
Annals of the Rheumatic Diseases 1993; 52: 643-649

Abnormal plasma fibrinolysis in patients with
rheumatoid arthritis and impaired endothelial
fibrinolytic response in those complicated by
vasculitis

C S Lau, M McLaren, J Hanslip, M Kerr, J J F Belch

Abstract
Objectives-(a) To assess plasma
fibrinolytic parameters in patients with
rheumatoid arthritis (RA) and to
determine whether there are differences
between patients with RA alone and those
with RA complicated by vasculitis. (b) To
determine if patients with RA respond
differently to venous occlusion compared
with normal subjects and to assess
whether such a response differs in patients
with RA alone and those with rheumatoid
vasculitis. (c) To determine the extent of
vascular damage in patients with rheuma-
toid vasculitis and if this correlates with
the levels of plasma fibrinolytic para-
meters.
Methods-Sixty three patients with RA (38
had RA only and 25 had evidence of
rheumatoid vasculitis) were recruited.
Plasma levels of tissue plasminogen
activator antigen (t-PA Ag), plasminogen
activator inhibitor (PAI) activity, and
factor VIII von Willebrand factor (vWF)
were measured before and 10 minutes
after venous occlusion.
Results-Patients with RA, with or
without rheumatoid vasculitis, had higher
baseline PAI levels than control subjects.
The difference was statistically significant
for patients with RA alone but was not
statistically significant for patients with
rheumatoid vasculitis. After venous
occlusion, t-PA Ag levels increased sig-
nificantly in normal subjects and patients
with RA alone, but not in patients with
rheumatoid vasculitis. Plasma levels of
vWF were significantly higher in patients
with rhematoid vasculitis than in normal
subjects and those with RA alone. In
patients with RA alone, baseline vWF
correlated positively with t-PA Ag levels,
whereas a negative correlation was found
between these two parameters in patients
with rheumatoid vasculitis. A negative
correlation between vWF and t-PA Ag
levels after venous occlusion was also
found in patients with rheumatoid
vasculitis.
Conclusions-Patients with rheumatoid
vasculitis showed evidence of vascular
damage with increased levels ofvWF and
impaired t-PA Ag release after venous
occlusion, a useful measurement of

endothelial reserve to remove fibrin. This
may be of pathophysiological importance
in the development of vasculitis in these
patients.

(Ann Rheum Dis 1993; 52: 643-649)

The pathogenesis of rheumatoid arthritis (RA)
is incompletely understood. In addition to
altered immunity, other factors play a part.
One of these may be related to defects in the
formation and removal of fibrin. In normal
subjects the coagulation and fibrinolytic
systems are in dynamic equilibrium and fibrin
clots are eventually remodelled, restoring
tissue structure and function.' In disease states
characterised by increased inflammation and
tissue repair, however, there is excessive fibrin
formation2 and a failure to remove fibrin in
these circumstances may lead to secondary
damage.

Increased levels of fibrinogen, the precursor
molecule of fibrin, is a well recognised feature
of RA3 and previous histopathological studies
have shown the deposition of fibrin in joints of
patients with RA.4 Animal studies have shown
that this may be responsible for the develop-
ment of secondary inflammatory changes and
subsequent damage to the joint.5 Patients with
RA may also present with extra-articular
manifestations, and clinical vasculitis occurs in
a subset of these patients.6 Systemic vasculitis
is associated with high morbidity and mortality
rates.7 Studies of vasculitic lesions have shown
fibrin deposition within the blood vessel, which
causes obliteration of the lumen and
consequent death of the tissues supplied by the
blood vessel. Thus fibrin could play an
important part in the development of joint
changes and vascular complications of RA.
We have previously shown impaired plasma

fibrinolysis in some, but not all, patients with
RA.8 Data from patients with rheumatoid
arthritis are sparse, but suggest no significant
differences in baseline in patients with
rheumatoid vasculitis and those with RA
alone.9 These laboratory tests were static
measurements of the end result of a dynamic
process, however. Furthermore, physiological
variations in baseline plasma fibrinolytic
factors exist; for example, there is a diurnal
variation and an alteration with physical
activity,'0 and alimentary lipaemia.1" The
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Table 1 General characteristics of the three groups ofsubjects studied

