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A clinical syndrome characterized by hypo-
fibrinogenemia, a coagulation defect, often an
associated severe hemorrhagic diathesis, and mani-
festations of whole blood or plasma “fibrinolysis”
(spontaneous lysis of whole blood or plasma
clots) has long been recognized (1). The con-
ditions may develop: following surgery (2, 3),
particularly thoracic surgery (4, 5) ; be associated
with obstetric complications (6, 7), notably
abruptio placenta (8-11); develop rarely during
the course of neoplastic disease (12), but more
commonly if the prostate is involved (13, 14);
complicate the course of hepatic cirrhosis (15-18)
or certain other medical conditions, most fre-
quently in their terminal stages.

Since the syndrome may complicate many dis-
ease conditions and is most frequently manifested
by rapid whole blood clot lysis, it often has been
described as a “pathological fibrinolytic state” or
as “fibrinolysis as a disease state.” However,
since the phenomenon involves the action of pro-
teolytic rather than strictly fibrinolytic enzymes,
descriptive terms involving the word proteolytic
rather than fibrinolytic are clearly preferable.
Such terms as “excessive plasma proteolytic ac-
tivity” or “pathological proteolytic state” not only
define the condition more accurately, but focus
attention on its wider ramifications.

Hitherto the study of the syndrome in humans
has been difficult for it occurs more frequently as

* This work was supported by a grant from the Na-
tional Heart Institute (H3745), United States Public
Health Service, Bethesda, Md. Presented in part at the
Fifty-first National Meeting of the American Society for
Clinical Investigation, Atlantic City, N. J., May, 1959
(J. clin. Invest. 1959, 38, 1005) and at the Thirty-third
Annual Meeting of the Central Society for Clinical Re-
search, Chicago, Ill, October, 1960 (J. Lab. clin. Med.
1960, 56, 813).

an acute rather than as a chronic state and when
recognized clinically is usually associated with a
severe hemorrhagic diathesis requiring urgent
treatment. Consequently the opportunity for
clinical investigation has been severely limited and
most studies have been made in vitro or in
animals.

Recently the iatrogenic induction of this syn-
drome, arising secondarily to the treatment of
patients with acute thromboembolic complications
by enzymatic means, has both enhanced its im-
portance and offered unique opportunities for its
investigation (19-23). Data on the coagulation
defect and the associated hemorrhagic diathesis
resulting from the therapeutic infusion of plas-
minogen activators suggested that the pathogene-
sis of the coagulation defect was related directly
or indirectly to the proteolysis of fibrinogen and
the production of an inhibitor interfering at the
stage of fibrinogen-fibrin conversion (19, 24).

It will be the purpose of this communication to
describe the coagulation anomalies developing in
streptokinase-treated patients and in others in
whom hyperplasminemia  arose spontaneously ; to
indicate the essential identity of these states; to
describe their simulation by in vitro experiment;
and to suggest that the coagulation anomaly, de-
veloping during hyperplasminemia, may be pri-
marily explained by the concept that fibrinogen,
or fibrin proteolysis, or both lead to the produc-
tion of breakdown products which interfere at the
stage of fibrinogen-fibrin conversion. In a fur-

1 The word “hyperplasminemia” is used to designate a
pathological state of enzymatic activity in plasma during
which substrates susceptible to plasmin action may be
destroyed. As will be apparent from the first section in
this communication, hyperplasminemia in vivo is a com-
plex equilibrium state controlled by a number of inter-
related and competing reactions.
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ther communication (25) we will describe the
pathogenesis of a uniquely determined coagulation
defect—defective fibrin polymerization—in which
a specific inhibitor, derived from the proteolysis
of fibrinogen, interferes with the polymerization
of fibrin monomer and thus with normal clotting.
The present communication will be divided into
six separate but interrelated sections: 1) the ef-
fects of the hyperplasminemic state in man and
its simulation in witro; 2) the properties of fi-
brinogen digests prepared by enzymatic digestion;
3) coagulation findings in vivo during hyperplas-
minemia and in vitro after adding fibrinogen di-
gest to plasma; 4) electrophoretic identification
of fibrinogen digest products in plasma; 5) the
relation between fibrinogen proteolysis and the
coagulation anomaly observed i wvivo; and 6)
recovery from the effects of hyperplasminemia.

MATERIALS AND METHODS

Preparations

Two batches of purified bovine fibrinogen (922 and
99 per cent 3 of the nitrogen being clottable by thrombin)
were used. Purified human fibrinogen (91 per cent of
the nitrogen being clottable by thrombin) was prepared
by the method of Kekwick, Mackay, Nance and Record
(26), dissolved in citrate buffer, and stored frozen in
small aliquots. Fibrinogen was iodinated with I'* as
previously described (20).

Plasminogen was prepared and plasmin obtained by its
spontaneous activation in glycerol as previously described
(27), or by activation with streptokinase, the plasmin
later being rendered activator-free (28). Enzymatic ac-
tivity was expressed in casein units (29).

Trypsin 4 was a salt-free twice crystallized preparation
assaying at 0.25 casein U per ug and soybean trypsin
inhibitor (SBTI),* a crystalline preparation. Thrombin
(Parke-Davis) was dissolved in 50 per cent glycerol solu-
tion and stored at —20° C. Heparin was a highly purified
commercial preparation.5 e-Aminocaproic acid was a
highly purified, doubly recrystallized preparation.6 Strep-
tokinase (SK) was supplied in the form of a highly puri-

2 Kindly supplied as a lyophilized salt-free preparation
by Dr. Kent Miller, New York State Department of
Health Laboratories, Albany, N. Y.

3 Kindly supplied by Dr. Birger Blomback, Karolinska
Institute, Stockholm, Sweden.

4 Worthington Biochemical
N. J.

5 Fisher Scientific Company, St. Louis, Mo.

¢ Kindly supplied by Dr. Gilbert Bayne, Merck Sharp
and Dohme Research Laboratories, West Point, Pa., and
Dr. William Sweeney, Lederle Laboratories Division,
American Cyanamid Co., Pearl River, N. Y.

Corporation, Freehold,
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fied preparation or as Varidase.” Tosylarginine methyl
ester (TAMe) was a crystalline preparation.®

Fibrinogen digests were prepared by incubating a 1 per
cent solution of fibrinogen (borate buffer 0.1 M, pH 8.0)
at 25° C with plasmin to a final concentration of 2 to 5
casein U per ml, or trypsin to a final concentration of
2 to 5 casein U per ml. Every 5 minutes, 0.05 ml of
specimen was assayed for its ability to prolong the
thrombin clotting time of the test system (vide infra) ;
after a plateau of activity had been attained, residual
enzyme was inhibited with SBTI. Aliquots were stable
when stored at —20° C.

Methods

Plasma fractionation with ether was performed by the
method of Kekwick and Mackay (30), the F, F., and
F,W fractions being isolated. Electrophoretic patterns
on these fractions were similar to those reported by
the original authors. Plasma fractionation with alcohol
(Cohn fractionation) was performed by the method of
Lever and co-workers (31). SBTI was added to a final
concentration of 0.1 mg per ml to material subjected to
fractionation and to subfractions to prevent proteolysis.
SBTI was similarly added to specimens undergoing dial-
ysis prior to electrophoresis.

Boundary (Tiselius) electrophoresis was performed in
a Perkin Elmer® 38 A apparatus, the 2-ml cell being
employed. All runs were made with barbital buffer, 0.1
ionic strength, pH 8.6. The adequacy of specimen dial-
ysis was checked by conductivity measurements.10

One-stage prothrombin times, two-stage prothrombin
assays, Factor V (accelerator globulin) assays, anti-
plasmin assays, plasma plasminogen assays, platelet
counts, and the thrombin clotting time were performed as
previously described (19). However, where fibrinogen
proteolysis mixtures were assayed, the thrombin clotting
time was determined in the presence of added plasma
[0.05 ml specimen, 0.05 ml standard bank plasma, 0.3 ml
thrombin titration mixture (32), and 0.1 ml thrombin
(10 U per ml)]: the control clotting times were 12 to 14
seconds. Recalcification times were determined in glass
tubes using 0.2 ml oxalated plasma (blood centrifuged for
10 minutes at 3,000 rpm) and 0.2 ml 0.025 M CaCl,
at 37° C.

