prolonged bleeding time and a thrombocytopenia,
there does not appear to be any direct relationship  The tourmquet
test is often positive when the platelet count is normal, and con-
versely no abnormal capillary permeability may be demonstrable in
in rather severe thrombocytopenia The relation to the bleeding
time is equally inconsistent It seems fairly certan that the bl?efiing
time is essentially a measure of the capillanies’ response to injury
which may or may not be related to hyperpermeabihty Thus, in
pseudo-hemophilia the bleeding time is prolonged, but the tourmquet

(118)



THE TOURNIQUET TEST 19

test is often negative  In non-thrombocytopenic purpura, the bleed-
ing time is normal but the tourniquet test is usually positive.

The tourniquet test is of limited value in the study of hemorrhagic
diseases, It is positive in a great variety of conditions; but in many
of these, hemorrhage is either a minor factor or is entirely absent.
Even in scurvy, the test is not always positive and often is negative in
subclinical vitamin C deficiency. How often capillary {ragility and
hyperpermeability are due to vitamin P deficiency is difficult to esti-
mate since the physiological rdle of the substance is still poorly under-
stood. Whether a clinical entity caused solely by lack of vitamin
P exists has not been established, and the relationship of vitamin P to
vitamin C is still uncertain.



Test 7

THROMBOPLASTIN
Preparation and Assay

Definition.~Thromboplastin*is an essential coagulation factorwhich
reacts stocchiometrically with prothrombin, labile factor and calcium
to form thrombin It is probably a lipo-protein which is widely di>-
tributed in body tissues, but in blood exists only in an inactive form,
thromboplastinogen

Principle. - Attempts to isolate and purify thromboplastin have met
with fatlure, since even mild chemical procedures tend to disrupt the
molecule and reduce its activity Human and rabbit brain have an
exceptionally high thromboplastic activity and serve, therefore, as an
excellent source of this agent  Rabbit brain is particularly suitable,
since 1t is readily obtainable, and the tissue is almost bloodless after
the removal of the pa and the larger vessels By dehydration with
acetone, a product 1s obtained which has a high and remarkably con-
stant activity When this material is kept in an evacuated vial, it
remains fully active indefinitely

The simplest means for assaying thromboplastin is to test its action
on fresh oxalated human or dog plasma using the one-stage techmque,
since the prothrombin in these two species 1s very constant By this
method, the lowest concentration required to produce the shortest
prothrombin time 1s determined An alternative method, which has not
been fully developed, is toadd vary ing quantities of the thromboplastm
solution to be assayed to hemophulic plasma and after a period of
ncubation, determune by means of the prothrombin consumption
test, how much prothrombin remams Smce hemophllu: blood ls
deficient 1n avalable thrombeplastin, Iittle prott bin is ¢
during coagulation, therefore, the amount of prothrombin which
disappears becomes a measure of the guantity of thromboplastin
added

Equipment and Reagents

Same as for prothrombin one-stage procedure, plus
Bone cutting forceps
Forceps

+ The older term, th

does not 4ct as an enzyme
(120)

bol should be d because the
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Scissors.

Suction flask {250 cc.).

Glass funnel (60 mm.).

Fiiter plate (25 mm.},

Fiiter paper.

Glass mortar {8 a2.) and pestle.

Acetene A good commerdial grade is <atisfactory, but a US P,
or CP product is recommended.

Preparation of Thromboplustine from Rabdbt Brain.—It is advan-
tageous to remove the brain soon after the rabbit is Mlled since the
removal of blood vessels is then relatively easy. The technigue of
removing the brain is as {ollows: the skin aver the head and neck
is incised longitudinally in the midiine and stripped back to expose the
skull. By means of a bone forceps, the atlanto-oceipital articulation
is severed, and the plate of bone above the brain cut and removed
The dura s then incised and the brain shelled out with the aid of 2
flat, blunt instrument such as the handle of a forceps. The pia 1s
stripped and all visible vessels removed

To prepare enough th 1 in reagent for appraximately 500
prothrombin determinations, theee cleaned rabbit brains wesghing
about 21 gm are put in an 8 0z glass mortar, covered with 30 cc of
acetone, and Gt ¢c¢ 0.2 M sadium citrate 1s added to remove any
traces of caleium The material 15 crushed and mashed with the
pestle, but grinding at this stage must be avoided  The spent acetone
s» poured off, 23 cc. {resh acetone added and trituration repeated [t
witl be noted that the second acetone extract is fess milky and the
material begins to become adhesive  After the removal of the second
portion of acetone, 25 cc fresh reagent are added At this stage the
material becomes flaky and grinding may begin - The acetone which
1> now almost water clear 1s poured off and a fourth quantity of 25 ec
added The material is ground under the acetone until granular and
non-adhesive  The product is filtered by suction, A 25 mm filter
plate fitted m an ordinary glass funnel and covered with a disc of
tlter paper 15 satisfactory for this purpose  After washing repeatedly
with small portions of fresh acetone, the material 1s dried first by
suction, and then is transferred to a Rlter paper and dnied at 37° C for

30 minutes The yield is about 3 5 gm of wvery whate, finely granular
matenal

I the produrt s used within 2 weeks, 1 15 preserved as fallows
02 gm quantities are distributed in test tubes (13 X 106 mm),
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vacuum oil pump and sealed in a gas flame.* Precautions must be
taken to have the material dry, since moisture will cause deteriora-
tion. Rapid evaporation of acetone during filtration is apt to cause
condensation of moisture on the product especially if the atmosphere
is warm and humid.

Fresh brains when frozen retain their full activity for 6 months
It is, therefore, convenient to store the surplus supply of brains in
the frozen state, and prepare only enough of the acetone dehydrated
reagent for a2 two-weck supply. In this manner, a hospital laboratory
may provide itself with an adequate supply at a minimum amount of
labor and expense.

Assay of Thromboplastin.—The amounts of reagent given in table 9
are put in test tubes mived with 5 cc saline solution and incubated at
50°C for 20 minutes. The tubes are then placed in a water bath at
37°C  Each solution is tested by the one-stage prothrombin proced-
ure (Test 8) on fresh normal human plasma. Typical results are
recorded in table 9 It will be noted that dog plasma, probably be-

TanLE 9—EFFect OF CONCFATRATION OF THROMBOPLASTIN ON PROTHROWBIN
Tise
Prothromben trme 1n seconds

Thromboplasun mg* 200 150 100 75 40 25 10 & 26 1 O
Human plasma

With 002 CaClh 1313 13 13 14} 17 20 24 29 38 120
With 001 CaCl 1212 12 12 13 16 20 22 27 36 100
Dog plasma

With 002 CaCle 6 7 7% 8 9 1 12} M 1622 70
With 001 CaCly 6 77 8 9 10 12 13} 17 2 19 85

. Thc amount of thromboplastin mixed with S cc of sahne solution and mcubated
at 50°

cause of its greater concentration of prothrombin, requires more
thromboplastin

Application and Interpretation —The most important use of throm-
boplastin is for the determination of prothrombin and for the pro-
thrombin consumption test After preparing several hundred lots
of this product by the method described, the writer can vouch for
the constancy of its potency Wit this reagent a prothrombin time
of 12 seconds for human and 6 seconds for dog plasma 1s consistently
obtaned Were this pmduc& accepted as the standard of reference,
much of the Y and confusion concerning pro-
thrombin determination could be ehmmated 1t should be stressed

+ Samples kept 1m evacuated ampules have retamed full activity for more than

12 years
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that any thromboplastin preparation made of tissue from which blood
isnot easily removed and that applies especially to lung, is apt to con-
tain clotting factors as contaminants. One can question the advis-
ability of using such a product in research

Brain thromboplastin is free of labile factor, prothrombin and
calcium  'To be sure, it contains much inert material but this does
not have any detectable influerice on the coagulation reactions

Rabbit brain thromboplastin is entirely satisfactoty for the blood
of man, dog, 1abhit, cat and reany other mammats Tt is not suitable
for bird blood, nor should it be used for estimating the prothrombin
of rat or guinea pig blood Thromboplastin from their brains is more
active for their respective bloods

QUANTITATIVE DETERMINATION OF THE CON-
STITUENTS OF THE PROTHROMBIN COMPLEX

Much confusion exists at present concerning the factors that par-
tiripate in the formation of thrombin For the sake of clarity, a
rather arbitrary concept is presented Oaly four agents appear to be
essential for the formation of thrombin  They are: prothrombin,
labile facter, organically bound calcium and thromboplastin, How
these interact remains undetermined, but when their chemistry is
studied in the natural environment, 7 ¢ , in the blood or plasma, they
behave as constituents in a stoechiometric reaction  The quantity of
prothrombin activated depends quantstatively on the amounts of
labile tactor, calcium and thromboplastin - The report that prothirom-
bin can spontaneously change to thrombin 1s of academic nterest,
but 15 of no help in furnishing, {or example, an explanation for the

tation defect in hernophilia If thromboplastin wete acting as
a catalyst, one would not expect the extremely low fixed consumption
of prothrombin that one finds consistently in this disease

The recognition that prothrombin in human plasma exists partly
in a free or reactive state, and partly 1 a precursor form, designated
prothrombinogen, is of utmost importance, It offers a simple ex-
planation for a number of experimental observations which have led
some investigators to introduce hypothetical prothrombin-converting
accelerators  Prothrombinogen does not react until converted to pro-
thrombin, but in contact with a foreign surface such as glass it grad-
ually becomes actvated, with the result that the free prothrombin
1s ncreased and the prothrombin time is shortened  Unless this is
recagnized, the increased prothrombin activity may be erroneously
ascribed to prothrombin accelerators  Afl such hypothetical agents
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should, therefore, be evaluated in relation to the activation of pro-
thrombinogen

Definitions.~ Prothrombin is the clotting factor which in its inter-
action with labile factor, calcium and thromboplastin yields thrombin.
It is in the globulin fraction of the plasma, is inactivated at 58° to
60° C, is quantitatively adsorbed by tricalcium phosphate and com-
pletely eluted from the latter with sodium citrate. It is diminished
in two types of congenital hypoprothrombinemias described by Quick,
in vitamin K defictency, after the administration of Dicumarol and
in some types of liver damage It reacts with sodium citrate, appar-
ently forming a complex, which is unadsorbable by tricalcium phos-
phate, and is inactive

Prothrombinogen is a precursor of prothrombin  In human blood
its concentration is several times greater than that of active pro-
thrombin In contact with a foreign surface such as glass, prothrom-
binogen is slowly converted to the active form  Neither its réle nor
how it is activated physiologically is known Itis inactivated at 60°
C, is adsorbed by tricalcium phosphate and eluted with sodium
citrate,

The labule faclor is an essential agent in the formation of thrombin
1t diminishes in stored plasma due presumably to destruction by
oxidation  Its instability is greatly increased by the absence of cal-
cium 1ons  Like prothrombin, it is inactivated at 66° C but unhke
this agent 1t 1s not adsorbed by tricalcium phosphate ner is it dimin-
ished in vitamin K deficiency or after the administration of Dicuma-
rol It is decreased in severe liver damage and in the type of con-
genital hypoprothrombmema described by Owren Its concentra-
tion is relattvely low in human blood —dog blood contains ten times
and rabbut blood fifty times more  Other names apphed to this sub-
stance are Factor V, Ac-globulin, acceleration factor, thromboplastin
co-factor

Caleznm —The role of this element in coagulation remains un-
known Only organically bound calcium appears to react, and it
seems reasonable to postulate that one of the prothrombin factors
is 2 calcium compound The mmimum calcium concentration for
maximum prothrombin activity 10 0012 M tor human and 0 0004 M
for dog plasma Curiously, when the prothrombin level decreascs,
the calcium concentration required for maximum activity increases



Test 8
DETERMINATION OF PROTHROMBIN

QOne-Stage Procedure

Definitron ~The determination of prothirombin by means of adding
thromboptastin reagent and calcium chioride to oxatated plasma, and
timing the formation of a clot is commonly designated as the one-
stage method

Principle - The clotting of blood is slow, because the avmlable
thromboplastin 1s hmted 1n amount. On adding an excess of the
tatter, prothrombin 15 made the hmiting factor and therefore the
determinant of the clotting time  The basic over-ali equation is

Prothrominn + labele factar + walaum 4+ thrombaoplastin = thromba

The reaction behaves stocchometneally, therefore, since labile fac-
tor and calcium ate abave the mintmum sequired concentration and
thromboplastin 15 made a ronstant by adding an excess, the amount
of thrombin formed depends on prothrombin which becomes the
vanable in the equation  Since the concentration of thrombw is
determined by the speed of coagulation, the clotting time becomes
themeasure of the prothrombin fevel of the blood Forconvenience, the

—ad]

Fic 1t —The t tor the of and

consumption,
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test is carried out on oxalated rather than on native plasma A fixed
amount of sodium ovalate is added to a specified volume of blood, and
a standardized quantity of calcium chloride is added to the plasma in
the test The prothrombin concentration is determined from the
clotting or “prothrombin” time using the table of values which the
writer has prepared with great care from data obtained by varlous
types of study and from normal as well as pathological bloods.
Equipment and Reagents,
Water bath
The Technicon water bath is quite satisfactory An inexpensive
one can be made using a round glass dish 20 inches in diameter
and 4 inches deep and placing it over a2 shallow box containing
two 40-watt hight bulbs which serve as the source of heat.
Copper test tube rack
Thermometer
Centnfuge
Vacuum or thermos bottle
Stop watch
Test tubes, 13 X 100 mm,
Pipettes—1 cc serological graduated in tenth’s and hundredth’s
of acc For convenience, the pipette should be shortened to
170 mm
Sodium oxalate 0 1 M
Calcium chloride 0 02 M
Calcium chlonde 0 01 M
Thromboplastin Solution —0 2 gm acetone dehydrated rabbit brain
(See Test 7) 1s put in a test tube, covered with 5 cc saline solution and
mixed by blowing through the suspension with a pipette  The powder
must not be triturated in a2 mortar with saline since this causes a loss
of activity The solution is incubated at 50° C for 20 minutes
A vacuum bottle with a cork into which the test tube can be mserted
serves as a suitable incubating bath  The tube is transferred to the
water bath kept at 37° C and the contents occasionally agitated by
blowing through it since this aids in maimtaming 1its activity The
suspension settles rapidly and the solid particles remaming do not
interfere with the accuracy of the test, in fact they actually aid m the
detection of the incipient clot
Procedure —Nme volumes of blood obtamned by vempuncture with
2 siticone coated syringe and needle are mixed with one volume of
01 M sodum osalate Usually 2 cc of blood are adequate As
small as 0 36 cc of blood mixed with 0 04 cc sodium oxalate 1s suffi-
cient for 2 prothrombin determinations If blood cannot be Enbtamgd
by venipuncture, capillary blood may be used A deep skin cut is
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made and the biood allowed to drop into a conical centrifuge tube
graduatcd for 1 cc, and containing 0.1 cc of 01 M, sodium oxalate.
T is conventent 1o remove plasma from the centrifuged blood by
means of & pipette having a rubber butb from a medicine dropper
attached to the end

‘The prothrombin determination is carried out as follows: 0.1 cc.
of plasma is transfecred taa standard test tube and 0.1 e¢. of thrombo-
plastin added  The tube is placed in 2 water bath for a few seconds
Exactly 0.1 cc. of 0.03 M. calcium chloride is measured into a pipette
which is put in the mouth, so that the reagent can be blown forcibly
into the tube, thus assuring slmost instantaneous miking with the
plasma and thrombaplastin - The stop watch is clicked at the moment
the calctum chloride is added. The tube is placed in the nater bath
and shaken lightly. A few seconds before the expected clotting time,
the tube is removed from the bath and held toward a distant source
of tight, and the tube observed {rom below By very gently tilting
the tube, the incipient web of fibrin, which is the end point, can
readily be detected  If the tube is shaken too vigorously, the initial
fibrin clot may be broken, and so escape detection  More time will,
therefore, be required before sufficient fibrin will again be formed to
become visible, and this may introduce an appreciable error,

The determination is repeated ustng 0.02 M calcium chloride,
which is the concentration formerly recommended With the intro-
duction of silicane-coated glassware, the conversion of a smalt amount
of prathrombinogen is prevented, and the mild inbibitory action of
calctum is accentuated by 0.02 M caleium chlonde. Thus, normal
oxatated human plasma with 602 M calcium chioride yields a pro-
thrombin time of 13 seconds whereas with 001 M calcium chlonde,
it is 12 seconds The second vatue is the correct one, bccausc native
plasma when mived with thrombopiastin has a1 time of
12 seconds  When the pm(hmmbm Jevel drops, 1he stronges solution
aof calcium must be used, since the calcium requirement increases as
the prothrombin decreases  For dog blood, 0,02 M. calcum chlende
1s satisfactory  In any case, the concentration of calcium chloride
is selected which yields the shortest prothrombin time

