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CLINICAL RESEARCH

Two different mechanisms in patients with venous
thrombosis and defective fibrinolysis: low concentration of
plasminogen activator or increased concentration of
plasminogen activator inhibitor

INGA MARIE NILSSON, HARALD LJUNGNPR, LILIAN TENGBORN

Abstract

Fibrinolytic components after venous occlusion and
concentrations of tissue plasminogen activator inhibitor
were studied in 100 consecutive patients with confirmed
recurrent deep vein thrombosis or pulmonary embolism.
After 20 minutes of venous occlusion the fibrinolytic
response was decreased in 33 patients, as measured both
amidolytically with S-2251 and on fibrin plates. Two
different mechanisms responsible for the poor fibrino-
lytic response could be distinguished. Twenty two of the
patients in whom the response was poor released normal
amounts of tissue plasminogen activator antigen, as
assayed by immunoradiometric assay, but had ap-
preciably increased concentrations of tissue plasminogen
activator inhibitor. The 11 other patients in whom the
response was poor had both low tissue plasminogen
activator activities and low tissue plasminogen activator
antigen concentrations but normal concentrations of
tissue plasminogen activator inhibitor.
The results show not only that defective synthesis or

release of tissue plasminogen activator may be important
in the pathogenesis of venous thrombosis but also that
a large group of patients with thrombosis have an
increased concentration of the inhibitor to tissue plas-
minogen activator.
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Introduction

In the complex pathogenesis of venous thrombosis one important
factor promoting the development of venous thrombosis is a
defective fibrinolytic system. This system is activated by various
agents, an important one being the tissue type plasminogen
activator, localised to the vessel wall. It is well known that many
patients with recurrent idiopathic venous thrombosis have
defective fibrinolytic systems-that is, decreased vessel wall
fibrinolysis or defective release of activators after venous
occlusion tests, or both.' 8
The role of fibrinolytic inhibitors in association with venous

thrombosis was first described in 1961.9 Since then several
studies have dealt with different inhibitors and their role in the
disease.
A new rapid inhibitor to tissue plasminogen activator has

been identified,'0-3 but its physiological importance in patients
with thrombosis is less well understood. We aimed therefore to
study both the fibrinolytic components in postocclusion
plasma and the tissue plasminogen activator inhibitor in patients
with recurrent deep venous thrombosis.

Subjects and methods

We studied 60 men and 40 women, aged 14-70 (mean 43) years,
who had been referred because of recurrent deep venous thrombosis
or pulmonary embolism without any other known diseases. All the
patients were investigated at least three months after their latest
thrombotic episode. Diagnosis was always verified by phlebography
or pulmonary scintigraphy and angiography. At the time of investiga-
tion 73 of the patients were taking vitamin K antagonists.

Fifty seven volunteers (policemen, doctors, nurses, office workers,
mechanics, and technicians) aged 20-60 (mean 33) years, of whom
27 were women, served as controls. All were apparently healthy,
and none had any history of superficial thrombophlebitis, deep
venous thrombosis, or any other disease in which thrombosis is
commonly a complicating factor. None of the female controls was
taking a contraceptive drug. Controls and patients were studied in
parallel.
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COLLECTION OF BLOOD

Citrated, platelet poor plasma was prepared as previously described.'4
For the fibrin plate assay the plasma samples were not frozen but
tested immediately, other samples being stored at -80°C until use.
The samples for assay of tissue plasminogen activator by chromogenic
substrate were kept on ice, centrifuged at 0C without delay, and
frozen rapidly. For immunoradiometric measurement of tissue
plasminogen activator blood was collected in edetic acid (0 38 mol/l
(11 g/100 ml)) at a ratio of nine to one.

VENOUS OCCLUSION TEST

Venous occlusion was achieved by applying a sphygmomanometer
cuff around each arm and inflating the cuffs to maintain a pressure
midway between the systolic and diastolic pressures for 20 minutes.'5
Blood samples for measuring the released plasminogen activators
were drawn, from an antecubital vein, immediately before the cuffs
were applied and again immediately before they were deflated. The
mean increase in plasminogen activators in the samples from each
arm was calculated.

COAGULATION AND FIBRINOLYTIC STUDIES

The following variables were determined: platelet count; auto-
mated activated partial thromboplastin time (APTT; General
Diagnostics, New Jersey); one stage prothrombin time; prothrombin,
factor VII, and factor X concentrations (Owren's method); factor V
concentration; fibrinogen concentration; thrombin time; reptilase
time; factor VIII clotting activity; and factor VIII related antigen.
The methods have been described elsewhere.'4 16 Plasminogen was
measured both by radioimmunodiffusion (own antiserum) and
amidolytically with S-2251 (KabiVitrum AB; Sweden).'7 Anti-
thrombin III was assayed by electroimmunoassay"I and amidolytically
with S-2238 (KabiVitrum AB, Sweden).19 r2 Antiplasmin was
assayed amidolytically with S-2251." Protein C was assayed by a
semiquantitative immunochemical method2l with own antiserum.

