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ABSTRACT

INTRODUCTION

It has been shown that formation of denser and poorly lysable fibrin clots is observed

in elderly patients with peripheral artery disease (PAD).

OBJECTIVES
more prothrombotic fibrin clot phenotype.
PATIENTS AND METHODS

The aim of the study was to test the hypothesis that premature PAD is associated with

Ex-vivo plasma fibrin clot permeability, turbidity, and susceptibility to lysis

were evaluated in 31 premature PAD patients (median ankle brachial index [ABI], 0.75; interquartile
range, 0.5-0.8) aged 55 or less and 32 PAD patients (ABI, 0.66; 0.56-0.76) aged over 55 years. Subjects
without PAD matched for age and sex (n = 40) served as controls.

RESULTS  Premature PAD patients were characterized by 32% lower clot permeability (K ) (P <0.001),
7% longer clot lysis time (t,, ) (P = 0.004), and 31% higher maximum D-dimer levels released from fibrin
clots (D-D_,,) (P <0.001) compared with controls. These differences remained significant after adjust-
ment for risk factors and medications. None of the fibrin clot parameters differed between premature
and older PAD patients. There were correlations between fibrin clot parameters and CRP in premature
PAD patients and with ABI in older PAD patients. In a multiple regression model, premature PAD and
ABI were independent predictors of K, and premature PAD and plasma fibrinogen of the maximum
absorbance of a fibrin gel.

concLusions Plasma fibrin clots show similarly abnormal prothrombotic phenotype in premature
and older PAD patients. However, different factors influence fibrin clot parameters in these patient
groups. Premature PAD was an independent predictor of clot permeability and maximum absorbance

of a fibrin gel.

INTRODUCTION  Peripheral artery disease (PAD)
has a prevalence between 3% and 10% in the gen-
eral population and is associated with a 6-fold in-
crease in cardiovascular mortality." PAD is strong-
ly associated with advanced age. Patients with
early onset of the disease represent only 1% of
the PAD population but have a particularly pro-
gressive disease with early involvement of carot-
id and coronary arteries.? Higher risk of failed by-
pass surgery leading to amputations is reported
in patients with premature PAD compared with
their older counterparts.?

Despite the fact that traditional atherosclero-
sis risk factors explain 75% to 95% of PAD cases,
they are less common among younger patients.*3
Enhanced inflammation has been implicated in
premature PAD. In a cross-sectional communi-
ty-based study, the odds ratios of PAD in the high-
est C-reactive protein (CRP) quartile vs. the 3
lower quartiles were larger for patients aged less
than 55 years compared with older subjects.® Co-
existing coronary artery disease (CAD) and ele-
vated plasma fibrinogen were associated with
premature peripheral vascular disease.’” It has
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been shown that fibrinogen, CRP, serum amyloid
A, and D-dimer are higher in PAD patients, and
CRP is associated with severity of the disease.®
Higher plasma levels of D-dimer, plasminogen,
prothrombin fragment 1+ 2, and plasminogen
activator inhibitor type 1 (PAI-1) were observed
in a small sample of patients with PAD compared
with healthy controls.® CRP, fibrinogen, and D-di-
mer have also been associated with progression
of PAD symptoms.'”

Thrombophilia is observed in 15% to 30% of
patients with PAD presenting at a young age.'""?
High thrombin activatable fibrinolysis inhibitor
(TAFI) levels have been reported in this patient
group.'® The role of these factors in the pathogen-
esis of PAD remains to be elucidated.

The final step of the blood coagulation cascade
is thrombin-mediated conversion of fibrinogen
into fibrin and the formation of clots relatively
resistant to lysis. Fibrin has been demonstrated
to be a consistent component of atherosclerot-
ic plaques involved in their growth.' The struc-
ture and function of a fibrin clot is influenced
by environmental and genetic factors.' Fibrin
clots composed of tightly packed thin fibers with
small pores are relatively resistant to lysis and
have been shown in patients with acute or pre-
vious myocardial infarction (MI),"®"7 cryptogenic
ischemic stroke,'® and those with venous throm-
boembolism (VTE)." Moreover, prolonged clot
lysis time has been documented in young survi-
vors of a first arterial thrombosis compared with
healthy individuals.?’