In research stuches when great accuracy 1s desired, the prothrombin
should be determined within 30 miputes after the blood 15 drawn
Four hours storage is permisoible for routine clinical purposes It
should be remembered that two changes oceur m ovalatcd human
plasma, the labile factor d and prot} \}
to prathrombin  If the test tube containing the blood is kcpl n cold
water, both reactions proceed very slowly

When the prothrombin time 1s very greatly prolonged, it is conven-
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ient to use as a miniature water bath, a large test tube (25 X 100mm,)
fitted with a cork having a hole through which the smaller test tube
(13 X 100 mm.) can be inserted and held in place. The larger tube is
filled with water at 373° C This device allows continuous observa-
tion while the temperature of the reacting medium js maintained
constant. When the prothrombin time is plotted against the pro-
thrombin concentration of plasma, a hyperbolic curve is obtamed
which is fairly satisfactorily expressed by the equation:
k
pt.—a

Prothrombin =
{Per cent of normal)

(p.t = prothrombin time, k and
a are constants  For human plas-
ma the values for k and a are 303
and 8 7 respectively )

In table 10 the values of prothrombin times in concentration of
normal for human and dog plasma are presented,

Tt should be emphasized that these values are valid only when the
procedure 13 carried out exactly as outlined and when a fully potent
thromboplastin is used

Application and Interpretation —It is generally agreed that the
one-stage procedure for determining prothrombin is satisfactory in
meeting clinical needs The writer, as the result of seventeen years
of intensive study of prothrombn, can further vouch that the method
fulfills the precise requirements of research and is the most reliable
quantitative method for prothrombin available today A test which
easily detects the difference in prothrombin response between 125
and 100 gammas of vitamin K in a 26-pound dog (Sec Table 7, page
76) compares favorably with other biochemical procedures for esti-
mating the constituents of the blood, especially the clotting factors

The first wide application of the method was in determining quan-
titatively the decrease of prothrombin in vitamm K deficiency, and
in testing the efficacy of vitamn K By means of the test, 1t was
found that the prothrombin of the newborn often drops to very low
Jevels durmg the first few days of life and usually returns to normal m
a weck The hypoprothrombinemra in obstructive jaundice was
studied with the test even before vitamin K was knqwn In both
types of avitaminosis K, the test 1s entirely relizljble,.slnce only pro-
thrombin becomes deficient  In sprue, alack of vitamin K may occur,
which causes a decrease of protbrombin, likewise stcxg’lizauon of the

\ntestinal tract by means of anttbiotics or sulfonamlfie drugs may
decrease the supply of itamin K below the daily requirement The
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fall in prothromhin is accurately measured by the one-stage pro-
cedure,

Lirer damage causes a dectease of prothrombin and occasionally
also a reduction of the fabile factor  Since the concentration of the
fabile factor even in normal human blood is refatively low, a moderate
reduction will prolong the prothrombin time. The test will, there-
fore, no longer be a true measure of prothrombin, By mixing 3 parts
of deprothrombinized rabbit plasma with 7 parts of the plasma to he
tested, the labile factor is restored and a fairly accurate estimate of
prothrombin from the prothrombin time of the mixture can he made,

The one-stage method has served as a reliable and accurate test
for estimating prothrombin in Dicumarol therapy. By means of this
test it has recently been found that in man Dicumarol first causes a
drop of frec prothrombin,! and a decrease of the prothrombinogen
only after the drug is given several days  The fabile factor level is
not altered by Dicumarol,

The test has made it poss\b‘e m dm:no>e and differentiate three
types of ital hyy ias. In the first type, the
inbile factor 1s diminished  In applying the one-stage procedure, it
is necessary to supply this factar  This s readily accomphished by
mixing 3 parts of deprothrombnized rabbit plasma with 7 parts of
the ptasma to be tested  The mixture has a prothrombin time which
corresponds to the true prothrambin content  In both of the other
two types, the labile factor 15 normal, but the free prothrombin s
diminished  In one, however, the prothrombinogen concentration
is normal whereas 1 the other it is diminished

From thus survey, 1t is clear that the one-stage procedure without
any modification determines accurately afl the common tvpes of
hypoprathrombinemias  Only mn the exceedingly rare condion of
congenital deficiency of labile factor and in an accasional case of hiver
damage does the procedure require the shght modification of adding
tabile factor in the form of deprothrambinized rabbnt plasma  To be
sure the prothrombin time 1s not a true measure of prothrombin when
hepana 15 added but phystological hepannemia s practically une
known 1t 1s obvious that in afibrinogenemia, the prothsombin time
cannot be determmed unless tibrinogen is added  Considenng that
1o case 1s known in the United States outside of Roston, this becomes

merely of academic interest
In spte of the wide and successful empioyment of the one-stage
procedure i the climcal laboratory, the method has been repeatediy
attacked as not being an accurate quantitative test for prothrombin
Some wniters have gone as far as to recommend that the name be
changed to “"accelerated clotting time 7 This hostile attitude toward
3
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the method stems from the fact that soon after the one- and two-stage
methods were described, 2 number of workers postulated that there
was a prothrombin conversion factor, which determined the speed of
thrombin formation. The one-stage method, according to this hypoth-
esis, measures the conversion factor rather than prothrombin  The
two-stage method, on the other hand, because it eliminates this
factor by allowing all the prothrombin to become activated before
measuring thrombin, was proclaimed as the standard method for
determining prothrombin. Therefore, whenever the one-stage meth-
od did not agree with the two-stage test, it was condemned as unsatis-
factory So far the hypothetical converston factor has not been
isolated It was thought for a while that the labile factor was the
sought-for conversion agent, but recent studies show that it, like
thromboplastin, reacts stocchiometrically with prothrombin. With
the discovery that prothrombin may exist in an inactive form, the
differences between the one- and two-stage methods can readily be
accounted for without postulating a conversion factor. The one-
stage procedure measure {ree prothrombin only, whercas the two-
stage determines the free, plus whatever amount of prothrombinogen
becomes converted to prothrombin during the various mantpulations
Since it is only the frce prothrombin which appears to react in the
hemostatic response, it becomes more important than ever that the
one-stage method be regarded and treated as a precise tool of rescarch.
There is no longer any justification for papers to appear in scientific
journals 1n which for instance the normal prothrombin time is re-
corded as 15 to 20 scconds for human plasma If the normal pro-
thrombin time cannot be determined within one-half second, it is
advisable that the investigator should first learn how to do the test
correctly before attempting research

The one-stage procedure as outhned is the product of many ycars
of meticulous and parnstaking studics In the seventeen years since
its inception, only one modification was introduced, namely substitu-
ting acetone dehydrated rabbat brain, for fresh or air-dried brain
Recently, when the routine use of silicone-coated glassware wasbegun,
1t was found that a 001 M calcium chlonde solution gave a more
accurate prothrombin time value for normal human plasma than the
002 M solution Since the stronger concentration of calcium s
needed for dog plasma, and when the prothrombin is low, the pro-
thrombin time 1s best determined with both solutions of calcium
chloride.

Various modifications of the one-stage method have been published
None has improved the determination either m accuracy or in simpli-
fication. Some have definitely reduced the accuracy of the test. A
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short analytical review of the common modifications should be help-
ful

Smhum oxalate was chosen as the anticoagulant, but equivalent
amotints of potassium or ammonium oxalate are equall) satisfactory.
Likewise, 0 1 or 0 2 M. sodium citrate can be used in place of 0.1 M.

the test if the prothrombin determination is done within 2 hours
after the blood is collected,

Dilution of plasma has been proposed as a means of increasing
the sensitivity of the test. Since the prothrombin time in human blood
increases only 3 seconds when the prothrombin decreases from 100
to 50 per cent, dilution with an equal volume of physiological saline
is helpful to obtain a slightly greater accuracy in that range  Smce
the prothrombin time should and can be determined with an accuracy
within one-half second, higher dilutions or dilution of plasmas having
a prothrombin time greater than 15 scconds are unnecessary. The
12§ per cent diluted plasma modifi i

ion must be 4 since
at such a high dilution uncontrolled physio-chemical changes are
introduced, and furthermore, accurate timing of the clot becomes dif-
ficult because of the low concentration of fibrinogen

The usc of deprothrombinized plasma (i ¢ , barium sulfate treated)
asadiluting agent has introduced a grave error into the determination
of prothrombin 1n human blood  Barium sulfate hike tricalcium phos-
phate removes prothrombin by adsorption, but 1t does not take out
a factor which converts prothrombinogen to free prothrombin There-
fore, when plasma treated with barium sulfate is added to normal
plasma, some of the prothrombinogen of the latter is activated This
1s made clear by the data in table 11 It will be observed that the
prothrombin time remains constant until the quantity of barum
suffate plasma exceeds 50 per cent  This type of plasma, therefore,
15 unsattsfactory for constructmg 2 prothrombin curve  Deprothrom-
binized plasma is a valuable agent, but it must be recognized that it
1s more than a solution of fibnnogen It contains nearly all the labile
factor, as well as the agent that apparently keeps the balance be-
tween active prothrombin and prothrombinogen

The substitution of acetone dehydrated rabbit brain thrombo-
plastin with other preparations has led to unsatisfactory, and in one
Instance, to disastrous results It has been found that Russell viper
venom fails utterly in the determination of prothrombin 1n human
plasma following the admunistration of Dicumarol The recent
literature on the subject has been reviewed by the author ?
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Thromboplastin obtained from a tissue such as lung, which is
difficult to frec from blood, is apt to contain the factor which converts
prothrombinogen to prothrombin, Such a product cannot be recon-
mended for rescarch unless its purity is established.

Tants 10 =Tws Vartrs or Promugounis Togis iy Tersts o8 Prr CPNT OF

NariaL
Prothromban T tme Per Cent of Normal
Sec Dog Man
o 100 ’
7 50
8 40
9 25
10 20
j¥3 0 100
13 7 7
13 b [
15 5 50
14 4 40
13 35 35
1 3 30
21 22 258 25
24 26 20 20
740 1 10
55 65 05 5

Thromboplastin from human brain 1s very active, often even more
than rabbit bram  Thus far it has not been standardized as carefully
as has rabbit brain It 1s not permissible to apply prothrombin vatues
obtained with human brain to those of rabbit brain

While a difficult procedure m surgery 1s rarely a deterrent 1o 1ts
widespread use, the clamor for simplification of laboratory tests is
incessant It 14 no wonder, therefore, that bedside tests have a special
appeal  In 1935 Quick and his ascocates® used such a test to show
that the prothrombin was normal in hemophilia  The test consisted
in adding 01 cc of thromboplastin to 1 ¢c of freshly drawn blood
Four vears later ZutTren of af* proposed a simdar test  They added
09 cc of blood to 01 «c of thromboplastin  Unfortunately ll}cy
proposed a prothrombin mdex calculated by dividing the clotting
time of the normal control by the clotting time of the patient's blood
Since the telation of concentration of prothrombm to clotting tim.c
{s not linear, but 15 expressed by a hy perbolic curve, a serious error is
introduced when the prothrombm index is confused with the per cent
of prothrombin concentration The hedside test alsz? has ot}.rer
sources of error  The delivery of 00 «c of blood‘and mixing it with

thromboplastin requires several scconds. This makes accurate
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Thromboplastin obtained from a tissue such as lung, which is
difficult to free from blood, is apt to contain the factor which converts
prothrombinogen to prothrombin. Such a product cannot be recom-
mended for research unless its purity is established

Tapt 10 - The Varnts of Protirodniy Tistes 18 TiRyus oF Prr Crat oF

Norua,

Prothrombin dime  Per Cent of Normal
e Dog Man
6 100 :
7 50
] 0
9 25
10 )

12 1 100
13 7 7
1 6 60
1s 5 50
17 4 0
18 35 3
194 3 30
2 s 1
2926 0
3730 1 10
%5 05 0s s

Thramboplastin from human brain is very active, often even more
than rabbit brain. Thus far it has not been standardized as carefully
as has rabibnt brain. It s not permussible to apply prothrombin values
abtataed with human brain to those of rabbrt brain

Wiule a difficult procedure in surgery s rarely a deterrent to its
widespread use, the clamor for simplification of laboratory tests 15
wmcessant It is no wonder, therefore, that bedside tests have a special
appeal  In 1935 Quick and his associates® used such a test to show
that the prothrombin was normal in hemophilia  The test consisted
in adding 0 1 cc of thromboplastin to 1 c¢ of freshly drawn blood
Four years later Zitfren et alf proposed a sumilar test. They added
0.9 c¢ of blood to 01 (¢ of thromhoplastin  Unfortunatety they
proposed a prothrombin indcy calculated by dividing the clotting
time of the normal control by the clotting time of the patient’s blood
Since the relatron of concentration of prothrombin to clotting time
is not hinear, but 1s expressed by a hyperbolic curve, a serious error is
mtroduced when the prothrombm mdex is confused with the per cent
of prothrombin concentration  The bedside test als? .has. ot}.ler
sources of error  The delivery of 09 cc of blood.nnd mixing it with
thromboplastin requires several secconds  This makes accurate



Test ¢

PROTHROMBIN DETERMINATION BY THE ADSORPTION
AND ELUTION TECHNIQUE

Definttion —~The estimation of prothrombin by adsorbing it with
tricalcium phosphate, eluting it by means of sodium citrate, and assay-
ing the eluate by adding it to standard deprothrombinized plasma
and determining the prothrombin time of the reconstituted plasma
can be designated as the adsorption and clution methad.

Principle.—Tricalcium phosphate has a high specificity for adsorb-
ing prothrombin A smali amount is sufficient to remove guantita-
tively the prothrombin from oxalated or native plasma  Equally ef-
fective and speafic is sodium citrate 1 eluting prothrombin from
the adsorbent By mixing the eluate with deprothrombinized plasma,
a reconstituted plasma is obtained on which the prothrombin time
can be determined Rabbit plasma adsorbed with tricalcium phos-
phate is ideal as the testing medium since it has a high concentration
of labile factor and a high constancy of composition The scheme of
the determination is presented in figure 9

Egquipment ond Reagenls:

Same as the one-stage prothrombin test, plus.

Pipettes calibrated in tenths and bundredths of a c¢
Sodium citrate~0 2 M
Tricalcium phosphate suspension 0 005 M
It is prepared by mixing 2 5 cc of stock 02 M tricalcium phos-
phate with 97 5 «c of distilled water The tricalcium phos-
phate in L cc of this suspension is sufficient to adsorb the pro-
thrombin from 1 cc. of human plasma. For rabbit and dog
plasma 2 5 cc of 0005 M Cay(PO,); are needed to remove the
prothrombin from 1 cc
Preparation of stock 02 M tricaleium phosphate 158 gm of tn-
sodwm phosphate C P are dissolved 1 1000 cc of distilled water
In a separate contawer 66 6 gm of anhydrous calcium chloride C P
are dissolved in 1000 cc of distilled watet The trisodium phosphate
solution is thoroughly stirred while the calcium chloride is slowly
added When the reaction 1s completed, the pH 1s adjyusted to 7 with
dilute hydrochlonic aad  The preci d tricalcium phosphate is
transferred to a 4-fiter Jar and washed repeatedly by decantation At
first tap water may be used, but the final washing must be with dis-
(135)
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timing difficult. The exact moment of clotting is not easy to deter-
mine in whole blood. Another disadvantage is that unless a thrombo-
plastin of constant potency is employed, cach test requires a normal
control. The most serious criticism of the test, however, is that it
is the type of procedure that invites carclessness and indifference.

