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Abstract
Objectives-(I) To assess if patients with
various forms of Raynaud's phenomenon
(RP) have abnormal plasma fibrinolysis
that may contribute to diminished digital
blood flow; (2) to assess whether patients
with RP with evidence of endothelial
damage have abnormal plasma fibrino-
lysis; (3) to determine the clinical
relevance of abnormalities, if any, in
plasma fibrinolysis in patients with RP.
Methods-One hundred and sixty eight
patients with significant RP were
studied-46 had primary Raynaud's
disease (RD), 32 had suspected Raynaud's
syndrome secondary to an undifferen-
tiated connective tissue disorder (undif-
ferentiated CTD), 25 had Raynaud's
syndrome associated with atherosclerosis
(athero RS), and 65 had an underlying
connective tissue disease (CTD RS). All
attended in the morning after a low fat
light breakfast. After a clinical history was
obtained, venous blood samples were
collected without stasis for assays of
plasma fibrinolysis and factor VIII von
Willebrand factor antigen (fVIII vWF Ag).
Results were compared with those
obtained from normal subjects matched
for sex and age. As patients with athero RS
were significantly older than the other
patients with Raynaud's phenomenon,
two groups of control subjects were
recruited-namely, 'old' and 'young'
control subjects.
Results-Patients with CTD RS and
athero RS had higher concentrations
of fVIII vWF Ag (CTD RS median 174-5
range (45-370)% v 100 (38-202)%,
p<0*001;athero RS 182-5 (100-240)% v 100
(50-158)%, p<0-001). Both had raised
fibrinogen (CTD RS 3 25 (1.9-6.8) g/l v 2*4
(1.2-4.2) g/l, p<0-001;athero RS 3.4
(2.2-6.2) g/l v 2*5 (1.8-3.9) g/l, p<0-001) and
both had diminished fibrinolysis with
reduced plasminogen activator activity
(CTD RS 79*5 (31-72) mm2 v 92 (37-197)
mm2, p<0*04;athero RS 73 (45-125) mm2 v
98 (41-197) nun2 p<0-03). Patients with
CTD RS also had raised plasminogen
activity (3 3 (2-3-5-8) cU/ml v 2-9 (1-5-5-4)
cU/ml, p<OOOl). On the contrary, patients
with primary RD and undifferentiated
CTD had normal fibrinogen and plasma
fibrinolysis. Within each patient group, no
significant differences in any of the
measured variables were found between

those who had RP all year and those who
had RP in the winter only, those with RP
ofthe hands only and ofhands and feet, or
those with and without digital ulcers.
Conclusion-Dimiinished plasma fibrino-
lysis is found in patients likely to have
endothelial damage (CTD RS and athero
RS). These changes are probably a con-
sequence rather than a cause of the
disease.

(Ann Rheum Dis 1993; 52: 443-448)

Raynaud's phenomenon (RP) was first defined
by Maurice Raynaud in 1862 as episodic digital
ischaemia provoked by cold and emotion.' It
is a common condition affecting 50/6-10% of
the population and is nine times more common
in women than in men. Although RP may be
benign when it is not associated with an
underlying condition (primary Raynaud's
disease (RD)), it can still significantly affect a
patient's lifestyle. When RP is associated with
an underlying disorder (secondary Raynaud's
syndrome (RS)), the viability of the digits may
be threatened. Recently, a third subdivision of
patients with RP has been delineated-namely,
suspected Raynaud's syndrome secondary to
an undifferentiated connective tissue disease
(undifferentiated CTD). This group of
patients often presents with severe Raynaud's
symptoms and clinical features that are
suggestive but not diagnostic of CTD.
Treatment for RP has been unsatisfactory as