Characteristic Normal Subjects with Subjects with
subjects rheumatoid rheumatoid
(n=64) arthritis vasculitis

(n=38) (n=25)
Median (range) age (years) 66 (24-78) 54 (26-73) 63 (20-78)
Male: female ratio 22: 42 12: 26 8: 17
No (%) smokers 17 (27) 10 (26) 11 (44)
Median (range) duration of RA (years) - 2 (1-17) 7 (0-39)
No with digital vasculitis - 25
No with vasculitis leg ulcers 4

venous occlusion technique can avoid some of
these artefacts and is a useful way of measuring
the rate of endothelial cell release of fibrinolytic
parameters. Changes in fibrinolytic parameters
after venous occlusion in patients with RA,
with or without vasculitis, have not been fully
investigated previously.

In this study we assessed plasma fibrinolytic
parameters before and after venous occlusion
in patients with RA alone and those
complicated by vasculitis. To determine if
changes in fibrinolytic parameters in these
patients may be related to vascular damage,
levels of factor VIII von Willebrand factor
(vWF), an endothelial product, were also
measured.

Patients and methods
PATIENTS

Sixty three patients with RA as defined by the
American Rheumatism Association criteria'2
were studied. Thirty eight patients had
significant but not severe symptoms of RA. All
required treatment with non-steroidal anti-
inflammatory drugs (NSAIDs) but none was

receiving or had been receiving disease
modifying antirheumatic drugs (DMARDs) or
steroids. In addition, none of these patients
had evidence of extra-articular manifestations
of RA. The other 25 patients had evidence of
vasculitis. All had active digital vasculitic
lesions and four had additional vasculitic leg
ulcers at the time of study. Six patients were

receiving no drugs for RA at presentation and
the others were receiving either DMARDs
(three patients) or steroids (six patients), or

both (10 patients). Sixty four normal subjects
matched for age, sex, and smoking habit with
no significant medical illness and requiring no
regular drug treatment were recruited as
controls. Table 1 shows the general charac-
teristics of the three groups of subjects studied.
Table 2 shows the clinical details of patients
with rheumatoid vasculitis and their treatment
with drugs for RA at the time of study.
The study was approved by the Tayside

committee on medical ethics and written
informed consent was obtained from all
subjects studied.

BASELINE BLOOD SAMPLING
All subjects attended between 9 and 10 am
after a standard low fat light breakfast. All were
rested for at least 30 minutes before the first
venepuncture. Using a gauge 19 butterfly,
blood samples were obtained without stasis at
least 30 seconds after release of the tourniquet.
The blood samples were anticoagulated with
3*2% trisodium citrate (9:1 v:v) and the
following assays were performed: (a) tissue
plasminogen activator antigen (t-PA Ag) (Kabi
enzyme linked immunosorbent assay
(ELISA)); (b) plasminogen activator inhibitor
(PAI) activity (Kabi chromogenic assay); and
(c) factor VIII vWF (Dako ELISA assay).

VENOUS OCCLUSION

With the subject sitting comfortably, blood
pressure was measured using a standard
sphygmomanometer. The cuff pressure was
then maintained at a level which was at least
10 mmHg above the diastolic blood pressure.
This prevented venous blood return from the
forearm, but did not impede the flow of arterial
blood. A second venous blood sample was

obtained 10 minutes later from the venous

Table 2 Clinical details ofpatients with rheumatoid arthritis (RA) complicated by vasculitis

Patient Sex Age Smoking Duration Nodular Digital Leg DMARDs Prednisolone
No (years) (No cigarettes! ofRA disease infarcts ulcers (mg/day)

day) (years) (YIN) (YIN) (YIN)

1 F 78 - 7 Y Y Y 5
2 F 20 - 13 N Y N SASP (2-5 g/day) 3
3 F 67 6 4 Y Y Y Pen (375 mg/day) 7-5
4 F 45 20 6 Y Y N MTX (IO mg/week)
5 F 64 - 39 Y Y N 5
6 M 68 - 3 N Y N MTX (IO mg/week) 7-5
7 M 74 - 3 N Y N Aza (100 mg/day) 10
8 F 69 - 25 N Y N Aza (125 mg/day) 4
9 M 55 20 8 N Y N Pen (500 mg/day) 3
10 F 63 10 0 N Y N Pen (750 mg/day) -

