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T HE purpose of this report is to present two cases of hemophilia in whom an

anticoagulant was found. A study of the mode of development and action of

the anticoagulant and a hypothesis as to its clinical significance are presented.

There are two reports in the medical literature which describe the development

of a similar anticoagulant in hemophilia. The first of these was by Lawrence and

Johnson,’ the patient in their report being one of the two (W. P.) included in this

paper. A similar patient was reported in 1943 by Munro and Jones2 and these au-

thors noted that the anticoagulant developed after repeated transfusions, at which

time further transfusion caused neither a reduction in clotting time nor clinical

improvement. They suggested that “the numerous transfusions were responsible

for the development of this anticoagulant.”

The anticoagulant in the case of Lawrence and Johnson was found to be heat

stable and nondialyzable through collodion. Relationship to heparin was ruled

out since anticoagulant activity was not inhibited by protamine.3 Munro later

published detailed studies on the nature of the anticoagulant in his case.4 It had the

same general physical properties as that in the patient of Lawrence and Johnson.

He carried the analysis further by plasma fractionation and showed clearly that

the anticoagulant activity was associated with the globulin fraction of the plasma.

In another report5 on this same case he repeated his fractionation using the electro-

phoretic technic and showed that the anticoagulant activity was associated with

the gamma globulin fraction.

REPORT OF CASES

Case i (No. 17899). W. P., a fifty year old unmarried male, is the same case previously reported b�

Lawrence and Johnson.’ He is a typical hemophiliac, conforming to the usual clinical picture and show-

ing the abnormalities in the clotting mechanism diagnostic of hemophilia. The family history is positive,

there being one maternal uncle and one brother with the disease. Since the last report he has had recurrent

episodes of bleeding into the joints, from the genito-urinary tract and from the gastrointestinal tract.

From the Department of Medicine of the University of Rochester School of Medicine and Dentistry

and the Medical Clinic of the Strong Memorial and Rochester Municipal Hospitals, Rochester, New York.
*This document is based on work performed under Contract No. W-74o1-eng-49 for the Atomic

Energy Project at the University of Rochester.
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�o6HEMOPHILIA

He has also developed hypertension and hypertensive heart disease with occasional bouts of paroxysmal

auricular fibrillation. During the periods when bleeding occurred, little benefit was derived from trans-

fusion with fresh blood or plasma, and joint bleeding was treated symptomatically and by rest, with

spontaneous remission of symptoms. In November 1945 a test for the presence of a circulating anticoagu-

lant was negative.

From December 1945 until March 1946 the patient was in the hospital for � months because of severe

continuous hemorrhage per rectum. During this time he received in all 30 transfusions of whole fresh

blood, each consisting of �oo cc. In spite of almost daily transfusion at one point, he did not improve and

no effect on the coagulation time was recorded. The latter consistently varied from 6o to iio minutes.

Unfortunately during this time no tests for a circulating anticoagulant were performed. Finally, the pa-

tient began to improve slowly and once the bleeding ceased, the red cell count and hemoglobin returned

rapidly to normal. Transfusions had been discontinued during the period of improvement. No abnormal-

ity in the gastrointestinal tract was detected at that time.

The last transfusion of whole blood was given on February 9, 1946. After this he was seen repeatedly

in the clinic, usually for anginal pain associated with his heart disease. He received no more injections of

blood or plasma until the present admission.

He was tested on September 9, 1946 for the presence of a circulating anticoagulant. The test was

negative (table �).

On April 15, 1947 he was readmitted to the hospital because of bleeding per rectum of � to 4 hours

duration. At this time his red cell count and hemoglobin were low (1.96 million per cubic millimeter

and 9.0 grams per cent respectively). He was pale, dyspneic, and suffered repeated attacks of precordial

pain. He was immediately started on multiple transfusions of whole fresh blood. This was done before a

test for circulating anticoagulant was obtained. In spite of 6 transfusions with �oo cc. fresh whole blood

each, no improvement by either clinical or laboratory findings occurred although no evidence of intra-

vascular hemolysis appeared. The ischemic pain became progressively worse, the dyspnea increased and

the red blood cell count and hemoglobin fell steadily to a level of 1.3 million per cubic millimeter and 4.�

grams per cent respectively. At this point the anticoagulant effect of his blood on normal blood was very

marked. Clotting times were performed repeatedly at one-half hour intervals after transfusion and no

effect was noted, the clotting time remaining around 6o to 70 minutes.

Because of findings to be discussed later, it was felt advisable to stop transfusions with whole blood

and instead to give only washed red cells. After receiving �oo cc. of red cells he showed some signs of

symptomatic improvement. Another transfusion of whole blood given inadvertently caused an immediate

recurrence of symptoms. After this he received �oo cc. units of washed red cells and showed steady

symptomatic improvement. However, he continued to bleed, the clotting time remained prolonged, and

the circulating anticoagulant persisted.

