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Abstract 

Sclerosing agents (SA) are blood inactivat-
ed. Nevertheless, investigations concerning the
interaction among SA and blood components
have never been deeply investigated. Aim of the
study is to precisely identify SA blood ligands, to
determine their binding time and to highlight
the clinical consequences. Thirty-one blood
samples were collected from chronic venous
disease patients and tested by capillary and
agarose gel (AGE) electrophoresis before and
after adding polidocanol (POL) and sodiumte-
tradecylsulphate (STS). The two different types
of electrophoresis allowed an evaluation of the
blood proteins binding with the sclerosing
agents, with a reaction time lower than 8 sec-
onds for the AGE. Subsequently six patients
underwent foam sclerotherapy and then were
subdivided in group A (4 patients) and B (2
patients). In group A blood sample was obtained
from the ipsilateral brachial vein immediately
before (T0) and repeated 1, 3, 5, and 10 minutes
after injection of STS 3% injection into the GSV.
In group B, the same procedure was performed
with the same timing from the ipsilateral
femoral vein. Free STS (fSTS) and total protein-
bound STS (bSTS) were measured. POL mainly
binds to b-globulins (11%), while STS to albu-
min and a-globulins (62.6% and 30.7%) on the
protidogram, respectively. Both in the brachial
and in the femoral vein, the average fSTS was
always 0. STS binds to albumin (62.6%) and a-
globulins (30.7%), while POL is bound mainly
by the b-globulins (11%). The present paper
demonstrates how the vast majority of the scle-
rosing agent is bound to the blood proteins, sug-
gesting the need to look for possible sclerother-
apy complications factors also in the used gas
and/or in the subsequent cathabolites release. 

Introduction

Foam sclerotherapy (FS) has become an
important tool in chronic venous disease
(CVD) treatment.1

Worldwide, the two most commonly used
sclerosing agents (SA) in foam production are
sodium tetradecyl sulphate (STS) and polido-
canol (POL).

A few very interesting papers evaluated
the SA in vitro effects on coagulation,2,3

together with the same SA inactivation by
plasma protein.4

The STS deactivation by the blood was
precisely assessed in vitro, demonstrating
how small blood volumes can totally inactivate
the sclerosing drug. Nevertheless, this funda-
mental investigation was performed only on
bovine samples.5

In everyday clinical practice, FS has been
demonstrated to be a safe and effective thera-
peutic option6,7 that has been made even safer
by the recent use of carbon dioxide-oxygen in
place of atmospheric air.8-10

Nevertheless, up to now, investigations
concerning the precise interaction between the
SA and the human blood components, once the
drug reaches the vascular bed, are still lacking.

Moreover, the pathogenetic mechanisms
underlying the origin of FS-induced complica-
tions remain unclear.11,12

The aim of this study is to precisely identi-
fy SA blood ligands, to determine their binding
time and to highlight the associated clinical
consequences.

Materials and Methods

Two parallel investigations were per-
formed. 

In the first one, 31 blood samples were col-
lected following 12 h or fasting in CVD patients
(C1-6 Ep As Pr) and tested both by capillary
(CE) and agarose gel (AGE) electrophoresis, in
order to obtain a normal control curve, to be
subsequently compared after addition of scle-
rosing agents. The assessment was performed
at 5, 8, 12, 14 and 16 min by CE evaluation and
at 8 s by AGE. Subsequently, the same 31
patients blood samples were evaluated in new
CE and AGE runs adding both 3% STS and 3%
POL (200 mL of SA+400 mL of blood). In CE the
proteins fractions separations occurred in a
fused silica capillary, which was previously
filled with a buffer solution. The main compo-
nents of the system are a vial with the sample,
a source and a destination recipient, elec-
trodes, a high voltage henerator, a shallow cap-
illary (in silica), a recorder, a data collector and
the support. The migration of the particle is
created by the high voltage that was applied to

the same solution, thus reducing the migration
time to 5 min. The proteins were then assessed
and quantified by direct measurement of their
214 nm wave length absorbance.13-20

In AGE, proteins fractions separation is
based on the competition between he applied
electric field and the specific protein affinity to
the media. In AGE, an agarose gel matrix is
used to deposit the particles. Then the proteins
separate because of their different charge.

The band quantification, together with the
standard diagram production, occurs by swartz
starch or other substances coloration.
Subsequently, a cleaning and media diapha-
nization are performed. At the end of the pro-
cessing, the colored bands film is created. A
densitometer is used for the assessment. The
particles separation is obtained following their
different electrophoretic mobility.13-20

The study population mean age was 54±8
years, with a female/male ratio of 5/1. No sig-
nificant co-morbidities were present.

The binding time evaluation was also per-
formed for the SA and the plasma proteins. 

In the second investigation, six patients
among the 31 who previously underwent the
blood collection, were treated by injection of 3%
(1 cc) STS FS in the GSV trunk, and then divid-
ed into group A (4 patients) and B (2 patients).

In group A, a blood sample was obtained
from the ipsilateral brachial vein, before an
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STS 3% injection into the GSV (T0). The sam-
pling was repeated 1, 3, 5, 10 min later. 

In group B (2 patients), the same proce-
dure was performed with the same timing on
the ipsilateral femoral vein. 

Free STS (fSTS) and total protein-bound
STS (bSTS) were measured in both groups.

The foam was produced according to the
Tessari technique, thus mixing 1 cc of 3% STS
with 4 cc of gas.21

The blood samples were immediately spin-
dried and the plasma was stored in another vial.

