
HEMORRHAGIC DIATHESIS ASSOCIATED WITH THE PRESENCE OF AN

ANTICOAGULANT IN CIRCULATING BLOOD. CASE REPORT AND

LABORATORY STUDIES

ByJ. P. SOULIER, M.D., AND M. BURSTEIN, M.D.

T HERE ARE three observations of the presence of an anticoagulant in the blood

of patients with a hemorrhagic diathesis in the American literature.’5’ 16, 4

The following case report constitutes the fourth observation of such an occurrence.

The patient was studied at the ‘ ‘Hospital des Enfants Malades’ ‘ by Dr. Maurice

Lamy, under whose direction this work was carried out.

M. B., age 2.1, male, was admitted to the hospital in July, 1946, with a diagnosis of hemophilia.

Past history revealed the frequent occurrence of hemorrhagia episodes, the first one occurring at if years

of age. There were oral, nasal, and gastro-intestinal hemorrhages, but most episodes were articular, and

occurred in the absence of any significant trauma. These hemorrhages required blood transfusions on two

occasions.

J oint hemorrhages were particularly frequent, repeating themselves � to 6 times in a year. They af-

fected mostly the elbows, knees, and ankle. When seen, the patient was confined to bed for the last 2.

months with involvement of both knees and hematuria.

The family history is not contributory. He was the only child and his mother died of tuberculosis.

The maternal grandmother, her children and grandchildren were always in good health. The paternal

grandfather was healthy. His father had frequent episodes of epistaxis.

Physical examination revealed a pronounced muscular atrophy, affecting the inferior limbs mainly, a

. . hemophilic arthritis, ‘ ‘ and a malformation of the uvula. No hematomas in the muscle. The remainder

of the physical examination was normal. There was no syphilis.

The blood coagulation time was 6 hours (at 37 C.), the bleeding time 4 minutes. The red cells count

was 4.1 million with a hemoglobin of 75 per cent.

The leukocyte count was 9,800 with the following differential count: neutrophiles, 76 per cent;

eosinophiles, 2. per cent; lymphocytes, i6 per cent; monocytes, 6 per cent.

On Aug. 2., 1946, the patient received a transfusion of 300 CC. of blood (fresh). The following day, the

clotting time was still 6 hours. The patient was sent home where he was treated with distilbestrol. He

was readmitted Oct. 31. In the interval period he had no severe hemorrhage episodes. There were a few

ecchymoses and gingivorhagine. The clotting time was 44 hours and the bleeding time 17 minutes. The

tourniquet test was negative and the capillary resistance measured by the cuff method was found normal

(no petechiae after 6 minutes under a pressure of 90 mm. of mercury). Examination of the blood gives

the following results: Red Cells, 5.1 millions; Hemoglobin, i� g 3.; Hematocrit, 5o; MCV, � �s; White

Cells, 6 4oo; Platelets, 300 ooo of which 90 per cent were round forms; Fibrinogen, 4oo mg. per ioo cc.;

Calcium, 9.9 mg. per 100 �z.

The purpose of this communication is to report the different studies carried out

on the blood of this patient. The blood was obtained from the antecubital vein

with and without anticoagulant. The anticoagulant used was a 4 per cent solution

of sodium citrate, i cc. of which was used for every 9 cc. of blood. Plasma was

obtained by centrifuging:

From the Centre National de Transfusion Sanguine et de RCcherches Himatologiques. Paris.

This case is the subject of a report under the title “Sur un anticoagulant present dans le sang d’un

sujet se pr#{233}sentant cliniquement comme un hCmophile” by M. Lamy, M. Burstein and J. P. Soulier, to

be published in the “Rev. d’H#{233}matologie.”
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J. P. SOULIER AND M. BURSTEIN 1189

i. Anticoagulant action of noncitrated plasma on normal whole blood.

Blood was obtained from the patient without anticoagulant. The red cells were

allowed to sediment for � hours, and the supernatant plasma separated. Increasing

quantities of this plasmawere added to I cc. of normal human blood. Table i shows

that the patient’s blood plasma had a marked anticlotting effect on normal blood.

TABLE I -Clotting Time of icc. of Normal Blood to Which the Patient’s Plasma Was Added. (Experiment

Done on Nov. 14, 1946). To � C. Test Tubes r� x zio. Duplicate Readings.

Patient’s plasma

Normal blood * 1
(1 cc.)

Clotting time
(minutes)

Normal Blood *2
(1 cc.)