Gradually he improved, the red blood cell count and the hemoglobin rising and the attacks of angina!

pain disappearing. At the time of this report he is completely asymptomatic and bleeding has ceased.

Case 2 (No. 143378). D. M., a twenty-one year old white male, is a known hemophiliac since the age

of i year. He has a completely negative family history. Bleeding as a boy was usually from a traumatized

tongue or into joints. At the age of 19 he developed hematuria for which he received 9 plasma transfu-

sions without benefit. The coagulation time remained unchanged. Consequently he was admitted to

Strong Memorial Hospital for study, 9 months later, on November 15, 5944. Laboratory findings, includ-

ing Quick’s differential plasma centrifugation clotting time, were typical of hemophilia at that time.

A test for the presence of a circulating anticoagulant performed before any injections of blood or plasma

was negative. Response to injections was only slight, the clotting time dropping from about i hour to

30 minutes and returning to its original level in from 4 to 6 hours. He received in all, s. injections of fresh

plasma and one direct transfusion of whole blood. The test for a circulating anticoagulant was not repeated

after these injections.

Between November 1944 and the present admission he suffered only occasional joint hemorrhages and

was in good general health until December 1946. At that time he began to have intermittent genito-

urinary bleeding. Shortly thereafter he had a mild pharyngitis followed by gross hematuria. He finally

received a transfusion of whole blood i i� weeks before admission, but the bleeding became more profuse.

He was taken to Wilson Memorial Hospital, Binghamton, New York where he received 57 direct trans-
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CHARLES G. CRADDOCK, JR., AND JOHN S. LAWRENCE 507

fusions and several units of antihemophilic globulin. Bleeding finally slowed and he was sent home,

where, although bleeding continued, no clots were passed. Because of the continued bleeding he was

admitted to Strong Memorial Hospital on April 15, 1947 for study.

Physical examination at that time was essentially negative except for partial ankylosis and contrac-

tures of both knees and left elbow. Laboratory studies showed a hemoglobin of � grams per cent, red

cell count 2.7 million per cubic millimeter, white cell count 7,000 per cubic millimeter with a normal

differential. The urine was grossly bloody with a few threadlike clots. Coagulation studies were normal

except for a clotting time of 68 minutes. The Quick differential centrifugation plasma clotting test was

positive for hemophilia.

Because of the history of refractoriness to transfusion with whole blood it was felt that a trial injection

of whole blood should be given to see if such a refractory state actually existed. If he responded it could

be assumed that he was the usual type of hemophiliac, but if no response resulted then it could be as-

sumed he probably had some abnormal element in his blood which mitigated the beneficial effect of

whole blood. Consequently, on April ,6, 1947 he was given xoo cc. fresh whole blood. The clotting time

dropped from an average of 68 minutes to 12. to 14 minutes in a half hour. However, after 17 hours, when

the next test was performed, the clotting time was again 68 minutes. It was felt he probably did not

have an anticoagulant but merely received only transient benefit from fresh blood. Therefore it was

decided to treat his anemia and bleeding vigorously.

He was given transfusions on 2. successive days and the coagulation times checked at a half hour,

hour, and thereafter at hour intervals until the clotting time returned to normal. it was found that the

effect on the clotting time was evanescent, not lasting more than one half hour after completion of the

transfusion. He was then given one vial of antihemophilic globulin (Fraction I of Cohn, Squibb) and the

clotting times checked every i� minutes for 23 hours. A reduction from 8o to 95 minutes to 30 minutes

occurred in a half hour, but there was a quick rise to the previous level. Two days later he was given

s.vials of antihemophilic globulin and the clotting times again followed. This time no effect whatsoever

on the clotting times was recorded. It was also noted that the clotting times had risen to about sxo to

535 minutes, whereas before they had averaged around 68 minutes. The urine continued to be grossly

bloody.

It became apparent at this time that an alteration in the patient’s coagulation mechanism had prob-

ably developed as a result of the transfusions and injections of antihemophilic globulin. Therefore on

April ii, 5947 a test for a circulating anticoagulant was performed. This was readily demonstrated

(table i). Tests were repeated on the following day with the same result. Consequently studies of this

anticoagulant were carried out, as will be described. Therapeutically, the patient was given 3 transfu-

sions of washed red cells over the next x week period. Studies of renal function (PSP, NPN) were normal

and an intravenous pyelogram showed no definite genito-urinary pathology, but was not clear because of

blood in the pelvis of the left kidney.