11 M 51 - 11 N Y N - 5
12 F 52 - 22 N Y Y Aza (150 mg/day) 2-5
13 F 51 - 15 N Y N --
14 F 63 20 26 N Y N -
15 F 71 - 20 N Y N --
16 F 45 - 6 Y Y N HO-urea (1 g/day) 7-5
17 M 63 - 0 N Y N --
18 M 69 10 15 Y Y N MTX (10 mg/week) 2-5
19 F 50 - 2 Y Y N --
20 F 68 12 0 N Y N Pen (250 mg/day)
21 M 71 40 4 N Y N 5
22 F 58 13 0 Y Y N -

23 M 46 10 12 N Y N Pen (750 mg/day) 6
24 F 26 12 5 N Y Y 20
25 F 68 - 25 Y Y N - 5

Abbreviations: Y=yes; N=no, F=female; M=male; DMARDs=disease modifying antirheumatic drugs; Aza=azathioprine; HO-
urea= hydroxyurea; MTX=methotrexate; Pen=penicillamine; SASP=sulphasalazine.
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Table 3 Results forplasma fibrinolytic parameters before and after venous occlusion (VO) in normal subjects, patients
with rheumatoid arthritis (RA) alone, and patients with RA and vasculitis. Results are expressed as median (interquartile
range)

Normal subjects Patients with p Value Patients with p Value
(n=64) RA alone (n=38) (patients with rheumatoid (patients with

RA v normal vasculitis (n=25) rheumatoid
subjects) vasculitis v

normal subjects)

tPA Ag before VO (%) 139 (100-184) 126 (84-165) 0-31 140 (104-255) 0-42
tPA Ag after VO (%) 415 (324-485) 200 (165-308) <0-00001 189 (94-323) <0 00001

*p<0.00001 *p<000001 *p=0-53
PAI before VO (U/ml) 11 1 (8-1-16-1) 16-1 (9 6-26 8) <0 01 17-7 (8 5-22 8) 0 05
PAI afterVO (U/ml) 3 2 (1 5-10 1) 7-6 (1-22-7) 0-18 10 9 (1-20 3) 0 11

*p<0.00001 *p<0-001 *p<0-005
vWF before VO (IUll) 786 (560-1120) 850 (630-1330) 0 58 1860 (1160-2750) <0 0001
vWF after VO (IU/l) 1160 (920-1540) 1190 (900-1600) 0 34 2230 (1500-4040) <0 0001

*p<O-OOO1 *p<O-0001 *p<O.0001

Abbreviations: t-PA Ag=tissue plasminogen activator antigen; PAI=plasminogen inhibitor; vWF=factor VIII von Willebrand
factor.
*p Values comparing the values before and after venous occlusion using paired Wilcoxon test.

occluded forearm before the cuff was allowed
to deflate and the assays were repeated.

STATISTICAL ANALYSIS
A Mann-Whitney U test was used to assess
differences observed between the three groups
of subjects. A paired Wilcoxon test was used to
assess changes in fibrinolytic parameters before
and after venous occlusion within each group
of subjects. A Spearman rank test was used to
assess possible correlations between fibrino-
lytic parameters and vWF levels at baseline and
after venous occlusion.

Results
PATIENT CHARACTERISTICS
The two groups of patients with RA and the
controls were matched for age, sex ratio, and
smoking habit. Patients with RA alone had
significantly shorter disease duration than
those with rheumatoid vasculitis (median
(range) 2 (1-17) v 7 (0-39) years respectively;
P<O-O1).