Recently, unfavorably altered fibrin clot prop-
erties have been demonstrated in middle-aged
and elderly PAD patients.”’ Lower clot permeabil-
ity and prolonged clot lysis were associated with
progression of the disease during follow-up.?’
First-degree relatives of PAD patients had similar-
ly altered clot characteristics as the patients.??

We hypothesized that premature PAD is asso-
ciated with particularly unfavorable fibrin clot
characteristics compared with elderly patients
with PAD.

PATIENTS AND METHODS We recruited 31 con-
secutive patients with premature PAD, defined as
age at symptom onset of 55 years or less and 32
patients with PAD aged 56 years or more. PAD was
defined as intermittent claudication and the ankle
brachial index (ABI) of 0.9 or less measured us-
ing the established methods.? The exclusion cri-
teria were a history of VTE, recent (<6 months)
arterial thrombotic event, cancer, liver cirrhosis,
renal failure (serum creatinine >177 pmol/l), any
acute illness, pregnancy, and anticoagulant ther-
apy. None of the patients took clopidogrel at the
time of enrollment. Forty age- and sex-matched
volunteers from among outpatients and hospi-
tal staff with the ABI values above 0.9 served
as controls. CAD was defined as a history of MI,
coronary revascularization, or coronary stenosis
(>50% of the lumen diameter) on coronary an-
giography. Carotid artery stenosis was diagnosed
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if a significant (250%) occlusion of the common
or internal carotid artery was found based on
the NASCET protocol (North American Symp-
tomatic Carotid Endarterectomy Trial).?* Multi-
site atherosclerosis was diagnosed if PAD was ac-
companied by CAD and/or carotid artery stenosis.
Diabetes and stroke were diagnosed according to
the World Health Organization criteria.

The local Chamber of Physicians’ Ethical Com-
mittee approved the study, and patients provid-
ed written informed consent in accordance with
the Declaration of Helsinki.
Laboratory investigations Blood was drawn
from an antecubital vein with minimal stasis af-
ter an overnight fast between 8 to 10 a.m. Glu-
cose, lipid profile, and creatinine were assayed
by routine laboratory techniques. Fibrinogen
was determined using the Clauss method and
high-sensitivity CRP by immunoturbidime-
try (Roche, Manheim, Germany). The commer-
cially available immunoenzymatic assays were
used to determine D-dimer, tissue-type plas-
minogen activator antigen (tPA:Ag) and PAI-1
antigen (PAI-1:Ag) (all, American Diagnostica,
Greenwich, Connecticut, United States). All intra-
assay and interassay coefficients of variation were
below 7%.

Plasma fibrin clot analysis  Plasma fibrin clot vari-
ables were determined at least in duplicate by
technicians blinded to the origin of the samples
(intraassay and interassay coefficients of variation,
5% to 8%, for all variables), as described."?

1 Fibrin clot permeation using a pressure-
-driven system, with calculation of a permeation
coefficient (K ), which indicates the pore size.
Lower K_values indicate reduced permeability.

2 The lag phase of the turbidity curve, which
reflects the time required for initial protofibril
formation and maximum absorbance at 405 nm
at the plateau phase (AAbs), indicating the num-
ber of protofibrils per fiber.

3 Fibrinolysis in the presence of recombinant tPA
(rtPA, Boerhinger Ingelheim, Ingelheim, Germany)
added simultaneously with human thrombin was
evaluated. Clot lysis time was defined as the time
required for a 50% decrease in clot turbidity at 405
nm (t,,), induced by 1 ug/ml rtPA.

4 Fibrin clots formed as described above were
perfused with the same buffer containing 0.2
pmol/l rtPA. The lysis rate was determined by mea-
suring the levels of D-dimer, a marker of plasmin-
-mediated fibrin degradation, every 20 minutes in
the effluent. The maximum rates of an increase
in D-dimer levels (D-D_, ), and their maximum
values (D-D__ ) detected at 80 or 100 minutes
were analyzed.

