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This study evaluated the stretching and dilatation of venous segments ex vivo in
subjects with primary varicose veins in comparison with comparable segments from
subjects that used the supplement Pycnogenol (150 mg/d) for 3 months before surgery.
Subjects with varicose veins and chronic venous insufficiency voluntarily used Pycno-
genol for a period of at least 3 months. The segments of veins removed with surgery (in
30 subjects that had used Pycnogenol and in 10 comparable control subjects that had
not used the supplement) were compared with normal, unused vein segments
harvested for bypass grafting. The segments were suspended and a weight was
attached to the distal part of the veins for 3 minutes and dilated with pressurized
water. Digital images were recorded; the veins were measured before and after
stretching to evaluate elongation. The manipulation of the vein segment was minimal.
Tests were completed within 20 minutes after harvesting the veins. All segments were
4 cm long. The stretching test indicated a significantly higher level of passive elongation
in control, varicose segments (2.29; 0.65 mm) in comparison with 1.39; 0.2 mm in vein
segments from Pycnogenol-using patients. The dilation test showed an average higher
dilation (2.19; 0.3 mm) in control varicose veins in comparison with varicose veins from
Pycnogenol-using patients (1.32; 0.7 mm) (p < 0.05). Stretching and dilatation were
lower in veins from Pycnogenol-using subjects (p < 0.05). The measurement of
destretching and the recovery after dilatation indicated a better tone and recovery
of the original size/shape in varicose segments from patients using Pycnogenol.
Varicose segments had a more significant persistent dilatation and elongation in
comparison with normal vein segments. Pycnogenol seems to decrease passive
dilatation and stretching and gives vein walls a greater tonic recovery and elasticity
that allows the vein to recover its original shape after dynamic stresses.

Vascular tone indicates the degree of constriction in a blood
vessel relative to its maximally dilated state. Arteries and
veins under basal conditions exhibit some degree of tonic
basal smooth muscle contraction that determines the diame-
ter and tone of the vessel. Basal vascular tone differs among
organs according to physiological conditions (i.e., during
effort). Organs having a large vasodilatory capacity (e.g.,
myocardium, skeletal muscle, skin, and splanchnic circula-
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tion) have a higher basal vascular tone while organs having
relatively low vasodilatory capacity (e.g., cerebral and renal
circulations) tend to have a lower vascular tone.

Vascular tone'™® considering physiological condition is
determined by the balance of competing vasoconstrictor
and vasodilator influences. Extrinsic factors (neurohumoral)
such as sympathetic nerves and circulating angiotensin II
tend to increase the vascular tone, causing vasoconstriction.
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Some circulating factors (e.g., atrial natriuretic peptide) de-
crease vascular tone. Intrinsic factors include the following:

* Myogenic mechanisms originating from vascular smooth
muscle, which tend to increase tone.

* Endothelial factors, such as nitric oxide and endothelin,
can either decrease or increase tone, respectively.

* Local hormones and chemical substances (e.g., arachidonic
acid metabolites, histamine, and bradykinin) can either
increase or decrease the vascular tone.

» Metabolic by-products or hypoxia generally decrease tone.

The mechanisms by which these influences produce con-
striction or relaxation of blood vessels involve a variety of
signals that change functions and actions of smooth muscles.
Venous tone is associated to several factors (quantity of blood
present in the system, flow, heart activity, exercise, etc.) and
to anatomical alterations (varicosity).

Venous tone of the veins of the legs that bear the full effects
of gravity is different from tone in other veins. In chronic
venous insufficiency (CVI)>"® venous tone seems to be
severely altered particularly in late stages.

The prospective evaluation of venous tone and its varia-
tions in CVI may offer a model to study and quantify the
effects of treatments on tone®~® that can be assessed with
several methods (air plethysmography, straingauge plethys-
mography, and laser Doppler, by evaluating the venoarter-
iolar response or vein wall perfusion).7"12

The venous tone model can be applied ex vivo on segments
of vein dissected during vein surgery for varicose veins. Vein
segments can be filled with water at high pressure
(30-80 mm Hg) to test dilatation or suspended with a small
weight for minutes to test for elongation. The vein stretches
with the action of the weight, and in defined time and
conditions, the elongation due to stretching can be measured.
Dilatation can be evaluated by passive filling with pressurized
water. Dilatation and stretching are more important in vari-
cose veins than in “normal” vein segments.m‘13

This model could be used to evaluate the protective effects
on the vein wall of treatments and supplements that may
improve venous tone.”'0

Pycnogenol (Horphag Research, Geneva, Switzerland) is a
standardized extract from French pine bark used in the recent
past for several vein studies.'*~2® The product is very effective
as 100 mg produce significant effects on edema and signs of
CVI.24 Pycnogenol is very effective in acute venous edema?'+??
with a selective action on lower limb swelling and edema.
Pycnogenol has improved venous tone in clinical studies.'*'°
Pycnogenol improves healing of venous ulcers?>2® and is very
effective in CVI in postthrombotic limbs.'®

The aim of this study was the evaluation ex vivo of the passive
stretching and dilatation of venous segments in subjects with
primary varicose veins in comparison with comparable subjects
that had used Pycnogenol before surgery for 3 months.

