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Summary 
Numerous ways of transferring detergent 
type liquid sclerosants into foam have been 
described. Out of all techniques, the three 
most commonly used around the world were 
selected. Sclerosant foams prepared with dif-
ferent agents and protocols were analyzed in 
detail, and their rheologic properties were as-
sessed. Some of the results are presented in 
this review. Results: It is evident that the the 
material for foam production plays an impor-
tant role for foam stability, and – connected to 
this – maybe also for efficacy and safety. 
Therefore, material that ensures acceptable 
foam quality should be used exclusively. Out 
of a huge number of possibilities, the materi-
al described in this study was found most suit-
able. This ensures minimal reduction of foam 
quality delivered into the vein. Foams con-
sidered instable are not clinically ineffective. 
They have a greater efficacy than the cor-
responding liquid agent. Foams considered 
stable seem to need lower injection volumes 
to have the same or better physical behaviour. 
Conclusion: Since higher volumes of scleros-
ant foams are correlated with more side ef-
fects, always the smallest effective volumes of 
foams of appropriate quality are justified. 
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Zusammenfassung 
Zahllose Möglichkeiten sind beschrieben, um 
aus flüssigen Detergenz-Sklerosierungsmit-
teln Schäume herzustellen. Die drei am häu-
figsten verwendeten der zahlreichen Tech-
niken wurden gewählt. Sklerosierungsschäu-
me, die mit unterschiedlichen Sklerosierungs-
mitteln und nach unterschiedlichen Herstel-
lungsbeschreibungen generiert worden wa-
ren, wurden detailliert untersucht und ihre 
physikalischen Eigenschaften festgestellt. Ei-
nige der Ergebnisse werden beschrieben. Er-
gebnisse: Es ist eindeutig, dass das zur 
Schaumherstellung verwendete Material die 
Schaumstabilität erheblich beeinflusst, und – 
damit zusammenhängend – wohl auch Wirk-
samkeit und Sicherheit. Daher sollte aus-
schließlich Material verwendet werden, mit 
dem sich eine gute Schaumqualität sicher er-
reichen lässt. Aus einer Reihe ganz unter-
schiedlicher Möglichkeiten zeigte sich das 
hier beschriebene als das am Besten geeigne-
te. Es sorgt dafür, dass die Qualität des intra-
venös gegebenen Schaums nur minimal sinkt. 
Instabile Schäume sind klinisch nicht ineffek-
tiv, denn sie haben immer eine höhere Wirk-
samkeit als das zugrunde liegende flüssige 
Sklerosierungsmittel. Stabile Schäume aber 
benötigen offenbar geringere Injektionsvolu-
mina um das gleiche oder ein besseres physi-
kalisches Ergebnis zu erzeugen. Schlussfolge-
rung: Auch weil höhere Schaumvolumina mit 
mehr unerwünschten Nebenwirkungen korre-
lieren, sollte stets das geringste noch effektive 
Volumen eines Schaums ausreichender Quali-
tät verwendet werden. 

Sklerosierungsschaum: Stabilität, physikalische 
Eigenschaften  und rheologisches Verhalten 
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For the first time, a sclerosant had been 
used in the form of foam 60 years ago (54). 

Since only the detergent-type sclerosants 
offer the possibility of being foamed, no 
one really had reason to change from tradi-
tional injection of an ordinary liquid agent 
to foam injection before 1930, when so-
dium morrhuate, the first representative of 
detergent sclerosants, was introduced (53). 
It took almost another decade until 
McAusland started the development of a 
treatment method using foams for Sclero-
therapy in 1939 (32). Since then, foam has 
been used especially after this new tech-
nique had been combined with concomi-
tant duplex ultrasound imaging techniques 
in the nineties (29), the interest among 
phlebologists rose tremendously. Foam 
sclerotherapy has undergone a relevant 
evolution in the past decades (15, 16, 19, 
33), particularly in the most recent one 
(53), but even today, research for a better 
understanding of this treatment is not fin-
ished (7, 8, 37, 38). Due to its effects, safety 
and economical advantages, foam sclero-
therapy is frequently used for various indi-
cations, alone or in combination with other 
techniques (2, 20, 21, 24, 25, 28, 30, 43, 44). 

Numerous ways of transferring deter-
gent type liquid sclerosants into foam have 
been described (54), and some devices for 
intended future commercial use have been 
under development for more than 10 years 
(5, 6, 55). All these developments gave rea-
son to Kreussler Pharma to start a project of 
therapeutical and technical improvements 
of its sclerosing agent Aethoxysklerol® con-
taining polidocanol (POL) to search for a 
suitable technique for the preparation of a 
more standardized, but still economical 
“extemporary” sclerosant foam in the 
course of the 1990s at its premises in Wies-
baden. In parallel to this, a video was pres-
ented by Lorenzo Tessari in 1999, and his 
method, known as Tourbillion technique 
or Tessari method probably is the method 
of “extemporary” foam preparation used 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.231



J. C. Wollmann: Sclerosant foams 

displacing capacities especially in veins of 
large calibers (48, 50) and tested in a pros-
pective randomized multicenter clinical 
trial (40). The material is bundled in a kit 
and contains a special syringe precharged 
with sterile gas in the necessary amount 
tightly sealed by a particular two-way re-
strictor valve-adapter and allows easier pro-
duction of a standardized foam, either man-
ually or with the help of a special automated 
pumping device (27, 17). 