The patient quickly improved symptomatically as the anemia was corrected. However, he continued

to bleed from the left kidney, though not as severely. He was finally discharged to Dr. R. J. McMahon

to be followed and treated symptomatically.

The technic of performing the tests for the circulating anticoagulant in these

cases was as follows.

i. Clean graduated i� cc. centrifuge tubes were rinsed with saline before using.

IL. Venipuncture was performed simultaneously on the patient and a normal sub-

ject. � cc. of sterile saline in each syringe was injected simultaneously into each,

and io cc. of blood withdrawn without stasis at exactly the same time and rate

from the patient and the normal subject.

3. The two specimens of blood were then put into the tubes as follows:

Tube 1 2 3 4 5 6 7 8 9 10

Patient’sBlood(cc.) 0.0 0.0 0.0 0.4 o.8 ix ,.6 L.a L.o 1.0

NormalBlood(cc.) 1.0 1.0 1.0 i.6 i.i o.8 0.4 0.0 0.0 0.0
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The clotting times were then recorded, the test being run in a water bath at
3750 C. and all tubes tilted in a rack at minute intervals.

Although this is a crude technic it was found that demonstration of the antico-

agulant was easier using whole blood in this manner than by using plasma or

serum. This was especially true in the case of D. M. where the anticoagulant ac-

tivity was relativly weak.

Results of this test using the blood of the 2. patients are shown in table i. It will

readily be seen that definite prolongation of the clotting time of normal blood was

caused by mixing with the blood of either of these patients.

The technic employed is the same as that used by Lawrence and Johnson in their

original studies on patient W. P. At that time they repeated this test on 3 ordinary

hemophiliacs as a check, and in no case was the clotting time of normal blood pro-

longed in any of the tubes. We repeated the test on 2. hemophiliacs who had not

been transfused for over a year with negative results.

The anticoagulant was also shown using plasma in a manner similar to the

protocol of Munro.

TABLE z.-Demonstration of Anticoagulant Effect of Blood of

Patients W. P. and D. M. on Normal Blood

Tube Number 1

Patient’s Blood (cc.) 0.0
Normal Blood (cc.) 2.0

2

0.0
2.0

3 4

0.0 0.4
2.0 1.6

5

0.8
1.2

6 7 8

1.2 1.6 2.0
0.8 0.4 0.0

9

2.0
0.0

10

2.0
0.0

Patient Date Clotting Time (mm.)

W. P.�

W. P

W. P

D. M

D. M.

9/ 9/46

4/2.4/47

4/2.9/47

4/22/47

4/2.3/47

8

6

7

8

6

8

6

7

6

6

8

7

6

6

6

7

8

so

14

9

8

�o

is.

i�

14

8

z6

x8

i6

,�

8 70

36 6o

40 �8

17 75

i6 ZOO

71

52.

�6

73

98

68

6o

�8

75

95

* This test was performed eight months after the last transfusion.

PROCEDURE

The blood was collected by venipuncture and mixed with one ninth its volume

of 0.1 M sodium oxalate. Centrifugation for i hour at 2.000 r.p.m. was carried out.

Various amounts of the plasma were mixed with normal plasma prepared in the

same manner (table i). Recalcification was accomplished by adding 0.02.5 M cal-

cium chloride in amounts equal to the amount of plasma present, the total volume

being adjusted to i.i cc. by the addition of the requisite amount of o.i5 M sodium

chloride.

It can be seen from these data that the anticoagulant effect was much stronger

in the case of W. P. than in the case of D. M. However, the plasmas of both show

a definite inhibitory effect on coagulation when the concentration of their plasma

reaches 2.7 to 35 per cent of the total plasma.

It was realized from the clinical course of these patients that an alteration of the

coagulation mechanism of each was being brought about by transfusions of whole

blood and/or injection of antihemophilic globulin. From the data given, it would
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CHARLES G. CRADDOCK, JR., AND JOHN S. LAWRENCE 509

seem this was due to the development of a circulating anticoagulant, as described

by Munro.2 It was felt that further analysis of the nature of the anticoagulant and

the manner in which it acted was indicated.

Steps were than taken to determine which phase of clotting was inhibited by

this anticoagulant. These will be described briefly.

The prothrombin concentration of each patient’s plasma was determined by the

serial dilution modification of Quick’s test. The prothrombin concentration of

W. P. was 8o per cent of normal and that of D. M. ioo per cent of normal. These

concentrations are of course high enough to exclude prothrombin deficiency as a

cause of the bleeding, and since conversion to thrombin occurred in the normal

time, antiprothrombin also could be excluded.

Tests were made for the presence of an antithromboplastin. According to Tocan-

tins, hemophilic blood contains an excessive amount of antithromboplastin.6 How-

ever, in order to demonstrate it, special technics must be used or it will be destroyed.