FIBRINOLYSIS AT BASELINE AND AFTER VENOUS
OCCLUSION

Table 3 summarises the results for plasma
levels of vWF and fibrinolytic parameters
before and after venous occlusion. Figures 1
and 2 show the changes in t-PA Ag and PAI
levels before and after venous occlusion. There
was no difference in baseline t-PA Ag levels
between the three groups. Baseline PAI activity
was significantly higher in patients with RA
alone (p<001) but did not reach a statistically
significant difference in patients with rheuma-
toid vasculitis (p=005) compared with normal
subjects. After venous occlusion, t-PA Ag levels
increased significantly in normal subjects
(p<000001) and patients with RA alone
(p<000001), but not in patients with
rheumatoid vasculitis (p=0 53). Levels of t-PA
Ag in patients with RA alone and those with
rheumatoid vasculitis after venous occlusion
were significantly lower than those in normal
subjects (both p<0 00001). The PAI activity
decreased after venous occlusion in all three
groups of subjects (controls p<000001; RA
p<0001; rheumatoid vasculitis p<0005).
There was no significant difference in the levels

of t-PA Ag and PAI activity before and after
venous occlusion between the patients with
rheumatoid vasculitis receiving different forms
of treatment for RA (DMARDs alone,
DMARDs and steroids, steroids alone, and no
RA treatment).

FACTOR VIII VON WITLLBRAND FACTOR
There was no statistically significant difference
in vWF levels between patients with RA alone
and normal subjects, but patients with
rheumatoid vasculitis had higher baseline
levels of vWF than subjects in the other two
groups (both p<00001). In patients with RA
alone, baseline vWF levels correlated positively
with t-PA Ag levels (r=049; p=001). There
was a significant negative correlation between
baseline vWF and t-PA levels in patients with
rheumatoid vasculitis, however (r=-0-54;
p=0Q04). A negative correlation between the
levels of vWF and t-PA Ag after venous
occlusion was also found in these patients
(r=0-55; p=0 04), but there was no significant
correlation between the same parameters after
venous occlusion in patients with RA alone
(r=035; p=0 08). No correlation between
vWF and t-PA levels (before and after venous
occlusion) was seen in normal subjects (tables
4 and 5). As expected, vWF levels increased
significantly after venous occlusion in all
subjects (all p<0 0001) (table 3).

Discussion
Although we and others have previously shown
baseline fibrinolysis to be impaired in patients
with RA, no one has yet thoroughly investi-
gated changes in fibrinolytic parameters after
venous occlusion in these patients. This is
important because it is the total fibrinolytic
response rather than the baseline production
which determines fibrinolytic potential under
conditions of clot formation. Our study has
confirmed previous findings of abnormal
baseline levels of fibrinolytic parameters in
patients with RA. We have, for the first time,
assessed endothelial t-PA release in patients
with RA. Patients with rheumatoid vasculitis
appeared to have a lower level of endothelial
t-PA release and did not respond to venous
occlusion. Levels of vWF, an endothelial
product, were high in patients with rheumatoid
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Figure 1 Plasma levels of tissue plasminogen activator antigen (t-PA Ag) before and 10 minutes after venous occlusion
(VO) challenge in control subjects, patients with rheumatoid arthritis (RA) alone, and patients with RA and vasculitis
(RV9.

vasculitis. There was a negative correlation
between vWF and t-PA Ag levels, at baseline
and after venous occlusion, in patients with
rheumatoid vasculitis. The likely reason for
this is that the low t-PA reserve may be
secondary to vascular damage in these patients;
it is also possible, though less likely, that a

predisposition to decreased t-PA production
allows vascular damage to occur.

Rheumatoid arthritis is a common disorder
characterised by an inflammatory arthropathy

which occurs in association with systemic
disease and extra-articular manifestations due
to an underlying vasculitis.7 Patients with
vasculitic complications have a poorer prog-
nosis. The pathophysiology of RA and its
vascular complications is not fully understood.
The coagulation and fibrinolytic systems may
have an important role in the development of
these manifestations, however. Endothelial
swelling, perivascular cellular infiltration,
thrombosis, and interstitial oedema are some
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pre-VO pre-VO
v v

post-VO post-VO
p < 0-001 / p < 0.005

pre-VO post-'
PAI PAI

Normal controls RA only

Figure 2 Plasma levels ofplasminogen activator inhibitor (PAI) activity before and 10 minutes after venous occlusion
(VO) challenge in control subjects, patients with rheumatoid arthritis (RA) alone, and patients with RA and vasculitis
(RI').