Material and methods 

The experiments described were performed 
in the course of the mentioned research and 
development project. They highlight the in-
fluence of different input variables during 
foam preparation and compare the output 
properties of foams. Some experiments (1 
to 3 and 5) have been performed to identify 
the best possible method of foam prepara-
tion with standard material and some com-
pare properties of foams made with differ-
ent methods and sclerosants. 

All experimental work performed fol-
lowed the “characterization of sclerosant 
foam” that was proposed by a subcommit-
tee during the 1st European Consensus 
Meeting on Foam Sclerotherapy (1st 
ECMFS) (4). Mainly the input variables of 
foam production were part of the char-
acterization, including 
●  type and concentration of the sclerosant,  
●  type of gas, 
●  relation of liquid and gas, 
●  method of preparation and 
●  time gap between processing and use. 
 
The material was not explicitly part of the 
characterization at that time but as stated 
earlier, the author found that the choice of 
material clearly had a big influence on the 
outcome variables/foam properties. 

The ECMFS characterization of scleros-
ant foam also included outcome variables, 
namely 
● stability, 
●  viscosity, and 
● bubble size. 
 
The input parameters influence the out-
come characteristics or properties of scle-
rosant foams. These foam characteristics 

account for the action of foam i. e. mainly 
enhancement of efficacy, if compared to the 
action and effects of liquid sclerosants (4, 
14, 26). For all experiments the following 
material was used. 

Foam production material 

● Tessari method** (T) (45): two Omni-
fix® syringes, 10 ml, Luer Lock (B. Braun 
Melsungen, Germany); 3-Way Stop-
cock, Discofix® C (B. Braun Melsungen, 
Germany). 

● DSS technique (Tessari/DSS method) 
(DSS) (52, 26): one Injekt® syringe, 10 
ml, Luer Lock (B. Braun Melsungen, 
Germany); one Omnifix® syringe, 10 
ml, Luer Lock; one Combidyn® adapter 
w/w (two-way connector, B. Braun Mel-
sungen, Germany). 

● Polidocanol (POL): Aethoxysklerol® 
0.5%, 1%, 2%, 3%: Chemische Fabrik 
Kreussler & Co. GmbH (Kreussler Phar-
ma), Germany. 

Foam production methods 

For the Tessari method, 8 ml of air were 
drawn up into the Omnifix syringe and 2 ml 
of sclerosant into the other syringe. Both syr-
inges were connected to the 3-way stopcock 
which was turned into a 90°-position that 
allowed unrestricted flow between both syr-
inges. The foam was made by alternately 
moving the plungers of both syringes com-
pletely forward and backward 5 times. Then 
the 3-way stopcock was rotated into an ob-
lique position that still allowed communi-
cation between both syringes, but where the 
passage through the stopcock was narrower 
than before. Another 5 complete forward 
and backward movements were performed. 

For the DSS/Tessari method, 8 ml of air 
and 2 ml of sclerosant were drawn up into 
the Omnifix syringe. The female/female-
adapter was connected to the filled syringe, 
then to the empty Injekt syringe. Foam was 
prepared by rapidly and completely press-
ing down the plunger of the filled Omnifix 
syringe 5 times with a short, firm thumb 
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* In a preliminary experimental series, different 
brands, types and sizes of syringes were tested, and 
in addition, various connectors. The combination 
of material that gave the highest foam stability (in 
terms of half-life and macroscopic appearance of 
the foam) was when 2 Injekt syringes, 10 ml, with 
luer lock (B. Braun Melsungen) were connected to a 
two-way-connector (female/female adapter, Com-
bidyn, (B. Braun Melsungen), when the amount of 
liquid sclerosant was 2 ml and the amount of air was 
8 ml (ratio 1+4), and when the first pumping move-
ments were made with an increased pressure. Un-
fortunately, using a syringe without a rubber 
plunger impedes a smooth and gentle injection, be-
cause the plunger gets stuck and moves uneasily 
during slow depression. Therefore, one Injekt syr-
inge was replaced by one Omnifix syringe (with 
rubber plunger), which resulted in a good compro-
mise between foam quality and injectability, i.e. the 
DSS-method (26, 52). 

** The material used by Tessari was not mentioned in 
the publication (45). 

most commonly around the world. A short 
time later, details of the method were pub-
lished in print (45). Reasons for its wide-
spread use presumably are that the method 
is easy, cheap, does not need special equip-
ment (ordinary syringes, a 3-way tap, air or 
gases and some pumping movements are 
necessary) and allows quick production of 
a dense and creamy foam of quite a good 
quality (51, 52). 

In the course of the project it was noted 
that sclerosant foams prepared with two 
syringe techniques allowed for some vari-
ation if minor changes were made during 
the preparation process, especially if 
changes were made in the material or in the 
way of performing and the number of the 
pumping movements (47, 50, 51). The vari-
ables affecting the properties of the foam in 
two-syringe-systems were changed system-
atically in an experimental series, with the 
aim to find out the optimal combination of 
● sclerosant agent,  
● sclerosant concentrations and  
● manufacturing instructions.  
 
The result is known as DSS* (double syringe 
system) or “Tessari-DSS” which was pres-
ented at the UIP World Congress in Rome in 
2001 (53).After 2001, experimental data 
concerning the influence of variables and 
their consequences on foam stability and 
properties were presented, and a number of 
practitioners started to integrate the tech-
nique in their daily clinical routine and in 
clinical trials (23, 26, 39). In 2005, an ad-
vanced ready-to-use version was presented 
by Kreussler Pharma, with enhanced blood 
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pressure of one hand. The thumb of the 
other hand held the plunger of the 2nd syr-
inge, so that pumping was done against re-
sistance, i.e. at an increased pressure. Then 
7 complete forward and backward move-
ments were performed, pumping the foam 
alternately from one into the other syringe. 
The whole procedure took 7–9 seconds. 

