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 Overview

Venous insufficiency is one of the most common 
vascular disorders, with a prevalence of up to 
63.9% in a survey of over 91,500 patients [1]. As 
outlined by a multidisciplinary consensus com-
mittee on chronic venous disease, the clinical 
severity of venous disease is wide, and patients 
may present with manifestations ranging from 
cosmetically bothersome telangiectasias to 

advanced disease with ulceration [2]. The use of 
sclerotherapy, whether liquid or foam, has a role 
in treating venous disease at every stage. 
Sclerotherapy is one of the most widely used 
treatments for improving the appearance of spi-
der veins. It can be used to treat truncal saphe-
nous incompetence, as well as incompetent 
tributary veins. In more advanced disease, it has 
been used in the treatment of pathologic perfora-
tor veins and in treating nests of abnormal dermal 
and subdermal veins associated with active and 
healed ulcers. In addition to these more common 
uses, sclerotherapy is also an important treatment 
for vascular malformations and the treatment of 
pelvic venous insufficiency. With the transition 
of venous care from the hospital to the office and 
the increase in the use of minimally invasive 
ultrasound-guided techniques, the breadth of 
applications of sclerotherapy in the treatment of 
venous disorders makes it an integral part of a 
vein physician’s armamentarium.

 History

Sclerotherapy refers to the destruction of a vein 
by injecting it with a substance to induce vessel 
injury followed by obliteration of the vessel. 
Zollikofer, in Switzerland, reported the first doc-
umented use of sclerotherapy in the treatment of 
veins in 1682. He injected a vein with acid to 
induce thrombosis. Since that time, multiple 
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different sclerosing agents have been used 
including absolute alcohol, mercury compounds, 
sugar complexes, and hypertonic electrolyte 
solutions. The most commonly used sclerosing 
agents in use today, hypertonic saline, sodium 
tetradecyl sulfate (STS), and polidocanol (POL), 
were first described in 1926, 1946, and 1966, 
respectively [3].

Foam sclerotherapy is a technique that is in 
wide use in the United States and throughout the 
world [4]. Foam sclerosants are produced by mix-
ing sclerosants in the detergent class with a gas 
(typically room air, CO2, O2, or a CO2/O2 mix-
ture). The first published description of mixing air 
with a sclerosant was in 1944, by Orbach [5]. This 
technique did not become popular until some 
50 years later. In 1997 two papers were published 
regarding the use of foam sclerosants. Juan 
Cabrera of Spain described his technique, utilized 
since the early 1990s of the creation of sclerosant 
foam to treat varicose veins [6]. Monfreux of 
France in the same year published a technique for 
creating a foam sclerosant using a glass syringe 
and a sterile plug [7]. The method of foam pro-
duction that is most widely used today (the double 
syringe technique) was described by Lorenzo 
Tessari of Italy in 2000 [8].

Physician-compounded foams (PCFs) are not 
standardized and vary widely according to scle-
rosant used, gas used, and technique of produc-
tion. This variability leads to differences in the 
physical characteristics of the foam including 
variation in bubble size, as well as foam stabil-
ity [9]. In 2013, after 14 years of systematic 
pharmaceutical development, the FDA approved 

a standardized proprietary foam sclerosant. 
Marketed as Varithena™ (BTG West 
Conshohocken, PA), it is an injectable 1% POL 
foam with specific indication for treatment of 
incompetent great saphenous veins, accessory 
saphenous veins, and their branches above and 
below the knee [10]. Standardized commercial 
products provide more consistent foam charac-
teristics (bubble size, sclerosant strength) and 
assured sterility [9].

 Sclerosants

Destruction of the target vessel is the intended 
action for all sclerosing agents, but the mecha-
nism of action differs depending on sclerosant 
class. Table 12.1 lists the most commonly used 
sclerosing agents worldwide. The main scle-
rosant classes are hyperosmolar agents, deter-
gents, and corrosives. Hyperosmolar agents 
cause diffusion of water from the intracellular 
space to the extracellular, causing nonspecific 
cell destruction as well as hemolysis. In contrast, 
detergent sclerosants cause protein theft denatur-
ation. This causes lysis of the cell wall, without 
hemolysis. Corrosive sclerosants have a direct 
cytotoxic effect on the endothelium. All scle-
rosants stimulate platelet aggregation. This in 
turn induces a dense network of platelets and 
fibrin that occlude the vessel, which is eventually 
replaced with fibrotic tissue [11].