of the earlier synovial changes seen in patients
with RA.4 13 14 Early rheumatoid nodules and
vasculitic lesions have fibrin deposition within
the blood vessels and perivascular infiltration
ofinflammatory cells, 15 and the therapeutic use

of fibrinolytic drugs in patients with RA'6 17

may be useful.
The endothelium is believed to play a major

part in controlling the rate of fibrinolysis.
Fibrin is lysed by the action of plasmin into
soluble fibrin degradation products. The rate
of this reaction is dependent on the balance of

the various activators and inhibitors of the
formation of plasmin from its precursor mole-
cule, plasminogen. Two important participants
in this reaction are t-PA and PAI, an activator
and inhibitor respectively. The main site of
production of t-PA is the endothelium'8 and
PAI can be found in endothelial cells and in
platelets and hepatocytes.'9 Abnormalities of
endothelial function may lead to impaired
fibrinolysis and this may result in some of the
damage seen in RA secondary to fibrin
deposition.
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v
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p < 0-00001

501

401

301

RV

647

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.52.9.643 on 1 S
eptem

ber 1993. D
ow

nloaded from
 

http://ard.bmj.com/


Lau, McLaren, Hanslip, Kerr, Bekh

Table 4 Correlation between baseline factor VIII von Willebrandfactor andplasma
fibrinolytic parameters in the three groups ofsubjects studied. Statistical analysis was by the
Spearman rank correlation coefficient test

Plasma Normal subjects Patients with Patients with
fibrinolytic rheumatoid arthritis rheumatoid vasculitis
parameter
(before venous p Value r Value p Value r Value p Value r Value
occlusion)

tPA Ag 0 58 -0-08 0.01* 0 49 0.04* -054
PAI 0 23 0 17 0 17 0 27 0 58 -015

Abbreviations: t-PA Ag=tissue plasminogen activator antigen; PAI=plasminogen activator
inhibitor.
*Statistically significant.

Table 5 Correlation between factor VIII von Willebrandfactor andplasma fibrinolytic
parameters after venous occlusion in the three groups ofsubjects studied. Statistical analysis
was by Spearman rank correlation coefficient test

Plasma Normal subjects Patients with Patients with
fibrinolytic rheumatoid arthritis rheumatoid vasculitis
parameter
(after venous p Value r Value p Value r Value p Value r Value
occlusion)

tPAAg 0-36 0-13 0 07 0 35 0.04* -0 55
PAI 0 39 0-13 0-68 -0-08 0 09 -0-46

Abbreviations: t-PA Ag=tissue
inhibitor.
*Statistically significant.

plasminogen activator antigen; PAI=plasminogen activator

The endothelium can respond to stimulation
such as the formation of a fibrin clot by
increasing the rate of t-PA release, which
lowers the PAI activity. This increases the
overall rate of fibrinolysis with subsequent
removal of the clot. It is possible to assess the
t-PA release response. Intravenous infusion of
desamino-D-arginine vasopressin, a vaso-

pressin analogue, has been used in the past.20
A more convenient alternative way of
measuring the vessel wall t-PA release is by
venous occlusion.2" This procedure prevents
venous blood return from the forearm which is
being occluded, and traps the t-PA which is
released continuously by the vascular endo-
thelium. Additionally, venous occlusion causes

distension of the veins in the forearm and
accelerates endothelial cell t-PA release. In a

normal subject, an increase in t-PA release and
reduction in PAI activity is seen after venous

occlusion.22
In our study, although there was no

significant difference in the baseline t-PA Ag
levels in the two patient groups compared with
those of normal controls, patients with RA
were found to have higher PAI activity levels
than normal subjects. In those with RA alone
the differences were statistically significant, but
in patients with rheumatoid vasculitis, the p
value did not reach significance (p=005). It is
unlikely that any of the drugs taken by our

patients with RA would have caused the
differences observed in our three study groups,
although it was not possible to match for drugs.
Within the group of patients with rheumatoid
vasculitis, no differences were seen in any of
the fibrinolytic parameters between those who
were receiving different forms of treatment and
those who were not receiving any drugs at the
time of study. Previous studies have shown
steroid treatment to have either no significant
effect on fibrinolysis23 or to enhance
fibrinolysis.9 24 There have been no reports to
date on the effects ofDMARDs on fibrinolysis.

