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It is estimated that 25 million people suffer from

symptoms associated with superficial venous insufficien-

cy and varicose veins. For many years, the progressive

severity of these disorders was largely underappreciated,

with many patients enduring untreated symptoms, lead-

ing to decreased quality of life. Recent technology

advancements in minimally invasive techniques have led

to a renaissance in venous disease management, and an

increasing number of these patients are now seeking

treatment for their venous disorders. 

During the late 1990s, endovenous radiofrequency

ablation (RFA) emerged as the first widely adopted mini-

mally invasive therapy for managing superficial truncal

venous reflux. RFA was recognized not only for its effica-

cy, but also for the notably favorable patient recovery

associated with the procedure, including reduced post-

operative pain and faster return to normal activities. 

In efforts to better meet the growing clinical need for

safe and effective therapy as well as a faster and easier

procedure, pioneering physicians have worked with

VNUS Medical Technologies (San Jose, CA) to optimize

the devices available to today’s vascular interventionists.

The most recent technological advance in the field of

endovenous ablation is the VNUS® ClosureFASTTM

Radiofrequency Catheter, which was developed to

improve the procedure speed and ease-of-use while

maintaining the treatment outcomes and preferable

patient recovery profile associated with previous RFA

devices. 

In this supplement to Endovascular Today, renowned

experts in the field of chronic venous disease manage-

ment have contributed in-depth articles on the overview

of chronic venous disease, including its causes and the

history of its treatment; detailed descriptions of today’s

minimally invasive technologies, with comparative analy-

ses of current platforms; overviews of techniques for vari-

ous types and anatomical locations of venous disease;

and the essential elements for creating a successful vein

care practice. We are very grateful to these authors for

their contributions, and we hope you find this supple-

ment to be comprehensive, informative, and beneficial to

the care you provide to your venous disease patients. 
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T
he management of chronic venous disease
(CVD) has undergone enormous advances in the
past few years. Beginning as a subjective, highly
inexact process from antiquity until the 1970s, it

has progressed to an objective, image-based diagnostic
method complemented by evolving techniques to treat
sites of reflux and obstruction. At present, the diagnostic
procedures in CVD are in the process of standardization
to achieve uniformity of results, and treatment proce-
dures are being simplified by minimally invasive tech-
niques to make the treatment better fit the disease.

CVD affects a very large percentage of the population.
It is estimated that 20% of the adult population and 50%
of women older than 50 years are affected; at least 6 mil-
lion Americans have skin changes due to venous insuffi-
ciency.1,2 CVD is more frequent with advancing age and
is more prevalent in women than in men younger than
50 years. Although CVD is often mild in presentation, it
is a chronically progressive problem; in its more severe
forms, it is equally frequent in men as in women. Its
symptoms affect quality of life to a significant, if not a
critical, degree and are generally underestimated. The
estimated cost of care for venous ulcers is more than $1
billion per year in the US.

A new awakening to the importance of CVD is occur-
ring. For too long, it has been deemed a minor problem
largely ignored by the medical profession. Because of this
attitude, it has not been well-studied and has remained
poorly understood. CVD is hardly mentioned in the med-
ical school curriculum and is essentially ignored in medical
and surgical training programs. As a result, the average
physician has little knowledge of the disease progression,
and the public is poorly served. This began to improve in
the 1980s, when ultrasound diagnosis became available
and accurate diagnoses of clinical disease became practical.

THE OVERALL DISEASE
To a large extent, CVD has been treated with elastic

support stockings or neglect. The individual with vari-

cose veins who is symptomatic with mild-to-moderate
aching, heaviness, leg fatigue, itching of the leg over
varicose veins, with or without swelling in the ankle or
lower leg, is most often managed by a general physician
with advice to ignore the symptoms because varicose
veins are not a serious problem, or perhaps a suggestion
to try (nonprescription) support stockings and a
reminder to elevate the legs. In its more advanced form
of venous skin changes, including thickened, chronically
inflamed tissues of the lower leg or even ulceration, the
prescription too often is for a local ointment and a
bandage of sorts, often without compression wrapping.
Antibiotics are frequently prescribed in an inappropri-
ate manner. Diuretics are probably used for swelling
more often than effective support stockings.