The most widely used sclerosants in the United 
States are hypertonic saline, STS, and POL [4]. 
Both STS and POL are approved by the FDA for 

Table 12.1 Sclerosing agents

Agent Class Trade name Distributor FDA/US status

Hypertonic saline Hyperosmolar N/A Multiple Off-label

Saline/propylene glycol Hyperosmolar Sclerodex Omega Laboratories 
(Canada)

Not available

Sodium tetradecyl sulfate Detergent Sotradecol Mylan Approved

Polidocanol Detergent Asclera Merz Approved

Sodium morrhuate Detergent Scleromate Glenwood, LLC Approved

Chromated glycerin Corrosive Sclermo Omega Laboratories 
(Canada)

Not available

Polyiodinated iodine Corrosive Sclerodine Omega Laboratories 
(Canada)

Not available
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venous injection, but the use of hypertonic saline 
is considered “off-label.” Specifically, STS is 
approved for treatment of “veins of the lower 
extremity,” whereas POL is approved for the treat-
ment of reticular and spider veins. Each sclerosant 
has different dosing, different advantages, and dis-
advantages as shown in Table 12.2. STS is a syn-
thetic surfactant (soap), while POL is a non-ester 
local anesthetic [12]. Hypertonic saline has only a 
local effect and then is rapidly diluted. Detergent 
sclerosants are quickly deactivated by binding to 
circulating blood proteins, which may be a factor 
in the low incidence of thrombotic complications 
with sclerotherapy [13].

In general, while it is less expensive than other 
agents, hypertonic saline is more painful and has 
more adverse effects than detergent sclerosants 
[14]. STS is available in higher concentrations 
(stronger potency) in the United States than POL 
and therefore may be the agent of choice in the 
treatment of larger veins, venous malformations, 
and in the treatment of pelvic congestion syn-
drome [15, 16]. In other parts of the world, higher 
concentrations of POL are available. Most sclero-
therapists would advise injecting larger vessels 
prior to moving on to smaller vessels: injecting 
feeding reticular veins, for example, prior to spi-
der telangiectasias.

 Liquid vs. Foam Sclerotherapy

Sclerosants from the detergent class can be mixed 
with gases to produce foam sclerosants. Upon 
injection, foam sclerosants displace the blood in 

the vessel, forming a “vapor lock,” keeping the 
drug in contact with the vessel wall and delaying 
deactivation by circulated plasma proteins. The 
injected foam sclerosant is in contact with the 
vessel wall for a longer period of time, which 
increases the efficacy in comparison to liquid 
sclerotherapy. Volume and concentration of the 
sclerosing agent can therefore be decreased, as 
the active contact time is increased [17].

Advantages of foam over liquid sclerotherapy 
include its echogenicity with ultrasound, allow-
ing the user to perform sclerotherapy in a precise 
and controlled manner. In general, foam sclero-
therapy is not used for spider vein injections but 
is utilized for larger veins. Foam sclerotherapy is 
superior to liquid sclerotherapy in terms of clo-
sure rates of varicose veins and truncal veins 
such as the great saphenous vein (GSV). A pro-
spective randomized trial by Hamel-Desnos and 
colleagues in 2003 compared foam sclerother-
apy to liquid sclerotherapy (using POL) in the 
treatment of GSV reflux. This demonstrated that 
foam sclerotherapy eliminated GSV reflux in 
84% and 80% of limbs at 3 weeks and 6 months, 
whereas liquid sclerotherapy had the same effect 
in 40% and 26% of limbs during the same time 
points [18].

 Physician-Compounded Foam

Physician-compounded foam (PCF) is consid-
ered an “off-label” use of FDA-approved liquid 
sclerosants as the drug is fundamentally changed 
by mixing it with a gas. Despite the lack of 

Table 12.2 Advantages and disadvantages of sclerosing agents

Agent Advantages Disadvantages

Hypertonic saline Inexpensive
No real allergy potential

Painful
Ulceration with extravasation
Can cause hyperpigmentation

Sodium tetradecyl sulfate Minimally painful
Able to treat larger veins

Allergy less rare
Ulceration more common than with POL
Contraindicated with severe asthma
Can cause hyperpigmentation

