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Ce nu este cunoscut, deocamdata, la subiectul abordat

in pofida implementirii vaste a scleroterapiei cu spuma in
tratamentul bolii varicoase, eficienta acestei metode curative
este afectata de degradarea rapidd a spumei preparate ex tem-
pore In forma lichida a agentului sclerozant. Exista multiple
controverse privind posibilitatile de a spori stabilitatea spu-
mei.

Ipoteza de cercetare

Modificarea unor parametri in prepararea spumei sclero-
zante (tipurile si volumele seringilor, temperatura agentului
sclerozant, raportul dintre volumul solutiei agentului sclero-
zant si aer, numarul pasajelor de spuma intre cele douad se-
ringi) pot contribui la cresterea stabilitatii acesteia.

Noutatea adusa literaturii stiintifice din domeniu

Utilizarea seringilor de volum mare, fara cauciuc in struc-
tura pistonului si fard silicon, rdcirea agentului sclerozant
inainte de prepararea spumei, raportul mai mare solutie/aer
si numarul crescut de miscari ale pistonului sunt factori care
sporesc stabilitatea spumei sclerozante.

Rezumat

Introducere. Scleroterapia cu spuma reprezinta o metoda
raspandita de tratament a bolii varicoase. Spuma este prepa-
rata ex tempore din agentul sclerozant lichid prin amestecul
acestuia cu un gaz. Timpul redus de degradare a spumei inapoi
in lichid reprezintda un impediment important. Scopul studiu-
lui a constituit evaluarea impactului modificarii parametrilor
in prepararea spumei asupra stabilitatii acesteia.
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What is not known yet about the topic

In spite of large implementation of foam sclerotherapy in
the treatment of varicose veins, the effectiveness of this cura-
tive method is negatively affected by fast degradation of the
ex tempore prepared foam into the liquid form of sclerosing
agent. There are many controversies regarding the possibili-
ties to increase the stability of the foam.

Research hypothesis

We performed an in vitro experimental study of sclerosing
foam stability, varying several parameters of its preparation:
the type and the capacity of syringes; the temperature of scle-
rosing agent; the ratio between the volume of liquid scleros-
ing agent and air; the number of foam passages between two
syringes.

Article’s added novelty on this scientific topic

In experimental study was demonstrated that use of large
capacity non-silicon, non-rubber disposable syringes, cooling
of sclerosing agent before foam preparation, higher liquid-to-
air ratio and increased number of plunger movements all in-
crease the stability of sclerosing foam.

Abstract

Introduction. Foam sclerotherapy represents the widely
used method for treatment of varicose veins. Foam is prepared
ex tempore from liquid sclerosing agent by mixing it with a gas.
Short time of foam degradation back to the liquid represents
the important drawback. The aim of study was evaluation of
impact of modifications in parameters of foam preparation
upon the foam stability.



Material si metode. A fost efectuat un studiu experimen-
tal in vitro al stabilitatii spumei preparate din tetradecil sul-
fat de sodiu prin metoda Tessari. , Timpul de Injumatatire al
spumei” (TIS) a fost estimat in calitate de indicator surogat al
stabilitatii spumei. S-au efectuat cinci serii consecutive de ex-
perimente prin modificarea urmatorilor parametri in prepara-
rea spumei: (1) tipul seringii; (2) volumul seringii; (3) tem-
peratura agentului sclerozant; (4) raportul solutiei sclero-
zante catre aer; (5) numarul pasajelor spumei intre seringi.

Rezultate. TiS al spumei create, utilizand seringi fara latex,
a fost semnificativ mai mare comparativ cu valorile inregis-
trate pentru prepararea spumei, utilizand seringi cu piston de
cauciuc. Stabilitatea spumei a crescut, progresiv, la utilizarea
seringilor de 5 ml, 10 ml si 20 m], TiS constituind 84,3+1,8;
93,2+4,0 si 132,0£10,4 de secunde, respectiv. Racirea agen-
tului sclerozant, anterior prepararii spumei, a rezultat intr-o
crestere statistic nesemnificativa a TIS. A fost determinati o
corelare pozitiva puternica intre timpul stabilitatii spumei si
fiecare dintre urmatorii factori: raportul solutiei de sclero-
zant catre aer (coeficientul rho Spearman - 0,77) si numarul
miscdrilor de plonjare a pistonului in fiecare seringa (coefi-
cientul rho Spearman - 0,86).

Concluzii. Stabilitatea spumei poate fi influentata semnifi-
cativ prin modificarea metodei originale Tessari. Degradarea
spumei este acceleratda de contactul agentului sclerozant cu
siliconul si cauciucul natural din componenta seringii. Atunci
cand pentru tratament este necesar un volum mare de spuma,
pare rationala utilizarea pentru prepararea ultimei a serin-
gilor de volum sporit. Reducerea raportului agent sclerozant
lichid catre aer sub 1:3, precum si diminuarea numerica a
miscarilor de plonjare cu pistonul seringii sub 20 pot compro-
mite stabilitatea spumei si necesita a fi evitate.

Cuvinte cheie: scleroterapie cu spumd, vene varicoase,
timpul de Injumatatire al spumei, tetradecil sulfat de sodiu.

Introducere

Scleroterapia cu spuma reprezintda o metoda curativa vast
aplicata in tratamentul tributarelor varicoase si a trunchiului
refluxiv al venei safene la pacientii cu boala varicoasa a mem-
brelor inferioare. S-a demonstrat cd aceastd metoda este mai
eficienta comparativ cuscleroterapia prininjectarea substantei
sclerozante 1n forma lichida datorita posibilitatii spumei de a
disloca sangele din lumenul venei tratate, intensificand con-
tactul sclerozantului cu endoteliul. Aditional, raspandirea
intravenoasa a agentului sclerozant poate fi usor monitorizata
prin ultrasonografie datorita proprietatilor echo-contrastante
excelente ale spumei. Ghidurile actuale recomanda sclerote-
rapia cu spuma in calitate de tratament primar al varicelor
recurente si tratament de linia a doua in ablatia safeniana la
pacientii ineligibili pentru stripping chirurgical sau ablatie
termica endovenoasa [1].