Since many of the various modifications have definitely impaired
the accuracy and reliability of the one-stage method, it seems reason-
able to request that no one should attempt modifying the test until
he ha§ mastered the original technique. Tt is quite probable that in
this way much talent and effort can be conserved for more productive
achievements. There is little justification for semi-quantitative
methods such as the various types of bedside procedures. With a
little more effort a precise quantitative determination can be made.
When such potent drugs as Dicumarol are administered, accurate
estimation of prothrombin for the sake of the patient’s safety is
mandatory.
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substantiate the correctness and accuracy of the one-stage methed,
A remarkable agreement Is found between the results obtained by
the two methods  Only when the labile factor is lacking in plasma
do the results differ,

This method should end the speculation of a prothrombin conver-
sion accelerator factor since it is unlikely that if such an agent should
exist, it would, hike prothrombin, be quantitatively adsorbed and
eluted. The calcium phosphate treated rabbit plasma which serves
as the standard testing medium has a high concentration of labile
factor, but in spite of this excess, the reaction is not accelerated,

Plasma (oxalated)
+

CaytPOy

L
€a,(PG413 —Frothrombdin eorotrombmzed lasma
(Pmmagen ol i e )
Sogium
Cay(POyY, Profhrambin.citrats
sty
Prothrombinctrate eluate Standard deprothrombinized

rabbit plasm:

Reconstituted plasma

Thromboptastin snd CaCl,

Thrombia®
* Measuted by the prothrombin time test

Fi. 12 - The adsorption and elution of prothrambin as a means of assay

Proposed Umit of Prothrombin  The amount of prothrombin either
as an cluate or in punfied form, which, when added to 1 cc rabbit
plasma deprothrombinized with tricalcium phosphate will yield a
prothrombin time of 12 seconds is 1 umit. According to this proposal
1 cc of fresh human blooad normally contains { unit of {ree or active
prothrombin

BIBLIOGRAPHY
1 QueK, A T and & blond,

lllv:assny and rclation ta (he lab;\r factor, J Lab and Chn \Izd 54 973,
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tilled water, When the sodium chloride is removed, the volume of
the tricalcium phosphate reagent is brought to 1 liter, thus making a
02 M suspension. It requires several weeks to prepare the reagent.
Preparation of deprothrombinized rabbit plasma: Transfer 12,5 cc.
of 0.005 M. tricalcium phosphate to a test tube and centrifuge at
2500 r p m. for 3 to 5 minutes to pack the adsorbent. The clear water
is pourcd off and the tube drained. Five cc. of fresh oxalated rabbit
plasma are mixed with the tricalcium phosphate by means of a stirring
rod After 5 minutes, the tube 1s centrifuged at 2500 to 3000 rpm,
for 10 minutes The clear plasma is poured from the packed adsorbent
nto a clean test tube and kept in an ice bath. No clot should form
when 01 co of this plasma is mixed with 0.3 ¢c of thromboplastin
and 0 1ce of 002 M calcium chloride
Procedure ' —The determination for human plasma is as follows-
2 cc of 0005 M calcium phosphate suspension are transferred to a
test tube and centrifuged for 3 to 5 minutes to pack the adsorbent.
The water is poured off and the tube drained, To the packed tri-
calcium phosphate, 2 cc of the onalated plasma to be analyzed is
added. The adsorbent and plasma are mixed with a stirring rod for 2
minutes and allowed to stand 3 more minutes  The tube is centri-
fuged at a minimum speed of 2500 rpm for § minutes The clear
plasma 1s poured off and the tube dramed for several minutes  The
adsorbent 1s washed by adding 5 ¢c saline solution and stirring with
a glass rod  The adsorbent is agamn pached by centrifugation as be-
fore The wash water is poured off and the tube inverted to drain,
The water on the side of the tube 15 carefully remaved by means of
filter paper FExactly 0 2 cc of @ 2 M sodium citrate is added to the
packed adsorbent  The misture is stirred for 3 minutes and allowed
to stand 2 mrnutes more before it is centrifuged for 5 minutes, at
2500 rpm The 02 e of sodium citrate eluate contams all the pro-
thrombin onginally present 1 2 c¢ of plasma  The prothrombin has,
therefore, been concentrated ten fold By diluting 1 volume of the
eluate with 9 volumes of deprothrombinized rabbit plasma, the recon-
strituted plasma contamns the same amount of prothrombin as the
original plasma Therefore, 001 cc measured with 201cc pipette
is trapsferred to a test tube and & ¥ ¢ of deprothrombinized rabbit
plasma added. To this mixture 01 cc of thromboplastn and Otce
of 002 M calcium chlonde are added m the same manner as in the
one-stage procedure and the clotting ime carefull; deten{uncd The
pmchrombin can be t}-slnmatcd from the clotting time using the pro-
bin curve or table
m:f:’ﬂ:alxmt and IJXIU!)MMIIW - The ncw method of l(lleter{nilning
pmzhmmbm by adsorption and clution has thus far scrved mainly to
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substantiate the correctness and accuracy of the one-stage method.
A remarkable agreement is found between the results obtained by
the two methods. Only when the labile factor is facking in plasma
do the results differ. .

‘This method should end the speculation of a prothrombin conver-
sion accelerator factor since it is unlikely that if such an agent should
exist, it would, like prothrombin, be quantitatively adsorbed and
eluted. The calcium phosphate treated rabbit plasma which serves
as the standard testing medium has a high concentration of labile
factor, but in spite of this excess, the reaction is not accelerated.

Plasma (orafated)

Ca3tPOL;
L ]
Ca,(P0,) 1~ Prothramiin Depathrombinized plazma
(Fibrinogen, tabiie factor, ete.)
Sohum citeate
[ENC.XN Prothrombin-citrate
elusts
Protheomtun-irate eluate Standard deprothrombinized

rabbit plasma

Reconstituted plasma.

Theomboplagtin and €acl,

Thrombin*
“ Measured by the prothrombrn time test

Fi, (2 — The adsorption and elution of prothrombin as a means of assay

Proposed Ut of Prothrombin - The amount of prothrombin either
as an eluate ot in punfied form, which, when added to 1 cc rabbit
plasma deprothrombimzed with trcaloum phosphate wall yield a
prothrombin time of 12 seconds is 1 unit  According to this proposal
tcc of fresh human blood normally contains 1 umit of free or active
prothrombin

BIBLIOGRAPHY
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tilled water. When the sodium chloride is remaoved, the volume of
the tricalcium phosphate reagent is brought to 1 liter, thus making a
02 M. suspension It requires several weeks to prepare the reagent.
Treparation of deprothrombinized rabbit plasma: Transfer 12 5 cc
of 0005 M. tricalcium phosphate to a test tube and centrifuge at
2500 rpm for 3 to 5 minutes to pack the adsorbent. The clear water
is poured off and the tube drained. Five cc. of fresh oxalated rabbit
plasma are mixed with the tricalcium phosphate by means of a stirring
rod. After 5 minutes, the tube is centrifuged at 2500 to 3000 r pm,
for 10 minutes. The clear plasma is poured from the packed adsorbent
into a clean test tube and kept in an ice bath. No clot should form
when 0.1 ce, of this plasma is mixed with 01 cc. of thromboplastin
and 0 { cc, of 002 M calcium chloride.
Procedure ' —The determination for human plasma is as follows-
2 cc of 0005 M calcium phosphate suspension are transferred to a
test tube and centrifuged for 3 to 5 minutes to pack the adsorbent.
The water is poured off and the tubc drained To the packed tri-
calcium phosphate, 2 cc of the oxalated plasma to be analyzed is
added. The adsorbent and plasma are mixed with a stirring rod for 2
minutes and allowed to stand 3 more minutes  The tube is centri-
fuged at a mimmum speed of 2500 rpm for 5 minutes The clear
plasma is poured off and the tube drained for scveral minutes. The
adsorbent is washed by adding 5 cc saline solution and stirring with
aglassrod  The adsorbent 1s again packed by centrifugation as be-
fore The wash water 1s poured off and the tube inverted to drain.
The water on the side of the tube is carefully removed by means of
filter paper Exactly 02 cc of 02 M sodium citrate is added to the
pached adsorbent  The muxture is stirred for 3 minutes and allowed
to stand 2 minutes more before it is centrifuged for 5 minutes, at
2500 rpm The 02 cc of sochum citrate eluate contains all the pro-
thrombin originally present in 2 cc of plasma  The prothrombin has,
therefore, been concentrated ten fold By diuting 1 volume of the
eluate with 9 volumes of deprothrombinized rabbit plasma, the recon-
stituted plasma contains the same amount of prothrombin as the
otiginal plasma Therefore, 001 cc measured witha 01cc pipet('e
1s transferred to a test tube and 009 cc of deprothrombinized rabbit
plasma added To this miature 0 1 cc of thromboplastin and 0 1 cc
of 002 M. calcium chloride are added 1n the same manner as in the
one-stage procedure and the clotting time care.ful[y.dctemmed The
prothrombin can be estimated from the clotting time using the pro-
thrombin curve or table .
Application and Inlcr.pmalmn ~’¥he new method of tfleterr'mmng
prothrombin by adsorption and elution has thus far served mainly to
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sodium oxalate. The plasma obtained by centrifugation is treated
with tricaleium phosphate to remove prothrombin according to the
procedure of Test 9.

As a preliminary step, 0 01 cc, of the deprothrombinized plasma is
added to 0 09 cc. of the standard stored human plasma The prothrom-
bin time of this mixture is accurately determined by means of the
one-stage procedure  If a value less than 20 scconds is obtained, the
e el el e T

- . R PR SR T

12 sen gs asa éuide Thus, in determining the concentration of labile

TaBLr 12 —THF CONCENTRATION OF LABILE FACTOR IN THE PLAsMA OF RanpiT,
DoG AnD Ma~ as TesTED By 113 EFFCCT 70 RrDUCF THT PROTHROMAIN TIMF OF
Stoxco Human Prasma

Volume of stored human 100 999 998 995 99 93 95 90 80 70
plasma
Volume of plasma to be o1 02 05 1 2 5 10 20 30
assayed

Prothrombin time 1n seconds
Typeof plasma sabbt 70 25 20 16 15 11 9 8§ 8 7
dog 2 16 13 11 8 7}
man 20 16 14

factor in fresh rabbit plasma, it will be found that one part of plasma
must be mixed with 49 parts of saline to give a mixture which, if
001 cc of 1t 15 mixed with 0 09 cc of stored human plasma, will pro-
duce a prothrombin time of 20 seconds ~ Since rabbit plasma requires
2 1 to 50 dilution, 1ts concentration of labile factor 1s 50 times that
of normal human plasma or 1 cc of rabbit plasma contains 500 units

1f a plasma does not shorten the prothrombin time to 20 seconds
or less when mixed with 9 volumes of stored plasma, 1t indicates that
the concentration of the labile factor 1s less than 10 units per cc, or in
other words, it is below the level of normal human plasma  Since it
ts difficult to obtain satisfactory analytical results in this low range,
1t 1s best simply to determine whether adding deprothrombinized
rabbit plasma will reduce the prothrombin time to normal  If it does
not, one can conclude that the prothrombin 1s also diminished It
is suggested, therefore, to determine the prothrombin with the adsorp-
tion-elution techmque, (Test 9) The following experimental data
from Dr Collentine’s studies serve to illustrate the approach*
Dog B —The ammal was fasted 24 hours, then given chloroform
anesthesia for 13 hours The blood was collected 48 hours later The
results were

Prothrombin time 59 sec



Test 10

THE DETERMINATION OF THE LABILE FACTOR

Principle —~When oxalated human plasma is stored at refrigerator
temperature (4 to 5° C) the prothrombin time gradually increases
due to the progressive loss of fabile factor By re-adding labile fac-
tor to the stored plasma, the prothrombin time is shortened in propor-
tion to the amount added The stored plasma may, therefore, be made
to serve as an easily obtainable assay medium, The restoration of the
prothrombin time can be standardized so that it becomes a quantita-
tive measure of the labile factor. In assaying plasma or serum it is
necessary first to remove prothrombin  Ths is readily accomplished
by adsorption with tricalcium phosphate which at the most removes
only a trace of the {abife factor This adsorbent does not remove
prothrombin from citrated plasma, therefore, if an anticoagulant is
used, it should be sodium oxalate

Unit of Labile Factor —When 01 cc of deprothrombinized fresh
human oxalated plasma is added to 0.9 cc. of stored human plasma
with a prothrombim time of 40 to 60 seconds, the mixture will have
a prothrombin time of 20 to 21 seconds This serves to estabhish the
unit, which may be defined as the amount of labile factor that when
added to 0 9 cc ot stared human plasma will reduce the prothrombin
time to 20 seconds Accordmg to this defimtion, 0 1 cc. of fresh human
plasma contains 1 unit of labile factor or 1 cc has a concentration of
10 units

Apparatus and Reagents

Same as in Tests 8 and 9, plus

Stored ovalated human plasma. Blood is obtained by venipunc-
ture and mixed with 01 M sodjum oxalate in the proportion
of 9to 1 After centrifugation, the plasma s separated and
transferred to small test tubes (13 X 100 mm ) The tubes are
placed in a refrigerator unstoppered. It is best to use silicone
glassware in collecting this blood, but storage must be in glass
When the prathrombin time has dropped to about 40 seconds,
which requires approcimately two weeks, the tubes of plasma
are frozen and kept in the freezing compartment of the re-
{rigerator

Procedure.) —The bload to be tested is collected in the usual man-
ner by venipuncture and mixing 9 volumes with 1 volume of 01 M.

(138)
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it is stored 'The labile factor diminishes, presumably because it is
oxidized, and the more the calcium jons are depressed, the greater
the rate of destruction. This explains why the prothrombin time
increases much more rapidly when 0.1 M sodium oxalate is used than
when 0.1 M. sodium citrate is the anticoagutant, The second impot-
tant reaction during storage is the conversion of prothrombinogen
to prothrombin  This occurs faster when 01 M. sodium citrate is
used instead of sodium oxalate. This accounts for the observation,
which once was very puzzling, that human plasma mived with 0 1 M.
sodium citrate will after 24 hours have a prothrombin time of 9 to
10 seconds

Stored human plasma is cq\mll) 25 satisfactory as fresh p!asma for
correcting true hypop by transfusi It is worth-
less in the type of case reported by Owren and it is of questionable
value when severe liver damage is a factor in the hypoprothrom-
binemia since it is likely that the labile factor is also diminished

BIBLIOGRAPHY
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Stored human plasma 009 cc
Dog B Plasma Cay(PO,): treated 001 cc,
Prothrombin time 26 sec
Dog B plasma 009 cc
Eluate from plasma of normal dog 001 cc
Prothrombin time 32 sec

Rabbit plasma Ca,(PO,); treated 009 cc
Eluate from Dog B plasma 001 cc
Prothrombin time 29 sec

Rabbit plasma Cay(POy)s treated 009 cc
Eluate from plasma of normat dog 001 cc
Prothrombsn time 6 sec

These results show clearly that the prolonged prothrombin time
observed in the dog given chloroform anesthesia is the result of a
deficiency of both prothrombin and of labile factor, The results fur-
ther indicate that the true prothrombin time, i.e, the value that
would be obtained were there no lack of labile factor, would be ap-
proximately 29 seconds

Application and Interprelation.—The quantitative determination
of the labile factor i blood is rarely required in clinical studies. Even
in human blood though the level is relatively low, the amount is still
in excessof that required for the mavimum reaction with prothrombin
In the common types of hypoprothrombinenua such as induced by
vitamin K deficiency and by Dicumarol, the labile factor 1s not af-
fected

Until now a reduction of labile factor in vivo has only been found
as a congenital anomaly and in severe liver damage Congenital lack
of labile factor is exceedingly rare, and no case has yet been reported
in North America In chronic liver disease, a moderate drop in
labile factor may occasionally be observed Dr Collentine has re-
cently found, as shown in the above results, a drastic reduction m
acute hver damage mduced by chloroform potsoming accompanied
by an equally drastic drop i prothrombin  This suggests that, per-
haps, a severe depression of labtle factor occurs in acute yellow
atrophy of the liver

When the concentration of the labile factor 15 low, a bleeding tend-
ency occurs even though the prothrombin 1s normal ~ Ths 1s well il-
Justrated by Owren’s case * In ammals such as the dog, rabbit and
cow, it is improbable that a deficiency of this agent is ever severe
enough to produce hemorrhage, because of the large excess which 1s
normally present - )

“The relation of labile factor to storage of plasma is of practical

significance  Two important changes occur in human plasma when
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measure of proth in since ble free thrombn occurs in

the scrum, The o ion of thrombin to metathrombin is so rapid,
however, that thrombin becomes a negligible factor in subsequent
determinations

Equipment and Reagends:

The same as for Test 8, plug
Deprothrombinized rabbt plasma {See Test 9)

Procedure —~Blood is obtamed by venipunctuse and exactly 2 cc.
transferred 10 cach of 3 test tubes  These are placed 13 a water bath
kept at 37° C  Fifteen minutes after clotting has occurred, the first
tube s centrifuged in a Clinical centrifuge for 1 minutc at top speed
Alfter 30 seconds, the time required to stop the centrifuge, the pro-
thrombin 4 determined as follows 01 cc of the scrum is added to
a mivtuse of 0 ¥ cc. deprothrombinized rablit plasma, 0 1 cc throm-
boplastin and 0 1 cc, of B02 M calcium chioride  The stop watch s
clicked s the serum is blown in, and the time required for the forsma-
ton of & clot is recorded  The technique is the same as for the one-
stage prothrombin methed. Fifteen minutes later, the second tube
is centrifuged in the same manner as the first, and the prothrombin
time of the serum determined. The prothrombin of the first serum s
again determined At 45 minutes the prothrombin time of both
tubes isrepeated At the end of the hour, the third tube s centrifuged
and the prothrombin in the scrum of each tube determined

Application and Inlerpretation —Just as the one-stage prothrombin
test s a quantitative measure of the prothrombin complex and, with
certain precavtions, specifically of prothrombin itself, so the pro-
thrombin P test 15 the d § of the factors that
produce avaslable thramboplastin, and can be made to measare throm-
boplastinegen

By tmeans of the prothrombin consumption test, 1t was {ound that
only a very small amount of prothrombin is consumed shen bemo-
philic bload clots The test 15 the first specific laboratory means for
diagnosing hemophiha  As the result of this test, the defect fa hemo-
phlic blood swas established to be 2 lack of thramboplastinogen, and
(ynher, that the degree of deficiency is apparently constant {ram the
time of bisth and probably remains fived throughout hie  In severe
hemophilia. onty a trace of thromboplastinogen is present m the blood,
while in mild cases the amount may be suffictent to meet ordinary
ermergencies By adding normal blood or plasma to hemophilic blood,
the prott ption 15 d because the lack of throm-
boplastinogen is partly corrected  Since this is of great practical
importance, this subject will be treated separately as Test 13

When the consumption 6f prothrombi 15 very low, the serum will




Test 11

THE PROTHROMBIN CONSUMPTION TEST

Definition —The quantitative delermination of the prothrombin
remaining in the serum after the blood has coagulated under stand-
ardized conditions constitutes the prothrombin consumption test.