Experiments and results 

In all experiments, standard laboratory en-
vironmental conditions were maintained. 

Experiment 1: optimal ratio for 
liquid sclerosant and gas 

With the material and method described 
for DSS different ratios of liquid sclerosant 
(POL 3%) to gas (air) were tested. Foam 
half time (FHT), i. e. the time until half of 
the liquid used to produce the foam had re-
verted to the liquid state was measured. It 
was assessed with the syringe containing a 
known volume of foam of a known ratio of 
liquid and gas set upright on its plunger, 
allowing the draining liquid to collect along 
the scale of the syringe for quantitative de-
tection. In the experiment the amount of 
drained liquid was recorded as a function 
of time after the end of foam production in 
3 to 5 runs for each ratio and the average for 
the relative values was calculated (�Fig. 1): 

Results 

Foams prepared with the DSS using 3% 
POL solution have the highest stability in 
terms of FHT if the ratio of liquid agent to 
gas ranged from 1+3 to 1+5. For these ra-
tios less than 30% of the liquid agent used 
to prepare the foam had reverted to liquid 
after 120 seconds. 

Experiment 2: Identifying the most 
suitable syringes 

After having identified the “best” liquid-to-
air ratios different syringe brands and sizes 
were tested. Foam was prepared in a 1+4 
ratio with different concentrations of scle-
rosant. Foam stability, i.e. FHT, was rec-
orded as a function of time during 120 sec-
onds after the end of foam production in 3 
to 5 runs for each concentration, brand and 
size and the average for the relative values 
was calculated. 

Results 

In general, disposable plastic syringes 
seemed better for foam preparation if they 
were of the “2 parts” type, i.e. without the 
rubber part at the piston. Unfortunately, it is 
hard to manage a smooth injection with 
such a type of syringe since there is no or al-
most no lubricant in them which is respon-
sible for gentle sliding during injection. A “3 

parts”-syringe with rubber piston seemed 
not so good for foam production but better 
for a smooth injection. The syringe brands 
identified as most suitable are listed in the 
Material and Methods section. During the 
experiments it was noted that even different 
sizes of the same brand of syringes resulted 
in different foam stability. Chosen from 
standard injection syringes 20 ml syringes 
were best for foam production but too big to 
handle. 10 ml syringes were 2nd best for foam 
production and allowed normal handling, 
followed by 5 ml and 2 ml syringes (�Fig. 2). 
 
  The smaller the syringe and the lower the 

sclerosant concentration, the faster the 
foam reverts to liquid and gas and/or the 
sooner liquid drainage begins. 

Experiment 3: Identifying the most 
stable foam 

During experiments 1 and 2 it was noted 
that although the FHT of foams prepared 
with 10 ml syringes and at ratios of liquid 
agent and gas of 1+3, 1+4 and 1+5 was high 
there were differences concerning the onset 
of drainage and concerning the macro-
scopic appearance of the foam itself: At 
some point, macroscopically visible 
bubbles or “holes” within the foam appear-
ed and it seemed that the time until this 
happened was different for different ma-
terials and different preparation methods. 
In experiment 3, experiment 1 (DSS, POL 
3%, different ratios) was repeated but 
monitoring time was increased until the 
FHTs were reached and special attention 
was paid to the foam drainage time (FDT), 
i.e. the time until visible drainage within 
the foam began, measured with the syringe 
containing a known volume of foam of a 
known ratio set in an oblique position of 
30–45°, allowing even tiny amounts of 
draining liquid to be detected qualitatively 
and foam coalescence/coarsening time 
(FCT), i.e. the time until visible bubbles 
(> 250–300 μm diameter – thus just visible 
to the naked eye) appeared within the foam 
or bubble-free areas (indicating break-
down) appeared at the top of the syringe set 
upright on its plunger. The same was re-
peated for T foams. The FHTs, FDTs and 
FCTs were recorded as a function of time 

Fig. 1 Foam stability at different ratios of liquid to air: At 120 seconds, foam degradation seems simi-
larly low for foams prepared with DSS at ratios of 1+3, 1+4, and 1+5. At this time, 70–75% of the liquid 
sclerosant used is still present as foam, the remainder has already reverted to liquid. Dry foams (1+7 and 
1+9) are less stable. Foam at the ratio 1+9 has almost completely disappeared after 2 minutes (90% of 
the liquid has drained from the foam). The test suggests that the optimal ratio lies between 1+3 and 
1+5. 
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after the end of foam production in 3 to 5 
runs for each measurement and the average 
of the absolute values were calculated. 

Results 

Foam half times were not the same for the 
1+3, 1+4 and 1+5 foams, as would have 
been expected by the results of Experiment 
1 (approximately same stability at 120 sec-
onds). The longest FHTs were found for 
“wet” 1+2 and 1+3 foams. FDT were long-
est if the foams were “dry” (ratio of 1+4 and 
greater), but shorter in “wet” foams (1+1, 
1+2, 1+3) (�Fig. 3). These foams started to 
revert into liquid sclerosant and gas almost 
immediately after foam production had 
been finished. Inversely, FCT was longest in 
wet foams and shortest in dry foams. Thus, 
the “most stable” foam is not identical to 
the foam with the longest FHT. Drainage 
and coalescence/coarsening have to be con-
sidered too. The most stable foams were 
foams of a ratio of 1+4 up to 1+5 (accept-
able FHT, no visible drainage or coales-
cence/coarsening until ~ 35 to 55 seconds). 
With syringes smaller than 10 ml drainage 
was faster and/or coalescence/coarsening 
appeared earlier (�Fig. 3). 