Statistical analysis Continuous variables were
expressed as mean + standard deviation for nor-
mally distributed variables and as median and
interquartile range for nonnormally distribut-
ed variables. Continuous variables were checked
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TABLE 1 Characteristics of patients with peripheral artery disease and control subjects

Variables PAD <55 years PAD >55 years Controls
n =31 n=32 n =40

age, y 53 (51-55) 62 (59.5-68) 52.5 (49.5-54) NS <0.001
male, n (%) 23 (74.2) 25 (78.1) 28 (70) NS NS
ABI 0.75 (0.50-0.80) 0.66 (0.56-0.76) 1.00 (0.96-1.06) <0.001 NS
current smoking, n (%) 15 (48.4) 16 (50) 6 (15) 0.002 NS
pack-years 34.93 +14.79 38.12 £12.49 NA NA NS
hypertension, n (%) 22 (71) 24 (75) 15 (37.5) 0.002 NS
diabetes, n (%) 10(32.2) 14 (43.7) 4(10) 0.004 NS
obesity, n (%) 7(22.6) 14 (43.7) 7(17.5) 0.04 0.04
BMI, kg/m? 26.79 +4.32 28.70 +2.85 26.89 +2.85 NS NS
MI, n (%) 7(22.6) 12 (37.5) 0(0) <0.001 NS
CAD, n (%) 14 (45.2) 21 (65.6) 0(0) <0.001 NS
carotid artery stenosis, n (%) 9(29) 6(18.8) 0(0) 0.002 NS
multisite atherosclerosis, n (%) 16 (51.6) 23(71.9) 0(0) <0.001 NS
medications
aspirin, n (%) 27 (87.1) 23(71.9) 3(7.5) <0.001 NS
statins, n (%) 25 (80.6) 24 (75) 0(0) <0.001 NS
(3-blockers, n (%) 13(41.9) 16 (50) 0(0) <0.001 NS
ACEls, n (%) 15 (48.4) 18 (56.2) 0(0) <0.001 NS
sartans, n (%) 5(16.2) 4(12.5) 0(0) 0.04 NS
laboratory parameters
TC, mmol/I 4.88 +1.23 5.17 =1.16 5.03 =1.23 NS NS
LDL-C, mmol/l 2.90 =1.11 3.22 +0.91 2.92 +0.90 NS NS
HDL-C, mmol/I 1.46 £0.51 1.24 =0.31 1.52 =0.51 NS NS
TG, mmol/l 1.26 (0.95-1.74) 1.60(1.19-1.91) 1.33(0.69-1.68) NS NS
creatinine, umol/l 79.09 =14.48 81.25 +13.69 70.62 =16.12 NS NS
glucose, mmol/l 5.50 (5.10-6.30) 6.15 (5.05-7.55) 4.80 (4.45-5.30) 0.008 NS
CRP, mg/I 2.62 (0.89-4.50) 3.39(2.19-5.40) 1.38 (0.88-1.98) 0.02 NS
PAI-1:Ag, ng/ml 64.0 (50.4-81.4) 76.35(59.00-85.90)  8.15 (6.90-9.70) <0.001 NS
tPA:Ag, ng/ml 11.00 (9.80-12.50)  9.20 (8.00-10.65) 5.80 (4.96-6.95) <0.001 NS
D-dimer, ng/ml 234.03 +75.59 265.34 +94.61 186.31 =80.67 NS NS
fibrinogen, g/l 3.54 +0.65 4.64 =1.20 3.45 =0.95 NS <0.001

Values are given as mean = SD, median (IQR), or number (percentage).

P! refers to comparisons between premature PAD and controls; P? refers to comparisons between premature and older PAD.