De obicei, spuma este preparata ex tempore din agentul
sclerozant lichid prin amestecul acestuia cu aerul atmosferic.
Mixarea este efectuata prin alternarea apasarii pistoanelor in-

Prepararea experimentald a spumei sclerozante

Material and methods. In vitro experimental study of the
stability of foam prepared from sodium tetradecyl sulfate by
Tessari method was conducted. The “foam half-life” (FHL) was
measured as a surrogate marker of foam stability. Five con-
secutive series of experiments were performed modifying the
following parameters of the foam preparation: (1) the type of
syringe; (2) the syringe capacity; (3) the temperature of scle-
rosing agent; (4) sclerosing solution to air ratio; (5) number of
foam passages between syringes.

Results. The FHL of the foam created using latex-free sy-
ringes was significantly longer comparing to the values re-
gistered after foam preparation using rubber-tipped syringes.
Foam stability progressively increased with use of syringes
with 5.0 mL, 10.0 mL and 20.0 mL capacity, the FHL being
84.3%£1.8; 93.2#4.0 and 132.0£10.4 seconds, respectively.
Coo-ling of sclerosing agent before foam preparation resulted
in statistically insignificant increase in FHL. Strong positive
correlation was determined between the time of foam stabi-
lity and either: sclerosing liquid-to-air ratio (Spearman’s rho
- 0.77) and number of plunger movements in each syringe
(Spearman’s rho - 0.86).

Conclusions. The stability of foam can be significantly
influenced by modification of original Tessari method. Deg-
radation of the foam is accelerated by the contact of scleros-
ing agent with silicon and natural rubber inside the syringes.
If large volume of foam is required for treatment it is seems
rational to use the large capacity syringes for foam prepara-
tion. Reduction of sclerosing agent liquid-to-air ratio below
1:3, as well as decrease in number of plunger movements to
less than 20 can compromise the stability of foam and should
be avoided.

Key words: foam sclerotherapy, varicose veins, foam half-
life, sodium tetradecyl sulphate.

Introduction

Foam sclerotherapy represents the widely used curative
method for treatment of varicose tributaries and refluxing
saphenous vein trunk in patients with varicose veins of lower
limbs. This method was proved to be more effective compar-
ing to liquid sclerotherapy due to possibility of foam to dis-
place the blood from the treated vein enhancing the contact
of sclerosing drug with endothelium. Moreover, intravenous
spreading of sclerosing agent can be easily monitored by ul-
trasound scanning owing to excellent echo-contrast proper-
ties of foam. Latest guidelines recommend foam sclerothera-
py as a primary treatment for recurrent varicose veins and as
a second choice approach for saphenous ablation in patients
not eligible for surgical stripping or endovenous thermal ab-
lation [1].

Routinely, foam is prepared ex tempore from liquid scle-
rosing agent by mixing it with atmospheric air. Mixing is per-
formed by alternate pushing of plungers in two syringes con-
nected via three-way-stopcock - the method described for the



Sclerosing foam preparation in experiment

tre cele doua seringi, conectate printr-un conector cu robinet
si trei cai, metoda descrisa pentru prima data in 2000 de catre
Tessari L. [2]. Timpul scurt al ,vietii” spumei, cu degradarea
rapida spre forma lichida, reprezintda un impediment impor-
tant al acestei metode. Scopul studiului a fost de a evalua po-
sibilitatea sporirii stabilitatii spumei prin modificarea unor
parametri in metoda Tessari originala.

Material si metode

Metodologia generald de studiu

Studiul experimental in vitro al stabilitatii spumei sclero-
zante a fost realizat in conditiile unei sali cu temperatura
constantd de 21+0,5°C si umiditate relativd de 90%, moni-
torizate cu ajutorul termometrului digital si al higrometrului
psihrometric. Spuma sclerozanta a fost preparata de catre
aceeasi persoana (VC), cu experienta vasta in utilizarea meto-
dei Tessari. Un mililitru de agent sclerozant lichid - tetradecil
sulfat de sodiu (TSS), produs de Laboratoires Innothéra (Ar-
cueil, Franta) cu denumirea comerciala Trombovar®, a fost
amestecat cu aer atmosferic, utilizind doua seringi conectate
prin conectorul cu trei cdi si un tub de extensie de 7,0 cm si
valvd (CE0086; BD Connecta”, Luer-Lok”, Becton Dickinson
Infusion Therapy AB, Helsingborg, Suedia) (Figura 1). Robi-
netul conectorului nu a fost rotit intre experimente pentru a
nu modifica diametrul intern si, astfel, a nu influenta rezul-
tatele evaluarilor repetate. Catre sfarsitul prepararii spumei,
intregul volum al acesteia a fost pompat intr-una dintre cele
doua seringi, ultima fiind decuplata cu precautie de la conec-
torul cu trei cii. In acel moment, pistonul seringii era usor tras
inapoi pentru a preveni scurgerea spontana a spumei. Imediat,
seringa era plasata pe o suprafata dura in pozitie verticald, cu
pistonul orientat in jos si se Inregistra ,timpul injumatatirii
spumei” (TIS) in secunde, utilizand acelasi cronometru digi-
tal in cadrul tuturor experimentelor. TiS a fost definit drept
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first time in 2000 by Tessari L. [2]. Short time of foam “life”
with fast degradation back to the liquid form represents the
important drawback of this method. The aim of study was
evaluation of possibility to increase the foam stability by mod-
ification of several parameters of original Tessari method.

Material and methods

General study methodology

In vitro experimental study of the stability of sclerosing
foam was conducted in the room with constant temperature
of 21+0.5°C and relative humidity of 90%, monitored by digi-
tal thermometer and psychrometric hygrometer. Sclerosing
foam was prepared by the same person (VC), with large ex-
perience in utilization of the Tessari method. One millilitre
of liquid sclerosing agent - sodium tetradecyl sulfate (STS),
produced by Laboratoires Innothéra (Arcueil, France) under
the brand name Trombovar®, was mixed with atmospheric air
using two syringes connected via three-way-stopcock with
7.0 cm extension tube and valve (CE0086; BD Connecta”, Lu-
er-Lok”, Becton Dickinson Infusion Therapy AB, Helsingborg,
Sweden) (Figure 1). The tap of connector was not rotated be-
tween experiments in order to not change the inner diameter
and thus not influence the results of repeated evaluations. At
the end of foam preparation the entire volume of foam was
pumped in one from two syringes and this one was cautiously
disconnected from the three-way-stopcock. At that moment
the plunger was slightly pulled back to prevent the sponta-
neous leakage of the foam. Immediately, syringe was placed
on a rough surface in a vertical position with plunger down
and “foam half-life” (FHL) was recorded in seconds using the
same digital chronometer for all experiments. The FHL was
defined as a time interval from the moment of stopping the
foam preparation till transformation of the foam into the sy-

Fig. 1 Prepararea spumei sclerozante dupa metoda Tessari.