Materials and Methods
Subjects with primary varicose veins and CVI?/ (evening
swelling, dischromic changes at the perimalleolar region)
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were included while waiting for surgery. Three groups of
veins were compared

Group 1: Patients using the Supplement

For a period of at least 3 months they used elastic stockings
and Pycnogenol to control the signs/symptoms of edema,
heavier legs or moderate pain after prolonged standing
present in all subjects. Below-knee Sigvaris (Sigvaris Man-
agement AG, Winterthur, Switzerland) stockings were used as
the standard compression. These stockings have a mild-to-
moderate compression (14-22 mm Hg at the ankle).

Group 2: Control Veins

Comparable varicose veins segments were collected from
patients that did not use the supplement, only the same
stockings in the preoperative period.

Groups 3: Normal Veins
This group of nonvaricose vein segments?’ was collected after
surgery for coronary bypass grafts (unused vein segments).
The CEAP classification® of these patients was: C4 for
varicose veins, edema, initial pigmentation; Ep for primary
varicose veins; As2 for superficial veins including the greater
saphenous vein mainly above knee; and Pr for reflux. Dilated,
varicose veins were considered of surgical interest as they
were proximal (above knee), associated with the long saphe-
nous vein and related to signs and symptoms. Veins were
prominent and at risk for thrombosis or hemorrhage in case
of traumas.?” Subjects had no history of previous treatments
(surgery or sclerotherapy), no previous thrombosis or throm-
bophlebitis and no other disease, metabolic condition or risk
factor was present at inclusion. Subjects did not use any drug
or other supplement.

Diagnostic Evaluation: Color Duplex

The venous system was evaluated’~>?7 with color duplex
(Preirus, Hitachi, Japan). The sapheno—femoral and posterior
sapheno—popliteal junctions were evaluated for competence
with the patient standing. Also perforating veins and incom-
petent varicose segments were scanned and photographically
recorded. Duplex excluded incompetence of the deep venous
systems. Any other vascular pathology was excluded.

Surgery
Surgery was performed with spinal anesthesia. Only incompe-
tent segments—defined according to duplex ultrasound findings
—of veins were excised.”’~>® When a useful segment of the long
saphenous vein at least 4 cm long—basically cylindrical in shape
—was available after surgery. The segment was harvested for the
study; it was treated with a careful no-touch technique, without
using tweezers. The vein was placed in 34°C saline. The prepa-
ration consisted of the atraumatic ligation before excision (3-0
Dexon) of the two extremities. All collaterals were ligated (4-0)
or sutured with very small suture (Gore Tex suture CV6; Gore
Text, Flagstaff, AZ) under magnification.

The “normal” vein segments were obtained by segments
that constituted residual parts, comparable to the varicose
vein segments, obtained from unused segments of veins
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available from veins harvested for coronary bypass grafts. Five
samples were made available and used for comparative
measurements.

Stretching Test

The vein segments (all cut at 4 cm) were suspended (with
saline inside the venous space at 30 mm Hg to keep the vein
turgid and with a circular section). Veins without low-pres-
sure saline inside them tend to assume a ribbon-like shape.
The vein was suspended and a 10 g weight was attached to
the distal part of the vein for 3 minutes. Digital images were
recorded, and the images before and after stretching were
measured to evaluate elongation. The experiment was con-
ducted only once (~Fig. 1).

For the dilatation test the measurement equipment con-
sisted of a pressure gauge linked to a small silicon catheter
that allowed the introduction of pressurized water. The vein
walls were ligated around the catheter to create a close
endovenous space. The pressure (80 mm Hg) was maintained
for 3 minutes only; the vein was placed on a glass plate with
saline. Manipulation of the vein segment was minimal.
During the tests the temperature of the specimens was
kept between 31 and 36°C. All tests were completed within
20 minutes after harvesting the vein to avoid the effects of
longer preservation on venous tone. Pictures (perpendicular
to the vein axis) were measured in postprocessing from the
digital images against micrometric scale (the digital pictures
measurements were made with a cross-hair system using
Adobe Photoshop [Adobe Systems Incorporated, San Jose,
CA]).