No special technic was used in handling this blood and yet the anticoagulant effect

remained. This would therefore seem to be a substance different from the anti-

TABLE 2.-The Anticoagulant Action of the Patient’s Plasma on Normal Plasma

Patient’s Plasma Normal Plasma
Sodium Chloride

0.15 M
Calcium Chloride

0.025 151

Coagulation Time

W.P. D.M.

cc. cc. cc. cc. mi’s. mi’s.

0.00 0.40 0.40 0.40 3 2.

0.05 0.40 0.30 0.45 3 2.

0.10 0.40 0.2.0 0.50 4 3

0.15 0.40 0.10 0.55 15 4

0.2.0 0.40 0.00 o.6o 38 i6

0.2.0 0.2.0 0.40 0.40 50 i8

C.40 0.10 0.2.0 C.5C 55 2.0

0.40 0.00 0.40 0.40 75 30

thromboplastin described by Tocantins. It was felt that if the anticoagulant effect

was stilldue to an antithromboplastin after handling the blood in the routine man-

ner, it would be detectable by less sensitive means. Consequently a thromboplastin

solution of known potency was serially diluted and the prothrombin times estab-

lished, using each dilution with normal plasma. In this way progressively longer

prothrombin times were found with increasing dilutions of thromboplastin. If

antithromboplastin were present in greater concentrations in the patient’s blood

than in normal blood, a significant differential in the prothrombin times of the

patient’s and normal plasma so tested should be readily demonstrated. This was

not found to be the case.

From these data it can be assumed that antithromboplastin was not present in

enough strength to explain the anticoagulant activity of the patient’s blood.

Determination of antithrombin activity of the plasma was carried out, although

its presence would be doubtful in view of a normal rate of conversion of prothrom-

bin to thrombin. A standard thrombin solution (Thrombin- Upjohn) was so diluted

that I cc. contained 2. units of thrombin (the potency of the thrombin was such

that 2. units clotted i.o cc. of oxalated human plasma in 15 ± o.5 seconds at i8#{176}±
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510 HEMOPHILIA

2.#{176}C.). One cc. of the thrombin solution was then added to i cc. samples of nor-

mal and both patients’ plasma. In each case clotting repeatedly occurred in Ii� to i6

seconds. Antithrombin activity was therefore absent from the plasma of each of

these patients.

The presence of antifibrinogen was felt not to be probable since the final clot

which formed was completely normal as far as quantity, strength, and elasticity

were concerned. Specific tests for the presence of an antifibrinogen were deemed

unnecessary.

TABLE 3.-Test for the Presence of Antithromboplastic Activity in Plasma of Patients

Thromboplastin Solution
Clotting Time

Normal \V.P. D.M.

dilution sec. sec. sec.

Undil. ‘5 17 14

i/s.. 15 ‘7 ‘4

,/� i6 17 15

i/8 2.1-2.3 2.2. 2.0-2.1

i/i6 22-25 2.5 2.2.

,/32 s.�-s.8 2.9 2.3

1/64 2.8-30 30 2.5

1/12.8 �o-�x x8

i/s.�6 30-35 35-38 30-31

In each case o.i cc. thromboplastin solution was added to o.i cc. plasma. Recalcified with o.os.5

M Calcium Chloride. Performed at 37.50 C.

TABLE 4.-Effect of Toluidine Blue on the Activity of the Anticoagulant in the Plasma of the Patients

Amount of Tolui-
dine Blue in mg.

per 0.2 cc. of
saline

Amount of
Plasma

Calcium Chloride
0.025 151

Clotting Time

Normal
-______________

\V. P. D. 151.

cc. cc. mi’s. ml’s. miss.

0.0000 0.2. 0.2. 1.5 14.0 11.0

0.0036 0.2. 0.2. 1.0 14.0 11.0

o.oo6s. Os. 0.2. 1.2.5 14.0 11.0

0012.5 0.2 0.2. 1.2.5 14.0 11.0

0.02.50 0.2. 0.2. 3.0 15.0 12.0

0.0500 0.2. 0.2. 4.0 17.0 13.0

0.1000 0.2. ox 8.o ,8.o ,6.o

0.2.000 0.2. 0.2. 9.0 ,8.o 17.0

The presence of an anticoagulant of the heparin type was sought by in vitro

studies with toluidine blue. This dye, which in itself is an anticoagulant in higher

concentrations, exerts an inhibitory effect on heparin if present in the correct con-

centrations, as shown by numerous workers. The optimal amount of dye necessary

to inhibit heparin, as shown by Jacobson and Allen,’4 is about 6 gamma of dye per

10 gamma of heparin. The procedure used was as follows:

A solution of i�cc. saline containing o.i gram of dye (the dye being 64 per cent

toluidine blue by dry weight) was used, Serial dilutions were made and 0.2. cc. of
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each dilution of the dye solution was added to 0.2. cc. of plasma and the clotting

times recorded after recalcification.

