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An update on the currently available nonthermal ablative

options in the management of superficial venous disease
Nathan W. Kugler, MD, and Kellie R. Brown, MD, Milwaukee, Wisc
ABSTRACT
Background: Chronic venous insufficiency affects millions of Americans with symptoms spanning a broad range.
Saphenous incompetence resulting in chronic reflux is at the root of most disease and is amenable to surgical correction.

Methods:We conducted a systematic review of the literature on nonthermal ablative techniques using a MEDLINE (Ovid)
search from January 2000 to August 2016. Only prospective studies and literature review articles in the English language
were included for final analysis.

Results: A total of 358 unique articles were identified, with a total of 60 articles meeting the stated inclusion and
exclusion criteria. Historically, nonthermal ablative techniques have not demonstrated clinical results on par with thermal
ablative interventions. However, three newer nonthermal ablative techniques have become available for use in the
United States. Review of the literature demonstrated significant improvements in nonthermal ablative results, with
intermediate-term data suggesting improved durability.

Conclusions: Advances in nonthermal ablative techniques have led to a developing role and acceptance in the primary
management of varicose veins and venous insufficiency, even in the setting of challenging cases. (J Vasc Surg: Venous and
Lym Dis 2017;5:422-9.)
Chronic venous insufficiency, a common problem
affecting nearly 30 million Americans, increases with
age and can be manifested with debilitating symptoms
including heaviness, aching, fatigue, and swelling.1-5 Su-
perficial venous insufficiency is often associated with
saphenous venous incompetence, resulting in chronic
reflux. These patients have long benefited from excision
or ablation of the saphenous vein.6 Initial management
of chronic superficial venous disease is dependent on
symptom severity. Symptom management using nonop-
erative techniques, including compression therapy and
leg elevation, is ideal for patients who present early. The
decision to proceed with intervention must encompass
symptom severity, extent of disease, response to nonop-
erative management, and expectations of the patient.
The Clinical, Etiology, Anatomy, and Pathophysiology
(CEAP) classification system was developed to aid in
stratification and clinical decision-making. Those individ-
uals in whom venous reflux is persistently symptomatic
are most likely to benefit from venous ablation.
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Historically, saphenous vein ablation was accomplished
by saphenofemoral junction (SFJ) ligation with partial or
complete surgical vein excision. Randomized trials
demonstrate a cost benefit, improved quality of life, and
decreased ulcer recurrence rates with high ligation and
vein stripping.6,7 Open surgicalmanagement results in du-
rable outcomes with 5-year treatment success rates near
75%.7-9 Unfortunately, open surgical management results
in significant early morbidity: ecchymosis in >60%, hema-
toma in 50% and tenderness in >25% of patients.8 Less
invasive techniques have decreased the morbidity associ-
atedwith open surgery and have focused on thermal abla-
tion of the vein through three primary mechanisms:
radiofrequency, laser, and steam. Thermal ablative tech-
niques rely on significant heat generation, resulting in
desquamation of the venous endothelium, exposure of
the underlying thrombogenic media, and transmural
veinwall injury.10Whereas it ismuch less invasive than liga-
tion and stripping, thermal ablation requires tumescent
anesthetic administered along the length of the truncal
vein for management of heat-associated pain. Random-
ized trials demonstrated durable venous closure rates
(>85%at 4 years)with faster recovery, fewer complications,
and improved quality of life after radiofrequency ablation
(RFA) and endovenous laser ablation (EVLA) treatment
compared with open surgical management.8,11-14

To address issues with thermal ablation, new
nonthermal techniques have been developed that may
provide some treatment advantages. Historically,
nonthermal techniques have encompassed sclerother-
apy, defined by injection of an irritant inducing endove-
nous inflammation, resulting in scar formation and
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lumen occlusion. A number of sclerotherapy agents (eg,
sodium tetradecyl sulfate, polidocanol, hypertonic saline,
glycerin) have been used in different preparations (eg,
liquid, foam). Thus, we sought to evaluate the efficacy
and potential benefits of nonthermal ablation through
a review of the currently available literature.

METHODS
The MEDLINE (Ovid) database was queried for all

prospective studies published in the English language be-
tween January 2000 and August 2016 employing the
search terms ablation and saphenous vein to include the
terms varicose and varicose veins. After identification of
all articles thatmet the stated search criteria, duplicate ar-
ticles were removed. The remaining articles were
screened through review of abstracts. Articles with a focus
on thermal ablation or surgical treatment were excluded
from final review. Any articles with inclusion of
nonthermal techniques were reviewed in their entirety.

RESULTS
MEDLINE search resulted in a total of 365 articles, with

358 remaining after removal of duplicates. Of the 358
unique articles identified, 210 were excluded because
of analysis of thermal or surgical ablative techniques
only. A total of 76 articles were excluded for a variety of
reasons (unrelated, adjunctive techniques only, cardiac
intervention, opinion articles), leaving a total of 74
nonthermal ablation articles for full-text review. On full-
text review, an additional 14 articles were excluded
(editorial articles, opinion pieces, expert consensus), leav-
ing a total of 60 full-text articles for inclusion. The quality
of the studies included within the review was variable;
however, all studies included in the review were of at
least level III evidence, with a large number of random-
ized trials constituting level II evidence.