[ ||'...;:-.4’
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Fig. 1 The two tests on the venous segments (stretching and
dilatation to pressure).
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When 10 control varicose veins and 30 vein segments from
patients using Pycnogenol were satisfactorily measured for
stretching and dilatation, the study was completed; 56 seg-
ments were available, but for various anatomical reasons
including vein irregularities, bifurcations, noncylindrical
shape, and too many collaterals and sutures, 16 segments
were excluded. The samples were weighted on a micrometric
scale (Tomopol s100; tomopol GmbH, Lindlar, Germany).
Results were coupled (one control vein segment and three
comparable Pycnogenol-supplemented vein segments) for
their best similarity in weight to have the most comparable
variations. Being of the same length and size coupling seg-
ments for the most similar weight reduces the possibility of
differences in stretching and dilating due to different struc-
tures (i.e., wall thickness). Also “normal” veins were matched
for weight. Pycnogenol supplementation consisted of 150 mg
(three 50 mg tablets were given daily).

The age range of the patients was between 35 and 45 years.
This venous tone model, 2332 was established by Zukowski
et al and more recently by Clarke et al at St Mary’s Hospital,
Academic Surgical Unit at the Irvine laboratories (UCL,
London).33-3°

All patients gave informed consent to the surgical proce-
dures according to the Helsinki declaration. The postsurgical
evaluation was part of a diagnostic test—to which patient
consented—used to detect possible differences in the elastic-
ity and tone of varicose veins with the aim of forecasting
future varicosity recurrence and to suggest appropriate treat-
ments. Pycnogenol was voluntarily assumed as a supplement.
This was a noninterventional, supplement study. The bypass
vein segments were not collected on purpose for this study
but leftovers from surgery were going to be destroyed.

Statistics

At least 10 subjects in each group (control or Pycnogenol)
were considered necessary to evaluate differences after at
least 3 months of supplementation on the basis of observa-
tions from previous studies.

Analysis of variance was used to compare the two main
measurements of stretching and dilatation of the varicose
segments with the “normal” vein segments. All measure-
ments (variation between the two groups of varicose veins)
were considered nonparametric; their differences were eval-
uated with a nonparametric test (Mann-Whitney). SigmaPlot
(Systat Software, Inc., San Jose, CA) software was used to
perform all statistical analyses.

Results

The vein segments were excised from 10 separate control
subjects (age 38.6; 3.3; 7 females) and 30 separate Pycnoge-
nol subjects (age 38.3; 6.3; 6 females). The normal vein
segments were harvested form bypass surgery patients
(age 46.7; 3.5; 2 females). One segment corresponded to
one patient. The two groups of varicose veins were compara-
ble for age, sex, and clinical distribution (including the
anatomy of the veins). All vein segments were from an
above-knee segment of greater saphenous vein of less than
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35 cm distal to the sapheno-femoral junction. Pycnogenol
subjects used the supplements for an average of 93 days
(range 77-106) according to the waiting time needed for
surgery. No side effects from Pycnogenol were observed.
There were no tolerability problems with Pycnogenol.

Measurements

As a reference for normal veins, the stretching test indicated
an average increase of 1.13; 0.3 mm and a maximum average
dilatation of 1.11; 0.2 mm (~Table 1). After releasing the
dynamic stress the vein segments recovered partially the
initial length and diameter indicating a residual tone of the
vein wall able to bring the vein shape to the initial sampling
sizes.

The stretching test in varicose veins indicated a signifi-
cantly higher level of stretching in control vein segments
(2.29; 0.65 mm in comparison with 1.39; 0.2 mm in vein
segments from the Pycnogenol-treated group; p < 0.05). The
dilatation test showed an average higher dilatation of 2.19;
0.3 mm in comparison with 1.32; 0.7 mm in controls. There-
fore, stretching and dilatation were significantly higher in
segments from non-Pycnogenol subjects.

Recovery Measurements after Dynamic Stresses
Destretching (return to original size after removing the
weight, waiting for 5 minutes) resulted in a decrease in length
of the vein segment. At 5 minutes the Pycnogenol vein
segments were on average 1.2; 0.43 mm shorter (from the
maximum length reached on stretching) (~Table 1). Des-
tretching decreased the acquired length (median 44.54%)
indicating a residual elasticity. The decrease in endovenous
pressure to 30 mm Hg after 5 minutes produced a decrease in
the maximum diameter (median decrease 77.16%).

In control vein segments there was a significantly lower
destretching (0.4; 0.1 mm) and the dilatation decreased only
0.4; 0.1 mm from the maximum dilatation.

These values were significantly different from the Pycno-
genol-supplemented vein segments (p < 0.05). The de-
creased level of passive stretching and dilatation and the
recovery in a few minutes after the dynamic stress indicated

Belcaro et al.

that Pycnogenol-supplemented vein segments are more
“tonic” and able to passively respond to dynamic stresses.
Values are more similar to values in normal segments in
comparison with control segments.

Discussion

Venous tone?8-31 js severely altered in varicose veins. Veins

show a decrease in elasticity with a lower resistance to
dilatation that becomes mainly passive’* and is not linked
to an effective elastic response to dynamic stresses. Varicose
veins do not regain their original dimensions and functions,
including the valvular functional capacity, after stretching
and dilatation.

