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INTRODUCTION 
Progress related to the diagnostic and minimally inva-

sive treatment of chronic venous diseases has led to sig-
nificant improvement of the care of these patients. One of 
the most important steps towards modern phlebological 
treatment was the introduction of duplex Doppler diag-
nostic to the daily clinical practice [1]. Another factor that 
should be mentioned is sclerotherapy, which is currently 
used for the treatment of a wide range of venous pathol-
ogies [2]. Further progress basing on the implementation 
of endoluminal thermal and non-thermal ablation meth-
ods has increased the treatment possibilities and their 
efficacies. 

Foam sclerotherapy was firstly described by S. McAus-
land in 1939 [3]. Another researcher who described the 
use of foam sclerotherapy for the treatment of reticular 
varicose veins was Robert Rowden Foote [4]. In 1956, 
Peter Fluckiger described the possibility of mechanical 
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movement of the foam from the place of injection via 
manual compression and manipulation [5]. Over the 
years the method of foam production has been improved 
and established. Currently, the most commonly used 
method of foam production is the technique proposed 
by Lorenzo Tessari [6]. According to this method, two 
syringes are directly connected through three-way 
stopcock or a  double syringe connector (DSS method).  
The proposed ratio of gas to liquid sclerosant ranges from 
4 : 1 to 5 : 1, and various gas types have been investigated 
(air, CO2/O2 mixtures and CO2). 

The implementation of ultrasound (US) examination 
not only improved diagnoses, but also led to clinical appli-
cation of US examinations during sclerotherapy, includ-
ing the US-guided foam sclerotherapy procedure. In 1968, 
Siegel from Philadelphia for the first time described con-
tinuous wave (CW) Doppler US for diagnosing venous 
system of the lower leg [7]. B mode US examination com-
bined with CV Doppler for diagnosing the venous system 
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of lower extremities was proposed for the first time by Day 
in 1976 [8]. In 1977 Franceschi documented the effect of 
calf compression and deep inspiration and expiration 
on venous flow in standing and recumbent positions, as 
well as the effect of Valsalva manoeuvre, and described 
the exploration of the veins with Doppler in normal sub-
jects and varicose vein patients [9]. In 1982, Steve Talbot 
used Doppler US to confirm the role of Valsalva manoeu-
vre in the stimulation of venous flow changes in healthy 
veins. Talbot also confirmed the possibility of occlusion 
of venous lumen using a  compression with sonograph-
ic probe [10]. In 1984 Effeney suggested that unchanged 
diameter of the vein during Valsalva manoeuvre is sug-
gestive of the presence of thrombus inside venous lumen. 
In 1986, Ragavendra described clinical implementation of 
US-controlled compression test for the diagnosis of deep 
vein thrombosis [11]. In the same year Michel Schadeck 
published his experience with the use of US during foam 
sclerotherapy [12]. Sclerotherapy through a long catheter 
(with a liquid sclerosant) was presented for the first time 
by A. Gattoduring at the UIP World Congress in 1989 in 
Strasburg [13]. US-guided catheter-directed sclerother-
apy was described in 1992 by Louis Grondin [14], and 
in 1995 Robert and Robert described the use of a dedi-
cated catheter during the US-guided liquid sclerotherapy 
[15]. In 1997, the extended long-line echosclerotherapy 
method was proposed by Kurosh Parsi. In this method, 
following the cannulation of the saphenous vein, the tip 
of catheter is positioned 5 cm below the saphenofemoral 
junction, the leg is elevated at the angle of 45˚, and liq-
uid sclerosant is injected. The injection of the sclerosing 
agent causes visible turbulence on B-mode US, and also 
leads to an increased resistance against external compres-
sion of the vein wall following the procedure. In further 
studies, the catheter-directed US-guided sclerotherapy 
method was continuously modified and improved. Bas-
ing on experiences of Min and Navarro, the Seldinger 
method for venous access was proposed [16]. The imple-
mentation of perivenous tumescent infiltration aimed at 
external compression of the vein was firstly proposed by 
Thibault [17]. Milleret presented a similar technique aug-
mented with an application of the Esmarck cuff in order 
to empty the vein prior to injection of the sclerosant [18]. 
The natural course of this research led to improved tech-
nique of sclerotherapy, such as foam sclerotherapy and 
the use of dedicated catheters, including balloon occlu-
sive catheters [19, 20]. In recent years, many papers have 
confirmed the simplicity and safety of catheter-guid-
ed sclerotherapy [21-23]. Cavezzi, searching for better 
results of foam sclerotherapy, described several scleros-
ing agent/gas mixtures [24]. The method of sclerotherapy 
through multiple short catheters has also been proposed 
[25, 26]. In addition, Frullini presented the LAFOS meth-
od, basing on application of the holmium laser, which is 
used in order to shrink the vein before sclerotherapy [27]. 
A  recent important modification of sclerotherapy com-

