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I. INTRODUcTION

The clinical success of anticoagulant treatment must be one of the great

illogical triumphs of modern therapeutics. This statement will seem surprising
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to those who are unfamiliar with the fundamental difference between thrombosis

and clotting ; since these two terms are still widely treated as synonyms, a brief

explanation will be in order at the outset.

It has been appreciated for many years that the initial and characteristic phe-

nomenon of thrombosis is the deposition of platelets at a point on the inner wall

of a blood vessel through which blood is flowing ; this has been made clear from

observations on intact. vessels (50, 84b) as well as from experiments in various

artificial circulations (8, 15, 162a, 192) and from histological examination (75).

Other blood cells, as well as fibrin, accumulate to varying degrees as the thrombus

extends, but these are secondary effects : platelet. deposition is the fundamental

occurrence. Clotting, on the other hand, has come to signify the conversion of

fibrinogen to fibrin, and usually implies the solidification en masse of a given

volume of stationary blood, whether in vivo as a static column in an occluded

vessel, or in the cadaver, or in vitro.

The course of events initiating clinical thrombosis is still obscure. Venous

thrombosis may apparently begin at several independent sites almost at once

(187), without demonstrable evidence of local injury or abnormality: the cvi-

dence points to stasis, turbulence, or both as the localising as well as the precipi-

tating factors in man (8, 187). Nevertheless it is often supposed that the localisa-

tion of the initial platelet deposit must be determined by some vascular lesion,

however small, at that point.. For this view there is some experimental evidence

(15, 180, 181, 192, review in 245), and it may be demonstrable in arterial throm-

bosis, which is usually confined to diseased arteries and which shows certain

differences from its venous counterpart (1 19a, 139a). It has been suggested that

arterial thrombosis is initiated by tissue “thromboplastic” substances seeping

into the arterial lumen from arteriosclerotic plaques and the like, and clotting

the overlying blood. This hypothesis seems unlikely because in the condition

known as the “defibrination syndrome,” in which it is probable that tissue mate-

rial is released into the circulation, fibrin forms as free strands in the circulating

blood (131, 186). This presumably means that the coagulant substance is washed

away from the point of its release before the clot forms, but perhaps a thin layer

of blood is trapped in some way over an arterial lesion, so that this argument

does not apply to thrombosis in atherosclerotic arteries. If clotting by tissue

substances were an important factor in arterial thrombosis, one might expect the

process to be sensitive to inhibition by the coumarin-indanedione drugs (Table 1)

which specifically depress those plasma components required to activate the

tissue material. Yet the clinical evidence is against this. Also, coagulant sub-

stances appear to be associated with muscle in vascular walls (84a); furthermore,

muscular atrophy is characteristically associated with atherosclerotic plaques

in coronary arteries (139a, p. 64), where the intima is often much thickened,

so that material derived from the muscularis would not seem to be readily avail-

able at these sites. The hypothesis may be true, but at present it can hardly be

supported.

The initial observations on heparin and dicoumarol showed that these agents

interfered with blotid coagulation, and indeed could be responsible for haemor-
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TABLE 1

Names of anticoagulants

A large number of anticoagulant drugs has now been marketed, and their nomenclature
has become progressively more involved. The following table is exhaustive neither in its

list of drugs nor in the names given for the drugs which have been included, but is merely
intended to cover the literature cited.

The name to the left-hand side is official either in the BP or USP or else is widely used
as a generic name. As far as it has been possible to identify them, proprietary names have

been capitalized ; the same name appearing with a small letter indicates that it appears
also to have been used in a generic sense.

The name employed in the text is generally that by which the reviewer believes the

drug will be most widely recognized, and is italicized below.

1. COUMARINS

acenocoumarol acenocoumarin, G (eigy)23 350, Sinthrom, Sintrom

3-(a-acetonyl-p-nitrobenzyl)-4-hydroxycoumarin

bishydroxycoumarin dicoumarin, dicoumarine, Dicoumarol, dicoumarot,
Dicumarol, dicumarol, dicumarin, Melitoxin

3 ,3’-methylenebis(4-hydroxycoumarin)

cyclocouinarol Coumopyrin, Cumopyran, cyclocumarol, Methopyranorin,

Methanopyranorin

3 ,4-(2’-methyl-2’-methoxy-4’-phenyl) dihydropyranocou-
mann

ethylbiscoumacetate Pelentan, Tromexan, Tromexan ethyl acetate, tromexan
3 ,3’-carboxymethylenehis-(4-hydroxycoumarin) ethyl

acetate

nicouinalone Sinthrome
3-(2-acetyl-1 -p-nitrophenylethyl)-4-hydroxycoumarin

phenprocoumon Liquamar, Marcoumar, Marcumar, marco mar

3-(1 ‘-phenylpropyl)-4-hydroxycoumarin

war.farin Athrombin, Coumadin, Marevan, Panwarfin, Prothroma-
din, Warcoumin

3(a-acetonylbenzyl)-4-hydroxycoumarin

2. INDANEDIONES

anisindione Miradon, Maradone, anisi ndanedione
2-(methoxyphenyl)-1 ,3-indanedione

diphenadione Dipaxin, dipaxin, diphenylacetylindanedione
2-diphenylacetyl-1 ,3-indanedione

phenindione Danilone, Dindevan, Eridione, Hedulin, Indema, Indon,

phenyl indanedione, “P.I.D.”

2-phenyl-1 ,3-indanedione

3. HEPARIN PREPARA- Depo-heparin Sodium, Hepathrom, Lipo-hepin, Liquaemin,

TIONS Panheprin

Note: Structural formulae for a number of coumarin-indanedione drugs and Vitamin K

analogues are given in Hunter, R. B. and Shepherd, I). M.: Chemistry of coumarin anti-

coagulant drugs. Brit. Med. Bull. 11: 56-61, 1955.



282 INGRAM

rhagic disease (101, 102) : the brilliant, but strictly speaking illogical, step was to

apply them to the treatment of human thrombosis (22, 35, 42, 142). It is helpful

to appreciate that in addition to side-actions three effects of anticoagulant drugs

may be distinguished in clinical medicine : 1) they retard the clotting of blood;

2) in critical dosage they appear to be beneficial in at least some cases of throm-

botic disease ; and 3) in high dosage they lead to pathological bleeding. However,

despite impressions to the contrary, we do not understand how these effects are

related. Evidence is presented below that anticoagulants will reduce the adhesive-

ness of platelets in vitro, and will interfere with the haemostatic contribution of

platelets in experimental wounds ; however, we do not know that the same

mechanisms operate in the initiation of thrombosis. Much work (e.g., 26, 99, 238,

239, 249) has been done on the production of experimental vascular occlusion

and the effects of anticoagulants thereon, but the occlusions have often differed

greatly from natural thrombi (being obtained by such diverse methods as the

injection of scierosants, coagulants, microorganisms, serum, or serum extracts,

or by heating, crushing, piercing, or corroding the vessel wall, or by two or more

of these procedures together), so that the relevance of this work to clinical mcdi-

cine is not always clear. The medical use of anticoagulants is still therefore essen-

tially empirical; and the degree to which they will interfere with certain clotting

tests in a given dosage is correlated only approximately with therapeutic benefit

on the one hand, and haemorrhagic complications on the other. Clinical judge-

ment is required if they are to be used to their full advantage. For this reason

the reviewer has felt justified in allowing his own interests as a clinical pathol-

ogist to place the emphasis of the present review on the clinical use of anticoagu-
lants and 011 the laboratory control of their dosage.

Mode of action. Considerable insight has been obtained into the nature of the

interference with blood coagulation induced by various anticoagulants (9, 17,

45, 47, 54, 58, 72, 80, 81, 86, 91, 109, 115, 120, 125, 146, 170, 191, 197). Heparin

has a direct anticoagulant effect on the blood itself, over t.he whole clotting

sequence, in that it interferes immediately with coagulation when it is added to

blood in vivo or in vitro. In contrast, the coumarin-indanedione group exert their

effect only after ingestion, by interfering with the synthesis in the body (or per-

haps liberation into the blood) of particular clotting factors. However, since we

do not understand just how interference wit.h clotting bears on either the ther-

apeutic or haemorrhagic effects of these drugs, a detailed knowledge of this work

is not required for their clinical use, and will here be passed over. Nevertheless,

it is worth dealing briefly with the confusion, which is still sometimes trouble-

some, in the semantics of the anticoagulant activity of the coumarin-indanedione

drugs. These agents have traditionally been called “antiprothrombic,” whereas

it is now realised that their ingestion leads to a fall in the activity in the blood of

factors VII (proconvertin), IX (Christmas factor, plasma thromboplastin com-

ponent, antihaemophilia factor-B or -$), and X (Stuart-Prower factor) as

well as of prothrombin. The source of this confusion is historical. It happens that

the anticoagulant effect of these drugs is more readily demonstrated when blood

coagulation is initiated by the addition of tissue extract than when the blood is
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simply allowed to clot on standing in a glass tube. This technique, now sometimes

called the “accelerated clotting time,” because the sequence of reactions involved

leads more rapidly to the appearance of fibrin, was originated by A. J. Quick

and associates in 1935 (168), before the introduction of anticoagulants. On the

basis of the theory of blood clotting accepted at that time, the results of the test

were logically interpreted in terms of prothrombin alone, as the originator has

since described (165) ; the test was thought to measure the concentration of pro-

thrombin in the blood, and became known as the “prothrombin time test.” The

technique became firmly entrenched in the anticoagulant field from the outset,

when Link and his associates made it the basis of their biological work on the

haemorrhagic agent finally identified as dicoumarol (36). The test has naturally

passed over into clinical pathology to become the standard method for control-

ling the dose of the coumarin-indanedione drugs (19), retaining its misleading

name despite experimental advances which have shown that the original test

was relatively insensitive to prothrombin sensu stricto (18) (pace its originator,

166) but principally reflected changes in the activity of factor VII (to which we

should now add factor X) (20 [figs. 35, 36], 78, 109). To make the method a more

reliable index of changes in prothrombin and factor VII (and, in fact, X) Owren

introduced (155) the modification known as the “P & P” method (“prothrombin

and proconvertin”), and he has lately (150) further developed the test so that. it

should also be sensitive to changes in factor IX. The use of these and other tests

will be discussed below. In any event, to report the result of a prothrombin time

test as “ % prothromhin” is misleading; this matter will be discussed more fully

in a later section.

Of greater theoretical interest in thrombosis is the effect of anticoagulants on

the platelets, but comparatively little has been done to elucidate the mechanism

involved. Heparin acts directly to interfere with the cohesiveness of platelets to

each other (175) and their adhesiveness to glass (245) (although apparently

heparin may modify the glass as well as the platelets (32)), and reduces t.heir

coherence to the edges of experimental wounds (84b); the ability of heparin to

prolong the bleeding time (3 la, 175) may be mediated in this manner. Intra-

venous injections of commercial heparin have been found to produce transitory

clumping of platelets and thrombocytopenia in the dog, but not in man or the

rabbit (167). With dicoumarol, in both rabbits (246) and man (203) a reduction

in platelet adhesiveness was noted after the drug was ingested for some days,

without change in the platelet count in the circulating blood; in man (203) the

degrees of change in the prothrombin time and in platelet adhesiveness were said

to be broadly correlated.

There is evidence that anticoagulants increase the permeability of capillaries

(242), but in treated patients the capillary fragility test has not shown a correla-

tion between the readiness with which purpura can be produced and the occur-

rence of spontaneous bleeding (103, 162). Nevertheless, this would seem to be an

important aspect for further investigation (16).

Other actions of anticoagulants may be mentioned briefly.

Heparin has a number of interesting activities. An injection during the period
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of lipaemia following a fatty meal leads to a rapid clearing of the plasma (76) ; a

lipolytic system is believed to be developed (172, 193), with a fall in plasma

surface tension (6) but no change in plasma viscosity (233). This effect depends

on the passage of heparin through the animal body, and many tissues will produce

it (6, 236, 237) ; it is less marked in platelet-rich plasma than in platelet-poor

plasma and is inhibited by a platelet extract (138) ; the quantity of heparin re-

quired is less than will delay clotting in whole blood but shows anticoagulant

activity in platelet-free plasma (79) ; in vitro, the effect is small but has been found

to involve Ca� (66, 208). The fat-clearing system can also be activated by

dextran sulphate (33, 97) and by polyethylene sulphonat.e (49). The physiological

role of this system is still obscure ; but it is interesting that in ischaemic heart dis-

ease the post-prandial lipaemia rises to higher levels than in control subjects,

perhaps through differences in absorption (139), and that a given injection of

heparin (300 u.) produced markedly less clearing than in the controls (147). The

relation of heparin to the fat-clearing system has recently been reviewed in this

journal by Robinson and French (172a).

After two to three days’ administration, heparin is diuretic, both in normal

subjects and in oedematous patients ; heparin, thrombocid [xylan-polysulphuric

acid], and Rol-8307 [N-formyl-chitosan polysulphuric acid) produce an excretion

pattern which is similar to that seen in Addison’s disease or after the administra-

tion of amphenone [1 ,2-bis(p-aminophenyl)-2-methyl-1-propanone . HC1) and

the spirolactones, with Nat-loss and slight. K�-retention (183). Heparin and

Rol-8307 reduced the urinary aldosterone to normal levels in the face of salt

restriction, thereby increasing the Na+�loss; there was a synergistic effect with

spirolactone (38) . In dogs, an acute I�±4oss has been observed, unrelated to

changes in aldosterone secretion (141) ; this was not seen in man (184).