This is all changing now. With the advent of accurate
diagnosis by ultrasound scan and the recent availability
of minimally invasive ablation of the saphenous veins
and perforator veins, it has become practical and safe
to diagnose the exact problem in the veins and offer
definitive treatment for 80% to 90% of the problems by
outpatient office-based procedures. The new standard
of care for individuals with varicose veins, and those
with thick leathery skin or ulceration of advanced
venous disease, is to insist on an accurate, objective test
to define the veins in the extremity and identify sites of
abnormal venous segments. The abnormalities encoun-
tered are reflux and obstruction, which may occur at
any site in a given extremity. 

There are two main causes of CVD. The more fre-
quent problem is primary (degenerative) disease of the
vein wall with incompetence of the valves producing
pure reflux, typified by varicose veins. Primary disease
affects more than 80% of patients with CVD,3 and its
manifestations usually begin in the superficial tissues
with spider veins, reticular veins, and varicose veins.
Over time, the reflux becomes progressive and affects
the entire length of the saphenous system, the perfora-
tor veins, and ultimately the deep veins. When the local

Overview of Chronic Venous
Disease Management
A discussion of the history and improvements in diagnosing and treating venous 

insufficiency problems.

BY ROBERT L. KISTNER, MD
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reflux develops into axial reflux (from groin to calf), a
continuous incompetent column exists from the heart
to the ankle in the erect individual, and venous hyper-
tension ensues. In its advanced stage, this hypertension
results in thickening and ulceration in the skin of the
lower leg that becomes disabling. This slow, decades-
long process gives rise to true changes in the quality of
life for a significant segment (5%) of the population.

The other large group of CVD cases is secondary
postthrombotic disease, which has a very different life
cycle. The cause is deep venous thrombosis that first
appears in the deep veins rather than the superficial
veins. It begins as a completely obstructive process and
usually develops into a state of mixed reflux and
obstruction over 6 to 24 months.4 This sets the stage for
progressive deterioration that affects the skin of the
lower leg in its mature state. The progression of post-
thrombotic disease to severe venous insufficiency is
quicker than that of primary disease. Deep venous
thrombosis has a marked tendency to recur and recur-
rence results in progression of the CVD state. When
postthrombotic disease occurs in a patient with pre-
existing primary reflux in the saphenous vein, the result
is a markedly disadvantaged venous system with axial
reflux of the superficial veins and axial
obstruction/reflux in the deep veins, with the potential
for rapid progression of the CVD state. 

DIAGNOSIS
Duplex scanning has made the diagnosis of CVD an

objective, image-based process. Ultrasound is almost the
ideal test because it is painless, safe, affordable, repeat-
able, and widely practiced. However, the details of per-
forming the test to detect reflux are more complicated
than duplex scanning to detect venous thrombosis
because reflux detection requires an analysis of valve
function and segmental competence throughout the
extremity from the groin to the calf, including perforator
veins. The details of a complete CVD duplex scan of the
lower extremity include the diagnosis of etiology,
anatomic distribution of abnormalities in the superficial,
perforator, and deep veins, and the segmental distribu-
tion of reflux and obstruction throughout the lower
extremity. These elements are needed to complete the
CEAP classification. The recently approved and revised
CEAP classification5 is another innovation in the last
decade that sets the basis for improved analysis and
understanding of CVD entities. It permits accurate com-
munication between institutions about the disease
details and provides a universal method of reporting
chronic venous disease. 

Other tests include noninvasive plethysmography,

which provides quantitative information about degrees
of obstruction and reflux. This information is most use-
ful in advanced cases of CVD; in the future, it is possible
that quantitative analysis of reflux will prove to have
prognostic value in determining treatment alternatives.