Principle.~—Present available evidence indicates that prothrombin,
labile factor, calcium and thromboplastin interact stoechi rically
to form thrombin  Normally, labile factor and calcium are in excess,
therefare, the amount of prothrombin converted or consumed depends
on the quantity of available thromboplastin  The production of re-
active thromboplastin nvolves a complex sct of rcactions Blood
contains only mactive thromboplastinogen, which requires for its
activation, an agent derived from platelets, but platelets fail to supply
this activator until they are labilized by thrombin. This is the basis
of the chain reaction, i.e., the thrombinogenic cycle.

As blood clots in a test tube, the thrombin is rapidly adsorbed by
the fibrin reticulum of the clot, therefore, the chain reaction is held
1n check, the platelets’ disintegration 1s delayed, and only a trace of
thrombeplastinogen 15 activated This necessitates that the coag-
ulated blood be centnfuged to separate the scrum from intimate
contact with fibrin surface 1n order that the chain reaction can pro-
ceed The optimum time to centrifuge after the clot has formed
varies with different bloods It has been found that centrifuging
one tube 15 miutes after coagulation, the second in 30 minutes and
the third after 1 hour yields results which form a characteristic and
informative pattern

During the reaction involving the activation of thromboplastinogen
and its interaction with free prothrombn, another important change
occurs, namely, prothrombinogen 1s being converted to free prothrom-
bin The prothrombin consumption is therefore the result of scveral
reactions some of which are independent of each other and occur
simultaneously and concurrently

The prothrombin remaining in serum 1s determined by adding 0 1
cc of the serum to a mixture of equal volumes of deprothrombinized
rabbit plasma, thromboplastin and 002 M calcium chloride. The
calcium phosphate-treated rabbit plasma supplies both fibrinogen
and a constant excess of labile factor

The value obtained immediately after centrifugation is not a true
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measure of prothrombin since considerable free thrombin occurs in
the serum. The conversion of thrombin to metathrombin is so rapid,
however, that thrombin becomes a negligible factor in
determinations.

Equipment and Reagenis:

‘The same as for Test 8, plus:
Deprothrombinized rabbit plasma (See Test 9).

Procedure.~Blood is obtained by venipuncture and exactly 2 cc
transferred to each of 3 test tubes  These are placed in a water bath
leptat 37° C. Fifteen minutes after clotting has occurred, the first
tube is centrifuged in a Clinical contrifuge for 1 minute at top speed
After 30 seconds, the time required to stop the centnfuge, the pro-
thrombin is determined as follows 01 cc of the serum is added to
amivture of 81 cc. deprothrombinized tablnt plasma. 01 cc throm-
boplastin and 6 1 cc. of 0 02 M. calcium chlorde  The stop watch is
clicked as the serum is blown in, and the time required for the forma-
tion of a clot is recorded  The technique is the same as for the one-
stage prothrombin method  Fifteen minutes later, the second tube
is centrifuged in the same manner as the first, and the prothrombin
time of the serum determined. The prothrombin of the first serum is
again determined. At 35 minutes the prothrombin time of both
tubesisrepeated. At the end of the hour, the third tube 1s contnfuged
and the prothsombin in the serum of each tube determined

Application ond Interpretation — Just as the one-stage prothrombin
test §s 2 quantitative measure of the prothrombin (omplex and, with
terfain precautions, specifically of prothrombin itself, so the pro-
thrombin c pion test 15 the determinant of the factors that
produce available thromboplastin, and can be made to measure throm
boplastinogen.

By means of the prothrombin consumption test, 1t was found that
only a very small amount of prothrombin 1s consumed when hemo-
p?ﬁlic blood clots The test is the first specific laboratory means for
diagnosing hemophihia  As the result of this test, the defect in hemo-
philic blood was established to be a tack of thromboplastmogen, and
fx_mher, that the degree of deficiency 1s apparently constant from the
1!:mc 0{ birth and probably remaws fixed throughout life  In severe

philta onty a trace of thrombopt, is present in the blood,
while in mild cases the amount may be sufficient to meet ordinary
emergencies By adding normal blnod or plasma to hemophitic blood,
the prathrombin consumption js increased because the fack of throm-
b"P)astinogtn 1s partly corrected  Since this is of great practical
importance, this subject will be treated separately as Test 13
When the consumption of prothrombin is very low, the serum will




Test 11

THE, PROTHROMBIN CONSUMPTION TEST

Defistion, —The quantitative delermination of the prothrombin
remaining in the serum after the blood has coagulated under stand-
ardized conditions constitutes the prothrombin consumption test.

Principle —Present available evidence indicates that prothrombin,
labile factor, calcium and thromboplastin interact stoechiometrically
to form thrombin  Normally, labile factor and calcium are in excess,
therefore, the amount of prothrombin canverted or consumed depends
on the quantity of available thromboplastin  The production of re-
active thromboplastin involves a complex set of reactions Blood
contains only inactive thromboplastinogen, which requires for its
activation, an agent derived from platelets, but platelets fail to supply
this activator until they are labilized by thrombin This is the basis
of the chain reaction, i ¢, the thrombinogenic cycle

As blood clots in a test tube, the thrombin 15 rapidly adsorbed by
the fibrin reticulum of the clot; therefore, the chain reaction is held
in check, the platelets’ disintegration is delayed, and only a trace of
thromboplastinogen is activated This necessitates that the coag-
ulated blood be centrifuged to separate the serum from ntimate
contact with fibrin surface in order that the cham reaction can pro-
ceed The optimum time to centrifuge after the clot has formed
varies with different bloods It has been found that centnifuging
one tube 15 minutes after coagulation, the second in 30 minutes and
the third after 1 hour yields results which form a charactenstic and
informative pattern

During the reaction involving the activation of thromboplastinogen
and its interaction with free prothrombin, another important change
occurs, namely, prothrombinogen is being converted to free prothrom-
bin  The prothrombin cansumption 1s therefore the result of several
reactions some of which are independent of each other and occur
simultaneously and concurrently

The prothrombin remaimng 10 serum 1s determined by adding 0 1
cc of the serum to @ misture of equal volumes of deprothrombinized
rabbit plasma, thromboplastin and 002 M. calcium chloride, The
calcium phosphate-treated rabbit plasma supplies both fibrinogen
and a constant excess of labile factor

The value obtained immediately after centnfugation 1s not a true
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ing platelets to plasma deficient in these cells, the prothrombin con-
sumption can be made normal, as illustrated by the results presented
in table 13,

In afibrinogenemia the prot} ption procecds rapidly
as is to be expected because no firin s prcwn\ to adsorb thrombin,
thus permutting the chain reaction to be promptly initiated and to
run its course rapidly as the following results illustrate:

Time after putting native plasma in glass, mminutes 0 3§ 5 10 15 45

Prothrombin consumption time, 11 second, 1215 10 20 40 #4
The blood was collected with a silicone-coated syringe and needle
and transferred to a silicone-coated test tube immersed in an ice bath.
The blood was centrifuged at 800 r p m, for 10 minutes Two cc of
the platelet-rich plasma was transferred to a glass test tube which
was placed in a water bath kept at 37° C In carrying out the pro-
thrombin ¢ ion test, deproth ized human plasma was
used as the source of fibrinogen  The experiment was performed at
the Baston City Hospital thraugh the courtesy of Dr. William Castle
and Dr . H L Taylor

In marked hypoprothrombinemia, the prothrombin consumption
should lheorcncalh bc ncarl\ complclc ThlS is acluall) thc case ln

S hi

hromb i patlcm is ot 1 which is not very unlike

that of normal blood This is easily explained When the total pro-
thrombin is low, nearly all is consumed during coagulation, whereas

TABLE 14 —ProTizoNuIN CONSUMPTION 1N CONGENITAL 1Y FOPROTHROMSINESIA
AND AFTER THE ADMINISTRATION OF DICUMAROL

Type of hypo- Prothrombin Mrnutes after the formation of a soltd clot
prothrombine.  tme 30 15 60

Subjeet mig sec Tube Prothrombin consumption time 1n seconds

BB Free and pro- 19 1 23 15§ ® ®
thrombinogen 2 19 154 225
durumshed 3 54
Congental

RF Frec dimingsh- 16 1 19 30 36 36
ed, prothrom- 2 12 36 36
binogen 3 27
normal
Congenital

MN Free and pro- 22 1 17 43 50 49
thrombinogen 2 3 14 43
diminished 3 33
Dicumarol

10
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have a prothrombin time of about 8 seconds, whereas the prothrom-
bin time of plasma is 12 seconds This is due to the fact that in serum
all of the prothrombinogen has been converted to prothrombin while
almost none of the latter has becn activated to thrombin. Asa result,
the serum contains very much more free prothrombin than the origi-
nal plasma

The prothrombin consumption test when carefully carried out is
a quantitative measure of the hemophilic defect. Thus, a prothrom-
bin consumption time of 8 seconds indicates a severe or almost com-
plete lack of thromboplastinogen, whereas a value of 12 seconds
suggests a relatively mild deficiency In the latter condition, the
prothrombin consumption time of the plasma rich in platelets (ob-
tained by slow centrifugation and using silicone glassware) is often
more satisfactory and reliable than the value obtained on whole
blood The prothrombin consumption of native platelet-rich plasma
therefore is recommended for studying and diagnosing border-line
cases The prothrombin consumption time is a quantitative measure
of the concentration of thromboplastinogen only if the total pro-
thrombin is normal. It is, therefore, essential in precise studies, to
determine the total prothrombin (test 12} and if it is found not to
be normal, to give the patient natural vitamin K; (2 capsules of
Klotogen Abbott daily for 4 days) and then repeat the determination

When the test was developed, it was found that the removal of
platelets brought about a very defective consumption of prothrombin !
It was concluded that the same would occur in chnical thrombocyto-
penia  This was later found to be true by Soulier? and by the wnter
and his associates* By means of the test 1t was established that 2
genune coagulation defect is present i thrombocytopenia By add-

TarLE 13 —EFERCT OF ADDING PLATFLFTS T0 THROMBOCYTOPPNIC BLOOD ON [HE
ProTRROMRIN ConsuppTION TIMI
Subject  Hoy aged 8 vears with chromc thrombocytopenia
Platelet «ount 65 000
Prothrombin time 12} sec
Prothrombin consumptton

Minutes after formation of a solid clot

Tube 15 30 45 60
Prothrombin consumption fime in seconds
1 6 9% 9% 9}
2 8 10 10
3 9%
4% 21 21 224 22

+ Washed platelets from 5 cc of normat blood were added to
2 co, of the patient's blood



Test 12

DLTERMINATION OF TOTAL PROTHROMBIN

Principle —When human blood is collected in silicone-coated glass-
ware, and subjected to high centrifugation to remove the platelets,
a plasma is obtained in which little prothrombin is activated to
thrombin because the platelet activator of thromboplastinogen is
lacking  When such plasma is transferred to a glass test tube and
incubated at 37° C.,, the prothrombinogen is converted to free pro-
thrombin. Since vers little prothrombin is consumed, the serum will
contain almost all of the total amount of prothrombin in the free
form, which can be determined by the prothrombin consumption
procedure {Test 11).

Apparatus and Reagents —Same as for Test 11

Procedure —Blood is collected by venipuncture with a silicone-
coated syringe and necdle, and immediately transferred to small sili-
cone-coated test tubes which are immersed in an ice bath, After the
blood is chilled for 10 minutes, the tubes are certnifuged at 8000t p m.
in an angle centrifuge for 10 minutes  One cc of the clear plasma is
removed with special care not to disturb the platelet layer and trans-
ferred to a <mall glass test tube which is placed 1n a water bath
As fibrin appears, it is removed by wrapping 1t about a glass stirring
rod As soon as the formation of fibrin is complete, 0.1 cc of the serum
is tested for its prathrombin concentration according to the technique
of Test 11, The test is repeated every § minutes until a constant
prothrombin consumption time value is obtained This usually oc-
curs in 10 to 15 minutes The normal total prothrombin time value
1s 8 t0 9 seconds A typical result 1s as follows

Time after r me
5 mmn 7 sec
10 min 8 sec
15 mm 8 sec
30 min 8 sec

Application and Interpretation —As the vesult of the prothrombin
consumption test,itwas established that human blood contains much
more inactive prothrombin than active It can be caleulated that
human plasma contams approxi ly 3 units of prothrombinog:
and 1 unit of free or active prothrombin, or, m other words, the active
prothrombin constitutes only about one-foutth of the total,

(147)
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if only the free is below normal, the total is not markedly reduced
since the concentration of prothrombinogen is several times that of
free prothrombin  Therefore, some prothrombin remains after th
thrombj ic reaction is ¢ d  In the hypoprothrombinemi
induced by Dicumarol, results similar to the second type of congenital
hypoprothrombinemia are obtained This is due to the fact that
the free prothrombin is more depressed than the total

A number of possibilities of the prothrombin consumption test
have not been explored Its probahle application for detecting a
thrombatic tendency is well worthy of consideration. Preliminary
studies make it appear likely that the test may become useful to
detect gualitative deficiencies in platelets  Like the one-stage pro-

TABLE {5 —CHance 1% Protnrovsin Covsuaeriox Tiue [spucen py Su.
STUPUTING NORMAL PLATELETS FOR FUNCTIONALLY DEFICIENT PLATLLETS
Subject  Fernale aged $3 years with chromc myelogenous leuherma,
Platelet count. 657,000 (of plasma}

Prothrombin time 12 seconds
Prothrombnn consumption,

Manutes after formation of a solid ot

Tube 15 30 45 60
Prothrombin consumption time 1n seconds

1 9 12 13 14

2 1 124 14

3 12

4¥ 13 124 14 14

hadd 23 28 273 28

* Test done on natn e plasma obtained by slow centnfugation
This plasma contained 657,000 platelets per cmm
** Test carried out on plasma from which platelets were re-
tmoved by centrifugation, and an emulston of normal dog platelets
added
cedure for determining prothrombin, the prothrombin consumption
test is a precisc tool for research  Indscriminate attempts to modify
the method will likely lead to the same disasterous results that befell
the one-stage test Already such modifications are appearing. It
seems not unreasonable to ask that any one who attempts to change
or to modify the procedure should show evidence that he has thor-
aughly mastered the original technique, and that he s!xould show
wherein the proposed modification 15 superior to the basic method

BIBLIDGRAPHY
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Test 12

DLETERMINATION OF TOTAL PROTHROMBIN

Priuciple.—\When human blood is collected in silicone-coated glass-
ware, and subjected to high centrifugation to remove the platelets,
a plasma is obtained in which little prothrombin is activated to
thrombin because the platelet activator of thromboplastinogen is
lacking. When such plasma is transferred to a glass test tube and
incubated at 37° C., the prothrombinogen is converted to free pro-
thrombin  Since very little prothrombin is consumed, the serum will
contain almost all of the total amount of prothrombin in the free
form, which can be determined by the prothrombin consumption
procedure (Test 1),

Apparatus and Reagents —Same as for Test 11,

Procedure —Blood is collected by venipuncture with a silicone-
coated syringe and needle, and immediately transferred to small sili-
cone-coated test tubes which are immersed in an ice bath  After the
blood is chified for 10 minutes, the tubes ate certrifuged at 8000 pm
in an angle centrifuge for 10 unutes  One cc. of the clear plasma 1s
removed with special care not to disturb the platelet layer and trans-
{erred to a small glass test tube which is placed in a water bath
As fibrin appears, it is removed by wrapping it about a glass stirring
rod As soon as the formation of fibrin is complete, 0 1 cc of the serum
is tested for its prothrombin concentration according to the technique
of Test 11 The test is repeated every 5 minutes until a constant
prothrombin consumption time value is obtamed This usually oc-
cursin 10 to 15 minutes ‘The narmal total prothrombin time value
15810 9 seconds A typical result is as follows

Time after ;i time
5 min 7 sec
16 mn. 8 sec
15 mm 8 sec
30 min 8 sec

Application and Inlerpretation — As the result of the prothrombin
consumption test,it was established that human blood contains much
more inactive prothrombin than active It can be calculated that
human plasma contains approximately 3 units of prothrombinogen
and 1 unit of free or active prothrombun, or, 1n other words, the active
prothrombin constitutes only about one-fourth of the total
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The physiological purpose of prothrombinogen is entirely unknown.
In dog and rabbit blood almost all of the prothrombin is in the active
form. As the result of preliminary studies, it does not appear likely
that prothrombinogen functions directly in hemostasis. How the
organism converts prothrombinogen to the reactive state remains
unexplained. In view of the fact that prothrombinogen when stored
in glass is completely changed to prothrombin, makes it appear likely
that the inactive compound is prothrombin combined with an in-
hibitor which under certain conditions such as contact with glass is
readily split off