Heparin interferes with mechanical activation of the frog egg (Rana pipiens)

and other types of cell proliferation (77). Heparin applied locally has been claimed

to be beneficial in the treatment of thermal injury (207), but the experimental

evidence in man (111) and animals (5, 52) is conflicting. In the dog, injections of

heparin prevented the eosinopenia and lymphopenia which ordinarily followed

the injection of ACTH, cortisone, adrenaline, or insulin (67). In acquired hae-

molytic anaemia, heparin inhibited the reaction in vitro between the patient’s red

cells and the autoagglutinin (176), and on administration to the patient, saline

agglutination of red cells and the Coombs’ tit.re of the antibody were both re-

duced, with subsequent reduction of haemolysis in vivo (177); heparin also inter-

feres with reactions involving complement, such as the Wassermann reaction; it

also antagonises fibrinolysin (64). In the cold, heparin precipitates a fibrinogen-

like protein from the plasma (110, 198, 199, 212), principally in inflammatory

states; it is thought that this may be usefully related to other general tests for

inflammation. The non-clotting actions of heparin were reviewed by Benditt

(14a).

The coumarin-indanedione anticoagulants have been found to inhibit pro-

liferation of fibroblasts in tissue culture (185) and, in rabbits, to hasten recanal-

isation in arteries occluded by injection of thrombin and morrhuttt,e (247, 249);
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in the latter case, the action of the anticoagulants was augmented by ACTH

(247). Also in rabbits, treatment with phenindione increased the aortic choles-

terosis induced by feeding cholesterol (133). Tromexan (34) was found to have a

uricosuric action similar to that of probenecid (200) ; the observation that this

drug inhibited the sickling phenomenon in a patient with the sickle-cell trait

(73) could not be repeated (222) . Tromexan has been claimed to be of value in

deep X-ray treatment, reducing irradiation sickness as well as post-irradiation

fibrosis of the treated region (44) . A number of coumarin-indanedione deriva-

tives has shown in vitro antibacterial activity (69) ; but in rabbits, dicoumarol

treatment encouraged the spread of experimental streptococcal infection (214).

II. INDICATIONS FOR ANTICOAGULANT THERAPY

In this section of the review it is proposed to consider the evidence for the

value of anticoagulant therapy in certain thrombotic disorders, particularly

choosing those in which, on the one hand, a variety of opinions has been ex-

pressed and, on the other, good clinical investigations have been carried out.

As has been pointed out above, animal work has contributed little of immediate

application to the basic clinical problem of when to use anticoagulants. Decisions

must be based on the established evidence of benefits occurring in different types

of thrombosis and on factors likely to affect the individual patient. While abnor-

mal bleeding clearly shows that ant.icoagulants have done harm, it is far more

difficult to know that the treatment has done good ; for it is impossible to deter-

mine whether the individual patient would have been subject to further attacks

or would have recovered more slowly from the initial illness had anticoagulant.s

not been given. The evidence must therefore be largely statistical ; this demands

the comparison of attack rates, severity of illness, and mortality between com-

parable groups of treated and untreated patients. It is obviously very much more

difficult to ensure comparability between clinical groups than between batches

of biological material susceptible to laboratory manipulation. Nevertheless, the

attempt must be made, and the evidence will be considered for various types of

thrombotic disease. Problems such as administration will be considered later in

this review; the present section deals simply with the primary question of

whether, and when, anticoagulants may do good.

A. Cardiac infarction

It is a commonplace of controlled trials of drugs that t.he longer the subjects

have to remain in the trial, the more difficult it is to ensure that the test and

control groups remain comparable. For this there are two chief reasons. There

are, first,the spontaneous variations in the natural history of the disease, which

are especially important in an illness of such capricious morbidity and fatality

as cardiac infarction. The illness may be mild or severe, and may change in

severity during its course. Deat.h may be immediate and sudden, or delayed for

weeks, months, or years; death may be due directly to the initial infarction of the

cardiac muscle, directly t.o a second or subsequent attack following the first after

any int.erval of time, or indirectly to cardiac failure or emboli from intracardiac
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thrombosis. Alternatively, during the period of acute illness, remote thrombosis

may occur, for instance in the leg veins, which may cause death from pulmonary

embolism. The other reason follows from the process of the trial itself; if the

treatment has any effect on mortality, as time goes on the treated group will

come to contain more and more persons whose counterparts in the control group

have died. The varied natural history of the disease complicates greatly the

matching of patients in test and control groups, and because of the effects of

treatment, it is obviously easier to assess its benefit in the acute phase (i.e., in

the first three to four weeks after an infarct has occurred), while the patient is

under continuous observation in bed, than in the subsequent months or years.

These two periods will therefore be considered separately.

1 . During the acute phase. The acute phase of myocardial infarction was one

of the earliest disorders to which dicoumarol treatment was applied (35, 112);

it was appreciated that while anticoagulants obviously could not reduce the

im.mediate mortality due to massive infarction, they should certainly lessen the

incidence of secondary thrombo-embolism (157). Important early evidence was

obtained by the Committee for the Evaluation of Anticoagulants in the Treat-

ment of Coronary Thrombosis with Myocardial Infarction appointed by the

American Heart Association, who arranged that patients admitted to several hos-

pitals would he treated conventionally if presenting themselves on even dates,

and would also receive dicoumarol for 30 days (with initial heparin optional) if

presenting themselves on odd dates. There was inevitably considerable variation

in the promptitude with which patients were referred to hospitals, and some had

already received anticoagulants before admission ; but in the analysis (252) of

the first 800 cases (432 on anticoagulants, 368 controls) it was found that differ-

ences of age, sex, previous history of infarction, severity of illness present on

admission, and institution of anticoagulant treatment before entering the trial

were all reasonably well dist.ributed between the two groups. There was a sig-

nificant difference in the mortality rate in the first six weeks (controls 24 %;

treated 15%; P <0.01), which was most obvious in the third and fourth weeks.

The incidence of thrombo-embolic complication was likewise reduced in the

treated group (controls 36%; treated 14 %; but the latter value is reduced to 7 %

when the incidents are omitted which occurred during the first three days of

treatment, i.e., before anticoagulation would have been properly established,

and also after dicoumarol had been withdrawn). Other studies confirmed these

findings, including the first controlled series reported from Britain (221). How-

ever, the point has been strongly argued (179) that it is possible to divide cases

of cardiac infarction into the categories of “good-risk” and “bad-risk,” that the

good-risk patients will have a low mortality anyway and should not be submitted

to the inconvenience and hazard, even if small, of anticoagulant treatment, and

that ant.icoagulants should be reserved for bad-risk cases where their benefit is

the more apparent; nevertheless, the prognosis may not be clear when the

patient is first seen (251).

An important criticism of the benefit of anticoagulants in the acute phase has

been contributed by Honey and Truelove (83), who made a detailed analysis
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of the experience of 543 patients admitted to the Radcliffe Infirmary, Oxford,

over the period 1940 to 1954. Examining the effect of anticoagulants from 1952

to 1954, they concluded that the effect on mortality had been very small, and

had affected only the incidence of pulmonary embolism. They pointed out that

in an attempt to assess the benefit of anticoagulants from the experiences of

control and treated series observed in parallel, it would be very difficult to exclude

bias arising from unequal allocations of good- and bad-risk patients to the two

groups for various good reasons strictly irrelevant to the conduct of the trial.

They were even able to point to an earlier analysis based on the material which

they were studying, in which it was possible to show that the favourable results

adduced largely disappeared when bias in selection of cases had been allowed for;

a similar criticism could be levelled at the final report of the American Heart

Association’s Committee. Other evidence of this order has been reviewed by

McMichael (119).

Nevertheless, it appears that most authors have accepted the clinical value of

anticoagulants in acute myocardial infarction, despite the real difficulties in the

assessment of a hospital series extending over more than a short period of observa-

tion, and the even greater difficulties in comparing one series with another (51,

83, 1 18, 216). It is perhaps fair to say that the evidence for benefit from anti-

coagulants is not so good as would be demanded of an acute laboratory experi-

ment (perhaps this is unattainable (31)) ; but that it would seem reasonable from

all the data to expect that anticoagulants would at least reduce the danger of

secondary thrombosis.

Recent synoptic views on the treatment of acute myocardial infarction, inte-

grating anticoagulants with other measures, may be useful (65, 70), together with

a theoretical discussion (132).

2. Long-term treatment. Obtaining valid evidence on the benefit of long-term

anticoagulant treatment after coronary infarction has proved an unexpectedly

stubborn problem, and it is important to appreciate clearly why this is so.

There have been two principal difficulties: the selection of appropriate criteria

by which to measure the value of anticoagulation; and the determination of the

expected course of the illness without treatment so that. comparisons could be

drawn.

Anent the first problem, it is helpful to distinguish, in the natural history of

the disease, three classes of late sequelae, and to consider whether anticoagulants

would be expected to influence them.

First, loss of contractile force through default of the infarcted muscle might

impose on the remainder of the heart a strain comparable with the tax of valvu-

lar incompetence; ifthis leads to progressive cardiac failure, anticoagulants would

not be expected t.o relieve it.Further, some degree of narrowing may have become

established in various parts of the coronary tree by the time infarction occurs;

from the consequent loss of arterial flow various symptoms may arise which

again are unlikely to be reduced after the inception of ant.icoagulants, even should

the treatment prevent a further reduction in arterial calibre. Lastly, pre-existent

coronary artery disease may promote a subsequent occlusive thrombosis and
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hence induce a recurrent myocardial infarction ; and on this process ant.icoagula-

tion might well be expected to impose a beneficent restraint. McMichael (119)

argued that since coronary artery disease will tend to increase with age, this

benefit should be most apparent in older patients. On the other hand, Gillam

(65a) has suggested that in the elderly, a proportion of infarctions is instigated

simply by atherosclerotic narrowing, whereas in younger hearts, where athero-

sclerosis is less, thrombosis is a relatively more important cause of infarction. He

therefore suggested the likelihood of greater protection from anticoagulants in

young, good-risk patients, where both the myocardium and coronary tree are

relatively healthy.

Before being allowed to influence the course of argument., these speculations

must be checked by clinical observation. The most nearly irrefutable clinical

fact is death, and it is therefore natural to use a mortality rate as an index of the

effect of treatment ; but the above considerations show that upon only a propor-

tion of cardiac deaths remotely following myocardial infarction would anti-

coagulation be expected to have an influence, so that mortality might not be a

particularly sensitive measure to employ. Clearly the most specific index in a

relapsing illness is the recurrence rate, but here there are particular difficulties

in the diagnosis of recurrent infarction (1 19a, 244) ; some will be immediately

fatal, and hard to distinguish from other causes of sudden death, while in others,

the changes produced by the initial infarct will persist to obscure the findings,

so that what is gained in specificity may be lost in disputability. Comparable

difficulties arise with other indices which may be chosen.

The second problem hinges on the establishment of a comparable control group

of patients with whose experience that of a treated group may be compared.

Three types of comparisons have been used. The experience of individual pa-

tients under treatment has been contrasted with their own experience without

treatment; this may be called “control-in-series.” A treated and an untreated

group have been observed side by side under similar conditions; this may be

called “control-in-parallel.” Thirdly, a more tenuous comparison may be drawn

between a treated group and untreated material observed elsewhere or at another

time; this may be termed “vicarious control.”

Control-in-series eliminates systematic differences between patients, but in

this instance has not been applied so as to eliminate the effects of the passage of

time, since the treatment period has always followed the control period; treat-

ment is thus applied during a later stage in the evolution both of the disease and

of the observer’s reactions to it.

Valid control-in-parallel depends on very accurately matching the patients in

the treated and control series. In the first place, it has been found that the out-

look after myocardial infarction will depend on age, sex, severity of the attack

and degree of acute recovery, the presence of diabetes or of hypertension with

enlargement of the heart or severe retinopathy, and perhaps on economic status

(1 19a); the difficulties in matching two groups for so many characteristics will

be obvious, but if this is not done, group comparisons cannot fairly be drawn.

Again, the two groups must be supervised in precisely the same way throughout
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the period of observation, or iatrogenic differences may be introduced ; for in-

stance, if the members of the control group are seen less frequently than the

others, complications of rather insidious onset will go longer untreated, and may

thus have a more adverse effect on the control population. Where it is known in

which group a given patient has been placed, there are obvious reasons why those

conducting a trial will not. find it easy to make impartially the more difficult

diagnoses (e.g., recurrent infarct) if upon them will depend the immediate dis-

posal of their patients as well as the ultimate results of the trial. This is not

blameworthy, for it arises out of clinical responsibility, but the operation of this

kind of bias must be faced, and indeed has been forcibly pointed out in connec-

tion with acute-phase trials (83). Furthermore, any selective benefit of the treat-

ment which affects mortality will progressively undermine the comparability of

the two groups as the trial progresses, so that it will become increasingly difficult

to compare the remote experiences of the survivors. With so many conditions to

observe, it is inevitable that the patients who can be collected for any given trial

will tend to be few, so that unknown and random differences between the groups

will be relatively important.

Vicarious control is advantageous if it allows larger numbers of patients to be

studied ; but the method is valid only if the variability within the control and

treated groups can be assessed independently, so that the final comparison can

be set up on the general lines of a test for the significance of the difference be-

tween two means. So far this has been achieved by accumulating a number of

control and treated series from the literature, and by using the variability be-

tween like series as a measure of the error term.

The case for trying long-term ant.icoagulation in coronary disease was early

apparent (56, 143), and by 1954, at. the Basel Conference on Thrombosis and

Embolism, several series could be reported (43, 57, 149) ; the speakers’ results

were encouraging but the ensuing discussion was cautious.

Since then, many favourable series have been published.

a. Control-in-series has been reported in the form of attack rates. For instance,

I. S. Wright’s group (55) observed 23 patients (who previously had had one or

more coronary infarcts) for 628 patient-months before starting anticoagulants,

and then for a further 847 patient-months on anticoagulant therapy. In the pre-

treatment period the rate of occurrence of thromboembolic episodes was ca.