DISCUSSION
A 2006 Cochrane review concluded that nonthermal

techniques were inferior to open surgical management,
with no significant differences among the commercially
available sclerotherapy formulations at that time.15 Since
Table I. Comparison of thermal and nonthermal ablative tech

Technique
Early occlusion

rate, %
1-year occlusion

rate, %
2

RFA 90-100 85-98

EVLA 93-100 89-100

Endovenous
foam

45-96 67-93

ClariVein 87-99 88-97

VenaSeal 93-99 92-93

EVLA, Endovenous laser ablation; NA, not available; RFA, radiofrequency abl
van Eekeren RR, et al. Semin Vasc Surg 2014;27:118-36.
Morrison N, et al. J Vasc Surg 2015;61:985-94.
Almeida JI, et al. Phlebology 2015;30:397-404.
that review, three products have come to market in the
United States: Varithena (BTG International Ltd, West
Conshohocken, Pa), ClariVein (Vascular Insights LLC,
Quincy, Mass), and VenaSeal (Sapheon, Inc, Morrisville,
NC). All of these are Food and Drug Administration
(FDA) approved for the treatment of symptomatic
venous reflux disease diagnosed on ultrasound through
permanent closure of the lower extremity superficial
truncal veins. In addition, Varithena is FDA approved for
the treatment of visible varicosities. Tables I and II list
comparative statistics and product overviews.
Nonthermal techniques demonstrate favorable side

effect profiles; minor pain, hyperpigmentation, and telan-
giectatic matting represent the majority of adverse reac-
tions. Unfortunately, compared with EVLA, liquid
sclerosant techniques have been technically less suc-
cessful in achieving initial closure with increased rates
of recanalization.15 Endovenous foam therapy was devel-
oped to address the shortcomings of liquid sclerosants
and was originally described in 1999 by Tessari, who
demonstrated its utility for the management of both
major and minor varicosities.16 The Tessari method pro-
duces a dense endovenous foam by combination of air
or carbon dioxide with liquid sclerosant, using a three-
way stopcock and two sterile syringes. Foam expansion
within the venous lumen ensures displacement of blood,
optimizing the interaction of the sclerosant with the
venous endothelium, ultimately maximizing the procoa-
gulant effect of smaller dose sclerosants and resulting in
a decreased risk of recanalization.17

Early research into endovenous foam sclerotherapy
consisted of physician-prepared formulations, most
commonly using polidocanol preparations. Polidocanol
acts through activation of cellular calcium and nitric ox-
ide pathways of the endothelial cells, resulting in cell
death and subsequent cessation of nitric oxide produc-
tion.18 Despite consistency in the active sclerosant
agent, the major issue with physician-prepared foam
sclerosants is the variability in the final product as a
result of differences in mixing technique or ratio of
sclerosant/gas.19,20
niques

-year occlusion
rate, %

3-year occlusion
rate, %

4-year occlusion
rate, %

85-96 68-92 89

74-97 79-100 76-96

53-97 53-79 NA

96-97 NA NA

92 NA NA

ation.



Table II. Overview of current Food and Drug Administration (FDA)-approved nonthermal ablative techniques

Product description Mechanism of action Recent literature

Varithena Endovenous foam technique that
promotes venous endothelial
damage through direct
sclerosant interaction

1% Polidocanol King JT, et al. Eur J Vasc
Endovasc Surg 2015;50:784-93
Todd KL 3rd, et al. Phlebology
2014;29:608-18

ClariVein Mechanochemical technique
using a high-speed rotary wire
system to promote mechanical
disruption of the venous
endothelium followed by liquid
sclerosant to further endothelial
damage

Mechanical disruption þ any
sclerosant

Witte ME, et al. Surg Technol
Int 2015;26:219-25.
van Eekeren RR, et al. J Vasc
Surg Venous Lymphat Disord
2014;2:282-8

VenaSeal Nonthermal, non-sclerosant-
based technique that uses a
proprietary adhesive

Cyanoacrylate Proebstle TM, et al. J Vasc Surg
Venous Lymphat Disord
2015;3:2-7
Morrison N, et al. J Vasc Surg
2015;61:985-94
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Despite variability in the final product leading to differ-
ences in clinical efficacy, basic science and clinical trials
have continually demonstrated systemic and local safety
in all endovenous foam formulations even when they are
administered by different methods.18,21-31 Ultimately, the
issue with physician-prepared formulations was poor
durability. Whereas studies suggest that initial technical
success rates approach 90% at 6 months, significant
reductions exist at 1 year, with success rates between
72% and 74%.26,32-34 Studies investigating the durability
of physician-prepared formulations beyond 2 years
demonstrate anatomic closure rates near 70%.23,24,35,36

In addition to concerns with variability in physician-
prepared formulations, debate exists as to the efficacy
of different target concentrations (0.5%, 1%, and
3%).37,38 Standardization of foam sclerosant therapy at
different concentrations sought to improve clinical out-
comes. Several major clinical trials have investigated
the safety and efficacy of standardized endovenous
foam formulations.
The Efficacy and Safety of Great Saphenous Vein Sclero-

therapy Using Standardized Polidocanol Foam (ESAF) is
an industry-sponsored multicenter randomized trial
that evaluated patients who underwent standardized
endovenous foam or liquid sclerosant therapy with a
3% polidocanol solution.39 ESAF demonstrated superior
closure rates 3 months after treatment with standardized
foam preparations compared with liquid polidocanol.39

Multiple other studies demonstrated significant advan-
tages to endovenous foam treatment compared with
liquid preparations, even in the setting of physician-
prepared formulations.39-42 In an attempt to stratify the
clinical efficacy of different foam preparations, Polidoca-
nol Endovenous Microfoam Versus Vehicle for the Treat-
ment of Saphenofemoral Junction Incompetence
(VANISH-2), an industry-sponsored, randomized, blinded
trial, evaluated the safety and efficacy of polidocanol
(0.5% and 1.0%) microfoam preparations against pla-
cebo.43 Eight-week ultrasound evaluation demonstrated
lack of SFJ reflux and vein occlusion in 86.2% of patients
who received 1% polidocanol foam compared with 83.3%
of those who received 0.5% polidocanol, with little
dependence on original vein diameter.43 Similarly, King
et al conducted a follow-up industry-sponsored random-
ized study that evaluated differences in placebo and
0.125%, 0.5%, 1%, and 2% polidocanol foam among pa-
tients with similar CEAP class to VANISH-2.44 King et al
validated the findings of VANISH-2 as they demonstrated
an 80.4% technical success rate with 1% polidocanol
foam; however, this trial did fail to show significance
over placebo among patients who received 0.5% polido-
canol foam as only 58.8% demonstrated occlusion on
duplex ultrasound.44