Fibrinogen was estimated by the method of Ratnoff and
Menzie (33), modified both by the addition of 0.1 ml 1
per cent SBTI to prevent further proteolysis, and a 12-
hour precipitation period to ensure complete recovery of
the precipitate. Results were in agreement with those
obtained by an immunological method.ll1 Where plas-
minogen activator concentration in plasma was known to

7 Kindly supplied by Dr. James Ruegsegger, Lederle
Laboratories, Division of American Cyanamid Company,
Pearl River, N. Y.

8 Mann Laboratories, New York, N. Y.

9 Perkin Elmer Corporation, Norwalk, Conn.

10 Leeds and Northrop Company, Philadelphia, Pa,,
conductivity bridge and 2-ml conductivity cell.

11 “Fj test,” Hyland Laboratories, Los Angeles, Calif.
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VARIATION IN ANTIPLASMIN DURING STREPTOKINASE
TREATMENT
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Fic. 1. PLASMA CONCENTRATIONS OF PLASMINOGEN
AND ANTIPLASMIN DETERMINED SERIALLY IN FIVE PA-
TIENTS RECEIVING INTENSIVE SK THERAPY. Values have
been expressed as per cent of pretreatment levels and
averaged, but the range of antiplasmin determinations is
also shown. A substantial excess of antiplasmin was
present in the plasma of all patients throughout the course
of treatment, despite the fact that complete activation of

plasma plasminogen occurred in every case.

be high, e-aminocaproic acid (29) to a final concentration
of 0.02 M was used instead of SBTI. With these modi-
fications, fibrinogen added to SK-treated plasmas was
quantitatively recovered.

Nonclottable I"'-labeled fragments. During the pro-
teolysis of I'-fibrinogen, it was expedient to determine
the quantity of labeled fragments remaining in the super-
natant after clot formation; 0.15 ml specimen, 0.65 ml
plasma, and 0.1 ml SBTI (10 mg per ml) were clotted
by the addition of 0.1 ml thrombin (100 U per ml).
Clots were wound out on wooden applicator sticks and
‘the supernatant left in the cold overnight; any further
clots were then removed. Radioactivity in the clots and
in the supernatant was determined as previously de-
scribed (34).

TCA-soluble tyrosine. Aliquots (0.3 ml) of fibrinogen

undergoing proteolysis were added to 0.7 ml 10 per cent
trichloroacetic acid (TCA). The precipitate was washed
with 7 per cent TCA and dissolved in 0.5 N NaOH and
tyrosine determined on supernatant and precipitate with
the Folin-Ciocalteau reagent (27).
- The method of patient treatment with SK was as pre-
viously described and certain of the findings reported here
refer to the original group of patients (19, 23). Hyper-
plasminemia developing in association with various dis-
ease states was diagnosed by the criteria listed in the
Appendix. .

The nomenclature of blood clotting.factors accepted by
the International Committee on Blood Clotting Factors
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(35, 36) has been followed. Standard statistical methods
were employed (37).

RESULTS

Effects of hyperplasminemia in wman and its
simulation in vitro

Patients receiving large doses of the plasmino-
gen activator, streptokinase, develop hyperplas-
minemia because of activation of endogenous
plasma plasminogen. Detailed observations on
this condition have been reported (19) and atten-
tion drawn to its usual self-limiting and transient
course.

In wvitro assays reveal that whereas plasma
plasminogen averages 3 casein U per ml, plasma
antiplasmin averages 5 casein inhibitor U per ml
(19). Shown in Figure 1 are assays for plasma
antiplasmin made on serial samples drawn from
five patients who received SK therapy. The
average plasminogen levels are plotted on the
figure and antiplasmin values are expressed as
percentage of the original starting concentration
(mean and range of the observations are shown).
At 3 hours, by which time 90 per cent of the
plasminogen had been activated, antiplasmin val-
ues had fallen to 50 per cent of the original
(range, 65 to 35 per cent) ; with continued treat-
ment, even though plasminogen levels slowly fell
to zero or near zero levels, antiplasmin levels
commenced to rise and by the fifteenth hour were
80 per cent of the starting value (range, 100 to
65 per cent). Noteworthy is the finding that at
all times and in all patients uncomplexed anti-
plasmin was present in substantial amount.

‘However, despite the presence of excess anti-
plasmin in the plasma, the patients’ plasma fi-
brinogen fell an average of 25 per cent and all
developed a coagulation defect, the average one-
stage prothrombin time rising from 15 to 24
seconds. o .

Figure 2 illustrates serial determinations of
plasma plasminogen, fibrinogen, and the severity
of the coagulation anomaly (measured by pro-
longation of the thrombin clotting time) following
the treatment of plasma with three different con-
centrations of SK (20, 40, and 80 SK U per

‘ml plasma).

The two higher concentrations of SK (40 and
80 U per ml) caused a more severe coagulation
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defect and a greater fall in plasma fibrinogen and
plasminogen than did the lowest concentration
(20 SK U per ml). However, interesting differ-
ences were apparent between the effects of the 40
and 80 SK U per ml concentrations. Both con-
centrations effectively reduced plasma plasmino-
gen to zero or near zero levels, but as indicated
in the left-hand panel of Figure 2, the speed with
which this reduction occurred was different. The
slope of initial plasminogen reduction was ap-
proximately twice as fast with 80 as with 40 SK
U per ml and this increased rate of plasminogen
activation was associated with a significantly
greater and faster fall of plasma fibrinogen. A
corresponding increase in the severity of the co-
agulation anomaly also occurred, and this sug-
gested that fibrinogen proteolysis could be related
to the coagulation anomaly.

Enszymatic proteolysis of fibrinogen: Properties of
the digestion products

Plasmin and trypsin degrade fibrinogen so that
it becomes totally incoagulable by thrombin. The
resulting enzymatic digests, after the addition of
a suitable plasmin or trypsin inhibitor, possess
novel properties not exhibited by the native fi-
brinogen. Whereas a solution of native fibrino-
gen, when added to a plasma or fibrinogen test
system, will normally shorten the thrombin clot-
ting time of the mixture, an equivalent quantity
of fibrinogen digest will greatly prolong the

FIBRINOGEN -MG/ML. | THROMBIN CLOTTING

PLASMINOGEN-CAS.
u/ML. TIME - SEC.

4 60 20 40 €0

0O 20 40 60 20
INCUBATION TIME !N MINUTES

F16. 2. EFFECT OF ADDING THREE DIFFERENT CONCEN-
TRATIONS OF SK (20, 40, AND 80 U PER ML) TO A SINGLE
pLAsMA. SK concentrations are designated by a super-
script number and serial assays for plasminogen (left-
hand panel), fibrinogen (middle panel), and thrombin
clotting time (right-hand panel) are shown for each
concentration.
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F1c. 3. FIBRINOGEN PROTEOLYSIS BY TWO CONCENTRA-
TIONS OF PLASMIN (2 LEFT-HAND PANELS) AND BY TWO
CONCENTRATIONS OF TRYPSIN (2 RIGHT-HAND PANELS).
Thrombin clotting time (all panels) refers to the ability
of the digest to prolong the thrombin clotting time of the
standard assay system. This parameter is correlated with
the development of TCA-soluble tyrosine (above), and
using I*'-labeled fibrinogen with the formation of non-
clottable I"-labeled fragments (below).

thrombin clotting time of the mixture.!> Indeed,
under suitable experimental conditions, the throm-
bin clotting time of the mixture may be prolonged
to infinity,

Figure 3 illustrates serial findings, especially
with relation to the development of “antithrom-
bin” activity, occurring during the enzymatic pro-
teolysis of I'*!-labeled fibrinogen by plasmin or
trypsin. The original concentration of fibrinogen
was 3.4 mg per ml in the two top sections of the
diagram and 10 mg per ml in the two bottom
sections; the left-hand sections illustrate experi-
ments with two concentrations of plasmin and the

12 Conventional usage would suggest that the term
“antithrombic activity” should be applied to designate the
property of fibrinogen digestion products in prolonging
the thrombin clotting time of normal plasma. Similarly
it would be customary to state that during the digestion
process an “antithrombin” was formed. This nomencla-
ture is clearly unsatisfactory, for its use implies that a
specific mechanism of inhibition has been demonstrated
where such is not the case. Nevertheless, because other
suitable terms are lacking, the words “antithrombin” and
“antithrombic activity” will be used sparingly in this
communication, solely for descriptive convenience and
without any implications as to the mechanisms of action.
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F16. 4. INHIBITION OF CLOTTING BY PROTEOLYTIC PROD-
ucts. The property of fibrinogen or fibrin digests to
inhibit clotting of the standard assay system (thrombin
clotting time, ordinate) was a function of the concentra-
tion of proteolysis products (abscissa) and independent
of its source, fibrin or fibrinogen, or the enzyme em-
ployed, trypsin or plasmin.

right-hand ones those with two different concen-
trations of trypsin.