It will be seen from table 4 that when the concentration became higher than

o.o1L5 mg. the anticoagulant effect of the dye on normal plasma became evident.

It is also apparent that the toluidine blue in concentrations which would have

inhibited heparin, if it were present, had no shortening effect on the clotting time

of the plasma of either patient. It can therefore be concluded that the activity of the

anticoagulant is probably not due to the presence of heparin. This was of particular

interest in view of the recent finding that substantial amounts of heparin are found

in the blood of animals after large amounts of irradiation. The anticoagulant in

this case would seem to be of an entirely different nature than that found after

x-ray.

TABLE 5.-The Relative Anticoagulant Activity of Fractions of Patient’s (W. P.)

Plasma Separated Electrophoretically

Fraction of Plasma Normal Plasma Isotonic Saline
Calc�u�5�loride

Cloting Time

no. cc. cc. cc. cc. miss.

i o.i 0.2. ox os. 8

I

II
Ii

III
III

IV
IV

IV
IV

0.2.

0.1

0.2.

0.1

0.2.

0.1

0.2.

0.3

0 4

0.1

0.2.

0.1

0.2.

0.1

0.2.

0.1

0.1

0.1

0.3

0.2.

0.3

0.2.

0.3

0.2.

0.3

0.2.

0.1

0.1

0.2.

0.1

0.2.

0.1

0.2.

0. I

0.1

0.1

10.5

7

10

5.5
6.�

1.5

1.5

1.5

2.5

0.2. 0.2. 0.2. 2.5

0.2. 0.2. 0.2. 1.5

Electrophoretic fractionation of the plasma of one of the patients (W. P.) was

performed by Dr. Eric Ailing as follows: The fractionation was carried out in the

tall form of the II ml. Tiselius cell, in 0.1 molar veronal buffer of pH 8.�. After

maximal separation of the peaks a blunt needle was slowly lowered into the cell

to successively increasing depths controlled by visual observation through the

optical system. Each fraction was drawn off very slowly by means of a syringe

operated by the Klett motor-driven compensator.

From the descending limb of the cell the following fractions were withdrawn:

Fraction I: Gamma globulin.

Fraction II: Gamma globulin plus fibrinogen plus beta globulin.

Fraction III: Gamma globulin plus fibrinogen plus beta plus alpha 2. plus alpha

iglobulin plus albumin.

From the ascending limb only one fraction was withdrawn. This fraction con-

tained all components except gamma globulin and was designated as Fraction IV.

Each of these fractions was then tested for its anticoagulant activity on normal

plasma as shown in table �.
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512. HEMOPHILIA

The anticoagulant activity was present in all the fractions which contained

gamma globulin, but was absent from Fraction IV which lacked only gamma

globulin. Therefore the anticoagulant was associated with the gamma globulin

fraction of plasma.

It was apparent that the anticoagulant had several characteristics which would

seem to indicate that its appearance and action were on an immunologic basis. In

the first place, the anticoagulant became evident after repeated injections of whole

blood or antihemophilic globulin. Also the anticoagulant proved to be a gamma

globulin, as previously shown by Munro.

Workers at the Thorndike Memorial Laboratory7 � shown that normal

plasma contains a factor which is deficient in the plasma of hemophiiiacs. They

have found this substance to be associated with the globulin fraction of the plasma

protein. This globulin fraction is contained in Fractions I and Ill-i (II of Cohn).

When Fraction I is given intravenously to hemophiliac patients, it causes a marked

reduction in clotting time, similar to that produced by whole blood. This globulin

fraction has been called antihemophilic globulin and is necessary for coagulation

of blood to proceed at the normal rate. The precise function of this globulin and the

point at which it takes part in the coagulation mechanism have not yet been eluci-

dated. However, it has been suggested by Quick and others that the fundamental

alteration in the coagulation of hemophilic blood is the failure of the platelets to

agglutinate and break down to release thromboplastin. Since the only abnormality

yet detected in hemophilic blood is a deficiency of the globulin substance called

antihemophilic globulin, it is possible that the two abnormalities are related and

that antihemophilic globulin must be present for the breakdown of platelets to

occur. A deficiency of this globulin, as in hemophilia, may account for the “greater

stability” of the platelets which do not readily agglutinate, break down, and re-

lease thromboplastin for the initiation of clotting.

