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Bleeding Syndrome in a Patient with IgA Myeloma:

Interaction of Protein and Connective Tissue

By EDWARD M. VIcuANo AND HERBERT I. HoRowrr’z

B LEEDING SYNDROMES in some patients with multiple myeloma have

been ascribed to a defect in fibrinogen-fibrin conversion associated with

elevation of serum globulins.11#{176} Many of the patients reported with such a

defect, however, have not had clinically apparent bleeding. This paper outlines

the course of a patient with IgA myeloma and defective fibrin polymerization.

Investigation of this patient’s hemostatic mechanism revealed an additional

and hitherto undescribed defect. The patient’s plasma or isolated IgA protein

interacted with connective tissue (CT), diminishing the platelet-clumping ac-

tivity of CT and accounting for the patient’s prolonged bleeding time.

CASE REPORT

S.T., a 75-year-old white male, was admitted to the Bronx-Lebanon Hospital Center,

August 17, 1964, because of visual loss, nosebleeds, and back pain beginning 2 months before
admission. Previous bleeding symptoms were denied; the patient underwent prostatectomy

and herniorrhaphy in 1947 with no excess bleeding. Physical examination revealed bilateral
flame-shaped retinal hemorrhages, several ecchymoses, and blood oozing from the left

nostril. Neurologic examination was normal with the exception of bilateral calf fasciculation.
The hematocrit was 23 per cent, WBC 5300 per cu. mm., BUN 28 mg. per cent, total se-

rum proteins 11.9 Cm. per cent with A/C ratio 2.9/9.0, albumin 29.0 per cent, alpha-i
globulin 8.2 per cent, beta glubulin 56 per cent, and gamma globulin 4.4 per cent. Calcium

was 9.3 mg. per cent, and the uric acid 8.6 mg. per cent. Urinalysis showed 1+ proteinuria
initially but subsequent examinations for protein were negative. The Lee-White clotting

time was 60 minutes, the Duke bleeding time 41 minutes. A bone marrow aspirate was

hypercellular with 70 per cent early plasma cells. Iron stores were normal. Paper electro-

phoresis and immunoelectrophoresis showed a type II (lambda) IgA myeloma protein peak
which on ultracentrifugation had a prominent 9.4S peak and a small 13.9S peak. Markedly

increased serum viscosity was noted and it was difficult to separate serum from the clot. Bone
x-rays revealed osteoporosis without osteolytic lesions.

Several courses of plasmapheresis were carried out for bleeding symptoms, and this aspect
of therapy is summarized in Table 1. The patient was also treated with weekly intravenous
injections of tryptophane mustard, which was continued through May 1965. By mid-
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824 VIGLIANO AND HOROWITZ

Table 1.-Clinical Course

Dates
Plasmapheresis

(Liters)
Bleeding

Symptoms
Globulins
(Gm. %)

Bleeding
Time
(mm.)

Clotting
Time

(mm.)

Platelets
(cu. mm.

X 10’)

8/21/64 to

8/26/64

4.0 ++++

0

9.0

7.4

41

-

60

15

150

130

9/18/64 to
9/25/64

4.5 ++++

0

7.2

5.1

12

7

30

7

90

45

11/3/64

12/17/64

0

0.3

0

+

4.9

4.8

5

8
24
40

160

110

1/14/65 0 0 5.1 - - 100

3/25/65 0 0 5.4 - - 110

4/16/65 to

4/23/65

0.3 ++

0

6.5

-

19.5

7

26

18

140

140

5/6/65 to

5/8/65

0.6

0

++

0

-

-

24

10.5

30

35

130

80

5/26/65 0 0 6.7 18.5 - 110

6/16/65 0 0 9.6 21 - 125

7/8/65 0 0 10.3 - - 145

December 1964 a clinical remission occurred which lasted 4 months with complete disap-
pearance of bone pain, lack of bleeding symptoms, cessation of transfusion and plasma-

pheresis requirements, and maintenance of relatively low serum globulins. Relapse occurred
in April 1965 with rising globulins and severe nosebleeds. Plasmapheresis was again

successful in controlling epistaxis, although only small amounts of plasma were removed. In

June 1965 1-phenylalanine mustard (Alkeran) in a dose of 1 mg./Kg. was given over 7 days.
Further 1-phenylalanine mustard was not given because of severe neutropenia. Prednisone,

40 mg daily, was begun, and despite rising serum globulins and bleeding time, severe bleed-
ing did not recur until September 1965. When readmitted for plasmapheresis, he attempted
suicide by slashing his neck and subsequently expired. Autopsy revealed widespread myelo-

matous infiltration.