prises mechanochemical endovenous ablation (MOCA) 
[28]. In this method mechanical irritation of venous wall 
results in its shrinkage, which enables administration of 
a reduced volume of sclerosing agent and eliminates the 
need for tumescent anaesthesia. The newest non-tumes-
cent method for vein ablation comprises vein closure by 
intravenous application of a glue (cyanoacrylate) [29].

According to previous publications and authors’ own 
experience, foam sclerotherapy can be used as a  single 
treatment method, or in combination with surgical or 
endoluminal saphenous vein ablation [30-32]. In many 
cases foam sclerotherapy can be successfully used for 
complex treatments of pathologies of the entire superficial 
vein system, including obliteration of large veins and scle-
rotherapy of varicose veins. Regarding foam sclerother-
apy treatment (including saphenous vein obliteration), 
both efficacy and safety have to be taken into considera-
tion, especially if long vein segments or large veins need 
be ablated. The proper concentration of sclerosing agent 
and proper volume of injected foam are important factors 
that potentially can influence final outcome. According 
to current sclerotherapy guidelines (European Guidelines 
on Sclerotherapy), the maximum foam volume applied 
during one session should not exceed 10 ml, but this vol-
ume is not always sufficient to ablate long or large veins 
[33]. Alternatively to the use of MOCA, it is possible to 
administer tumescent solution around the treated vein in 
order to decrease volume of foam, which is needed for 
successful sclerotherapy. Potentially, an external com-
pression along the entire vein can improve contact of 
foam with the venous wall (due to blood removal) and 
protect the sclerosant from being deactivated by blood 
compounds [34, 35]. In this paper, the authors present 
their own experiences with US-guided, catheter-directed, 
tumescent supported foam obliteration (TAES) of incom-
petent saphenous veins. 

MATERIAL AND METHODS 
Thirty-four legs of 34 patients with incompetence of 

the great saphenous veins were treated with TAES and 
prospectively evaluated. The study was based on the pro-
spective, non-interventional observation of the group of 
patients, who were managed using a standard treatment 
and follow up protocol applied in the European Centre of 
Phlebology in Katowice. All patients approved and signed 
the informed consent for standard treatment protocol 
and follow up. Data were prospectively and anonymously 
collected, without any integration into the patient treat-
ment. 

The group consisted of 26 female patients and 8 men. 
Mean age of patients was 47 years (19-72 years). Prima-
ry varicose veins were diagnosed in 25 patients (71.4%). 
Other patients presented with recurrent varicose veins (5 
cases) or varicose veins associated with a history of super-
ficial thrombosis (4 cases). Mean length of incompetent 
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saphenous vein was 25.5 cm (range: 14 to 39 cm). Diame-
ters of proximal parts of the saphenous veins ranged from 
5.0 to 15.0 mm (mean: 6.97 mm), and distal diameters (at 
the lowest point of reflux) ranged from 5 to 8 mm (mean: 
5.65 mm). A  significant percentage of patients present-
ed with concomitant morbidities (Table 1). In addition, 
4 female patients received hormonal replacement therapy.

 Duplex Doppler US examinations of the venous sys-
tem were performed in all patients. Majority of patient 
presented with class C2 and C3 of the CEAP classifica-
tion and only a few with more advanced disease (Fig. 1). 
Exclusion criteria comprised: active venous thrombo-
embolism, known allergic reactions to polidocanol or 
lidocaine, previous endovenous thermal or non-thermal 
ablation of varicose veins, known arteriovenous shunts, 
pregnancy, obstructive changes or occlusions in the deep 
venous system, significant leg ischemia (ABI < 0.8), 
recent (< 12 months) superficial vein thrombosis, known 
contraindications to compression therapy. 

Procedure description 
The treatments were performed under US guidance. 