As most antirheumatic drugs used in RA
reduce inflammatory responses in these
patients, any effects of these drugs on the
parameters measured here would be expected
to be that of normalisation.

After venous occlusion, t-PA Ag levels
increased and PAI activity decreased in normal
subjects. Similar changes were observed in
patients with RA alone. In patients with
rheumatoid vasculitis, however, despite a
decrease in PAI activity after venous occlusion,
t-PA Ag levels did not increase significantly.
This indicated an impairment in the
endothelial t-PA release in these patients,
which may be partly responsible for the patho-
genesis of rheumatoid vasculitis. Although
patients with RA alone were apparently able to
respond to venous occlusion, it was probably
subnormal compared with that from normal
subjects. The t-PA levels in these patients after
vascular occlusion were significantly lower
than those from normal subjects, despite
similar baseline levels.

Factor VIII von Willebrand factor is a
product of the blood vessel wall which is
released by damaged endothelium.25 We have
previously shown vWF levels to be increased in
patients with inflammatory vascular disease26 27
and this study confirms this by showing
patients with rheumatoid vasculitis to have
significantly higher baseline vWF levels than
normal subjects and patients with RA alone.
The fact that different levels of vWF are found
in patients with different disease manifes-
tations may partially explain discrepancies in
the results of some previous reports, which
showed increased levels of vWF in a
heterogeneous group of patients with RA.28
Other possible explanations of such
discrepancies may be related to the venesection
technique and to differences in treatment for
RA. It is important that there is no venous
stasis during venesection. All our patients with
RA alone were receiving NSAIDs only.
The mechanism of endothelial damage in

rheumatoid vasculitis is not fully understood.
Some studies have suggested this to be
mediated by polymorphonuclear cells,29 30
whereas others have found specific antibodies
to endothelial cells in patients with rheumatoid
vasculitis and suggested that these antibodies
may play a part in the pathogenesis of the
disease.3' Whatever the mechanism, damage to
the blood vessel is likely to lead to dysfunction
of the endothelium. It is interesting to note the
significant positive correlation between vWF
and t-PA Ag levels at baseline in the patients
with RA alone. The same parameters, before
and after venous occlusion, however, corre-
lated negatively in patients with rheumatoid
vasculitis and there was no correlation between
them in normal subjects. These results further
support the differences in endothelial function
observed in the two groups ofpatients with RA.
It is probable that patients with RA are
susceptible to endothelial damage by various
noxious stimuli, which may then lead to the
formation of a thrombus. Patients with RA
alone are able to mount a t-PA release response
with subsequent removal of the thrombus.

648

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.52.9.643 on 1 S
eptem

ber 1993. D
ow

nloaded from
 

http://ard.bmj.com/


Plasma fibrinolysis and rheumatoid vasculitis

Such a response is impaired in patients with
rheumatoid vasculitis and the vasculitic
thrombus persists.

Increased levels of vWF may have further
clinical implications as vWF may promote
thrombosis and further obstruct flow via its
action on platelets32 and the clotting cascade.

In conclusion, our study has shown that
patients with rheumatoid vasculitis had
evidence of vascular damage with increased
levels ofvWF. We have shown for the first time
an impaired endothelial fibrinolytic response in
patients with rheumatoid vasculitis, which may
be secondary to damage to the blood vessels.
Our abnormal findings clearly show that
patients with rheumatoid vasculitis are more

likely to have a thrombus persist in the
vasculature than those with RA alone. We
propose that this may be one of the
mechanisms of the development of vasculitic
complications in these patients.

We thank Ms J Lee for her secretarial assistance, Sister H
McMahon for her help with patient assessment, and Dr M
Wilkinson for allowing us to study his patients. This study is
supported by a Scottish Hospital Endowments Research Trust
Grant No 1103.
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