DETERMINATION OF PLASMINOGEN ACTIVATORS

The plasminogen activators released during venous occlusion
were studied using three different methods. As standard for the
assays we used human tissue plasminogen activator (NIBSC reagent
83/517), and results were expressed as U/ml.

(1) The fibrin plate method22-Plasminogen rich human fibrinogen
(KabiVitrum AB; Stockholm) was used. Undiluted citrated plasma
was deposited directly on the fibrin plates in aliquots of 0 03 ml in
triplicate, and the plates were incubated at 37 C for 20 hours. The
lytic zones were recorded as follows: two perpendicular diameters of
the lysed areas were measured (mm), the readings multiplied by
each other, and the square root calculated.

(2) Tissue plasminogen activator (S-2251)-Tissue plasminogen
activator was measured amidolytically according to the method of
Gyzander et al.23 The tissue plasminogen activator and plasminogen
in the sample were adsorbed to lysine sepharose. The lysine sepharose
was then mixed with glu-plasminogen, poly-D-lysine, and S-2251,
and the absorbance was read.

(3) Tissue plasminogen activator antigen-Tissue plasminogen
activator substance was analysed by immunoradiometric assay as
described by Holmberg et al.24 Purified antibodies to melanoma
activator were prepared as described by Wallen et al25 and radio-
labelled with iodine-125 by the lactoperoxidase method. The assay
was performed as a two side phase assay in polystyrene tubes.

MEASUREMENT OF TISSUE PLASMINOGEN ACTIVATOR INHIBITORS

The rapid tissue plasminogen activator inhibitor was measured by
adding 10 ng purified melanoma activator (LBK 66; KabiVitrum
AB, Sweden: 1 ng contains 1 U tissue plasminogen activator) per
ml plasma in various dilutions (1:1, 1:2, 1:5, 1:10, and 1:20). After
incubation for 15 minutes at 37°C residual activator activity was
measured with S-225 1 as described above. Inhibitor activity was
expressed in units, one inhibitor unit being defined as the amount
required to neutralise 1 U tissue plasminogen activator. The tissue
plasminogen activator inhibitor was always determined in samples
taken before venous occlusion.

STATISTICAL METHODS

The Mann-Whitney rank sum test for unpaired observations was
used to assess significance of difference, the level of significance chosen
being p < 0 05.

Results

All patients had normal platelet counts, activated partial thrombo-
plastin times, one stage prothrombin times, factor V concentrations,
factor VIII clotting activities, factor VIII related antigen concentra-
tions, thrombin times, reptilase times, plasminogen concentrations,
antithrombin III concentrations, ax antiplasmin concentrations, and
protein C concentrations.
The table shows the range and mean values of fibrinolytic variables

in the controls. Tissue plasminogen activator values determined
amidolytically showed wide variation in controls, as reported pre-
viously.26 The concentration of the tissue plasminogen activator
inhibitor was consistently less than 11 U/ml.

Mean (SD) [range] values of fibrinolytic components after venous occlusion
and tissue plasminogen activator (t-PA) before venous occlusion in 100 patients
with recurrent deep venous thrombosis or pulmonary embolism and 57 controls.
(Patients divided into groups on basis of results)

Patients
Controls
(n =57) Group 1 Group 2 Group 3

(n = 67) (n = 22) (n = 11)

Fibrin plates (mm) 18 (5) 18 (4) 4 (4) 6 (4)
[84-21 9] [9 7-22-61 [0-12-11 [0-11 7]

t-PA S-2251 (U/ml) 18 (12) 23 (18) 1 (1) 1 (1)
[4-471 [5 7-59] [0-4-2] [0 1-4-1]

t-PA antigen (U/ml) 15 (10) 20 (11) 22 (11) 2 (1)
[4 9-37] [2-8-61] [10-75] [1 9-7T6]

t-PA inhibitor (Ulml) 8 (2) 8 (3) 45 (20) 7 (4)
[4-7-11] [1-16] [17-109] [2-5-14]