The vein puncture was localised in the lowest point of 
truncal reflux, and after administration of local anaesthe-
sia (1% lidocaine), vein puncture with an 18-G needle was 
performed. A 0.035” guidewire was introduced and a 4F 
straight catheter was inserted into the vein lumen. The 
tip of catheter was placed 3 cm below the saphenofemo-
ral junction, and the guidewire was removed. The posi-
tion of the tip of catheter was controlled using US. After 
catheter positioning, the tumescent solution was injected 
into the perivenous space. The following tumescent solu-
tion mixture was used: lidocaine – 1 g/l; epinephrine – 
1 mg/l; 8.4% sodium bicarbonate – 10 mEq/l and 0.9% 
NaCl up to the volume of 1000 ml. The pump was used 
for injection of tumescent solution and 10 mL of solution 
per 1 cm of the treated vein was injected (the injection of 
tumescent solution was US-controlled to confirm com-
plete compression of the vein around the catheter). After 
compressing the vein and the check of the position of 
catheter tip, 3% polidocanol foam was injected. The foam 
was prepared according to the Tessari method. The veloc-
ity of the injection depended on US control. During the 
injection the traction of the catheter was US-controlled in 
order to fill the target vein lumen with foam but not mov-
ing it (except for single foam bubbles) into the deep vein 
system. The foam volume of each procedure was record-
ed. After foam injection and catheter removal, access 
area was covered with sterile dressings and class 2 thigh 
compression stocking was worn, with recommendation 
of applying stockings for 4 weeks. Then the patients were 
mobilised and discharged. At follow-ups, which were 
performed 1, 6, 12 and 18 months after sclerotherapy, 
patients were assessed clinically and with the use of US. 
Total occlusion was defined as an occlusion of the entire 

length of target vein from the access area to the saphe-
nofemoral junction. Partial occlusion was defined as 
a lack of full occlusion of the entire length of the treated 
venous segment (a presence of patent segments between 
the occluded proximal or distal parts of the treated vein). 
In all cases the management of non-saphenous varicose 
veins with sclerotherapy was postponed until occlusion 
of the saphenous vein was confirmed at a follow up. 

The Statistica 10 software package was used for statis-
tical analysis. In order to identify factors that potentially 
were responsible for unsuccessful treatment we applied 
the multiple regression analysis.

RESULTS 
We injected 1.5-4 ml of 3% polidocanol during scle-

rotherapy; mean volume of foam was 2.6 ml. No serious 
advert events, including neurological or ophthalmologi-
cal symptoms potentially related to the administration of 
foam, were reported. No symptomatic or asymptomatic 
DVT were diagnosed at follow up. 

One month after the procedure a complete occlusion 
of the entire segment of target vein was confirmed in 
79.4% of cases (27 out of 34 veins). In one case (2.9%), the 
vein was still patent and partial occlusion was observed in 

Table 1. Concomitant diseases

No of patients. %

Ischaemic heart disease 12 35.3

Arterial hypertension 15 44.1

Diabetes mellitus 4 11.8

Obesity 8 23.5

Osteoarticular degenerative disease 8 23.5

Fig. 1. C class of the CEAP classification in the treated group
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6 patients (17.6%). In the group of 6 patients with partial 
occlusion, 1 month after the first intervention we per-
formed another foam sclerotherapy, using a direct punc-
ture of the vein under US control. For this purpose we 
used 1-3 mL of 3% polidocanol (mean: 2.33 mL). Out of 
these patients, 5 developed full obliteration of the target 
vein, and 1 patient only partial occlusion, with a 12-cm 
long segment of non-occluded vein. One patient with 
completely failed first session of sclerotherapy did not 
consent for further treatment with this method. At fol-
low ups 6 and 12 months after the procedure, 32 out of 
34 obliterated veins (94.1%) remained fully occluded. 
There were 2 additional cases of partial recanalisation at 
18-month follow up (Fig. 2).

We also analysed patients with non-occluded and par-
tially occluded veins after the first session of sclerothera-
py. The patient with failed sclerotherapy had a history of 
previous thrombosis of the saphenous vein. In the group 
of patients with partial recanalisation (6 individuals), 2 of 
them presented with recurrent varicosities after surgical 
treatment, while 2 patients had a history of thrombosis 
of the saphenous vein. Technical success of sclerotherapy 
after 1 session of treatment in patients without a history 
of previous saphenous vein surgery or thrombosis was 
92%. Other clinical factors evaluated by means of mul-
tivariate analysis, such as patient’s age, duration of the 
disease, C class of the CEAP classification, length of the 
target vein and its diameter were not found to be statisti-
cally significant. 