10 per patient-month, whereas on treatment it fell to Ca. 0.5 per patient-month.

b. Control-in-parallel has been the basis of several important trials. For in-

stance, over a period of years Manchester (123) saw 404 patients in an acute

attack of coronary infarction, and alternate persons were treated thereafter

with anticoagulants with ascorbic acid (204 patients), or with ascorbic acid alone

as the control group (200 patients); regular prothrombin times were done in both

groups, and other treatment was comparable except that 23 of the control group

had had anticoagulants in the acute attack and were then transferred, and that

66 patients in the control group were digitalised for cardiac failure as against 32

in the anticoagulant group. All these patients cooperated with the regimen and

were observed up to the end of the ten-year intake period or until prior death,
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so that individuals were under treatment or observation from one to ten years.

Age-, sex- and initial severity-distributions were generally similar for the two

groups, although more patients had had previous infarction in the anticoagulant

group. During the period of observation, the incidence of subsequent infarction

in the control group was 34 %, with a mortality from all causes of 43 % ; in the

anticoagulant group the figures were 14 % and 8 %, respectively. In terms of

patient-years, the control group suffered 8 subsequent infarctions and 5 deaths

per 100 years, whereas for the anticoagulant group the rates were 3 and 0.5,

respectively. Benefit was apparent at least over the first four years from the

initial infarct. By contrast, the incidence of angina was the same in the two

groups, a point stressed by McMichael (118).

A similar method was used by Bjerkelund (25), in his very careful follow-up

study of 237 cases who had been treated with anticoagulants for one month

following an acute attack of coronary infarction, and were again so treated in

any subsequent acute attacks; apart from this, 119 cases were kept on continuous

anticoagulant therapy, and the remaining 118 cases served as the control group,

the allocation depending on which hospital service the patients had entered with

the initial attack (although they were all supervised by the author). Retrospec-

tive analysis confirmed a fair distribution of patients between the two groups,

according to general characteristics, past history, and the severity and treatment

of the initial acute episode. The control group did not receive a placebo or undergo

regular venepuncture but were otherwise followed similarly, except that they

were seen rather less frequently than the treated patients. The over-all incidence

of recurrent infarction among the controls was 32 % as against 19 % in the treated

group, but the difference was significant only in patients under 60 years of age

and for the first year of continuous treatment. A similar result was obtained in

the analysis of mortality ; but here, over-all female mortality was apparently

unaffected by treatment whereas male mortality was reduced about one-half in

those treated. As in Manchester’s series, no difference was observed in the inci-

dence of angina pectoris between the two groups.

It appeared further that patients who had suffered only one infarct benefited

more than those with several previous attacks, leading the author to suggest

that it is the good-risk patient who gains most from long-term treatment. This is

consonant with the reasonable idea that long-term anticoagulation is prophy-

lactic rather than curative. On the other hand, Suzman et al. (207a) came to the

opposite conclusion after studying 170 patients: namely, that those with a mild

initial attack treated with anticoagulants in the acute phase did well whether or

not the treatment was continued thereafter, whereas those with a history of

previous episodes and a severe presenting attack were likely to benefit from long-

term treatment. However, the treated and control groups were imperfectly

matched with respect to evidence of previous coronary artery disease.

Ensor and Peters (53) compared a series of 408 patients maintained on anti-

coagulants, with 140 patients who started on anticoagulation but discontinued

the treatment after varying lengths of time, and also with untreated series from

the literature; at 5 years the mortality in the three groups was calculated to be
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21 %, 29 %, and 42 %, respectively, and at 10 years to be 25 %, 36 %, and 68%,

respectively. Clearly the comparability of these three groups needs careful scru-

tiny, for on the one hand it is possible that the transfer of patients from the first

to the second group (on cessation of treatment) might be associated with some

characteristic which would affect mortality, and on the other hand many circum-

stances might have introduced differences between the prognosis of the authors’

own patients and those cared for by others.

To guard against the uncertainties of such perturbations, the Working Party

(243) on anticoagulant treatment set up by the Medical Research Council

(reporting in 1959) employed a rigorous design for the selection and allocation

of patients to control and treatment groups, and laid down clear criteria for the

assessment of results. Divided among 15 hospital centres in Great Britain, 383

patients were accepted, of either sex, 40 to 69 years of age, between the 29th and

the 43rd day after the onset of an acute infarction, and showing Q-wave evidence

on the electrocardiogram (early anticoagulant treatment optional) ; they were

classified according to their previous history of infarction (none, one, or more

than one) and divided into two groups: the one (165 males, 30 females) received

full anticoagulant treatment with phenindione, controlled in a standardised

manner (“full dosage”), and the other (160 males, 28 females) received standard

tablets containing 1 mg of phenindione (“token dosage”). The allocation, by a

prepared code, ensured that at each centre patients of each category of previous

infarction should be allocated at random to each dosage group, and at each

centre all patients were otherwise comparably cared for. In addition, criteria

were laid down for exclusion from the trial, such as the presence of various other

serious illnesses, both non-cardiac and cardiac (including uncontrolled heart

failure), the likelihood of haemorrhage or drug sensitivity, and pregnancy ; for

these reasons only about one-third of the available patients could be accepted

for the trial. Treatment was temporarily interrupted if operations or dental

extractions were required, and further infarctions occurring in either dosage

group were treated secundem arlem for up to 42 days; unless there then appeared

one of the indications for exclusion from the trial, the patient was returned to

the original group.

A retrospective analysis showed good comparability between the treatment

groups with respect to age and sex, and previous history of angina, claudication,

and diabetes. Withdrawals from the two dosage groups were equal in number and

showed over-all a similar mortality; but whereas of the 23 patients withdrawn

from the token-dosage group, 10 were removed following further thrombo-em-

bolism and none on account of bleeding, 14 patients were withdrawn from the

full-dosage group on account of bleeding or danger of bleeding, and only one

because of thrombosis (a clinical diagnosis of cerebral thrombosis), out of 24

removed from this group for all causes. In assessing results, the experiences of all

these patients were included only up to the time of withdrawal.

With this provision, 31 deaths occurred within the trial in the token-dosage

group (28 ascribed to recurrent infarction) and 22 in the full-dosage group (18

ascribed to recurrent infarction, one to cerebral haemorrhage); female experience
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was too small for analysis, and in fact the difference between the groups was

determined by the male experience, which showed a rather clearer benefit from

full treatment below the age of 55 years than above ; but none of the differences

in mortality between the treatment groups was significant (an intermediate

analysis had shown a more promising benefit from treatment and limited the

continuance of the trial (244)). However, when patients excluded from the trial

on account of further infarction (9 on token dosage) or the development of cardiac

failure (4 on token dosage, 3 on full dosage) were combined with the deaths, it

was possible to show a significant effect of treatment among the younger males

(for males at ages 40 to 54 years, 19/69 [19 out of a total of 69) deaths and exclu-

sions in the token dosage group as compared with 8/73 on full dosage). With

respect to the incidence of all subsequent infarction among males in the two

groups, 33 occurred among the 69 token treatment males aged 40 to 54, as corn-

pared with 8 among the corresponding full-treatment males.

When the male experience was analysed by duration of treatment, the mci-

dence of withdrawals was similar in the two groups. The advantage in mortality

rate of the full-dosage group was confined to the first three-monthly period in

the trial, but the protection from further infarction afforded by the higher

dosage was apparent into the second year after the initial incident. An analysis

of various symptoms and of return to work among male survivors remaining in

the trial showed, on balance, little difference between the treatment groups;

thus, on an average 71 % of survivors returned to work on the lower level of

treatment as against 83 % on the higher level.

The Working Party indicated the concurrence of their findings with Man-

chester’s of a prolonged reduction in (re)infarction rate, and their agreement with

Bjerkelund that., on the other hand, the reduction in mortality is apparent only

in the early months of treatment. They also pointed out that this must destroy

the comparability of the two groups of patients at a fairly early stage in the

trial, for the full-dosage group would continue to hold patients whose counter-

parts in the other group had died in the first few months. The general application

of the findings is also limited by the intentional selection of pat.ients for the trial,

and this selection may also have heightened any bias introduced through the

at.tending clinicians’ knowing (as it was clear that they had to know (244)) into

which treatment group their patients were placed; for it would have been diffi-

cult to avoid taking a special interest in the one-sixth of one’s new coronary

patients in one treatment group and another sixth in the other.

McMichael (119) criticised the Working Party’s report on various counts. He

pointed to the high lethality among the (fewer) recurrent infarcts in the treated

group, and to the fact that a reduction in mortality was not seen among the

older patients in whom atheromat.ous changes would be expected to be more

severe, and who might therefore be expected to be at a greater risk of throm-

l)OSiS. He also drew attention to various other reports in which the findings

differed from those of the Working Party’s trial. Honey and Truelove (84) felt

that the addition of the patients withdrawn to the patients who died would bias

the token-dosage group, because a physician, knowing his patient to be in this
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group, would very readily withdraw him (that is, treat him on full anticoagula-

tion) as soon as he presented signs of reinfarction (it is not clear from the report

how these were defined), whereas patients in the full-treatment group would

perhaps have been allowed to continue in the trial (i.e., under adequate anti-

coagulation) until more severely ill.

In a reply (244), the Working Party explained their difficulties in defining

reinfarction but gave the working arrangements which were adopted, which

would perhaps not entirely have eliminated the risk to which Honey and Truelove

drew attention, although reasons were given for thinking that the risk was not

great.

The capriciousness of small numbers in studying so variable a disease as

coronary infarction (1 19a) is well shown in a study conducted by MacMillan,

Brown and Watt (121a) on lines similar to the Working Party’s trial. Over the

year 1958, patients accepted for the study were allocated at random to high or

low doses of dicoumarol ; prothrombin tests and supervision were the same in

both groups. Among 23 high-dosage patients, recurrent infarction was diagnosed

in six ; in addition, there were eight deaths (five “sudden,” and three others

probably due to recurrent infarcts) . On the other hand, among 27 low-dosage

patients, the diagnosis of recurrent infarction was made in only four, and there

were no deaths. These results emphasise that the numbers of patients included

in such a trial must be sufficiently large for the incidence of morbidity and mor-

tality in the control group to be significantly different from zero (in this case,

note especially the death rate) before the experience of the treated group can

usefully be compared with it. The possible advantage of vicarious control in

allowing a far greater number of patients to be studied, must therefore be care-

fully considered.

C. Vicarious control. Owren (151) collected three untreated groups and two

treated groups, whose mortalities seem respectively comparable (Fig. 1 , repro-

duced from his paper). An ingenious feature of this comparison is that the two

families of curves are linked by Bjerkelund’s data (already discussed) which were

derived from the experience of patients from a reasonably homogeneous environ-

ment (almost all living in Oslo). The figure shows a clear difference between the

treated and the control patients. McMichael and Parry (119a) later collected a

much larger number of series. They were able to plot the percentage survival

for periods up to 10 years following first infarction in eight untreated series

including in all 1784 patients; with one unusually favourable exception, the

curves were closely grouped, and showed an average 5-year survival of about

65 % (this material did not include the various control groups detailed by authors

reporting the results of treatment). In 10 treated series, including ca. 2,000

patients (some of the patients may have been included in more than one of the

series; also, one of the series included patients with angina), the corresponding

average survival was about 75 %. This straightforward comparison was confused

by two features. First, the survival in none of the treated groups attained the

5-year figure of 83 % observed in the one exceptional untreated group (123 doc-

tors aged 40 to 64 years who had survived their acute infarction by more than
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FIG. 1 [Owren (151), Fig. 3]

“The effect of lifelong anticoagulant therapy on mortality of survivors of acute
myocardial infarction”

Owren pointed out that the average mortality is about 5% per year in the two treated
groups and about 10% per year in the control groups. Note that this pooling of results tends
to obscure the predominant effect of treatment in the first year in Bjerkelund’s data alone.

Numerals in parentheses on the figure indicate the number of patients in each group.

one month), and second, in three instances (one of which was Bjerkelund’s (25))

the experience in the control groups; reported along with treated material was

worse (in one, conspicuously so) than in the untreated series referred to above.

Two questions therefore remain. Would treatment have even bettered the 83 %

5-year survival among the doctors? If not, this would raise the possibility that

the improvement apparently associated with treatment in other series was due

to some factor other than anticoagulants (such as frequent supervision). And,

since the controls for three treated series appear to be unfavourably loaded,

does this invalidate the inclusion of their corresponding treated material in the

general comparisons laid out above? If so, the tentative conclusion of a beneficial

effect of treatment becomes uncertain.

It may not be entirely fair to use the medical series on a par with the others.

It is possible that this group includes a disproportionate number of presumptive

diagnoses, on the basis that a cardiologist approached by a colleague complaining

of suggestive symptoms would perhaps tend to make the diagnosis of cardiac

infarction a little more readily thau in other patients; since the data for this

group were obtained from insurance records it might further be difficult for pre-

sumptive initial diagnoses to be revised at a later stage. Also, as Todd (215a)
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suggested, the doctors’ group might contain a number of mild cases which, in
non-medical subjects, would have escaped diagnosis (the symptoms being re-

garded, for instance, as “indigestion”). This explanation is supported by the

pattern of deaths in the group, which shows a very sharp fall in the death-rate

after one month, as though the survivors at the second month were predomi-

nantly mild cases. In the three control series with especially high mortality, it is

difficult to be sure that the patients are comparable to those in the original group

of untreated series of cases with a single previous infarct. A study of the papers

from which the three are derived suggests that there may have been differences

in average age and that patients included may have had more than one previous

infarct.

