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Summary

Introduction: Venous occlusion (VO) and exercise stress (ES) are
stimulators of the fibrinolytic system. Aim of this study was to answer
which of both stimulation tests is more useful in patients with symp-
tom-limited coronary artery disease (CAD) to evaluate possible defects
in the fibrinolytic system.

Methodsand results: Weinvestigated 20 patients (M/F = 15/5; mean
age = 36.7 years) with angiographically proven CAD for their plasma
levels of tissue-type plasminogen activator (t-PA) and plasminogen ac-
tivator inhibitor-type-1 (PAI-1) at basal conditions as well as after VO
and at maximal ES (standardised bicycle stress test) and compared the
data to those obtained from 12 sex- and age-matched healthy controls
(M/F = 9/3; mean age = 40.4 years). At basal conditions meant-PA ac-
tivity and t-PA antigen plasmalevels were within the normal range and
comparable between the two study groups. After both VO and maximal
ES, mean t-PA activity and t-PA antigen levelsincreased significantly
more in the control group as compared to the CAD group. Mean PAI-1
activity plasmalevelswere significantly higher inthe CAD group at ba-
sal conditions before VO (patients 7.0 £ 3.1; controls 3.9 + 3.9; IU/ml;
p = 0.025) as well as before ES (patients 8.1 + 3.5; controls 4.3 £ 3.8;
[U/ml; p = 0.009). PAI-1 activity plasma levels showed a significant
decrease for patients and controls only after VO, while PAI-1 activity
was not significantly decreased in both study groups at maximal ES.

Discussion: The significantly higher increase in mean plasmalevels
of t-PA activity and t-PA antigen after VO compared to ES in both
groups might be explained by the fact that CAD induced symptomsin
the patients during ES thus permitting only 80% of their age, sex, and
body massindex related optimal work load.

Conclusion: VO and ES are applicable triggers of the endogenous
fibrinolytic system in healthy subjects and patients who are not limited
intheir physical exercise. Standardised VO appearsto be superior to ES
as stimulation test of the endogenous fibrinolytic system in patients
with symptomatic CAD.
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Introduction

The fibrinolytic system of the vessel wall plays an important rolein
the prevention of local thrombus formation and initiation of endoge-
nousthrombolysis. A defectivefibrinolytic system isthought to support
thrombus formation and can be explained by two main mechanisms: a
reduced release of tissue-type plasminogen activator (t-PA) from dis-
eased endothelial cells after a thrombotic stimulus and an increase of
basal plasma levels of plasminogen activator inhibitor type-1 (PAI-1)
(2). A release of t-PA from the vessel wall can be induced by avariety
of stimuli, e.g. by venous occlusion (VO) of the forearm (2-11), by
systemic administration of desmopressin (DDAVP) (2, 4), isoprotere-
nol, or phenylephrine (12), or by physical exercise (8, 10, 13-17). An
impaired release of tissue-type plasminogen activator (t-PA) after VO
has been described mainly in patients with venous thrombosis (18-22)
but only few data exist about the role of a diminished fibrinolytic
response after VO (23-25) or after physical activity (26, 27) in athe-
rothrombotic diseases, i.e. coronary artery disease (CAD) or cerebro-
vascular disease. Both Speiser (23) and Estelles (26) performed venous
occlusion tests as well as exercise stress tests (EST) in their patients.
However, these stimulation tests were performed in different popula
tions and in different ways concerning duration and performance of
test. Interpretation of the results is therefore sometimes difficult.

Inthis study we wanted to investigate which of both, VO or ESisthe
most applicable and preferable stimulation test in young patients with
CAD to assess their fibrinolytic response.

Patients and Methods

Patients: We investigated 20 consecutive patients below 45 years with
angiographically proven but clinically stable CAD (28) and compared the data
obtained to agroup of 12 age- and sex-matched individual s without evidence of
CAD. Demographic data of patients and controlsare givenin Table 1.