Polidocanol Nearly painless
Ulceration rare
Allergy very rare

Limited in size of veins to treat
Can cause hyperpigmentation
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specific FDA approval, the use of PCFs in the 
United States, and indeed worldwide, is wide-
spread [4]. PCFs are an effective tool in the 
treatment of truncal veins, tributaries/branches 
(replacing microphlebectomy in many cases), 
venous malformations, and pelvic source vari-
cosities. Treatment is readily performed in an 
outpatient clinic setting and requires no proce-
dural sedation, and patients return to normal 
activity levels very quickly with minimal dis-
comfort. PCFs are produced by forcibly mixing 
a sclerosant of the detergent case with a gas 
through a small aperture, producing small scle-
rosant encapsulated gas bubbles. The aperture 
used is typically either a three-way stopcock or 
a “female to female” stopcock (double syringe 
technique). Air or  physiologic gases (CO2, O2, 
or a mixture of both) are typical gases, while the 
most common choices of sclerosant include 
POL and STS. Figure 12.1 shows the technique 
as described by Tessari [19]. Typically the ratio 
of liquid to gas is 1:3 or 1:4 depending on 
whether “wet” versus “dry” foam is preferred. 
The stability of the foam and the size of gas 
bubbles in the circulation are dependent on the 
method of foam production, the gas chosen for 
use (O2 vs. CO2 vs. room air), and other factors 
including atmospheric pressure and temperature 
[20]. As the amount of nitrogen in the gas used 
to create foam increases, the foam is more sta-
ble, but the bubbles are also less soluble in the 
blood [21].

In terms of the use of PCF in the treatment of 
GSV incompetence, duplex closure rates are 

highly variable in the literature, ranging from 69 
to 91%, depending on the agent used, the concen-
tration, and the number of treatment sessions 
administered before assessing closure [22–26]. 
These variables, as well as differing patient popu-
lations and disease severities, make comparisons 
between studies difficult. Additionally, the evalu-
ation of outcome assessments including venous 
clinical severity scores (VCSS) and quality of life 
(QOL) instruments is not consistent or uniform. 
Two more recently randomized trials did assess 
QOL after ablation of the GSV with ultrasound- 
guided PCF vs. comparator treatments. 
Rasmussen and colleagues randomized patients 
to surgical stripping, endothermal laser ablation 
(EVLT), radio-frequency ablation (RF), or 
ultrasound- guided foam sclerotherapy (UGFS). 
Recanalization and retreatment were most com-
mon in the UGFS group, but at 3 years, all groups 
showed similar improvements in VCSS and QOL 
[27]. A second randomized trial by van der 
Velden and colleagues compared EVLT and con-
ventional surgery to UGFS. At 5 years, the GSV 
was obliterated in 85%, 77%, and 23% in the sur-
gical, EVLT, and UGFS groups, respectively. In 
contrast to the Rasmussen study, QOL scores in 
the UGFS groups were inferior compared to the 
other groups [28]. Other studies suggest that 
UGFS is a cost-effective treatment for GSV 
reflux, especially when compared to conventional 
surgery [29].

Venous tributaries associated with saphenous 
reflux can be treated in either a staged or con-
comitant fashion. Choices for tributary treatment 

Fig. 12.1 Tessari technique for the production of physician-compounded foam. (a) 8 cc gas, 2 cc liquid. (b) Mix with 
three-way stopcock
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include stab phlebectomy and UGFS. Recent 
clinical practice guidelines from the Society of 
Vascular Surgery and the American Venous 
Forum recommend either approach as an accept-
able treatment (Grade 1B) [30]. Data comparing 
stab phlebectomy to UGFS in the treatment of 
tributaries is sparse, and both treatments have 
proponents. Considerations in treatment choice 
include vein size, depth, extent, and history of 
hypertrophic scarring or hyperpigmentation.

The use of PCF is in general thought to be 
safe and well tolerated; however, serious adverse 
events can occur. In particular, neurologic com-
plications such as strokes and transient ischemic 
attacks, while rare, have been reported. In most 
of these reported cases, air was the gas used to 
produce the foam, and the patients were often 
found to have a structural defect such as a patent 
foramen ovale (PFO) or atrial septal aneurysm 
[31–34]. These cases have led some to advocate 
the use of physiologic gases (CO2 or CO2/O2) 
rather than air-based foams for the production of 
PCF [35]. While there is no firm data to support 
this position in terms of prevention of strokes 
and TIAs, there is data demonstrating fewer 
visual disturbances and other side effects when 
physiologic gases are used [36]. Physiologic 
gases, which have minimal nitrogen content, are 
biocompatible and as such are rapidly absorbed. 
Other than gas canister cost, there is little down-
side to their use. While there is minimal risk of 
cerebral embolization in patients without a PFO 
or large pulmonary shunt, a study of 221 vari-
cose vein patients showed that 58.5% of the indi-
viduals had a right to left shunt with bubble 
testing: much higher than the prevalence of such 
shunts in the general population (est. 26%) [37]. 
Although individuals with right to left shunts are 
ostensibly at higher risk of cerebral embolization 
with foam sclerotherapy, the overall rarity of 
these events and the high prevalence of such 
shunts in this population make screening for 
shunts prior to foam sclerotherapy impractical 
and unnecessary. Nonetheless, foam sclerother-
apy should be used with caution in patients with 
a known right to left defect, particularly if the 
patient has a history of previous events that led 

to the detection of the defect. The use of good 
quality foam (no grossly visible bubbles) and 
limiting injection volumes is recommended. In 
the case of neurologic symptoms during or after 
foam sclerotherapy, hyperbaric oxygen therapy 
has been reported to resolve intracerebral gas in 
the vasculature [34].