While some of Mci\Iichael and Parry’s detailed criticisms of previous work may

thus have been over-stringent, the importance of their paper must be fully ac-

knowledged. Their appreciation of factors influencing prognosis is quite funda-

mental to the study of therapeutic benefit ; and it will be of the greatest value

if their work gives pause to the over-enthusiastic extension of a time-consuming

treatment to many who will not benefit proportionally from it. Unless the large-

scale administration of anticoagulants is constantly passed under critical review,

it is likely, in the nature of the human situation, that the effort and organisation

which long-term treatment demands will lead to a self-justifying and self-per-

petuating system. Even on a favourable interpretation of the evidence one must

conclude that the effect on mortality is likely to be rather small: cf. the average

5-year survivals of 65 % and 75 % in McMichael and Parry’s groups of series.

The situation is reminiscent of an analysis of variance with a small main effect

and a large residual error, or of a “noisy” circuit with a scarcely audible signal.

One would not work with either of these tools unless there was no alternative;

but until there is a more efficient treatment for coronary infarction, we must try

to define those patients to whom anticoagulants are likely to bring benefit,

realising that in the attempt we shall undoubtedly treat many whose clinical

course will not thereby be influenced at all.

B. Angina pectoris

The subjective nature of this symptom obviously makes it difficult to judge

the degree of relief afforded by anticoagulants, and the varying natural course

of the disease creates further problems (25). How much a patient will be troubled

by angina will also be affected by the amount of activity which his other symp-

toms will permit, so that it will be hard to disentangle a specific treatment effect

on angina from other benefits.
Neither Manchester (123) nor Bjerkelund (25) felt that angina had been

clearly benefited, and the M.R.C. Working Party (243) detected only a small

benefit from treatment.

On the other hand, Owren (151) examined the mortality of patients complain-

ing of angina and stressed the importance of the interval between the onset of

symptoms and the initiation of treatment; Figure 2(A and B) reproduces his com-

parisons derived from the studies of Waaler (229) and Block et al. (29). The
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FIG. 2 [Owren (151), Figs. 7 and 8}

“Effects of anticoagulant therapy in angina pectoris with short (A) and with
long (B) duration of symptoms prior to therapy”

The data are from Waaler (229) and Block et al. (29) (who studied 6,882 cases). Numerals

in parentheses attached to Waaler’s curves show the numbers of patients in the groups.



ANTICOAGULANT THERAPY 297

internal evidence of Figure 1 for the comparability of the material is wanting here;

the comparability of environmental factors is also more doubtful. Nevertheless,

two points are interesting: first, the close similarity of experience in Figure

2(B) ; second, in Figure 2(A) the curves run parallel after an initial divergence in

the first year, a situation very similar to that seen in Bjerkelund’s coronary

infarct material. Owren’s analysis therefore suggests that if angina pectoris is

treated from the onset with anticoagulants, a certain number of early deaths will

be prevented. Indeed, this may be another way of approaching the same phe-

nomenon as Bjerkelund and the M.R.C. Working Party recorded.

At the time of completing this review, the most recent investigation was that

of Borchgrevink (31), who studied 203 patients, 147 having angina pectoris only,

of less than two years’ duration (males 1 14, females 33), and 56 having suffered

one coronary infarction three months or more previously (males 50, females 6).

All were below 70 years of age, with a diastolic blood pressure of less than 95 mm

Hg, and free from valvular disease, failure or enlargement of the heart, other

disease which might cause death within the observation period, or contraindica-

tions to anticoagulation. Upon acceptance for the trial, each patient was classified

by sex, history (angina only, or previous infarct), and serum cholesterol concen-

tration (below or above 400 mg% ) . All were then treated continuously with

phenindione (rare exceptions received dicoumarol), the drug having been allo-

cated by random numbers at high or moderate dosage �s-ithin each of the eight

classes derived from the three above criteria (since it was thought no longer

justifiable to maintain patients without anticoagulants or on only a token treat-

ment) . It was argued that a difference between the clinical course of the two

treatment groups would indicate a greater benefit from higher dosage, and there-

fore by implication provide evidence that anticoagulation was in fact beneficial.

The high-dosage group (103 patients) each received an average of 110 mg

phenindione daily, maintaining P & P values of 10 to 30%, whereas the moderate-

dosage group (100 patients) received an average of 65 mg daily and maintained

P & P values at 40 to 60%. Moderate-dosage patients developing infarction

under treatment received high doses during the acute phase and were then

returned to moderate dosage. Anticoagulation was controlled by Borchgrevink’s

laboratory and all patients were personally examined every six months, being

meanwhile clinically supervised by their own physicians, who were unaware in

which treatment. group the patient had been placed, as were the clinicians who

made a final symptomatic assessment of each patient. This trial was begun in

mid-1957, and from early in 1959 the results were studied sequentially on the

bases of infarctions and of deaths. By t.he turn of the year, when observations

were concluded, the sequential tests indicated a likely preference for high dosage

on the basis of deaths and a clear preference on the experience of deaths and

infarctions together.

In the high-dosage group, observations covered 142 patient. years. One fatal

and one non-fatal infarct occurred, with no other deaths. The moderate-dosage

group covered 129 patient years, during which time eight cases died (5 from myo-
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cardial infarction, 1 from cardiac failure, and two suddenly, thought to be cardio-

vascular deaths) and there were six non-fatal infarcts. In all there were thus

reckoned to have been two infarcts (both in males) under high dosage and 13

(12 males, 1 female) under moderate dosage. The differences in infarction rate

(per patient year) between the two treatment groups were significant for all

males and for males with angina only, but not for females. The final symptomatic

assessment also indicated a greater subjective improvement in the high-dosage

group. It was not found possible to distinguish the fatal cases as a “bad risk”

group, and Borchgrevink therefore concluded that continuous anticoagulation

should be considered from the outset in all cases of angina. This suggestion is

supported by the evidence of Figure 2.

C. Rheumatic heart disease

So chronic an illness as established rheumatic heart disease lends itself well

to a trial of anticoagulants by control-in-series. At the Basel Conference, I. S.

Wright (250) reported on 31 patients who had been observed for an aggregate

of 39 patient-years before anticoagulation and for 59 patient-years on treat-

ment: in the pre-treatment period they suffered 3.5 t.hromboembolic episodes

per patient-year, but only 0.2 episodes per patient-year while on anticoagulants.

Owren (151) followed 17 patients on anticoagulants for the same length of t.ime

as they had been under observation before treatment: this elegant comparison

is set out in Figure 3. Prior to anticoagulation, 29 thromboembolic episodes were

observed (with an additional 9 recorded in the anamneses); on anticoagulants

only one, or possibly two, episodes occurred.

FIG. 3 [Owren (151), Fig. 1]

“The effectiveness of anticoagulant treatment in patients with mitral valvular disease

and recurrent embolism prior to therapy”
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Owren (151) also described a trial with control-in-parallel, recording the

number of major embolic episodes after the first. Among 17 control patients

there were 22 recurrent emboli in 81 patient-years, whereas 15 patients in the

treatment group suffered no recurrent emboli in 60 patient-years.

Bannister (10) has recently discussed the advisability of early anticoagulation

in patients with mitral stenosis. He pointed to the incidence of embolism among

mildly affected patients (22 in his series of 105 patients from the Brompton

Chest Hospital and the National Heart Hospital, London) before valvotomy was

advised, and suggested that early anticoagulation might he tried as an alterna-

tive to earlier operation in many such cases.

D. Postoperative and recumbency thrombosis

1 . In prevention. Much has been written on the value of anticoagulants in

the prevention of postoperative and recumbency venous thrombosis (188);

the Basel Conference received over a score of communications on this theme.

Nevertheless there is still an evident lack of agreement on what ought to be

done, and to whom prophylactic anticoagulants would be really beneficial ; this

dilemma is so important that its origins are worth briefly examining.

For instance, Barker and others ( 1 1) found 44 % of 678 untreated surgical

patients to develop postoperative thrombosis, with 18 % (124 patients) dying

from pulmonary embolism; whereas in 180 subsequently treated with dicoumarol,

postoperative thrombosis occurred in 2 patients only, one of whom (0.6 %)

subsequently died of pulmonary embolism. On the other hand, Wise and others

(241) found only 1.3 % of “vascular complications” (including even transient

signs) among 9,250 patients aged 20 to 80 years undergoing major abdominal

surgery without anticoagulant treatment, as against 0.02 % in 3,304 patients,

contemporary with the last quarter of the control series, who received prophy-

lactic anticoagulants.

While both t.hese series point to the same general conclusion, their extreme

quantitative differences would well excuse a certain bewilderment in persons

reading such reports, and would hence condone the general attitude of laisser faire

towards prophylactic anticoagulation which still confronts the enthusiasts.

The evidence was made still more difficult to interpret because the introduction

of anticoagulants was accompanied by a greatly increased clinical interest in

thrombosis and its detection, so that diagnostic criteria may have been changing

during the period through which series of patients were under study. Further-

more, other measures, such as early ambulation, were concurrently introduced

in the hope of lowering the incidence of postoperative thrombosis. That this
had a real effect is evidenced by the study of Hunter and others (87) who looked

for post-mortem evidence of leg thrombosis in 169 patients who had been in the

hospital more than two days, 39 of whom were known to have exercised or been

ambulatory up to 48 hours before death, the remainder having been at rest in

bed; in the first group thrombosis was found in 18% as compared with 53 % in

the second (P < 0.01). There is also the suspicion that the large early series

were too heterogeneous to discern the relative value of anticoagulants for differ-
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ent groups of patients; under present circumstances (and perhaps always) it is

clearly unrealistic to envisage preventative anticoagulation for more than a

proportion of those undergoing surgery or for any other reason confined to bed.

One of the difficulties of forming a judgement on this question stems from

the nature of the evidence to be considered. There is no doubt that the obvious

index of prophylactic value should be the mortality from pulmonary embolism,

for not only is fatal embolism after operation an outstanding tragedy and de-

serving of all possible means of prevention, but it is a diagnosis which can be

clearly established at autopsy. Yet fatal embolism is fortunately a relatively

rare event, and so is difficult to study statistically; also, the individual surgeon

will continue to be impressed by the large numbers of patients who do not suffer

this complication. Further, the continuing occurrence of fatal embolism in a

proportion of patients in whom there was not the least suspicion of venous

thrombosis inevitably invests the tragedy with a certain aura of mystery so

that it tends to be regarded as an “act of God” about which nothing could have

been done.

This situation gives even more importance to the study of prophylactic anti-

coagulants in well-defined groups of patients. Two recent investigations deserve

special mention.

Sevitt and Gallagher (188) studied 300 patients over 55 years of age, with

either subcapital or pretrochanteric fracture of the femur, who were admitted

under six different surgeons to the Birmingham Accident Hospital over a period

of nineteen months. The series was derived from 319 consecutive cases available

during the period ; control-in-parallel was achieved by treating with phenindione
from admission (after hip surgery only, in the first 21 patients) those cases which

presented on even dates, and the two series showed good comparability ; the

difference of 19 patients was not included in the trial because 15, rejected from

the treatment series, were thought to be in special danger of bleeding, and 4

patients who should have been in the control series required anticoagulants on

admission for miscellaneous reasons. Patients in the control series who developed

signs of thrombosis were then given anticoagulants according to the wishes of

the surgeon in charge, but in the treated series all patients continued on phenin-

dione until satisfactory walking progress had been achieved, the average period

being 5 weeks. Each survivor was followed for three to four months; leg-vein

dissections were made post-mortem in four-fifths of those dying.

Both in the conduct of the trial and in the analysis of the results the quality

of this work is outstanding. A summary of the findings bearing on the value of

anticoagulation is reproduced in Table 2, where there is a clear difference in

favour of anticoagulants; it is interesting that the two fatal pulmonary emboli

in the treated group and seven out of the fifteen in the control group occurred

without prior clinical evidence of thrombosis. In addition to the reduction in

the occurrence of thrombosis and embolism, the treated group showed a rather

shorter mean in-patient stay, 42 days, than the control group, 54 days. From a

detailed study of the thromboses occurring in the treated group it was apparent



ANTICOAGULANT THERAPY 301

TABLE 2

Phenindione prophylaxis in fractured femur (188)

Series Patients Deaths

Venous Thrombosis Pulmonary Embolism

Clinical Necropsy Fatal Non-fatal Total

Control

Treated

150 42

150 25

43 29/35

4 3/21

15 12 18

2 1 2

Of the four clinical thromboses in the treated series, two occurred in patients confined
to bed before entering the trial (and in whom there was already some evidence of throm-

bosis), and two in patients in whom satisfactory anticoagulation was unusually difficult to

establish; these patients all survived. The three pulmonary emboli in this group all occurred

after the period of anticoagulation.
Fatal emboli included those thought to be wholly or partly responsible for death; the

non-fatal group included those clinically so classified, as well as those found at. post-

mortem which had not been diagnosed during life.

that full protection was afforded only if anticoagulants were begun within two or

three days of injury and continued for as long as there might he any danger of

thrombosis (approximately one week after reasonable ambulation) . In the light

of their work on this special group of patients, the authors recommended that

prophylactic anticoagulants should be given in general to those over 50 years

of age who were about to retire to bed for more than two to three days and who

presented no contraindication ; they felt that such a policy should reduce by

80 to 90 % the incidence of fatal embolism in their hospital.

Chalmers et at. (39) studied the yearly incidence of venous thrombosis atid

pulmonary embolism following gynaecological operations and caesarean section

in the United Cambridge Hospitals from 1947 to 1958. These years divide into

three periods: the pre-anticoagulant era of early ambulation (2 years), the

period of therapeutic anticoagulants (5 years), and finally a trial of prophylactic

anticoagulants (5 years) . The mean yearly incidence of thrombosis and em-

bolism is given in Table 3.