Since this protein factor is deficient in hemophilic blood, it was thought conceiv-

able that this lack offered the basis for the development of the anticoagulant found

in the blood of these patients. In other words, because these patients were lacking

in a globulin factor normally present in blood, repeated injections of this globulin

either in whole blood or plasma, or in the more concentrated form of Fraction I of

Cohn might elicit an antibody response against this protein which would even-

tually be manifest as an anticoagulant.

If the development of antibody against antihemophilic globulin did occur, dem-

onstration of it should be possible. Precipitin tests were therefore set up using the

serum of each patient and Fraction I of Cohn (Cutter). Amounts of Fraction I

containing 0.2. grams protein were used, the relative amounts of fibrinogen and

antihemophilic globulin contained not being known. This dried material was

dissolved in � cc. of sterile distilled water, thus making a 4 per cent protein solu-

tion. The pH was adjusted to 7.0 to 7.5. Precipitin tests were performed at room

temperature and read at one-half hour and one hour intervals. Dilutions of antigen

ranging from i I tO 1 12.80 were used, the dilution being doubled in each :ube.

It will be seen that the titres obtained with both patients’ sera against Fraction I

were significantly higher than those obtained with normal or ordinary hemo-

philic serum. The titres obtained in the patients’ sera tested against normal plasma
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CHARLES G. CRADDOCK, JR., AND JOHN S. LAWRENCE 513

are low but suggest that the sera contained antibodies against some element in

normal plasma also. Titrations against each other’s plasma as controls were

negative.

Similar control precipitin tests were set up using the sera against:

�. A solution of purified fibrinogen (Parke-Davis)

2.. A solution of purified gamma globulin (Parke-Davis)

Both of these antigens gave negative results.

The serum of a non-hemophilic patient who had received multiple transfusions

was tested in the same manner with failure to demonstrate any precipitins. These

controls indicate that the precipitins found only in the sera of the two patients

were specific for antihemophilic globulin.

TABLE 6.-Showing Presence of Precipitins in Sera of the 2 Patients

against Antihemophilic Globulin (Fraction I of Cohn)

Serum

Antigen

Antihemophilic
Globulin

(Fraction I)
Normal Plasma D. M’s Plasma W. P’s Plasma

Ordina
HeInoph�ac

Plasma

Normal

D. M

W. P
Ordinary hemophiliac

i/a

i/i6o

1/32.0

o

o

1/40

1/40

o

i/io

o

0

a

i/io

0

0

o

o

1/10

0

o

TABLE 7.-The Anticoagulant Effect of Serum of Each Patient on Normal Blood

Normal Blood Patient’s Serum
Clotting Time

When W. P.’s Serum added When D. M.’a Serum added

�.

0.4

o.5

1.2

i.6

2.0

2.0

cc.

i.6

5.2.

o.8

0.4

0.0

0.0

miss,

15

13

10

8

5

5

miss.

II

9

6
�

5

5

These tests gave repeatedly similar results. The precipitin titres remained at

1/3 2.0 for W. P. and at I/I6o for D. M. The latter patient, because of his better con-

dition, was given 3 injections of antihemophilic globulin (one vial each) on 3

successive days after the precipitin test was performed. Despite this, the titre did

not change over the following 2. week period, nor did the anticoagulant activity

become more intense.
Since the antibody was present in the serum, as shown by the precipitin tests, it

should have been possible to demonstrate anticoagulant activity of the serum. Al-

though some effect was noticed when the serum was mixed with normal plasma,

the change was most strikingly brought about by mixing with whole blood with-

out decalcifying.

As shown in table �‘, serum from these patients did not have as strong an antico-
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514 HEMOPHILIA

agulant effect as did either whole blood or plasma. The most striking alteration

noted, however, was that the clotting process once it was begun was markedly

slowed. That is, the length of time elapsed between initiation of clotting and com-

pletion of the process was much greater than for normal blood alone. A few strands

of fibrin would form and then gradually the clot would become larger and firmer,

the phenomenon resembling closely that seen when hemophilic blood clots.

That the anticoagulant which developed in the circulating blood of these pa-

tients exerted its action by directly inhibiting antihemophilic globulin was also

shown by the following tests.

Taylor, Davidson, Tagnon, et al.’#{176}have demonstrated that antihemophilic

globulin has the ability to lower the coagulation time of hemophilic blood or

plasma if added to it in vitro. This was repeated in the case of an ordinary hemo-

philiac by us and the effect was found to be quite striking. However the globulin

had no acceleratory effect on the clotting time of the patients’ blood (table 8). An

experiment was then set up in which the antihemophilic globulin, as contained

TABLE 8.-Effect of Antihemophilic Globulin on the Coagulation Time in Vitro of the

Blood of an Ordinary Hemophiliac and one of the Patients (W. P.)