The determination of total prothrombin has practical value. In
Dicumarol therapy, the free prothrombin drops promptly, but it
requires a number of days before the total is significantly affected !
This undoubtedly accounts for the observation that the prothrombin
as measurcd by the one-stage test, drops faster than when measured
by the two-stage procedure since the latter test not only determines
free but also part of the prothrombinogen which is changed to the
active form due to the various manipulations

The determination of total prcthrombm is important in dlﬁercm
tiating the two types of true ital hypoprott bi In
one type the free is low, but the total is practically normal, whereas
in the second type both free and inactive prothrombin are diminished

BIBLIOGRAPHY
1 Unpublished results



Test 13

ASSAY OF THROMBOPLASTINOGEN

Befinition. —Thromboplastinogen is a plasma constituent whxch is
converted by a factor derived from to active thromb
Prinesple, ~In severe hcmophx}m the thromboplastinagen tevel of
1he blood is exeeedingly Jow a3 shown by the extremely poor prothrom-
bin consumm\on when such blood clots. Hemophilic blood or plasma
thexefore is & suitable assay medium for determinmg the thrombo-
content of non-h hilic blood  The hemophilic bisod
15 mixed with the blood to be tested in varying proportions and the
mixture s altowed to coagulate under standardized conditions as
ontlined for the prothrombin consumption test, and the prothrombin
remaining Is determined by the latter procedure
Apparaius and Reogents ~The same as for Test 11
Praocedure —Hemophilic btood is collected by means of a sthcone-
coated syringe and needle, and is immediately transierred to a sil-
cone-conted test tube immersed in ap ice bath  About 15 to 208 ce.
of blood are required  The blood to be tested 1s collected 1 the same
manner  The mixtures are made by means of serclogical mpeties
costed with siticone  The praportions of hemophike to narmal bleed
in the mixtures tested are Hto 1, 2 to ), and 1 to t
Apphicaton and Interpretation —The assay method outhned for
thromboplastinogen 1s the only reliable method at present avartablk
10 test the efficacy of blood or plasma for correcting the defect m
heraphulic blood The test is mpostant chineally, sithough it prob-
ably is not always a true quantuative measure of thramboplastin-
agen  In the prothrombin consumption determination wn »huch the
test is based a number of factors participate, and therefare the amount
of thromboplastin made avatable, rather than the thromboplastin-
ogen, is actually measured  Under carcfully conteolled comditions
and with an adequate supply of platelets, nearly alf the thrombo-
plastwogen becomes avartable thromboplastin
Clmically it 1s wnportant that the correction of the thromboplas-
tinogen deficency brought about by adding normal to hemephilic
blood 13 quantitatively demanstrable bath w vitto and m vive  In
tables 5 and 6 the efficacy of normal blood to increase the prothrombin
consutaption of hemophihic blood when added i witeo is demon-
strated  T11s therefore posstble to determine the potency of the blood
£149)
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before it is given, and then to check its efficacy in vivo. The results
recorded in table 16 are instructive, Immediately after the adminis-

TaBLE 16 —THE EFFECT OF GivinG NORMAL PLASMA INTRAVENOLSLY O\ THF
ProturoMsIN ConsUMPTION TIME OF ThI- BLOOD OF A HEMOPHILIAC

Clatmxg Manutes afier the /omamn ofa :ohd ot
tinre 15 45
Lee Wi hu: Tube Prothranben mnmmplwn bime i mpndx
Before treatment 60 mun i 8 8 8 8
2 8 8 8
3 8
After S00 cc. of plasma 9 mun, 1 [ 15 bt M
2 3 144 15
3 13
Twenty-four hours later 8 min 1 7 10 10 il
2 10 10 10
3 10
Twn elvehours after 500 10} min 1 7 u 11 11
cc of 2 4 9 9
3 %

tration of 500 cc. of plasma (24 hrs. old.} the prothrombin consump-
tion time of the hemophilic blood was increased from 8 to 13 seconds.
This permitted the extraction of two upper third molars. No abnor-
mal bleeding accurred. In 24 hours the prothrombin consumption
time dropped to 10 seconds  This indicated the need of an additional
transfusion, and 500 cc of fresh blood were given No bleeding oc-
curred and the follow ing morning the prothrombin consumption time
was 11 seconds No further treatment was given  Thus, with 500 cc

of plasma and 500 cc of blood, together with careful laboratory con-
trol by means of the prathrombin consumption test, two molars were
extracted with po abnormal bleeding. It will be observed that the
clotting time failed to correspond to the prothrombin consumption
test and was misleading



Test 14

PREPARATION AND ASSAY OF THROMBIN

Principle,~As the result of studies by Mellanby, Eagle and others,
it was found that when plasma is difuted with cold distilled water
and Is acidified, a precipitate is formed which when dissolved and
neutralized, yields thrombin and fibrin on the addition of calcium
On removing the fibrin, a relatively potent and faiddy stable solution
of thrombin is ohtalned  The composition of the precipitate formed
when diluted plasma is acidified is not known, It is faidly certain that
in addition fo prothrombin and fibrinogen, it contains labite factor
and thromboplastin, Curiously, a much more potent preparation of
thrombin can be obtained from human than from dog or rabbit
Plasma  In fact, by rigidly following the standard techmque as out-
lined, human plasma yields a preparation of thrombm which is re-
markably constant in its potency. Such a preparation has been em-
ployed in the writer's lab 'y 85 2 dard and des; 4 full
strength” (F.S) since 1936 In terms of the unit which was later
adopted, 1 cc contains approvimately 50 units  Although commercial
thrombin is now available, the method for preparing thrombin is so
simple and inexpensive that it should be familiar to alt students of
coagulation

The assay of thrombin depends on the speed with which 1t clots a
standard solution of fibrinogen or fresh plasma  1f the dotting times
are plotted against the concentration of thrombn, a hyperbolic curve
is obtained (Fig 12 ) with the asymptodes zero and infinity, t e, at
infinite dilution of thrombin, the clotting time is infimty and at high
concentration, instantaneous The segment of the curve presented
in figure 12 is for practical purposes the most important It can be
expressed by the equation®

ot ma bk tt = ciotting time
[ C = concentration of thrombsn
aand k = constants

This can be considered a fundamental faw of blood clotting swnce

nearly all the quantitative proredures employed for determining the

vatious agents taking part in the clotting reacuons depend on 1t either

directly or indirectly Although fibrinogen is the 1deal testing me-

dium for thrombin, it has certain disadvantages  Unless its concen-
(151)
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tration, salt concentration and pH are carefully controlled, unreliable
results will be obtained. It is therefore more convenient and simpler
to use fresh ovalated human plasma as the assay medium since the
variables are*automatically controlled by the constancy of its com-
position.

Apparatus and Reagents:

Centrifuge.

Cylinder containing carbon dioxide. If not available, carbon
dioxide may be generated by dropping hydrochloric acid on
calcium carbonate

Sodium bicarbonate, 5 per cent solution

Calcium chloride 0.1 M.

Preparation of Thrombin.—In a 250 cc. beaker immersed in an ice
bath, 100 cc of distilled water and 10 cc. of fresh oxalated or citrated
plasma are mixed. When the solution is cooled to 2° C., a slow stream
of carbon dioxide is bubbled through for 10 minutes, The precipitate
which is formed is removed by centrifugation. It is convenient to
use four 15 cc conical centrifuge tubes These are centrifuged, the
clear liquid poured off, and more of the reaction mitture added.
When all of the precipitate is packed, the tubes are drained, and the
walls carefully dried with filter paper rolled to fit the inside of the
tube, To each of the 4 tubes, 2 cc of 085 per cent sodium chloride
and 0.1 cc of 5 per cent sodium bicarbonate are added. The tubes
are stirred until the precipitate 1s dissolved  The solutions are com-
bined and neutralized to approximately pH 7 by adding a few drops
of sodium bicarbonate and testing with a universal indicator paper.
Enough saline solution is added to bring the volume to 10 cc  Itis
put in a water bath and 0 1cc of 01 M. calcium chloride is added
The clot which forms in 45 to 120 seconds is removed by wrapping it
about a glass stirnng rod  The thrombrn solution thus prepared 15
water clear, and 1s constant 1n potency It 1s designated full strength
(FS) When this solution is frozen and kept in the freezing com-
partment of a refrigerator, its full potency is preserved for months

TABLE 17 —THE RELATION OF THE CONCENTRATION OF THROMuIN TO THE
Crormive TiME
Strength Full 3 db & xhs ozl
Concentration of thrombin* 100 50 20 10 5 25 1 [
Number of unmts per cc.*¥ 50 25 10 5 25 125 05 025
Clotting time 1n seconds*** 3 4 7 11 18 33 80 180

» The diluttons are made mth disulled water
#+ The values are only approtimate
+#% The determination 1s as follows 01 cc of the thrombm solution 1s blown mto
02 ce of fresh oxalated human plasma and the clottng accurately timed at 37° C
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Assay of Fhrombin, ~TFxo-tenths cc of fresh oxalated human plas-
ma are measured inta a test tube, and after warming it i the water
bath for 15 scconds, 6 1 re of the thrombin solution to be tested is
Uownin. The time required for a clot to form is carclully determined
by means of o stop watch  The tesult is compared with the values
given in table 47, The data in this table were obtained with standard
full strength thrombin which was progressisely diluted.

With the values of table 16 ns reference, the thrombin concentra.
tion of any unhnown solution can readily be determined M the dot-
ting time is between 3 and 180 ecands, the cancentration can be
tead directly from the eurve constructed from the above values  If
a clotting time Jess than 3 seconds 13 obtained, the solution is diluted
with distilled water wnul a concentration s reached shich, when
tested according to the deseribed method, : €. 01 cc of the thrombin
solution added to 8 2 cc. of human plasma. yieldsaclotting time « fthin
the range of the curve.

As an example to Wustrate the caleulation  An ampule of 5000
units of ¢ ial thrombin di d in 5 cc of physiol 1 saline
w38 tested as follows  Various diluhons with distilied water were
made The clotting time was less than 3 sceonds untid a 1 to 20 chlu-
tion was prepared (0 1 cc diluted with 19 co distilled water)  This
dilution gave a clotting time o exactly 3 seconds and the §, &,
and ¢ ditution of this solution gave clotting times of 74, 12, 19 and
38 seconds respectively It 15 obvious therefore that the snginal
solution {the 5 ¢c. contarng 5000 units) is 20 times F S

Application and Inlerpretation —The principal use of thrombin as
laboratory rengent is for the assay of heparm  This appheation s
discussed 1n detai under Fest 15 The assay of thrombmn preparation
ntended for therapeatic purposes such s tapcal application 1s sarely
mecsssary as ghly potent prepasations are avalable commerally

While the practieal applications of thrombin are hmited, 1ts theo-
retical umportance deserves emphasis  The curve correlatimg clotting
ime with the concentration of thrombm underiis the whole structure
of the coagulation mechamsm  This 15 glustrated for mstance by
the marked amilanty of the protk bin and the th b
£urves to the thrombia curve {Fig 12)  In the prothrombin curve
ali the variables eveept prothromsbin are mamtamed constant, there-
fore the amount of thrombm formed s dwectly dependent on the
wneentration of prothrombin In the thromboplastin eutve, the

thromboplastin is the vanable, while the other agents (prathrombin,
Iabile factor and catowm) are fived  The thromboplastin therefore
15 the detenminant of the amount of throrbin formed  Similar curves
are obtained when the labile factorand calomne aremade the variahles
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Tt is difficult to sec how these curves can be explained on any basis
other than that the reaction:
TProthrombin + labile factor 4 ealorum + thromboplastin = thromtin

is stoechiometric. When any three of the primary agents are made
constant the amount of thrombin formed is determined by the fourth
which is made a variable,
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Test 15

THE QUANTITATIVE ESTIMATION OF FIBRINOGEN

Principle —For the determination of fibrinogen in blood or plasma,
two stepsarerequired The first is the complete removal of the com-
pound from the plasma, while the second step is its actual estimation
Fibrinogen is quantitatively precipitated by half-saturated sodium
chloride, one-quarter saturated ammonium sulfateor 12} per cent sodi-
um sulfite } It can also be converted to fibrin and removed as a clot.
The latter is the basis of the widely used procedure of Cullen and Van
Slyke in which oxalated plasma is diluted with saline solution and an
excess of calcium chloride is added. The actual estimation of the
fibrin can be made by drying and weighing it, or determining jt from
its nitrogen or tyrosine content

The Cullen and Van Slyke procedure was selected for the routine
estimation of fibrinogen, since it determines specifically the amount
of the compound which is coagutable, z ¢, the fraction which s true
fibrinogen  The salting out metheds have the disadvantage that they
may precipitate other protens One important modification was
made, namely, the plasma 1s diluted with distilled water instead of
saline solution.? The yield of fibrin is thercby increased approxi-
mately 20 per cent It appears that the higher value 1s the more cor-
rect one since 1t corresponds fairly closely with the quantity of fibrin-
ogen obtained by precipitation with half-saturated sodium chioride
The fibrin obtained is conveniently estimated by its content of tyro-
sine To do this the fibrin is hydrolyzed by boiling with sodium
hydrovide solution, and determining the tyrosme by means of Folin-
Ciocalteu phenol reagent The factor to convert tyrosine to fibnn
is 107 It was obtaned by carefully checking the ratio of nitrogen to
tyrosine in both purified fibrmogen and fibrin

Apparatus and Reagents
Caoleman junior Spectrophotometer
Cuvette
Centrifuge
Test tubes
Calcium chloride 01 M
Sodium hydroxide 10 per cent,
Sodium carbonate 20 per cent.
(156)



QUANTITATIVE ESTIMATION OF FIBRINOGEN 157

Phenat reagent {Folin-Clocalteu). Intoa 1500 ce. Iorence flask
100 mg. sodium tungstate, 23 gnt. sodium molybdate, 700 ce.
distitled water, 50 cc. of 85 per cent phosphoric acid and 100
cc of concentrated by drachloric acid are added. The solution
is refluxed gently for 10 hours. To this 130 gm. of lithjum sul-
fate, 50 cc. of waterand a few drops of hromine are added. The
excess hromine is removed by boiling  The solution is eooled
and dituted to 1 Jiter. I{ the reagent develops a green color,
it is again treatcd with bromine and boiled.

Tytosine standard stock solution  Two hundred mg of pure
tyrosine are dissolved in 1060 cc. of 0.8 N. hydrochloric acid.
1ce. = 02my tyrosine,

Procedure.~One ce. of oxalated plasma js dituted with 25 cc of
distilled water in a 30 cc. beaker, and 2 e of 0 1 M. calemm chloride
ate added. After 36 minutes the voluminous clot i removed by wrap-
ping it onto a stirring rod. It is thoroughly washed with distilied
water, then removed from the glass rod and put 1nto 2 glass test tube
The elot 15 digested by covering it with 0 § ce. of 10 per cent sodium
hydroxide and heating it in a bosling water bath for 10 minutes

The alkaline solution is diluted in a volumetric flash to 25 cc. A
portion of the solution is centri d to remove suspended calcium
ovalate, and 3 cc of the centrifuged sohition is tyansferred 1o a test
tube {15 X 250mm )  Then 4 5cc of distilled water, 0 5 cc of phenot
reagent and 3 cc of 20 per cent sodium carbonate are added  Ater
mizing by inversion, the reaction misture is allowed to stand 30
minutes for a maximum color development. The color intensity is
measured in a Coleman junior Spectrophotemeter at 560 mu The
value obtained is read directly in terms of tyrosine or fibrinogen from
2 cutve prepared as follows a sertes of test tubes containing 002,
804, 006, 008 and 01 mg tyrosine (01,0.2,063,0.4 and 05 cc of
the stack tyrosine solution) are diluted 1o 9 § c¢ with distilled water
To each tube 0 § cc, of phenot reagent and 3 cc. of 20 per cent sodium
carbonate ate added  After 20 minutes, the intensity of the calor in
the 5 tubes is read in the spectrophotometer at 560 mu  From the
values gbtaineda curve is constructed on seme-Jogarithmic graph paper.

The determination of fibrinoges 1 plasma lacking sufficient poten-
tial thrombin of its own, requires the addition of extra thrombin One
¢c of plasma 1s dituted with 25 cc of disulled water, and 2 cc. of 0 1 M.
caloim chloride and 0 3 cc thrombin (F S, see Test 14) are added
_ Application and Inferpreintion ~Fibrinogen is the passive agent

in the roagulation reaction Normally its concentration vanes from
250 to 400 mg. per 100 cc ot plasma but it is readily increased by
various stimuli  In infections, it may be increased to 1000 mg or
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more. It is generally above normal postoperatively, and is elevated
in the latter period of pregnancy. The physiological significance of
these marked changes in the fibrinogen level is not known, but it is
certain that they have little, if any, influence on or relation to hem-
ostasis Tt is to be emphasized that the higher the fibrinogen concen-
tration, the less marked is clot retraction. From this one can con-
clude that the increase in the fibrinogen level protects from rather
than predisposes to venous thrombosis. (See Chapter 3.)