Blood sampling: To minimise diurnal aterations of the fibrinolytic parame-
ters, al blood collections were performed after a 12 h fast between 8.00 a.m.
and 10.00 a.m. (29-35). First blood was drawn from an antecubital vein with-
out or with only minimal VO at resting conditions. Then a standardised VO of
15 min duration was performed on the contralateral forearm (3, 25) followed by
asecond blood collection from the occluded extremity. Between 6 and 8 weeks
after VO, plasma sampleswere collected againin all CAD patients and controls
at rest and after a standardised hicycle stress test, with a 25 Watt increase of
work load every 2 min, at the time point of maximal tolerable workload. In
genera, blood was drawn directly into plastic tubes coated with EDTA (final
concentration of 5 X 102 M) and subjected to immediate centrifugation (4° C;
3000; 15 min) to separate cellular material from plasma. Aliquots of the indi-
vidual plasma samples where then stored at —=70° C until use.
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Determination of fibrinolytic parameters: t-PA antigen (measuring
both t-PA and PAI-1 complexes, variation coefficient: intraassay
5% — interassay 10%) and t-PA activity plasma levels were determined
by means of a combined assay system [Technoclone, Vienna (36)].
PAI-1 functional activity was determined using a modified functiona
titration assay (variation coefficient: ,10%) (37). Plasma concentrations
of the fibrinolytic parameters after VO or EST were corrected for
hemoconcentration by use of a correction factor as described: K =
(1 —Hematocrit after)/(1 — Hematocrit before) (22, 38, 39).

Determination of routine parameters and cardiovascular risk factors:
Hematocrit and platelet count were determined using laboratory routine assays.
Plasma levels of cholesterol and triglycerides were measured using commer-
cialy available test kits and a multianalyzer system (Hitachi 705, Boehringer
Mannheim, Germany).

Satistical analysis: If not stated otherwise, results are expressed as mean
values and standard deviation (x = SD). Between group comparison of contin-
uous data was done with the Mann-Whitney U-test, within group comparison
was done with the Wilcoxon test for matched pairs. Categories were compared
with the Chi-square test, or Fisher's exact test if appropriate. A two-tailed p
vaue of <0.05 was regarded as statistically significant. All calculations were
done using a computer program (SPSS for Windows, version 6.0)

Results

As can be seen from Table 1 80% of patients had a history of myo-
cardial infarction and smoked more frequently. Other cardiovascular
risk factors, such as hypertension and hyperlipidemiawere equaly dis-
tributed between patients and controls; none of the study participants
had diabetes mellitus.

As presented in Table 2, there was no difference between patients
and controls with respect to hematocrit, platelet count or plasmalevels
of total cholesterol. However, triglyceride levels were significantly in-
creased in patients with CAD.

Mean t-PA antigen and activity levels at basal conditions were not
statigtically different between the study groups (Table3). Venous
occlusion wasin both groups followed by a significant increase of mean
t-PA antigen and t-PA activity plasmalevels, whereby t-PA antigen and
t-PA activity increased to a significantly higher extent in the control
group (Table 3). The mean increase of t-PA antigen levels in CAD
patients accounted for only 60% of that of the control group (p = 0.027).
Consistently, increase of t-PA activity was almost 3-times higher in
controls as compared to patients (13.8 lU/ml vs. 5 1U/ml; p = 0.016).

Basal PAI-1 activity plasmalevelswere significantly higher in CAD
patients compared to controls, but showed a similar decrease (delta-
PAI-1: patients: —4.8 U/ml; controls: =3.6 U/ml; p = 0.15) after VO for
both study groups.

ES was performed between 6 and 8 weeks after VO. There were no
dgnificant differencesin basd fibrinolytic parameters during thistime
interva for patients and controls (see Tables 3 and 4).

The maxima tolerable workload of patients with CAD was sig-
nificantly lower compared to controls (144 vs. 179 Watt; p <0.05). Ac-
cordingly, the percentage of maxima tolerable physical exercise as
compared to age-, sex-, and body-mass-related normal individuals was
only 76 = 18% in patients but 107 + 35% in controls (Table 4).

ES led to significant increase in t-PA activity levels in both study
groups (Table 4) while t-PA antigen levels were dlightly but not sig-
nificantly increased. At peak exercise t-PA activity increased to an
about 9-fold higher extent in controls compared to patients. At maximal
exercise, PAI-1 activity levels decreased in a comparable way in
both groups (delta-PAI-1 activity: patients: -2.9; controls; —2.4; IU/ml;

p=n.9).