These major trials investigating standardized endove-
nous foam demonstrate significant overall adverse event
(AE) rates: 60% in VANISH-2 and 78% in the study by
King et al.43,44 The majority of AEs in these trials were
mild, consisting predominantly of extremity pain and
tenderness, superficial thrombophlebitis, and injection
site hematoma. ESAF demonstrated no serious AEs
with no significant differences in minor events between
treatment groups.39 Interestingly, VANISH-2 demon-
strated a significantly higher rate of deep venous throm-
bosis (DVT; 8.6% vs 0%) and common femoral vein
thrombus (6.9% vs 3.35%) among individuals undergoing
treatment with 1% polidocanol compared with those
treated with 0.5% polidocanol foam.43 However, King
et al demonstrated no significant difference in the rate
of DVT (2.0% vs 1.9%) in treatment with 1% polidocanol
vs 0.5% polidocanol foam.
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Whereas these major trials demonstrated the safety
and efficacy of endovenous foam therapy, some have
questioned the role of endovenous foam therapy
compared with EVLA techniques. Foam sclerotherapy
has been shown to be less expensive than EVLA; howev-
er, it has been suggested that some of that benefit is lost
because of increased need for reintervention for defini-
tive management.36,45,46 Several randomized studies
suggest long-term benefit to EVLA intervention; however,
these trials are not focused on newer endovenous foam
preparations.32,36,47-49 Recent review articles suggest
improved anatomic success after EVLA as measured by
duplex ultrasound; however, overall clinical outcomes
and safety are similar between EVLA and endovenous
foam sclerotherapy.46,50

Given that the patient’s symptoms guide the decision
to intervene in the majority of cases, a focus on the
patient’s satisfaction and quality of life is essential. The
majority of patient outcomes met or exceeded pretreat-
ment expectations with quality of life improvements, as
measured by Chronic Venous Insufficiency quality of
life Questionnaire, in both the short- and long-term eval-
uation.32,35,37,44,47,49,51-54 Studies demonstrated improved
satisfaction of the patient with improved return to work
after foam sclerotherapy compared with either EVLA or
surgical intervention.43,49,53,55 In addition, King et al
demonstrated significant improvement in both varicose
vein appearance (Independent Photography Review-
Visible Varicose Veins and Patient Self-assessment of
Visible Varicose Veins) and symptom scores (Varicose
Vein Symptoms Questionnaire) with all polidocanol for-
mulations, a finding shared by the VANISH-2 trial.43,44

In the United States, the Varithena system is a commer-
cially available polidocanol foam product that addresses
the concerns of physician-prepared formulations. Vari-
thena offers consistent composition and bubble size
that keeps its consistency longer than the typical
physician-prepared products (Fig 1). The system consists
of a 1% polidocanol foam delivered in a proprietary
canister using low nitrogen concentrations that facilitate
Fig 1. Varithena system highlights. The Varithena micro-
foam system provides significantly more consistent bub-
ble size compared with physician-prepared microfoam
compounds.
quick absorption. The procedure consists of ultrasound-
guided percutaneous access of the refluxing truncal
vein after detailed ultrasound mapping of the perfora-
tors. Perforators and any junctional connections with
the deep system are manually compressed before
foam injection, minimizing reflux of foam into the deep
system. The leg is elevated to 45 degrees, and the foam
is injected under ultrasound guidance. Extension of the
foam into incompetent tributaries may occur, allowing
treatment of these simultaneously with the truncal
vein. Once injection is complete and spasm is noted on
ultrasound, the leg is wrapped with the application of a
foam pad over the injected veins to provide additional
compression, and a 30 to 40 mm Hg compression stock-
ing is traditionally placed, although several studies
debate the utility of postprocedural compression.56,57

Given the need for consistent pressure with injection un-
der ultrasound guidance, this procedure is best per-
formed with the aid of at least one assistant. In
addition, as the procedure requires only local anesthesia
at the site of venous access, this procedure is easily per-
formed in an outpatient clinic setting.
Whereas the majority of the literature surrounding

nonthermal ablative techniques centers on endovenous
foam therapy, another nonthermal technique, ClariVein,
was recently FDA approved. The ClariVein system in-
volves both mechanical and chemical endothelial
disruption (Fig 2). Mechanical disruption of the endothe-
lium is achieved with a high-speed (2000-3500 rpm) ro-
tary wire system. Mechanical damage is furthered by
contact with liquid sclerosant, which is injected simulta-
neously with mechanical disruption. One of the benefits
of the ClariVein system is that any liquid sclerosant may
be used. Each of the different sclerosants promotes
vein wall damage, thrombosis, and fibrosis through
uniquemechanisms of action. Early basic science studies
demonstrated complete fibrotic sealing with extensive
collagen production after treatment.58 Although polido-
canol continues to be one of the more common sclero-
sants used, a single multicenter blinded randomized
Fig 2. ClariVein system highlights. The ClariVein system
uses a low-profile device that combines mechanical ac-
tion with physician-infused sclerosant. The mechano-
chemical action of the ClariVein system maximizes
endothelial disruption.