 Proprietary Foam

An alternative to the use of PCF for the treatment 
of incompetence of the GSV, accessory saphe-
nous veins (ASV), and their tributaries is propri-
etary endovenous microfoam (PEM), marketed 
as Varithena™. There are no head-to-head stud-
ies comparing PCF to PEM, and extrapolating 
results from studies of PCF are difficult due to 
varying study designs, endpoints, and the lack of 
a standard production method or technique for 
PCF. The sclerosant drug in PEM is 1%POL, but 
it is produced with a proprietary canister system 
containing a very low nitrogen physiologic gas. 
With in vitro testing in a benchtop vein model, 
PEM gas bubbles are overall smaller, with a nar-
rower distribution of sizes when compared to 
PCF bubbles, and the stability of PEM foam is 
superior to PCF. Theoretically increased stability 
should improve foam performance in vivo, and 
smaller circulating bubbles could theoretically 
improve patient safety [37].

The neurologic safety of the use of PEM for 
the treatment of GSV incompetence was demon-
strated in a Phase II clinical trial published in 
2011. Patients with symptomatic GSV incompe-
tence were tested with a transcranial Doppler 
(TCD) bubble testing for the presence of a right 
to left shunt. Patients who qualified for the study 
by virtue of a positive bubble test were then 
treated with PEM. During treatment, TCD moni-
toring showed middle cerebral artery bubbles in 
61 patients. These patients had diffusion- 
weighted MRI testing (very sensitive to the pres-
ence of edema formation) at baseline and at 24 h 
and 1 month posttreatment. Patients additionally 
underwent visual field and neurologic testing. 
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None of the patients were found to have changes 
in MRI, visual fields, or neurologic examinations 
after PEM treatment [38].

In the development of PEM, following the 
Phase II trial, pilot studies were performed to 
develop a patient-reported outcome tool (PRO) 
and to test methods of patient blinding leading up 
to the pivotal Phase III trials in the United States 
[39]. The reliance of surrogate markers such as 
duplex closure of veins was deemed by the FDA 
to be insufficient for approval of PEM, and they 
required a validated PRO assessing varicose vein 
symptoms to be the pivotal study endpoint [40]. 
The VVSymQ® is the PRO instrument used in the 
trials. It assesses the severity of the five symp-
toms (heaviness, aching, throbbing, swelling, and 
itching) shown to be most relevant to patients 
with varicose veins.

The two pivotal trials, VANISH-1 (275 
patients) [41] and VANISH-2 (230 patients) [42], 
utilized the VVSymQ® as the primary study end-
point and change in appearance of the leg as 
assessed by both an independent physician 
reviewer and the patients themselves. Patients 
with symptomatic GSV or ASV reflux were 
enrolled in the prospective single-blind random-
ized trials. Duplex closure was assessed, as was 
patient safety. Both studies compared PEM to 
placebo, but the VANISH-1 study randomized 
patients to three differing doses of POL (0.5, 1.0, 
and 2.0%), while VANISH-2 randomized 
patients to 0.5 or 1.0% POL. VANISH-2 patients 
were allowed to have a two treatment sessions, 
separated by 1 week. At 8 weeks the primary 
endpoint (improvement in the patient PRO) and 
the secondary endpoints (including improve-
ment in appearance) were assessed. Both studies 
showed significant improvement in both PRO 
scores and appearance, and compared to placebo, 
these improvements were highly statistically sig-
nificant (p < 0.0001 for both endpoints). One-
year follow-up was reported for the VANISH-2 
group, and symptom improvement was sustained 
[43]. The duplex closure rates at 8 weeks in the 
1% POL groups were 80.4% for the VANISH-1 
trial [41] and 86.2% for the VANISH-2 trial [42]. 
There were no significant adverse neurologic 

events in the trials, other than headache, but 5.4% 
of patients had superficial thrombophlebitis fol-
lowing the procedure, and 4.7% had a deep vein 
thrombosis (DVT) on follow-up duplex examina-
tion. The majority of these events were asymp-
tomatic and detected because of study protocols 
requiring detailed post-procedure duplex evalua-
tion, including imaging of all tibial vessels. There 
were no symptomatic pulmonary emboli, and 
none of the patients with a DVT later showed 
signs or symptoms of post-thrombotic 
syndrome.