Abbreviations: ABI — ankle brachial index, ACEls — angiotensin-converting enzyme inhibitors, BMI — body mass index; CRP — C-reactive protein, HDL-C —
high-density lipoprotein cholesterol, IR — interquartile range, LDL-C — low-density lipoprotein cholesterol, MI — myocardial infarction, NA — not
available, NS — nonsignificant, PAD — peripheral artery disease, PAI-1:Ag — plasminogen activator inhibitor-1 antigen, SD — standard deviation,

TC — total cholesterol, TG — triglycerides, tPA:Ag — tissue-type plasminogen activator antigen

for normal distribution by the Shapiro-Wilk sta-
tistic and compared by the analysis of variance
when normally distributed or by the Kruskal-Wal-
lis test for nonnormally distributed variables.
The post-hoc Sheffé test was used to evaluate
precise intergroup statistics. Categorical vari-
ables were compared by the ¥ test or Fisher’s
exact test as appropriate. The Pearson or Spear-
man rank correlation coefficients were calculated
to test the association between 2 variables with
anormal or nonnormal distribution, respectively.
A covariance analysis adjusted for potential con-
founders, including cardiovascular risk factors
and medications, was used to evaluate intergroup
differences in fibrin clot parameters. To identify

independent factors influencing fibrin clot pa-
rameters, we used a multiple regression analysis

in which a P value of 0.05 or less in a simple re-
gression analysis was used as a criterion for en-
try into the model. A multiple regression analy-
sis was performed with the manual selection of
predictors as well as with backward and forward

stepwise regression. A P value less than 0.05 was

considered statistically significant. All statisti-
cal analyses were performed with STATISTICA
for Windows 10.0.

RESULTS Premature peripheral artery disease vs.
controls The 2 groups did not differ with re-
gard to demographics (TABLE 1). Hypertension,
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TABLE 2 Fibrin clot characteristics

Variables PAD <55 years PAD >55 years Controls <55 years Adjusted P
n =31 n=32 n =40

lag phase, s 40 (37-42) 40 (38-42) 44 (36-47) NS NS

AAbs, 405 nm 0.89 +0.06 0.85 £0.21 0.81 £0.09 NS NS

K, 10-° cm? 5.60 (5.00-6.30) 6.25 (5.05-7.00) 8.25 (6.80-9.30) <0.001 <0.001

Ty MIN 10.30 (9.5-11.1) 10.30 (9.65-10.85) 9.7 (8.6-10) 0.004 0.007

D-D,,, mg/l 4.64 (4.25-4.87) 4.41 (4.13-4.83) 3.54 (3.33-3.71) <0.001 <0.001

D-D,,., mg/l/min 0.068 +0.01 0.067 +0.005 0.071 =0.01 NS NS

Values are given as mean =+ SD or median (IQR).

P refers to comparisons between premature PAD and controls in the post-hoc Sheffé test; values were adjusted for hypertension, diabetes, smoking,

multisite atherosclerosis, and medications, including aspirin, B-blockers, ACEls, and statins

Abbreviations: AAbs (405 nm) — maximum absorbance of a fibrin gel at 405 nm determined by using turbidimetry, D-D__ — maximum D-dimer levels

max

measured in the lysis assay, D-D ,, — maximum rate of increase in D-dimer levels in the lysis assay, K, — permeability coefficient, lag phase — time

required for initial protofibril formation, t

505 — Dalf-lysis time, others — see TABLE 1

diabetes, current smoking, and history of MI as
well as carotid or coronary stenosis were more
frequent in premature PAD patients. Atheroscle-
rotic plaques in the arteries of the lower limbs
were found in the iliac or femoral arteries in 25
premature PAD patients (80.6%) and in the dis-
tal segments (popliteal artery and below) in
2 premature PAD patients (6.5%). In 4 patients
(12.9%), significant occlusions were found both
in the proximal and distal segments of the low-
er limb arteries.