Tablel Demographic data of patients and controls. CAD denotes coronary
artery disease; VD denotes vessel disease; n.s. denotes not significant. Extent of
diseaseis defined as number of main coronary arterieswith at least one narrow-
ing of >70% of the original vessel diameter

PATIENTS

CONTROLS p-value
n 20 12
Male/Female 15/5 9/3 n.s.
Previous MI 16
Age (years)
- mean = SD 36.7£5.6 40.4£9.7 n.s.
- range 21-44 25-56
Extent of CAD *
-0 VD 3
-1VD 14
-2VD 3
->3VD 0
Risk Factors (%)
- smoking 85 17 <0.01
- hypertension 10 8 ns.
- hyperlipidemia 60 50 n.s.
- diabetes 0 0 n.s.

Table2 Blood lipids, hematocrit and platelet count in patients and controls.
Data are given as median (and interquartile range)

PATIENTS CONTROLS p-value
Cholesterol (mg/dl) 220 (IQR 195-243) 222 (IQR 162-246) n.s.
Triglycerides (mg/dl) 163 (IQR 133-243) 135 (IQR 68-170) 0.045
Hematocrit (%) 43 (IQR 41-44) 42 (IQR 41-45) n.s.
Platelets (x1000/mm3) 266 (IQR 237-330) 243 (IQR 226-247 n.s.

Table3 Hematocrit and fibrinolytic parameters in patients and controls be-
fore and after venous occlusion. VO denotes venous occlusion; n.s. denotes not
significant; p-value? comparison of data obtained between patients and con-
trols; p-value® comparison of data obtained before and after VO within the
respective study groups

PATIENTS CONTROLS p-value®
Hematocrit
(% increase after VO) 11.1+1.6 11.3£23 ns.
t-PA act (IU/ml)
before VO 0.08+0.34 0.08+0.30 ns.
after VO 5.03+4.35 13.9+11.65 0.015
p-value <0.001 <0.001
At-PA act 5.0+4.3 13.8£11.7 0.016
t-PA ag (ng/ml)
before VO 4.9+2.6 4.3£2.1 ns.
after VO 18.1£11.9 24.6x12.1 0.045
p-value <0.01 <0.01
At-PA ag 13.2£10.9 20.2+11.6 0.027
PAI-1 act (IU/ml)
before VO 7.0£3.1 3.9£3.9 0.025
after VO 2.1+4.5 0.4+1.3 ns.
p-value <0.01 <0.001
APAI-1 act -4.8+5.4 -3.6£3.1 ns.

In Figure 1 individua alterations of t-PA activity levels after VO
(upper panel) or EST (lower panel) are given. As can be seen, VO
stimulated the release of t-PA activity to a higher extent in both CAD
patients and controls compared to ES. Similar results with less strik-
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Table4 Maximal tolerable workload, hematocrit and fibrinolytic parameters
in patients and controls before and after exercise stresstest. EST denotes exer-
Cise stress test; n.s. denotes not significant; p-value? comparison of data ob-
tained between patients and controls, p-value® comparison of data obtained

before and after EST within the respective study groups
PATIENTS CONTROLS p-value®
Maximal workload
during EST (Watt) 144.3£11.1 179.5+14.8 <0.05
Hematocrit (% increase
due to EST) 4.1£13 2.8+1.5 ns.
t-PA act (IU/ml)
- before EST 0.0+0.0 0.08+0.3 n.s.
- after EST 0.6+1.0 5.7£5.4 0.003
p-value 0.02 0.001
At-PA act 0.6+1.0 5.6+5.4 0.003
t-PA ag (ng/ml)
- before EST 53429 43+2.1 n.s.
- after EST 8.6£6.0 8.6+4.7 n.s.
p-valueb n.s. ns.
At-PA ag 3.2+4.0 42436 n.s.
PAI-1 act (TU/ml)
- before EST 8.1£3.5 43+3.8 0.010
- after EST 5.1£3.9 1.9+3.4 0.024
p-valueb ns. n.s.
APAI-1 act -2.9+4.0 -2.4+53 ns.
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Fig.1 Individua t-PA antigen plasma levels before and after VO (upper
panel) and before and at maximal tolerable workload (lower panel) in patients
(left) and controls (right). VO denotes venous occlusion; EST denotes exercise
stress test

ing differences could be shown for t-PA antigen (Fig. 2). PAI-1 activity
decreased in most individuals of the two study groups (Fig.3) simi-
larly.