A comparison of the results of FHT and 
FCT between DSS and T foams is given in 
�Table 1. T foams at a ratio of 1+1 had a 
longer FHT than DSS foams at the same 
ratio. For all other ratios FHTs were longer 
in DSS foams. FCTs were longer in any DSS 
foam ratio tested as compared to T foams at 
the same ratio. 

Experiment 4: Sclerosant 
concentration  and foam stability 

The DSS-technique (ratio 1+4) was tested 
with different POL concentrations. The 
relative amount of drained liquid scleros-
ant was recorded as a function of time after 
the end of foam production in 3 to 5 runs 
for each concentration and the average of 
the relative values was calculated (�Fig. 4). 

Results 

Foam deterioration was quickest in foams 
made with low sclerosant concentrations: 
for 0.25%, 1% and 3%, the Foam Half-

Times (FHT) were 30, 130, and 180 seconds 
respectively (�Fig. 5). In low-concen-
tration foams drainage began immediately 
after foam production was finished and 
large visible bubbles appeared within the 
foam very quickly. It was not possible to ob-
tain homogeneous stable foam for more 
than a few seconds if POL 0.25% was used 
for foam preparation. Foam prepared with 
POL 3% was most stable in terms of FHT. 

Experiment 5: Influence of 
preparation  on foam stability  

To study the influence of different numbers 
and “speeds” of pumping movements on 
foam quality lots of different preparation 
protocols were carried out to finally define 

the DSS. Especially the influences of differ-
ent numbers of the “short” movements 
were tested (i. e. the movements where ad-
ditional pressure has to be build up during 
the procedure – performed by rapidly 
pressing down the plunger of one syringe 
while the thumb of the other hand holds 
the plunger of the second syringe so that 
pumping must be done against this resis-
tance). With some practice, a pressure of 6 
to 8 bars can be built up, i.e. that the entire 
content of one syringe (10 ml = 8 ml of air 
and 2 ml of liquid agent) is compressed to 
only 3 or 3.5 ml content in the other syringe 
(1 to 1.5 ml compressed air and 2 ml of in-
compressible liquid agent). “Long” move-
ments were just the back and forth pump-
ing without additional pressure. 
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Fig. 2 Foam stability according to syringe size and concentration 

Fig. 3 Foam stabilities for DSS POL 3% at different ratios of liquid + air: The stability of foam cannot 
be stated looking at the foam half time (FHT) only. If so, foams of the ratio 1+2 or 1+3 were to be con-
sidered the most stable ones (long FHTs). But these foams start to revert to liquid and gas very soon after 
production, i.e. have a short foam drainage time (FDT) but do not show development of large bubbles 
for a long time, i.e. have a long foam coalescence/ coarsening time (FCT). Foams can be considered 
“stable” only below all curves (i.e. within the grey area under the curves). Maximum stability was found 
for 1+4 to 1+5 foams made with DSS and POL 3% (55 seconds) 
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Results 

Foam preparation within 9 seconds gave ac-
ceptable foam, slower preparation resulted 
in less stable foam. If more “short” and/or 
“long” pumping movements were done the 
foam quality did not improve noticeably. If 
less “short” movements were done the foam 
quality decreased. The most stable foam re-
sulted if 5 complete “short” pumping move-
ments with pressure, followed by 7 com-
plete “long” pumping movements, were 
performed within 7 to 9 seconds. It was not 
possible for the author to perform these 
manual movements in less than 7 seconds. 

Experiment 6: Influence of gases 
on foam stability  

After having found the best possible ratio, 
sclerosant concentration, material and 
preparation protocol for air-based foams in 
the previous experiments, foam stability 
was tested with pure CO2 instead of air. In-
travenous CO2 is known to be relatively safe 
(11), and some use mixtures of CO2 and 
O2(8), which were not tested in this study. 
Foam was prepared with POL 3% accord-
ing to the DSS protocol and the relative 
amount of drained liquid was recorded as a 
function of time during 120 seconds after 
the end of foam production in 3 to 5 runs 
for each concentration and the average was 
calculated (�Fig. 5). 

Results 

Foam stability was highest for DSS with air 
(ratio 1+4) (Foam Half-Time: 180 sec-
onds) (�Fig. 6). At the same ratio, use of 
CO2 as the gas component resulted in a 
much faster deterioration and appearance 
of large visible bubbles within the foam 
(FHT: 60 seconds). If the foam was made 
“dryer” and the gas volume was increased 
to 1+9, foam stability was worse (FHT: 35 
seconds). 