Fig 3. VenaSeal system highlights. The VenaSeal system
uses a proprietary glue delivered through a catheter-
based device.
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study questions the clinical efficacy, as measured by 6-
week duplex ultrasound examination, of 1% polidocanol
compared with 2% and 3% formulations.59

The ClariVein system was shown to have an initial tech-
nical success near 100%, with an 87% 6-week complete
occlusion rate in an initial industry-sponsored trial.60

Subsequent prospective trials confirmed excellent early
technical success with occlusion rates of 94% to 99%.61-64

Additional trials demonstrated significant improvements
in periprocedural pain without compromise of venous
occlusion rates compared with RFA.64-66 A prospective
observational study comparing laser ablation and Clari-
Vein demonstrated less postoperative pain, faster recov-
ery, and decreased time from work with use of the
ClariVein system.67 Althoughmost studies donewithClar-
iVein involve the great saphenous vein, Boersma et al
demonstrated excellent technical success in the treat-
ment of small saphenous vein insufficiency, with 1-year
follow-up duplex ultrasound scans demonstrating a 94%
closure rate.68 Two-year results of the ClariVein system
demonstrate a 96% success rate with retained improve-
ment in patient-reported symptoms and quality of life.69

There were no major complications, such as DVT, saphe-
nous neuralgia, or skin necrosis, associated with the Clari-
Vein system.60,62,67 Because of the mechanical nature of
the device, venous perforation is theoretically possible,
although it hasnotbeen reported inanyof themajor trials.
Rates of minor complications are comparable to those of
other devices and include localized induration or ecchy-
mosis at the puncture site (12%-36%), superficial phlebitis
(3%-16%), localized hematoma (6%-9%), and hyperpig-
mentation (5%-9%).60,62,67

The procedure itself is easily performed in an outpatient
clinic setting with only access site local anesthesia.
Ultrasound-guided percutaneous access to the truncal
vein is achieved, and a 4F sheath is placed. The catheter
is advanced through the sheath with the wire positioned
2 cm distal to the SFJ using ultrasound guidance. The
motor drive unit is connected and activated at the high-
est speed setting (3500 rpm) for 2 or 3 seconds to pro-
mote venospasm. The liquid sclerosant is then infused
through a distal catheter port near the rotary wire as
the catheter is withdrawn at a rate of 1 or 2 mm/s. Post-
procedure compression is necessary, similar to EVLA
and Varithena.
Finally, aside from foam sclerotherapy and mechano-

chemical ablation, the newest option in nonthermal
ablative techniques is the VenaSeal system. VenaSeal is
a non-sclerosant-based technique that uses a proprietary
cyanoacrylate adhesive (Fig 3). It was FDA approved in
February 2015 following multiple studies demonstrating
its safety.70-73 The VenaSeal system is different from pre-
viously described techniques as it does not rely on endo-
thelial damage or scar formation for closure. Venous
closure is achieved by use of a proprietary medical adhe-
sive, essentially gluing the vein shut directly.
VenaSeal Sapheon Closure System Pivotal Study
(VeClose), an industry-sponsored randomized trial, investi-
gated patients with CEAP C2-C4b disease and demon-
strated the VenaSeal system to be noninferior to RFA at
3 months after treatment with closure rates of 99%.72

Two-year follow-up data from an industry-sponsored non-
randomized prospective European trial looking at patients
with CEAP C2-C4 disease demonstrated 92.0% closure
rate at 24 months.70 In addition, all patients demonstrated
significant improvement in their Venous Clinical Severity
Score, with the majority free from pain.70 The VenaSeal sys-
tem is associated with complications similar to those seen
in other nonthermal ablative techniques, including hema-
toma, pain, phlebitis, and venous thrombosis. In the VeClose
trial, 30% of patients experienced an AE, with 95% deemed
mild tomoderate in nature; phlebitis accounted for thema-
jority of such events. Whereas the VeClose trial demon-
strated no statistically significant difference in the AE rate
(32% vs 24%; P ¼ .37) compared with RFA, the rates of phle-
bitis (20% vs 14%; P ¼ .36) and device-related complications
(12% vs 6%; P ¼ .16) were noted to be higher among those
receiving treatment with VenaSeal.72

The procedure itself involves initial access of the truncal
vein with advancement of the catheter to 5 cm distal to
the SFJ using ultrasound guidance. The triggermechanism
delivers an initial 0.1 mL of the VenaSeal adhesive. The cath-
eter is withdrawn 1 cm, followed by delivery of an addi-
tional 0.1 mL. The catheter is withdrawn an additional 3
cm, and the vein is manually compressed for 3 minutes.
For the remaining length of the vein, 0.1 mL of VenaSeal ad-
hesive is dispensed every 3 cm, followed by 30 seconds of
compression after each dispersal. Similar to the other two
available techniques, the VenaSeal system is easily used
in an outpatient clinic setting as only access-site local anes-
thesia is required. Unlike with the other techniques, no
postprocedure compression is required.

CONCLUSIONS
The initial data on nonthermal ablative techniques as

highlighted in the 2006 Cochrane review demonstrated
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the safety of these techniques but questioned their place
as a primary technique for the management of superfi-
cial axial reflux.15 Review of the recent literature on
nonthermal ablative techniques demonstrates improve-
ments in technique, technical success, and durability of
results. The improvements in periprocedural pain and
lack of need for tumescent anesthesia with nonthermal
techniques provide a significant advantage. It is the au-
thors’ opinion that given advances in technology,
nonthermal ablative techniques for the primary man-
agement of superficial venous insufficiency have accept-
able success rates compared with thermal techniques
and may be preferred in certain cases in which thermal
techniques may have drawbacks, such as the below-
knee saphenous vein or tortuous, superficial saphenous
veins. However, long-term outcome data and head-to-
head comparisons of the techniques are sparse in the
literature. Whereas CEAP classifications help provide a
basis for comparison regarding severity of disease, each
trial has additional exclusion and inclusion criteria, which
limits comparison. Finally, there are no good data,
including no randomized trial, to allow comparison
between nonthermal techniques.