MATERIALS AND METHODS

Methods for Processing Blood Specimens

Whole blood was obtained by clean venepuncture and added to one-tenth volume of 3.8

per cent sodium citrate. Platelet-poor plasma (PPP) was prepared by centrifugation at

17,000 r.p.m. for 20 minutes. Platelet-rich plasma (PRP) was prepared by low-speed (800

r.p.m.) centrifugation of citrated blood collected in siliconized materials. Platelet pellets

were prepared from 4.0 ml. PRP by centrifugation for 5 minutes at 4000 r.p.m. Oxalated

plasma was prepared from whole blood collected in one-tenth volume of 0.1 M sodium oxa-
late; Bentonite adsorbed plasma by adding 30 mg. of Bentonite (Prolabo, Rhone-Poulenc,

France) to 1.0 ml. of plasma; Al (OH)3 adsorbed plasma by adding one volume of Al

(OH)3 suspension (Cutter Laboratories, Berkeley, California) to nine volumes of citrated
plasma; and Ba SO4 adsorbed plasma by adding nine volumes of oxalated plasma to the

thrice-washed precipitate of one volume of 0.1 M Ba Cl2 and one volume of 0.1 M Na2SO4.
The plasmas were shaken at room temperature for 15 minutes and the adsorbents removed

by centrifugation.
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BLEEDING SYNDROME IN A PATIENT WITH I�A MYELOMA 825

Reagents

Adenosine diphosphate (Sigma Chemical Co., St. Louis, Mo.) and bovine thrombin (Parke
Davis & Co., Detroit, Mich.) were dissolved in isotonic saline to the indicated concentra-

tions. Hemocoagulase (Reptilase, Pentafann, Basel, Switzerland was used as supplied by the

manufacturer. Camma globulin fractions were prepared by electrophoresis of plasma on

Pevicon blocks. Aortic connnective tissue suspensions were prepared by the method of
Zucker and Borelli,” except that homogenization was carried out in a Waring Blender for

15 minutes. Rabbit antthuman fibrinogen antiserum and immunoplates were obtained from
Hyland Laboratories, Los Angeles, Calif. Buffered saline pH 7.35 was prepared by adding

one volume imidazole buffer12 to nine volumes isotonic saline.

Coagulation Studies

Platelet adhesion to glass was studied by the method of Salzman,13 and in vivo platelet

adhe6ion by the method of Borchgrevink.14 Methods for measurements of fibrinogen, pro-
thrombin complex (Quick, and test of Ware and Stragnell). cephalin partial thromboplastin

times, thromboplastin generation test, and assay for factors V, VII, VIII, XI and XII were

previously reported.15 Unless otherwise described, thrombin times were performed by the

addition of 0.1 ml. of thrombin (5 NIH units/mi.) to 0.1 ml. of plasma in 0.5 ml. buffered

saline. When inhibitory activity of various reagents was tested, 0.1 ml. of the test reagent

was substituted for 0.1 ml. of buffered saline. The normal thrombin time in our laboratory

is 22-30 seconds.

RESULTS

Coagulation Studies and the Effect of Plasma pheresis. The results of initial

coagulation studies are shown in Table 2. Of note are the prolonged bleeding

time and absent clot retraction with a near-normal number of platelets and a

negative tourniquet test; the prolonged clotting time and prothrombin time

with abnormal activated partial thromboplastin time, yet a normal thrombo-

plastin generation test; and normal fibrinogen and fibrinolysis values. As shown

in Table 3 correction of the prolonged clotting and bleeding time, thrombin

times, and the abnormal prothrombin and modified prothrombin times occurred

following removal of 4.5 liters of plasma. Two defects were apparent in these

studies, one interfering with coagulation and one interfering with primary

hemostasis.