Invasive tests of the veins include venous pressure,
venography, and developing use of magnetic resonance
venography and CT imaging. These tests are necessary in
detailed analysis of advanced CVD states prior to deep
vein surgery or interventions but are seldom needed in
the 90% of venous insufficiency cases affecting the
superficial and perforator veins with reflux disease.

TREATMENT
The long-established and still-cogent basis of treat-

ment is external support using elastic stockings or
inelastic compression in clinical management of all
stages of CVD.6 Although there are many concepts
about the mechanism through which compression
results in clinical improvement, none are scientifically
established. The fact is it reduces swelling, which is a
basic necessity to control symptoms and promote
wound healing in the distal tissues. 

Definitive endovascular or surgical treatment for
superficial, perforator, and deep reflux is available for all
presentations of primary disease. Their use is based
upon accurate duplex scan information of competence
and obstruction throughout the segments of the venous
tree. In the past decade, the development of minimally
invasive correction of primary venous reflux in the
saphenous and perforator veins by endovascular tech-
niques has provided a patient-friendly means to treat
the mass of primary reflux as an office-based procedure.
The simplicity of the radiofrequency7,8 and laser9 tech-
niques, and the developing interest in extending the safe
use of injection sclerotherapy,10 is clearly important to
improve quality of life for those with axial reflux and
those with focal symptoms due to perforator incompe-
tence. This has awakened huge interest in corrective
management of these problems and replaces the need
for unending use of external support for patients who
can be converted to a normal or clinically compensated
venous status. 

The role of perforator reflux in venous return remains
a poorly understood subject, but its elimination has
proven beneficial effects in alleviating severe problems of
leg pain, skin thickening, and ulceration.11,12 Until a few
years ago, the diagnosis and treatment of perforator dis-
ease entailed invasive venography and open surgery. The
definitive use of ultrasound to identify large perforator
veins, the development of minimally invasive treatment
first by sclerotherapy and later by SEPS (a less-invasive
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surgical approach to interrupt the perforator veins
below their fascial level), and the present employment of
ultrasound-guided sclerotherapy and thermal elimina-
tion of incompetent perforator veins have converted
control of perforator reflux to a simple outpatient pro-
cedure.

The combined eradication of superficial and perfora-
tor reflux now available in an ambulatory setting, with
nearly zero downtime for the patient, is a tremendous
advance in managing the mass of patients whose lives
are affected by CVD. Further advances are in process,
including better definition of diagnostic accuracy and
simpler techniques of definitive treatment. The world-
wide acceptance of the CEAP classification provides a
means for interinstitutional communication and for
development of scientific analysis of disease patterns
and responses to treatment.

Although attention to the superficial and perforator
veins provides for the majority of patients with primary
disease, there remains the 10% to 15%3 of patients
whose reflux or obstruction is located in the deep veins.
Within this subset of patients are those who populate
the wound care clinics, require a large amount of med-
ical care, and generate much of the cost for society
(approximately $10,000/y per ulcer).2 They are prone to
recurrent and progressive ulceration in which the end
result becomes disabling pain or swelling, and skin dete-
rioration to the point of severe disability. Definitive
treatment is available in a significant segment (>50% by
personal experience) of these patients through advanced
diagnostic workup and specific deep venous repair.
These repairs are able to convert the venous disabled to
near or full function for 4 years and beyond in a pre-
dictable percentage of cases. 

Both open and endovascular surgical techniques are
successfully practiced in venous treatment centers.
Ascending and descending venography, complemented
by selective use of venous pressure and plethysmogra-
phy are needed for definitive diagnosis sufficient to
guide surgery for these cases. Successful treatment by
primary venous valve repair has been reported in several
corroborative series13-15 for selected cases in both pri-
mary and postthrombotic disease. Deep surgical repair
for selective cases of advanced postthrombotic states
utilizing techniques of valve substitution, venous bypass,
and endophlebectomy13-16 are available. A recent report
described the creation of a successful autogenous neo-
valve in postthrombotic disease.17 Iliac vein stenting for
occlusive primary and secondary problems is reported
to be highly successful at 4-year follow-up.18 The devel-
opment of a successful valve implant continues to
attract professional and industrial attention. 