AUTHOR CONTRIBUTIONS
Conception and design: NK, KB
Analysis and interpretation: NK
Data collection: Not applicable
Writing the article: NK
Critical revision of the article: NK, KB
Final approval of the article: NK, KB
Statistical analysis: Not applicable
Obtained funding: Not applicable
Overall responsibility: KB

REFERENCES
1. Beebe-Dimmer JL, Pfeifer JR, Engle JS, Schottenfeld D. The

epidemiology of chronic venous insufficiency and varicose
veins. Ann Epidemiol 2005;15:175-84.

2. Callam MJ. Epidemiology of varicose veins. Br J Surg 1994;81:
167-73.

3. Wittens C, Davies AH, Baekgaard N, Broholm R, Cavezzi A,
Chastanet S, et al. Editor’s choicedmanagement of chronic
venous disease: clinical practice guidelines of the European
Society for Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg
2015;49:678-737.

4. Zahariev T, Anastassov V, Girov K, Goranova E, Grozdinski L,
Kniajev V, et al. Prevalence of primary chronic venous dis-
ease: the Bulgarian experience. Int Angiol 2009;28:303-10.

5. McLafferty RB, Passman MA, Caprini JA, Rooke TW,
Markwell SA, Lohr JM, et al. Increasing awareness about
venous disease: the American Venous Forum expands the
National Venous Screening Program. J Vasc Surg 2008;48:
394-9.

6. Barwell JR, Davies CE, Deacon J, Harvey K, Minor J, Sassano A,
et al. Comparison of surgery and compression with
compression alone in chronic venous ulceration (ESCHAR
study): randomised controlled trial. Lancet 2004;363:1854-9.

7. Michaels JA, Campbell WB, Brazier JE, Macintyre JB,
Palfreyman SJ, Ratcliffe J, et al. Randomised clinical trial,
observational study and assessment of cost-effectiveness of
the treatment of varicose veins (REACTIV trial). Health
Technol Assess 2006;10:1-196. iii-iv.

8. Lurie F, Creton D, Eklof B, Kabnick LS, Kistner RL, Pichot O,
et al. Prospective randomized study of endovenous radio-
frequency obliteration (closure procedure) versus ligation
and stripping in a selected patient population (EVOLVeS
Study). J Vasc Surg 2003;38:207-14.

9. van den Bos R, Arends L, Kockaert M, Neumann M, Nijsten T.
Endovenous therapies of lower extremity varicosities: a
meta-analysis. J Vasc Surg 2009;49:230-9.

10. Fan CM, Rox-Anderson R. Endovenous laser ablation:
mechanism of action. Phlebology 2008;23:206-13.

11. Almeida JI, Kaufman J, Gockeritz O, Chopra P, Evans MT,
Hoheim DF, et al. Radiofrequency endovenous ClosureFAST
versus laser ablation for the treatment of great saphenous
reflux: a multicenter, single-blinded, randomized study
(RECOVERY study). J Vasc Interv Radiol 2009;20:752-9.

12. Merchant RF, Pichot O; Closure Study Group. Long-
term outcomes of endovenous radiofrequency obliter-
ation of saphenous reflux as a treatment for superfi-
cial venous insufficiency. J Vasc Surg 2005;42:502-9;
discussion: 509.

13. Marston WA, Brabham VW, Mendes R, Berndt D, Weiner M,
Keagy B. The importance of deep venous reflux velocity as a
determinant of outcome in patients with combined super-
ficial and deep venous reflux treated with endovenous
saphenous ablation. J Vasc Surg 2008;48:400-5; discussion:
405-6.

14. Min RJ, Khilnani N, Zimmet SE. Endovenous laser treatment
of saphenous vein reflux: long-term results. J Vasc Interv
Radiol 2003;14:991-6.

15. Tisi PV, Beverley C, Rees A. Injection sclerotherapy for
varicose veins. Cochrane Database Syst Rev 2006;4:
CD001732.

16. Tessari L, Cavezzi A, Frullini A. Preliminary experience with a
new sclerosing foam in the treatment of varicose veins.
Dermatol Surg 2001;27:58-60.

17. Connor DE, Joseph JE, Exner T, Ma DD, Parsi K. Infusion of
foam sclerosants results in a distance-dependent procoa-
gulant activity, haemoconcentration and elevation of D-
dimer levels. Phlebology 2014;29:677-87.

18. Eckmann DM, Kobayashi S, Li M. Microvascular embolization
following polidocanol microfoam sclerosant administration.
Dermatol Surg 2005;31:636-43.

19. Bush RG, Derrick M, Manjoney D. Major neurological events
following foam sclerotherapy. Phlebology 2008;23:189-92.

20. Forlee MV, Grouden M, Moore DJ, Shanik G. Stroke after
varicose vein foam injection sclerotherapy. J Vasc Surg
2006;43:162-4.

21. Eckmann DM. Polidocanol for endovenous microfoam
sclerosant therapy. Expert Opin Investig Drugs 2009;18:
1919-27.

22. Bergan JJ, Pascarella L. Severe chronic venous insufficiency:
primary treatment with sclerofoam. Semin Vasc Surg
2005;18:49-56.

23. Hamel-Desnos C, Desnos P, Wollmann JC, Ouvry P, Mako S,
Allaert FA. Evaluation of the efficacy of polidocanol in the
form of foam compared with liquid form in sclerotherapy of
the greater saphenous vein: initial results. Dermatol Surg
2003;29:1170-5; discussion: 1175.