The upper two graphs show that plasmin and
trypsin, employed in approximately equivalent
proteolytic concentrations, degrade fibrinogen in
a virtually indistinguishable manner.’®* In both
instances the ability of the digest solution to pro-
long the thrombin clotting time of the assay sys-
tem (“antithrombin” action) increased similarly
to an equal peak and thereafter remained stable,
even though test of residual enzymatic activity at
the end of the experimental period of 2 hours
showed in both instances less than 20 per cent
enzymatic decay. Of additional significance is the
fact that although the digest “antithrombin” ac-
tivity stabilized early in the experiment, further
digestion, as evinced by a small but steady rise

13 Purified fibrinogen preparations are invariably con-
taminated with plasminogen. Consequently, the similarity
between the actions of trypsin and plasmin on fibrinogen
might result not only from the specific enzymatic actions
of trypsin on fibrinogen, but also because this enzyme is
a plasminogen activator.
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of TCA-soluble tyrosine, continued throughout
the experiment.

The two lower graphs illustrate different ex-
perimental conditions, for in this instance tryptic
activity was relatively five times as great as plas-
min activity : “antithrombin” activity of the plas-
min digest rose more slowly than that of the
tryptic digest, but the final recorded activities
were equal. The other parameter measured in
these experiments was the nonclottable I*3*. This
determination (see Methods) involved mixing an
aliquot of digest (to which an enzyme inhibitor
had been added) with plasma, clotting the mix-
ture with thrombin, and determining the amount
of supernatant radioactivity. The lower two
graphs show that the nonclottable 1'3! assay paral-
leled, in both experiments, the rise of “antithrom-
bin” activity. However, in neither instance was
more than 90 per cent of the I'*! detected in the
supernatant.

It may be inferred from Figure 3 that trypsin
and plasmin exert quantitatively similar actions on
fibrinogen, at least as far as the ability of both
species of proteolysis products to prolong the
thrombin clotting time of the assay system is
concerned. The validity of this inference is con-
firmed by Figure 4, which illustrates the pro-
longation of the thrombin clotting time of the

80
60

a0

CLOTTING TIME - SECS.

THROMBIN CONC. IOU/ML.
20

Tt 5 4 5 6 1
I/FIBRINOGEN CONC.(MG/ML)

F16. 5. INFLUENCE OF FIBRINOGEN CONCENTRATION
(1/FIBRINOGEN CONCENTRATION, ABSCISSA) ON CLOTTING
TIME (1/REACTION VELOCITY, ORDINATE), USING A SINGLE
THROMBIN CONCENTRATION AND TWO DIFFERENT CONCEN-
TRATIONS OF FIBRINOGEN PROTEOLYSIS PRODUCTS. This
data, analogous to'a Lineweaver-Burk plot, suggests that
fibrinogen proteolysis products interfere competitively at
some stage of fibrinogen-fibrin conversion.
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Normal Plasma + Fibrinogen
Proteolysis Products
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Fic. 6. COAGULATION ANOMALIES OCCURRING IN A PATIENT WHO RECEIVED SK THERAPY
(LEFT-HAND PANEL), IN A PLASMA TO WHICH STREPTOKINASE HAD BEEN ADDED (MIDDLE PANEL),
AND IN A PLASMA TO WHICH INCREMENTAL ADDITIONS OF FIBRINOGEN PROTEOLYSIS PRODUCTS
WERE MADE (RIGHT-HAND PANEL). Ordinate values are similar throughout, but the abscissal
scales are different: at the left, the scale is time in hours; in the middle, time in minutes; and
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on the right, concentration of fibrinogen proteolysis products.

The general similarity (see text)

between the coagulation findings recorded in each panel is evident.

assay system as a function of the concentration of
plasmin or trypsin proteolysis products. Pro-
longation of thrombin clotting time in the assay
system was influenced solely by the concentration
of proteolysis products and was independent of
the enzyme employed.

The data displayed in Figure 4 also demon-
strate that fibrin may be substituted for fibrinogen
as the source of proteolysis products without
quantitative disturbance in the yield of ‘“anti-
thrombin.” The experiment was conducted by
clotting an aliquot of fibrinogen with a small
quantity of thrombin prior to enzymatic digestion,
and comparing the effect of this digest to that of
a control fibrinogen aliquot. The yields of “anti-
thrombin” were similar in every case.

Figure 5 shows the effect on the thrombin
clotting time of adding two separate concentra-
tions of fibrinogen proteolysis products to varying
concentrations of fibrinogen. The graph is plotted
in Lineweaver-Burk form; the abscissa is the
reciprocal .of the fibrinogen concentration and the
ordinate is clotting time in seconds (a reciprocal

of reaction velocity). The control and fibrinogen
proteolysis product assay lines intercept on the
ordinate, suggesting that fibrinogen proteolysis
products “competitively” inhibit at one or more
stages of the over-all reaction of fibrinogen-fibrin
conversion by thrombin.

The coagulation defect arising in patients and its
n vitro simulation

Figure 6 (left-hand portion) shows serial co-
agulation assays on a patient receiving strep-
tokinase therapy. Maximum abnormalities in the
one-stage prothrombin test, thrombin clotting
time, fall of Factor V activity, and fall in fibrino-
gen occurred after 4 hours’ treatment, at which
time plasminogen levels were zero or near zero.
Despite the continuance of therapy, the coagula-
tion abnormalities showed steady improvement
during the next 16 hours, by which time the
plasma fibrinogen had risen to normal levels.
This patient exhibited no clinical evidence of a
hemorrhagic diathesis. Occasionally, under these
circumstances (19) severe coagulation abnormali-
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Fic. 7. THROMBIN CLOTTING TIME (ORDINATE) AS A
FUNCTION OF THROMBIN CONCENTRATION (ABSCISSA).
The left-hand panel shows normal plasma, plasma from
a patient with hyperplasminemia, and a plasma containing
fibrinogen proteolysis products (1.8 mg per ml). The
right-hand panel shows normal plasma, plasma containing
urea (120 mg per ml), and plasma containing TAMe (5
mg per ml). With the exception of the TAMe-contain-
ing plasma, the difference in thrombin clotting time be-
tween the normal and abnormal plasmas was unaltered by
increase of thrombin concentration.

ties may be produced and a clinically important
hemorrhagic diathesis may result.

The middle portion of Figure 6 illustrates serial
coagulation assays made on a plasma specimen to
which SK had been added in witro. The time
scale in this instance is in minutes as compared
to the time scale of hours as shown on the left.
The middle section illustrates a more profound
degree of hyperplasminemia as plasminogen acti-
vation was faster, the fall of fibrinogen was
greater, and the respective changes in the one-
stage prothrombin test, the thrombin -clotting
time, and the fall of Factor V activity were some-
what greater. Since this was an in vitro test
system, the coagulation defect ultimately stabilized
and there was no recovery phase. Despite these
differences, attendant upon the use of a different
experimental model, the changes between the left
and middle portions of Figure 6 show remarkable
- qualitative similarities.