Experiment 7: Displacement ef-
fects of defined volumes of foams 

Whereas experiments 1 to 6 were tests for 
foam stability under different protocols, ra-

liquid + gas FHT (s) 

POL 1% POL 3% 

T DSS T DSS 

1 + 1 135 110 150 170 

1 + 2 167 205 230 160 

1 + 3 127 170 167  90 

1 + 4 135 145 142  55 

1 + 5 120 145 132  35 

1 + 6 110 135 122  25 

DSS 

130 

240 

245 

170 

165 

150 

FCT (s) 

POL 1% 

T 

85 

40 

 0 

 0 

 0 

 0 

DSS 

165 

 75 

 55 

 50 

 35 

  0 

POL 3% 

T 

110 

 78 

  6 

  2 

  0 

  0

Tab. 1 Stability of DSS and T foams at different concentrations of POL and ratios of liquid and air: The 
stability of T and DSS foams in terms of foam half time (FHT) and foam coalescence/ coarsening time 
(FCT). Wet foams have longer FHTs and FCTs than dry foams (foam drainage time not shown). Wet T 
foams have longer or similar FHTs than the corresponding DSS foams. FCT is longer in any DSS foam 
compared to the corresponding T foam. 

Fig. 4 Foam stability for DSS foam at 1+4 and different POL concentrations: The stability of DSS foam 
was highest if foams were prepared with high concentrations of sclerosant. As soon as 30 seconds after 
foam production half of the liquid used to prepare foam of 0.25% POL had reverted to its liquid state. 

Fig. 5 Foam stability of air-based and CO2-based DSS POL 3% foams: The stability of foam was high-
est if DSS foams were prepared with air at a ratio of 1+4 and POL 3%. Replacement of air with CO2 in 
the same ratio resulted in faster deterioration. FHT for air-based DSS foam (1+4, POL 3%) was 180 sec-
onds, whereas it was 60 seconds for CO2-based DSS foam (1+4, POL 3%) and 35 seconds for CO2-based 
DSS foam (1+9, POL 3%). 
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tios, materials, sclerosants and concen-
trations, experiment 9 was done to char-
acterize foam viscosity, one of the outcome 
variables suggested by the 1st ECMFS (4). In 
clinical use, injection of viscous foams is 
done to displace blood out of the treated 
vein segment to allow prolonged direct con-
tact between sclerosant and endothelium 
without immediate dilution (14, 31). In this 
experimental setting, foam viscosity was not 
measured with a rheometer device directly 
but its ability/capacity to displace liquid 
(water) out of a segment of a plastic tube 
which was placed in an oblique position to 
be close to the “elevated leg” position (�Fig. 
6). If foam behaved like a liquid it would 
rapidly be floating away or only float below 
the upper wall of the tube. However, scleros-
ant foams can behave like an elastic solid and 
form a short lasting “plug” that temporarily 
completely displaces the water in the tube. 
To form such a plug the foam must be vis-
cous enough so that it can resist the forces 
exerted by the water in the tube (�Fig. 6).  

The injected volume of foam was related 
to the tube diameter chosen so that its vol-
ume would have been enough to fill a cylin-
der of a length that is 20 times its diameter 
(�Fig. 7, segment 1). Different foams 
(concentrations, ratios, methods) were in-
jected using a 21G injection needle. After 
injection of the foam the maximum exten-
sion of the foam plug (length of the tube 
segment completely filled with foam) was 
measured on the lower wall of the tube and 
given as a factor (n) in terms of the n-fold of 
the tube diameter as the maximum dis-
placement distance (MDD(n)). In addition, 
the time was recorded until the foam plug 
had no more contact to the lower circum-
ference, i.e. when bubbles were just floating 
below the upper wall of the tube segment 
(maximum displacement time (MDT)). 
After each injection, all contents were re-
moved from the tube and the tube was 
cleaned and filled with fresh water. All in-
jections and measurements were repeated 
at least three times and the average values 
were calculated (�Fig. 7). 

Results 

In no case of foam injection could the foam 
fill the complete segment which would 
have been possible in theory (�Fig. 8, seg-

ment 1). After injection of some foams no 
plug developed at all and the foam bubbles 
were rapidly moving only along the upper 
wall of the tube towards its open end (e’) 
(�Fig. 8, segment 3). This was also true if 
foam injections were done slowly: bubbles 
were immediately floating from the open-
ing of the needle to the upper wall of the 
tube. Only if injections were done quite 
rapidly a foam plug with an appearance 
similar to segment 2 in �Figure 8 some-
times developed. Depending on the type of 
foam up to a ratio of 1 + 5 and on the tube 
diameter, the MDD(n) typically did not ex-
ceed 8 or 9, i.e. only 40–45% of the theoreti-
cally possible value of 20.  

Very wet foams (ratio 1+1) did not form 
a foam plug in tubes of 5, 7 or 9 mm diam-
eter. A small plug was only visible in the 4 
mm tube. Foams of a dryer ratio (1+2) had 
much better displacement capacities in 4 
and 5 mm tubes but did not show any plug 
in the 9 mm tube. The best displacement ef-
fects (highest MDDs) were reached in any 

tube if the ratio was 1+4 or 1+5. Foams 
dryer than 1+5 did not change the MDDs 
significantly. The bigger the tube diameters 
were, the harder it was to obtain a foam 
plug. Inversely, in tubes of smaller diameter 
even very wet (liquid-like) foams caused (at 
least some) displacement. 

If a foam plug developed after injection 
the time was recorded until the foam plug 
had no more contact to the lower circum-
ference. This MDT in general was short for 
wet foams and longer for dry foams and 
was longer in tubes of small and shorter in 
large diameter tubes (�Fig. 9). 

Interestingly, 1+4 or 1+5 foams which 
had the highest MDDs in all tested tubes re-
mained as a “plug” for about 12 to 20 sec-
onds in large diameter tubes but remained 
more than double (!) the time if the dia -
meter was small (up to 40 seconds). 