24. Hamel-Desnos C, Ouvry P, Benigni JP, Boitelle G,
Schadeck M, Desnos P, et al. Comparison of 1% and 3%
polidocanol foam in ultrasound guided sclerotherapy of the
great saphenous vein: a randomised, double-blind trial with
2 year-follow-up. “The 3/1 Study”. Eur J Vasc Endovasc Surg
2007;34:723-9; discussion: 730.

http://refhub.elsevier.com/S2213-333X(17)30079-3/sref1
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref1
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref1
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref2
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref2
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref3
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref3
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref3
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref3
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref3
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref4
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref4
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref4
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref5
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref5
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref5
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref5
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref5
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref6
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref6
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref6
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref6
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref7
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref7
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref7
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref7
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref7
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref8
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref8
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref8
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref8
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref8
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref9
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref9
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref9
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref10
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref10
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref11
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref11
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref11
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref11
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref11
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref12
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref12
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref12
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref12
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref12
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref13
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref14
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref14
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref14
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref15
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref15
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref15
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref16
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref16
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref16
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref17
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref17
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref17
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref17
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref18
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref18
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref18
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref19
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref19
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref20
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref20
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref20
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref21
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref21
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref21
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref22
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref22
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref22
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref23
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref23
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref23
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref23
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref23
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref24


428 Kugler and Brown Journal of Vascular Surgery: Venous and Lymphatic Disorders
May 2017
25. Yamaki T, Nozaki M, Sakurai H, Takeuchi M, Soejima K,
Kono T. Multiple small-dose injections can reduce the pas-
sage of sclerosant foam into deep veins during foam
sclerotherapy for varicose veins. Eur J Vasc Endovasc Surg
2009;37:343-8.

26. Figueiredo M, Araujo S, Barros N Jr, Miranda F Jr. Results of
surgical treatment compared with ultrasound-guided foam
sclerotherapy in patients with varicose veins: a prospective
randomised study. Eur J Vasc Endovasc Surg 2009;38:758-63.

27. Gillet JL, Guedes JM, Guex JJ, Hamel-Desnos C, Schadeck M,
Lauseker M, et al. Side-effects and complications of foam
sclerotherapy of the great and small saphenous veins: a
controlled multicentre prospective study including 1,025
patients. Phlebology 2009;24:131-8.

28. Gillet JL, Lausecker M, Sica M, Guedes JM, Allaert FA. Is the
treatment of the small saphenous veins with foam sclerother-
apy at risk of deep vein thrombosis? Phlebology 2014;29:600-7.

29. Regan JD, Gibson KD, Rush JE, Shortell CK, Hirsch SA,
Wright DD. Clinical significance of cerebrovascular gas
emboli during polidocanol endovenous ultra-low nitrogen
microfoam ablation and correlation with magnetic reso-
nance imaging in patients with right-to-left shunt. J Vasc
Surg 2011;53:131-7.

30. Zhang J, Jing Z, Schliephake DE, Otto J, Malouf GM, Gu YQ.
Efficacy and safety of Aethoxysklerol (polidocanol) 0.5%, 1%
and 3% in comparison with placebo solution for the treat-
ment of varicose veins of the lower extremities in Chinese
patients (ESA-China Study). Phlebology 2012;27:184-90.

31. Reich-Schupke S, Altmeyer P, Stucker M. Triple-lumen
double-balloon catheter for foam sclerotherapy of the great
saphenous vein: critical review on preliminary results. Phle-
bology 2010;25:241-5.

32. Biemans AA, Kockaert M, Akkersdijk GP, van den Bos RR, de
Maeseneer MG, Cuypers P, et al. Comparing endovenous
laser ablation, foam sclerotherapy, and conventional surgery
for great saphenous varicose veins. J Vasc Surg 2013;58:
727-34.e1.

33. Devereux N, Recke AL, Westermann L, Recke A, Kahle B.
Catheter-directed foam sclerotherapy of great saphenous
veins in combination with pre-treatment reduction of the
diameter employing the principals of perivenous tumescent
local anesthesia. Eur J Vasc Endovasc Surg 2014;47:187-95.

34. Kolbel T, Hinchliffe RJ, Lindblad B. Catheter-directed foam
sclerotherapy of axial saphenous reflux: early results. Phle-
bology 2007;22:219-22.

35. Darvall KA, Bate GR, Bradbury AW. Patient-reported
outcomes 5-8 years after ultrasound-guided foam sclero-
therapy for varicose veins. Br J Surg 2014;101:1098-104.

36. Belcaro G, Nicolaides AN, Ricci A, Dugall M, Errichi BM,
Vasdekis S, et al. Endovascular sclerotherapy, surgery, and
surgery plus sclerotherapy in superficial venous incompe-
tence: a randomized, 10-year follow-up trialdfinal results.
Angiology 2000;51:529-34.

37. Blaise S, Bosson JL, Diamand JM. Ultrasound-guided sclero-
therapy of the great saphenous vein with 1% vs. 3% polidoca-
nol foam: a multicentre double-blind randomised trial with
3-year follow-up. Eur J Vasc Endovasc Surg 2010;39:779-86.

38. Ceulen RP, Bullens-Goessens YI, Pi-Van De Venne SJ,
Nelemans PJ, Veraart JC, Sommer A. Outcomes and side
effects of duplex-guided sclerotherapy in the treatment of
great saphenous veins with 1% versus 3% polidocanol foam:
results of a randomized controlled trial with 1-year follow-up.
Dermatol Surg 2007;33:276-81.

39. Rabe E, Otto J, Schliephake D, Pannier F. Efficacy and safety
of great saphenous vein sclerotherapy using standardised
polidocanol foam (ESAF): a randomised controlled multi-
centre clinical trial. Eur J Vasc Endovasc Surg 2008;35:238-45.
40. Hamel-Desnos C, Allaert FA. Liquid versus foam sclerother-
apy. Phlebology 2009;24:240-6.

