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SUMMARY To investigate the hypothesis that diminished endothelial fibrinolysis is present in sickle
cell (SS) disease plasma, tissue type plasminogen activator (t-PA) antigen titres were measured before
and after a standard stimulus of endothelial t-PA release (venous occlusion of the arm), and plasma
t-PA activities after venous occlusion in 33 subjects with SS disease and in 32 healthy subjects. Mean
plasma t-PA antigen titres before and after venous occlusion, and mean plasma t-PA activities after
venous occlusion did not differ significantly between SS patients and normal subjects. No significant
differences in mean t-PA antigen and activity were observed between samples taken from inpatients
being treated for acute pain crisis (18 subjects, 30 samples) and samples taken from subjects in the
steady state (23 subjects, 26 samples). No consistent differences were seen between painful crisis and
steady state samples in eight SS patients studied while in crisis and in the steady state. No correlation
was observed between any fibrinolytic variable in SS patients and the overall severity of
microvascular occlusive disease as measured by a standard scoring system.

It is concluded that the capacity ofendothelium to synthesise and release t-PA is not impaired in SS
disease, and that excessive inhibition of released t-PA, leading to reduced t-PA activity in plasma is
also not a feature of SS disease, either in the steady state or during painful crisis.

Substantial evidence suggests that activation of
coagulation, with increased thrombin generation and
fibrin formation, occurs in patients with sickle cell (SS)
disease, particularly during painful crisis.' -Activation
of coagulation in SS patients has been attributed to an
abnormal exteriorisation of thrombogenic phos-
pholipids in the plasma membrane of SS eryth-
rocytes.67 As most of the morbidity in adults with SS
disease is caused by microvascular occlusion the
possible contribution of increased activation of
coagulation to the pathogenesis of microvascular
occlusion in SS disease is of considerable interest.
Antiplatelet and anticoagulant agents have been used
in an attempt to decrease the incidence and severity of
microvascular occlusion in SS disease, with equivocal
results.8-` At present the role ofincreased activation of
coagulation in the pathogenesis of microvascular
occlusive disease in SS patients remains unknown.
Given that increased fibrin formation occurs in

subjects with SS disease,45 it is logical to ask whether
endogenous fibrinolytic activity in these subjects is
sufficient to prevent accumulation of abnormal
intravascular fibrin deposits. Impairment of endogen-
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ous fibrinolysis coexisting with increased fibrin forma-
tion would be expected to have a synergistic effect in
promoting microvascular fibrin deposition. The few
studies published to date disagree on whether fibrin-
olysis is impaired in subjects with SS disease. Mah-
mood et al'2 and Green et all3 reported considerably
reduced fibrinolytic activity in SS patients during
painful crisis but not in the steady state. In contrast,
Gordon et al'4 found no evidence for impairment oif
fibrinolysis in SS patients either during painful crisis or
in the steady state. A major problem with these studies
was the lack of specificity of the assay methods used
(the dilute whole blood clot lysis time, the euglobulin
clot lysis time, and the fibrin plate assay) for any one
component of the fibrinolytic system. Moreover, the
possible prolongation of clot lysis time assays by the
increased fibrinogen concentrations characteristic of
painful crisis5' 6 needs to be considered as a potential
source of error in concluding that fibrinolysis is
impaired in painful crisis.

Since the publication of these studies our understan-
ding of and ability to measure the various components
of the plasmin-dependent fibrinolytic pathway has
greatly improved. It is now clear that the balance of
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endothelial production of tissue type plasminogen
activator (t-PA) and its specific inhibitor (type I
plasminogen activator inhibitor, or PAI-I) is a key
determinant of overall endogenous fibrinolytic
activity.'7 Specific immunological and functional
assays for t-PA are now available, and can be used to
assess the adequacy of endothelial fibrinolysis in
various disease states.'"20 The capacity ofendothelium
to release t-PA can be assessed by measuring the rise in
total t-PA antigen (sum of the active and inactive
forms of t-PA) after a standard stimulus such as
venous occlusion of the arm. The extent of inhibition
of released t-PA can be assessed by measuring the
amount of t-PA after venous occlusion which is
present in the active (uninhibited) form. I report the
application of these techniques to the study of endo-
thelial fibrinolysis in SS patients.