Following the pivotal trials, the FDA 
approved Varithena for use in November of 
2013 [44]. The product was released for com-
mercial release in August of 2014. Advantages 
over traditional endothermal ablation tech-
niques for truncal saphenous ablation include 
the avoidance of tumescent anesthesia with its 
attendant pain and bruising [45, 46] and the 
ability to treat side branch tributaries quite sim-
ply in a concomitant fashion. It can be used to 
treat tortuous veins and in this way can treat a 
broader spectrum of anatomic presentations 
compared to EVLT and RF. As such, it provides 
an attractive option for treating recurrent vari-
cose veins and neovascularization. It does not 
have an indication for treatment of the small 
saphenous vein (SSV), so its use in this disease 
pattern would be considered off-label. Primary 
disadvantages compared to endothermal abla-
tion include dosing limitations which may limit 
the number of veins that can be treated in a 
single session, a lower rate of duplex closure, 
and a higher rate of thrombotic events (DVT 
and superficial thrombophlebitis), when com-
pared to historic endothermal ablation data. 
While data to support the safety and efficacy of 
PEM is robust compared to data for PCF, it is 
significantly more expensive.

One of the main barriers to the use of PEM 
at the time of this publication is the lack of a ded-
icated current procedural technology (CPT) code 
for billing. Payor coverage and reimbursement 
rates are variable and regional, with some insurers 
still considering PEM “investigational.” Over time, 
carrier coverage has become more widespread, 
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and issues of coverage and reimbursement should 
become more certain when a CPT code specific 
to PEM is approved.

 Patient Workup Prior 
to Sclerotherapy

A thorough history and physical examination 
should be taken prior to treatment of either vari-
cose veins or telangiectasias with sclerotherapy. 
Patients should be queried about previous treat-
ments and response to those treatments including 
any adverse events they may have encountered. 
Special attention should be paid to the patient’s 
goals—are they being treated for cosmetic rea-
sons, for symptoms, or for both? It is imperative 
that the risks and benefits of the procedure be 
addressed, and the pretreatment consultation is 
key to avoid unrealistic expectations on the part of 
the patient. Multiple sclerotherapy sessions may 
be required for the patient to achieve their goals.

Special considerations in the pretreatment 
consultation include review of medications and 
medical history. Sclerotherapy should not be per-
formed in pregnant women or women who are 
breast-feeding unless the benefit clearly out-
weighs the risk, which is seldom if ever the case 
for venous treatment. Patients who are taking 
minocycline should not be treated with sclero-
therapy as permanent hyperpigmentation can 
occur [47]. If a patient has had a previous reac-
tion to a sclerosing agent, they should not receive 
that agent again. Small dose skin testing with 
subsequent in-clinic observation can be per-
formed and would be recommended in any 
patient in whom there is concern for allergic 
reaction. STS is contraindicated in patients with 
asthma. All locations where sclerotherapy is per-
formed should have a readily available and up-to- 
date emergency kit in the event of an anaphylactic 
reaction to a sclerosant.

Prior to foam sclerotherapy with PCF or PEM, 
patients are queried about a known history of a 
structural heart defect (such as an atrial septal 
defect or a PFO), and if present, alternative thera-
pies may be suggested. As sclerotherapy may cause 

visual disturbances or migraine headache [48], 
patients with a history of migraine (especially 
migraine with aura) are cautioned that therapy 
could possibly trigger symptoms. They are 
advised to bring any medications that they would 
usually take in the event of a migraine with them 
to their sclerotherapy session.

 Techniques

STS is available in 1 and 3% concentrations, and 
POL is available as 1 and 0.5%. Both STS and 
POL have a maximum volume per session of 
10 cc. Small volumes should be injected, and the 
concentration of sclerosant injected will depend 
on the vein size. Table 12.3 lists suggested scle-
rosant concentration by vein diameter. The low-
est effective dose and concentration that will 
reliably achieve vessel occlusion should be used 
in order to minimize adverse effects such as mat-
ting, ulceration, and venous thrombosis.