A comparison of MDDs and MDTs be-
tween DSS and T foams at 1% and 3% is 
given in table 2. MDD and MDT were high-
est in 1+4 and 1+5 DSS foams. Noticeably, 
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Fig. 6 Experiment 7: A plastic tube (length approx. 100 cm, inner diameter (d) 4, 5, 7 or 9mm) was 
placed between lab pods so that both open ends of the tube (e, e’) were placed at the top and one point 
of the tube was placed at the lowest point (a). From this a long straight part of the tube was ascending 
at an angle of about 25° (segment a-e’), and the shorter part of the tube was ascending at an angle of 
about 80° (segment a-e). Water was filled into the tube until it reached level (f) and (f’), about 20 cm 
above the lowest point (a). Close to point (a) sclerosant foam was injected into the slightly ascending 
part of the tube (b), allowing foam bubbles to float towards (e’). The maximum length of the foam plug 
(complete filling of the tube) was measured at the lower wall of the tube (c). 

Fig. 7 Appearances of foams in a tube segment: Segment 1 shows ideal filling of the tube with a 
foam volume chosen so that it would have been enough to fill a cylinder whose length (c) is 20 times 
the diameter (d). Segment 2 shows one possible “real filling” of the tube, where the length of the foam 
plug (c) (length of foam contact to the lower wall) was typically between 2 and 8 times the diameter (d), 
i.e. a maximum displacement distance (MDD) of 2–8. Some foams did not form a plug after injection at 
all (foam did not have contact to the lower wall of the tube), another possible appearance of “real fill-
ing” (MDD(n): 0). 
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at these ratios the MDD values did not differ 
much (although it took longer until a DSS 
POL 3% foam plug had gone) (�Tab. 2).  

Experiment 8: Minimum foam 
volumes  causing displacement 

Contrary to experiment 7 (where a prede-
fined volume of sclerosant foam was in-
jected into tubes and the outcome was 
measured), experiment 8 was done to find 
out the minimum required foam volume 
that was just about able to form a foam plug 
after injection, i.e. to show minimal dis-
placement - minimum displacement vol-
ume (MDV). The setting was identical to the 
one described before only that injection vol-
umes started at n = 1 (each injection volume 
was calculated to theoretically fill a tube seg-
ment of a length which was the n-fold of its 
diameter) and were constantly increased in 
steps of 1 (n = 2, n = 3 etc.) until a complete 
(even if short and/or short-lasting) displace-
ment was noted. Experiment 10 was done in 
tube diameters of 5, 7, and 9 mm with DSS 
POL 3% foams at ratios between 1+1 and 
1+6. After each injection all contents were 
removed from the tube and the tube was 
cleaned and filled with fresh water. All injec-
tions and measurements were repeated at 
least three times and the average values were 
calculated. 

Results 

If wet foams (1+1 or 1+2) were injected, the 
minimum displacement volume (MDV) to 
obtain a foam plug had to be large enough 
to fill a cylinder of a length of 20 to more 
than 30 times the tube diameter (MDV(n) 
20–>30) (�Fig. 10). With 1+3 foams the 
required volumes were lower, depending 
strongly on the tube diameter (MDV(n) 
6–11). With 1+4 foam the required vol-
umes were lowest, (almost) irrespective of 
the tube diameter and had values of n = 
5–7. With dryer foams the MDV did not in-
crease any more (�Fig. 10). 

Calculated back to “real” foam volumes, 
50% less volume was required if a 1+4 foam 
was injected instead of a 1+3 foam in 9 mm 
tubes and 30% less in 7 mm tubes. In 5 mm 
tubes the MDVs for 1+3 and 1+4 foams 
were the same (�Tab. 3). 

Fig. 8 Displacement capacity of DSS foam with POL 3% at different ratios and tube diameters: maxi-
mum displacement distance (MDD) for DSS POL 3% in different tube diameters is highest if foams at a 
ratio of 1+4 or 1+5 are injected (MDD(n): 7–9). In tubes with smaller diameters wet foams have some 
displacement effect (MDD(n): 4) but not in large diameter tubes (MDD(n): 0). A 1+2 foam has no effect 
in a 9 mm tube (MDD(n): 0) but shows almost maximum displacement in a 4 mm tube (MDD(n): 6). 

Fig. 9 Displacement times of DSS foam with POL 3% at different ratios and tube diameters: Wet 
foams (1+1 and 1+2) only (if at all) form a short lasting plug, especially in large diameter tubes. Dry 
foams (1+4 and 1+5) have a good displacing effect for a relatively long time in big diameter tubes but 
stay very long in small diameter tubes. 

liquid + gas MDD(n) 

POL 1% POL 3% 

T DSS T DSS 

1 + 1 0  0  1  0 

1 + 2 1  0.5  1  2 

1 + 3 1  1  4  9 

1 + 4 1 13.5  9.5 24.5 

1 + 5 1 20.5 13 28.5 

1 + 6 1 23 19. 23.5 

DSS 

0 

1 

3 

7 

6.7 

7.5 

POL 3% 

T 

1 

3 

4.3 

5 

6 

6.5 

DSS 

0 

3 

7 

8 

7.5 

7 

MDT (s) 