The right-hand portion of the diagram illus-
trates the effects of adding increments of fibrino-
gen digest (prepared by plasmin digestion of
fibrinogen with subsequent inhibition of plasmin)
to normal plasma. Noteworthy is the fact that
the rise of one-stage prothrombin and thrombin
clotting times was roughly proportional to-the
quantity of added digest; but since free enzyme
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was lacking, assays for Factor V activity were un-
altered. In all three diagrams the rise of one-
stage prothrombin time essentially paralleled the
prolongation of the thrombin clotting time, a cor-
relation established as highly significant in a large
series of patients treated with SK (19). The
essential similarity of the coagulation findings in
these three experiments in which fibrinogen, either
digested in plasma in vivo, in vitro, or predigested
and then added to plasma, suggested that fibrino-
gen proteolysis might underlie the main coagula-
tion anomaly, although it would not account for
the findings with respect to fall in Factor V
concentration.

The left-hand portion of Figure 7 shows throm-
bin clotting times as a function of thrombin con-
centration for normal plasma, plasma from a pa-
tient with hyperplasminemia of “spontaneous”
origin occurring during the course of leukemia,
and plasma containing fibrinogen proteolysis
products. The three curves over the greater and
relevant part of the experiment remain essentially
parallel and distant from one another; particu-
larly significant is the finding that over the higher
range of thrombin concentrations the individual
plasma determinations were not only parallel to
one another but also to the abscissa (plasma from
SK-treated patients, not illustrated, showed simi-
lar characteristics). The right-hand portion of
the figure illustrates a similar experiment in which
normal plasma, plasma containing urea [an in-
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Fic. 8. THROMBIN CLOTTING TIME (ORDINATE) AS A
FUNCTION OF PLASMA DILUTION (ABscCissA). The left-
hand panel shows a normal plasma, that from a SK-
treated patient, and plasma containing fibrinogen proteol-
ysis products (1.9 mg per ml). The right-hand panel
shows a normal plasma, plasma plus urea (60 mg per
ml), and plasma plus TAMe (2 mg per ml). With the
exception of the TAMe-containing plasma, all showed a
similar relationship of thrombin clotting time to dilution.
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Fic. 9. HEPARIN TOLERANCE ASSAYS ON NORMAL PLASMA (LEFT-HAND

PANEL), NORMAL PLASMA PLUS FIBRINOGEN PROTEOLYSIS PRODUCTS (MIDDLE
PANEL), AND PLASMA FROM A SK-TREATED PATIENT (RIGHT-HAND PANEL).
There is a marked similarity between the findings recorded for the abnormal

plasmas in the middle and right-hand panels.

The results indicate that,

although the effects of heparin and fibrinogen proteolysis products or SK
treatment are additive, protamine sulfate corrects only the heparin defect.

hibitor of fibrin polymerization (38)], and plasma
with TAMe [a thrombin inhibitor (39)] were
used. The normal and urea-containing plasma
curves exhibit the same relationship to each other
as do the normal and abnormal curves in the left-
hand portion of the figure, but the TAMe plasma
does not; the latter curve is of a different shape
and the thrombin clotting time anomaly is par-
tially corrected by high thrombin concentrations.

The left-hand portion of Figure 8 shows throm-
bin clotting time as a function of plasma concen-
tration for a normal plasma, plasma from a SK-
treated patient, and plasma containing fibrinogen
proteolysis products. These three dilution curves
are of similar shape, but are significantly sepa-
rated throughout their course (plasma from a
patient with spontaneous hyperplasminemia, not
illustrated, showed similar characteristics). The
right-hand portion of the figure illustrates an
identical experiment with normal plasma, urea-
containing plasma, and TAMe plasma; the urea
plasma exhibits an equivalent dilution curve to
the plasmas shown in the left-hand section of the
figure, but the TAMe-containing plasma demon-
strates dissimilar characteristics.

Figure 9 illustrates heparin tolerance curves
-on normal plasma, normal plasma with fibrinogen
‘breakdown products, and plasma from a SK-
treated patient. In each instance the effect of

neutralizing heparin action with protamine sulfate
is also shown. The abnormal plasmas (shown in
the middle and right sections of the diagram)
differ from the normal plasma (shown on the
left) inasmuch as, at first sight, they appear to
have a much smaller tolerance for heparin. Never-
theless, after neutralization with protamine sul-
fate, the protamine sulfate and control curves

@ Polients treated with SK
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Fie. 10. RECALCIFICATION TIMES (ABSCISSA) IN
PLASMA FROM SK-TREATED PATIENTS PLOTTED AGAINST
THROMBIN CLOTTING TIMES (ORDINATE). Although many
of the patients’ plasmas demonstrated evidence of a co-
agulation anomaly (thrombin clotting time >12 seconds),
only three showed prolonged recalcification times (>140
seconds), and evidence of correlation between these pa-
rameters was lacking (p > 0.1).
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Fi1c. 11. ELECTROPHORETIC PATTERNS OF FIBRINOGEN, FIBRINOGEN DIGESTS,
AND PLASMA FRACTIONS. Descending limb patterns only are shown, and di-
rection of migration is from right to left. Mobilities expressed as cm®/volt-
sec X 107 and the scale reduction has been uniform. For detailed description

see text.

exhibit precisely the same relationship in each
separate panel of the diagram, indicating that
neither in the plasma containing exogenously
added fibrinogen proteolysis products nor in that
from the patient does protamine sulfate correct
the coagulation anomaly.

The relationship of thrombin clotting time to
recalcification time in patients receiving SK ther-
apy is shown in Figure 10. Serial observations
(12 patients, 32 observations) revealed no con-
sistent patterns -with respect to recalcification
times, and the majority of the observations fell
within the normal range. Moreover, as is evident
from the figure, there was not only a complete
lack of correlation between these parameters, but
a marked increase of the thrombin clotting time
was frequently associated with a normal recalcifi-
cation time,

Electrophoretic identification of fibrinogen digest
products in purified solution and in plasma

Enzymatic digestion of fibrinogen by trypsin 3
or plasmin produces characteristic alterations in
the electrophoretic pattern examined by boundary
(Tiselius) electrophoresis, characteristics that
may, under restricted circumstances, be used for
the identification of the digestion products.

Figure 11 illustrates representative electro-
phoretic patterns of fibrinogen subjected to enzy-
matic digestion. Similar patterns were observed
in both limbs of the cell, but for the sake of sim-
plicity, only descending limb patterns are shown
in Figure 11. On the left is seen the electro-
phoretic pattern of native fibrinogen, and succes-
sively, the patterns obtained after this fibrinogen
had become totally incoagulable after its spon-
taneous breakdown or its treatment with plasmin
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or trypsin. The three degraded fibrinogen pat-
terns show essentially similar changes, since, al-
though the experimental conditions were differ-
ent, the final patterns may all represent the results
of plasmin !* action on fibrinogen.

Compared with the control pattern, the three
patterns of degraded fibrinogen show a main peak
of mobility similar to that of the original fibrino-
gen and a second ill defined peak of greater mo-
bility. Clearly, the second peak is not electro-
phoretically homogenous, but its presence serves
to identify fibrinogen proteolysis products. Trace
components with mobilities of 4.0 to 5.0 cm? per
volt-sec X 10-°* were also detected in some pat-
terns, but their presence was inconstant and their
quantity small so that they could not be clearly
distinguished from other plasma components car-
ried down in the fractionation process.

The significance of these observations for the
identification of fibrinogen proteolysis products
contained either in plasma or in purified systems
is supported by other electrophoretic data. Fib-
rinogen, either in the purified state or separated
from plasma [F, fraction, Kekwick ether meth-
od* (30)], gives a sharp peak with a mobility
of 2.15 % 0.05 cm? per volt-sec X 10-® (range of
20 determinations, 2.11 to 2.26). However,
samples containing fibrinogen proteolysis products
in addition to fibrinogen (also separated by the
Kekwick ether method) showed one peak with
a mobility of 2.18 = 0.08 cm?* per volt-sec X 10-°
(range of 23 samples, 2.10 to 2.28) and a second
with a mobility of 2.88 =022 (range of 23
samples, 2.69 to 3.40). Trace components with
a higher mobility (vide supra) were not used
for identification purposes.