Glucose and CRP were higher in premature
PAD group. Plasma PAI-1 was 8-fold higher
(P <0.001) and tPA 90% higher in premature PAD
(P <0.0001). Plasma D-dimer was similar in both
groups (TABLE 1). Compared with controls, pre-
mature PAD patients had 32% lower clot perme-
ability (P <0.001), 7% longer clot lysis time (P =
0.004), and 31% higher maximum D-dimer lev-
els (P <0.001) (1aBLE 2). Other fibrin clot variables
did not differ between patients and controls. Af-
ter adjustment for risk factors and medications,
the intergroup differences in K, t.,,and D-D___
remained significant.

50%’

Younger vs. older patients with peripheral artery
disease The groups did not differ with regard to
sex and body weight (1ABLE 1). All PAD patients had
a history of smoking but current smokers repre-
sented about 50% of the subjects. Fibrinogen was
31% lower in premature PAD patients (P <0.001).
There were no differences between premature and
older PAD patients in the prevalence of MI, carot-
id artery stenosis, or multisite atherosclerosis or
in the medications used (1ABLE 1). Twelve prema-
ture PAD patients (39%) underwent revascular-
ization procedures in the lower limb arteries.

As shown in TABLE 2, all fibrin clot parameters
were similar in premature and older PAD pa-
tients despite a large intergroup difference in
age (P <0.001).

Associations In premature PAD patients, there
was a positive correlation between CRP and
AAbs (r = 0.72, P <0.001), an inverse correlation

between CRP and K_(r = -0.43, P = 0.02), and
no correlations between CRP and the remaining
fibrin variables. No associations were observed
between clot variables and the body mass index.
Interestingly, there were no correlations between
the ABI or pack-years and fibrin clot parameters
in premature PAD. We observed no differences be-
tween patients with multisite atherosclerosis and
the remainder, between diabetic and nondiabetic
patients, or current vs. former smokers (data not
shown). As expected, plasma fibrinogen correlat-
ed with AAbs (r = 0.71, P <0.001), lag phase (r =
~0.41,P =0.03),K_(r =-0.53, P = 0.002), t,,,, (r =
0.45,P=0.01),and D-D_,_ (r =-0.63, P <0.001)
in premature PAD. Age correlated with t, (v =
0.51, P = 0.004).

In older patients with PAD, ABI was strongly
positively correlated with K_(r = 0.91, P <0.001)
and D-D_ _(r = 0.64, P <0.001) and negatively
with t , (r = -0.66, P <0.001), AAbs (r = -0.47,
P=0.006),and D-D__ (r=-0.72, P <0.001). There
was a positive correlation between AAbs and
pack-years in that group (r = -0.52, P = 0.002).
There were no correlations between CRP and fi-
brin clot parameters in older PAD patients. We
observed no differences between patients with
multisite atherosclerosis and the remainder, as
well as between diabetic and nondiabetic patients
in this group (data not shown). In older patients
with PAD, current smokers had lower AAbs com-
pared with former smokers (0.77 +0.27 vs. 0.92
+0.06, P = 0.045). In older PAD patients, fibrin-
ogen correlated with AAbs (r = 0.55, P <0.001),
K_ (r =-0.72, P <0.001), t,,, (r = 0.70, P <0.001),
D-D__ (r=0.78,P <0.001),and D-D_, (r = -0.59,
P <0.001).

In all patients with PAD, there were inverse
correlations between ABI and t,, (r = -0.42,
P <0.001),D-D__ (r=-0.30, P =0.02), PAI-1(r =
-0.40, P = 0.001), plasma D-dimer (r=-0.32 P =
0.01), and fibrinogen (r = -0.28; P = 0.002), while
the ABI was positively correlated with K_(r = 0.52,
P <0.001). There was a positive correlation be-
tween CRP and AAbs (r = 0.53, P <0.001) and t,
(r = 0.28, P = 0.03) and a negative correlation

rate
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TABLE 3 Correlations between fibrin clot parameters and selected variables in 31 patients with premature peripheral
artery disease (panel A) and in 32 older patients with peripheral artery disease (panel B)