little was known about its true aetiology until
recently. As well as dysfunction of nervous
control of blood vessels24 patients with RP
may have abnormal blood rheology and
coagulation.5 6 Hyperviscosity and hyper-
fibrinogenaemia have been implicated in its
pathogenesis when linked to systemic
sclerosis.7 8 These changes may be related to a
deficiency in the fibrinolytic system.9 10
Although there is general agreement that
patients with RS secondary to a CTD,
especially systemic sclerosis, have diminished
plasma fibrinolysis, there is no agreement
regarding the aetiological role of fibrinolysis in
primary RD. Hyperfibrinogenaemia and re-
duced fibrinolytic activity have been
documented in patients with primary RD by
some authors7-9 but not others.'0 Holland et
allo suggested that this was due to poor
selection of patients and that carefully
characterised patients with primary RD have
normal fibrinolysis.
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As well as this controversy, fibrinolysis in
other forms of RP has not been extensively
investigated. Previous studies have shown
raised factor VIII von Willebrand factor
antigen (fVIII vWF Ag) concentrations in
plasma in patients with RS and vascular
damage." As fibrinolysis is largely a function
of endothelial cells, whether patients with
damaged endothelium and raised fVIII vWF
Ag have abnormal fibrinolysis has not been
documented previously. Furthermore, the
clinical relevance of such abnormalities, if any,
has not been studied. For these reasons, we

have studied baseline plasma fibrinolysis and
fVIII vWF Ag in patients with primary RD,
undifferentiated CTD, and different forms of
secondary RS. To clarify whether any
abnormalities detected were related to the
vasospasm itself or to the underlying disease,
in each case a careful clinical history was also
obtained followed by a clinical examination. A
proportion of the patients were issued with
diary cards to record frequency and duration
of attacks of vasospasm.

Subjects and methods
PATIENTS AND CONTROLS

Patients were recruited from an outpatient
clinic during the winter months. All were

referred by their general practitioners because
of severe Raynaud's symptoms that had failed
to respond to conservative treatment. Patients
who were taking medication for their
Raynaud's condition were asked to stop for at
least two weeks before entry to the study. All
gave written informed consent. Healthy
subjects matched for age, sex, and smoking
were also studied.

CLINICAL HISTORY AND EXAMINATION

All patients were interviewed by a medical prac-

titioner and a detailed history of their Raynaud's
symptoms was obtained. This included age of
onset and duration of RP; family history of RP;
and associated features suggestive of an under-
lying CTD namely, arthralgia, myalgia, sicca
syndrome, photosensitivity, tightening of the skin
of the fingers or face etc. Patients were also asked
if they had previous occupational exposure to
vibrating tools. As a guide to the severity of
Raynaud's symptoms, they were asked whether
their vasospastic attacks occurred in winter only
or in both winter and summer, as well as whether
one hand or both hands, and feet were affected.
A medical examination was also carried out

and particular attention was paid to the
presence of digital ulcers as well as features
of obstructive vascular disease, rheumatoid
arthritis, and other connective tissue diseases.
A nailfold capillary microscopy examination
was also performed.

DIARY ASSESSMENT OF SEVERITY OF RAYNAUD S

SYMPTOMS

Some patients were provided with pocket size
diary cards with detailed instructions to record
all attacks of Raynaud's phenomenon over a

two week period. An attack was defined as
white discoloration ofone or more fingers, with
or without paraesthesia, precipitated by cold,
emotion, or a sudden drop in the surrounding
temperature. The duration of the attack was
also measured (in minutes) and was defined as
the time elapsing between the start of an attack
to the disappearance of blanching in the
finger(s). The total number and duration of all
attacks of Raynaud's phenomenon that
occurred during the two week period were
calculated.

ROUTINE BLOOD TEST

Routine blood haematology, biochemistry
(including renal function), and immunology
were carried out on all patients as part of
screening for CTD.