Clotting time
(minutes)

cc.

o

0.1

0.2.

8 10

2.6 33

12.0 i8o

10 15

45 I 48

�

TABLE 2..

Patient’s citrated plasma
(cc.)

Normal citrated plasma
(cc.)

Clotting time
(minutes)

0

0.I

0.1

0.1

0.1

0.1

0.2.

2..9

1.9

0.9

0.4

0

4

614

17

35
6o

2.40+

TABLE 3.-Howell’s Time of Patient’s Citrated Platelet-free and Platelet with Plasma (o. 2 cc. plasma plus

0.2 cc. CaCl2)

Date
Number of platelets

(per mm. 3)
Clotting time
(Minutes 1)

‘F�K of plasma

11-7-46

11-14-46

i��.6oo

2.2.5

12.5.000

340

32.

360+

45

360+

Platelet rich

Platelet free

Platelet rich

Platelet free

2.. Anticoagulant action of citrated plasma from the patient’s blood on citrated

plasma from normal blood.

Citrated normal plasma was obtained by spinning citrated normal blood at 6,ooo

rpm for 30 minutes. Increasing quantities of this plasma were added to a fixed

quantity of citrated platelet-free plasma from the patient’s blood. Recalcification

of the mixture was done by adding an equal volume of o.oi5N CaC12 and the clot-

ting time (Howell’s time) measured. Table 2. shows a typical experiment performed

on Sept. 14, 1946. The results can be explained only by the presence of an antico-

agulant in the patient’s plasma.
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1190 HEMORRHAGIC DIATHESIS

�. Clotting time on recalcification (Howell’s time).

a. Effect of platelets on Howell’s time.

Platelet-rich citrated plasma was obtained by spinning citrated blood at 2.000 rpm

for 3 minutes. Platelet-free plasma was prepared by spinning the platelet-rich

plasma at 6ooo rpm for 30 minutes, and passing the supernate through an lena � 4

filter. The filtrate was platelet-free for all practical purposes. Table 3 shows the

results obtained by recalcifying both plasmas. The Howell’s time was considerably

prolonged when the platelets were removed. Similar results were obtained by

Quick with hemophilic plasma. It is noticeable that the Howell’s time of this

patient’s plasma, devoid of platelets, approximated very closely the clotting time

of whole blood. However, the clotting time of platelet-rich recalcified citrated

plasma was much shorter, which may indicate the existence of a destruction of the

platelets during recalcification and liberation of thromboplastin from the platelets.

b. Effect of destruction of platelets on Howell’s time.

It is well known that the clotting time of citrated recalcified plasma (Howell’s

TABLE 4.-Howell’s Time before and after Destruction of Platelets

Date

Clotting time of recalcified citrated platelet rich plasma from patient’s blood
(Minutes)

Platelets destroyedIntact platelets by freezing Platelets destroyed by
adding distilled water

72.546 90 10

8- 1-46 90 Ii

8- 3-46 100 2.0

II- 746 32. 2.0

1114’46 45 13

15

15

2.2.

14

time) is shortened if the platelets are destroyed and allowed to release their throm-

boplastin-according to Tzanek and Burstein2 citrated plasma clots faster if, before

recalcification, it is frozen and then thawed. They found that this procedure short-

ened the clotting time of citrated recalcified plasma from 3-6 minutes to I�-24

minutes. One can also destroy the platelets by the addition of 3 volumes of distilled

water to one volume of citrated plasma. Iso-osmicity is then re-established by adding

one volume of a 3.6 per cent solution of sodium chloride. We have studied the

effect of the destruction of platelets on the Howell’s time of citrated platelet-rich

plasma from the patient’s blood.

Table 4 shows that there is a considerable shortening of the clotting time after

destruction of the platelets. However, this clotting time is still abnormally pro-

longed.

Control experiments on platelet free plasma showed no effect of freezing on the

clotting time. However, the addition of distilled water to the platelet free plasma

resulted in a shortening of the clotting time. This effect may be due to dilution of

the anticoagulant by the distilled water since the addition of saline instead of

distilled water produced a similar effect.

c. Effect of dilution on Howell’s time.
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J. P. SOULIER AND M. BURSTEIN 1191

The effect of dilution was studied: platelet free citrated plasma from the patient’s

blood was diluted with saline and then recalcified and the clotting time at 37 C.

noted.

Table 5 shows that dilution shortens the clotting time.