A
Variables ABI Pack-years CRP
r P r P r P
tygee MIN -0.22 NS -0.23 NS 0.30 NS
K, 10 cm? 0.27 NS -0.21 NS -0.43 0.02
lag phase, s 0.08 NS 0.07 NS -0.30 NS
AAbs, 405 nm -0.08 NS 0.20 NS 0.72 <0.001
D-D, . mg/l -0.04 NS -0.18 NS 0.04 NS
D-D,,.. mg/l/min -0.12 NS -0.08 NS -0.28 NS
B
Variables ABI Pack-years CRP
r P r P r P
tyge, MIN -0.66 <0.001 -0.30 NS 0.32 NS
K, 10 cm? 0.91 <0.001 0.15 NS -0.31 NS
lag phase, s -0.08 NS 0.02 NS -0.32 NS
AAbs, 405 nm -0.47 0.006 -0.52 0.002 0.30 NS
D-D,.. mg/l -0.72 <0.001 -0.24 NS 0.21 NS
D-D,,., mg/l/min 0.64 <0.001 0.15 NS -0.15 NS

Abbreviations: see TABLES 1 and 2

between CRP and the lag phase (r = -0.26, P =
0.04) and K_(r=-0.34, P = 0.006)

The multiple regression model incorporating
all 103 patients with the lag phase as dependent
variable showed no independent predictors. The
multiple regression model with AAbs as depen-
dent variable showed premature PAD and plasma
fibrinogen as independent predictors (TABLE 4). The
multiple regression model with K_as dependent
variable revealed that this fibrin variable was pre-
dicted by premature PAD and ABI (1ABLE 5). Mul-
tisite atherosclerosis was identified as the only
independent predictor of t,, (coefficient beta =

-0.65, P =0.03).

50%

DISCUSSION  Our study demonstrates that plas-
ma fibrin clot characteristics are unfavorably al-
tered in premature PAD patients compared with

control subjects, and that there are no differenc-
es between premature and older PAD patients in

plasma fibrin clot parameters, although we had

expected a more prothrombotic phenotype in

PAD occurring at a relatively young age. However,
the lack of differences in plasma clot permeability

and lysability associated with the age of PAD pa-
tients clearly indicates that the early occurrence

of large atherosclerotic burden in the lower ex-
tremities is characterized by particularly abnor-
mal clot characteristics unseen at that age, sim-
ilar to those observed in MI. It is known that fi-
brin clot parameters tend to aggravate with age

in healthy individuals.? The effect of age on clot

phenotype is likely abolished in premature PAD

patients by high prevalence of cardiovascular risk

factors that have already been proved to negative-
ly affect fibrin clot characteristics, i.e., smoking,
diabetes, and arterial hypertension.?

Altered fibrin clot structure was demonstrat-
ed in patients with advanced CAD and survivors
of MI.™ A subset of patients with PAD and CAD
displayed lower clot permeability, longer clot ly-
sis, and faster polymerization compared with
individuals without CAD symptoms.?® We failed
to observe such differences likely due to differ-
ent patient characteristics and a small size of our
subsets. One might suspect that PAD is potent
enough to abolish additional prothrombotic al-
terations in fibrin clot phenotype induced by CAD.
Likewise, in PAD patients, the coexistence of di-
abetes did not affect plasma fibrin clot proper-
ties although diabetes itself substantially wors-
ens clot phenotype.2'#15

Similarly, abnormal fibrin clot characteris-
tics were observed in patients with premature
CAD."720 The characteristics of patients with pre-
mature CAD were similar to the present prema-
ture PAD group with high prevalence of former
or current cigarette smokers.!’