41. Ouvry P, Allaert FA, Desnos P, Hamel-Desnos C. Efficacy of
polidocanol foam versus liquid in sclerotherapy of the great
saphenous vein: a multicentre randomised controlled trial
with a 2-year follow-up. Eur J Vasc Endovasc Surg 2008;36:
366-70.

42. Ukritmanoroat T. Comparison of efficacy and safety between
foam sclerotherapy and conventional sclerotherapy: a
controlled clinical trial. J Med Assoc Thai 2011;94(Suppl 2):
S35-40.

43. Todd KL 3rd, Wright DI; VANISH-2 Investigator Group. The
VANISH-2 study: a randomized, blinded, multicenter study
to evaluate the efficacy and safety of polidocanol endove-
nous microfoam 0.5% and 1.0% compared with placebo for
the treatment of saphenofemoral junction incompetence.
Phlebology 2014;29:608-18.

44. King JT, O’Byrne M, Vasquez M, Wright D; VANISH-1 Inves-
tigator Group. Treatment of truncal incompetence and
varicose veins with a single administration of a new poli-
docanol endovenous microfoam preparation improves
symptoms and appearance. Eur J Vasc Endovasc Surg
2015;50:784-93.

45. Lattimer CR, Azzam M, Kalodiki E, Shawish E, Trueman P,
Geroulakos G. Cost and effectiveness of laser with phlebec-
tomies compared with foam sclerotherapy in superficial
venous insufficiency. Early results of a randomised controlled
trial. Eur J Vasc Endovasc Surg 2012;43:594-600.

46. Davies HO, Popplewell M, Darvall K, Bate G, Bradbury AW.
A review of randomised controlled trials comparing
ultrasound-guided foam sclerotherapy with endothermal
ablation for the treatment of great saphenous varicose veins.
Phlebology 2016;31:234-40.

47. van der Velden SK, Biemans AA, De Maeseneer MG,
Kockaert MA, Cuypers PW, Hollestein LM, et al. Five-year re-
sults of a randomized clinical trial of conventional surgery,
endovenous laser ablation and ultrasound-guided foam
sclerotherapy in patients with great saphenous varicose
veins. Br J Surg 2015;102:1184-94.

48. Gonzalez-Zeh R, Armisen R, Barahona S. Endovenous laser
and echo-guided foam ablation in great saphenous vein
reflux: one-year follow-up results. J Vasc Surg 2008;48:
940-6.

49. Brittenden J, Cotton SC, Elders A, Ramsay CR, Norrie J, Burr J,
et al. A randomized trial comparing treatments for varicose
veins. N Engl J Med 2014;371:1218-27.

50. Dermody M, Schul MW, O’Donnell TF. Thromboembolic
complications of endovenous thermal ablation and foam
sclerotherapy in the treatment of great saphenous vein
insufficiency. Phlebology 2015;30:357-64.

51. Darvall KA, Bate GR, Sam RC, Adam DJ, Silverman SH,
Bradbury AW. Patients’ expectations before and satisfaction
after ultrasound guided foam sclerotherapy for varicose
veins. Eur J Vasc Endovasc Surg 2009;38:642-7.

52. Kalodiki E, Lattimer CR, Azzam M, Shawish E,
Bountouroglou D, Geroulakos G. Long-term results of a
randomized controlled trial on ultrasound-guided foam
sclerotherapy combined with saphenofemoral ligation vs
standard surgery for varicose veins. J Vasc Surg 2012;55:
451-7.

53. Rasmussen LH, Lawaetz M, Bjoern L, Vennits B, Blemings A,
Eklof B. Randomized clinical trial comparing endovenous
laser ablation, radiofrequency ablation, foam sclerotherapy
and surgical stripping for great saphenous varicose veins. Br J
Surg 2011;98:1079-87.

54. Williamsson C, Danielsson P, Smith L. Catheter-directed
foam sclerotherapy for insufficiency of the great saphenous

http://refhub.elsevier.com/S2213-333X(17)30079-3/sref25
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref25
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref25
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref25
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref25
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref26
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref26
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref26
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref26
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref27
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref27
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref27
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref27
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref27
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref28
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref28
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref28
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref29
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref30
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref30
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref30
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref30
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref30
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref31
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref31
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref31
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref31
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref32
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref32
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref32
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref32
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref32
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref33
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref33
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref33
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref33
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref33
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref34
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref34
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref34
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref35
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref35
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref35
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref36
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref36
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref36
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref36
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref36
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref37
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref37
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref37
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref37
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref38
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref39
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref39
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref39
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref39
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref40
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref40
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref41
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref41
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref41
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref41
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref41
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref42
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref42
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref42
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref42
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref43
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref44
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref45
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref45
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref45
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref45
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref45
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref46
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref46
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref46
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref46
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref46
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref47
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref48
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref48
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref48
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref48
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref49
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref49
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref49
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref50
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref50
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref50
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref50
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref51
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref51
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref51
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref51
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref52
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref53
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref53
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref53
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref53
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref53
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref54
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref54


Journal of Vascular Surgery: Venous and Lymphatic Disorders Kugler and Brown 429

Volume 5, Number 3
vein: occlusion rates and patient satisfaction after one year.
Phlebology 2013;28:80-5.

55. Darvall KA, Bate GR, Adam DJ, Bradbury AW. Recovery after
ultrasound-guided foam sclerotherapy compared with
conventional surgery for varicose veins. Br J Surg 2009;96:
1262-7.

56. Hamel-Desnos CM, Desnos PR, Ferre B, Le Querrec A. In vivo
biological effects of foam sclerotherapy. Eur J Vasc Endovasc
Surg 2011;42:238-45.