14Jt is generally accepted that spontaneous fibrino-
genolysis occurs because contaminating plasminogen
undergoes spontaneous activation. Similarly as we have
indicated in footnote 13, it is possible that, under the
present experimental conditions, the activator action of
trypsin on contaminating plasminogen may be significant
in determining the ultimate pattern of fibrinogen di-
gestion.

15 Although the F, only contains 50 per cent nitrogen
clottable by thrombin, electrophoretic visualization of the
fibrinogen peak and the area around it is excellent since
the main contaminant is albumin, which migrates well
clear of the field under study. Consequently, the F, frac-
tion was routinely used for electrophoresis, and examina-
tion of the F,W fraction (80 per cent of the nitrogen
clottable by thrombin) was only used to check resuits.
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Electrophoretic examination of whole plasma
before and after the addition of sufficient SK to
produce a coagulation defect revealed only that
the fibrinogen peak was diminished. Accordingly
electrophoretic studies were made on various
plasma fractions and these also are illustrated in
Figure 11. A plasma sample, to which SK had
been added, was fractionated by the Cohn pro-
cedure after the thrombin clotting time had risen
from 10.1 to 18 seconds. Cohn fraction 1 + 3 of
the SK-treated plasma showed the anomalies char-
acteristic of fibrinogen proteolysis when compared
with Cohn fraction 1+ 3 from the untreated
plasma. Furthermore this fraction of SK-treated
plasma prolonged the thrombin clotting time of
the plasma test system to 15.2 seconds, whereas
the thrombin clotting time of the test system with
the fraction from the untreated plasma added was
10.3 seconds. The other Cohn fractions from
the SK-treated plasma did not prolong the
thrombin clotting time of the assay system.

Similarly, fractionation of paired samples by
the Kekwick ether method and examination of
the respective F, fractions, revealed that the
samples from SK-treated plasma showed not only
the electrophoretic stigmata of fibrinogen proteo-
lysis products, but also prolonged the thrombin
clotting time of the assay systems. Shown in
Figure 11 (bottom line) are the F, electrophoretic
patterns from a control plasma, a SK-treated
plasma and a plasma from a patient who de-
veloped hyperplasminemia during his terminal
illness due to lymphatic leukemia. In both hyper-
plasminemic plasmas the F, fibrinogen peak is
reduced in size and deformed in its advancing
limb because of admixture with faster moving
components; in both instances the F, fraction
prolonged the thrombin clotting time of the assay
systems.

Electrophoretic methods for demonstrating the
presence of fibrinogen digest products in plasma
proved to be qualitative rather than quantitative,
since a portion of the product present could not
be distinguished electrophoretically from fibrin-
ogen, and considerable loss of digest product oc-
curred in the fractionation step preliminary to
electrophoretic examination. This loss, which
appeared to be of the order of 50 per cent, could
not be precisely quantitated, because the coagula-
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Fic. 12. PLASMA SAMPLES DRAWN DURING THE FIRST 6 HOURS OF THERAPY FROM SK-TREATED
PATIENTS. In both panels the ordinate is increase of thrombin clotting time (thrombin clotting
time minus pretreatment values) ; in the left-hand panel the abscissa is plasma fibrinogen con-
centration, and in the right-hand panel fall of fibrinogen (pretreatment values minus plasma

fibrinogen).

The parameters in the right-hand panel, increase of thrombin clotting time and

fall of fibrinogen, are highly correlated (p <0.001) ; this finding accounts for the low value of
inverse correlation (0.05>p > 0.02) displayed in the left-hand panel between increase of

thrombin time and plasma fibrinogen.

tion test system ¢ was influenced by factors other
than the quantity of added fibrinogen digest prod-
uct. Nevertheless, the method afforded a demon-
stration of the presence of an abnormal molecular
species in plasma exhibiting the coagulation
anomaly. Moreover, the electrophoretic patterns
showed this entity to have the stigmata of fibrin-
ogen digest products, and the fractionated samples
inhibited the coagulation assay system in the
predicted manner. '

Fibrinogenolysis and the coagulation anomaly ob-
served in streptokinase-treated patients

The contention that fibrinogen proteolysis sec-
ondary to hyperplasminemia causes a specific co-,
agulation anomaly, due not to the development of
hypofibrinogenemia but to the presence in plasma
of fibrinogen proteolysis products, requires the
support of clinical evidence. Such evidence has

16 Although other fractions prepared by the Kekwick
procedure had no detectable action in prolonging the
thrombin clotting time of the assay system, some inhibi-
tion was noted with the supernatant from the F, proce-
dure, although this effect was relatively small. Incom-
plete precipitation of the fibrinogen breakdown products
was believed responsible.

been gathered in patients receiving SK therapy
for acute thromboembolic vascular disease.

Patients receiving intensive SK therapy de-
velop a coagulation defect that is usually maximal
in degree during the first 6 hours of treatment;
for this reason the data shown in Figure 12 were
obtained during this period (62 observations on
29 patients). The increase of thrombin clotting
time over pretreatment levels, the parameter (24,
25) that best serves to measure the severity of
the defect, is plotted on the ordinate of both panels
in Figure 12. On the left, increase of thrombin
clotting time is plotted against the plasma fibrin-
ogen level and on the right against the fall of
plasma fibrinogen (control pretreatment concen-
tration minus actual plasma fibrinogen at time of
sampling). Correlation coefficients have been
calculated for both sets of data and regression
lines fitted.

Inspection of the data in the left-hand panel
of Figure 12 shows that the severity of the co-
agulation defect was frequently unrelated to the
development of hypofibrinogenemia, as the severe
form was sometimes seen when plasma fibrinogen
levels were in the normal range. However, a
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low but statistically significant degree- of -correla-
tion (0.05>p > 0.02) existed between fibrino-
gen concentration and increase of thrombin clot-
ting time. The low value for the correlation co-
efficient and the slope of the regression line '”
suggested that the apparent relationship between
these parameters was secondary rather than pri-
mary. The right half of Figure 12 illustrates the
increase of thrombin clotting time plotted against
the fall of fibrinogen. These observations were
correlated in a highly significant manner (p
< 0.001) and suggested that the degree of coag-
ulation anomaly was related to the extent of fib-
rinogen proteolysis. _

Interpretation of the highly significant inverse
correlation coefficient (and the corresponding re-
gression equation) demonstrated to exist, by

17 The regression equation indicates that for every 100
mg per 100 ml reduction in plasma fibrinogen concentra-
tion the thrombin clotting time changes only 3 seconds,
a calculated figure at such obvious variance with the
recorded data that the apparent relationship between in-
crease in thrombin clotting time and hypofibrinogenemia
is unlikely to be a primary one.
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vivo - investigation, -between increase of thrombin
clotting time and fall of plasma fibrinogen (right-
hand portion of Figure 12) involves consideration
of comparable in vitro findings. Such in vitro
data is shown in Figure 13. Increase of thrombin
clotting time is plotted on both ordinates of Figure
13; the left-hand panel shows this parameter
plotted against the fibrinogen concentrations of
progressively diluted plasma and on the right-
hand side plotted against concentrations of fib-
rinogen proteolysis products added to two plasma
test systems.

Plasma dilution caused only a minor increase
of the thrombin clotting time (left side of Figure
13) until a critical concentration of 100 to 150
mg fibrinogen per 100 ml was reached ; thereafter
a rapid increase of thrombin clotting time oc-
curred with further dilution. These findings with
respect to dependence of ‘thrombin clotting time
on plasma fibrinogen concentration are compar-
able to the in viwo data shown in the left-hand
panel of Figure 12, although here actual plasma
fibrinogen values below 100 mg per 100 ml were
not encountered.
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F16. 13. INFLUENCE OF FIBRINOGEN CONCENTRATION AND FIBRINOGEN PROTEOLYSIS PRODUCTS

ON THE PLASMA THROMBIN CLOTTING TIME.

The left-hand panel shows the effect on the

thrombin clotting time (ordinate) of plasma dilution expressed in terms of fibrinogen con-
centration (abscissa) ; little change occurs in this parameter until the plasma fibrinogen concen-

tration is reduced to 100 to 150 mg per 100 ml.