4. Effect of concentration of calcium on Howell’s time.

Lozner, Joliffe, and Taylor’5 state that the addition of calcium to whole blood

obtained from their patient produced a shortening of the clotting time. We have

not observed any effect in the case reported here from the addition of concentrations

of calcium chloride between o.o�N and 0.012.5 N.

5. Effect of storage of plasma on Howell’s time.

When the patient’s citrated plasma was kept at room temperature for 48 hours,

the Howell’s time was not modified provided the plasma was devoid of platelets.

6. Effect of normal plasma and fractions of normal plasma on the clotting defect

of the patient’s plasma.

TABLE �.-Effect of Dilution on Howell’s Time

Date
Howell’s time of undiluted plasma

(minutes)

Howell’s time of diluted plasma
(0.2 cc. plasma + 0.8 cc.

physiological saline) (Minutes)

7’2.5-46

3 146

11 746

111446

360

360

300

300

40

40

90

90

We have used normal human plasma and one of the plasma fractions ob-

tained by Cohn and his coworkers in the department of Physical Chemistry of

Harvard Medical School.* The plasma fraction used was Fraction I of Cohn, which

in addition to fibrinogen contains most of the antihemophilic activity of normal

plasma. Two types of fraction I were used. One from normal human plasma, and

the other from hemophilic blood plasma.t These fractions were obtained as a dry

powder 40 mg. of which was dissolved in 2. cc. physiologic saline at pH 7.�.

Table 6 shows that neither type of fraction I in the quantities used in this experi-

ment had any effect on the clotting defect of the patient’s plasma.

7. Quick’s prothrombin time of the patient’s plasma.

This was determined by means of brain’s thromboplastine: the prothrombin time

of the patient’s plasma determined by this method was 2.0 seconds, very near the

prothrombin time of the normal control (table 7). However, with smaller amounts

of thromboplastin there appears a widening divergence between the patient’s

plasma and the normal control (table 7).

* Obtained through the courtesy of Dr. E. J. Cohn.

� Obtained through the courtesy of Dr. F. H. L. Taylor.
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1192. HEMORRHAGIC DIATHESIS

8. Effect of thrombin on citrated plasma: absence of immediate antithrombin.

The preparation used was obtained from the Roussel’s laboratories as a dry pow-

der, �o mg. of which assayed ii Iowa units. Fifty milligrams was dissolved in 2. CC.

of physiologic saline. At all dilutions used (table 8), it was impossible to detect

a significant immediate antithrombic action in the patient’s plasma.

TABLE 6.-Effect of Normal Plasma, Fraction I from Normal Plasma and Fraction I from Hemophilic

Plasma on Clotting Time of Platelet’s Plasma. Reagents in cc.

Patient’s plasma Normal plasma Fraction I normal Fraction I hemophilia Clotting Time’

minutes

0.1 I 0 0 40

0.1 0 I 0 12.0

0.1 0 0 I 12.0

* After addition of 1.1 cc. of CaCl, to each tube at 37 C.

TABLE 7.-Effect of Dilution of Thromboplastin on Prothrombin Time. (o. i cc. Citrated Plasma + 0.1 cc.

Solution of Thromboplastin + o.z cc. CaCl,, 0.025 N)

Dilution of thromboplastin
Prothrombin time (seconds) of

Patient’s plasma Normal plasma

I/I

i/io

I/so

1/100

1/2.00

1/500

1/1000

2.0

32.

63
84

12.7

i8o

390

i8

2.6

50

62.

83

xi6

140

TABLE 8.-Effect of Thrombin on Citrated Plasma (10.25 cc. Plasma + o.j of Thrombin Solution at 37 C.)

Dilution of thrombin
Clotting time of normal human

citrated plasma
Clotting time of patient’s citrated

plasma

I/I

1/2.

1/4

z/i6
1/32.

seconds seconds

11.5 II

19.5 2.0

36 37
100 I io6

2.2.8 2.70

9. Progressive antithrombin.

Normal serum or plasma contain an antithrombin which is called “progressive”

because it inactivates thrombin when incubated with thrombin. Table 9 shows

that the patient’s plasma did not inactivate thrombin more actively than did nor-

mal plasma and did not therefore contain more progressive antithrombin than did

normal plasma.