Fig. 1 The sclerosing foam preparation according to Tessari method.



intervalul de timp din momentul finalizarii prepararii spumei
pana la transformarea acesteia in interiorul seringii in 0,5 ml
de lichid - adica, jumatate din volumul initial al solutiei agen-
tului sclerozant.

Pentru prepararea experimentald a spumei au fost selectati
urmatorii parametri tehnici variabili: (1) tipul seringii; (2)
volumul seringii; (3) temperatura agentului sclerozant; (4) ra-
portul dintre sclerozantul lichid si aer; (5) numarul pasajelor
spumei intre seringi. Corespunzator, au fost efectuate cinci se-
rii consecutive de experimente. In timpul fiecirei serii de ex-
perimente, TS a fost masurat de 3 ori. Parametrii prepararii
spumei, nesupusi evaluarii experimentale in fiecare serie de
experimente consecutive, au fost selectati in corespundere
cu recomanddrile ghidurilor curente: temperatura solutiei
sclerozante corespunzatoare celei a mediului, raportul lichid/
aer de 1:4, seringi cu volum de 5 ml, 20 de miscari Tnainte si
inapoi a fiecarui piston.

Prima serie de experimente
Trei tipuri diferite de seringi apirogene, non-toxice, de
unica folosinta, au fost utilizate consecutiv pentru prepararea
Spumei:
¢ seringa din 2 piese (CE0318; BD Discardit™ 1I, Becton
Dickinson S.A., Fraga, Spania), care este fara latex, clorura
de polivinil sau ulei de silicon; oleamida servind drept lu-
brifiant al pistonului. Acest tip de seringa a fost, ulterior,
notat ca ,B” - corespunzator numelui producatorului.
¢ seringd din 3 piese (CE0123; Shandong Aode Medical
Device Co., Ltd, China), caracterizata prin prezenta unei
tratari speciale cu silicon medical si cauciuc natural la ex-
tremitatea interna a pistonului. Acest tip de seringa a fost
codificat cu ,,S".
¢ seringd din 2 piese (CE0123; Jiangxi Hongda Medical
Equipment Group Ltd., Nanchang, China). Sigiliul acestei
seringi este confectionat din cauciuc sintetic (fara latex),
iar pistonul - din polipropilena. Uleiul de silicon este utili-
zat ca lubrifiant. Acest tip de seringa a fost codificat cu ,J".

A doua serie de experimente

Trei perechi de seringi non-toxice, apirogene, tri-compo-
nente, de unica folosinta (CE0123; Shandong Aode Medical
Device Co., Ltd, China), cu diverse volume - 20 ml, 10 ml si
5 ml, au fost utilizate pentru prepararea spumei.

A treia serie de experimente

Au fost preparate doua tipuri de spuma sclerozanta: uti-
lizand solutia de TSS pastrata la temperatura camerei si din
solutia de TSS, stocata in frigider la 10+1,5°C timp de o ora
fnainte de experiment.

A patra serie de experimente

Patru tipuri de spuma sclerozanta au fost preparate, uti-
lizand urmatoarele raporturi de solutie de TSS catre volum de
aer:11a2,11a3,1la4sillab.

A cincea serie de experimente
Au fost testate diferite numere de miscari ale pistonului
inainte/inapoi (care corespunde cu numadrul de pasaje ale

Prepararea experimentald a spumei sclerozante

ringe in liquid form in the volume of 0.5 mL - a half of initial
sclerosing agent volume.

The following variable technical parameters of the foam
preparation were selected for experimental testing: (1) the
type of syringe; (2) the syringe capacity; (3) the tempera-
ture of sclerosing agent; (4) sclerosing liquid-to-air ratio; (5)
number of foam passages between syringes. Five consecu-
tive series of experiments were performed accordingly. Dur-
ing each experimental series the time of FHL was measured
three times. Parameters of foam preparation, not supposed to
experimental evaluation in each consecutive experimental se-
ries, were selected according to the recommendations of cur-
rent guidelines: ambient temperature of sclerosing solution,
liquid-to-air ratio of 1:4, syringes with capacity of 5 mL, 20
forward and backward movements of each plunger.

First series of experiments
Three different types of non-pyrogenic, non-toxic dispos-
able syringes were used consecutively for foam preparation:

+ two-piece syringe (CE0318; BD Discardit” 11, Becton Dick-
inson S.A., Fraga, Spain) which is latex-free, polyvinyl
chloride-free and silicone oil-free, oleamide being used
as plunger lubricant. This syringe, hereinafter referred to
as “B” - from the name of manufacturer;

¢ three-parts syringe (CE0123; Shandong Aode Medical
Device Co., Ltd, China) characterized by presence of spe-
cial treatment by medical silicone and natural rubber at
the tip of plunger. This syringe type was coded as “S”;

¢ two-piece syringe (CE0123; Jiangxi Hongda Medical
Equipment Group Ltd., Nanchang, China). Sealing gasket
of this syringe is made from synthetic rubber (latex-free)
and plunger is made of polypropylene. Silicone oil is used
as a lubricant. This type of syringe was coded as “J".

Second series of experiments

Three pairs of non-toxic, non-pyrogenic, three-parts dis-
posable syringe (CE0123; Shandong Aode Medical Device Co.,
Ltd, China) with different capacity - 20, 10 and 5 mL were
used for foam preparation.

Third series of experiments

The two types of sclerosing foam were prepared: using the
STS solution stored at the room temperature and from STS so-
lution kept in refrigerator at 10+1.5°C during one hour before
experiment.