ASSAYS OF PLASMA FIBRINOLYSIS AND FACTOR

VIII VON WILLEBRAND FACTOR ANTIGEN

All subjects attended between 0900 and 1000
hours in the morning after a standard low fat
light breakfast that comprised one slice of toast
without butter and a glass of orange juice.
Patients were asked to refrain from cigarette
smoking from the previous evening. All rested
for at least 30 minutes before venepuncture.
Blood samples were obtained without stasis
with a gauge 19 butterfly at least 30 seconds
after release of the tourniquet. The following
assays were performed:
Factors involved in thefibrinolytic pathway
Fibrinogen, a substrate for fibrin that is involved
in clot formation, was measured with the
Automated Coagulation Laboratory nephelo-
metric centrifugal analyser (Instrumentation
Laboratory) by the method of Clauss.'2
Fibrinopeptide A, a degradation product of
fibrinogen by thrombin, was measured with a
competitive two step enzyme linked immuno-
sorbent assay (Boehringer Mannheim).
Plasminogen, the precursor ofplasmin that lyses
fibrin, was determined with a chromogenic
substrate assay (Instrumentation Laboratory).
This assay is not affected by raised plasma
concentrations of fibrin degradation products
and fibrinogen.
Plasminogen activator activity was determined
by fibrin plate lysis area.'3
Product of endothelial damage
Plasma fVIII vWF Ag, an endothelial product
released after vascular damage, was assayed
with the Laurell rocket technique.'4

STATISTICAL ANALYSIS

The Mann-Whitney U test and Spearman's
rank correlation test were used as appropriate.
A p value of <0 05 was considered significant.
Results of assays are expressed as median
(range).

Results
PATIENTS AND CONTROLS

One hundred and sixty eight patients were
recruited. Forty six had primary RD, 32 had
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Table 1 Demographic details ofsubjects studied and summary of the patients' histories ofRaynaud's phenomenon

Athero RS CTD RS Undifferentiated RD Old controls Young controls
CTD

No 25 65 32 46 26 48
Age (y; mean) (SD) 63-2 (10-5) 46-4 (12-5) 42-4 (13-3) 31-3 (12-4) 58-6 (10-4) 39-9 (8 5)
Male:female 11:14 11:54 7:25 4:42 12:14 6:42
Smokers:non-smokers 8:17 28:37 19:13 18:28 10:16 22:26
Duration ofRP (y; mean) (SD) 6-5 (7-3) 9-7 (7-0) 8-6 (7-9) 7-2 (6.4) - -
Family history (yes:no) 6:19 6:59 13:19 18:28 - -

Season (winteronly:allyear) 9:16 10:55 10:22 19:27 - -

Digital ulcers (yes:no) 4:21 43:22 2:30 0:46
Involvement of hands only:hands and feet 4:21 28:37 11:21 23:23 - -

Athero RS=Raynaud's syndrome associated with atherosclerosis; CTD RS=Raynaud's syndrome with underlying connective tissue
disease; undifferentiated CTD=Raynaud's syndrome secondary to an undifferentiated connective tissue disorder; RD=primary
Raynaud's disease.

7 undifferentiated CTD, 25 had RS associated* vold controls, p < 0-001 with atherosclerosis (athero RS), and 65 had
* ** v young controls, p < 0-001 an associated connective tissue disease (CTD

6 RS). Of those with CTD RS 42 had systemic
sclerosis, 20 had systemic lupus erythemato-
sus, two had rheumatoid arthritis, and one had

5 vasculitis ofunknown origin. Table 1 shows the
demographic details of these patients and a

4 summary of their history of RP. Patients were
said to have primary RD if they complained of
digital vasospasm but had no other features

3 suggestive of an underlying condition and had
a negative immunology screen. Patients were
diagnosed as having undifferentiated CTD if