Cause of Prolonged Clotting Time. Partial thromboplastin times using mix-

tures of normal and patient’s plasma revealed the presence of an anticoagulant

in the patient’s plasma. Clotting time of the patient’s plasma was markedly

prolonged, and as little as two parts in 10 of patient’s plasma signfficantly pro-

longed the clotting time of normal plasma. The anticoagulant could not be

demonstrated at the completion of plasmapheresis (9/25) but was demon-

strable again 15 days later. The anticoagulant was an antithrombin, prolonging

the thrombin time of the patient’s plasma and of mixtures of the patient’s and

normal plasma. The inhibitor was not removed by adsorption of plasma with

Ba SO4, Al (OH)3, Bentonite, or by heat defibrination at 56 C. for 5 minutes.

In other experiments the inhibitor was found to be present in serum and in

plasma adsorbed with 15 mg. celite per ml. for 10 minutes at room tempera-

ture. As shown in Figure 1, dilution of the patient’s plasma with buffered

saline shortened the thrombin clotting time, whereas dilution of normal plasma

lengthened the thrombin clotting time.

This One
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Patient Normal

<7 mm.

Neg. to 1+

150-350,000/cu. mm.

5-15mm.

11.4 sec.

50 sec.

460mg. %

>120 mm.

30-45 sec.

200.-SOOmg.%

>120 mm.
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Table 2.-Routine Coagulation Studies

Duke bleeding time

Tourniquet test

Clot retraction

Platelet count

Lee-White clotting time

Quick prothrombin time

Prothrombin activity (Ware and

Stragnell)

Thromboplastin generation test

Thrombin time

Activated partial thromboplastin

time

Fibrinogen

Euglobulin lysis time

41 mm.

Neg.

Absent

162,000/cu. mm.

60mm.

l7sec.

40% 70-120%

Normal

59 sec. 22-30 sec.

Table 3.-The Effect of Plasmapheresis on Coagulation Tests

Before
Plasmapheresis

After
Plasmapheresis

Bleeding time 12 mm. 7 mm.

Clotting time 28 mm. 7 mm.

Prothrombin time 17.5 sec. 12.8 sec.

Prothrombin activity

(Ware and Stragnell) 34% 72%

Thrombin time 51 sec. 30.7 sec.

Fibrinogen 395 mg. % 295%

Factor V 62% 110%

Factor VII 66% 79%

Factor VIII 70% 95%

Factor X 42% 50%

Factor XI 85% 105%

Factor XII 100% 100%

O4�5 liters of plasma removed over 7-day period.

Isolated IgA protein from the patient’s citrated plasma, dissolved in normal

plasma at room temperature, reproduced the anticoagulant effect on the

thrombin time. Similarly prepared material from another patient with IgA

myeloma, and from one with IgG myeloma who had normal coagulation test

findings, had no effect. As with whole plasma, dilution of the plasma contain-

ing the patient’s IgA protein shortened the tKrombin time. These results are

presented in Table 4.

Mode of Action of the Antithrombin Identified in the Patient’s Plasma.

Heparin-like antithrombin activity has been reported in multiple myeloma,8.18

with correction by protamine sulfate. A protamine titration carried out on our

patient’s plasma failed to correct the prolonged thrombin time.

Reptilase, a venom obtained from the snake Bothrops fararaca, converts

fibrinogen to fibrin by itself splitting off fibrinopeptide A. A direct antithrombin

such as heparin does not significantly prolong the Reptilase time.19 0.1 ml. of

Reptilase was added to 0.2 ml. of citrated plasma at 37 C. The “Reptilase
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150 x PATIENT’S PLASMA

100

CLOTTING x
TIME

(SECS.)

50 x

x

NORMAL PLASMA

1/2 UNDILUTED

PLASMA DILUTION

Fig. 1.-The effect of plasma dilution on the thrombin clotting time. 0.1 ml. of

thrombin solution containing 5 units per ml. was added to 0.2 ml. of platelet-poor
plasma and to dilutions of plasma in buffered saline. Normal plasma gives a pro-
gressively lengthened thrombin time due to dilution of fibrinogen. In contrast, the

thrombin time of the patient’s plasma shortens. This paradoxical result is due to di-

lution of the inhibitor outweighing the effect of dilution of fibrmnogen.

Table 4.-The Anticoagulant Effect of Patient’s igA Myeloma Protein

Thrombin Time (sec.)