Forth series of experiments

Four types of sclerosing foam were prepared using the fol-
lowing ratios of STS solution to air volume: 1to 2,1 to 3, 1 to
4and 1to 5.

Fifth series of experiments

The different number of forward and backward move-
ments of the plungers (which corresponds to the number of
passages of foam from one syringe to another) was tested for
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spumei dintr-o seringa in alta): 10, 20 si 30 de miscari, efectu-
ate cu frecventa de 1 miscare per secunda.

Analiza statisticd a datelor

Valorile inregistrate ale TIS sunt prezentate ca medii, ur-
mate de eroarea standard a mediei. Mediile au fost comparate,
utilizand testul parametric t-Student bicaudal. Diferentele cu
un p<0,05 au fost considerate statistic semnificative. Coefi-
cientul de corelatie Spearman (r) a fost utilizat pentru testar-
ea asocierii dintre cateva variabile de rang (raportul solutiei
sclerozante cdtre aer, numadrul miscarilor pistonului de tip
inainte/inapoi) si o variabild de masuri (TIS). Valoarea coefi-
cientului de corelatie rho sub +0,3 a fost interpretata ca slaba,
peste +0,5 - moderat3, iar rho peste +0,7 - corelatie puternica
intre variabile.

Analiza statistica a fost efectuata utilizand Quick Calcs a
programului GraphPad Software® (GraphPad Software, Inc.;
La Jolla, CA, USA) si StatsDirect Statistical Software, versiunea
2.8.0 (StatsDirect Ltd; Altrincham, Marea Britanie).

Etica

Aprobarea din partea Comitetului de Etica a Universitatii
de Stat de Medicina si Farmacie ,Nicolae Testemitanu”,
Chisindu, Republica Moldova, nu a fost necesara pentru acest
tip de studiu.

Rezultate

Prima serie de experimente

Analizand TIS a spumei create cu utilizarea seringilor de
tip B in comparatie cu media valorii TiS, inregistrate in urma
utilizarii seringilor de tip S, s-a determinat o diferenta statis-
tic semnificativa: 141,0+18,3 vs 69,0+9,1 secunde (p=0,004).
Astfel, utilizarea seringilor fara silicon si fara cauciuc in
componenta structurald, a rezultat cu formarea unei spume
mai stabile. Rezultate similare au fost observate, comparand
stabilitatea spumei create cu ajutorul seringilor de tip S vs
seringilor de tip J. Deoarece TIS a spumei preparate cu seringi
de tip ] a constituit 228,0+68,0 secunde, a fost determinata o
diferenta semnificativa intre valorile comparate (p=0,005).
Reamintim, seringile comparate s-au deosebit prin continutul
diferit al siliconului si prezenta sau absenta cauciucului natural
la varful pistonului. Comparand stabilitatea spumei obtinute,
utilizand seringile de tip B, cu cea dupa folosirea seringilor de
tip J, ambele fiind fara latex, nu au fost determinate diferente
statistic semnificative. Cu scopul de a evalua impactul izolat al
compozitiei varfului pistonului asupra TS, prepararea spumei
a fost realizatad, utilizand seringa combinata: plasarea pistonu-
lui fara cauciuc din seringa de tip ] in cilindrul seringii de tip S,
care contine silicon medical. Spre regret, s-a depistat o usoara
scurgere de continut in timpul credrii spumei, din cauza
etansietdtii imperfecte a seringii asamblate, ce a rezultat in cel
mai scurt TIS - 55,5+16,5 secunde. Intr-un mod similar, cind
pistonul cu varf de cauciuc din seringa de tip S a fost plasat in
cilindrul seringii de tip ], stabilitatea spumei nu a crescut, TiS
constituind 53,0+5,0 secunde. Mai mult decat atat, prepararea
spumei a devenit foarte dificila, din cauza frictiei crescute in-
tre piston si cilindru.
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foam preparation: 10, 20 and 30 movements, performed with
frequency of 1 movement per second.

Statistical analysis of data

The registered values of FHL are presented as means, fol-
lowed by standard error of mean. The means were compared
using parametric paired two-tiled t-test. Differences with a
p<0.05 were considered statistically significant. Spearman
rank correlation coefficient (r) was used to test the associa-
tion between several ranked variables (sclerosing solution
to air ratio, number of forward and backward movements of
the plungers) and one measurement variable (FHL). The cor-
relation coefficient rho values over +0.3 were interpreted as
weak, rho values over +0.5 - as moderate and rho values over
+0.7 - as strong linear relationship between variables. Statis-
tical analysis was performed using the Quick Calcs provided
by GraphPad Software® (GraphPad Software, Inc.; La Jolla, CA,
USA) and StatsDirect Statistical Software, version 2.8.0 (Stats-
Direct Ltd; Altrincham, UK).

Ethics

The approval of the Ethics Committee of Nicolae Testemi-
tanu State University of Medicine and Pharmacy, Chisinau, Re-
public of Moldova was not required for this type of study.

Results

First series of experiments

Analysing the FHL of the foam created using syringes of
type “B” in comparison with the mean FHL value recorded
when “S” syringes have been used a significant difference was
determined: 141.0+18.3 vs 6949.1 seconds (p=0.004). There-
fore, using silicone-free syringes without rubber in the struc-
ture of plunger resulted in significantly more stable foam. Sim-
ilar results were observed comparing the stability of foam cre-
ated with syringes type “S” vs syringes type “J”. Since the FHL
of the foam prepared with syringes “]” constituted 228.0+68.0
seconds, a significant difference was found between compared
values (p=0.005). Again, compared syringes were differenti-
ated by various content of silicone and the presence or not of
the natural rubber at the tip of the plunger. Comparing the sta-
bility of the foam obtained using type “B” syringes with those
referred as “]”, both kinds being latex-free, statistically signifi-
cant differences in FHL were not found. With purpose to eval-
uate the isolated impact of plunger tip composition on FHL,
the foam preparation was done using the combined syringe:
placing the rubber-free plunger from the syringe type “J” into
the barrel of syringe type “S”, which contains medical silicone.
Unfortunately, slight leakage of content was observed during
the creation of foam due to an imperfect tightness of assem-
bled syringe that resulted in shortest FHL of 55.5£16.5 sec-
onds. In a similar manner, when rubber-tipped plunger from
the syringe type “S” was placed inside of the barrel belonging
to syringe type “]” stability of the foam was not enhanced, FHL
being of 53.0+£5.0 seconds. Moreover, preparation of foam was
very difficult, because of an increased friction force between
the plunger and barrel.