How low the fibrinogen level must sink before defective hemostasis
manifests itsell is difficult to state since even in complete afibrino-
genema the bleeding tendency may be mild. With the exception of
a few reported cases of hypofibrinogenemia, no information is avail-
able on the incidence of congenital low fibrinogen, nor is it known
whether stimuli which increase the fibrinogen in normal subjects, are
effective in such cases

In severe hver damage, the fibrinogen is decreased, but since both
prothrombin and labile factor arc usually also diminished, it is certain
that the bleeding observed in acute hepatitis or yellow atrophy is not
due primanly to hypofibrinogenemia
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Test 16

ASSAY OF HLPARIN

Prineipie,—~The savisfactory asssy of heparin is difficult because
its anticoagulant action is complex It is an antiprothrombin, {e . it
reacts with prothrombin and therehy prevents the activation of thrs
compound to thrombin, Heparin likewise is 2 powerful antitheom-
Bin, but for this action it requires a co-factor, a compound present in
the albrumin fraction, which has been named Alburain X (SeeTig 9).
Heparin alone does not inactivate thrombin  Since heparin with its
co-factor removes thrombin practically instantaneousty , it prevents
the agglutination and disintegration of platelets It thereby evertsa
thitd type of whibitery actionen clotting  Heparin has no significant
antithromboplastic action, and it should be emphasized that thrombo-
plastin does not newtralize or inactivate heparin

Heparin can be assayed by jts mhilntory effect an the clotting time
of blond et of recalcified plasma  This measures its over-all anti-
ctoagulant action 115 potency of concentration can also be measured
by its antitheombic activity  For thus a hnown quantity of thrombin
standardized on normal plasma 1s added to plasma containmg van ing
amounts of heparn to be tested  The prolonged clottiag time 6 a
durect measure of heparin activity  No test 1s hnown wherehy hepana
potency can speaifically be estimated on the basis of its antpeothrom-
ic action, but a method 1n whnch this property probably 15 & facter
is in the prathrombin tive test  When imereasing amounts of heparm
are added to plasma, its prothrombin time becomes progressively
profonged and this actien can be used as a quantitative measure of
hepann
. The assay of heparin by 1ts effect on the clotting time 1s histoncaily
‘mportant because by this means Honell and fater the Toronto group
isolated n highly purified hepann Unfortunately the methods based
on the clotting time arc Jabonous and subyeet 1o numerous errors
because the various factors upon which the clotting time depends can-
not be completely controliud By employing plasta and deternuning
the clotting time after recalctfication, the procedure 1s sumplified but
3t still retains the disad ge of many tlabt bles,
particularly the fack of ¢ of i oL

In 1936 the water' developed two types of assay which meet
the requirements of stmphiaity, accuracy and refiability  They are
{139}

ih ot
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applicable to the determination of the heparin concentration in the
blood, and also to the assay of the potency of commercial prepara-
tions The first method is based on standardizing the eflect of vary-
ing quantities of heparin on the clotting time of plasma to which a
thrombin of fixed potency is added For convenience this can be
called the thrombin titration method Fresh oxalated human plasma
is employed. The thrombin solution used for the test is of such
strength that when 01 cc is added to 0 2 cc. of normal plasma, co-
agulation occurs in exactly 7 seconds By means of this test, concen-
trations of heparin ranging from 1 to 5 gammas per cc of plasma can
be determined.

The second method is based on the effect of heparin on the pro-
thrombin time of fresh oxalated human plasma  With this procedure,
heparin concentrations ranging from 5 to 25 gammas per cc of plasma
are estimated. In both methods a highly purified commercial heparin
serves asa standard In perfecting these methods, Abbott, La Roche-
Organon, Lederle, Lilly and Upjohn brands of heparin were used
These were generously supplied by the respective companies

Apparatus and Reagents —Same as for Test 8 plusa 0 1 cc serologi-

cal pipette graduated 1n 0 001 cc

Thrombin (} S) —The thrombin is prepared as described in Test
14 One part of thrombm (F S) is diluted with 4 parts of distilled
water If this dilution does not give a clotting time of 7 seconds when
tested on fresh oxalated plasma, adjustments n the dilution must be
made until the desired potency is obtained

Procedure —Thrombin titration method ~Commercial heparin

(100 mg of the sodium salt in 10 cc ) is employed, and 0 25 cc of the
solution transferred to a 50 cc volumetric flask and diluted with dis-
tilled water The diluted solution contains 50 gammas per cc or 0 01
cc = 05gamma By meansofa01 cc serological pipette, 001 cc
of the heparin solution 1s transferred to a test tube and mived with
05 cc of fresh oxalated human plasma  After 5 minutes of incuba-
tion at 25°C, 0 2 cc of the plasma 1s transferred to another test tube
which 1s placed in a water bath (37° C ) for 15 seconds By means of
a1 cc serological pipette, in which the correctness of the last 01 cc,
e, from the tip to the first calibration mark has been carefully
checked, 01 cc of thrombm (} S ) 1s blown into the plasma, and the
dotting time determined by means of a stop watch  Considerable
experience must be acquired to perform this test since the detection
of the incipient clot, which is the end point, 1s difficult The test 1s
repeated adding 0 02, 003, 004 f‘lnd 005 cc of heparm to 05 cc of
plasma A typical set of results is as follows
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Votume of heparinince » 0 001{ee 0022) 003(3) DO ON3S)
Clotting time i seconds 7 9 12 16 2 30

»\dded £ 0 § ce, of plasty
*¢ The fignres 1n parentheses are the sumber of gammas of bepann jur <0 of
phsr

By selecting one preparation of heparin as the standard, other
samples of heparin can be compared, The various commercial brands
which were tested, showed a fair uniformity of poteney , although an
accasional sample was observed to vary a5 much as 20 per cent from
the average.

In this test, it is impaortant to exercise great care in coltecting and
preserving the oxalated plasma used as the assay medium  Blood i<
obtained as in the prothrombin time methnd (Test 8 Sificone-
coated glassware {s used and the plasma is hept in a silicone-coated
tube immersed in an ice bath  Under these conditions the plasma
remains constant in its response to heparin and thrombin for at least
3 hours

Assay of hepann by the prothrombin time test Commerctal
heparin (containing 100 mg of the sodium salt in 10 cc is employ ed
Lxactly 02 cc. of the solution is diluted with 1.8 ce of distilled water
{fcc = 500 gammas or 0 01 = 3 0 gammas of heparm) For the assay
of hepatin, 001 ¢c¢ of the dituted hepann solution is mixed with 05
e¢ of oalated human plasma collected with the same care as in the
thrombin titration test  After 5 minutes of meubation at 25° C , the
prothrombin time is determmed on ¢ t cc of the plasma in the psual
manner (Test 8) A series of tests with 002, 003, 0.04 and 003 cc
of hepatin are carned out, The results with one hrand of hepann
nere as follows
Volume of iepanin on cc D HOHIOA 00220 OOWIN BOUG, Q0550
Preathromben tme m seconds12 18 25 54 0 1

*4dded 005 ce ovafated hupan plasma
#* The figures 1n pacentheses are the number of K3mmas of hepatin added o 1
of plasma

The test is technically simpler than the thrombn utration test
It does not require the meticulous ad of a standard b
solution to a precise poteney nor is the end pomt {the mapent clot}
as difficult 1o see  The prothrombin time method 15 however fess
sensttive. It 15 best for the range of 10to 30 gammas perce of plasma

For the determination of heparin i human hlood erther the throm-
bin triteation or the prothrombin time method can be used  If the
concentration of heparinislow ~ less than 10 gammas per ¢¢ —the first
procedure should be used. The prothrombin tune test cannot be used
for thr; ;ietenmmzion ot hepann in rabbit or dog blood because these
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bloods have such a high prothrombin concentration that the quantity
of thrombin formed far exceeds the heparin co-factor concentration

In determining the heparin content of plasma by the thrombin
titration procedure, it is advisable to check whether the inhibitory
activity is due to heparin. This can readily be done by adding pro-
tamine which neutralizes heparin, The following serves as an illus-
tration observed in a patient:

Patjent’s oxalated plasma 02 cc
Thrombin (§5) 01 cc
Clotting time 30 sec
Normal ovalated plasma 02 cc
Thrombn (} S ) 01 ce
Clotting time 7 sec
Patient’s oxalated plasma 02 cc
Protamine 0 5 per cent 001 cc
Thrombin (3 S ) 01 ce.
Clotting tyme 6 sec

From these Tesults, it can be concluded that the concentration of
heparin in the patient’s plasma was approximately 5 gammas per ¢
and that it actually was heparin since the antithrombic effect was
abolished by protamine

Application and Interprelation —The quantitative determination of
heparin m blood hds clinical usefulness although heparinemia in man
is exceedingly uncommon. While a hemorrhagic tendency can theg-
retically occur from an outpouning of heparin into the blood, }hlS
has apparently not been observed climcally  Since marked heparine-
mia readily occurs m dogs after peptone or anaphylactic shoc.k, one
is inchined to speculate whether a similar liberation of heparin into
the blood can occur occasionally in man during acute allergic attacks

The administration of heparin in the prophylaxis against throm-
bosis is generally controlled by the coagulation time A correlation
of the coagulation time, the thrombin titration time and the pro-
thrombin time after the injection of heparin can be seen in table 18.

TABLE 18 —EFFECT oF HPPARIN ON THE COAGULATION, THROMEIN AND PROTHROM-
BN TIMES
Subrect A Weight 57 kg
Heparm 3 cc (30 mg ) given mntravenously
Teme Afier Ingection Coagulation Time Thrombin (S ) Ttme Prothrombin Time
sec
1

mn :
54 7 !
¢ o 60 19
15 35 35 1e
0 30 29 15
P 24 22 13%
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It will he ohserved that the correlation between the coagulation time,
the thrombin titration, and the prothrombin time test is remarkably
good The gradual decrease of the heparin concentration is shown
by all three procedures.

For the establishment of an absolute heparin standard, it would be *
Tnecessary to obtain the compound in a completely pure state, a pos-
sibifity which according to authorities such as Jorpes? is very remote
A provisional international heparin standard has been defined. It
is art anhy drous salt of heparin prepared from the crystalline barium
salt and supplied by the Connough Laboratorics of the University of
Toronto It is not clear whether the standard Toronto heparin is
supplied as a substance of reference for the assay of the varous
brands now on the market.

Heparin potency can be defined in terms of its antithrombic activ-
ity as determined by the thrombin titration technique This requires
avery carefully standardized solution of thrombin, and several speci-
mens of normal oxalated human plasma to eliminate the effect due to
differences in plasma. Since commercial brands of heparin having a
high degree of potency are available, 1t is more expedient to select 2
brand which has 2 high and uniform activity as a standard of refer-
ence.

BIBLIOGRAPHY

1 Quek, A J On the action of hepann and its relation to thromboplastin,
Am ] Physiol, 115, 317, 1936

L Jomres, J L Hepann tn the treatment of thrombosis Second Edition
Londen, Oxford University Press, 1946



Test 17
ASSAY OF ANTITHROMBIC ACTIVITY OF PLASMA

Principle.—Plasma contains a thermolabile substance which in-
activates thrombin, This agent is generally known as the normal
antithrombin of the blood. Since it is faund in the albumin fraction,
it has also been named Albumin X It acts by combining with throm-
bin and the resulting complex is called metathrombin. A roughly
quantitative measure of the antithrombic activity of plasma can be
made by determining the speed with which thrombin disappears
when a fixed volime of the plasma to be tested is added to a standard
amount of thrombin

Apparatus and Reagenls —Same as for Test 15.

Procedure ~The plasma to be assayed for antithrombic activity is
defibrinated as follows 0 1 cc. of thrombin (F S ) is added to 2 cc of
plasma  The fibrin is removed with a glass rod

To determine the antithrombic activity, 0 2 cc. of the defibrinated
plasma 1s mived with 0 8 cc. of thrombwin (F S ) and the mixture in-
cubated at 25° C. After one minute, the thrombic actiaty of the
muxture is determined by removing 0 f cc and adding it to 0 2 cc of
fresh oxalated human plasma The time required to form a clot is
accurately deternuned with a stop watch  The reaction is carried on
in a water bath at 37° C. The determination 1s repeated after 1, §, 10,
15, 20 and 30 minutes.

A typrcal set of results are given in table 19,

TABLL 19 —THI ANTITHROMBIC ACTIVITY OF NoRMAL Heatax PLasya

Subject 1 2 3 4

Tintex Clotting trmet
min s se s s«
o 3 3 3
1 34 a4
3 556 8 7
s ¢4 8 10 1
10 9 a1 1z U
15 nooo 14 2
20 1513 15 30
23 1wy 18 M
30 18 23 19 a8

* Thrombin (F§) 08 cc was mixed with
02 cc of the defibrinated plasma to be tested

+ Thrombm potency was tested by addmg
01 co of the mixture to 02 cc of fresh oxa-
lated human plasma

(164)
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Application and Interpretation —Since fibrinogen has a greater af-
finity for thrombin than the normal antithrombin of the plasma,
httle thrombin is neutralized until all the fibrinogen is coagulated
The plasma antithrombin (Albumin X) therefore does not prevent or
delay clotting, Furthermore, as has been fully discussed in Chapter
5, fibrin itself appears to be the most important physiological anti-
thrombin. It becomes doubtful therefore whether the normal plasma
antithrombin has a primary function in preserving the fluidity of the
blood While it does possess the power to neutralize large quantities
_of thrombin, it is difficult to conceive how this function 1s utilized
physiologically.
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Test 18

DECALCIFICATION OF BLOOD WITH ION
EXCHANGE RESIN

Principle —Certain phenol-formaldehyde resins such as Amberlite
IR-100 {Resinous Products and Chemical Co., Philadelphia) have
the property when in the sodium phase to exchange that ion for cal-
ciumn  Suck a resin quantitatively removes calcium from blood as
Steinberg first showed.! The introduction of silicone-coated glass-
ware greatly improved the proccdure? for it depresses coagulation
and therefore permits decalcification without any formation of fibrin

Apparatus and Reagenls.—Amberlite tube A cylindrical glass tube
(8 mm internal diameter, 15 cm. long) with a constricted end fitted
with a cork and needle of a large bore (No. 13). See figure 14.

15¢em

=S ] e

Fio 14 —Amberlite tube  The inside of the tube 1s coated with sthicone A plug
of glass wool abo treated with silicone 15 mserted, and the tube filled with Amber-
hite  The cork and a No 18 needle are likewsse coated with sihcone

Purification of Amberlite TR-100 (Method of Stefanini), Twenty
grams of the resin mixed with 100 cc of 5 per cent (by volume) sul-
furicacid The mixture 1s boiled for § minutes and stirred vigorously.
The acid s poured off and the resin washed by decantation with dis-
tilled water until the wash water 1s no longer acid The Amberlite
ts then treated with 100 cc. of 5 per cent sodium carbonate, heated
to 70°C and stirred  Much coloring matter is extracted. The solu-
tion is poured off and the process repeated until the sodium carbonate
becomes only stightly colored, after which it is washed with distilled
water until all traces of sodium carbonate have been removed.

The punfied material 1s then mixed with 250 cc of § per cent sodium
chioride and stirred with a mechanical stirrer for 30 minutes. After
standing 60 munutes or more, the resin is transferred to 2 Buchner
funnel and washed by suction with distilled water until the filtrate
is free of chlorine jons It is dned at 37° C.

Procedure.—Blood is collected by venipuncture using a silicone-

{166)
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coated syringe and needle. “The syringe is kept in an ice bath prior
touse. Ten ce. of blood is slowly passed through the tube containing
3 gm of Amberlite and collected in a silicone-coated test tube im-
mersed in an ice bath, The blood is retransferred to the syringe and
again passed through the Amberlite tube. To assure complete de-
calcification, the process is repeated a third time.*

The blood thus treated will not clot even when an excess of throm-
boplastin i added. No calcium is detectable and probably all mag-
nesium of the plasma is also removed  None of the other common
constituents of the blood appear to be affected ot removed The
plasma usually is slightly colored

Application and Interprelation —Amberlite serves as a very satis-
factory method to remove calcium from blood without adding an
anticoagulant. 1t has been possible by this means to determine the
evact amount of calcium required for coagulation. It offers a new
approach to the study of calcium in the clotting reaction Inter-
estingly, Amberlite readily removes both ionized and un-ionized or
combined calcium from blood, which indicates that the un-fonized
calcium cannot be tightly bound

Whether decalcification by means of exchange-on resins will be-
come practical to preserve blood for transfusions remains to be deter-
mined In the solution of this problem, it will not only require mastery
of the technical difficultics and a decision as to the economy of the
procedure, but also information as to whether the slight amount of
resin which dissolves in the blood is harmless
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Test 19
PROTHROMBIN ADSORBENTS

Principle —A number of insoluble salts and bases including tri-
calcium phosphate, barium sulfate, aluminum hydroxide, magnesium
hydrovide, calcium fluoride, and calcium oxalate remove prothrombin
{rom plasma by adsorption. These agents differ markedly, however,
1 their efficiency to deprothrombinize plasma, and also vary in their
property of adsorbing other constituents of plasma such as fibrinogen
and labile factor. Some adsorbents, particularly tricalcium phos-
phate and barium sulfate, do not remove prothrombin from citrated
plasma, whereas aluminum hydroxide does. This finding is probably
related to another observation, namely that sodium citrate quantita-
tively elutes prothrombm from tricalcium phosphate and barium
sulfate, but only partially from aluminum hydroxide.