These procedures, pioneered in specific centers with
an interest in finding effective ways to deal with compli-
cated venous disease, are not widely available. They
demand and deserve close scrutiny while we await the
emergence of a safe, long-functioning venous valve
replacement and the ability to remove obstructive mate-
rial from long segments of badly diseased postthrom-
botic veins by simpler, less-invasive techniques. 

SUMMARY
Tremendous advances of the past three decades have

resulted in simple definitive diagnosis and treatment
alternatives for the large mass of venous insufficiency
problems. This gives hope for better control of the natu-
ral history of progression of CVD in primary disease and
limitation of postthrombotic disease by earlier detection
and better prevention in the immediate future. ■

Robert L. Kistner, MD, is Clinical Professor of Surgery,
University of Hawaii, Kistner Vein Clinic, Honolulu,
Hawaii. He has disclosed that he is a paid consultant to
and owner or shareholder in VNUS. Dr. Kistner may be
reached at (808) 532-8346; rlk@kistnerveinclinic.com. 
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A
lthough vein stripping, with some technical
modifications, has been the standard of care
for patients with superficial venous reflux
and varicose veins for nearly a century, it is

associated with significant postoperative morbidities.
In addition, the 60% long-term recurrence rate has
been disappointing.1 As a result, many patients are
managed conservatively and have suffered from com-
promised quality of life. In recent years, the introduc-
tion of new endovenous ablation technologies, namely
the VNUS Closure® endovenous radiofrequency abla-
tion (RFA) procedure (VNUS Medical Technologies,
San Jose, CA) and endovenous laser treatments have
stimulated much interest in venous disease manage-
ment and has rejuvenated the field. Due to the mini-
mally invasive nature of endovenous techniques, they
have been widely adopted by practitioners and accept-
ed by patients. 

The advantages of RFA over traditional vein stripping
surgery are demonstrated in four randomized compara-
tive trials.2-6 The most significant differences seen
between RFA and vein stripping surgery are patient
recovery, postoperative morbidities, and patient quality
of life. The mean time to return to normal activity was
1.15 days versus 3.89 days (P=.02), and the percentage
of patients returning to routine activities within 1 day
was 80.5% versus 46.9% (P<.01) for the RFA and vein
stripping surgery groups, respectively.2 Use of RFA
resulted in significantly less postoperative pain, either
measured with visual analog scale or quality-of-life
instruments, reduced need for analgesics, and fewer
complications and adverse events in these studies.2-6

Patients treated with RFA experienced superior quality
of life in both the short term and out to 2 years after
treatment compared to those treated with vein strip-
ping surgery.2-5 When comparing the two procedures
on 16 patients with bilateral recurrent disease, RFA was
faster, resulted in less postoperative pain and bruising,
and had higher patient preference than vein stripping
surgery.

The only randomized trial comparing endovenous
laser (EVL) to vein stripping showed that patients expe-
rienced the same level of postoperative pain between
the two groups, but EVL patients had less bruising and
swelling than did patients who underwent vein strip-
ping surgery.7

General procedure techniques are very similar
between RFA and EVL. Both procedures involve ultra-
sound imaging guidance, vein access and catheter navi-
gation, tumescent fluid infiltration, and continuous
pullback of the catheter or laser fiber to deliver energy
along the vein. However, the mechanism of action is dif-
ferent between the two technologies. RFA has a tem-
perature-controlled feedback loop that monitors the
vein wall contact with the catheter and controls energy

Clinical Use of the New
VNUS ClosureFAST TM

Radiofrequency Catheter
Segmental ablation technique facilitates quick and simple procedures.