1. Normal Plasma + No Protein 17.2

2. Normal Plasma + Patient’s IgA 1.5 Gm.% 24.8

3. Normal Plasma + Patient’s IgA 2.0 mg.% 35.0

4. Mixture (3) + 3 volumes buffered saline 21.0

5. Normal Plasma + Other IgA 1.5 Cm.% 19.0

6. Normal Plasma + Other IgA 4.0 Cm.% 18.0

7. Normal Plasma + Myeloma IgG 1.5 Gm% 18.4

clotting time” of the patient’s plasma was 35 minutes, but was shortened to

13 minutes by diluting the plasma 1:4 in buffered saline. The Reptilase time of

normal plasma was 1.5 minutes and lengthened to 2.5 minutes when diluted

1:4 with buffered saline.

The antithrombin activity could not be ascribed to the presence of circu-

lating products of plasmin proteolysis.16 Clot lysis was not observed in whole

blood or plasma. Euglobulin lysis was normal. Fibrinogen determinations by

Fowell’s method or by thrombin precipitable protein were always normal and

the two methods were in good agreement. No fibrinogen breakdown products

could be found in the patient’s serum following immunodiffusion on gel plates

using antthuman fibrinogen antiserum.
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828 VIGLIANO AND HOROWITZ

Table 5.-The Effect of Calcium on the Thrombin Time

0 .0063 .0125
Molarity of Added CaC12

.025 .05 .1 .2 .25

Thrombin Time (sec.)

Normal plasma 26 24 22 20 19 22 40 63

Patient’s plasma 53 46 28 26 26 30 54 97

One possible explanation for the anticoagulant is that the patient’s abnormal

protein binds calcium, leaving it unavailable for coagulation reactions. Clots

formed from the patient’s recalcified plasma or from addition of thrombin were

permanent transparent gels with no visible fibrin stranding, instead of the

usual opaque fibrous structure. When the patient’s plasma was clotted with

thrombin in the presence of increased calcium concentrations, maintaining con-

stant volume with buffer, the structure of the clot changed from a transparent

gel to an opaque clot with visible fibrin stranding. As shown in Table 5, in-

creasing concentrations of calcium shortened the thrombin time of the patient’s

plasma but shortened the thrombin time of normal plasma as well. At the op-

timum level of added calcium (0.05 M) the thrombin time of normal plasma

remained 7 seconds shorter than that of the patient’s plasma.

Cause of Prolonged Bleeding Time. The patient’s Duke bleeding time was

prolonged, and was corrected or improved by plasmapheresis. Several Ivy

bleeding times were performed when the Duke bleeding times ranged from

10-19 minutes. Each time, the test was discontinued after 30 minutes, with

no evidence of slowing of bleeding. The tourniquet test was always normal,

and the patient’s platelets spread normally on glass, as observed under phase

microscopy.

The patient’s whole blood or recalcified platelet-rich plasma showed vie-

tually no clot retraction. When platelet pellets from the patient’s PRP were

resuspended in normal PPP, clot retraction was normal on recalcification.

Clot retraction was not diminished by the prior incubation of normal platelets

in the patient’s plasma for 5 minutes at 37 C. when such platelets were resus-

pended in normal PPP. However, when normal platelet pellets were sus-

pended in patient’s PPP, clot retraction was absent on recalcification. The

defect in clot retraction could not therefore be ascribed to the patient’s plate-

lets, or to interaction of his plasma proteins with normal platelets. Instead,

it appears to be a function of the gel formed when his blood “clots.” Good

clot retraction occurred when the patient’s PRP was diluted 1:5 in buffered

saline prior to recalcification.

The patient’s platelets functioned normally in a thromboplastin generation

test. Shortening of the stypven time on exposure to celite2#{176}was used as a

measure of platelet factor 3 release from the patient’s platelets. PRP was in-

cubated with 5 mg./ml. of celite at 37 C., and at appropriate intervals 0.1

ml. of the incubating mixture was added to 0.1 ml. of stypven (1:50,000) and

0.1 ml. CaCl2 (0.025 M) and the clotting time measured (Fig. 2). The actual

stypven times cannot be compared because of the anticoagulant in the patient’s
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STYPV�N

TIME

(SECS.)