Our study confirms the role of systemic inflam-
mation in PAD through negative changes in fibrin
clot parameters. We demonstrated that in younger
PAD patients, CRP correlated with clot permeabil-
ity and maximum absorbance of a fibrin gel while
ABI did not influence any fibrin clot parameters.
In older PAD patients, ABI correlated with most
fibrin clot parameters while CRP did not. Those
differences are an unexpected and novel obser-
vation. It might be speculated that low clot per-
meability and susceptibility to lysis, mostly driv-
en by elevated PAI-1, enhance the progression of
PAD, leading to potent associations of ABI with
plasma fibrin properties. At a younger age, sys-
temic inflammation, reflected by CRP, accounts
for unfavorable alterations in plasma fibrin clot
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TABLE 4 Multiple regression model in 103 patients with AAbs as dependent variable

Coefficient beta  Standard error beta —95% Cl +95% ClI 2
premature PAD 0.09 0.04 0.01 0.17 0.03
fibrinogen 0.05 0.01 0.02 0.08 0.002
CRP 0.002 0.002 -0.002 0.005 NS
tPA:Ag -0.004 0.008 -0.02 0.01 NS
PAI-1:Ag 0.0009 0.0007 -0.0005 0.002 NS
ABI 0.13 0.12 -0.09 0.34 NS

Abbreviations: Cl — confidence interval, others — see TABLES 1 and 2.

TABLE5 Multiple regression model in 103 patients with K_ as dependent variable

Coefficient beta  Standard error beta —-95% Cl +95% Cl P
ABI 2.24 0.96 0.32 4.12 0.02
PAI-1:Ag -0.01 0.007 -0.02 0.003 NS
CRP -0.02 0.02 -0.05 0.01 NS
smoking 0.35 0.25 -0.14 0.85 NS
premature PAD -0.85 0.40 -1.63 -0.06 0.03
fibrinogen -0.18 0.13 -0.44 0.08 NS
age -0.03 0.02 -0.08 0.02 NS

Abbreviations: see TABLES 1 and 4

characteristics and this effect weakens with time.
It should be noted that the analysis of the whole
PAD group showed the effect of both ABI and CRP
on clot permeability and lysability, the 2 major
variables describing clot phenotype.

Our study provides additional evidence that el-
evated CRP is linked to atherosclerosis in all arter-
ies, especially in middle-aged individuals, in part
through unfavorable fibrin clot phenotype.'*16.2!
Probably, smoking elevates plasma CRP concen-
trations, which is associated with pathologic clot
properties, promoting thrombotic events.?

Of note, the present study provided evidence
that patients with premature PAD share common
unfavorable clot features with those with prema-
ture CAD."?0 This indicates that abnormal fibrin
clot phenotype may characterize all patients with
premature atherosclerotic vascular disease, high-
lighting a major, though as yet poorly described,
role of abnormal fibrin formation and degrada-
tion in this clinical setting.

There were marked intergroup differences in
plasma PAI-1 and tPA levels with mean PAI-1 lev-
els 8-fold higher in premature PAD patients com-
pared with controls. High plasma PAI-1 levels
were reported in middle-aged and elderly patients
with PAD®?" and in those with premature CAD."”
Increased PAI-1 contributes to hypofibrinolysis
that might result in impaired removal of throm-
bi from the vessels and stimulate growth of ath-
erosclerotic plaques. Our findings, particularly
high PAI-1, characterize subjects with PAD diag-
nosed below 55 years of age. This finding merits
further investigation.

The cutoff point for premature PAD in the cur-
rent study was set at 55 years of age or young-
er, which requires some comments. De Bruijne’®
defined age for premature PAD at 45 years or

younger in men and 55 years and younger in wom-
en. Collet et al.” recruited patients aged less than
45 years while evaluating premature coronary
atherothrombosis. Bartholomew et al.® stated
that premature PAD occurs in individuals aged 50
years or younger. Age less than 55 years at first
cardiovascular event in men has been used as
the cutoff point for positive family history in
the European Society of Cardiology guidelines.?’
Given the low incidence of PAD below 45 years,
the present approach appears pragmatic.