Dilatation of venous segments—that is, due to chronic
increase in venous pressure—produces a relative incompe-
tence of the valvular cusps. The blood column is not inter-
rupted anymore and the full power and weight of the blood
column tends to put pressure on distal valvular elements and
vein segments that also became incompetent.

The effect of elastic compression on venous tone in pa-
tients with varicose veins has been evaluated with a complex
model? at the Irvine Laboratory (St. Mary’s Hospital Medical
School, London). Elastic compression and changes in venous
wall elasticity were studied in varicose veins simultaneously
measuring venous volume and pressure. While the venous
outflow was obstructed, the pressure/volume (P/V) relation-
ship of the venous system of the leg was studied and the
elastic modulus was calculated. Measurements were made
before and after the use of elastic stockings for 6 weeks.31-3?
Significant improvements were noted in the P/V curve-de-
rived elastic modulus with stockings.®33-3% The limbs with
varicose veins could be divided into two groups based on the
response of the P/V curves to stockings and the severity of
disease. Limbs with milder disease shifted their P/V curves
toward a more normal pattern. Limbs with severe disease
showed evidence of improvement at low but not at high
venous pressures. This observation indicated that there is a
loss of elasticity and elastic response in most varicose veins.
Treatments—that is, compression—can improve elasticity and

Table 1 Increase in maximum length (on stretching), maximum diameter (on pressure dilatation): also the increased residual length
after the end of the stretching period and the final residual dilatation when pressure is no longer applied are shown (all

measurements are expressed in mm)

Normal veins Control varicose veins Varicose veins
pycnogenol
Number of patients 5 10 30
Stretching 1.13; 0.3 2.29; 0.65 1.39; 0.2
Dilatatation 1.11; 0.2 2.19; 0.32 1.32; 0.7°
Final length after destretching +0.7; 0.2 +1.892 +1.09; 0.2
Final diameter (postdilatation) +0.2; 0.1 +1.79° +0.5; 0.2°

Note: The numbers are differences before and after stretching of dilating and after the end of stretching and the end of dilatation. All segments of veins

were exactly 4 cm at the beginning of the dynamic tests.

“Mann-Whitney U test: control veins (values vs. the two other groups); p < 0.05.
PANOVA: evaluation of differences between normal veins and veins from Pycnogenol-supplemented subjects; p < 0.05.
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tone in some patients.® The observation that the loss of
elasticity and tone can be partially corrected suggested the
use of Pycnogenol (as a supplement) to produce positive
changes in this ex vivo anatomical/physiological study.

According to the present study the reason for the differ-
ence of elasticity between pretreated and untreated vein
segments could be seen in the inhibition of matrix-degrading
enzymes produced by Pycnogenol. The extract and its active
metabolite inhibit the matrix metalloproteases in in vitro
studies and in human samples.*® Especially, the inhibition of
the elastin-degrading elastases helps to keep the venous wall
elastic. The action of Pycnogenol on smooth muscles (partic-
ularly increased elasticity and increase in resistance to de-
grading conditions)**~*? is still under investigation. It seems
that Pycnogenol—and its metabolites—may modulate smooth
muscle cells activity*® avoiding excess of contraction or
passive elongation. Pycnogenol includes 85% proanthocyani-
dins, 10% organic acids (including caffeine and gallic acid), and
5% water.

Conclusions

The study indicated that varicose veins in subjects using
Pycnogenol appear more resistant to dynamic stresses
(stretching and dilatation), and that after the stress, recovery
to the initial shape, volumes, and sizes can be achieved faster
and better. Several potential positive actions of Pycnogenol
have been shown in clinical studies on venous disorders and
generally on the vascular wall.'4%® Previous studies had
shown that Pycnogenol is incorporated into the venous
wall,'*19 and it is possible that its activity on venous tone
(as indicated in the present study) may be effective in several
other aspects and conditions in the evolution of CVI.

It is possible that a preventive action in earlier stages may
make veins more resistant to dilatation and more effective in
their response to dynamic stresses.

With Pycnogenol supplementation some varicose veins—
at earlier stages—may reduce the rate of progression to CVI.
Data from venous studies and from studies on postthrombotic
patients indicated the efficacy of Pycnogenol in these con-
ditions. This study may offer an interesting explanation of the
effects of Pycnogenol in venous insufficiency. Prospective
studies in vivo concerning venous tone are in progress.

In conclusion, the value obtained with Pycnogenol-treated
veins after 3 months of supplementation are more similar to
the average data obtained with normal vein segments. Pyc-
nogenol seems to decrease the passive dilatation and stretch-
ing and to give vein walls a greater power of tonic recovery
and elasticity that allows the vein segment to recover its
original shape after dynamic stresses.
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