While the controls for this series of prophylactic anticoagulation were not

observed in parallel, the comparisons are probably fair. These workers have

been especially interested in thrombosis for the last ten years (126); the data,

summarised in Table 3, suggest that the incidence of fatal pulmonary embolism

was very steady from 1947 to 1953 and then suddenly fell. It is noteworthy,

as this group pointed out before (126), that simply treating diagnosed throm-

hoses (1949-1953) does not affect the incidence of fatal embolism; in fact in

Addenbrooke’s Hospital alone, the average incidence of fatal pulmonary em-

bolism in medical and surgical wards together was 8.0 per year in 1947-1948

and 10.8 per year between 1949 and 1953: during the latter period 52 of 54 emboli

were unheralded and only two occurred in patients in whom crural thrombosis

had been diagnosed and who were therefore treated with anticoagulants. In

fact., in the hospital group supplying the material for the later study (39), the
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TABLE 3

Yearly incidence of thromboembolism following obstetric and gynaecological operations (39)

Period

1947-48

Measures
Thrombosis

Pulmona ry Embolism

Fatal Non-fatal

Early ambulation - 1.3 -

1949-53 Therapeutic anticoagulants 31.8 1.8 4.2

1954-58 Prophylactic anticoagulants 4.8 0.4 1.2

For 1947 and 1948 the records on venous thrombosis and non-fatal embolism were insuffi-
ciently accurate for tabulations.

It is stated that between 1947 and 1958, “the number of admissions, the types of case
relative to disease, age and operation, and the post-operative care did not appreciably
alter.”

incidence of fatal emboli confirmed post-mortem varied between 0.19 and 0.29

per 100 admissions for medical, surgical, and gynaecological (including caesarean

section) cases between 1949 and 1953, and for the first two groups between 1954

and 1958; but in the latter period, in the gynaecological cases who were given

prophylactic anticoagulants the incidence fell to 0.04 per 100 admissions. It is

clearly on this inescapable incidence of unheralded pulmonary embolism (126,

188) that the case for prophylactic anticoagulants in at least some recumbent

patients chiefly rests.

2. In treatment. The general case for the treatment of recumbency thrombosis

need not now be reopened, and only one or two points will be made.
While it was stressed above that only to treat diagnosed crural thrombosis

will not meet the problem of pulmonary embolism as a whole, it may be that

the incidence of embolism as well as duration of morbidity is reduced in the

treated group. Thus, Marks and others (126) recorded only three deaths among

1,135 cases of venous thrombosis treated with anticoagulants; however, it is

exceedingly difficult to obtain a fair estimate of the expectation of death in

similar untreated cases owing to the changing attention to the diagnosis of

crural thrombi over the last twenty years.

Barritt and Jordan (12) have investigated the value of initiating anticoagulant

treatment after pulmonary embolism has occurred. Cases of sudden death natu-

rally could not be included in the trial (just as they could never be treated), and

patients thought unsuitable for anticoagulants were also rejected at the outset

(i.e., not only from the treated group). Initially, 35 cases entered the trial and

were allocated at random to treated (16 cases) and untreated (19 cases) groups

to provide control-in-parallel. On analysis it seemed that treatment was clearly

beneficial and it was therefore not felt justifiable to continue the control series;

a further 38 cases were therefore all accepted for the treatment group.

Despite the uncertainties of clinical diagnosis (criteria were specified) and of

variations in the length of time elapsing between the occurrence of embolism

and entering the trial (but within 24 hours in 41 of 73 cases), the results (Table
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TABLE 4

Anticoagula nt treatment in puirn onary embolism (12)

.

Series Patients

PuIm onary Embolism

Deaths Non-fatal recurrences

Control 19 5 5

Treated 54 0 1

Patients were accepted for the trial on making the diagnosis of pulmonary embolus:
i.e., embolism had occurred shortly before treatment (or observation) was instituted.

In the initial series of 16 patients treated strictly in parallel with the controls, there
were no deaths from embolism, or recurrences.

4) suggest a definite benefit from treatment ; severe cases were reasonably dis-

tributed between the two groups. The authors were impressed by the survival

of every patient who received the first injection of heparin.

E. Cerebral vascular accident

The proposition can obviously be argued that the difficulty in differential

diagnosis between the various cerebral vascular accidents makes it unjustifiably

hazardous to try to treat cerebral thrombosis or even embolus with ant.icoagu-

lants, for fear of mistakenly including a proportion of cases of cerebral haemor-

rhage, despite the engaging obiter dictum of one eminent authority that “it

doesn’t matter treating cerebral haemorrhage with anticoagulants because the

brain is all thromboplastin anyway.” Indeed, in experimental cerebral embolus

with homologous clot fragments, anticoagulants were found to increase the

liability to haemorrhagic infarction (194).

Turning to the clinical evidence, Carter (37b) examined the effects of various

treatments on cerebral infarction. Taking first embolic cases, he studied 83 pa-

tients between 1952 and 1958; Table 5 attempts to analyse the effects of no

treatment, stellate ganglion block, and anticoagulants. It appears, first, that

there is no striking benefit from multiple stellate block as compared with the

untreated group. These two categories are then pooled to provide a “control”

group, which is compared with the remainder treated with heparin and phenin-

dione within a week of onset (disregarding the effect of a single stellate block in

15 of the latter group). Of the 34 controls, 32 % recovered or improved, whereas

of the 49 patients treated with anticoagulants, 67 % recovered or improved.

This is a significant increase, although of course the cases were not observed

in parallel.

A similar study of non-embolic infarction also pointed to some benefit from

anticoagulants. For the years 1956 to 1958 a trial in parallel was therefore ar-

ranged, taking patients under 70 years of age seen within 48 hours of onset. The

diagnostic criteria w-ere that there was no apparent source of an embolus, that

the attack was of slow onset and had lasted over two hours, that the diastolic

blood pressure was below 120 mm/Hg, and that the CSF was macroscopically
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TABLE 5

A nticoagulant treatment in cerebral embolism (37a)

Year

-

1952
1953

Treatment

Patients

Total
Recovered

or improved Died or not
improved

Repeated stellate block
Nil

16}34
18

�}11 �}23

1954

1955 to
1958

Single stellate block with anticoagulants

Anticoagulants only
15}49

34
flJ�33

�

��}16

The experience in the patients receiving repeated stellate ganglion block in 1952 was

clearly similar to that in untreated patients in 1953, so that these groups have been taken

together as a “control” group; the single stellate block used in 1954 has for the same reason

been disregarded and these patients pooled with those receiving anticoagulants only, in

the period 1955 to 1958, toform an “anticoagulant” group: this manu�uvre yields subtotals

which may be submitted to Yates’ x2 test, the result of which suggests (x’ = 8.55 on 1 d.f.:

P < 0.01) that anticoagulants were beneficial.

free of blood. Of 66 such patients admitted to the trial, alternate cases were

treated with anticoagulants. The proportion who recovered or improved was

,54 % in the control group, and 76 % in those treated, no more than a suggestive

difference (Yates’ x2 - 2.40 on 1 d.f. ; 0. 1 < P < 0.2). Carter thought that

anticoagulants were of greatest value in conscious patients with thrombosis of

slow onset, where treatment could be begun before the lesion was fully developed:

of such cases, 9 of 18 recovered or improved spontaneously, but 16 of 20 recovered

or improved on treatment ; sudden and complete infarction was unimproved by

any treatment.

Marshall and Shaw (126a) carried out a sequential trial of the effect of three

weeks’ anticoagulation in 51 patients below the age of 70 years, seen within 72

hours of the onset of an acute cerebral vascular lesion thought not to be due to

haemorrhage, extra- or subdural haematoma, aneurysm, or arteriovenous mal-

formation, without apparent source of embolus and in whom the CSF was grossly

free of blood. The sequential analysis was based on the mortality at six weeks,

and the trial was stopped when it was apparent that a preference for antico-

agulants could not be obtained; a retrospective analysis of all the material was

then carried out after six months’ follow-up, and again no benefit from anti-

coagulant treatment was demonstrated. On the other hand, no “haemorrhagic”

infarcts were seen in the treated group post mortem, although it appeared that

misdiagnosis had led to anticoagulant therapy of three cases of cerebral haemor-

rhage.

Marshall and Shaw’s material appears to be comparable with Carter’s non-

embolic group; when the data are taken together the evidence for benefit from

anticoagulants in such patients must be regarded as still tentative, although

Carter’s last group (conscious patients, with a lesion of gradual onset still devel-



ANTICOAGULANT THERAPY 305

oping when treatment was started) would seem to be the most hopeful. Never-

theless, as Marshall and Shaw pointed out, it is wheit the patient is first seen that

treatment must be initiated to obtain the greatest chance of benefit, and this is

precisely when diagnostic difficulties are greatest. They concluded that anticoag-

ulants could not he recommended for the treatment of most patients with strokes.

In summary, then, the generalization (1 19a) may be supported that anticoagu-

lants appear to have value in both the prevention and treatment of venous throm-

bosis, but that their effect on arterial thrombosis is less marked.

III. THE DANGERS OF ANTICOAGULANT THERAPY

Having considered the question, “Do anticoagulants do good?”, it is proper

next to discuss the corollary, “May anticoagulants do harm?”

The dangers of anticoagulation fall naturally into two groups, the risks of pro-

moting abnormal bleeding and the possibility of other toxic side-effects.

A . Abnormal bleeding

It seems likely that up to a point the frequency of hemorrhagic complications

reflects the skill and experience of the physician in charge (162), but it is clear

that the definite incidence of bleeding complications in so many published series

means that some abnormal hemorrhage must be regarded as an inherent risk of

treatment. From the reports tabulated in Peyman’s (162) careful study and some

others (11, 62, 143a, 241), it would seem that important incidents may be ex-

pected in one to ten patients per hundred treated, or some one to five incidents

per 100 patient-months.

MacMillan and others (121a) observed eight bleeding episodes in their 27 high-

dosage patients in the course of a year, and reported that “several” had given “a

few anxious days both for patient and physician.”

To be more precise, the occurrence of bleeding will be related to four factors:

the skill and vigilance of the doctor, the reliability of the laboratory control, the

attention of the patient to the doctor’s instructions, and the incidence of poten-

tially haemorrhagic lesions in the patients. The first and second considerations, the

principles of administering these drugs and of the control of dosage by laboratory

tests, will be considered below; the problem of the rejection of unsuitable pa-

tients, which bears on the third and fourth considerations, may conveniently be

discussed at this point.

Conditions in which bleeding may be foreseen. Anticoagulants should be withheld

from certain patients if there is reason to think that they would be unusually

liable to present complications, or if, by circumstances or for reasons of tempera-

ment or intellect, they would be unlikely to cooperate fully in their treatment.

On the first count., liability to pathological bleeding is of course the major con-

sideration; this has been discussed frequently in recent work. Thus in Bjerke-

lund’s (25) study, local lesions were found which were thought to be at least

partly responsible for haemorrhage in 8 out of 21 instances of mild bleeding, in 3

out of 12 of moderat.e bleeding, and in 7 out of 20 inst.ances of severe bleeding; in

Mickerson’s (136) series, among 92 patients on phenindione (69 for myocardial
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infarction) a pre-existing lesion was thought to determine the site of haemor-

rhage in 6 out of 7 patients who bled abnormally. In Sevitt and Gallagher’s (188)

study of anticoagulant prophylaxis in cases of fracture of the femur, 15 patients

were rejected from the treatment group because they were thought to be at

special risk of bleeding: these included 4 patients with recent symptoms or his-

tory of peptic ulcer, 3 with recent bleeding (2 haematemesis, 1 haematuria), 3

with recent hemiplegia, and one each with polycythaemia and recent haemop-

t.ysis, bronchectasis with haemoptysis, extensive ecchymosis in the injured

thigh, and haemophilia.

In the M.R.C. Working Party’s trial (243) of long-term anticoagulants for

coronary infarction, patients were rejected because of a history of recurrent

haemorrhage, a singlehaemorrhage within the previous six months, clinical evidence

of active peptic ulceration, any other lesion thought likely to lead to bleeding, or

any likelihood of intensive salicylate therapy. Nevertheless, the relative risks

must always be considered together ; a potentially haemorrhagic lesion might be a

lesser risk than the coexistent thrombolic disease, and Mickerson (136) found a

possible source of bleeding in 35 out of 92 patients on phenindione who did not,

in fact, bleed. Curzen (42a) reported a case of coronary infarct with haematem-

esis managed successfully with intravenous heparin.

The conditions widely regarded as contraindications to anticoagulants, other

than the bleeding tendencies or lesions mentioned, may be summarized (162) as

comprising severe liver or kidney disease, subacute bacterial endocarditis, ema-

ciation, the immediate postoperative period where there are raw, oozing surfaces,

and the period immediately following injury to the central nervous system.
The rejection of patients for reasons of circumstance or temperament is more

difficult to categorise ; but it is clear that patients must be accessible to the lab-

oratory both for their regular tests and also at short notice if complications arise,

that they must be willing to take their drugs as ordered, and also be able to notice

and report ifsigns of bleeding appear or iftheir state of health materially changes.

It is int.eresting to note the experience of haemorrhage in three important trials

reviewed above, in which care was taken to exclude patients thought unsuitable

for the treatment proposed. Bjerkelund (25) recorded 53 episodes (20 severe

enough to require readmission to the hospital) in 237 treated cases (total, 22 %;

severe, 8% or 1 per 21 patient-years; Fuller (62) recorded 1 per 10 patient-years).