Prior to sclerotherapy of either telangiectasias 
or varicose veins, photo documentation of the 
intended treatment area(s) is recommended. 
Photographs of the same area(s) should be 
repeated in follow-up to assess results and prog-
ress. Injection sites, type, and volumes of scle-
rosants should be documented at the time of 
treatment. In the author’s practice, “before and 
after” photos are shared with the patient at every 
visit. With the treatment of telangiectasias in 
particular, the main reason for treatment may be 
the patient’s dissatisfaction with visual appear-
ance of the limb, making photography a neces-
sary tool. The widespread availability of digital 

Table 12.3 Sclerotherapy concentration by vein 
diameter

Vein diameter Detergent Hypertonic saline

<1 mm STS 0.1–0.3%
POL 0.3–0.5%

11.7%

1–3 mm STS 0.5–1.0%
POL 1.0%

23.4%

>3 mm STS 1.0–3.0%
POL 1.0% (or 
foam)

–
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cameras and software programs to store medical 
images has simplified the use of photography in a 
vein practice.

 Telangiectasias

Sclerotherapy of spider telangiectasias, while 
both safe and effective, can take a great deal of 
practice before mastery is obtained. The sclero-
therapist should position themselves in a favor-
able ergonomic position in relation to the target 
vein. As the target vein may be a millimeter in 
diameter or less, any extraneous movement will 
dislodge the needle from the vein. When perform-
ing sclerotherapy, bracing the elbow, wrist, and 
hypothenar eminence of the dominant hand 
against a solid surface will ensure stability. The 
non-dominant hand is used to stretch and stabilize 
the skin. Such positioning is shown in Fig. 12.2. A 
small needle (30 or 32 gauge) and a small volume 
(3 cc) syringe are typically used. During injection 
the needle angle is very shallow with the bevel is 
up. Bending the needle can be helpful to facilitate 
shallow vein entry. The sclerosant is “dripped” 
into the vein with a minimal amount of pressure to 
avoid extravasation. There are many options to 
improve visualization of small veins from simple 
(magnification lenses, loupes) to more complex. 
The Syris™ system, Veinlite®, and Venoscope® 
are all transillumination aids, while the 
Veinviewer® utilizes projected near infrared light 
to visualize subdermal veins.

Aftercare following sclerotherapy is not 
standardized, and most practitioners follow 

nonevidence- based guidelines. There is very little 
data regarding exercise, bathing, and sun expo-
sure following sclerotherapy. Compression 
stockings or bandaging is routinely recom-
mended, but the level of compression and length 
of time stockings should be worn is highly vari-
able. A randomized trial of 100 by Kern et al. in 
2007 compared results in women treated with 
3 weeks of 23–32 mm Hg compression stockings 
versus no stockings following sclerotherapy of 
telangiectasias and reticular veins. The study 
found no difference in adverse events between 
the two groups but did find a significant differ-
ence (p = 0.026) in favor of compression in terms 
of improvement in appearance as rated by blinded 
observers [49].

 Superficial Venous Insufficiency

PCF is commonly used for treating varicose veins 
[4] and is most commonly performed with 
UGFS. If ultrasound is not available, sclerother-
apy can be performed with confirmation of nee-
dle placement with blood return. The author 
prefers UGFS as the ultrasound can confirm 
intravenous needle placement, show spasm in the 
treated vein, and follow the PCF as it travels 
through the vein. It is imperative for treating vari-
cose veins that may be too deep to easily see. 
Marking the veins to be treated with an indelible 
pen with the patient in the standing position prior 
to treatment is helpful. The author typically uses 
a 23- or 25-gauge butterfly needle when treating 
varicose veins, but a standard needle can also be 
used. Multiple injections with small volumes are 
recommended, to avoid inadvertent boluses of 
foam into the deep system. Transit of the PCF is 
followed with ultrasound, and successfully 
treated veins should appear small, bright, and in 
spasm. The use of compression following treat-
ment of PCF is not standardized in terms of 
strength of compression, type of compression 
(bandaging versus stockings), and length of time 
compression should be worn. The author’s prac-
tice places patients in a 20–30 mm Hg stocking 
with or without underlying pressure pads for 
2 weeks after treatment. Patients walk for 10 min Fig. 12.2 Positioning for sclerotherapy of telangiectasias
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post-procedure and are encouraged to walk/be 
physically active hourly during the first 2 weeks 
after treatment.

PCF has applicability in the treatment of 
advanced venous disease [50] as it can be readily 
used to inject and close nests of abnormal subder-
mal veins in patients with venous ulceration and 
lipodermatosclerosis. UGFS in these advanced 
cases is typically used as an adjunct to truncal 
ablation and compression therapy. Figure 12.3 
shows before and after pictures of a patient with 
a lateral leg ulcer treated with UGFS and com-
pression therapy. According to recent SVS/AVF 
guidelines, treatment of pathologic perforator 
veins (those greater than 3.5 mm in diameter with 
>500 ms of reflux near an open or healed ulcer-
ation) is suggested to aid in ulcer healing and pre-
vent recurrence in patients with CEAP clinical 
class 5 or 6 disease [51]. UGFS can be used to 
treat pathologic perforator veins, and Masuda 
and colleagues showed a 75% improvement in 
patients’ VCSS and venous disability scores [52]. 
When treating perforator veins with foam, the 
author recommends injection of small volumes, 
dorsiflexion of the foot, and pumping of the calf 
muscle after injection to potentially decrease vol-
umes of foam in the deep veins.