2 they complained of features suggestive but not
diagnostic of a CTD as well as intense digital
vasospasm. All patients with CTD RS
presented with features that fulfilled the
American Rheumatism Association diagnostic

o criteria for the appropriate condition. 15-17
Old Athero CTD uCTD Primary Young Patients with athero RS had other features of

controls RS RS RS RD controls peripheral vascular disease such as calf

ure 1 Plasma fibrinogen concentrations in patients with atherosclerotic Raynaud's claudication pain as well as severe Raynaud's
drome (athero RS), Raynaud's syndrome associated with connective tissue disease symptoms and none had any features of a
rD RS), undifferentiated connective tissue disorder and secondary Raynaud's syndrome CTD. Also, none of these patients gave a
,TD RS), primary Raynaud's disease (RD), and old andyoung control subjects. history of occupational exposure to vibration.
tistical analysis by Mann-Whitney U test. Results are in median (range); interquartile All had an ankle:brachial pressure ratio of
geboxed.Alha anakebahaprsueato f

<0-85. They also all had low digital blood
pressure as measured by Doppler flow despite

40 r |* vold controls, p < 0001 l the absence of Raynaud's phenomenon in a

** vyoung controls, p < 0-001 l4l warm environment.
________________________ I' As patients with athero RS were significantly

20 ** older than the other patients with Raynaud's
1(20) phenomenon, two groups of control subjects,

old and young, were recruited (table 1).
Results obtained from patients with athero RS

3120) were compared with those from the old control
_1 subjects whereas results obtained from the

10 _ other groups of patients were compared with
91- ~~~~~~~~~~thoseobtained from the young control

8
7
6
5
4

3
2

0

**

subjects.

BASELINE PLASASA FIBRINOLYSIS
Fibrinogen
Patients with athero and CTD RS had signifi-
cantly higher plasma fibrinogen concentrations
when compared with control subjects (athero

OldAthero :CTDwithPrimary Youn lRS v old controls median3p 4 range (2-2-6-2)
Old Athero CTD uCTD Primary Young gRl v 2-5 (1c8-3o9) g/l, p<0 ran;CTD RS v

controls RS RS RS RD controls young controls 3-25 (1-9-6-8) gA v 2A4
PlasmafibrinopeptideA concentrationsinpatientswithatherosclerotic (1-2-4*2) g/l, p<OOO1). There were no

d's syndrome (athero RS), Raynaud's syndrome associated with connective tissue significant differences in plasma fibrinogen
'CTD RS), undifferentiated connective tissue disorder and secondary Raynaud's concentrations between patients with un-
e (uCTD RS), primary Raynaud's disease (RD), and old andyoung control
Statistical analysis by Mann-Whitney U test. Results are in median (range); differentiated CTD and primary RD and the
rtile range boxed. young control subjects (fig 1).
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|* vyoung controls, p < 0-0011

Xt X 't X LX~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-1' 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(2 3-5 8) v cU/ml 2-9 (1L5-5-4) cU/ml,
p<0001). No significant differences in
plasminogen activity was found between
patients with athero RS and the old control
subjects and those with un-
differentiated CTD and primary RD and the
young control subjects (fig 3).
Plasminogen activator activity
Plasminogen activator activity was significantly
lower in patients with athero RS and patients
with CTD RS compared with control subjects
(athero RS v old controls 73 (45-125) mm2 v
98 (41-197) mm2 p<0 03;CTD RS v young
controls 79 5 (31-172) mm2 v 92 (37-197)
mm2, p<004). There were no significant
differences in plasminogen activator activity
between patients with undifferentiated CTD
and primary RD and the young control
subjects (fig 4).

Old Athero CTD uCTD Primary Young FACTOR VIII VON WILLEBRAND FACTOR
controls RS RS RS RD controls ANTIGEN

Plasma plasminogen levels in patients with atherosclerotic Raynaud's syndrome Patients with athero RS and CTD RS had
S), Raynaud's syndrome associated with connective tissue disease (CTD RS), . .

c otiated connective tissue disorder and secondary Raynaud's syndrome (uCTD SlgIfCantly higher concentrations of fVIII
iary Raynaud's disease (RD), and old andyoung control subjects. Statistical vWF Ag in plasma compared with control
yMann-Whitney U test. Results are in median (range); interquartile range subjects (athero RS v old controls 182-5

(100-240)% v 100 (50-158)%, p<000 l;CTD
RS v young controls 174-5 (45-370)% v 100
(38-202)%, p<0 001). There were no signifi-

* v old controls, p < 0.03 cant differences in plasma fVIII vWF Ag
** v young controls, p < 0-04 concentrations between patients with un-

differentiated CTD and primary RD and
young control subjects (fig 5).