10. Antifibrinolytic activity of the plasma.

It was decided to test this activity in the patient’s plasma because there are

similarities between the trypsin inhibitor from soya bean, and the anticoagulant
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J. P. SOULIER AND M. BURSTEIN 1193

present in the patient’s plasma. Both substances are anticlotting but not anti-

thrombic. They both are thermostable. It became necessary to investigate whether

the patient’s plasma exhibited enhanced antiproteolytic or antifibrinolytic activity.

TABLE 9.-Effect of Incubation of Patient’s Plasma with Thrombin. Thrombin Added to Defibrinated Plasma,

the Mixture Incubated i.#{231}Minutes at � C. and the Clotting Time on Fibrinogen Measured at � C.

Defibrination Was Done by Heating at 56 C. for � Minutes

Reagents in cc.
thrombin

Normal plasma Patient’s plasma Saline
Fibrinogen

Solution
Clotting time

seconds

0.4 0 0 0.1 0.5 9

0.4 0.1 0
�

0 0.5 36

0.4 0 0.1 0 0.5 42.

TABLE 10

A. Fibrinolysin � cc. + Citrated Plasma o.o5 cc. + Thrombin 0.1 cc. Reading Done after Incubation

at 37 C. for i8 Hours

Dilutions of fibrinolysin

Lysis

Patient’s plasma Normal plasma

I/I

1/2.

‘/4

x/8

,/i6

1/32.

1/64

+
+

0

0

0

0

0

+
0

0

0

0

0

0

B. Fibrinolysin 0.2. cc. Plasma 0.2. cc. Diluted with 0.2. per cent Solution of Fibrinogen. Reading

Done after Incubation at 37 C. for �8 Hours

Dilutions of plasma

Lysis

Patient’s plasma Normal Plasma

i/i

1/2.

‘/4

i/8

i/i6

1/32.

1/64

1/12.8

1/2.56

0

0

0

+

+

+
+

+
+

0

0

0

0

+

+
+

+
+

As a source of fibrinolysin, we used a preparation of chloroform plasma (Nolf-

Tagnon). The fibrinolysin preparation was added to citrated plasma and a clot

was obtained by the addition of thrombin. The disappearance of the clot was taken

as a measure of the intensity of the fibrinolysis.
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I 194 HEMORRHAGIC DIATHESIS

II. Finally we have observed that the quantity of anticoagulant agent in the

patient’s plasma increased from August to November 1946. This is shown by the

fact that in August a mixture of I volume of citrated normal plasma and i volume

of citrated patient’s plasma, after addition of calcium, clotted in �o to 6o minutes,

while in November, in order to obtain the same clotting time, it was necessary to

add 4 volumes of normal plasma to one volume of the patient’s plasma. It is difficult

to say at the present, whether this increase was the result of the transfusion of

blood, as was the case in the patient describrd by Munro.’T

DIscussIoN

The patient discussed in this communication was clinically a hemophiliac: This

diagnosis was based on a prolonged clotting time, a normal bleeding time, and

the occurrence of hemorrhagic episodes and joint hemorrhages. The disease started

at the age of i8 months. However, certain aspects of the case were not in agreement

with the diagnosis of hemophilia among which the absence of a family history

of the disease and the lack of effect of blood transfusions. Also, atypical were

the lack of effect of the addition of either normal plasma or fraction I of Cohn on

the clotting time in vitro of the patient’s blood. Finally, and contrary to what

occurs in true hemophilia, the blood or plasma from the patient had a definite

anticlotting effect on normal blood or plasma.

There is little doubt that the blood of this patient contained a circulating anti-

coagulant. Munro �‘ � has reported a similar occurrence in a patient classified as

hemophilic. In Munro’s case, the appearance of the anticoagulant followed the

use of repeated blood transfusions. In the case reported here, such an etiology seems

unlikely in view of the fact that the patient had received one single transfusion

before the time that the circulating anticoagulant was observed in his blood. This

single transfusion was given him when he was a child. Later transfusions, given

after the circulating coagulant was observed, had no effect on the clotting time or,

if they had any effect, it was in the direction of prolonging the clotting time, al-

though this prolonging effect was difficult to demonstrate since the blood, before

transfusion, clotted in the very long time of 6 hours at 37 C. We have given this

patient one transfusion only because of the detrimental effect of this treatment in

this type of cases, as described by Munro.’7

The anticoagulant present in the plasma of this patient is thermostable. We

were able to heat the plasma at 6� C. for 30 minutes without causing the disap-

pearance of the anticlotting activity. At ice box temperature the activity is main-

tained for 8 days at least. At room temperature, the activity decreases after 48

hours. The anticoagulant appears not to be identical with heparin since we have

observed no neutralizing effect from the addition of toluidine blue. Furthermore,

quantities of protamine between 0.001 mg. and 0.1 mg. for i cc. of plasma did not

affect the clotting time.