In the author’s practice, UGFS is commonly 
used to treat pelvic source varicose veins present-
ing with vulvar and inner or posterior thigh vari-
cose veins. Pelvic venous insufficiency is a 
frequent source of recurrent or missed varicose 
veins [53]. The author uses a standard technique 
for treatment of veins in this region but typically 
has an assistant, so that one hand performs the 
injection, one hand holds the ultrasound probe, 
and two hands stretch and flatten the skin to pin 
the underlying veins as they tend to roll away 
from the needle. In the author’s experience, the 
technique is quite successful with a low incidence 
of side effects; however, some patients may need 
multiple treatment sessions, and recurrence is not 
uncommon, particularly if the underlying pelvic 
varices are untreated. Figure 12.4 shows before 
and after photos of a patient with pelvic venous 
insufficiency manifesting as vulvar and medial 
thigh varices before and 3 months after UGFS.

PCF has been used extensively for both treat-
ment of pelvic venous insufficiency on its own or 
as an adjunct to coil embolization of the gonadal 
veins [54]. It also is an essential tool for the treat-
ment of vascular malformations [55]. Discussion 
of these techniques is beyond the scope of this 
chapter.

Fig. 12.3 Ultrasound-guided foam sclerotherapy in the treatment of advanced venous disease: before and after photos. 
(a) Baseline. (b) Three months posttreatment
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 PEM

The technique for GSV or ASV ablation with 
PEM is standardized and outlined in its instruc-
tions for use (IFU) [56]. The technique requires 
two individuals—one to image the saphenofemo-
ral junction and one to compress the SFJ once the 
PEM reaches this area and a second to inject 
PEM and hold pressure caudal to the access site. 
The GSV or ASV is accessed in a typical fashion 
with ultrasound guidance in a transverse or longi-
tudinal view with either an angiocatheter or a 
micropuncture sheath with the tip of the access 
catheter usually positioned in the midthigh. Once 
venous access has been confirmed with blood 
return, the catheter is flushed with saline, and the 
limb is elevated approximately 45 degrees. The 
PEM is produced according to the IFU and is 
injected into the vein using a silicon-free syringe. 
During injection, the GSV or ASV caudal to the 
access site is compressed digitally, and an ultra-
sound probe is held in longitudinal view over the 
SFJ to await arrival of the PEM. The PEM will 
appear as a bright white column traveling for-
ward through the vein as shown in Fig. 12.5. As 
soon as this column reaches about 2–3 cm from 
the SFJ, the ultrasound probe is turned into the 
transverse position, and the GSV or ASV is com-
pressed to keep the PEM from entering the com-
mon femoral vein. Simultaneously, the digital 
pressure being held beyond the access site is 
released. The SFJ is compressed until the GSV or 
ASV is visualized with ultrasound and found to 

be in complete spasm along the treatment length, 
with no areas of patency. This may take up to 
5 min. In the author’s experience, a typical GSV 
can be treated with 4–7 cc of PEM.

Following treatment of the truncal vein in the 
thigh, it can be treated more caudally by either 
pulling the access catheter back slightly, com-
pressing above the tip of the catheter and inject-
ing retrograde through the catheter, or by 
accessing the vein in another location. Side 
branches are then accessed using a butterfly or 
other needle and injecting small volumes of PEM 
(1–2 cc per injection) while compressing any 
large perforator veins in associated with the side 
branches being treated. Up to 15 cc of PEM may 
be used in a treatment session. Following com-
pletion of treatment, the leg is wrapped with a 
short-stretch bandage, a compression pad, and a 
compression stocking. Patients are instructed to 

Fig. 12.4 Pelvic source varicose veins before and 3 months after ultrasound-guided foam sclerotherapy. (a) Baseline. 
(b) Three months

Fig. 12.5 Column of PEM in the GSV
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walk or be active for 5–10 min out of every waking 
hour for the first 2 weeks after the procedure. 
More than one treatment session may be required 
for optimal results in patients with extensive 
branch varicosities.

 Side Effects and Complications

Allergic reactions may occur with injection of 
any substance; however, allergy to hypertonic 
saline would only occur if the patient had an 
allergy to any additives in the solution. Allergy to 
both POL [57] and STS [58] has been reported, 
but in general, allergy is felt to be more common 
with STS. As stated earlier in this chapter, emer-
gency kits should be readily available in all clin-
ics performing sclerotherapy, with all appropriate 
staff trained in the treatment of anaphylaxis.