The current study has several limitations. First,
the size of the study population is limited, which
may have introduced type II errors, especially in
calculations of correlation coefficients. Second-
ly, our analysis was based on a determination of
each variable at a single time point and changes
in clot variables with time cannot be excluded.
Third, the scanning electron microscopy of fibrin
clots has not been performed. However, function-
al plasma-based assays without clot dehydration
may provide more relevant information on fibrin
clot alterations. Our experimental approach did
not allow to analyze the effect of blood cells and
platelets on fibrin clot structure and function. Ad-
ditional fibrin clot modifiers that have not been
investigated in the current study include oxida-
tive stress and proteins released from stimulat-
ed platelets.?® Moreover, a potential impact of st-
atins and antihypertensive agents on fibrin clot
properties?'*'5 has not been determined, espe-
cially that therapeutic effects of those interven-
tions in clinical practice could be suboptimal.?®
Finally, significant associations do not necessar-
ily mean the cause-effect relationship.

In conclusion, our findings demonstrate that
plasma fibrin clots in premature PAD patients
are less permeable and are lysed at a reduced rate
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compared with those made from plasma of con-
trol subjects. Of note, there are no significant dif-
ferences between premature and older PAD pa-
tients in plasma fibrin clot parameters indicat-
ing potent effects of large atherosclerotic bur-
den on fibrin clot phenotype regardless of age.
This study adds new information on the links be-
tween atherosclerosis, inflammation, and coag-
ulation, suggesting a major role of fibrin forma-
tion and degradation characteristics in the pro-
gression and vascular complications of vascular
atherosclerotic disease involving the lower limbs
in younger and older patients.
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STRESZCZENIE

WPROWADZENIE  Wykazano, ze u pacjentéw w podesztym wieku z miazdzycg tetnic konczyn dolnych
(peripheral artery disease — PAD) obserwuje sie powstawanie bardziej zbitych i trudniej rozpuszczalnych
skrzepéw fibrynowych.

ceLe  Celem pracy byto sprawdzenie hipotezy, ze u pacjentéw z przedwczesng PAD wystepuje bardziej
prozakrzepowy fenotyp skrzepéw fibrynowych.

PAcJENCI I METODY U 31 pacjentéw z PAD (wskaznik kostkowo-ramienny [ankle brachial index — ABI]
mediana 0,75; przedziat migedzykwartylowy 0,50-0,80) w wieku 55 lat lub mniej oraz u 32 pacjentéw
z PAD (ABI 0,66; 0,56-0,76] w wieku powyzej 55 lat oceniono ex vivo przepuszczalno$¢, zmetnienie
i podatno$¢ na rozpuszczanie osoczowych skrzepéw fibrynowych. Dobrani pod wzgledem pici i wieku
ochotnicy bez PAD (n = 40) stanowili grupe kontrolna.

WyYNIKI W poréwnaniu do grupy kontrolnej u pacjentéw z przedwczesng PAD wykazano o 32% mniejszg
przepuszczalno$é skrzepu (K ) (p <0,001), diuzszy o 7% czas lizy skrzepu (t,,) (p = 0,004) oraz wigksze
0 31% stezenie D-dimeru uwalnianego ze skrzepu fibrynowego (D-D,_, ) (p <0,001). Powyzsze réznice
pozostaty znamienne statystycznie po uwzglednieniu czynnikéw ryzyka miazdzycy i lekéw. Zaden z anali-
zowanych parametréw skrzepu fibrynowego nie réznit sie miedzy mtodszymi i starszymi pacjentami z PAD.
Stwierdzono korelacje pomigdzy parametrami skrzepu fibrynowego a CRP u pacjentéw z przedwczesna
PAD oraz z ABI u starszych pacjentéw z PAD. W wieloczynnikowym modelu regresji przedwczesna PAD
i ABI niezaleznie przewidywaty K, a przedwczesna PAD i fibrynogen w osoczu maksymalng absorbancjeg
zelu fibrynowego.

WnIoskl  Skrzepy fibrynowe u pacjentéw z przedwczesng PAD wykazuja podobnie nieprawidiowy,
prozakrzepowy fenotyp jak u starszych chorych. Jednak rézne czynniki wptywajg na parametry skrzepu
fibrynowego w tych grupach pacjentéw. Przedwczesna PAD byfa niezaleznym predyktorem przepusz-
czalno$ci skrzepu fibrynowego i maksymalnej absorbancii zelu fibrynowego.
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