Our patients with venous thrombosis could be divided into three
groups (table). The first (group 1) consisted of 67 patients, all of
whom had normal tissue plasminogen activator values after the venous
occlusion test as determined on fibrin plates, amidolytically, and by
immunoradiometric assay. The concentration of the inhibitor to
tissue plasminogen activator was also within the normal range except
in one patient, who had a slightly increased concentration.
A defective fibrinolytic system was found in 33 patients (330),

and two different groups could be distinguished. One group (group 2)
comprised 22 patients all with normal concentrations of released
tissue plasminogen activator antigen after venous occlusion as
measured by immunoradiometric assay but poor response when
determined either on fibrin plates or amidolytically with S-2251.
These patients had significantly (p < 0 005) increased concentrations
of tissue plasminogen activator inhibitor, which in three patients
was seven to 10 times higher than that of normal plasma. In most
patients the inhibitor concentration was checked at least twice and
was consistently high.
The remaining group (group 3) consisted of 11 patients all with low

concentrations of released tissue plasminogen activator after venous
occlusion as measured by functional tests (fibrin plates and S-2251).
In contrast with patients in group 2 patients in group 3 also had low
values for released tissue plasminogen activator as measured by
immunoradiometric assay. The values for tissue plasminogen activator
antigen differed significantly (p < 0 01) from those for patients in
group 2. All but one patient in group 3 had values within the normal
range for the tissue plasminogen activator inhibitor.
The ages of the patients in group 1 varied between 14 and 67

(mean 41) years, in group 2 between 30 and 73 (mean 53) years, and
in group 3 between 15 and 72 (mean 35) years. The difference in
mean age between groups 2 and 3 was significant (p<0-001), the
lower age in group 3 being the only difference noted in clinical
pattern between the three groups.

Discussion

The main source of tissue plasminogen activator is known to
be the blood vessels,2'7 28 where endothelial cells both synthesise
and store these activators.29 30 Furthermore, the activators are
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continuously released from the endothelial cells into the blood
stream.2' 2'9 Several workers have now shown that patients with
impaired fibrinolysis are more susceptible to thrombosis.' 2 4 7 8
In principle, defective fibrinolysis might be due to: (1) a
decreased synthesis of vessel wall tissue plasminogen activator
or defective release of activators, or both; or (2) inactivation of
tissue plasminogen activator by inhibitors. Human placenta is
known to contain an inhibitor of both urokinase and tissue
plasminogen activator.3" 32 Recently, several groups have
reported evidence for the existence of a rapidly acting inhibitor
of tissue plasminogen activator in plasma." -13 3"'--3 Interestingly,
inhibitors of tissue plasminogen activator have been identified
in mediums from bovine, porcine, and human vascular endo-
thelial cells."' 19 3'-39 AMoreover, evidence has been obtained
that the inhibitor in the endothelial cells is present in the
culture medium as a complex between tissue plasminogen
activator and the inhibitor, having molecular weights of about
95 000 and 100 000.12 3'9 The inhibitor has not yet been character-
ised, but its molecular weight has been calculated to be about
40 000.1' 13 39 It is not yet known whether the vascular inhibitor
is identical with the placenta inhibitor.
The ascertainment of the role of this inhibitor to tissue

plasminogen activator present in the vascular endothelium and
the plasma in regulating the fibrinolytic activity in the vessel
wall and in blood is thus of the utmost interest. Hitherto only
a few clinical studies have been published. Wijngaards and
Groeneveld and Juhan-Vague et al found increased concentra-
tions of tissue plasminogen activator inhibitor in some severely
ill patients with varying diagnoses.I' 35 Recently Wiman et al
reported that eight of 24 patients with venous thrombosis had
increased concentrations of tissue plasminogen activator
inhibitor." In a large family with a high incidence of venous
thrombosis associated with impaired fibrinolysis Nilsson and
Tengborn reinvestigated two of the members.36 After venous
occlusion both showed a normal release of tissue plasminogen
activator antigen but low tissue plasminogen activator con-
centrations as measured by fibrin plates and S-225 1. Their
plasma contained 50 times more tissue plasminogen activator
inhibitor than does normal plasma.