PATIENT’S PRP

NORMAL PRP

Fig. 2.-Platelet factor 3 activation in platelet-rich plasma by celite powder. In-
cubation of normal or patient’s PRP with 5 mg. per ml. of celite powder shortens

the stypven time of each plasma proportionally. The stypven time of the patient’s
plasma remains longer than that of normal plasma as a result of the action of the
circulating anticoagulant.

plasma and the difference in platelet counts in the two PRP, but platelet

factor 3 release from both PRP’s appeared to occur in parallel.

Platelet adhesiveness as measured by the Borchgrevink technic14 was con-

sistently low. The values were 11-28 per cent (normal in our laboratory, 35-

60 per cent). On the other hand, adhesion to glass beads was consistently nor-

mal. The values were 20-34 per cent (normal in our laboratory, 20-65 per

cent).

In order to localize the abnormality in the Borchgrevink test, we investigated

the effect of the patient’s plasma on platelet clumping induced by ADP, throm-

bin or aortic connective tissue suspensions (CT). In the following experiments

0.2 ml. of patient’s or control PPP was added to 0.2 ml. of normal PRP and the

time for platelet aggregation determined following addition of 0.1 ml. of solu-

tions of ADP or thrombin or suspensions of CT. Tests were done in clean glass

test tubes, with continuous shaking at room temperature; the end point was

visible platelet clumping. Over the range of concentrations of ADP or thrombin

tested (Table 6) no difference between normal and patient’s plasma was

found. The marked prolongation of the clotting time caused by the patient’s

plasma was not accompanied by any significant prolongation of the clumping

time.

The addition of a connective tissue suspension to a mixture of normal PRP

and normal control PPP caused clumping in 44 seconds, approximately the

same time as for clumping of a mixture of normal PRP and patient’s PPP
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830 VIGLIANO AND HOROWiTZ

Table 6.-Effect of Patient’s Plasma on the ADP Clumping Time, Thrombin
Clumping Time and Thrombin Clotting Time of Normal Platelet-Rich Plasma

Thrombin

Clumping T ime (sec.) Clotting Ti me (sec.)

Normal Patient Normal Patient5

2.0 units/mi. 9 12 9 36
1.5 units/mI. 11 15 11 77

1.0 units/ml. 10 15 19 128

.1 units/mi. 17 17 85 7400

.01 units/mi. 40 43 - -

ADP

20 �tg./ml. 7 8 - -

2.0 ig./ml. 10 10 - -

.2 �g./ml. 27 25 - -

.06�tg./ml. 53 48 - -

#{176}Equalvolumes of normal or patient’s platelet-poor plasma were added to normal plate-

let-rich plasma and the mixtures clumped by the addition of ADP or thrombin solutions.

Table 7.-The Effect of the Patient’s Plasma on the Collagen Clumping
Time of Normal PRP

Collagen Clumping Time (sec.)

Before After After
Normal PRP + Incubation Incubation Washing

Collagen + normal PPP 44 47 37

Collagen + patient PPP 48 79 38

#{176}Incubation of freshly prepared coilagen suspension and normal or patient PPP one

hour at 37 C. prior to addition to normal PRP.

(Table 7). CT suspensions incubated with patient’s PPP had a clumping

time of 79 seconds when added to normal PRP, whereas incubation with nor-

mal plasma did not affect the platelet clumping activity. The clumping activity

of connective tissue could be restored and even enhanced by a single washing

in isotonic saline. The inhibitory effect of the patient’s plasma was directed

against CT, for the clumping of normal platelets was not affected by prior

incubation in the patient’s plasma when CT was added as the final reactant.

The clumping time remained normal if the patient’s plasma alone was incu-

bated at 37 C. for one hour prior to the addition of normal PRP and collagen.

In the experiment shown in Table 8, where another freshly prepared CT

clumped normal PRP in 69 seconds, the inhibitory property of the patient’s

plasma could be reproduced by the patient’s IgA protein dissolved in normal

plasma at a concentration of 2.5 Gm. per cent. IgA protein from a different my-

eloma patient was not inhibitory on incubation with connective tissue.