The fibrinolytic response was enhanced by venous occlusion when
compared to exercised test in both patients and controls (<t-PA act
83+891U/mlvs25+4.1, p<0.001; <t-PA ag 15.8 + 11.5 ng/ml vs
3.6+ 3.8, p<0.001; <PAl-lact 4.4+ 4.6 1U/ml vs2.7 + 4.6, p=0.04).
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Fig.2 Individua t-PA activity plasma levels before and after VO (upper
panel) and before and at maximal tolerable workload (lower panel) in patients
(left) and controls (right). VO denotes venous occlusion; EST denotes exercise
stresstest
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Fig.3 Individual PAI 1 activity plasma levels before and after VO (upper
panel) and before and at maximal tolerable workload (lower panel) in patients
(Ieft) and controls (right). VO denotes venous occlusion; EST denotes exercise
stresstest

Discussion

Up to now, theinfluence of VO or ES on fibrinolytic parameters has
been investigated mostly in healthy individuals and data in patients
with atherothrombotic disease, particularly in symptom-limited CAD
patients, are rare. Standardised and reproducible stimulation test
of the fibrinolytic system could, however, be helpful to identify pa
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tients at risk for clinical manifestations of atherothrombotic diseases
(40).

VO is mogt efficient when the cuff is maintained inflated at mid
pressure between systolic and diastolic for at least 15—-20 min (3, 25).
Shorter exposure to VO has been shown to produce a less strong and
therefore often insignificant t-PA release in hedthy subjects and is
furthermore less reproducible (41, 42). From numerous experiences it
seemsto be evident that an increase in hematocrit of >10% of the base-
linevalueisindicative for acorrectly performed VO.

In contrast to VO, no standardised procedure for evaluation of the
fibrinolytic response to ES has been described so far: Physical exercise
of different grades of workload and of different duration have been de-
scribed and shown to increase t-PA plasma levels and decrease pre-
existent elevation of PAI-1 levels in hedthy controls. Szymanski and
co-workers (10) could demonstrate that a modified treadmill exercise
test leads to a significantly higher release of t-PA as compared to VO
of short duration (5 min) in healthy subjects. These authors therefore
recommended maximal physical stress to be in favour of VO in the
detection of differences of the fibrinolytic system. Held et al. applied
symptom limited exercise test in a large study of patients with angina
pectoris and demonstrated that cardiovascular prognosis was unfavour-
able when the fibrinolytic response was impaired (40). However, exer-
cise stress test of longer duration and higher workload might, however,
not be applicableto all patients with cardiovascular disease.

We investigated in this study whether standardised VO or a stan-
dardised bicycle stress test are applicable to test the endogenous fibrin-
olytic capacity in young patients with stable coronary artery disease as
compared to healthy controls. We were able to demonstrate that in both
patients and healthy subjects a standardised and exactly performed VO
is superior to a standardised hicycle stress test with regard to the detec-
tion of differencesin the fibrinolytic system. Possible explanations for
thisfinding are 1) that the performed bicycle stresstest isin general less
potent to stimulate the endogenous t-PA release and/or 2) that fibrino-
Iytic parameters in plasma underlie a more rapid metabolism by the
liver due to an increased cardiac output and liver flow during ES
(43-45).

The upper limit of physical maximum capacity was significantly
lower in patients being limited in their exercise capacity dueto dyspnea
and chest pain. This would certainly also be true for other diseasesin
which testing of the fibrinolytic capacity is of interest e.g. pulmonary
embolism, stroke, or severe peripheral arteria occlusive disease. We
therefore conclude that a standardised and carefully performed VO is
superior to a standardised stress test especialy in patients where physi-
cal capacity might be limited. As future alternatives to VO or physical
stress test a standardised intravenous injection of stimulators of the
endogenous fibrinolytic system, e.g. DDAVP or isoproterenol might
be of interest to investigate possible defectsin the fibrinolytic systemin
CAD patients (2, 12).
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