The M.R.C. Working Party (243) encountered in all 48 haemorrhages among 195

patients (25 %) on full dosage compared with 8 among 188 (4 %) on token dosage;

in the full-dosage group there were 15 withdrawals because of haemorrhage or the

risk of haemorrhage; there was one death from bleeding (intracerebral) while on

full dosage. After Sevitt and Gallagher’s (188) initial screening of their cases,

only one patient was withdrawn from the treat.ment group because of haemorrhage

which occurred after anticoagulants had been started, and among the remainder

of treated patients (150 cases) there was only one certain and t.wo other possible

instances of serious bleeding due to the anticoagulant. What is more interesting

still is that operative bleeding was not demonstrably greater in treated than in

untreated patients. This point will be discussed below.
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Attention must especially be directed to Peyman’s (162) study of anticoagulant

bleeding, which will be referred to again. It is interesting in this context that

Peyman observed 180 patients in the hospital and 34 outpatients on anticoagu-

lant treatment. Besides prothrombin time tests, the orthotolidine tablet test for

blood (161) was applied daily to the urine of the inpatients, and the outpatients

were taught to perform the test every morning themselves. The results of these

tests in relation to gross haemorrhage are shown in Table 6, where it is seen that

the association between a positive tablet test and subsequent gross bleeding is

relatively low, both for macroscopic haematuria and for bleeding elsewhere in the

body. It is our own experience, and no doubt that of others, that small ecchymoses

may occur from time to time in treated patients (particularly in the older group)

without subsequent serious bleeding. This subcutaneous bleeding perhaps repre-

sents a facilitation of the subcutaneous ecchymosis occurring spontaneously in

elderly persons and reminiscent of that seen under corticosteroid therapy (117,

182), and thus does not indicate that the anticoagulant treatment has

been pushed to the point of producing a general bleeding tendency; neither do

such ecchymoses usually lead to the fortunately rare manifestation of haemor-

rhagic necrosis (73a).

There are various reports of bleeding from special sites. It is remarkable how

seldom intracranial haemorrhage has been ascribed to anticoagulant therapy. Of

the 58 instances collected by Barron and Fergusson (13), 27 occurred in subacute

bacterial endocarditis, and of their own five cases, three were associated with

cerebral emboli in rheumatic heart disease and two were in hypertensive pa-

tients. Bilateral adrenal haemorrhage giving rise to the Waterhouse-Friderichsen

syndrome has also been reported (59); there are occasional reports of fatal haemor-

rhage in the foetus ascribable to anticoagulant treatment in the mother, but this

appears to have been rarer than the theoretical dangers would suggest (51, 68).

In a collected post-mortem series (37), cardiac rupture was found more fre-

TABLE 6

Minor haeinaturia as a warning sign of gross haetnorrhage (162)

Patients

�

�

Bleeding
Episodes

Macroscopic Haematuria Extrarenal Bleeding

Orthotolidine
test positive

but no further
bleeding

Orthotolidine test
previously

Orthotolidine test
previously

Positive Negative Positive Negative

180 inpatients
34 outpatients

!

30

19

4

0

0

1

7

1

10

11

10

6

Total 49 4 1 8 21 16

Thirty bleeding episodes occurred in 29 inpatients, and 19 episodes in 8 outpatients.
The urine was tested daily for blood by the orthotolidine tablet test (161) in all patients.

Thus, of a total of 28 occasions (4 + 8 + 16) when the test was positive, gross bleeding

occurred in 12 (4 + 8); gross bleeding presented on 22 occasions (1 + 21) without a previ-
ously positive tablet test.
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quently in treated than in untreated patients who had suffered acute cardiac in-

farcts, and attention has been drawn (24) to the autopsy evidence that the mci-
dence of subintimal hemorrhage in the coronary arteries may be more frequent in

anticoagulated patients.

Jaques (93) has shown that the incidence of bleeding while on anticoagulants

may be increased by simultaneously applying other strains to the haemostatic

mechanism, a principle of general interest in the study of haemostasis (21, 88, 175).

A special case of this principle is the similarity between the actions of the cou-

mann and indanedione drugs and large doses of salicylates (135), so that salicy-

lates should not generally be given to patients on these anticoagulants if a reason-

able alternative is available. (On the other hand, it has been possible to

give anticoagulants and fibrinolytic treatment safely together (140)). The same

applies to phenylbutazone and to drugs which interfere with the intestinal flora

(216). Of course, if it is necessary to give any of these other drugs, their effect may

be judged from changes in the prothrombin time, and the dose of anticoagulant

appropriately reduced. Sporadic self-medication is clearly dangerous. Similarly, a

risk has been reported in patients already on coumarin-indanedione drugs who

are heparinised in preparation, for instance, for open-heart surgery (71).

The danger of haemorrhage from heparin when used alone over longer periods is

apparent from the early series in which this was done ; a discussion is given by

Jorpes (101).

B. Other complications

Phenindione, although generally safe (28), has been associated with agranulo-

cytosis in about a dozen cases (209) . Pyrexia has been reported in about the same

number (23, 127). Diarrhoea (74, 85, 104, 160) and hepatitis (100) have been re-

ported in about half a dozen, and renal tubular necrosis (12), exfoliative derma-

titis (160), and paralysis of accommodation (qu. 23) have also been seen. A routine

of investigation and management has been suggested by Bingle and Shine (23).

Other coumarin-indanedione drugs have probably not been used so widely as

phenindione, so that their relative incidences of non-haemorrhagic complications

are difficult to assess. Nevertheless Tashjian and Leddy (209) could find no report

up to 1960 of agranulocytosis associated with dicoumarol, tromexan, cyclocou-

marol, or warfarin.

Heparin and heparinoids. Toxic reactions occurring with heparin and dextran

sulphate have been discussed in detail by Tudhope et a!. (220). They include alo-

pecia, itching erythema, nail changes, diarrhoea, and thrombocytopenia. Our ex-

perience with heparin is that excessive bleeding is a danger only when the drug is

continued for more than a week; if heparin is restricted to the first thirty-six

hours of anticoagulation, it seems to be well tolerated.

IV. THE ADMINISTRATION OF ANTICOAGULANTS

A. To give or not to give?

Having discussed the evidence for benefit from anticoagulants and the dangers

associated with them, the practical issue of their administration to individual

patients must now be faced.
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In hospital, with adequate laboratory facilities, the decision is relatively un-

confused by side-issues. If the patient presents one of the conditions in which

there is some evidence of benefit from anticoagulation, and he is free from contra-

indications, the decision to give anticoagulants will depend on the doctor’s esti-

mate of the evidence, such as has been discussed above, that benefit is likely to

be obtained.

In domiciliary practice, particularly in the country, circumstances will impose

additional considerations. In the first. place, more will depend on the patient’s

ability to follow his instructions exactly, as regards size and frequency of dose, to

maintain a stable fat-intake (248), and to report further symptoms of thrombosis

as well as abnormal bleeding or other side-effects. Second, it must be possible for

the doctor to arrange for blood samples to be taken and conveyed to the labora-

tory at regular intervals and also at short notice if necessary (if the patient is un-

able to attend in person), and also to arrange to receive the laboratory report

quickly if an urgent change in dose is indicated. Loughridge (1 16) has recently

discussed these problems in detail, explaining how in the course of a year he has

cared for a dozen patients on long-term anticoagulat.ion in a mixed urban and

rural practice; he described arrangements for the collection of blood samples and

the precautions to be taken by ambulant patients. It is important to consider the

problems Loughridge raises, because more patients will return to their general

practitioners after having been started on long-term anticoagulants in the hos-

pital. As experience is gained, it will be increasingly possible for general practi-

tioners to give anticoagulants for acute thrombotic episodes occurring in patients

nursed at home, for it is uneconomical to request hospital admission solely because

anticoagulant therapy is indicated. Particularly in acute coronary infarction,

when facilities are otherwise adequate at home, the disturbance of moving the

patient to the hospital may he definitely harmful, and the possibility of domi-

ciliary anticoagulation is an obvious need ; but. at present there are strong argu-

ments for hospital treatment in many cases (65). In the face of the rather weak

evidence for benefit in coronary infarction, a reasonable policy for both short- and

long-term treatment would seem to be to withhold anticoagulants where there is

any immediate contraindication, and also in those patients whose condition might

be worsened by the incidental measures involved (such as travelling), or in whom

there is reason to fear that prolonged, regular medication might induce a cardiac

neurosis more disabling than the physical condition. Gillam (GSa) has made the

interesting suggestion that anticoagulants should be considered most strongly for

those patients in whom thrombosis might he thought to play the major part in

the development of their disease; in practice, this would mean being more willing

to withhold or stop treatment in those presenting with or developing signs of

widespread myocardial disease; he suggests that patients should he reviewed six-

monthly with t.his in mind.

B. Dosage schedules

1. The dose of heparin for combined heparin and coumarin-indanedione treat-

ment. The pract.ice of giving heparin in acute cases to cover the initial latent

period while coumarin-indanedione drugs take effect. is of course well established;
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it has been particularly stressed in treating pulmonary embolism (12). Marks et a!.

(126) investigated the necessity of combining heparin with tromexan in this way

when treating venous thrombosis, and found that the duration of pain and the

length of stay in bed were both shortened when heparin was also given. It is often

suggested that heparin should be given intramuscularly. The reviewer has tried

to avoid injection of heparin into muscles, since there is evidence from unpub-

lished work on animals that if the tip of the needle happens to lie in an intermus-

cular septum, a large haematoma may develop between the muscles. Therefore, it

is preferable to give heparin intravenously whenever possible, and failing that,

deeply subcutaneously away from pressure points : the pectoral regions and the

outer sides of the thighs are useful sites. The patient should be instructed to tense

the underlying muscles ; a large fold of skin and subcutaneous tissue should then

be raised and the injection made horizontally into the base of it with a fine needle;

in this way the needle will lie superficially to the deep fascia, in the relatively

homogeneous subcutaneous fat.

For short-term use, the recommended dose of heparin is 5,000 to 15,000 (usually

10,000) units given 4- to 6-hourly for 18 to 36 hours, commencing with the first

dose of the coumarin-indanedione drug. For intravenous use the 5,000 or 10,000

units per ml solution is suitable, but for deep subcutaneous injection a 25,000

units per ml solution is available, of which 0.5 ml may be given. For clinical pur-

poses, 1 mg may be assumed to contain 100 units. Attempts have been made to

reduce the risk of hematoma formation by adding 0. 1 ml hyaluronidase to an

injection of heparin (not intravenous), which is said also to reduce local pain

(126). Alternatively, heparin has been injected intramuscularly in a waxy men-

struum to prolong absorption (228) (a gelatin preparation, Depo-heparin, is also

available), and given in conjunction with Coronamide [Carinamide, Staticin, p-

(benzyl sulfonamido)benzoic acidi to delay excretion (195), although these sug-

gestions do not seem to have been widely adopted. Unfortunately heparin cannot

be effectively given by mouth (even sublingually) or rectally (63).

2. The dose of coumarin-indanedione drugs. While of course each of these drugs

has its appropriate dose, it is possible to discuss their dosage in general terms. The

first few doses are given empirically, and it is important to know the considera-

tions which modify the initial quantities to be prescribed. The relevant factors

were carefully studied by the Cambridge group (126) who demonstrated an in-

creasing sensitivity with advancing age (apparent from about 60 years), and de-

scribed a like effect in heart failure. Using phenindione, and taking the standard

initial dose as unity, they (39) gave 0.75 of this dose to patients aged 46 to 55,

0.5 of this amount between 56 and 65 years, and 0.25 of the dose over 65 years

of age.

Subsequently, of course, the adjustment of dosage to the requirements of the

individual is guided by the prothrombin time test, which is discussed below.

C. The choice of coumarin-indanedione drugs

There are three considerations which govern the choice of an anticoagulant in

this group. In practice, the most important consideration is that the doctor should
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use the drug with which he is most familiar. All these drugs have much the same

effect on the clotting properties of the blood, and differ most obviously in the

time-relationships of their actions ; hence, it is wise always to use the same drug

unless there are good reasons for changing, and then to choose another with a

similar rate of action. After this, the next consideration is whether to use a “long-

acting” or a “short-acting” drug. With the short-acting drugs, the maximal effect

is short ; consequently, if an excessive dose is given, the danger of bleeding will be

of relatively short duration. On the other hand, the drug will have to be taken

twice daily for a smooth effect, and this may lead to occasional doses being omit-

ted by domiciliary patients. Long-acting drugs have the corresponding disadvan-

tage with excessive doses, but since the dose need be taken only at intervals

perhaps of several days, some patients may find it easier to cooperate on this

basis; if a dose is omitted, the cumulative effect of the drug will partially coin-

pensate (217). Toohey (217, 218) sometimes used a short-acting drug (e.g., phen-

indione or warfarin) for patients in hospital on short-term treatment, and a

long-acting drug (e.g., marcumar) for protracted outpatient. treatment.

The final consideration is the relative liability of the different drugs to produce

toxic side-effects (i.e., other than bleeding). The present evidence perhaps favours

the coumarin series, but the discussion (supra) has emphasised the rarity of these

complications. If such an effect is encountered, the treatment should be changed

to another drug of a similar duration of action ; e.g., if a toxic manifestation ap-

pears during treatment with phenindione, a coumarin derivative could be substi-

tuted. For instance, of Borchgrevink’s (31) 201 patients initially on phenindione,

five developed a rash and two diarrhoea ; in each case the symptom subsided when

the patient was changed to dicoumarol.