The effect of the patient’s plasma on the adhesion of normal or patient’s

platelets to glass was similar to its effect on CT. Citrated plasma was drawn

into the column of glass beads, and incubated at 37 C. for one hour. The plasma

was then removed by suction and the column used for platelet adhesiveness

studies. Both normal and patient’s platelets adhered normally to glass beads

that were incubated with normal plasma, or with beads that were rinsed

with patient’s plasma immediately before platelet trapping was tested. How-
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BLEEDING SYNDROME IN A PATIENT WITH I�A MYELOMA 831

Table 8.-The Effect of the Patient’s Isolated IgA Protein on the Collagen
Clumping Time of Normal PRP

Collagen Clumping Time (sec.)

Before After
Normal PRP + Incubation Incubation

Collagen + normal PPP 69 69
Collagen + patient IgA protein 75 90

Collagen + myeloma IgA protein 67 64

#{176}Normai PPP or patient IgA protein or IgA protein from another patient with myeloma,

both dissolved in normal PPP to a concentration of 2.5 Gm. per cent, were incubated for

one hour at 37 C. with freshly prepared collagen suspension before being added to nor-

mal PRP.

Table 9.-The Effect of the Patient’s Plasma on the Trapping of Platelets by a
Glass Bead Column

Pretreatment of
Glass Bead Column Patient

Normal
#1

Normal
#2

Normal
#3

Normal
#4

Normal
#5

Untreated 28 44 21 64 38 38

Incubated with normal PPP 31 33 21 69 48 48

Incubated with patient’s PPP 14 20 10 36 6 9

Rinsed with patient’s PPP 33 65 - 61 31 -

ever, when the glass bead column was incubated with the patient’s plasma,

the per cent of trapped platelets was reduced in the patient’s blood and in

each of five normal bloods (Table 9).

DIscussIoN

Bleeding tendencies are occasionally a significant feature of multiple mye-

loma. A list of possible causes for bleeding from a recent text22 includes:

(a) thrombocytopenia; (b) thrombocytopathia resulting from coating of plate-

lets by abnormal protein as described by Pachter23 in cases of macroglobu-

linemia, with impaired release of platelet factor 3; (c) infiltration of the vas-

cular wall by the abnormal protein; and (d) abnormalities of the process of

blood coagulation. In addition, the recently described hyperviscosity syndrome

has been proposed as a cause of bleeding in patients with macroglobuline-

mia2425 and in certain patients with gamma globulin aggregation in vivo.26

In our patient the mild to moderate thrombocytopenia present probably

played little role in his bleeding symptoms. Indeed, Table 1 shows that plate-

let levels decreased during two intensive courses of plasmapheresis which

were successful in controlling bleeding symptoms. The total serum globulins

correlated well with the bleeding time.

At various times the patient had mucous membrane bleeding, purpura,

dizziness, weakness out of proportion to anemia, blurring of vision, retinal

hemorrhages, and a grossly detectable increase in serum viscosity. Many of

these symptoms have been attributed to increase of serum viscosity in macro-

globulinemia24’25 and in IgG multiple myeloma2#{176} with gamma globulin aggre-

gation in vivo. Although symptoms such as cardiac failure or syncope may be

direcfly related to changes in the blood Viscosity, it is difficult to explain hemor-
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832 VIGLIANO AND HOROWITZ

rhagic phenomena on the basis of increased blood viscosity alone. Smith et

al.26 have suggested that platelet coating described by Pachter25 in cases with

macroglobulinemia may be operative. We failed to find evidence of impaired

platelet factor 3 release, or, indeed, of any interaction between the abnormal

protein and the patient’s or normal platelets. At one point the viscosity of

the patient’s serum was determined to be 4.5 times normal, but changes in

viscosity were not measured or correlated with plasmapheresis. When serum

hyperviscosity and a bleeding disorder coexist, the causal relationship is not

proved, and a specific disturbance in hemostasis should still be sought.

Since the protein from each patient with multiple myeloma is different, it

is not surprising that patients may be found in whom the protein interferes

with normal blood coagulation and hemostasis at different sites. The presence

of an anticoagulant in our patient was demonstrated by the ability of small

amounts of his plasma to prolong the recalcified clotting time of normal plasma.