BY ALAN B. LUMSDEN, MD, AND ERIC K. PEDEN, MD  

Figure 1. The ClosureFAST catheter and the RFGPlus™ generator.

http://www.vnus.com/varicoseveins/varicoseveins.htm
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delivery. The contact between the catheter electrodes
and the vein wall is emphasized. The RF energy is deliv-
ered into the vein wall, causing immediate vein shrink-
age and occlusion through collagen contraction and
endothelium denudation, followed by inflammatory
response and eventually fibrosis of the treated vein.8 In
the case of EVL, because hemoglobin acts as a chro-
mophore, local presence of blood is required to con-
duct laser energy. The energy delivered into the blood
creates steam bubbles that injure the endothelium,
causing thrombotic occlusion of the vein.9 It is generally
believed that the two procedures result in similar treat-
ment efficacy, but patients experience more pain and
bruising after EVL due to vein wall perforation by the
laser, resulting in thrombophlebitis. Two main disadvan-
tages of RFA have been its slow pullback speed relative
to EVL, and the annoyance associated with coagulum
buildup on the electrodes, which occurs occasionally.
This necessitates catheter removal, cleaning, and rein-
sertion.

THE CLOSUREFAST CATHETER
The ClosureFAST catheter is

the next generation of Closure
catheter that was developed to
improve the procedure speed
and the ease-of-use compared to
the current Closure catheter.
Shown in Figure 1, the catheter
consists of a flexible catheter
shaft and a 7-cm-long distal
heating element. The heating ele-
ment has a fixed diameter and is
covered with a lubricious jacket
to prevent sticking after heating.
Good contact between the
catheter and the vein wall is
established by tumescent infiltra-

tion, Trendelenburg’s position, and
external compression, and is mon-
itored by the thermocouple on
the catheter and the computer
software in the RF generator. The
temperature of the heating ele-
ment is monitored and controlled
by a temperature sensor that reg-
ulates the amount of energy deliv-
ered during the treatment. Unlike
current Closure and EVL devices,
which involve continuous pull-
back of the catheter or laser fiber
during energy delivery, the

ClosureFAST catheter uses a “segmental heating”
approach. Once the catheter is positioned and the vein
is appropriately compressed, the heating element is acti-
vated with RF energy for the duration of the 20-second
heating cycle. When the cycle is complete, energy deliv-
ery is automatically terminated by the generator, and
the catheter is repositioned to the next treatment zone,
as indicated by the shaft markers on the catheter. The
catheter shaft is marked at increments of 6.5 cm, allow-
ing for a 0.5-cm overlap between each treated segment
to ensure complete treatment along the length. The
ClosureFAST catheter is 7 F and is .025-inch–guidewire
compatible.

A series of experiments was conducted to optimize
the treatment parameters using caprine jugular and
saphenous veins, which represent vessel diameters rang-
ing from 2 mm to 15 mm. More than 100 vessels were
treated at various combinations of temperature (95ºC
to 120ºC) and time (10, 15, 20, or 30 seconds). Treat-
ments at set temperature of 120ºC and treatment time
of 20 seconds showed excellent acute vein shrinkage

Figure 3. Venography of the caprine jugular vein before and after ClosureFAST abla-

tion. Before treatment, the vein diameter is 14.2 mm to 14.5 mm (A). Immediately after

treatment, there is complete elimination of blood flow (B).

A B

Figure 2. Significant shrinkage of the caprine jugular vein demonstrated by surgical

exploration after ClosureFAST RFA.
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(Figures 2 and 3) and complete elimination of blood
flow in the caprine jugular vein, which represents a
worse hemodynamic challenge than in saphenous veins
due to the high-flow environment. The depth of ther-
mal penetration evaluated by quantitative histological
analysis was comparable to that of the current Closure
procedure. At 5 days after the ablation, treated veins
exhibited vein wall thickening and swelling, collagen
denaturation, vessel lumen reduction, endothelial
denudation, and vein wall inflammation. Fibrosis of
treated veins was observed at 3 months after ablation
(Figure 4).

CLINICAL EXPERIENCE
The initial clinical experience with the ClosureFAST

catheter comes from Europe. To date, more than 200
limbs have been treated, with the longest follow-up
being 6 months (T. M. Proebstle, personal communica-
tion, November 2006). All treated veins remained closed
at the latest follow-up confirmed by ultrasound exami-
nations. There has been no deep venous thrombosis, no

skin burns, or other serious adverse events. The average
energy delivery time was 2.2 minutes, with an average
treatment length of 37 cm, and the average time from
catheter insertion to catheter removal was 16.6 minutes.