Duration and intensity of action of different drugs. Weiner, Brodie and Burns

(234) estimated the length of time taken by various drugs to produce their maxi-

mum effect on the prothrombin time, having adjusted the doses to produce the

same degree of effect at the peak. Testing each drug in the same five subjects,

they found the following single doses to give on the average an equal maximum

effect: tromexan, 1.65 g; acenocoumarol, 20 mg; phenindione, 0.4 g; dicoumarol,

0.4 g; marcumar, 24 mg; and diphenadione, 20 mg. The listis in the order of the

rate of activity, from the quickest to the slowest; with tromexan and acenocou-

marol, the peak effect occurred at about 1J’� days, and with marcoumar and with

diphenadione, the peaks occurred at about 23’� and 334 days, respectively, from

the time of taking the stated dose. Nichol and others (143a) listed the doses of

various anticoagulants used by their group in the treatment of coronary disease,

and gave “usual” daily maintenance doses as follows: tromexan, 0.45 g; aceno-

coumarol, 4 mg; phenindione, 0.1 g; dicoumarol, 75 mg; marcumar, 3 mg; war-

farm, 10 mg; and cyclocoumarol, 25 mg. With the exception of marcumar (of

which the dose is relatively smaller), these doses are in approximately the same

ratios as those given by Weiner, Brodie and Burns, being each one-fourth to one-

fifth of their single doses. The relatively lower maintenance dose of marcumar

(one-eighth of the latter authors’ single dose) reflects the cumulative property of

this long-acting drug. Rodman and associates (173) carefully compared the effect
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of single doses and the convenience in clinical use of phenindione, dicoumarol,

warfarin, and diphenadione ; they found the peak effect to occur in that order,

over the range of 30 hours to 60 hours, the time of taking the dose of phenindione

and of diphenadione, respectively. They found warfarin slightly more easy to

use than the others, but the differences between them were not great. Other in-

formation on the action of different coumarin derivatives has been given by

Shepherd and others (191).

Another indanedione derivative, anisindione, has been introduced (27, 106) ; the

rate of action is similar to phenindione or perhaps a little slower. Like phenindi-

one, it tends to colour the urine red, and patients should be warned to expect this;

the colour is bleached by acidifying the urine below pH 4 (159).

Warfarin possesses the valuable feature that a water-soluble sodium salt can

be prepared which may be administered intravenously, e.g., in cases of persistent

vomiting. Besides this, as an oral drug warfarin has gained favour over phenindione

at various centres (134, 189, 217, 218). There are thus short.- and long-acting

drugs in both the coumarin and indanedione series : e.g., tromexan, warfarin and

acenocoumarol as short-, and marcumar as long-acting coumarins, and phenin-

dione and anisindione as short-, and diphenadione as long-acting indanediones.

It is thus possible to change to an equivalent drug in the other series if a patient

reacts unfavourably to that on which he was started.

D. Other anticoagulants

Attempts have been made to find cheaper substitutes for heparin, and various

sulphated polysaccharides have been tested ; unfortunately two of the more prom-
ising substances, dextran sulphate (220) and Paritol (sodium polyanhydroman-

nuronic acid sulphate) (14) have produced various toxic side-effects and have not

been widely accepted. Another interesting departure was the investigation of the

anticoagulant properties of the rare earths (particularly neodymium), but unfor-

tunately haemoglobinaemia limited their clinical application (86).

E. Antidotes to anticoagulants

1. For heparin and heparin-like drugs. The classical antidote to heparin is pro-

tamine sulphate (41, 158, 163). Recently, Polybrene (hexadimethrine bromide)

has been introduced, and seems superior (108, 235). If heparin is used in the

treatment of thrombosis simply to cover the initial latent period of the oral anti-

coagulants, antiheparin agents will very seldom be required, but adequate neu-

tralisation of heparin after extra-corporeal circulation is of the utmost impor-

tance. In this context Polybrene has been found particularly useful, and a distinct

improvement over protamine sulphate (178). Toluidine blue would also seem to

be less suitable in this connection (178a, 204).

2. For coum.arin-indanedione drugs. The antidotes to this group of drugs are

found in the vitamin K series, although the exact relationship is somewhat com-

plicated.

In chicks, a K-deficient diet potentiated the action of dicoumarol, and K1

(mephyton, phytonadione, the naturally-occurring vitamin) and menadione
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(menaphthone, 2-methyl-i , 4-naphthoquinone) appeared equally effective in

counteracting this drug (169). In the dog, K-deficiency induced by cholecyst-

nephrostomy similarly increased the prothrombin time response to dicoumarol,

but the effectiveness of members of the K-series as anti-dicoumarols was in the

order K1 first, hykinone [2-methyl-i , 4-napht.hohydroquinone, 3-sodium sulpho-

nate] and synkavite [2-methyl-i ,4-naphthohydroquinone diphosphoric ester

t.etra sodium salt.j about equal as second, and menadione last. In normal man,

menadione derivatives can shorten the prothrombin time below normal (224),

and menadione is very effective in treating the haemorrhagic disease of the new-

born (1 , 122) ; yet these water-soluble K-analogues are very much less effective

(46) than the naturally-occurring K1 in reversing the effects of coumarin-indane-

dione drugs in man; K� is extremely active in this respect (i05). Radio-isotope

studies in the rat. have shown (210) that vitamin K1 diffuses freely into many tis-

sues and passes the placental barrier to be distributed in the foetus; it was also

found that the vitamin was considerably concentrated in the liver, in contradis-

tinction to K3. It is clear, therefore, that vitamin K1 is the appropriate antidote

in man. A further problem arises, however, in deciding the appropriate dose.

First, this substance can be given by mouth or intravenously ; by the latter route

its action is the more rapid, as might be expected. Secondly, the effect of a larger

dose is more rapid than that of a smaller; but after a large dose the patient will

show prolonged refractoriness (of the order of days to weeks) to further doses of

anticoagulant. It has also been thought that too rapid or complete a reversal of

the anticoagulant effect may precipitate further thrombosis, but the evidence is

unclear (43). The possible dose range is from 2 to 5 mg by mouth to 50 to 100 mg

intravenously, but the higher doses will seldom be required : Toohey regarded 20

mg as the practical upper limit (216). The appropriate dose is the smallest which

will achieve the necessary degree of reversal of anticoagulation in the time avail-

able. The obvious course is to determine the prothrombin time as soon as the need

for the antidote is apparent, then to give the smallest dose thought reasonable,

and to repeat the determination of the prothrombin time after a suitable interval.

Oral administration is usually satisfactory, but a more rapid effect is achieved by

intravenous injection; after an intravenous dose in a fit person the prothrombin

time should begin to shorten in four to six hours. If the second test shows an in-

sufficient effect., more K1 can then be given. If the patient is to be anticoagulated

again as soon as the emergency is over, the dose of K1 should obviously be smaller

than if ant icoagulants are to be withdrawn altogether.

It has generally been thought wise to reverse the action of anticoagulants in

patients about to undergo surgery or dental extraction (e.g., M.R.C. Working
Party, 243), but this view has recently been challenged. Toohey (216) found that

emergency, including major, surgery could be performed with only a reduction

and not complete withdrawal or reversal of anticoagulation; in Sevitt and Gal-

lagher’s (188) series of fractured femur cases treated with phenindione, hip opera-

tions were carried out under full treatment with no more bleeding than in the con-

trols. Similar experiences in several surgical series have been summarised by

I. S. Wright (251a). However, itmay be that bleeding from serous surfaces (215)
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is a real danger in the immediate postoperative period where the extent of the

operation makes this likely.

It has also been felt that K1 should be given if by accident the prothrombin

time is raised above some defined excessive value, even if the patient does not

bleed excessively. This may be wise with the long-acting anticoagulants, but the

reviewer has not thought it necessary with phenindione, at any rate for patients

in hospital; he gives K1 only if the patient begins to bleed, knowing that otherwise

simply withdrawing the anticoagulant will allow the prothrombin time to fall

again over the next day or two and no harm may come. It is considered easier to

regain control of the dosage in this way without the added complication of giving

an antagonist. If bleeding occurs (e.g., haematuria), K1 can be given intravenously

without delay. It may be wise to supply outpatients (especially those on long-

term treatment) with one or two oral capsules of K1 to take if they have the mis-

fortune to be involved in an accident, and with a card to carry recording the fact

that they are on treatment, to warn a surgeon who might be involved with an

emergency operation following an accident, particularly if the patient should be

unconscious.

V. THE CONTROL OF ANTICOAGULANTS

A. Heparin

It has already been stated that for the brief initial use of heparin to cover the

latent period of the coumarin-indanedione drugs, heparin can be given empiri-

cally. If it is thought necessary to check that the patient is adequately heparinised

at any given moment, the whole-blood clotting time is an adequate test : if the
result is prolonged over the control by approximately twice or more, the patient’s

blood can be taken to contain heparin at that time; however, it is not accurately

known by how much the clotting time should he prolonged to ensure adequate

anticoagulation. Perhaps the necessary degree of effect varies with different

thrombotic conditions.

The importance of adequate neutralisation of heparin at the end of open-heart

operations has also been stressed above. Rothnie and Kinmonth (178) used the

thrombin clotting time test (30, 94, 171), with the addition of toluidine blue as a

confirmatory procedure. This test is simpler than protamine tit.ration (i i4) or

separation procedures (60), and is more convenient than whole-blood tests (2, 96).

The sensitivity of the test can be adjusted by varying the potency of the throm-

bin reagent, and the test can be readily adapted as an assay of circulating heparin

(92).

B. Coumarin-indanedione drugs

Chemical estimations for the concentrations of these drugs in body fluids are

available (137, 174, 226) but, aside from their use in forensic work, are not of

direct help in the control of treatment, except when there is real doubt whether

the patient has taken the drug at all or if for some reason the haematological evi-

dence is equivocal (226).

1. Principles of control. An ideal test for the control of these drugs should take
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account of their two-fold activity: the procedure should indicate the optimum

dosage for benefiting the thrombotic condition and also give warning of incipient

bleeding from overdose. It is widely realised that current tests fall short of this

ideal (16, 196), and close attention is therefore needed in their application.

While the backbone of control is Quick’s prothrombin time or one of its deriva-

tives, this may be augmented by other clotting tests, such as the heparin-retarded

clotting time or thromboelastography. In addition, other techniques may be ap-

plied, such as tests of capillary fragility and for microscopic haematuria. The clot-

t.ing tests will indicate, at least in theory, whether anticoagulation is adequate

and will point as well to excessive dosage ; whereas the other tests are only in-

tended to reveal incipient overdose.

2. The prothrombin time test (Quick’s method). The history of this test has been

given in the introduction. It is extremely simple to perform, has a low experi-

mental error (7, 89) , and the variation among normal persons is small (90) ; the

test is very widely used and generally known. Local results may be expected to

be consistent over periods of time comparable with the duration of long-term

treatment in individual patients, and results between different centres are reason-

ably comparable (243). Technical considerations, such as the optimum calcium

concentration (95) and the effect of differences in the sources (211, 225) or meth-

ods of preparation (i26, i64) of the tissue reagent, have been carefully studied.

Attempts to improve on this test have nevertheless been made in several direc-

tions.

3. Modified Quick tests. Minor modifications are often introduced, such as to

reduce the number of pipetting operations by premixing the tissue reagent and

the calcium chloride solution (107) or to use fresh, whole blood instead of citrated

plasma (213). It has also been felt that a more convenient “accelerator” than

tissue extract could be found ; attempts were made to use Russell’s viper venom,

with or without the addition of lecithin (82), but for the cont.rol of anticoagulants

the test was found to he less sensitive than with tissue extract (130), perhaps be-

cause by this modification the technique is insensitive to a reduction of factor

VII (98).

The necessity to perform venepuncture has been widely regarded as a disad-

vantage, and a number of modifications have been suggested to allow the test to

be made on a small quantity of capillary blood obtained from a finger- or ear-

puncture (121, 124). These tests have been carefully discussed by Stein (205);

hut have not been generally accepted, perhaps because it is felt to be more diffi-

cult to handle very small volumes sufficiently accurately.

In an attempt to increase the sensitivity of the procedure, the plasma was di-

luted (often to 1 in 8) in saline before being added to the test (190). While a dilu-

t.ion of the clotting factors affected by the anticoagulant might reasonably be

expected to sharpen the discrimination of the technique, the concomitant dilution

of all other constituents of the plasma might have had undesirable effects, and

interpretation was difficult.

4. The “P & P” test and “Thrombotest.” It is also possible that incidental

changes in other clotting factors might irrelevantly modify the test results. For
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instance, relatively small changes in fibrinogen concentration or factor V might

influence the prothrombin time test but not the haemostatic mechanism in the

patient ; conversely, they might be such as to mask real changes in the haemostatic

mechanism induced by the anticoagulant. To avoid perturbations such as these,

Owren and Aas (155) introduced the “P & P” test, so called because it was

thought to reflect accurately the combined changes in prothrombin and procon-

vertin (factor VII), the two clotting factors known at that time to be reduced by

coumarin-indanedione drugs. In this method, the patient’s and the control oxa-

lated plasma are diluted 1 in 10 in oxalated veronal buffer and mixed in equal

volumes with asbestos-filtered bovine plasma and brain reagent ; the bovine

plasma supplies fibrinogen and factor V but the asbestos-filtration greatly reduces

its content of prot.hrombin and factor VII (and, as we now know, of factor X).

The mixture is recalcified and the clotting time determined in the usual way.

In this method, the preliminary dilution affected only the final concentration

of clotting factors thought to be relevant, and hence it seemed meaningful to re-

cord P & P values above 100 %. An additional advantage of the procedure was

that a small quantity of heparin might be added to the anticoagulant with which

the blood was initially mixed, which was thought to stabilise the clotting factors

in the sample in the interval between venepuncture and performing the test ; by

this means blood samples could be sent. to the laboratory by post. The subsequent

dilution of the plasma would then reduce the heparin concentration below that

critical for the test. It was later found that this method enabled control of anti-

coagulant dosage to be achieved rather more rapidly than with Quick’s test ; cer-

tainly in Owren’s hands the test. has been very satisfactory, and in particular it

has justified (20, 31) his hope (i55) that bleeding complications might be reduced.