A doua serie de experimente

Precum si s-a presupus, rezultatele TIS, inregistrate in tim-
pul degradarii spumei create cu seringi de divers volum, difera
substantial. S-a determinat, ca stabilitatea spumei variaza di-
rect proportional cu volumul seringii (diametrul cilindrului).
TIS a spumei preparate cu seringi de volum de 10 ml a fost
93,2+4,0 secunde, comparativ cu TS de 84,3+1,8 secunde -
inregistrat la utilizarea seringilor de 5 ml (p=0,053). Desi
rezultatul este considerat la limita semnificatiei statistice,
diferenta devine mai evidenta in timpul compararii valorilor
inregistrate la utilizarea seringilor cu volum de 20 ml vs cele
de 10 ml: 132,0+10,4 secunde vs 93,2+4,0 secunde, respectiv
(p=0,013).

A treia serie de experimente

S-a observat ca in timpul utilizarii solutiei sclerozante
reci, stabilitatea spumei usor crestea. Astfel, valoarea TiS de
83,2+4,6 secunde a fost inregistratd, utilizand solutia stocata
la temperatura camerei, comparativ cu TiS de 101,8+10,4
secunde, obtinut dupa prepararea spumei din agent sclero-
zant refrigerat (p=0,2). Desi diferenta dintre valori nu poate
fi interpretatd ca semnificativd, bazdndu-ne pe tendinta
observata, experimentul a fost repetat, similar, cu inregistra-
rea timpului necesar pentru degradarea completa a bulelor
de spums, in loc de TIS. Astfel, timpul degradirii complete
a spumei a constituit 299,0+16,3 secunde pentru solutia
sclerozantd, pastrata la temperatura mediului ambiant vs
397,7+12,5 secunde - in cazul racirii agentului sclerozant
(p=0,003).

A patra serie de experimente

Rezultatele, ce reflecta stabilitatea spumei corespunzator
raportului solutiei de sclerozant catre volumul utilizat de
aer, sunt mentionate in Tabelul 1. Desi, o diferenta statistic
semnificativd intre valorile TIS a fost depistatd doar com-
parand raporturile 1:2 vs 1:3, se observa cd madrirea proportiei
aerului in amestec este asociata cu prolongarea stabilitatii
spumei. Aceasta tendinta poate fi demonstratd mai evident
prin determinarea coeficientului de corelatie Spearman (Fi-
gura 2). Coeficientul Spearman rho a constituit 0,77, gene-
rand valoarea p bicaudala de 0,0004 (asociatia intre variabile
fiind considerata statistic semnificativa). Aceasta semnifica o
corelatie pozitiva puternica intre variabile, care releva ca ra-
portul mai mare al sclerozantului lichid catre aer creste valo-
area TIS.

Tabelul 1. Timpul injumititirii spumei (T1S) in functie de raportul
agent sclerozant lichid catre aer.

Raportul sclerozant lichid / aer  TiS, secunde valoarea p*
1mlTSS /2 ml 32,0+5,3 -
1mlTSS /3 ml 74,0+8,4 0,0058"
1mlTSS /4 ml 83,3+4,6 >0,05"
1mlTSS /5ml 93,5+11,1 >0,05*

Nota: " - tetradecil sulfatul de sodiu. - comparativ cu valoarea precedenta.
Testul statistic: * - testul t pereche bicaudal.

Prepararea experimentald a spumei sclerozante

Second series of experiments

As it was assumed the results of FHL registered during
the degradation of the foam created with syringes of various
capacities differ substantially. It was observed, that the foam
stability varied directly proportional to the capacity of syringe
(diameter of the barrel). The FHL of the foam prepared with
the syringes which possess a capacity of 10 mL was 93.2+4.0
seconds comparing with FHL of 84.3+1.8 seconds registered
when syringes with the volume of 5 mL was used (p=0.053).
Although the result is considered to be at the limit of statistical
significance, the difference becomes more evident during the
comparison of the values registered with use of the syringes
with a capacity of 20 mL versus those of 10 mL: 132.0+10.4
seconds vs 93.2+4.0 seconds, respectively (p=0.013).

Third series of experiments

It was observed that use of cold sclerosing solution slightly
increase the foam stability. Thus, the FHL value of 83.2+4.6
seconds was registered using solution of ambient tempera-
ture comparing to FHL of 101.8+10.4 seconds obtained after
preparation of foam from previously refrigerated sclerosing
agent (p=0.2). Although the difference between values cannot
be interpreted as significant, basing on observed tendency the
experiment was repeated in the similar way with registration
of time required for complete degradation of the foam bubbles
instead of FHL. Thus, the full time of foam degeneration was
299.0+16.3 seconds for ambient temperature of sclerosing so-
lution vs 397.7+12.5 seconds in case of previously refrigerated
sclerosing agent (p=0.003).

Forth series of experiments

The results reflecting the stability of the foam according
to the sclerosing solution/air ratio are shown in Table 1. Al-
though a statistically significant difference in value of FHL was
found only comparing 1:2 with 1:3 ratios, it can be observed
that the increase of proportion of air in mixture is associated
with prolongation of the foam stability. This tendency can be
demonstrated more apparent by determination of Spearman’s
correlation coefficient (Figure 2). The Spearman’s rho coeffi-
cientaccounted 0.77, generating a two-tailed p value of 0.0004
(association between variables being considered statistically
significant). This signifies a strong positive correlation be-
tween variables, which means that higher sclerosing liquid-
to-air ratio increases the value of FHL.

Table 1. The foam half-life (FHL) time depending on sclerosing
liquid-to-air ratio.

Sclerosing liquid-to-air ratio FHL, seconds p-value*
1 mL STS" /2 ml 32.0%5.3 -

1 mL STS" /3 ml 74.0+8.4 0.0058f
1 mL STS" / 4 ml 83.3+4.6 >0.05"
1 mL STS" /5 ml 93.5+11.1 >0.05"

Note: "~ sodium tetradecyl sulphate. - comparing to value from above. Sta-
tistical tests: *- paired two-tiled t-test.
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Fig. 2 Modificdrile timpului de Injumatatire a spumei (FHL)
in functie de variatiile raportului sclerozant lichid/aer
in timpul prepararii spumei.
Fig. 2 Changes in FHL values against changes in the sclerosing
liquid-to-air ratio during foam preparation.