**

CORRELATION BETWEEN PLASMA FIBRINOLYSIS

AND THE SEVERITY OF ATTACKS OF RAYNAUD 'S

PHENOMENON

Within each patient group, no significant
differences occurred in any measured variables
between those who complained of Raynaud's
phenomenon all year and those with symptoms
in the winter only and those who complained
of Raynaud's phenomenon of the hands only
and of hands and feet. Of the patients with
CTD RS, 43 had one or more digital ulcers
and 22 had none. There were no significant
differences in plasma concentrations of fVIII

Old Athero CTD uCTD Primary Young vWF Ag and fibrinolysis between these two
controls RS RS RS RD controls subgroups of patients.
T%F- .- .- 1- 7- 7subgroupofTpatlentsFigure 4 Plasminogen activator activity in patients with atherosclerotic Raynaud's

syndrome (athero RS), Raynaud's syndrome associated with connective tissue disease
(CTD RS), undifferentiated connective tissue disorder and secondary Raynaud's syndrome
(uCTD RS), primary Raynaud's disease (RD), and old andyoung control subjects.
Statistical analysis by Mann- Whitney U test. Results are in median (range); interquartile
range boxed.

Fibrinopeptide A
Plasma concentrations of fibrinopeptide A
were significantly higher in all patient groups
when compared with control subjects (athero RS
v old controls 1P85 (0<3-6&8) g/l v 0-62 (0-5-41)
g/l p<OOOl; CTD RS, undifferentiated CTD,
and primary RD v young controls 2 1 (053-20)
g/l, 1-4 (066-68) gIl, 1-7 (053-40) g/l, respectively
v 0-62 (0 5-11) gil, all p<0 001) (fig 2)
Plasminogen
Patients with CTD RS had significantly higher
plasma plasminogen activity compared with
control subjects (CTD RS v young controls 353

CORRELATION BETWEEN PLASMA FIBRINOLYSIS

AND DIARY RECORDING OF ATTACKS OF

RAYNAUD S PHENOMENON

The first 26 patients recruited into this study
(12 with RS associated with systemic sclerosis,
eight with undifferentiated CTD, and six with
primary RD) completed a two week diary
recording of the total number and duration
of attacks of Raynaud's phenomenon. No
significant correlation occurred between
severity of Raynaud's symptoms and plasma
fibrinolysis (table 2).

Discussion
During the formation of a blood clot after
injury to a blood vessel, fibrinogen is converted
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lo1 propagation of disease in this group of patients.

* vold controls, p < 0-01 These data are important as atherosclerosis is

io ** vyoung controls,p <0-001 a common cause of secondary RS in patients
first presenting at the age of 60 years or older.22
It is now known that the endothelium is an

important source of plasminogen activators.23
Plasminogen activator release is reduced if the

io endothelial cells are damaged. Our study also
confirms that patients with primary RD and
undifferentiated CTD, diagnosed after careful
evaluation of their Raynaud's and associated
symptoms, have normal overall plasma fibrino-

io _ lysis with normal fibrinogen, plasminogen, and

plasminogen activator activity. Therapeutic-
o _ ally, it is important to know that patients with

.I . RP not associated with an underlying
condition have normal plasma fibrinolysis.