Preparation of Adsorbent.*—Tricalcium phosphate 02 M. suspen-
sion (See Test 9.)

Barium sulfate 0.15 M. suspension. A solution of 36.6 gm barium
chloride in 500 cc. of distilled water is slowly added with vigorous
stirring to a solution of 8 3 cc. of concentrated sulfuric acid in 500 cc
of distilled water. The reaction mixture is kept at 25° C. The pre-
aipitated barium sulfate is washed by decantation until free of
chloride jons The volume is brought to 1 liter It is allowed to stand
several days, before it is used since 1ts adsorptive activity requires
time to become stabilized

Aluminum hydroxide 02 M suspension. To a solution of 666
gm. of aluminum sulfate (AL(SO.):.18H.0) in 500 cc of distilled
water, 500 cc of 5 per cent ammonium hydroxide are slowly added
with vigorous sturing The gelatinous precipitate is washed with
distilled water until the wash water is no longer alkalne. The sus-
pension of aluminum hydroxide is brought to 1 liter

Magnestum hydroxide 02 M suspension To a solution of 495
gm of magnesium sulfate (MgSO, 7H:0) in 500 cc. of dustilled water,
500 cc. of 5 per cent ammonium hydroxide is slowly added with
vigorous stirring. The precipitate 15 washed by decantation until
free of ammonia  The suspension is diluted to 1 liter

Procedure.~To determine the mimmmum amount of adsorben tre-
quired the following standard techmque is employed 1 cc of the sus-

+ Much of the matenal on adsorbents 1s the result of studies made by Dr Mario
Stefarum and Mss Clara Hussey

(168)
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pension of adsorbent is transferred to a test tube and centrifuged
for Sminutes to pached the agent, The water is poured off, the tube
is drained and dried with a filter paper  One cc. of oxalated plasma is
added to the pack adsorbent and the two mised by stirring with a
small glass rod for 3 minutes and then allowed to stand 2 more min-
utes The adsarbent is removed by centrifugation at 2300 rpm for
3 minutes, The prothrombin time of the adsorbed plasma is deter-
mined by the one-stage method {Test 8). 1If no clot forms in § min-
utes, complete adsorption is assumed. By preparing progressive
dilutions of the standard stock solution, one can determune the mini-
mum quantity of the suspension that will bring about complete ad-
sorption of prothrombin. In table 20 the adsorbent capacity for

TARLE 20 —TiE Miniit CONCENTRATION OF ADSORBENT ReQUIRED FoR CoM-
PLETE RFMOL AL OF PrOTIROMIIN FROM OXALATED PLASMA

Adsorbent IHyman Plasma Rabbst Plasma
Cay(POa 05 N~ 0012 M
250, 0 150 M. 0 200 \[
AYOH): 0 060 M 0120 M
Mg(OH): ¢ 600 M. 4900 \{

* The amount of adsorbent 1n 1 cc of suspension necessary to
Temon ¢ prathrombin completely from 1 cc of ovalated plasma

prothrombin of four common agents when applied to human and
rabbit plasma is recorded
Application and Interprefation — The adsorbents for prothrombin
have been valuable n isolating this compound from plasma By
means of tricalcium phosphate, prothrombin is completely removed
from oxalated or native plasma, and is quantitatively recovered by
elution with sodium citrate  Thus observation has been utilized for
developing a new method for the guantitative determination of pro-
thrombin (Test 9) and alsa for the 1solation of prothrombin 1 con-
centrated form to treat hypoprothrombinerma  Barnum sulfate be-
haves similarly to tricalcium phosphate, but is less efficient  Alumi-
num hy droxide and magnesium hydroxide, on the contrary, are un-
satisfactory for isolating prothrombin since sodium ditrate does not
quantitatively clute the agent from these adsorbents
None of the adso:bents is specxﬁc for prothrombin, but tricalcium
hosp} can be as hing that praperty The
« ion required to deprott plasma is so small that
only a trace of labile factor and less than 3 per cent of the fibrinogen
areremoved Barium sulfate likewise removes very hittle labile factor,
but it does decrease the fibrinogen of the treated plasma about 10 per
cent  Alumibum hydroxide and magnesium hydroxide in the con-
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centrations necessary to adsorb prothrombin completely, remove
large amounts of fibrinogen (30 ta 70 per cent) and also markedly
diminish the content of Jabile factor. Deprothrombinized plasmas,
i.e, plasmas treated with an adsorbent for prothrombin, are useful
for studying coagulation reactions, but their limitations should be
TEC d. A plasma ot d after treatment with an adsorbent
should not be considered identical in behavior to a solution of fibrin-
ogen. It still retains wholly or in part all the recognized clotting fac-
tors except prothrombin and prothrombinogen




Test 20

THL ASSAY OF VITAMIN K

Principle.*~Vitamin K is essential for the synthesis of prathrom-
bin. It is fogical therefore that it should be assayed by determining
¢ither the minimal daily amount required to mantain a normal pro-
thrombin level of the Mood, or the quantity which will elevate the
prothrombin of an animat severely depleted of vitamin K o normal
in s fixed peviod of time

The protective type of blosssay is carried out on nesly hatched
chicks kept on a vitamin K+free diet  The matexial to be tested is fed
at different fevels and the prothrombin time performed at the end of
a fixed peried of time.  For the curative type of assay, the chick like-
wise §5 very satisfactory as the test animal and the material may
cither be fed or injected  In the writer's laboratory, & new assay
procedure employ tag the dog as the test animal has been developed
A choleey stneplrostomy is performed  With the complete dradnage
of the bile into the pelvis of the kidney, the absorption of vitamin K
from the intesting becomes very defectve, and as the vitamin K
stores of the antmal become depleted a hypoprothrembinemia devel-
ops  The respanse of the prothrombin concentration in such an
animal to injected vitamin K is utihzed as the basis of assay, and
natural vitamin X, is used as the standard of reference

Eguipnient and Reagenls

Electrically heated brooder with wire mesh floor  {Purchased at
Sears-Rocbuck and Co )

Syringes~—1 cc silicone-coated

Needles No 27

Test tubes 8 X 7S mm  sificone-coated

Vitamn K-free ration
2000 gm vitamin-free cascin

* On the principle a3 outlmed, the writer devised a method of assav (6 1936
UK, & 3 The coagulation defert 1 sweet dover discase and s the hemor.
thagie chuch dsease of drctary onn A of the saurce of g
Am ] Physol, 119, 260, 1937 |

Later Almmnst and Kiose fasagung, 1 1 oand Kune A & Determmarion
of the antrhamarrchagc vitamin, Bochem ] 83, 1055 1939 } adopted the pra-
thrombin tane 1 thess assay procedure and this became the basis of the method
gtven 1 Mothods of Amalysis, Assoc OF Awr Chom , 6 ¢d . Washington, D €,

M5 Tius method 35 relatively erade and lacks the bigh degree of sensitrvtty that
he procedures here described have

{131y
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1200 gm. brewer's yeast
6700 gm. ground rice
100 gm salt mixture.

Immediately before feeding, 1 cc. of cod liver oil (U S.P.) is thor-
oughly mited with 100 gm. of the ration. The casein and brewer's
yeast were obtained from Nutritional Biochemical Corp, Cleveland,
Ohio  The salt mixture consists of:

48 gm., calcium carbonate 1.4 gm potassium chloride
48 gm. sodium chloride 1.0 gm. manganous sulfate
1 4 gm ferrous sulfate 0 2 gm copper sulfate

Thromboplastin (dehydrated chicken brain): The material is pre-
pared exactly as rabbit brain thromboplastin (Test 7). To prepare
the reagent, 0 15 gm. are mixed with 5 cc. salme solution and incu-
bated at 50° C for 20 minutes

Stock solution of natural vitamin K, 200 mg. of vitamin Ki
(Merck) is dissolved in 100 cc. of 95 per cent alcohol. This solution
must be protected from Iight. Generally 1 cc. of the stock solution
is diluted to 100 cc with saline (1 cc. = 20 gammas). The diluted
solution must be well shaken since the oily vitamin separates out as
a milky suspension

Stock solution of 2-methyl-1,4-naphthoquinone (menadione) 200
mg of the crystalline compound is dissolved 1n 100 cc. of alcohol, The
solution is protected from light One cc of the stock solution is di-
luted to 100 cc with saline {1 cc = 20 gammas). The dilute solu-
tions of vitamin K, and menadione are prepared fresh just before
they are administered

Procedure —The chick protective assay method * Newly hatched
chicks are placed in an electrically heated brooder with a wire mesh
floor Drinking water contaming 0 1 per cent benzoic acid to inhibit
growth of bactenia is supplicd The vitamin K-free ration 1s fed ad
Jibitum.  For the protective assay method, the material to be tested
15 dissolved or suspended in water or dilute alcohol By means of 2
serological pipette 005 to 0 3 cc is given orally  Care must be taken
to insert the pipette deep into the throat The chick is not allowed to
eat or drink for 20 to 30 minutes after the material is given The
substance to be tested is given once daily  For each dose 3 to 5 chicks
are used, and the doses are so graduated that the minimal effective
amount can be determined

At the end of 10 or 11 days the prothrombin time of each chick is
determined  For this a sihicone-coated 1 cc synnge and a No 27
necdle are used  Blood is drawn from the wing vein From03to 03
cc. of blood is collected and mixed with 01 M . sodium oxalate in the
pmportion of 9to1 Itisbest to use small silicone-coated test tubes
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{8 X 75 mm ) hept in an jee bath. Lnough plasma is obtaned for
2 at mate determinations of prothrombin, The procedure for the
prothrombin time Is exartly as outlined in Test & except that setive
dehydrated chichen brain iy used as the thromboplastin reagent.

as reference standards, menadione and vitamin Ky (Merck) are
caplayed  The results recorded in table 21 serve as a guide

TAPLE 20 —COMPARATINE POTENCY OF . METIYL- 1,4 NAPHTIOQUINONE AND Vira-
s Ky Wiy Testen o\ tor Coex

Amount Chiek b 1 2 3 5 Average  Prothrombin

preen cancentration
dnly Prothrominn time on 16tk day
gamma  sec  tec sec sec sec e
Methyitde @ $7 100 5§ 8§ 63 66 1
mphttoqu- 0 5 18 16 34 2 15 20 18
e 10 W14 18 14 13 15 hd
15 1391 173 12 1y 12
ze I PR TR PR T 1 100
Vienn Ry B 352 54 47 5¥ 43 s
125 1316 18 13 14 15 30
25 1213 n B a1 [l
375 01w on oupou 100
s 1} tU oy 0 1 1 100

The chick curative assay method ! The procedure 1s the same as
that of the protective method esrept that alt of the elucks are kept
onthe vitamin K-frec dlet At the end of 10 to 11 days. at »hich time
the prothrombin is reduced to 3 per cent or less. the assay is carnicd
out. If the matenalis dissolved in ssater or alcohol, at is appropratels
diluted, and 0 2 cc 1singected intravenousty Witk a little shall, bloed
can be withdrawn for the prothrombin determinanon, and. the mate-
sial injected with the same venipuncture  Tracthy 4 hours later, 2
saniple of blood 15 taken and analyzed for prothrombin  The object
15 to determaine the smaliest amount shuch w1l reduce the prothrom-
bin time to 11 seconds, whith is the normat or 100 per cent level of
the chucks It has been found that 4 to 5 gammas of 2-methyl-t,4-
naphthegumene {menadione) will restore the prothrombin levet of &
severely vitanmn K-depleted chuck in 4 hours  Therefore the amount
of any unknown material which reduces the prothrombin tune to
nosmal 11 4 houts contains the equivalent of 4 10 5 gammas of mena-
dione ‘The assay can also be made by admmstening the material
arally, i which case the prothrombin §s determined 1 24 wstead of
4 hours

“The dog curative sssay method A cholecystnephrostomy 1s per-
¢remert acenrdine to the method of Kapsinow, Engle and Harvey.?
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1200 gm. brewer’s yeast.
6700 gm. ground rice,
100 gm. salt mivture
Immediately before feeding, 1 cc. of cod liver o1l {U.S.P.) is thor-
oughly mixed with 100 gm of the ration The casein and brewer's
veast were obtained {from Nutritional Biochemical Corp., Cleveland,
Ohio  The salt mixture consists of.

48 gm calcium carbonate 1 1 gm. potassium chloride
48 gm sodjum chloride 1 0 gm. manganous sulfate
1.4 gm. ferrous sulfate 0.2 g, copper sulfate.

Thromboplastin (dehydrated chicken brain): The material {s pre-
pared exactly as rabbit brain thromboplastin (Test 7) To prepare
the reagent, 015 gm. are mixed with 5 cc. saline solution and incu-
bated at 50° C for 20 minutes.

Stock solution of natural vitamin K;. 200 mg. of vitamin K,
{Merck) is dissolved in 100 cc. of 95 per cent aleohol. This solution
must be protected from light Generally 1 cc of the stock solution
is diluted to 100 cc with saline (1 cc = 20 gammas). The diluted
solution must be well shaken since the oily vitamin separates out as
a milky suspension.

Stack solution of 2-methyl-{,4-naphthoquinone (menadione). 200
mg of the crystalline compound is dissolved in 100 cc of alcohot The
solution is protected from light One cc of the stock solution s di-
luted to 100 cc with saline (1 cc = 20 gammas). The dilute solu-
tions of vitamin K, and menadione are prepared fresh just before
they are administered

Procedire —The chick protective assay method ! Newly hatched
chicks are placed in an electrically heated brooder with a wire mesh
fioor Drinking water containing 0 1 per cent benzoic acid to inhibit
growth of bacteria 1s supphied  The vitamin K-free ration is fed ad
Iibatum  For the protective assay method, the matenal to be tested
1s dissolved or suspended in water or dilute alcohol By means of a
serological pipette 005 to 0 3 cc is given orally Care must be taken
1o insert the pipette deep into the throat  The chick is not allowed to
eat or drink for 20 to 3D xmnutes after the material is given The
substance to be tested 1s grven once daily  For cach dose 310 5 chicks
are used, and the doses are so graduated that the minimal effective
amount can be determined

At the end of 10 or 11 days the prothrombin time of each chick is
determined  For this a silicone-coated 1 cc syringe and 2 No 27
needle are used. Blood is drawn from the wing vein From 03 to 05
cc, of blood is collected and mied with 01 M sodium ovalate in the
proportion of 9 t0 1 It is best to use small silicope-coated test tubes
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normat by & minimal dose, the decrease in prothrombin is stow and
graduat

The available experimental findings are in favor of the assumption
that vitamin K becomes a part of the enzyme w hich syn thesizes pro-
thrombin. One can postulate that it functions as the prosthetic
group which can be expressed by the equation

S = apocnzyme
B+ Wy T XK, &K, = prothrombn forming coz me

The concentration of npoenzmy ¢ §s nat affected by lack of vitamin K,
for on supply ing the vitamin, the synthesis of prathrambin s resumed
sapromptly that the normat level 1s restored in 4 hours  Significantly,
.4 haurs is the time required both by the dog and the chick, and cven
if the amount of vitamin K, above the mummunm effective dose s grven
it does not shorten the time

Prothrombin is utilized or destroy ed at such a rate that approx-
mately 40 per cent of the amount cireul 1 the bload disapy
in 24 hours The prothromlnn level of the blood thereforc 15 a result-
ant of the rate of synthesis and the speed of destruction The amount
of vitamin X required for the total enzy matic system 15 vers small
As already painted out, 100 gammas suffice to restore comnpletely the
prothrombin of 2 14 kg dog On that basis, an aduit human requires
about 05 mg of vitanun K, and for mamtcnance the dah need is
probably Jess than ene-fifth of that amount

In view of the extremely small daly requirement of witammn K,
the concentration of this compound sn foods s chmeally of httle
mmportance  Lxcept in the newborn, & vitamin K deficrency m the
human purely on a dietary basts is extremely unhhely, since the m-
}ea!‘ma\ hacteria supply some of the vitamn, and furthersnore, there
152 considerable storage of the fat sofuble vitamns meluding K

A comparison of the patency of synthetic compounds having vita-
min X activity with the natural product can be done most reliably
using a dog that 1 markegly deficent 1 vitamun K A study com-
panng 2-methyl-3 4-naphthoquinone wath natural vitamn K, s pre-
sented w figure 15 While 1t 15 generally accepted that 2-methyl
1,4-naphthoquinone is as effective as vitamin Ky, the results of this
study show that the compound, to the contrary, is not nearly as
potent  Intercstingly, the prothrombin tevel in the absence of natural
vitamin K, can only be hrought to 40 per cent waith 2-methyl-1,4-
naphthoquinone even when excessive amounts are adminstered
Apparently there 1s formed the enzyme M (M = menadione) which
is far less efficient than the truly physwological one, which is AK,
The result 15 that the rate of synthesss 1s such that only a level of
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After a period of time which may vary from several wecks to four
menths or more, the prothrombin of the blood decreases. In some
dogs, the prothrombin drops to a very low level and this is accom-
panied by a pronounced bleeding tendency. In the majority of dogs,
however, the prothrombin concentration drops but reaches a fived
level. These dogs apparently retain the capacity to absorb a small
but constant amount of vitamin K from the intestines The dogs
which develop a severe hypoprothrombinemia are exceedingly sensi-
tive to minute amouts of natural vitamin K; It can be seen from
table 7, that 125 gammas of vitamin Ky which is 9 gammas per kg.
of body weight brought the prothrombin from a level of less than 0.5
per cent to normal in 4 hours, whereas a slightly smaller dose (7 gam-
mas per kg of bady weight) only brought it to 50 per cent in 4 hours
Since these animals do not absorb vitamin K from the intestines, any
material to be assayed must be given intravenously.