A cincea serie de experimente

Datele, obtinute in experiment, sunt prezentate in Tabe-
lul 2. S-a determinat cd, sporind numarul miscarilor pistonu-
lui inainte/inapoi, se poate obtine cresterea TIS. Figura 3
demonstreazi corelatia liniard pozitivd intre TS si numarul
pasajelor spumei dintr-o seringd in cealalta. Coeficientul
Spearman a constituit 0,86, indicand o corelatie pozitiva
puternica intre variabile (p=0,0006).

Tabelul 2. Timpul injumatitirii spumei (TIS) in functie de numarul
miscarilor pistonului seringii.

Numadrul total de miscari ale

pistonului in fiecare seringa TS, secunde valoarea p*
10 (5 Inainte + 5 Tnapoi) 65,2+4,8 -

20 (10 inainte + 10 fnapoi) 116,2+9,9 0,0037f

30 (15 inainte + 15 fnapoi) 123,746,6 >0,05%

Notd: ' - comparativ cu valoarea precedenta. Teste statistice: * - testul t pere-
che bicaudal.

Discutii

Exista cateva studii experimentale publicate, dedicate
problemei stabilitatii spumei sclerozante, in cadrul carora au-
torii cerceteaza diverse modificari ale tehnicii prepararii spu-
mei. Din pacate, rezultatele raportate sunt neuniforme, uneori
controversate.

Cu intentia de a spori stabilitatea spumei preparate din
0,5% TSS, unii autori au inlocuit conectorul cu doua cai pentru
seringi cu un filtru de distributie de 5-pm (B. Braun Medical,
FH5000). Datorita filtrului respectiv, TIS a crescut, conform
studiului dat, de la 59 la 106 secunde. Prezinta interes fap-
tul, cd aceeasi autori concluzioneaza precum cd, pentru pre-
pararea spumei ar trebui sa fie utilizate seringi cu capacitate
mica (preferential, 3,0 ml), deoarece cantitatea mai mare de
silicon in cilindrul seringii poate afecta stabilitatea spumei
[3]- Rezultatele primelor noastre serii de experimente sustin
aceste concluzii. Din contra, in seria a doua, noi am demon-
strat clar, ca o spuma stabila poate fi obtinuta prin utilizarea
seringilor de 10 ml si, chiar de 20 ml. Am putea presupune

Fig. 3 Modificirile timpului de injumatitire a spumei (TiS)
in functie de numarul miscarilor pistonului.

Fig. 3 Changes in FHL values against the number of plunger
movements.

Fifth series of experiments

Data acquired in the experiment are presented in the Table
2. It was identified that with increasing number of forward
and backward movements of the plungers in the syringes the
FHL increases. Figure 3 demonstrates the positive linear cor-
relation of FHL with the number of passages of foam from one
syringe to another. The Spearman’s rho coefficient account-
ed 0.86, indicating strong positive correlation of variables
(p=0.0006).

Table 2. The foam half-life (FHL) time depending on the number of
plunger movements.

Total number of plunger movements

in each syringe FHL, seconds p-value*
10 (5 forward + 5 backward) 65.2+4.8 -

20 (10 forward + 10 backward) 116.2+9.9 0.0037%
30 (15 forward + 15 backward) 123.7£6.6 >0.05F

Note: T - comparing to value from above. Statistical tests: *- paired two-tiled
t-test.

Discussion

There are several published experimental studies dedi-
cated to the issue of sclerosing foam stability where authors
had tested the various modifications in the foam preparation
technique, reporting non-uniform and sometime even contro-
versial results.

Trying to increase the stability of foam prepared from
0.5% STS some authors replaced the two-way connector for
syringes with a 5-pm filter hub (B. Braun Medical, FH5000).
Measured half-time of foam degradation increased in this
study from 59 to 106 seconds due to filter use. It is interest-
ing to note what the same authors concluded that the small
capacity syringes (preferably of 3.0 mL) should be used for
foam preparation, because the larger amount of silicon inside
of syringes barrel can negatively influence the foam stability
[3]- Results of our first series of experiments comply well with
this finding. Contrarily, in the second series we clearly dem-
onstrated that stable foam can be obtained using 10.0 mL and



cd, datorita diametrului mai mare al seringii ce poseda un
volum mai mare, fenomenul turbulentei, generat in timpul
pompadrii amestecului compus din aer si solutie sclerozanta
intre doua seringi, printr-un conector ingust cu trei cai, devine
mai pronuntat si, In consecinta, creste stabilitatea spumei.
Acest fapt are importantd practicd, deoarece ablatia chimica
a venei safene mari poate necesita o cantitate mare de spuma
sclerozanta, care trebuie administrata cat mai rapid posibil
dupa preparare. Orice pauza, necesara pentru prepararea si
injectarea repetata a volumelor mici de spuma, complica pro-
cedura si poate conditiona un rezultat clinic suboptimal.

Spre deosebire de studiul nostru, Van Deurzen si coaut.
(2011), au raportat absenta modificarilor in stabilitatea spu-
mei, preparate dupa metoda Tessari, la utilizarea seringilor
de diferite volume, variind raportul intre lichid si aer, pre-
cum si numarul ciclurilor de pompare [4]. Presupunem ca,
discrepanta dintre rezultatele studiilor poate fi explicata prin
metodologia diferita a experimentelor. Van Deurzen a utilizat
doar seringi cu volum relativ mic, de 3 ml si 5 ml, iar cateva
tehnici de preparare (raportul lichid:aer de 1:2 si 1:5, si 20 de
miscadri ale pistonului) nu au fost testate. Mai mult decat atat,
autorii au studiat stabilitatea spumei preparate din polidoca-
nol si nu TSS. in acelasi timp, intr-un alt studiu, a fost demon-
strat ca polidocanolul, in special, in concentratia de 0,5% si
1%, este mult mai stabil decat TSS [5].