Our center was the first to use this new catheter in
the US. The overall procedure steps are similar to cur-
rent endovenous ablation procedures. There are a few
important technical aspects with this procedure that
are worth noting. Catheter identification by ultrasound
has some subtle differences. Because there are no mov-
able electrodes, the typical starburst appearance of
ClosurePlus is absent. Sufficient perivenous tumescent
infiltration and external compression along the entire
length of the 7-cm heating element are essential to
ensure good vein wall contact with the heating element
and even heating along the length of the vein segment.
Sufficient tumescence also provides perivenous tissue
protection during heating. Extrinsic compression using
the ultrasound transducer in the long axis, plus one or
more fingers to provide compression along the entire
length of the heating element, is recommended. The
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new catheter does not require a saline drip, which is dif-
ferent from previous RFA, and it appears to completely
eliminate the high impedance issues caused by coagu-
lum buildup with the previous catheter. During energy
delivery, the ClosureFAST catheter remains stationary,
and a 7-cm vein segment is heated at once. After com-
pletion of the 20-second heating cycle, the catheter is
positioned to the next segment guided by the shaft
markers, and treatment starts again. Accurate pullback is
facilitated by positioning the sheath to align with one of
the 6.5-cm markers on the catheter shaft. Two heating
cycles are applied to the first segment near the saphe-
nofemoral junction to ensure sufficient treatment of this
important segment. The segmental ablation technique
not only dramatically speeds up the procedure but,
more importantly, it eliminates the impact of pullback
speed variation and its resultant energy dose variation
on procedure efficacy, which has been shown to be a
risk factor for procedure failure in both RFA and EVL.9-11

The procedure was well-tolerated by the patients. In
our experience, under local anesthesia without seda-
tion, there was no noticeable difference in patient reac-
tion to this procedure compared to the current Closure
procedure. Postprocedural patient recovery was remark-
ably benign. Seventy-nine percent of limbs experienced
no pain and 87% experienced no tenderness after treat-
ment (T. M. Proebstle, personal communication,
November 2006). Our experience concurs with that
reported in the European study. This is an important
distinction between RFA and EVL. After EVL, 67% to
100% of patients reported to have some degree of pain,
and more than 50% of patients required analgesics for
pain management.9,12 A 10% to 33% thrombophlebitis

rate, and a pain score of 2.2-2.6 on a 1 to 5 scale after
EVL were reported by Kabnick using 980-nm and 810-
nm lasers.13 The pain, bruising, and thrombophlebitis
are thought to be the result of vein wall perforation and
the thrombotic mechanism associated with EVL.

CONCLUSION
The new ClosureFAST catheter exhibited the advantages

of mild patient recovery with use of current RFA tech-
nique, coupled with the fast procedure speed of EVL. The
novel concept of segmental ablation eliminates the pull-
back speed variability with the current RFA and EVL tech-
niques, and further simplifies the procedure. With limited
experience at our center, the ClosureFAST catheter has
demonstrated excellent treatment outcomes. ■
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Figure 4. Histologic representation of a treated vein 3

months after ablation.
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I
n general, endovenous ablation of varicose veins can
be performed chemically by injection of sclerosants,
or thermally by the use of catheter-based systems.
Sclerosants can be used as liquids or foam, and they

can be administered by simple needle injection or by
the use of more or less sophisticated ultrasound-con-
trolled catheter techniques. Thermal ablation systems
are more effective than sclerosants in achieving immedi-
ate and more durable vein occlusions when treating
saphenous veins. They produce heat in the vein wall by
resistive heating of water molecules by bipolar radiofre-
quency (RF) current (460 kHz), or by delivery of infrared
laser energy through flexible lightguides to the vein
lumen. The most recent technology entering clinical
routine treatment delivers energy to the vein wall by RF
heating of a 7-cm-long catheter tip segment to 120ºC.
All endovenous techniques for vein ablation rely on
continuous ultrasound B-scan monitoring and can be
performed under tumescent local anesthesia. 