Patients and methods

Thirty three SS patients and 32 controls were studied.
Eighteen patients (a total of 30 samples) were studied
while in painful crisis, and 23 subjects (a total of 26
samples) were studied while in the steady state: eight
subjects were studied at least once both during painful
crisis and in the steady state.
Any adult with haemoglobin SS or SC documented

by haemoglobin electrophoresis was eligible for study.
Steady state samples were obtained during routine
clinic visits; steady state was defined as the absence of
acute musculoskeletal pain as reported by the subject.
Painful crisis samples were obtained from inpatients
being treated for acute musculoskeletal pain without
documented associated infection. Most of these sam-
ples were obtained within 48 hours of admission to
hospital. Control subjects were normal healthy adults.
No attempt was made to match control subjects and
SS patients for age, sex, or race. All control subjects
and all steady state SS patients were sampled in the
non-fasting state between 1300 and 1600 h. Most SS
patients in painful crisis were sampled in the non-
fasting state between 1000 and 1200 h. The study was
approved by the Institutional Review Board at the
LAC-USC Medical Center.

Overall severity of microvascular occlusive disease

in SS patients was assessed using the scoring system
described by Hebbel et al.2'

After obtaining informed consent citrated blood
was collected from resting subjects by standard ven-
epuncture. A blood pressure cuff was placed on one
arm and inflated to a pressure of 100 mm Hg for
exactly 10 minutes, after which a second citrated blood
sample was taken from the occluded arm just before
releasing the pressure. All samples were promptly
centrifuged for 10 minutes at 12 400 g at 4°C and the
plasma stored at - 80°C until assayed.

t-PA antigen and activity were assayed in the
euglobulin fraction of plasma by previously described
methods.22
The significance of differences in mean values of t-

PA antigen and activity for different groups of subjects
was assessed using the Wilcoxon non-paired rank sum
test for variables not normally distributed. Sig-
nificance of differences in t-PA antigen and activity
between painful crisis and the steady state in those
tested during both clinical states was assessed using the
Wilcoxon signed ranks test. Correlation was assessed
using simple linear regression. A p value of < 0-05 was
considered to be significant. Statistical analysis was
carried out using the CLINFO system (General Clin-
ical Research Center at the Los Angeles County-
University of Southern California Medical Center).

Results

Results oft-PA antigen and activity measurements for
SS patients and normal controls are shown in table 1.
No significant differences in mean t-PA antigen
activity before and after venous occlusion or in t-PA
activity after venous occlusion were seen between
normal controls and SS patients, either in painful crisis
or in the steady state. A similar substantial rise in mean
t-PA antigen activity with venous occlusion and a

similar amount of free t-PA activity after venous
occlusion was seen in controls and in SS patients, both
during painful crisis and in the steady state. Mean t-
PA activities before venous occlusion were less than
10 ng/ml both in controls and SS patients (data not
shown).
t-PA antigen and activity values for SS patients

Table 1 t-PA antigen and activity values in controls and in SS patients

Mean (SEM) i-PA antigen (ng/ml) Mean (SEM) t-PA activity (ng/ml)

Subjectslsamples Before venous occlusion After venous occlusion After venous occlusion

Controls (32/32) 5-0 (0-4) 12 8 (1 4) 5-0 (1-9)
SS patients:

All (33/56) 6-6 (0-6) 13 5 (1-4) 6 1 (1-6)
Steady state (23/26) 6-6 (0-6) 12 7 (1 5) 5 8 (2 4)
Crisis (18/30) 6-7 (1-0) 14 2 (2-2) 6 4 (2 2)
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Table 2 t-PA antigen and activity values in SS patients tested during painful crisis and steady state

i-PA antigen (ng/ml) t-PA activity (ng/ml)

Case Before After After
No State (n) * venous occlusion venous occlusion venous occlusion

1 Crisis (2) 1-7 1-9 0-2
| Steady state (l) 20 20 06
2 Crisis (4) 2-4 5-2 3-8
2 Steady state(2) 1 8 3 5 514

11 Crisis (4) 312 74 14
1 1 Steady state (l) 3-7 8-6 2-0
12 Crisis (5) 1105 2317688
12 Steady state (1) 1076 1321 09
14 Crisis (l) 41 148 179
14 Steady state (1) 46741 860
21 Crisis (2) 17-1 24-4 4-5
21 Steady state (1) 13-0 17-1 0
28 Crisis (l) 4-0 9-5 0-2
28 Steady state (l) 5-4 11.1 0
33 Crisis (l) 5-0 13-6 1.9
33 Steady state(1) 9-2 11 7 0

*Number of samples; mean value is given where more than one sample was obtained.