POL 1% 

T 

0 

0 

1 

1 

1 

1

Tab. 2 Displacement distances and times for DSS or T foams with POL 1% or 3% at different ratios: 
Maximum displacement distances (MDD) and Maximum displacement times (MDT) of DSS or T foams 
with POL 1% or 3% in a 7mm tube at different ratios. MDDs are factors (n-fold of the tube diameter) in-
dicating the maximum extension of a foam plug after injection of a defined foam volume. An MDD(n): 0 
means that no foam plug was seen. MDTs are given in seconds and indicate how long it took until a 
foam plug had dissolved after injection. An MDT of 1 means that a foam plug was seen, but dissolved 
immediately after the injection stopped. 
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Discussion 
Foam sclerotherapy critically relies on the 
properties of foamed sclerosant solutions, 
i.e. the outcome variables, namely stability, 
viscosity, and bubble sizes (4, 14, 31). In 
clinical use, the time between the end of 
foam preparation and its clinical appli-
cation (i. e. injection) should be shorter 
than the time until relevant foam destruc-
tion begins. Therefore, the choice of foam 
production techniques and material that 
ensure high foam stability should be pre-
ferred. Highest foam stability in the syring-
es resulted if the DSS technique was used, 
especially with higher concentrations of 
sclerosants, and very similar results can be 
reached using the EasyFoam kit*** (EF). 
Rao and Goldman have published data 
about foam half lives with POL and STS at 
low concentrations (42). They obtained 
similar – but not identical – data, compared 
to results presented earlier (49, 52, 51) and/
or in this study. It is not astonishing that the 
foam half times measured by Rao were 
shorter than the FHTs found here, because 
the material used and the methodology of 
foam production in the study by Rao were 
not identical to the material and methods 
described before (26, 51, 54, 44) and used in 
the present report: Rao and co-workers 
used smaller syringes (5 ml and 3 ml, i.e. 
with higher relative silicone content) of a 
different brand, the pumping movements 
were done less often, in the case of the Tes-
sari method (with 3-way tap) without ro-
tation of the stopcock to a narrower posi-
tion and in the case of DSS technique with-
out any additional pressure. All changes re-
duced foam stability, as compared to results 
described herein. In accordance with own 
results Rao found longer foam half-times if 

higher concentrations of POL were used, 
lower foam half-times if STS was used and 
no significant difference in foam half-times 
for various concentrations of STS. 

As shown in this study, for the evaluation 
of the stability of foam, assessment of its half-
time (i. e. drainage) only is not sufficient 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 vis-
ible (i. e. large) bubbles within the foam. In 
figure 2 of Rao’s publication multiple macro-
scopic bubbles are visible everywhere within 
the foam-filled syringe (42). Such “holes” in 
the foams have been qualitatively assessed in 
the present study and they help to distinguish 
between different foam qualities. Looking at 
this parameter, foams prepared with the 
DSS-technique at a ratio of 1+4 or 1+5 
showed highest stability.  

The bubble size in general is a key para -
meter that determines also other foam 
properties: 
● The contact surface of the foam that in-

teracts with the target structures within 
the vein (i. e. endothelial cells): the 
smaller the bubbles the higher this con-
tact surface  (14). An increased efficacy 
should result from smaller bubbles. 

● Bubble size influences the time it takes for 
a bubble to dissolve in liquid (13): Large 
bubbles need longer to get dissolved or 
absorbed, so an increased safety can be 
expected from smaller bubbles. 

 
Right after generation the bubbles in all 
sclerosant foams tested are small, (depend-
ing on the boarders set) more or less mono-
disperse or homogenous. Due to aging 
foam bubbles get larger and its bubble size 
distribution changes from more or less 
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Fig. 10 Minimum displacement volumes for DSS foam with POL 3% at different ratios in different 
tube diameters: Wet foams (1+1 and 1+2) require large volumes to form a foam plug (MDV(n): > 30). 
1+3 foams require a smaller volume (MDV(n): 6 – 11) and dry foams (1+4 and 1+5) require the smal-
lest volumes (MDV(n): 5–7. 

tube  
diameter  
(mm) 

DSS POL 3% 

ratio 1 + 3 ratio 1 + 4 

MDV(n) 6–11 MDV(n) = 6 MDV(n) = 7 

10  4.7 5,5 

 9 6.3 MDV(n) = 11 3.4 4.0 

 8  2.4 2.8 

 7 2.2 MDV(n) = 8 1.6 1.9 

 6  1.0 1.2 

 5 0.6 MDV(n) = 6 0.6 0.7 

 4  0.3 0.4

Tab. 3  
Minimum displacement vol-
umes for DSS POL 3% at two 
ratios in different tube diam-
eters: Real foam volumes (in ml) 
and minimum displacement  
volumes (MDV) for DSS foam 
with POL 3% (1+3 or 1+4). 
Values in blue cells were 
measured, values in grey cells 
were calculated. (n) indicates 
the factor by which the diam-
eter is multiplied to get the 
length of the cylinder segment. 