Everything was frozen at �26° and subse-
quently sent to the laboratory.

fSTS and total protein-bSTS were measured.
In group B (2 patients, 1 male and 1 female),

the same procedure was performed with the
same timing on the ipsilateral femoral vein.

An informed consent was obtained from all
the patients, both for the clinical and the labo-
ratory procedures.

Results

All the set-up tests were correctly per-
formed and reproduced reliable outcomes. All
the proteins fractions absolute values were
physiological (Figure 1).

In the first set of investigations, the
human plasma proteins displayed a weak bond
with POL, mainly in the b1 an b2 range (only
about 11% of the plasma proteins pool) (Figure
2A).Conversely, the STS-human plasma pro-
tein interaction was especially represented in
the albumin (62.6%), a1 (10,7%) and a2
(20.0%) fractions (Figure 2B). 

In the binding time analysis, the CE evalu-
ation at 5, 8, 12, 14 and 16 min highlighted a
total overlap of STS 3%-plasma proteins (1:2

ratio respectively) with the basal plasma pro-
teins electrophoretic run (Figure 3).

The AGE evaluation demonstrated an 8-s
drug-protein binding peak, that was equally
maintained at the 12 and 60 s evaluation
(Figure 4).

The second investigation, concerning

fSTS amount, demonstrated that in the
brachial vein, the average bSTS concentration
in mg/mL was 0, 0.568, 5.98, 6.91 and 7.2,
respectively at T0, 1, 3, 5, 10 min.

In the femoral vein, bSTS average concen-
tration in �g/mL was 0, 1.62, 13, 24.6 and 8.67,
respectively at T0, 1, 3, 5, 10 min.

Figure 1. Normal electrophoretic run with proteins percentages.

Figure 2. Electrophoretic runs of human blood with: A) polidocanol (POL) 3%; and B) sodiumtetradecylsulphate (STS) 3%.
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Both in the brachial and in the femoral
vein fSTS was always 0 (Figure 5).

Discussion

Nowadays, FS is one of the most popular
CVD therapeutic tools worldwide.1

Some articles have reported possible
threatening side-effects.11

Nevertheless, recent reviews have demon-
strated that FS complications and side effects
remain uncommon, thus confirming FS effica-
cy and safety.12

On the other hand , the pathogenesis of
FS-induced side effects still needs deeper
investigation.

According to recent papers, the gas used to
produce foam can be important in modification
of the incidence of side effects, with a better
safety profile for carbon dioxide-oxygen foam.8,9

But the side effects incidence isn’t related
only to the chosen gas.11,12

A deeper analysis of the biochemical inter-
action between the sclerosing agents and the
blood components is mandatory to find out the
possible new pathogenetic mechanisms of
complications during sclerotherapy.

The present paper evaluates the sclerosing
drug interaction with the human blood pro-
teins, suggesting clinical consequences that
improve the FS safety profile.

The first issue in the drug-protein binding
assessment is identifying the exact timing in
which it occurs.

A bias in the drug-protein CE assessed
binding is the possible interaction between the
two substances inside the test tube, during the
same CE required processing time.

Therefore two different kind of elec-
trophoresis have been used: CE and AGE.

CE is a more sophisticated analysis,
designed to separate species and, based on
their size, to charge ratio in the interior of a
small capillary that is filled with an electrolyte.
This characteristic brings a higher sensitivity,
but requires some minutes to have the autom-
atized process started.

To the contrary, AGE is a totally manual pro-
cedure, bringing less precise measurement, but
providing the test result in a few seconds.13-20

The overlapping drug-protein peaks of CE
and AGE demonstrated how the bond, and thus
the inactivation, occurs after just a few sec-
onds by the SA contact with the human blood.

Consequently, all the sclerosing drug cir-
culation within the lungs is bounded to the
proteins, and thus inactive.

Moreover, the FS safety profile is con-
firmed by the lack of detectible free sclerosing
drug not only in the upper limb venous circula-
tion, but also in the ipsilateral femoral vein.

Further considerations regarding coagula-

tion modification were reported by Parsi last
year,3 demonstrating how low concentration
sclerosants inhibit platelet aggregation
because of GPIIb/IIIa activation. The present
study suggests that proteins like antiplasmin
could be also involved. This is a a2 globulin
which when bound to STS the lock on the plas-

min is removed, thus enhancing fibrinolysis
This may represent a possible rationale for
fewer post-sclerotherapic deep venous throm-
boses with the STS use. 

It has recently been suggested that FS
complications and side effects may be related
to new pathogenetic mechanisms, based on

Figure 3. Sodiumtetradecylsulphate (STS) 3% and blood electrophoretic run along the
observation time at A) 5 and B) 16 min.

Figure 4. Sodiumtetradecylsulphate 3% cellulose acetate electrophoretic run.
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endothelial release of vasoactive molecules,
such as endothelin-1, histamine or sero-
tonin.22-28

Further analysis should be aimed to eluci-
date both the post-sclerotherapic endothelial
catabolite identification and deeper insight
into the drug-protein kinetic.

Conclusions

Foam sclerotherapy safety remains a hot
topic in the phlebology community, despite
everyday clinical use which demonstrates an
extremely low complication and side effect rate.

No data are available concerning the in
vivo binding and neutralization of the SA
whenever inside the blood stream.

The present paper offers two investigations
demonstrating the SA binding features when in
contact with human blood and the consequent
kinetics within the venous network.

The results demonstrate in vivo the rapid
inactivation of the SA in circulating blood, thus
their high safety profile. 
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