(Open circles, plasma diluted with serum;

solid dots, plasma diluted with saline.) The right-hand panel displays, on the ordinate, the
increase of thrombin clotting time resulting from the addition of fibrinogen proteolysis products
(concentration on abscissa) to plasmas containing, respectively, 110 and 250 mg fibrinogen per

100 ml.

Increasing fibrinogen proteolysis product concentration induced a linear increase

of thrombin clotting time, but the slopes of the increase were markedly different, being less

with the higher fibrinogen concentration.

Since the in vitro plasma fibrinogen concentrations

. were -similar “to these determined -i» .2tvo. (Figure 12), the regression line for the.patient data .

is plotted (stippled line) on the panel.
series of in vitro determinations.

It falls in an intermediate position between the two
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Fic. 14, PLASMA CLEARANCE RATES OF FIBRINOGEN PRO-
TEOLYSIS PRODUCTS IN SK-TREATED PATIENTS. The ordi-
nate is milligrams of proteolysis products per ml plasma
(exponential scale, calculated) and the abscissa is time
in hours after the termination of therapy. Two patients,
who developed the severest coagulation defect and whose
treatment was stopped on this account, showed 50 per
cent plasma clearance rates approximately double those
of the other three patients illustrated and of an additional
six also studied.

The right-hand portion of Figure 13 illustrates
in vitro experiments comparable to the in vivo
findings recorded in the right-hand portion of
Figure 12.

Since the influence of fibrinogen proteolysis
products on coagulation is dependent upon the ra-
tio of proteolysis products to fibrinogen in the test
system (Figure 5), the‘results of adding these
products to two different plasma test systems, the
one containing 110 and the other 250 mg fibrino-
gen per 100 ml, are shown in Figure 13. Incre-
ments of fibrinogen proteolysis products are ex-
pressed as milligrams of proteolysis products per
100 ml added to the test system. The values of
110 and 250 mg fibrinogen per 100 ml plasma
were chosen to simulate the lowest and the
average plasma fibrinogen concentrations re-
corded in the patients (Figure 12). Figure 13
shows that the increase of thrombin clotting time
was linearly related to increase of fibrinogen pro-
teolysis product concentration in both plasma test
systems, but, as would be expected, the regression
slope was substantially steeper in the plasma sys-
tem containing the lesser fibrinogen concentration
as compared with that containing the greater.

Since the majority of plasma fibrinogen values,
recorded in Figure 12, lay within the range of 100
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to 300 mg per 100 ml, the in vitro data of Figure
13 represented a reasonable simulation of the
average in vivo conditions encountered in the pa-
tient studies. Consequently, singular importance
must attach to comparison of the regression equa-
tion relating degree of fibrinogen proteolysis and
thrombin clotting time obtained from the patient
data (Figure 12) with that of in vifro experiment
(Figure 13). To facilitate this comparison, the
regression line from the patient studies is plotted
(stippled line) in the right-hand panel of Figure
13, where it is seen to lie in an intermediate posi-
tion between the two slopes calculated from the
in vitro data. Moreover, statistical testing indi-
cated that the regression data from the patient
studies did not differ significantly (p > 0.1) from
either of the in vitro studies.

Recovery from the effects of hyperplasminemia

Clearance of fibrinogen proteolysis products
from plasma. The data discussed in the last sec-
tion of Figures 12 and 13 indicate that thrombin
clotting times may be used to quantitate, with
reasonable precision, the concentration of those
fibrinogen proteolysis products in plasma causing
the coagulation anomaly.

After the cessation of therapy in SK-treated
patients, SK is rapidly cleared from the plasma
(40) and plasma thrombolytic activity declines
similarly. Consequently, serial thrombin clotting
time determinations made during the postinfusion
phase may be used to calculate the plasma clear-
ance rate of the fibrinogen fragment(s) responsi-
ble for the coagulation anomaly. Thrombin clot-
ting times were transformed into milligrams of
fibrinogen digest products per milliliter of plasma,
using the regression equations previously calcu-
lated (Figures 12 and 13). Concentration of
breakdown products (on an exponential scale)
was plotted against time in hours after cessation of
infusion, and the 50 per cent plasma clearance rate
of the breakdown products determined. Figure
14 displays the data for five patients and confirms
the validity of the exponential plot.

The 50 per cent plasma clearance rate for the
fibrinogen proteolysis products, calculated from
the data of Figure 14 and that obtained from six
other patients, ranged from 5 to 15 hours and
averaged 9.6 hours. In general, the 50 per cent
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ment for 30 hours. Mean values are given for control patients, and mean

and range for the treated series.

plasma clearance rate was faster when the coagu-
lation anomaly was of an extreme nature; this
phenomenon is seen in Figure 14 in which the two
patients who developed severe coagulation defects
had 50 per cent plasma clearance rates approxi-
mately double those recorded for the other three
patients who developed only a moderate degree of
coagulation defect.

Recovery from hypofibrinogenemia. Recovery
from hypofibrinogenemia, even when this state
has been of prolonged duration, is relatively rapid.
Figure 15 shows the mean and range of plasma
fibrinogen values in eight patients who received
intensive thrombolytic therapy for 30 hours. All
developed hypofibrinogenemia, the average plasma
fibrinogen falling from 300 to 190 mg per 100 ml.
After cessation of therapy, plasma fibrinogen
levels rose substantially in 24 hours and had
reached control levels by 48 hours. Since the
treated patients were suffering from acute myo-
cardial infarction in which an early rise in plasma
fibrinogen almost invariably occurs, plasma fibrino-
gen values for seven similarly afflicted untreated
patients have also been plotted in Figure 15. These
control values showed the expected rise as a con-
sequence of the disease process itself; over the
first 3 days of hospitalization the fibrinogen rose
from 320 to 440 mg per 100 ml in an approxi-

mately linear fashion with time. This rate of in-
crease is approximately the same as in the SK-
treated patients.

Recovery rates from hypofibrinogenemia in
these latter patients did not differ significantly
(p>0.1) from other SK-treated patients not
suffering from myocardial infarction (19). Thus,
in three classes of patients—those suffering from
myocardial infarction, those with hypofibrinogene-
mia induced by SK treatment, and those suffer-
ing from both conditions—plasma fibrinogen rose
at the rate of 40 to 55 mg per 100 ml daily. These
findings suggest that the patients may have been
subjected to a maximal stimulus as regards fibri-
nogen synthesis and mobilization from extravas-
cular spaces. Consequently, it may be inferred
that in conditions unaccompanied by gross dis-
turbance of plasma volume the maximal rate of
plasma fibrinogen replacement in the human is of
the order of 1.5 g fibrinogen in 24 hours. Since
there is evidence that fibrinogen in the extra- and
intravascular spaces is in equilibrium and the
amount contained in the two compartments is ap-
proximately equal (41), it is probable that the
patients were synthesizing fibrinogen at the rate
of 3 g per 24 hours. The normal rate of plasma
fibrinogen turnover is approximately 17 per cent
in 24 hours (4143), and these findings suggest
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that under these experimental conditions the rate
of fibrinogen synthesis, or mobilization, or both,
had been approximately doubled.

DISCUSSION

The etiological factor (s) involved in the genesis
of pathological proteolytic states has been the sub-
ject of considerable investigation, but precise
knowledge as to the importance of various etiologi-
cal factors has yet to be obtained. Clinically these
states may present either on account of a single
etiological cause, as in that variety iatrogenically
induced as a consequence of thrombolytic therapy
(19, 22) and studied in this communication, or as
a complex problem of multifactorial pathogenesis,
which may involve hyperplasminemia, intravascu-
lar coagulation, thrombolysis, depletion of coagu-
lation factors through hemorrhage, and other com-
plications. However, the latter syndrome of com-
plex etiology, which arises secondarily to the
presence of disease, operative trauma or other
stress, does exhibit many features in common with
the iatrogenically induced form; the relationship
between the two will be discussed after considera-
tion of the iatrogenic form.