Amount of
Blood Isotonic Saline

Antihemophilic Globulin (Fraction I of Cohn) Clotting Time

Undil. 1/10 1/100 �qooo Ordinary
Hemophiliac

Patient
W. P.

cc. cc. cc. cc. cc. cc. miss, miss.

2..C 0.2. 40 62.

2.0 0.2. 36 6s.

2..O 0.2. 40 63

2..O 0.1 0.1 13 82.

2.0 0.1 0.1 7 64

2.0 0.1 0.1 7 6�.

2.0 0.1 0.1 II �8

in Fraction I of Cohn, was first incubated with a small amount of serum from each

of these patients. When this was done, the clot-accelerating activity of the anti-

hemophilic globulin on hemophilic blood was lost.

PROCEDURE

A 4 per cent solution of Fraction I in isotonic saline was prepared. The pH

of the solution was adjusted to 7.0 tO 7.5 using a glass electrode pH meter. The

total nitrogen of the final centrifuged solution was determined by the Kjeldahl

method and found to be i.8 grams per cent.

Serial dilutions of this solution were then made, undiluted, 1/10, 1/100, i/iooo.

0.I cc. of samples of each dilution of the antihemophilic globulin were then added

to o.i cc. samples of serum of the following types.

i. Normal serum

2.. W. P. ‘s serum

3. D. M.’s serum

4. Serum from ordinary untreated hemophiliac.
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CHARLES G. CRADDOCK, JR., AND JOHN S. LAWRENCE 515

These mixtures of 0.1 cc. of antihemophilic globulin and o. i cc. of the various

sera were incubated at 37#{149}50 C. for one-half hour.

Blood was then drawn from an ordinary hemophiliac patient who had not re-

ceived any transfusions or injections for over i year and who was known to respond

to treatment in the usual manner.

This blood was then added to the tubes as shown in tables 8 and 9.

It is shown by these protocols that antihemophilic globulin alone had a marked

accelerating effect on the coagulation of the blood of an ordinary hemophilic pa-

tient. Also when antihemophilic globulin was first incubated with either normal

TABLE 9.-Effect of Antibemophilic Globulin on the Coagulation Time of

Ordinary Hemophilic Blood after Incubation with Sera

Antihemophilic Antihemophilic Antihemophilic Antihemophilic
Globulin Incubated Globulin Incubated Globulin Incubated 0 U in ncu at

with Normal Serum with �V. P.’s Serum with D. M’s Serum h��phi�i’�Zm qot-
Hemo- ___________________ ___________________ ___________________ ting
philiac .�: Time

cc. mm.

s..o 0.2 6

2.0 0.2.

2.0 0.2. 5
2.0 0.2. 6
2.0 0.2. 31

2..0 0.2. 35

1.0 0.2. 36
2..o 0.2. 40

2.0 0.2. 15

2.0 os.

2.0 0.2, 2.2.

1.0 0.2. 35
2.0 0.2. 7

0.2. 5
2.0 0.2. 6

to o.s. 6

serum or serum from an ordinary hemophiliac this acceleratory effect on hemo-

philic blood was not impaired. When, however, the antihemophilic globulin was

first incubated with the serum of either of the two patients who possessed the

circulating anticoagulant then the ability of the globulin to accelerate the clotting

time of ordinary hemophiliac blood was lost.

This shows quite clearly that the action of the anticoagulant in these two cases

was specifically against the antihemophilic globulin itself. Since it was previously

shown that the anticoagulant was not inhibitory to any of the other components

of clotting, it would seem that inhibition of this globulin factor necessary for

normal coagulation is the basis of the anticoagulant activity of the blood of these

patients.
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516 HEMOPHILIA

DISCUSSION

Each of these two patients exhibited a circulating anticoagulant in his blood.

This anticoagulant was apparently not in sufficient concentration to be easily

demonstrable until several transfusions or injections of Fraction I of Cohn, contain-

ing the substance called antihemophilic globulin, were given. This latter factor is

present in normal blood or plasma and is essential for normal coagulation. Al-

though how it is utilized or just where it enters into the clotting mechanism is

unknown, it probably is important in the agglutination and lysis of platelets with

liberation of thromboplastin. This globulin factor is deficient in the blood of

hemophiliacs7.��2 and may account for the failure of the platelets in hemophilic

blood to break down as in normal blood.

The anticoagulant in these patients could not be shown to be antagonistic to any

of the components included in the classical concept of clotting. The anticoagulant

was shown to be associated with the gamma globulin fraction of plasma, and in

this respect was similar to the anticoagulant reported by Munro in his patient.5

Evidence is presented to show that the anticoagulant which developed in these

patients exerts its activity directly against antihemophilic globulin and in this way

inhibits coagulation of normal blood. In view of the ability to demonstrate a defi-

nite precipitin titre against antihemophilic globulin in the serum of each of these

cases, it is suggested that the action of the anticoagulant against antihemophilic

globulin is essentially that of an antibody-antigen reaction.