The anticoagulant was not an antithrombin and did not appear to be antifibrin-

olytic. The prothrombin time determined by the method of Quick was not sig-

nificantly altered.

Concerning the mechanism of action of the anticoagulant, one can say that this
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J. P. SOULIER AND M. BURSTEIN 1195

principle acts on the first phase of the coagulation phenomenon since we have

shown that it is not antithrombin. It would appear therefore that it opposes the

transformation of prothrombin into thrombin.

The anticoagulant could conceivably oppose this transformation by one of three

possible mechanisms: (i) by an action on calcium: that this was not the case is

affected by the fact that the blood calcium was normal and that varying the amount

of calcium did not correct the prolonged clotting time; (2.) by an action on pro-

thrombin : this seems unlikely since the prothrombin time was normal ; on the other

hand we have mixed o.i cc. of the patient’s plasma with i cc. of prothrombin poor

plasma (obtained from a patient treated with dicumarol) containing 33 per cent

of the normal level of prothrombin. The clotting time of the mixture (38-48

minutes) was found to be similar to that of a control (38-45 minutes); (�) by an

action on thromboplastin : this is rendered unlikely by the fact that small quanti-

ties of thromboplastin added to the patient’s plasma corrected the clotting defect

quite completely. The antithromboplastin described by Tocantins,6 in contrast to

the anticoagulant described here, is destroyed by heating at �o C.

Other hypotheses should be briefly considered. According to Lenggenhager,7

the thromboplastin originating from platelets exists as a prothromboplastin and

is activated by contact with foreign surfaces and calcium, while the thromboplastin

derived from cellular material exists in an active form. According to this hypothe-

sis, the anticoagulant described here could conceivably work by opposing the

activation of the prothromboplastin.

According to Nolf,8 Howell,9 Patek and Stetson,’#{176} Patek and Taylor,” Feissly,12

Bendien and Van Creveld,’3 blood plasma contains an essential factor of blood co-

agulation distinct from prothrombin. This factor exists in plasma as an inactive

precursor. It is thermolabile and is bound to the englobulin fraction of plasma.

It is called antihemophilic factor, globulin substance, plasma thromboplastin, etc.

According to Frederica,’4 and, independently, to Ferguson,’8 the plasma tryptase

is probably the active principle which in association with calcium and the platelets

activates prothrombin. This author thinks that component A of prothrombin,

described by Quick,’ is identical with the plasma tryptase.

A definite explanation of this mechanism of action of the anticoagulant described

here must await a better understanding of the mechanism of normal coagulation

itself. Our impression is that this anticoagulant acts on either the mechanism of

activation of prothromboplastin, or the antihemophilic substance, or the plasma

tryptase.

An interesting question is whether our anticoagulant is identical with the anti-

clotting substances described in 3 different publications.” 16, Certain common

features suggest an identity: these are the thermostability, lack of antithrombin

action, lack of action on the prothrombin time.

The substance described by Munro4’ 17 appears to be a ‘y globulin.

SUMMARY

A new observation of a hemorrhagic diathesis associated with the presence of

an anticoagulant in the circulating blood is reported here. The patient was a 2.1
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1196 HEMORRHAGIC DIATHESIS

year old male, appearing by clinical evaluation to have hemophilia, but without

a family history of hemophilia. The blood and plasma were strongly anticlotting

and had a very long clotting time. The clotting time of recalcified citrated plasma

was greatly delayed by removing the platelets. Freezing and thawing of platelet-

rich plasma resulted in a marked shortening of the clotting time. Dilution of the

plasma shortened the clotting time, while the addition of calcium and storage of

the plasma had no effect.

The prolonged clotting time was not corrected by the addition of normal plasma

or plasma fractions having antihemophilic activity. The prothrombin time was

nearly normal. Small quantities of thromboplastin were very effective in shorten-

ing the clotting time. The anticoagulant had no antithrombin activity. The “pro-

gressive’ ‘ antithrombin and antifibrinolysin of the patient’s plasma were normal.

The anticoagulant acts during the first phase of coagulation by inhibiting an

( plasma) activator of prothrombin. It appears to be identical with the anticoagu-

lant described in three previous publications from the United States.
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