Prepararea spumei este posibila prin amestecul solutiei
sclerozante nu doar cu aer atmosferic, dar si cu oxigen sau
CO.,. in anul 2011, Peterson si Goldman, au studiat diferentele
in stabilitatea spumei, In functie de utilizarea variatelor gaze:
aer atmosferic, CO, sau O, pentru mixare cu agentul sclero-
zant. Cea mai stabilda spuma (pana la 90,7 secunde) a fost
obtinuta prin utilizarea aerului atmosferic. Rezultatele acestui
studiu sustin practica curenta standard, deoarece majoritatea
specialistilor in scleroterapie utilizeaza aerul din sala pentru
prepararea spumei. Desi, anterior, se presupunea ca dimen-
siunile mai mici ale bulelor de spuma, preparate cu CO,, pot
reduce numarul complicatiilor neurologice, studiile recente
explica patogeneza efectelor adverse nu prin teoria embolica,
ci prin activarea eliberarii de endotelina, din cauza iritarii en-
doteliului venei tratate [7]. Aditional, prepararea spumei cu
CO, este tehnic mai dificild, necesitand aparataj special pentru
umplerea seringii cu gaz.

Cei mai utilizati agenti sclerozanti sunt polidocanolul
si TSS, ambii fiind atribuiti grupului chimic de agenti activi
de suprafata (surfactanti), iar proprietatile fizice si chimice
ale acestora pot fi influentate de temperaturi. Incilzirea
surfactantilor poate rezulta in diminuarea tensiunii de
suprafata si destabilizarea interfetei gaz-lichid a bulelor [8].
A fost demonstrat de catre Valenzuela si coaut. (2013) c3,
cresterea progresivd a temperaturii reduce ,viata” spumei
create din polidocanol si TSS. Cea mai stabild spuma a fost
preparata din agentul lichid cu temperatura de 10°C [9].
Noi, de asemenea, am observat diferenta intre valorile TS,
inregistrate la utilizarea agentului sclerozant racit vs cele de
la temperatura camerei. Totusi, In studiul nostru, o diferenta
semnificativa a fost inregistrata doar la masurarea timpului
complet de degradare a spumei. Probabil, aceasta diferenta ar
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even 20.0 mL syringes. We can hypothesize that due to a larg-
er diameter of the syringe with higher capacity the phenom-
enon of turbulence generated during the pumping of air and
sclerosing solution mixture between two syringes through
narrow three-way-stopcock become more pronounced that
results in increased foam stability. This finding has the practi-
cal importance because the chemical ablation of great saphe-
nous vein can require large amount of sclerosing foam which
should be administrated as soon as possible after preparation.
Any pause, required for preparation and injection of repeated
small volumes of foam, makes procedure more complicated
and can lead to suboptimal clinical result.

In contrast with our study, Van Deurzen et al. (2011), re-
ported no modifications in sclerosing foam stability prepared
by Tessari method, using the syringes of various capacities,
changing the liquid-to-air ratio, and the number of pump
cycles [4]. We suppose, that discrepancy between results of
studies can be explained by different methodology of experi-
ment. Only the syringes with relative small capacity of 3 and 5
mL were used by Van Deurzen, and several technical variants
of preparation (1:2, 1:5 liquid-to-air ratio and 20 movements
of plunger) were not tested. Moreover, the authors studied
the stability of foam prepared from Polidocanol and not STS.
It was demonstrated in another study that Polidocanol, espe-
cially in concentrations of 0.5% and 1% is more stable com-
paring to STS [5].

Preparation of foam is possible by mixing of sclerosing so-
lution not only with atmospheric air, but also with oxygen or
CO,. In 2011, Peterson and Goldman studied the differences
in the foam stability depending from the use of various gases:
atmospheric air, CO, and O, for mixing with sclerosing agent.
The most stable foam (up to 90.7 seconds) was obtained when
atmospheric air was used for preparation [6]. The results of
this study support the standard current practice, because
the majority of specialists in sclerotherapy use the room air
for foam preparation. Although it was supposed early, that
smaller size of bubbles of foam prepared with CO, may reduce
the number of neurological complications, the recent studies
explain the pathogenesis of adverse events not by embolic
theory but by activation of endothelin release due to irritation
of endothelium of the treated vein [7]. Moreover, foam prepa-
ration with CO, is technically more difficult, requiring special
devise for filing the syringe with gas.

The most widely used sclerosing agents: Polidocanol and
STS, both refer to the chemical group of surface active agents
(surfactants) and their physical and chemical properties can
be influenced by the temperature. Warming of surfactants can
result in the significant decrease in the surface tension and
destabilization of gas-liquid interface of the bubbles [8]. It
was demonstrated by Valenzuela et al. (2013) that increased
temperature progressively reduces the half-life of the Polido-
canol and STS foams. The most stable foam was prepared from
the liquid agent with a temperature of 10°C [9]. We also ob-
served the difference of FHL between the samples prepared
from cooled sclerosing agent vs agent stored at ambient tem-
perature. However, in our study the significant difference was
registered only when full time of foam degeneration was mea-
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putea fi explicata prin faptul ca TSS este un surfactant anionic,
care formeaza un bistrat electrostatic in lamela Ingustd, ce
separa bulele, pe cand surfactantii non-anionici (polidocanol)
stabilizeaza peliculele lichide prin forte sterice [10]. Se poate
presupune, de asemenea, ca influenta racirii solutiei sclero-
zante asupra stabilitatii spumei creste in timpul degradarii
spumei.