*** EasyFoam® Kit for standardized foam production 
(1 syringe 5 ml, Luer lock; 1 syringe 10 ml, female 
outlet, Luer lock, precharged with sterile gas (air) 
and sealed with bidirectional restrictor valve 
adapter for automatic opening on connection/clo-
sure on disconnection of the 5 ml syringe); Labor-
atoire Kreussler Pharma, France. For foam produc-
tion with EasyFoam, 1.6 ml of sclerosant is drawn 
up into the 5 ml syringe. This syringe is connected 
to the bidirectional restrictor valve of the 10 ml syr-
inge. The whole content of both syringes is pumped 
10 times completely back and forth without inter-
ruptions and within 9–11 seconds from one syringe 
into the other and back. 
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mono- to more or less polydisperse or in-
homogeneous, mainly due to drainage and 
coarsening****. If circulating in blood, 
relatively small air bubbles are reabsorbed 
in about 90 seconds, and smaller bubbles 
are reabsorbed even faster (12). In aged 
foams more and more bubbles become vis-
ible as the foam degrades. Large bubbles do 
not only decrease contact surface in the 
vein, and are not only dissolved more slowly 
but also have an influence on the rheologi-
cal behaviour of the foam, i. e. they cause de-
creasing yield stresses, hence an inferior ca-
pacity to displace water out of tubes and 
maybe also the blood out of the vein. 

In this study it was shown that foams 
have or have not the capacity of displacing 
liquid out of tubes. Of course water has an-
other viscosity than blood, plastic tubes are 
different from veins, so that the results can-
not be transferred into clinical recommen-
dations directly. In the first randomized 
clinical trial comparing foam and liquid 
sclerosant, Hamel-Desnos et al. injected 2 
to 2.5 ml of sclerosant foam into great sa-
phenous veins of 4 to 8 mm diameter (26). 
Occlusion after one year was successfully 
reached in 84% of the patients, and the 
average length of occlusion was 28 cm. In 
an 8 mm vein, 2.5 ml of foam correspond to 
an “ideally filled” vein segment of approxi-
mately 5 cm length before vasospasm oc-
curs and (having reduced its diameter by 
50%) to 20 cm after spasm occurs. If the 
vein diameter is 7 mm the lengths before 
and after spasm occurs are 6.5 and 26 cm 
respectively, thus very close to the 28 cm oc-
clusion length reported in the study (26). 
The minimum foam volumes that were just 
about able to cause displacement (of water 
in a tube) found for a 1+4 or 1+5 DSS foam 
in this study need to correspond to a cylin-
der whose length measures 6 to 7 times its 
diameter. In case of DSS foam this means 
2.4 to 2.8 ml of foam for an 8 mm tube, 
which is very close to the foam volume in-

jected in the trial by Hamel-Desnos (2.5 
ml) into that 8 mm veins.  

Clinical studies show that the efficacy of 
DSS foams at a ratio of 1+4 prepared with 
POL 1% or 3% is very similar (9, 27). This 
can be explained with similar stability and 
rheology of both foams, as found in this 
study (foam half times, foam coalescence/
coarsening times and maximum displace-
ment distances).  

The data presented also show that most 
foams have very good displacement effects 
and stay very long in tubes of small diam-
eters. Clinically, a greater efficacy for foams 
in small vessels has been shown but also 
more local side effects (1). Maybe the foam 
just stays too long in small vessels, as sug-
gested by the results of this study. Published 
data also show more systemic side effects if 
foam is given into small vessels (22). There 
are two possible explanations for this, sup-
ported by the findings of this study:  
● The displacement effects of foams in-

crease as the tube diameter gets smaller: 
In reticular veins and telangiectasia it 
can be expected that foam displaces 
even better and stays even longer than 
what has been shown in 4 mm tubes. 
Staying longer in the vein gives more 
time for foam aging, thus larger bubbles 
would develop within the veins. Larger 
bubbles and the absence of blood which 
otherwise would reabsorb gas bubbles 
within short, helps that bubbles grow. 
Transient mild neurologic events have 
been reported to occur more frequent 
after injection of foams into small 
vessels (22). Maybe these larger bubbles 
which are absorbed more slowly con-
tribute to these systemic effects.  

● The other possible explanation is just a 
simple calculation based on the findings 
of this study: 1 ml of foam injected into 
an 8 mm vein would ideally fill a vein 
segment of 2 cm and thereby destroy 
about 5 cm2 of endothelium (spasm not 
included). The same amount injected 
into a 1 mm vein would (almost) fill 127 
cm of this vein and thereby destroy 40 
cm2 of endothelium. Maybe just an in-
creased release of much more of vasoac-
tive agents cause (in predisposed pa-
tients) some reaction, typically migraine 
with visual disturbances, which could be 
examined in future studies. 

With the results of the study and correlated 
clinical findings injection of sclerosant 
foams – if justified by the vein size – is 
recommended  if the foam 
●  has small bubbles,  
●  is monodisperse and homogenous, and 
●  is as freshly prepared as possible. 
 
It is evident that the the material plays an 
important role for foam stability, and – con-
nected to this – maybe also for efficacy and 
safety. Therefore, material that ensures ac-
ceptable foam quality should be used only. 
Out of a huge number of possibilities, the 
material described in this study was found 
most suitable. The author has recognized 
also foam deterioration if foam was pushed 
through additional devices such as ca-
theters. If injections are done with butterfly 
needles or catheters it is recommended to 
rinse the devices before foam is pushed 
through. This ensures minimal reduction of 
foam quality delivered into the vein. 

Of course, foams considered instable or 
only having poor displacing effects in this 
study are not clinically ineffective. They al-
ways have a greater efficacy than the cor-
responding liquid agent but the efficacy 
seems somehow lower and the volumes in-
jected seem to be higher (35, 36). Higher vol-
umes of sclerosant foams are correlated with 
more side effects, thus the smallest effective 
volumes (not exceeding recommended 
doses (3, 4, 10, 41) or volumes found safe in 
randomized, multi-centre (27, 35) or non-
randomized, single-centre trials) (34) of 
foams of appropriate quality are justified.  
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