S C L E R O S A N T S
Endovascular abolition of varicose veins can be

achieved by injection of chemically active substances,
such as polidocanol or sodium tetradecyl sulfate, which
are used as liquid or foam. They act as detergents to
remove the endothelial layer and provide substantial
damage to the media layer of the vein wall. Consequently,
a clot has to occlude the vein before a subsequent
inflammatory tissue response finally leads to a fibrotic
cord several weeks or months later. Foam sclerotherapy
is more effective in achieving such results than liquid
sclerotherapy.1,2 However, safety issues of sclerotherapy
need some special consideration. In addition to com-
mon side effects such as thrombophlebitis and hyper-
pigmentation of the skin,3 which happen less frequently
with thermal techniques, sclerotherapy-specific side
effects, such as visual disturbance and central nervous
symptoms of short duration, occur infrequently. Even a
stroke has been reported after the use of sclerosant
foam.4 In patients with an open foramen ovale, these

latter events may be linked to passing of bubbles
through the carotids only a few seconds after injection
of the sclerosant foam in the leg. Therefore, a limitation
of the injection volume for foam seems to be reason-
able; however, different groups around the world still
suggest different maximum volumes. 

With respect to efficacy, results are varying. Certainly,
foam sclerotherapy allows the treatment of primary
and particularly recurrent varicose veins in patients
with advanced venous disease.5,6 However, in a recent
publication, a single sclerotherapy session with 3%
sodium tetradecyl sulphate Tessari foam produced ade-
quate treatment results in only 58% of treated legs; a
total of 87% of legs could be treated adequately with at
least one more additional sclerotherapy session.7

Another study reported great saphenous vein occlu-
sion in 56 of 70 cases (80%) after 3% sodium tetradecyl
sulphate foam treatment8 when the great saphenous
vein was cannulated. However, when using foam scle-
rotherapy instead of vein stripping to abolish great
saphenous vein reflux as an adjunctive measure to high
ligation, the clinical results were similar although foam
treatment was cheaper, and foam patients returned to
normal activities after 2 days instead of 8 days after
stripping.9 Even if sclerotherapy alone is not as effective
for ablation of saphenous veins as are thermal ablation
techniques, it seems to be the endovenous ablation
technique of choice for treating recurrent varicose
veins after surgery, or in saphenous veins with incom-
plete recanalization after preceding phlebitis. 

Comparison of Endovenous
Ablation Techniques
New technologies and techniques allow more choice in endovenous ablation.

BY THOMAS M. PROEBSTLE, MD

“Thermal ablation systems are 

more effective than sclerosants 

in achieving immediate and more

durable vein occlusions when 

treating saphenous veins.”
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T H E R M A L  A B L AT I O N  T E C H N I Q U E S
Thermal techniques rely on the delivery of heat to the

vein wall by use of high-frequency electrical current or
laser energy through special RF catheters or laser light-
guides. These catheters are usually placed by means of
Seldinger’s technique under ultrasound control. Most fre-
quently, the delivery of energy is performed solely under
tumescent local anesthesia.

RF Closure
RF closure was the first technique to reach the level of

widespread clinical use for treating the great saphenous
vein.10 A bipolar endovenous catheter system with a feed-
back mechanism uses a 460-kHz current to heat the vein
wall to a target temperature with power typically in the
range of 2 to 4 W. Polar molecules, such as water, transfer
electrical energy to heat energy by current-induced
molecular movement resulting in temperatures between
85ºC and 90ºC at the vein wall. To avoid drainage of heat
energy by intravascular blood flow, the vein must be
emptied as much as possible by means of placing the
patient in Trendelenburg position and the use of external
compression. These maneuvers result in full contact
between the vein wall and the catheter tip electrodes.
Together with a slow initial catheter pullback rate in the
range of 1 cm/min, followed by 2 to 4 cm/min thereafter,
the vein wall collagen undergoes a relevant shrinkage
process that is more pronounced than observed with
laser and is almost absent with sclerotherapy. 