Nevertheless, when it became apparent. that factor IX (the Christmas factor)

was reduced by these drugs, Owren further modified his test to be sensitive to re-

ductions in this factor also. He (150) prepared an “all-in-one-reagent,” called

“Thrombotest,” containing phospholipid from human brain or soya bean, a crude

extract of bovine or equine brain, adsorbed bovine plasma, and calcium chloride.

The quantities of the first and second components were so adjusted that in normal

plasma the phospholipid and the crude brain extract led to the activation of

“blood” and “tissue” thromboplastin at about the same rates, so that the end-

point of the test should reflect more or less equally the activities of factors VII,

IX, and X. The adsorbed bovine plasma ensured that alterations in the patient’s

factor V or fibrinogen should not influence the test.. The Thrombotest was shown

to be as sensitive as the P & P method to changes in factor VII and more sensitive

to changes in factor IX, as had been intended. The test could equally be made on

venous or capillary blood, and was suitable for testing specially heparinised postal

samples. A minor disadvantage was that samples to be tested after an interval

from collection had to be taken into non-wettable containers, since the test was

accelerated to some extent by glass-contact, but this was not serious because

various disposable plastic tubes were satisfactory.

Nour-Eldin (144, 145) doubted the claim that the Thrombotest was sensitive

to changes in factor IX, and reported normal or near-normal values in patients
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with Christmas disease. However, it might well be that the sensitivity of the

procedure to factor IX is heightened by concurrent depressions of other factors,

as would be expected in anticoagulant treatment (113), and Owren himself later

(153) substantiated this. British workers who have tried the new test have been

impressed with its possibilities (4, 1 13a, 129), although it was pointed out that

the Thrombotest was rather more sensitive than the P & P method to the hep-

arinaemia of the first few days of combined treatment. Initial reservations about

the cost of the test are being met in various ways (61, 154, 154a). A particular

advantage of the Thrombotest is that it can be conducted during the period of an

office visit.

5. Other clotting tests. A number of other tests have been used from time to

time. For instance, some workers have concentrated on an estimate of prothrom-

bin itself, either by the classical “two-stage” method or a modification of this

(230, 232) or by the “stabilised thrombin” (206) or the TAMe (p-toluenesulfonyl-

1-arginine-methyl ester) techniques (3, 159). It is not clear that. the clinical re-

sults have been significantly better than by the more usual procedures.

At one time it was thought (201 , 202) that the heparin-retarded clotting time

would give a better over-all indication of the coagulability of the blood than the

Quick tests. However, there does not appear to be good evidence that better din-

ical results are obtained, and the test is less easy to standardise than the pro-

thrombin time.

It has been suggested that a test using 2.5 % sodium chloride solution might

usefully complement the P & P test (227) ; but perhaps the place of this procedure

is now adequately filled by the Thrombotest. Lastly, the thromboelastograph has

also been used for anticoagulant control (240) , but however elegant, so expensive

an instrument has its own limitations for a very wide-spread problem like anti-

coagulation.

6. Other types of test. A routine test for microscopic haematuria was tried by

Peyman (i6i, 162), to detect the onset of a dangerous tendency to bleed; as men-

tioned above, the results were rather disappointing: some patients gave a positive

test without subsequent serious bleeding, while other patients who bled from

other sites or who presented gross hematuria had given no warning in the test.

Peyman (162) also tried a capillary resistance test., but was unable t.o establish

abnormal results in treated patients, either in those who bled or in those who re-

mained free of bleeding.

The bleeding time appears to be a litt.le prolonged under anticoagulant treat-

ment (227), but. it would be somewhat impractical to control dosage with a rather

unpleasant test which requires multiple punctures to achieve fair accuracy.

7. Comparisons between different tests. Toohey (2i9) compared Quick’s test with

the P & P method and with Ware’s modification (231) of this test, over a large

number of routine blood samples, and concluded with a preference for the P & P

method for inpatients, because of its more rapid reflection of changes in the blood,

and for Quick’s method for outpatients. He gave a number of technical details.

Extensive scatter-diagrams correlating Quick’s test with a number of others were

given by Verstraete, Vermylen and Vandenbroucke (227). The correlation be-
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tween the P & P method and the Thrombotest, discussed in several of the refer-

ences given under that heading, has been found to be close (156) . Owren was

quoted (31) as having found that the correspondence between Quick’s test and

the P & P test (and hence by implication, the Thrombotest) depends on the type

of tissue extract used in the Quick technique. If acetone-dried rabbit brain is used,

a prolongation of 2 to 234 times the control time by this method corresponds with

7 to 15 % by the P & P method ; with human brain the corresponding P & P range

is 10 to 20 %, with Symplastin it is 17 to 24 %, and with Soluplastin 20 to 30%.

(Symplastin and Soluplastin are proprietary tissue extracts of the type used in

the prothrombin-time test.) Lempert and Poller (1 13a) correlated the Quick,

P & P, and Thrombotest methods with the thromboplastin generation test. The

results by various techniques regarded as representing equal therapeutic effects

have been tabulated by Duff and others (48).

The relationship of the Quick test to changes in particular clotting factors has

also been mentioned above. Further information has been given by Sise and

others (196) and by Hicks and Bonnin (80) who found that if the Quick test clot-

ting time was greater than about 1.5 X the control time, all the clotting factors

affected by the anticoagulants would usually be well below normal levels.

Despite the contrary advice of eminent workers, the Quick test continues to be

widely used. The reviewer finds this technique satisfactory, and feels that the ex-

treme simplicity both of reagents and method ensures a comparability of results

over long periods of time, and in the hands of a succession of medical and tech-

nical laboratory personnel, which more involved tests might sacrifice.

8. Expression of results. The early attempts to express Quick test clotting times

in terms of concentrations of clotting factors have been steadily abandoned, and

are now retained only as a convenient and familiar convention where their use

has become traditional. It is probably best to report the control clotting time,

the patient’s clotting time, and the ratio between the two (patient’s time/control

time). For the P & P and Thrombotest techniques, on the other hand, it is sim-

plest to follow Owren’s system of “percentages” even if judgement is reserved as

to their precise meaning.

9. Intensity of treatment. The above remarks introduce the important and con-

troversial matter of how vigorously anticoagulant treatment should be pressed

so as to steer the best course between the maximum protection against thrombosis

and the dangers of abnormal bleeding. For many years there was little exact in-

formation available (40), but recently some important data have been published.

One might have expected that this problem could be approached by experi-

ments in animals. Unfortunately, as was mentioned, much of the work has been

rather remote from the clinical situation, but there is one recent experiment

which may be helpful. Carey and Williams (37a) induced localised thrombosis

electrically in the external jugular vein of the dog, and then studied the subse-

quent spontaneous extension of the thrombus, which would seem reasonably

similar to the extension of a natural thrombus in man. If not dislodged, in 48

hours these thrombi propagated to several times their original length (8 dogs),

but this was prevented (7 out of 8 dogs) by 8-hourly injections of heparin (be-

ginning immediately after the thrombus was established), maintaining the blood-
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clotting time 2 to 3 times prolonged. Eight other dogs were stabilised on dicou-

marol before the induction of the thrombus, but propagation occurred in all

except the one dog, the prothrombin time of which was prolonged to a degree

recorded as “less than 10 %“ (in the others, three levels were between “20 %“ and

“30 %,“ and four between “10 %“ and “20 %“). In four dogs given tromexan the

levels were “below 20 %,“ but the clots propagated in two. There were signs of

overdose bleeding, sometimes severe, with levels “below 20 %.“ This work

confirms the clinical impression that heparin is the more powerful antithrombotic

agent, and supports the principle of giving the highest tolerated dose of the

coumarin-indanedione drugs.

In man, Peyman (162) has made a special study of this problem. Using Quick’s

test, he closely followed 180 inpatients and 34 outpatients treated with coumarin

anticoagulants. He listed in detail the haemorrhagic and thrombotic incidents

occurring during treatment, and gave the patients’ prothrombin times over the

immediately preceding period in each case. Among the inpatients there were ten,

and among outpatients two further thrombotic incidents : in no case did the

immediately preceding prothrombin time exceed twice the control time. On the

other hand, in 23 of 30 bleeding incidents in inpatients and in 15 of i9 bleeding

incidents in outpatients, the immediately preceding prothrombin time had been

three or more times the control time. This suggests that the appropriate therapeu-

tic range is about two-and-a-half times to three times the control value.

Borchgrevink’s (31) important study of two groups of coronary patients,

controlled by the P & P test at about 50 % and 20 % of the control activity, has

been discussed in detail above. There was a clear difference between both infarc-

tion rate and mortality, the 20 % group (i.e., the more vigorously treated) having

the advantage on both counts. Haemorrhage occurred in 10 out of 103 patients

in the 20 % group (one haemorrhage per 14.2 patient years) and in 1 out of 100

patients in the 50 % group. In seven (P & P values 55 % to less than 5 % at the

time of bleeding) a predisposing cause was diagnosed ; in the four others (P & P

values 8 % to less than 5 %) no cause was found. In discussing this work, Owren

(151) suggested that the old concept of a “therapeutic range” is illusory: perhaps

the more logical attitude is to give each patient the highest. dose which he can

tolerate without bleeding; however, this brings the argument back to the prob-

lem of how to foresee haemorrhage. Owren admitted that for practical purposes

patients should be maintained in the range below 25 % by the P & P or Thrombo-

test, although rather more latitude is allowed in the published description of the

latter (150), where the therapeutic range is given as 10 to 30%.

Notes on relating the succeeding dose of oral anticoagulants to the immediately
preceding prothrombin time have been given by Toohey (218) for warfarin and

by Barritt and Jordan (12) for nicoumalone. There is a detailed, general discussion

of the control of anticoagulants in large groups of patients by Owren (152); and

Duff and others (48) have particularly considered the problems of avoiding over-

dosage. Lempert and Poller (1 i3a) associated bleeding especially with a reduction

in thromboplastic factors, and felt that the Thrombotest is useful in avoiding

overdose, by virtue of its sensitivity to factor IX.

Despite every care, however, some patients will experience further thrombotic
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episodes under treatment. Recurrent migratory phlebitis resistant to anticoagu-

lants has been regarded as strongly suggesting a hidden carcinoma (223).

10. Frequency of testing. In the acute phase, and at the start of treatment, many

centres estimate the prothrombin time daily. Prothrombin times should not be

started until the initial heparin coverage has been eliminated, since this will

affect the test (19) ; therefore, the heparin doses should be so arranged that the

first test can be made about 36 hours after starting a short-acting drug by mouth.

(The reviewer allows four to five hours to elapse after the last intravenous injec-

tion of heparin and about twenty-four hours after the last deep subcutaneous

injection, before taking the first blood sample).

It is true that even with Quick’s test, daily changes can be expected in patients

taking the short-acting drugs (128), but the full effects of a change in dosage may

not be seen until the second day; the reviewer is therefore satisfied with tests on

alternate days for the first week, and thrice or twice weekly thereafter until the

appropriate dose has been found, after which inpatients are commonly tested

once a week or so. The frequency of testing outpatients depends on the stability

of their response, which may vary widely between patients, and even from time

to time in the same person (148) ; whereas some centres (217) may allow as

much as 2 to 3 months between outpatient tests, others (148) feel that 2 weeks

should never be exceeded.

VI. SUMMARY

Anticoagulant drugs have been considered in their clinical rather than their

experimental context, for it is the problems of the assessment of therapeutic

effect and of the control of dosage which are now being most keenly discussed.

Space has been devoted to the evidence for therapeutic benefit in different

thrombotic conditions, and to the practical difficulties which may be encountered.

The control of dosage has been discussed in some detail, and an integration of

the clinical and laboratory problems has been attempted. These, of course, are

concerns which have attracted the attention of many able people, to only a

fraction of whose work has it been possible to refer.

Good evidence has been found to support the value of anticoagulant.s in venous

thrombosis, but their effect on arterial thrombosis is less marked. Routine

administration to patients with fractured femur led to a marked reduction in the

incidence of venous thrombosis and of embolism; a similar result was obtained

after obstetric and gynaecologic surgery. The treatment of established venous

thrombosis did not eliminate pulmonary embolism, but did reduce the morbidity

of the primary thrombosis. Nevertheless, even after pulmonary embolus had been

diagnosed, anticoagulant treatment reduced the immediate mortality and the

danger of recurrence. In the chronic stage of rheumatic heart disease the inci-

dence of thromboembolic episodes was much reduced. In coronary artery disease

and myocardial infarction definitive studies have proved difficult to set up,

owing to the number of factors which influence prognosis and which therefore

have to be controlled; the evidence is incomplete but suggests that some benefit

may be expected. In the acute phase, at least a reduction in secondary thrombosis
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seems established ; and long-term treatment may somewhat reduce the mortality.

In peripheral arterial disease the effect on the arterial lesions is dubious.

Overdose bleeding may be reduced by withholding anticoagulants from pa-

tients with local lesions liable to bleed. Minor haematuria or provoked purpura

(“capillary fragility” tests) are of little value as warning signs of major bleeding.

Surprisingly, the coumarin-indanedione drugs do not greatly impair surgical

haemostasis. Side-effects other than bleeding seem to be rare with either couma-

rins or indanediones, but perhaps a little more frequent with the latter.

The development of Quick’s test and of Owren’s “P & P” and “Thrombotest”

is described and their relative merits are discussed. The Quick test is still being

found satisfactory in many hospitals but the Thrombotest would seem to have

definite advantages under certain circumstances.

The reviewer has thus aligned himself soberly with the enthusiasts for anti-

coagulant treatment; but he remains conservative in continuing to use Quick’s

one-stage prothrombin time test for control.
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