Cutaneous necrosis can occur following sclero-
therapy and can be disfiguring. Ulceration is felt to 
be more common with hypertonic saline and STS 
compared to POL but can occur with any scle-
rosant [59]. It is more common in patients with 
dense telangiectasias, especially in areas of thin 
skin or bony prominences. Mechanisms of cutane-
ous necrosis include extravasation of contrast and 
inadvertent injection into a small arteriole or arte-
riovenous fistula. Figure 12.6 shows ulceration on 

a patient’s skin following liquid sclerotherapy 
treatment for telangiectasias. Patient reassurance 
is important, as most ulcerations are small and will 
heal over time, although scarring may result. Large 
areas of cutaneous necrosis may require referral to 
a wound care specialist.

Telangiectatic matting can occur after sclero-
therapy in 10–30% of patients [59]. The etiology 
is not known but may be due to angiogenesis as a 
response to inflammation. Retrospective studies 
have shown a possible link to the use of oral con-
traceptives and increased risk of matting [60]. 
Compression therapy does not decrease the inci-
dence of matting [49], and it can occur with any 
sclerosing agent. As with hyperpigmentation, 
patients should be reassured that resolution with 
time is typical.

Hyperpigmentation is common following 
sclerotherapy and will generally gradually 
lighten and improve over time. Spontaneous 
resolution will typically occur in 70% of patients 
by 6 months and 99% of patients by 1 year [59]. 
Conservative therapy with observation should 
be the first approach to the patient with hyper-
pigmentation after sclerotherapy. In the case of 
persistent hyperpigmentation, bleaching agents 
[61], topical lasers [62], and intense pulse light 
(IPL) therapy [63] have been suggested for 
treatment.

Deep vein thrombosis can occur following 
sclerotherapy and as referenced earlier in this 
chapter occurred in 4.7% of patients treated 
with PEM in the VANISH trials [41, 42]. Most 
of these patients were asymptomatic. A review 
of nearly 1 million subjects undergoing venous 
procedures from a nationwide healthcare data-
base comprised of 40 million patients showed 
that the prevalence of reported DVT and PE 
after sclerotherapy was 0.8% and 0.2%, respec-
tively. These rates were lower than reported 
rates for endothermal ablation (RFA and EVLT) 
and surgery [64]. Superficial phlebitis after 
sclerotherapy is not uncommon but is rarely 
dangerous. Early drainage of trapped coagula 
using an 18-gauge needle or a number 11 blade 
may provide quick relief of discomfort and 
decrease the extent of hyperpigmentation following 
sclerotherapy.Fig. 12.6 Skin ulceration following sclerotherapy
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As described earlier, strokes have been 
reported in rare circumstances with the use of 
foam sclerosants. Visual disturbances and 
migraines are more commonly reported and can 
occur with the use of either liquid or foam 
sclerotherapy. A recent literature review esti-
mated that the prevalence of transient visual dis-
turbance with sclerotherapy ranged from 0.09 to 
2% [65]. Proposed mechanisms for visual dis-
turbance and migraine with sclerotherapy 
include gas and particle microemboli or the 
release of endothelin from the treated veins. 
Endothelin is a potent vasoconstrictor and bron-
choconstrictor, and increases in endothelin-1 
with foam sclerotherapy in a rat model give sup-
port to the concept that endothelin release may 
be responsible for side effects of migraine, 
visual disturbance, and cough following sclero-
therapy [66].

In general, sclerotherapy is safe and well tol-
erated, and it is likely that the most common 
“adverse event” following treatment is failure to 
meet the patient’s expectations in terms of cos-
mesis. One of the most important considerations 
in terms of patient satisfaction is educating 
patients in regards to realistic outcomes. Patients 
should be counseled that immediate improve-
ment in appearance is not likely and that improve-
ment is usually gradual and incremental. Multiple 
treatment sessions, especially for telangiectasias, 
may be necessary for the patient to achieve their 
desired results. Pre-procedural counseling should 
be thorough and include showing patients photo-
graphic examples of both ideal and nonideal 
outcomes.

 Conclusions

Sclerotherapy is a versatile tool for the treatment 
of superficial venous insufficiency: from the 
treatment of unsightly telangiectasias to advanced 
venous disease. The availability in the United 
States of proprietary foam may broaden the indi-
cations for the use of sclerotherapy. Familiarity 
with therapeutic agents and proper techniques are 
imperative to for both patient safety and for 
obtaining good results.
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