We also evaluated the cost of procedure. An aver-
age cost of medications and disposables was 25 euro per 
patient.

DISCUSSION 
According to the results of our study a high efficacy 

and safety of TAES, combined with a low cost of this pro-
cedure, justifies its use as the cost-effective method for 
the treatment of the saphenous vein incompetence.

The concept of application of tumescent solution 
perivenously is currently well known and widely used 
during treatment of patients managed with thermal 
ablations. As has been previously mentioned, the use of 
tumescent solution was also proposed to augment scle-
rotherapy [34, 35]. A  fluid injected perivenously com-
presses the vein, removes blood from its lumen and leads 
to significant shrinking of the target vein that allows 
a  reduction of foam volume. These factors, at least the-
oretically, can result in a higher efficacy and safety of the 
treatment. Still, high quality studies confirming efficacy 
and safety of TAES in clinical practice have not yet been 
released [17, 30, 34, 35]. Sclerotherapy is a standard phle-
bological procedure [33] and combined treatment (foam 
sclerotherapy with the application of perivenous tumes-
cent solution) seems to be an interesting alternative for 
more technically complex and more expensive methods, 
such as RF and EVLT. In our patient series 94.1% of the 
managed saphenous veins remained fully occluded at 
6- and 12-month follow ups. A majority of failed treat-
ments occurred in patients with a history of saphenous 
thrombosis or previous varicose vein surgery. Still, a redo 
sclerotherapy resulted in complete closure of target veins 
in most of these patients. Moreover, final results at 1-, 
6- and 12-month follow ups, including reinterventions, 
were similar in patients with and without a history of pre-
vious thrombosis or surgery. This finding, together with 
a  relatively low cost of the procedure (25 euro per ses-
sion of TEAS) suggests that this method is an interesting 
alternative to more sophisticated treatment modalities, 
especially in patients with no history of thrombosis or 
surgical treatment for varicose veins [31]. 

A high safety of TEAS should also be emphasised. We 
did not observe any serious adverse events, which was 
potentially due to the following factors: reduced foam 
volume (mean volume of foam required for obliteration 
of the saphenous vein was 2.6 ml, and maximal volume 
in the case of a 39-cm long vein was 4 ml), emptying of 
the vein, which decreases the amount of blood inside its 
lumen and potentially diminished risk of foam migration 
related to compression of the venous lumen. At follow 
ups no deep venous thromboses were diagnosed, despite 
the fact that 8 saphenous veins were larger than 8 mm in 
diameter. 

Studies on sclerotherapy suggest that early recanali-
sations are related to the large diameters of the vein. This 
phenomenon can be explained by possible deactivation 
of sclerosing agent by blood present in the venous lumen 
[31, 33]. An application of tumescent solution leads to 
emptying of the vein, which together with vasoconstric-
tive activity of epinephrine improves final results of the 
treatment [29, 33, 34].

Currently only one controlled randomised study on 
TAES has been published. Devereux and co-workers did 
not demonstrate an advantage of application of tumes-
cence solution during foam sclerotherapy of the great 

Fig. 2. Success rate 1, 6, 12 and 18 months after TAES of the 
great saphenous vein (34 treated veins)
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saphenous vein performed through a long catheter [33]. 
Still, some of the methods used in this study have to be 
challenged, particularly the fact that a  0.9% tumescent 
solution without epinephrine was injected, which poten-
tially could negatively influenced final results. Epineph-
rine is one of the components of a  standard tumescent 
anaesthesia. Rationale of its use is to decrease absorption 
of the tumescent solution and to prolong and enhance 
vasoconstriction of the vein. This issue was addressed by 
Cavezzi in the discussion on the results of the Devere-
ux’s study [35]. Thus, we need another prospective ran-
domised clinical trial to evaluate the actual efficacy of 
TAES. 

CONCLUSION
Tumescent-assisted echo-guided foam sclerotherapy 

is a safe and clinically effective method for obliteration of 
the saphenous vein, particularly in patients with no pre-
vious history of superficial venous thrombosis or surgical 
treatment of varicose veins. 

The author declares no conflict of interest.
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