It has long been observed that “purified” fibrino-
gen solutions, on storage at various temperatures
(0 to 37° C) slowly or rapidly (depending on the
particular fibrinogen preparation and the tem-
perature) become resistant to the clotting action
of thrombin (in conventional nomenclature, de-
velop ‘“‘antithrombin” activity) and finally be-
come incoagulable. Seegers, Nieft and Vanden-
belt (44), who first investigated this problem in a
systematic way, demonstrated that during this
process at least two electrophoretically separable
components (a and B derivatives) were formed
and they suggested that this action was a conse-
quence of contamination with fibrinolysin (plas-
min).

Recently there has been renewed interest in the
actions of fibrinogen proteolysis products on the
coagulation system. Niewiarowski and Kowalski
(45) studied digests of fibrinogen produced by
plasmin action, and Triantaphyllopoulos (46-48)
investigated the products arising after the spon-
taneous dissolution of fibrinogen (presumably
similar products) ; both groups partially purified
the active material by ammonium sulfate fraction-
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ation and concluded that the fibrinogen digest
products exerted an antithrombin action. Inde-
pendently, they concluded, as a result of animal
experiment [respectively using the cat (45) and
the rabbit (48)], that in vivo the products of
fibrinogen proteolysis interfere sufficiently with
thrombin action to produce a coagulation defect.
However, the relevance of these experiments to
human pathological states was not established.

Ideally, the contention that hyperplasminemia
causes a specific coagulation defect related to the
presence of fibrinogen digest products in plasma
should be supported by evidence demonstrating
that: 1) the characteristics of the clinically occur-
ring defect can be reproduced by adding fibrino-
gen proteolysis products to plasma in vitro; 2)
the putative digest product should be demonstrated
in plasma showing the defect; 3) the magnitude
of the defect should be related to the extent of
fibrinogen proteolysis in vivo and correlated with
the degree of hyperplasminemia; 4) the extent of
the defect should be shown to be at least relatively
independent of final plasma fibrinogen concentra-
tion; 5) calculations made from in witro data
should be shown to be relevant to prediction of
the in vivo coagulation anomaly; 6) the active
principle(s) should be isolated from the fibrino-
gen digest; and 7) the biochemical mechanisms
underlying the coagulation defect should be eluci-
dated. Since the experimental hypothesis (vide
supra) can be established by fulfillment of re-
quirements 1 through 5, the present communica-
tion is restricted to their investigation; the isola-
tion of the active principle from the fibrinogen
digest and the demonstration of its biochemical
actions is the subject of an accompanying com-
munication (25).

The evidence displayed in Figures 6-9 indicates
that all the features of the clinical coagulation de-
fect (with the obvious exceptions of fibrinogen
and Factor V fall, which are direct proteolytic ef-
fects) can be simulated i vitro by the addition of
fibrinogen proteolysis products to plasma, while
the clinical and other i vitro studies demonstrated
that the magnitude of the coagulation defect was
related to the extent of fibrinogen proteolysis,
which correlated with the degree of hyperplasmine-
mia. Although the electrophoretic data relating
to the presence of the putative fibrinogen proteoly-
sis products in plasma with the coagulation de-
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fect can only be interpreted in a semiquantitative
manner, the evidence substantiates the hypothe-
sis under test. The finding that the F, (Kekwick)
fraction of plasma, exhibiting the coagulation de-
fect, prolonged the thrombin clotting time of the
test systems and showed the electrophoretic stig-
mata characteristic of fibrinogen proteolysis prod-
ucts is excellent evidence that the former property
of plasma depended upon the presence of the
latter component(s). F, fractions prepared from
normal plasma exhibited neither of these proper-
ties, and fractions® other than F, component,
prepared from plasma exhibiting the defect, neither
prolonged the thrombin clotting time of the test
system nor revealed the presence of fibrinogen
proteolysis products on electrophoresis.

The evidence also indicates that hyperplasmine-
mia—developing in plasma and caused by adding
plasminogen activator in wvitro (49), infusing it
m vivo (19, 21, 22), or inducing its i vivo re-
lease by pharmacological means or stress (50)—
is a complex equilibrium state governed by a
number of simultaneously occurring reactions in-
volving activation, inhibition and the formation
of enzyme-substrate complexes. Under physio-
logic conditions, antiplasmin inhibitor is in ex-
cess,’® a phenomenon accounting for our previous
inability (20) to demonstrate more than trace
amounts of plasmin in the plasma of streptokinase-
treated patients. Moreover platelets themselves,
or proteins adsorbed to their surface constitute an
important additional reservoir of plasma anti-
plasmin (51). Thus, only susceptible or abun-
dant substrates, or both, are liable to degradation
under » vivo conditions (a phenomenon account-
ing for the apparently preferential enzymatic di-

gestion of fibrinogen and the self-limited nature of -

the state).

Assays for specific coagulation factors (except
Factor V, prothrombin, fibrinogen, and related
moieties) were not performed on the patient sam-

18 Except only the original plasma supernatant from F,
fractionation, which contained approximately 85 per cent
of the original protein and could not be satisfactorily
examined by electrophoretic methods.

19 It is unknown whether this biochemical relationship
always obtains in clinical practice. Occasionally patients,
often suffering from carcinoma of the prostate with meta-
stases, exhibit long sustained and severe manifestations
of excessive plasma proteolysis. Serial antiplasmin levels
in such patients have not been reported.
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ples, because the stage of the coagulation reaction
studied, fibrinogen-fibrin conversion, is not influ-
enced by these factors. However, the possible
relevance of specific factor depletion in the gene-
sis of the over-all coagulation defect produced by
hyperplasminemia merits brief comment. Plasmin,
in addition to degrading fibrinogen and fibrin, also
degrades other specific coagulation factors (52—
58) ; there is agreement that Factors V and VIII
may be destroyed, but disagreement as to whether
Factors VII, IX, and prothrombin are susceptible
to enzymatic degradation.

We have previously reported that in a similar
group of SK-treated patients Factor V concen-
tration fell to approximately 50 per cent of nor-
mal, but that neither prothrombin, measured by
the two-stage technique, nor the platelet count,
was reduced. These findings were confirmed in
the present series and in agreement with the re-
sults of Donaldson (55), who in an extensive in
vitro study found that the only consistent specific
coagulation factor depletion occurring as a con-
sequence of streptokinase addition to plasma re-
lated to Factor V concentration. Moreover, re-
calcification times remained within normal limits
in the present series of patients, suggesting that
those initial coagulation stages, dependent upon the
presence of specific coagulation factors, were not
grossly disturbed. This finding is consistent with
that of Coon and Duff (54), who demonstrated in
dogs treated with thrombolytic agents that throm-
boplastin generation was unaltered until fibrino-
gen was greatly reduced. Consequently, it is un-
likely that important depletion of specific coagu-
lation factors complicated the coagulation anomaly
due to fibrinogen proteolysis observed in our pa-
tients.

Although we conclude that the main direct etio-
logical agent in the genesis of the coagulation de-
fect due to hyperplasminemia is the fibrinogen pro-
teolysis product, the biochemical mechanism by
which coagulation is inhibited has not been investi-
gated in detail. 'We have already indicated *2 that
there is cause for dissatisfaction with the present
restricted nomenclature by which substances such
as fibrinogen proteolysis products, which prolong
the thrombin clotting time (and consequently the
one-stage prothrombin time), are labeled anti-
thrombin. Indeed the data (Figures 6-9) bear-
ing on the properties of the inhibitor detected in
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the plasma of patients with the defect and in
plasma containing fibrinogen proteolysis products
do not suggest that the plasmas exhibited true anti-
thrombin activity. The coagulation anomaly can
not be diluted out (Figure 8), or corrected with
either excess thrombin (Figure 7) or protamine
sulfate (Figure 9). Moreover, it was demon-
strated that whereas the addition of a known in-
hibitor of fibrin polymerization, urea (38), to
plasma reproduced the anomaly exhibited by the
patient samples, a thrombin inhibitor, TAMe
(39), produced a different type of anomaly.