Application and Inlerpretation —The assay for vitamin K activity
has two general uses  The first is the analysis of various food stuffs
for their vitamin K content, the second is to determine the compara-
tive potency of synthetic compounds such as 2-methyl-1,4-naphtho-
quinone with natural vitamin K. For the first purpose, the chick
methods are the most suitable, whereas the more reliable procedure
to determine relative potency of compounds having vitamin K activ-
ity is the dog assay method

Before these applications can be adequately discussed, it is neces-
sary to consider the function of vitamin K in the synthesis of pro-
thrombin  The two most likely ways that vitamin K may function
are it becomes a part of the prothrombin molecule, or 1t enters into
the enzymatic structure that produces prothrombin  The evidence
clearly indicates that the second postulate is the more likely As
already pointed out, 100 gammas of vitamun K; is enough to restore
completely the prothrombin of a dog weighing 14 kg The volume
of blood can be estimated to be over 1000 cc  If vitamin K; becomes
a part of the prothrombin molecule, 100 gammas with 1ts relative-
Iy high molecular weight (450) would have to be contained m the
prothrombin of 1000 cc. of blood Smce the molecutar weight of pro-
thrombin is 140,000 according to Seegers and Ware,? the total pro-
thrombin would be 140,000 + 450 X 100 gammas or approximately
30 mg Isolation studies have shown that the amount of prothrom-
bin is several times larger

As further evidence that vitamin K, does not become a part of the

prothrombin molecule, 1s the observation that when the synth.cms of
prothrombin is stopped, the level drops rapidly, whereas if vitamin
K is withheld after the level of prothrombin has been brought to
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normal by 2 minimal dose, the decrease in prathrombin is slow and
gradual

The available experimental findings are in favor of the assumption
that vitamin K becomes a part of the enzyme which synthesizes pro-
thrombin., One can postalate that it functions as the prosthetic
group which can be expressed by the equation:

E = apocazyme
£ 4+ Ko == BN SK e prothrombin forsung enzyme

‘The concentration of apoenzmye is nat affected by lack of vitamin K,
for on supply ing the vitamin, the synthesis of prothrombin is resumed
sopramptly that the normal level is restorcd in  hours, Significantly,
4 hours is the time required both by the dog and the chick, and even
if the amount of vitamin K; above the minimum effective dose ts given
it does not shorten the time

Prothrombin is utihzed or destroyed at such a rate that approni-
mately 80 per cent of the amount circufating in the blood disappears
in 24 hours. The prothrombin level of the blood therefore is a result-
ant of the rate of synthesis and the speed of destruction The amount
of vitamin X required for the total enzymatic system 1s very small
As already pointed nut, 100 gammas suffice to restore completely the
prothrombin of a 14 fg. dog  On that basis, an adult human requires
about 0 5 mg. of vitamin K, and for maintenance the daily need is
probably less than one-fifth of that amount

In view of the extremely smail daily requitement of vitamin K,
the roncentration of this compound in foods is chimcally of little
importance  Except in the newborn, a vitamin K deficioncy in the
human purely on a dietary basis is extremely unblely . since the -
testinal bactena supply some of the vitamn, and furthermare, there
is a considerable stotage of the fat soluble vitamuns including K

A comparison of the potency of synthetic compounds having vita-
min K activity with the natural product can be done most reltably
using a dog that is markedly deficient in vitamin K .\ study com-
paning 2-methyl-1,4-naphthoguinone with natural vitamin Ky s pre-
sented in figure 15. While it 15 generally accepted that 2-methyl-
1 4-naphthoquinone is as eflective as vitamin K., the results of this
study show that the tompound, to the contrary, is not neatly as
patent. Intesestingly, the prothrombin level in the absence of naturat
vitamin K, can only be braught to 40 per cent with 2-methyli 4=

hthoaqus even when 0S8IVE  AMOuNt: & g

Apparently there is formed the enzyme A3 (M = menadione) which
15 far jess efficient than the truly physiological ane, which s EK,
The result is that the rate of syntbesis i such that only a level of
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40 per cent can be maintained, It is also apparent that 100 gammas
of the synthetic compound is far less effective than the same amount
of the natural vitamin K, Although the assay method using chicks
indicates that on a molecular basis menadione is less potent than
vitamin Kj, the striking difference is only brought out with dogs hav-
ing a cholecystnephrostomy

Natural 125 100

Vitamin
K,—»
100 Dog
Cholecystonephrostamy
50
80,
N Menadione
gn
<
,Es% r 100fs0, 28
;E sof I i -.-d
& Micrograms Daily
2} Intravenously
30 }
200 K
o A / "‘

10 20 30 40 50 60 Thme(Days) 100 110 120 130 140 150 160 170

Fic 15 - Theomparative potency of 2-methyl-1.4-naphthoquintone (menadione)
and natural vitamin K, for correcting the hypoprothrombinema caused by vitamin
K defictency
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Test 21

DETERMINATION OF THE POTENCY OF PROTHROM-
BINOPENLVINDUCING AGENTS

Principle —~Certain compounds of which 3,3-methy lene-bis-(4-hy~
droxycoumarin} commonly known as Dicumarot, is the most impor-
tant, have the power to decsease the prothrombin of the blood  To
test the potency of these drugs, 3t fs essential to have a standard test
animal, a controlled dict, and a rekable method for determining pro-
thrombin  Resistance to the drug may be mbicrent in the animal
itself, ot be due 1o stored vitamin K Chickens, for instance, are
strilingly resistant to the action of Dicumarol even when deficient
in vitamin K. Dogs on the other hand are less susceptible to Di-
cumarol than are rabluts, but when their store of vstamin K becomes
deplcted, they are very markedly affected by this drug  Thus, a dog
that has had a cholecystnephrostomy becomes a suttable test animal
as soon as a slight drop in prothrombsn hecomes manifest  Rabbits
and rats readily became deficient in vitamin K and thetefore under
these conditions show a relatively gk sensitivity to Dicumarol
The wrter” as carly as 1936 found that tovc sweet clover hay, which
reduced the prothrorabin of a rabut to 20 per cent of normal in 48
hours, became meffective when msved with S per cent alfalfa meal
This finding was the first to fustrate the antagomstic action of vita-
1mn K o the toxic pnnciple m spoled sweet clover hay Campbelf
el al * wisely fasted rabints for 24 to 48 hours before testing their
spoiled sweet clover hay matenial

Apparatus and Reqgents ~The same as for Test 8

Procedure ~The most suntable test animals for assaying prothram-
Dinopeme-producing drugs are rabbuts and dogs since in these ammals
blood can readly be obtamned by venspuncture It 15 very mportant
that the animals be kept on a standard diet - Rabints fasted 48 hours
are not onfy more sensitive to Dicumarol, but their response is more
uniform  Campbell ¢f af * emphasized that certain rabbits are very
resistant to Dicumaro} angd that this s mhenited as a Mendehan
characteristic  White there may aoccasionally be found a rabbit
falrly resistant to Dicumarol, most rabbits when kept on a standard-
1zed diet respond with remarhable uniformity to the drug  On pick-
ing 5 rabbits at random, one can obtain results as follows

11y
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Rabhit 1 2 3 4 5
Prothrombin time before grven Dicumarol* 9 8 8 8§ 8
Prothrombin time 24 hours after given Phcumarol 18 18 17 17 17

* 5mg per hilo of bady weight

Tt should be noted that these rabbits did not have a prothrombin
time of 6 seconds which is the normal when they receive an adequate
amount of vitamin K.

In normal dogs the response to Dicumarol is fairly uniform as shown
in figure 16 Tt should be noted that the size of the dose does not
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Fi6 16 —The effect of the size of a single dose of Dicumarol gven mtravenously on
the prothrombin level of a dog  (By permussion of the Journal of
Biological Chemustry)

hasten the drop in prothrombin, but prolongs the period of recovery

Prothrombin concentration 15 determined exactly as outlined in
Test 8 Dehydrated rabbit brain thromboplastin is entirely satis-
factory for human, rabbit and dog blood. but is unsuited for rats or
guinea pig blood

Application and Inlerpretation —There are few drugs which are
administered with such rechlessness and abandonment as is Dicum-
arol It 15 most fortunate that man is not as sensitive to this drug
asis the cow  That there have been deaths from hemorrhage caused
by Dicumarol is no surprise, the wonder 1s that there have been so
few It is impossible to estimate how many patients in the country
are receiving the drug without any laboratory control Oneb can
state. however, with authonty thatina far greater number of paticnts
who are given the drug, therapy is controlled by prothrombin time
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determinations which are so crude and unreliabfe that one can rightly
say the patient is merely receiving token protection  Perhaps an
equal number of patients are receiving the drug in such homeopathic
doses that any beneficial effect belongs in the realm of psy chosomatic
medicine. Many conscientious clinicians bemoan the fact that the
whale problem is in such a state of confusian that the results of one
laboratory or clinic cannot be compared with those of another

The writer fecls that the beginning of the trouble can be traced to
Dr. Link and his students. After their brilliant work in isolating
and making Dicumarol available, they befuddied, according to the
writer’s opinion, the issue of the determination of prothrombin in
controlhing Dicumarol therapy  The crux of the matter can be found
in their statement* “'The assay has been put on a strictly differential
busis, which eliminates the necessity of obtaining absolute values,
since the pathic plasma is compared directly with plasma from the
same tabbit in the normal state.”” The writer had already shown
that the determination of prothrombin could be made in absolute
values, and neither time nor progress has thus far made it necessary
for him to alter this statement  But once the strict insistence on
absolute values was relaxed, a flood of modifications of the one-stage
method appeared in the A cntical di jon of these
modifications is presented under Test 8  There scems to be no pros-
pect of ending the present confusion except to insist that the deter-
mination of prothrombin be made in absolute valxes and not on a dif-
ferential basis

Recent work in the writer’s laboratory, especiafly by Dr Collentine
on dogs with a cholecystnephrostomy, has yielded important data
having a bearing on the nature of the action of Dicumarol and its
relation to witamin K Dicumarol bas no direct action on prothrom-
bin The drug stops the synthesis of prothrombim, but the actual
decrease of the latter results from the body's normal consumption
of this agent The Dicumarol merely prevents its replacement ot
Teplenishmient  Dicumarof can be looked upon as a true antivitamin
K, e, it can combine with the apeenzyme £, and thus form an in-
active enzyme  When Dicumarol is given to an animal with a good
store of vitamin K one can postulate the reaction given in figure 17

The greater the amount of Dicumarol, the mare AD is formed, and
the fess will be the amount of functioning enzyme JEK  If Dicumarnl
13 given to an animal deficient in vitamin K, the efiect of even a small
dose is pronounced as shown by the results presented n figure 18

In figure 17 the effect of salicylates 1 Mlustrated The sahcylates
have an extremely weak affinity for the apeenzyme, therefore a hypo-
prothrombinemia as the resuit of salicylate therapy is infrequent




178 POTENCY OF PROTHROMBINOPENIA-INDUCING AGENTS

Rabbit 1 2 3 4 5
Prothrombin time hefore given Dicumarol* 9 8 8§ 8 8
Prothrombin time 24 hours after given Dicumarol 18 18 17 17 17

* 5mg per kilo of body weight,

It should be noted that these rabbits did not have a prothrombin
time of 6 seconds which is the normal when they receive an adequate
amount of vitamin K

In normal dogs the response to Dicumarol is fairly uniform as shown
in figure 16. It should be noted that the size of the dose does not
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Fig. 16 —The cffect of the size of a single dose of Dicumarol given intravenously on
the prothrombm level of a dog (By permussion of the Journat of
Buological Chemmstry)

hasten the drop in prothrombun, but prolongs the period of recovery

Prothrombin concentration is determined exactly as outlined in
Test 8 Dehydrated rabbit brain thromboplastin is entirely satis-
factory for human, rabbit and dog blood but is unswited for rats or
gumea pig blood

Application and Interpretation —There are few drugs which are
administered with such recklessness and abandonment as is Dicum-
arol. It is most fortunate that man 1s not as sensitive to this drug
asis the cow  That there have been deaths from hemorrhage caused
by Dicumarol is no surprise, the wonder is that there have been so
few It 15 mpossible to estimate how many patients in the country
are receiving the drug without any laboratory control One can
state, however, with authonty that m a far greater number ofnane.nts
who are given the drug, therapy 1s controlled by prothrombin time
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Vitamin K, Ingacted

Profhrombin Time in Seconds

T16 18 —The effect of stored vitamm K on the sensitivity of the ammal to
Dicumaral  The dog was well-nourished at the time of the operation (May 12)
Following cholecy strephrostomy, the dog was no longer able to absorh fat-soluble
Vitamiins from the ntestincs, therefore the store of witamn K was gradually di-
minished  The test dose of Dicumrol was 1 mg per hilo of body weight given
intravenously in each wstance A small amount of vitamn Ky (10 gammas per
Rilo of body weight) vestored the prothrombin les e} to normal i 24 hours

ency, m ulcerative lesions, and after certain operations such as on
the brain or spinal cord, In addition to these. Ppregnancy is also an
important contraindication since the fetus is mote susceptible than
the mother and may suffer hemorrhage even though the maternal
prothrombin level is'in the therapeutic range  While the initial dose
i~ generally 200 to 300 mg , it should be remembered that some indi-
widuals will show an abnormally great response while others will
show little hypoprothrombinemic effect. It is therefore necessary
to determine the prothrombin time after 24 hours in order to know
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Fic 17 —The probable action of Dicumarol and of salicylates on the prothrombin-
producing mechanism

By depleting the store of vitamin K in the dog by cholecystneph-
rostomy, the effect of sahcylates can readily be illustrated

Days e 1 2 3 3
Protbrombin time 12 12 18 15 15
A daily dose of 005 gm per kg was given daily
wntravenously

1t may well be, as Dr Link suggests® that among the poor and mal-
nourished, the intake of vitamuns K and C may be inadequate, and
it can be concluded that this may predispese such individual to a
greater sensitivity to salicylates It scems good medical practice and
sound cconomy to see that when such patients require salicylates that
their nutrition be improved rather than to depend on commercial
preparations of salicylates fortified with a synthetic compound having
vitamin K activity Mention should also be made that salicylates
can cause bleeding by producing thrombocytopenia which is totally

lated to hypoprothrombi

In the control of Dicumarol therapy, a few simple rules must be
followed As Allen and his associates* have pointed out, the use of
the drug is contraindicated in renal insufﬁc'iency, in hepatic discase,
1n nutritional deficiencies, m blood dyscrasias with a bleeding tend-
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what the size of the second dose should be. The aim is to reduce the
prothrombin level to about 20 to 25 per cent of normal, The mainten-
ance dose may vary from 25 to 100 mg. or even more daily, In some
patients the maintenance dose is very constant and they may re-
quire only one determination cvery 7 or 10 days after they are stand-
ardized But before a patient is standardized daily laboratory
studies are necessary. Every patient receiving Dicumarol should be
instructed to observe his urine, since hematuria for some curious
reason is one of the earliest and most common signs of bleeding in-
duced by Dicumarol

While it must be granted that some modifications of the one-stage
prothrombin procedure are used successfully in the clinical control of
Dicumarol therapy, it should be pointed out that with little extra
effort and no additional expense the method as autlined (Test 8) can
be carried out. Not only will the laboratory gain by getting data
that are accurate, but its results can be compared with various lab-
oratories that are now using the unmodified one-stage procedure. An
additional advantage is that any laboratory that uses the original
procedure will have no difficulty doing the prothrombin consumption
test, which will probably become a routine laboratory test.
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