In the present study of 100 consecutive patients with recurrent
deep venous thrombosis or pulmonary embolism, or both, the
fibrinolytic response after 20 minutes of venous occlusion was
decreased in 33, a somewhat lower incidence than in our
earlier studies.' 41 That the mean age of our control group was
10 years lower than that of th; thrombotic patients was prob-
ably immaterial as no clear relation has been shown between
age and ?ibrinolysis.' None of the patients had any abnor-
malities in concentrations of antithrombin III or protein C,
two factors known to predispose to venous thrombosis.13 44

Interestingly, two different mechanisms responsible for the
poor fibrinolytic response could be distinguished. After venous
occlusion one group of the poor responders (11 patients) had
low values for both tissue plasminogen activator activity and
tissue plasminogen activator antigen concentration and normal
or near nornial concentrations of tissue plasminogen activator
inhibitor. Thus this group appeared to have true defective
synthesis or release, or both, of tissue plasminogen activator.
The other, larger grouip (22 patients) released normal amounts
of tissue plasminogen activator antigen but had appreciably
increased concentrations of tissue plasminogen activator
inhibitor. These results provide further evidence for the role of
the tissue plasminogen activator inhibitor in the pathogenesis
of venous thrombosis.
That twvo diffeL ent aetiological mechanisms have been

found in patients with defective fibrinolysis may have clinical
implications. Tissue type plasininogen activator, produced by
recombinant deoxyribonuicleic acid technology,45 is supposed
to be the tilroiabolytic agent of choice in the future. The
necessary doses can be expected to depend on the concentration
of tissue plasminogen activator inhibitor. To prevent further
thrombotic episodes in patients with high inhioitor concentra-
tions the aim must be to find a form of treatment that will

reduce the inhibitor concentration. Sue-Ling et al and Verheijen
et al have preliminarily reported that administration of the
anabolic steroid stanozolol can cause a decrease in the fast
acting tissue plasminogen activator inhibitor.46 -' The patients
in their studies, however, did not have increased inhibitor
concentrations. A study of whether stanozolol has any effect in
patients with high inhibitor concentrations would be interesting.

Apart from the lower mean age of patients in group 3 no
clinical differences were found between the two groups with
poor fibrinolytic response.
To conclude, two different mechanisms may cause defective

fibrinolysis in patients with venous thrombosis. Thus important
factors include not only defective synthesis and release of tissue
plasminogen activator but also an increased concentration of the
inhibitor against tissue plasminogen activator.

This study was supported by grants from the Swedish Medical
Research Council (00087).
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Platelet immune complex interaction in pathogenesis of
Kawasaki disease and childhood polyarteritis
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Abstract

The role of platelets in the pathogenesis of vasculitis
and the formation of coronary artery aneurysms was
studied in 19 children with Kawasaki disease and five
with polyarteritis. All patients with Kawasaki disease
developed thrombocytosis in the third week of illness.
The peak platelet count was significantly correlated
(p <0 005) with the subsequent development of coronary
artery aneurysms. The rise in platelet count was as-
sociated with the appearance in the circulation of a
factor that induced aggregation and serotonin release
in normal platelets. This factor was shown to be of high
molecular weight, and its activity was lost at low pH-
features suggestive of an immune complex. Immune
complexes, detected by precipitation with polyethylene
glycol, also appeared in the circulation as the platelet
count increased. These complexes induced platelet
aggregation, and there was a significant correlation
(p <0 001) between the concentrations of IgG and IgA in
the polyethylene glycol precipitated material and the
platelet aggregating activity. Similar platelet aggregating
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activity was also detected in patients with polyarteritis
but followed a different time course, persisting in the
circulation for several months in association with
continued disease activity.
These findings imply that different mechanisms have

a role in distinct phases of Kawasaki disease. The initial
feverish phase (probably infective) is probably followed
by an immune complex vasculitis that occurs when
antibodies to the initiating agent appear in the circula-
tion. The immune complexes aggregate platelets and
induce release of serotonin. Platelet derived vasoactive
mediators may increase vascular permeability and
facilitate further deposition of complexes in the tissues.

Introduction

Kawasaki disease, or the mucocutaneous lymph node syndrome,
is an acute, feverish illness affecting young children, with
prominent mucocutaneous and cardiovascular manifestations.'
Since its description in 1967 many thousands of cases have been
seen in Japan, and the disease is recognised increasingly often
in many other countries.23
Kawasaki disease is often a benign and self limited illness.

Arteritis affecting the extraparenchymal muscular arteries is,
however, common and results in the development of coronary
artery aneurysms in 20-600o of cases.46 Death due to coronary
artery thrombosis, myocardial infarction, or aneurysm rupture
occurs in 1-2 80,, of patients in the first three months of the
illness,2 4-6 and there are reports of sudden death due to
myocardial infarction occurring months to years after the
initial illness.
Coronary artery aneurysms and myocardial infarction are

most commonly detected after the second week of the illness
and usually occur at a time when the fever and mucocutaneous
manifestations are subsiding and the child appears to be
convalescing.8 Thrombocytosis also occurs at this time, with
the platelet count often exceeding 1000 x 109/1.2 This puzzling
temporal association of thrombocytosis with the development
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