It was identified as an antithrombin or an inhibitor of fibrin polymerization

by the prolonged thrombin times found in mixtures of normal and patient’s

plasma. The apparent discrepancy between the markedly prolonged whole

blood clotting time and the modest prolongation of the thrombin time in Tables

2 and 3 can be explained by the sevenfold dilution of the patient’s plasma in

the thrombin test. With reference to Figure 1, it can be seen that a 51 to 60

second diluted thrombin time corresponds to an undiluted thrombin time of

over 150 seconds.

Interference in the conversion of fibnnogen to fibrin has been a frequent

site of anticoagulant action by myeloma proteins. Several cases of multiple

myeloma with circulating heparinoid anticoagulants have been described.8”7

Protamine corrected the defect in these patients, either in vitro or in vivo, but

did not shorten the thrombin time of our patient’s plasma.

Verstraete and Vermylen7 have found an abnormal protein with rather

specific properties in five patients with multiple myeloma. The anticoagulant

was present in plasma and serum, stable at 56 C. for 10 minutes, not adsorbed

by Ba SO4 or Al (OH)3, not neutralized by protamine sulfate, active without

preincubation, and prolonged the Reptilase as well as the thrombin times. A

similar group of properties was noted by Loeliger and Hers27 in a case of

rheumatoid arthritis, hypergammaglobulinemia and a hemorrhagic disorder,

and was termed by them “antithrombin V.” Verstraete and Vermylen con-

cluded that the site of action of the anticoagulant was at the level of fibrin

polymerization, rather than being a direct antithrombin. The anticoagulant in

our patient appears to be identical to antithrombin V.

The relationship of antithrombin V to the other hemostatic defects noted in

our patient is not clear. Gelification of the clot has been present in all cases

with antithrombin V1,2,4.7.b0 and appears to reflect the morphologic counter-

part of defective fibrin polymerization inferred from the other data. Additional

calcium converted the gel to a normal fibrous clot, as it did with Craddock’s

patient. Craddock et al.4 found that the thrombin time was markedly short-

ened when increased calcium was added to the plasma of their patient. They

suggested that the abnormal protein binds calcium, leaving it unavailable
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for clotting. Glueck et al.1#{176}studied two patients with a similar anticoagulant;

one had myeloma and the other had dysproteinemia of unknown etiology. In

both cases abnormal binding of calcium to the gamma globulin fractions

were clearly demonstrated, and the in vivo infusion of ionized calcium im-

proved the abnormal thrombin time. Although abnormal calcium binding is

an attractive explanation of the mode of action of this anticoagulant, it should

be pointed out that none of the patients involved have had clinical symptoms

of hypocalcemia, and that added calcium shortens the thrombin time of nor-

mal and deficient plasma17 as well as the abnormal thrombin times of those

plasmas with antithrombin V. Thus the abnormal calcium binding of the

paraproteins may not completely account for their anticoagulant action. Absent

clot retraction noted in some of these patients4’1#{176} likewise can be explained

by the mechanical properties of the incompletely polymerized fibrin gel. By

suspending platelet pellets prepared from the patient or from normal donors

in normal or in the patient’s PPP, we were able to localize the defect in clot

retraction to the plasma rather than the platelets.

Can a fibrinogen-fibrin conversion defect account for prolongation of the

bleeding time? Review of the previously reported cases with antithrombin

V1,2,4,7 make this possibility unlikely, for all but one had a normal bleeding

time. The role of fibrinogen in primary hemostasis is not certain. It is known

that thrombin can produce platelet aggregation, and that this is inhibited by

heparin.28 Reptilase can also produce platelet aggregation.29 Plasmin treat-

ment of platelets, or addition of fibrinogen degradation products, will inhibit

thrombin or ADP-induced platelet clumping.30 On the other hand, platelets

from patients with congenital afibrinogenemia, lacking demonstrable fibrino-

gen, will clump with thrombin, although adhesion to glass may be abnormal

with correction by fibrinogen infusion.31’32 The long bleeding time, sometimes

present, may also be corrected. The finding that the patients’ plasma could

markedly impair the thrombin clotting of normal PRP but not delay platelet

clumping adds further evidence that normal fibrin polymerization is not es-

sential for thrombin-induced platelet clumping. Thus, one possibility is that

only the proteolytic effect of thrombin on fibrinogen is needed to induce plate-

let clumping. It is possible, however, that thrombin induces platelet clumping

by acting on a substrate other than fibrinogen, as suggested by Grette.33

Salmon34 and Nachman35 have demonstrated that immunologic and electro-

phoretic characteristics of nonfibrinogen platelet substrates may be altered

by thrombin.