The presence in the blood of a hemophiliac of such an antibody, which manifests

itself by inhibiting the substance antihemophilic globulin, could explain why

these two patients were refractory to transfusion with whole blood or to injection

of the concentrated globulin. It could also explain why blood from patients such

as these inhibits the coagulation of normal blood.

On the basis of the evidence found, we present the following hypothesis as to

the nature of the phenomena which developed in these two hemophiliacs. Each of

these patients apparently lacks a globulin factor contained in normal blood or

plasma which is necessary for normal coagulation. Because of this lack, repeated

intravenous injections of normal whole blood, plasma, or antihemophilic globulin,

all of which contain this missing globulin, result in “isoimmunization” with a

“foreign” or missing protein. Antibodies of low titre are built up against this

globulin and circulate in the blood. The presence of these antibodies is manifested

as a circulating anticoagulant. After these antibodies become evident, injections of

more blood or antihemophilic globulin in an attempt to supply the deficient globu-

lin cause no beneficial effect on the coagulation mechanism because the active

principle is inhibited by the antibodies. Likewise, when these antibodies are pres-

ent, blood from one of these patients will exhibit an anticoagulant effect when

added to normal blood in vitro, because the antibodies bind the globulin essential

for normal coagulation.

The occurrence of these phenomena is accompanied clinically by findings which

could be explained by the production of this immunologic response. Both of these

patients seemed to react in the normal manner when blood was first given, but the
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beneficial effect was very brief. Subsequent transfusions failed to alter the coagula-

tion time; in fact, in the case of D. M. the coagulation time became progressively

longer with repeated injections of blood and antihemophilic globulin. This refrac-

tory state was accompanied by the appearance of a demonstrable anticoagulant in

the circulating blood.

It is highly possible that such a mechanism as described in these two patients

may be the underlying factor in the development of a refractory phase in many

hemophiliacs. Perhaps there are different degrees of hemophilia accompanied by

different degrees of deficiency of the globulin fraction (or fractions) necessary for

normal coagulation and individual variations in the response to injections of the

globulin. Whether or not a complete lack of the globulin fraction is necessary for

the development of an immunologic response to repeated injections of the deficient

globulin is not known. Nevertheless, a certain number of hemophiliacs deficient

in this globulin may be capable of developing antibodies against the globulin when

it is given repeatedly. A refractory phase to further transfusion and the appearance

of an anticoagulant in the circulating blood would result. Further search for the

development of anticoagulants in hemophiliacs who become refractory to treat-

ment with whole blood, plasma, or antihemophilic globulin is to be carried out to

determine if such a mechanism may be more generally applicable.

SUMMARY AND CONCLUSIONS

i. Two cases of hemophilia are presented in whom the development of a circu-

lating anticoagulant was detected. This anticoagulant was demonstrated in the

whole blood, plasma, and serum of both patients.

2.. Both patients became refractory to treatment with either fresh whole blood,

plasma, or antihemophilic globulin (Fraction I of Cohn). In fact, the anticoagulant

apparently made its appearance as a result of repeated transfusions or injections of

antihemophilic globulin.

3. The anticoagulant in each case was shown not to inhibit any of the elements

participating in the classical theory of clotting, i.e., prothrombin, thromboplas-

tin, thrombin or fibrinogen. It was also demonstrated that this anticoagulant was

not related to heparin in its mechanism of action.

4. Electrophoretic fractionation of the plasma was carried out, and it was found

that the anticoagulant was associated with the gamma globulin fraction of plasma.
�. The demonstration of specific precipitin titres in the serum of each of these

patients against antihemophilic globulin seemed to indicate that the mechanism

of action of the anticoagulant was to inhibit the action of antihemophilic globu-
lin. This was further substantiated by the in vitro inhibition of the ability of anti-

hemophilic globulin to accelerate the coagulation time of ordinary hemophilic

blood.

6. A hypothesis is presented to explain the appearance of the anticoagulant. It

is believed that these two hemophiliacs are deficient in or lack antihemophilic

globulin in their blood, and hence repeated injections of the globulin either in the

form of whole blood, plasma, or Fraction I of Cohn results in “isoimmunization”

against the injected globulin. The resulting antibodies inhibit any antihemophilic
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518 HEMOPHILIA

globulin which may then be injected and hence explain the refractory state ex-

hibited by these two cases. Blood from these patients containing these antibodies

likewise exerts an anticoagulant influence when added to normal blood by the

same mechanism.

�. A discussion of the implications of this phenomenon in the development of a

refractory phase in hemophilia is presented.
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