57. Hamel-Desnos CM, Guias BJ, Desnos PR, Mesgard A. Foam
sclerotherapy of the saphenous veins: randomised
controlled trial with or without compression. Eur J Vasc
Endovasc Surg 2010;39:500-7.

58. Tal MG, Dos Santos SJ, Marano JP, Whiteley MS. Histologic
findings after mechanochemical ablation in a caprinemodel
with use of ClariVein. J Vasc Surg 2015;3:81-5.

59. Lam YL, Toonder IM, Wittens CH. Clarivein mechano-
chemical ablation an interim analysis of a randomized
controlled trial dose-finding study. Phlebology 2016;31:170-6.

60. van Eekeren RR, Boersma D, Elias S, Holewijn S, Werson DA,
de Vries JP, et al. Endovenous mechanochemical ablation of
great saphenous vein incompetence using the ClariVein
device: a safety study. J Endovasc Ther 2011;18:328-34.

61. Elias S, Raines JK. Mechanochemical tumescentless
endovenous ablation: final results of the initial clinical trial.
Phlebology 2012;27:67-72.

62. van Eekeren RR, Boersma D, Holewijn S, Werson DA, de
Vries JP, Reijnen MM. Mechanochemical endovenous abla-
tion for the treatment of great saphenous vein insufficiency.
J Vasc Surg Venous Lymphat Disord 2014;2:282-8.

63. Sullivan LP, Quach G, Chapman T. Retrograde mechanico-
chemical endovenous ablation of infrageniculate great
saphenous vein for persistent venous stasis ulcers. Phle-
bology 2014;29:654-7.

64. Bishawi M, Bernstein R, Boter M, Draughn D, Gould CF,
Hamilton C, et al. Mechanochemical ablation in patients
with chronic venous disease: a prospective multicenter
report. Phlebology 2014;29:397-400.

65. Bootun R, Lane T, Dharmarajah B, Lim C, Najem M, Renton S,
et al. Intra-procedural pain score in a randomised controlled
trial comparing mechanochemical ablation to radio-
frequency ablation: the Multicentre Venefit versus ClariVein
for varicose veins trial. Phlebology 2016;31:61-5.

66. van Eekeren RR, Boersma D, Holewijn S, Vahl A, de Vries JP,
Zeebregts CJ, et al. Mechanochemical endovenous Ablation
versus RADiOfrequeNcy Ablation in the treatment of primary
great saphenous vein incompetence (MARADONA): study
protocol for a randomized controlled trial. Trials 2014;15:121.

67. van Eekeren RR, Boersma D, Konijn V, de Vries JP,
Reijnen MM. Postoperative pain and early quality of life after
radiofrequency ablation and mechanochemical endove-
nous ablation of incompetent great saphenous veins. J Vasc
Surg 2013;57:445-50.

68. Boersma D, van Eekeren RR, Werson DA, van der Waal RI,
Reijnen MM, de Vries JP. Mechanochemical endovenous
ablation of small saphenous vein insufficiency using the
ClariVein device: one-year results of a prospective series. Eur J
Vasc Endovasc Surg 2013;45:299-303.

69. Witte ME, Reijnen MM, de Vries JP, Zeebregts CJ. Mechano-
chemical endovenous occlusion of varicose veins using the
ClariVein device. Surg Technol Int 2015;26:219-25.

70. Almeida JI, Javier JJ, Mackay EG, Bautista C, Cher DJ,
Proebstle TM. Two-year follow-up of first human use of
cyanoacrylate adhesive for treatment of saphenous vein
incompetence. Phlebology 2015;30:397-404.

71. Proebstle TM, Alm J, Dimitri S, Rasmussen L, Whiteley M,
Lawson J, et al. The European multicenter cohort study on
cyanoacrylate embolization of refluxing great saphenous
veins. J Vasc Surg Venous Lymphat Disord 2015;3:2-7.

72. Morrison N, Gibson K, McEnroe S, Goldman M, King T,
Weiss R, et al. Randomized trial comparing cyanoacrylate
embolization and radiofrequency ablation for incompetent
great saphenous veins (VeClose). J Vasc Surg 2015;61:985-94.

73. Calik ES, Arslan U, Ayaz F, Tort M, Yildiz Z, Aksu V, et al.
N-butyl cyanoacrylate in the treatment of venous
insufficiencydthe effect of embolisation with ablative poly-
merisation. Vasa 2016;45:241-6.
Submitted Oct 18, 2016; accepted Jan 28, 2017.

http://refhub.elsevier.com/S2213-333X(17)30079-3/sref54
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref54
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref55
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref55
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref55
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref55
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref56
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref56
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref56
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref57
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref57
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref57
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref57
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref58
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref58
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref58
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref59
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref59
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref59
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref60
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref60
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref60
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref60
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref61
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref61
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref61
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref62
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref62
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref62
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref62
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref63
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref63
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref63
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref63
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref64
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref64
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref64
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref64
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref65
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref65
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref65
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref65
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref65
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref66
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref66
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref66
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref66
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref66
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref67
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref67
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref67
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref67
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref67
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref68
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref68
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref68
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref68
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref68
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref69
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref69
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref69
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref70
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref70
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref70
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref70
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref71
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref71
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref71
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref71
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref72
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref72
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref72
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref72
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref73
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref73
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref73
http://refhub.elsevier.com/S2213-333X(17)30079-3/sref73

	An update on the currently available nonthermal ablative options in the management of superficial venous disease
	Methods
	Results
	Discussion
	Conclusions
	Author contributions
	References