The prolonged bleeding time in our patient thus cannot be attributed to the

presence of antithrombin V. Nor can a functional impairment of the patient’s

platelets be implicated, for under test conditions his platelets functioned nor-

mally in clot retraction, platelet factor 3 release, and clumping induced by

thrombin, ADP or CT suspensions. Indeed, evidence for inhibitory interaction

between the patient’s abnormal protein and his or normal platelets could not

be found. Current concepts2’ indicate that the initial reaction in in vivo hemo-

stasis is the adhesion of platelets to connective tissue fibers. Adhering plate-

lets release ADP, which in turn causes additional platelets to cohere, finally
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forming the platelet plug. With the elaboration of thrombin the platelets

undergo changes ( viscous metamorphosis ), making for a more solid plug. All

these factors presumably influence the Borchgrevink test but may play lesser

roles in the Salzman glass bead column. Interaction of platelets and connective

tissue, for example, does not occur in the Salzman test. The only abnormality

we found which could explain the prolonged bleeding time, poor in vivo plate-

let adhesion, but normal adhesion to a glass bead column is an interaction be-

tween the paraprotein and CT suspensions. Thus, the platelet clumping ac-

tivity of connective tissue suspensions decreased after incubation with the

patient’s plasma or his isolated IgA protein. Similarly, glass beads pretreated

with the patient’s plasma showed impaired ability to entrap platelets. Since

the loss of activity of connective tissue can be restored by washing with saline,

this suggests a weak coating of low specificity rather than an “antibody” to

connective tissue. The ability of at least one other protein to coat collagen and

inhibit platelet plug formation has already been noted. Hovig37 found that

collagen coated with fibrin lost its ability to adhere to platelets and induce

aggregation. The removal of fibrin restored the effect on platelets.

Interaction between myeloma proteins and CT surfaces have not hitherto

been described as a cause for a prolonged bleeding time. The abnormality

should be considered in any patient with dysproteinemia and a long bleeding

time.

SUMMARY

A bleeding diathesis in a case of IgA myeloma was found to be associated

with at least two abnormalities in the hemostatic mechanism. Both were re-

lated to the presence of the abnormal myeloma protein and improved with

plasmapheresis and with response to tryptophane mustard therapy. The first

abnormality stems from interference with fibrinogen polymerization and is re-

sponsible for prolonging the clotting time, acting as an anticoagulant on ad-

dition of the patient’s serum to normal blood, and giving rise to the gelification

phenomenon noted on clotting. This abnormality is partially, but not com-

pletely, corrected by calcium; it has previously been described in other pa-

tients with multiple myeloma. The second abnormality results from coating

of collagen (as well as other surfaces) by the abnormal protein and causes

the prolonged bleeding time and poor in vivo adhesion of platelets. This ab-

normality has not been previously described and appears to be partially re-

sponsible for the patient’s bleeding.

SUMMARIO IN INTERLINGUA

In un caso de myeioma IgA il esseva trovate que le diathese sanguinatori presente in jib

esseva associate con a! minus duo anormalitates in le mechanismo hemostatic. Ambe iste

anormalitates esseva relationate con le presentia del anormai proteina de myeloma e se
meliorava con plasmopherese e con le responsa positive del patiente a therapia con
mustarda de tryptophano. Le prime del anormalitates resultava de un interferentia in le
polymerisation de fibrinogeno e esseva responsabile pro le prolongation del tempore

coagulatori. Jib ageva como anticoagulante post le addition del sero del patiente a sanguine
normal e produceva le phonomeno gelificatori notate in le coagulation. Iste anormalitate

esseva corrigite in parte, sed non completemente, per calcium. Jib ha previemente essite
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describite in altere patientes con myeloma muitiplice. Le secunde anormalitate resultava

ab be revestimento de collageno (e etiam de abtere superficies) per be proteina anormal
e esseva responsabile pro le prolongate tempore sanguinatori e le defective adhesion in

vivo de plachettas. Iste anormalitate ha non previemente esseva describite e esseva

probabilemente responsabile in parte pro le diathese sanguinatori del patiente.
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