Pana in prezent, cel mai amplu studiu al stabilitatii spumei
a fost efectuat de catre Wollmann J. in 2010 [11]. Autorul a
efectuat o multime de experimente, testand raportul dintre
agentul sclerozant si gaz de la 1:1 catre 1:9, seringi de variate
volume: 2,0 ml, 5,0 ml, 10,0 ml, 20,0 ml, agenti sclerozanti cu
concentratia de la 0,25% pana la 3%, aerul din mediu vs Co,
sau amestecul acestor gaze, metoda Tessari clasica vs sistemul
de seringi duble, pozitia complet deschisa vs semi-deschisa a
robinetului cu trei cai si diverse viteze ale miscarii pistonu-
lui. Rezultatele studiului sunt dificil de interpretat datorita
numadrului imens de combinatii inter-parametrice. De exem-
plu, spuma preparata prin metoda Tessari din 1% polidoca-
nol cu raportul lichid catre aer de 1:4 a demonstrat aproape
aceeasi stabilitate ca si spuma creata prin sistemul seringilor
duble din 3% polidocanol, cu un raport lichid catre aer de 1:1.
in general, autorul a concluzionat, ca cea mai lunga semiviata
a spumei poate fi obtinutd, utilizand sistemul seringilor duble
si concentratii Tnalte de agent sclerozant. Concomitent, a fost
mentionat cd, pentru evaluarea stabilitatii spumei, estimarea
doar a TiS poate fi insuficients, deoarece degradarea spumei
reprezinta nu doar separarea acesteia in fazele initiale (lichid
si gaz), dar si aparitia debutului drenarii si a bulelor largi in
spumd. Ludnd in consideratie acest parametru, Wollmann J.
a depistat ca spuma preparatd cu sistemul seringelor duble,
cu raportul 1:4 sau 1:5 intre lichid si aer, a prezentat cea mai
inalta stabilitate.

in studiul actual, noi, de asemenea, am observat impactul
pozitiv al raportului crescut de lichid catre aer si al numarului
pasajelor spumei intre seringi asupra stabilitatii ei. Prezinta
importanta practica diferenta statistic semnificativa intre val-
orile TIS doar la compararea raporturilor 1:2 cu 1:3. Modifi-
carea raportului standard lichid catre aer de la 1:4 la 1:3, va
rezulta intr-o concentratie mai mare a agentului sclerozant in
spumg, fara pierderi majore in stabilitatea acesteia.

Cateva limitari ale studiului nostru necesita a fi mentionate.
Toate seriile experimentale au fost efectuate, utilizand TSS,
astfel ca aceste rezultate nu pot fi direct extrapolate catre
cazurile, cand spumele au fost preparate din polidocanol. De
asemenea, noi nu am avut posibilitatea tehnica de a masura
alti parametri, care ar reflecta stabilitatea spumei, precum
numarul bulelor si diametrul acestora, rata indspririi spumei,
timpul drenajului lichidian si tensiunea de suprafata. Stu-
dii suplimentare necesita a fi efectuate pentru determinarea
tehnicii optime de preparare a spumei sclerozante.

Concluzii

Rezultatele studiului nostru experimental au demonstrat
ca stabilitatea spumei sclerozante poate fi crescuta prin modi-
ficarea metodei originale Tessari de preparare a acesteia.
Degradarea spumei este accelerata de contactul agentului
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sured. This difference can probably be explained by the fact
that STS is an anionic surfactant which forms an electrostatic
double-layer in the thin liquid lamella separating the foam
bubbles, whereas non-ionic surfactants (Polidocanol) stabi-
lize the liquid films by steric forces [10]. It can be supposed
also that influence of cooling of sclerosing solution upon foam
stability increases during the process of foam degradation.

Up to date the most comprehensive study of foam stabil-
ity was performed by Wollmann J. in 2010 [11]. Author per-
formed a large set of experiments, testing the ratio between
sclerosing agent and gas from 1:1 till 1:9; the syringes with ca-
pacities of 2.0, 5.0, 10.0, 20.0 ml; sclerosing agent with concen-
trations from 0.25% up to 3%; room air vs CO, as a gas for mix-
ing; classic Tessari method of preparation vs double syringe
system; completely open vs half-open position of 3-way stop-
cock and different speed of plungers movements. The study
results are difficult to interpret due to a huge number of inter-
parameter combinations. For example, the foam prepared by
Tessari method from 1% Polidocanol with liquid-to-air ratio
1:4 demonstrated nearly the same stability as the foam pre-
pared by double syringe system method from 3% Polidocanol
with liquid-to-air ratio 1:1. Generally, author concluded that
the longest foam half-life time can be obtained using the dou-
ble syringe system and high concentration of sclerosing agent.
At the same time, it was noted that for the evaluation of the
stability of foam, assessment of its FHL only may be not suf-
ficient since foam destruction is not only its separation into its
initial phases (liquid and gas) but also becomes apparent with
regards to the time of onset of drainage and the occurrence of
visible large bubbles within the foam. Using this parameter,
Wollmann found that foams prepared with the double syringe
system technique at liquid-to-air ratio of 1:4 or 1:5 showed
highest stability.

In the present study we also observed the positive impact
of increased liquid-to-air ratio and number of foam passages
between the syringes upon stability of foam. It is of practical
importance to note, that statistically significant difference in
value of FHL was found only comparing 1:2 with 1:3 ratios.
Modification of the standard liquid-to-air ratio from 1:4 to 1:3
will result in higher concentration of sclerosing agent in the
foam without major decrease in foam stability.

Several limitations of our study should be mentioned. All
experimental series was performed using STS, and their re-
sults can not be directly extrapolated to the foams prepared
from Polidocanol. We also have not technical possibility for
measurement of other parameters which reflects the stabil-
ity of foam - bubble count and bubble diameters, rate of foam
coarsening, time of liquid drainage and surface tension. Fur-
ther studies should be performed to find the optimal tech-
nique of sclerosing foam preparation.

Conclusions

The results of our experimental study demonstrated that
stability of sclerosing foam can be increased by modification
of original Tessari method of foam preparation. Degradation
of the foam is accelerated by the contact of sclerosing agent
with silicon and natural rubber present inside the syringes.



sclerozant cu siliconul sau cauciucul natural, prezent in in-
teriorul seringii. In cazurile necesitatii unei cantitati mari de
spuma pentru sesiunea de tratament, este rational de a utiliza
seringi de volum mare (10-20 ml) pentru prepararea spumei.
Desi racirea agentului sclerozant Tnaintea prepararii spumei
nu a fost asociata cu prolongarea semnificativa a semi-vietii
spumei, noi presupunem ca efectul rdcirii creste progresiv in
timpul degradarii spumei. Reducerea raportului agent sclero-
zant in forma lichida catre aer sub 1:3, precum si diminuarea
numarului miscarilor fiecarui piston sub 20, pot compromite
stabilitatea spumei si necesita a fi evitate.
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