Consequently, the evidence shown in Figure 5,
which illustrates the competitive relationship be-
tween concentration of breakdown products and
thrombin clotting time, does not establish that
fibrinogen proteolysis products competitively in-
hibit thrombin action in the absence of further
evidence to establish the locus of action. The ac-
companying communication (25) will demonstrate
that fibrinogen proteolysis products interfere with
the polymerization of fibrin monomer, and that a
uniquely determined coagulation disorder, termed
defective fibrin polymerization, underlies the co-
agulation anomalies developing during the hyper-
plasminemic state.

These observations have clinical significance
not only with respect to the pathogenesis of the
hyperplasminemic coagulation defect but also with
regard to its treatment. The demonstration that
the 50 per cent plasma clearance rate of the ab-
normal fibrinogen fragment is approximately 9.5
hours indicates that the coagulation defect will
spontaneously resolve provided that the hyper-
plasminemic state is controlled.?® Preliminary
clinical trial with e-aminocaproic acid, an inhibitor
of plasminogen activation (29, 59) which may be
administered intravenously in high dosage, has
yielded promising results (60-62) ; as predicted,
control of the abnormal plasma proteolysis is fol-
lowed by a disappearance of the coagulation ano-
malies within a period of hours (12 to 24 hours).

The present investigation has been concerned
with the pathogenesis of “pure” hyperplasminemia

20 Parenthetically it may be noted (Figures 5 and 13)
that the therapeutic effect of infusing fibrinogen in such
patients may in part be due to the establishment of a ratio
between fibrinogen and fibrinogen proteolysis products
that permits relatively normal functioning of the coagula-
tion system.
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of the type seen after its iatrogenic induction or
after its in witro simulation. Clinically, the spon-
taneously developing coagulation lesion that oc-
curs after surgical intervention or in the course
of obstetric complication is of complex etiology.
As admirably demonstrated by Soulier and col-
leagues (4), the hyperplasminemia following surg-
ical intervention is commonly the result of re-
lease of both plasminogen activator and thrombo-
plastic material from the traumatized tissue. Simi-
larly, particularly after the work of Schneider (10,
11) and others (6-9), it has been appreciated that
the hyperplasminemic state complicating obstetric
emergencies, particularly abruptio placenta, may
arise, at least in part, secondarily to the release of
thromboplastic material from the placental site.
Characteristic of this latter group of patients, is a
severe degree of hypofibrinogenemia (63), a pro-
found reduction in platelet count (6, 7), and a fall
in plasma concentration of specific coagulation fac-
tors (6,7).

The association between release of thrombo-
plastic material and plasminogen activator is ex-
emplified by the results of two experimental stud-
ies involving hypovolemic shock. In one study a
phase of accelerated coagulation with intravascular
fibrin deposition was demonstrated (64), and in
the other (65) the presence of plasminogen acti-
vator release. The individual and synergistic in-
fluence of both factors on the production of hypo-
fibrinogenemia in the rabbit has also been studied
(66). Moreover, the injection of thromboplastic
material (67, 68) or thrombin (69) into the dog
produces both a coagulation defect of the type de-
scribed in this communication and also a marked
fall of plasma plasminogen with a concomitant con-
siderable increase of plasma activator (70). Of
particular interest in this connection is our demon-
stration (Figure 4) that plasmin hydrolyzes both
fibrin and fibrinogen to produce proteolysis prod-
ucts exerting qualitatively and quantitatively simi-
lar effects on the coagulation system. Conse-
quently, the release of both thromboplastic material
and plasminogen activator might notably increase
the severity of the coagulation defect through the
rapid lysis of intravascular fibrin deposits. Such
a combined release of thromboplastic material and
plasminogen activator would be expected to pro-
duce particularly severe coagulation anomalies,
of the type observed clinically in obstetric patients,
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since the rate of lysis of fibrin deposited in the
presence of plasminogen activators greatly ex-
ceeds that of fibrinogenolysis (19, 20, 71, 72).

Hence evidence of plasminogen-plasmin system
activity and a coagulation anomaly due to fibrino-
gen or fibrin proteolysis may appear and dominate
the clinical picture in patients in whom the pri-
mary pathological insult was intravascular coagu-
lation. Because the treatment of such patients, by
measures directed against the largely secondary
“fibrinolytic” state, may predispose the patient to
clinical complications resulting from intravascu-
lar coagulation, the establishment of a presump-
tive etiological diagnosis prior to the institution of
therapy is important.

SUMMARY

1. Patients undergoing treatment with plasmino-
gen activators administered by the intravenous
route (thrombolytic therapy) may develop a co-
agulation defect similar in its main characteristics
to that observed in patients, who “spontaneously”
develop states of pathological plasma proteolytic
activity (pathological “fibrinolytic” states).

2. Digests prepared from purified fibrinogen or
from fibrin by plasmin or trypsin action will, on
addition to plasma or fibrinogen solutions, inhibit
their clotting by thrombin. Addition of such di-
gests to plasma in vitro reproduces the coagulation
anomaly developing in patients receiving thrombo-
lytic therapy. Furthermore, both in patients and
in vitro, plasma fractionation studies followed by
electrophoresis permit the identification of new
molecular species, formed from fibrinogen, which
reproduce the defect in in vitro assay systems.

3. Studies in patients demonstrate that the ob-
served degree of fibrinogen proteolysis suffices to
account, on a quantitative basis, for the entire de-
gree of major coagulation anomaly which develops.

4. It is suggested that the major coagulation de-
fect, developing during states of pathological
plasma proteolytic activity, relates to the presence
of proteolysis products, formed from fibrinogen
or fibrin which circulate in plasma.

APPENDIX

Diagnosis of the hyperplasminemic state. The findings
reported here and previously (24) suggest that current
concepts concerning the significance of certain laboratory
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criteria employed to establish the diagnosis of hyper-
plasminemia may need revision. Because the coagulation
findings in this disorder, considered apart, are nonspecific
(73), their etiological significance can only be established
by demonstration of concomitant alterations in plasmino-
gen-plasmin system activity.

Endogeneously released plasminogen activator con-
tained in plasma is highly unstable at 37° C (50) and
in vivo investigation has demonstrated that its appearance
in plasma may be transient; high levels of activity often
persisting for only a few minutes (34). Consequently,
in clinical practice where laboratory tests to establish the
diagnosis of hyperplasminemia are usually requested some
time after the onset of a hemorrhagic diathesis, reliance
cannot be placed upon nor does the diagnosis rest upon
the detection in high concentrations of the etiological
agent, plasminogen activator, in plasma. In our experi-
ence, using quantitative assay methods (70), the plas-
minogen activator content of such specimens is usually
raised, but only within the range 2- to 10-fold greater
than normal values. Occasionally, when the clinical onset
has been sudden, levels of 20 to 100 times normal may be
assayed; conversely, although rare, plasminogen activator
activity may be within the normal range but all other
diagnostic criteria are satisfied (vide infra).

Fortunately, plasminogen activator release of sufficient
degree to cause hyperplasminemia produces other changes
of reliable diagnostic value. Chief of these is a sub-
stantial fall of plasma plasminogen; the finding of values
below 2 casein U per ml plasma is an invaluable diag-
nostic indication of recent hyperplasminemia, and in many
patients values as low as 1.0 to 0.5 U per ml may be
found. Assay for the enzyme plasmin, for the reasons
advanced previously (20) and examined in the first
section of this paper, is not normally valuable, although
some small increase of plasma esterase activity (BAMe
and TAMe substrates) may sometimes be detected.

The coagulation defect occurring as a consequence of
hyperplasminemia has been the subject of this paper, and
its demonstration plus the finding of decreased plasma
plasminogen together with some increase of plasma ac-
tivator permits a diagnosis of hyperplasminemia. How-
ever, it is emphasized that marked increase of plasma
activator may be lacking and the diagnosis may occa-
sionally be made in its absence. Parenthetically it may
be noted that this latter situation (a coagulation defect
with lowered plasma plasminogen, but with no demon-
strable excess of plasminogen activator in the plasma) is
most clearly seen in streptokinase-treated patients after

‘cessation of therapy (19), where the induced coagulation

defect and the lowered plasminogen persist for many
hours after all evidence of plasma thrombolytic activity

has disappeared.
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