0o _ Such a finding suggests that these patients are

unlikely to respond to the use of fibrinolytic
o agents as shown by Jayson et al,2' especially in

Old Athero CTD uCTD Primary Young view of the fact that presently available
controls RS RS RS RD controls fibrinolytic agents associated with high

S Plasma factor VIII von Willebrandfactor antigen levels in patients with incidence of side effects.
sclerotic Raynaud's syndrome (athero RS), Raynaud's syndrome associated with Patients with primary RD and undifferen-
tive tissue disease (CTD RS), undifferentiated connective tissue disorder and
lary Raynaud's syndrome (uCTD RS), primary Raynaud's disease (RD), and old tiated CTD were both found to have raised

)ung control subjects. Statistical analysis by Mann-Whitney U test. Results are in concentrations of fibrinopeptide A. This was
n (range); interquartile range boxed. also the case in patients with athero RS and

CTD RS. As fibrinopeptide A is a breakdown
product of fibrinogen,24 we wonder if this2 Correlation between baseline plasmafibrinolysis and diary recording of
produtof fl ents wenwonder ifnts

ud's attacks (Spearman's rank correlation) phenomenon reflects a tendency for patients

with primary RD and undifferentiated CTD to
Total number of Raynaud's Total duration of Raynaud's develop hyperfibrinogenaemia which is, at the

attacks in two weeks attacks in two weeks
r (p value) r (p value) time of study, controlled by fibrinolysis. This

Dgen 0-36 (0-14) 0-27 (026) may explain some of the controversies from
nogen -0-18 (0-47) -005 (083) earlier studies. Some of these patients may
nogen activator activity 007 (077) -0-12 (0-63) eventually develop an underlying disorder

when fibrinolysis becomes inadequate showing
that a careful characterisation at the time of

into fibrin where its main function is to study of RD does not necessarily exclude
strengthen the clot. Once haemostasis is eventual progression of disease.
achieved excessive deposition of fibrin is The cause of reduc'ed fibrinolysis in our
prevented by the fibrinolytic system, which patients with athero RS and CTD RS is likely
is also responsible for the removal of to be related to endothelial damage secondary
inappropriately formed fibrin. Under such a to the underlying condition rather' than as a
system the insoluble fibrin is degraded into the direct consequence of vasospasm. Both groups
soluble fibrin degradation products by the of patients were shown to have raised
action of the protease plasmin. Plasmin is concentration of fVIII vWF Ag, an endothelial
produced, when required, by cleavage of its product that is released after damage to blood
inactive precursor plasminogen and the rate of vessels. Patients with primary RD and
this reaction is determined by the relative undifferentiated CTD had normal plasma
proportions of activators and inhibitors of fVIII vWF Ag and fibrinolytic activity. That
fibrinolysis. Diminished plasma fibrinolysis abnormal fibrinolysis is not directly related to
impedes blood flow and has been shown to be vasospasm is further supported by the finding
a major mechanism of thrombotic vascular that plasma fibrinolysis does not correlate with
disease.'8 A defective fibrinolytic system may severity of symptoms.
also be of aetiological importance in patients In conclusion, diminished plasma fibrino-
with RP.7-`0 Treatment of RP with fibrinolytic lysis is found in patients with secondary RS
agents has been tried and was suggested to be (athero RS and CTD RS). This may be
of value.1921 secondary to endothelial damage. These
To our knowledge, this is the largest study changes are probably related to the underlying

of plasma fibrinolysis in RP and hopefully condition rather than vasospasm as shown by
resolves some of the published conflicts. their lack of correlation with frequency and
Firstly, we have confirmed previous studies duration of vasospasm. Nevertheless, whether
showing that patients with CTD RS have cause or consequence, reduced fibrinolytic
reduced plasma fibrinolysis. Our patients had activity is likely to aggravate a condition in
raised fibrinogen and plasminogen and which blood flow has already been diminished
reduced plasminogen activator activity. Similar by intense vasospasm.
results were found in patients with athero RS
suggesting that abnormal fibrinolysis may also
have a role in either the aetiology or

Two of us (JB and CL) are in receipt of grants from the Oliver
Bird Fund and Scottish Health Endowment Research Trust. We
thank Ms H Chik and Ms J Lee for their secretarial assistance.
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