Table 3 t-PA antigen and activity values in SS patients according to severity ofmicrovascular occlusive disease

Mean (SEM) t-PA antigen (ng/ml) Mean (SEM) t-PA
activity (ng/ml)

Microvascular
occlusive Before After After
score n* venous occlusion venous occlusion venous occlusion

0-1 13/23 69 (1 3) 142 (25) 9-3 (29)
2-3 13/20 8 0 (0-7) 16 3 (2 2) 5 3 (2 9)

>3 4/8 45(08) 100(1 5) 20(04)

*Number of subjects/number of samples.

tested both in painful crisis and in the steady state are

shown in table 2. t-PA antigen activity before and after
venous occlusion and t-PA activity after venous

occlusion were higher during painful crisis than in the
steady state in three subjects, and lower during painful
crisis than in the steady state in five. The differences
between painful crisis and steady state values for t-PA
antigen and activity in these eight subjects were not
significant.

Sufficient clinical data was available to quantitate
the severity ofmicrovascular occlusive disease in 30 of
the 33 SS patients. Mean t-PA antigen values and
activity stratified according to overall severity of
microvascular occlusive disease as measured by the
scoring system of Hebbel et alf' are shown in table 3.
Although a trend toward decreased t-PA activity after
venous occlusion with increasing severity of microvas-
cular occlusive disease is evident, none of the differen-
ces in mean t-PA antigen and activity among patients
with differing severities of microvascular occlusive
disease was significant. Analysis ofthe data from all SS
patients showed no correlation between the severity of
microvascular occlusive disease and t-PA antigen or

activity values.

Discussion

Our findings agree with those of the only other study
reported to date in which a standardised stimulus of
endothelial plasminogen activator release was used in
SS patients. In that study Gordon et al found no

difference in the fibrinolytic response to limited exer-

cise or to local heat to the arm between steady state SS
subjects and healthy controls.'4 Many investigators
may have been deterred from testing the fibrinolytic
response to venous occlusion of SS patients because of
the theoretical risk of causing intravascular sickling in
the occluded arm. I encountered no untoward reac-

tions other than transient local discomfort in the
occluded arm in SS patients undergoing venous
occlusion at 100 mm Hg for 10 minutes. Under these
conditions the venous occlusion test seems to be a safe
and practical method for assessing endothelial fibrin-
olytic capacity in SS patients.
Ours is the first effort to apply specific assays oft-PA

antigen values and activity to the investigation of
fibrinolysis in SS patients. Using such assays, we have
shown that endogenous endothelial fibrinolytic
capacity, as measured by the rise in plasma t-PA
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antigen and activity in response to venous occlusion, is
not impaired in SS disease, either during the steady
state or in painful crisis. It has often been stated, but
never convincingly proved, that increased fibrinogen
concentrations can prolong the time to lysis in clot
lysis time assays, such as the euglobulin clot lysis time
and the dilute whole blood clot lysis time, thereby
giving the false impression of impaired endogenous
fibrinolysis. As increased fibrinogen concentrations
are characteristically found in SS patients during
painful crisis'5 6 the previous reports of impaired
fibrinolysis during painful crisis based on prolonged
clot lysis times'2 3 may therefore have been affected by
this potential source of error. As neither clot lysis time
nor fibrin plate methods were used in the present
study, I can neither confirm nor refute this supposi-
tion.
The values of PAI-1, and hence of t-PA activity,

have been reported to fluctuate diurnally, with higher
values of PAI- 1 (and thus lower values of t-PA
activity) in the morning than in the afternoon.23
Although all control subjects and steady state SS
subjects had samples taken in the afternoon, most SS
patients in painful crisis has samples taken in the
morning. The possibility cannot be excluded,
therefore, that if SS subjects in painful crisis had had
samples taken in the afternoon the mean t-PA activity
for this group would have been significantly higher
than for control subjects and SS patients in the steady
state. At the very least, this strengthens the finding that
endogenous fibrinolytic activity is not abnormally
reduced in SS patients during painful crisis.
Although no correlation between the overall

severity of microvascular occlusive disease and either
t-PA antigen or activity values was found in SS
patients, the trend toward diminished t-PA activity
after venous occlusion with increasing severity of
overall microvascular occlusive disease (table 3) is
interesting. The number of subjects with severe
microvascular occlusive disease-that is, a score of 3
or greater-studied was small, due in large part to the
tendency of such subjects to have difficult venous
access, which makes it impossible to perform the
venous occlusion test. Further studies incorporating
larger numbers of subjects are needed to determine
whether SS patients with severe microvascular
occlusive disease do, in fact, have a diminished ability
to generate free t-PA activity in response to venous
occlusion compared with SS patients with milder
microvascular occlusive disease.

This work was supported by a grant from the Sickle
Cell Disease Research Foundation of Los Angeles.
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