RF closure in the meantime has a solid literature basis,
including randomized trials in comparison to ligation/strip-
ping,11 and long-term studies with up to 5-year follow-up
are available.12 Long-term rates of great saphenous vein
occlusion at 5 years after treatment proved to be in the
range of 85% to 90% and, unlike after surgical treatment
of the saphenofemoral junction, no neovascularization
could be observed. Most strikingly, return to normal phys-
ical activity and return to work were significantly short-
ened when using RF closure if compared to high
ligation/stripping.11

Laser Treatment
Endovenous laser treatment of the great saphenous

vein developed during the last years of the 20th century.
However, it took until 2001 to bring it to the attention
of the scientific community;13 the first systematic review
on endovenous laser ablation did not appear until
2005.14 The most frequently used lasers are diode lasers,
with wavelengths between 810 nm and 980 nm.13,15,16

However, 1,064-nm Nd:YAG solid state lasers17 can be
used for endovenous laser treatment. The laser wave-
lengths are predominantly absorbed by hemoglobin,18

which is needed intravenously to a small extent to guar-
antee successful laser treatment. However, vein wall
shrinkage after laser treatment is less pronounced if
compared to RF ablation19 and vein wall perforations
are unavoidable to a certain extent. These vein wall per-
forations are obviously linked to the escape of heat
energy to the perivenous compartment and most likely
account for a more pronounced side effect spectrum if
compared to RF. Only recently, a 1,320-nm laser using
water absorption for endovenous energy transfer was
introduced, partially overcoming these problems.20 In
contrast to diode lasers, with 1,320-nm laser energy, the
vein wall is gently cooked and shrunken. Perforations of
the vein wall are much less frequent with the recom-
mended setting of laser power. When comparing the side
effect profile of diode lasers to 1,320-nm lasers, the side
effects of a 1,320-nm laser occur less frequently and are
observed for shorter durations. For side effects, the 1,320-
nm laser behaves more like RF ablation than like a typical
diode laser. However, RF ablation, in our experience, pro-
vides the lowest rate of side effects and the best level of
patient outcomes and satisfaction.

Energy Dosing
Regardless of which technique is used for endovenous

thermal ablation, substantial heat transfer to the vein
wall is necessary for immediate and durable occlusion
of the treated vein. Too high of a retraction speed of the
catheter during RF ablation is known to be associated
with a higher rate of treatment failures or recanaliza-
tions of the treated vein. The same is true for pulling
back the laser fiber too quickly during treatment, which
results in insufficient dosing of heat energy. It already
has been linked to nonocclusion and to a substantial
rate of early recanalizations of the treated vein.21 Other
publications indicated that the administration of a lin-
ear endovenous energy density of 80 J/cm of vein length
helps to reduce the frequency of recanalization events
during short-term follow-up22,23 supporting the concept
of dose response in endovenous laser treatment. Very
recently, a vein diameter-dependent energy dosing
schedule based on clinical follow-up data was pro-
posed.24

“Most strikingly, return to normal 

physical activity and return to work

were significantly shortened when using

RF closure if compared to high 

ligation/stripping.”
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L AT E S T  D E V E LO P M E N T S
Once recognizing the concept of energy dosing for

successful endovenous vein ablation, the design of new
catheter-type devices for administration of endovenous
heat energy seemed logical. The latest example now
entering the field is the ClosureFASTTM catheter (VNUS
Medical Technologies, San Jose, CA). With use of the
ClosureFAST catheter, a 7-cm element at the catheter
tip is simply heated to 120ºC for 20 seconds while the
catheter position is stationary. It is no longer necessary
to allow current to flow through patients’ tissue nor
deliver raw laser energy to the endovenous space. With
this new device, a 40-cm-long vein segment can be
treated stepwise in less than 3 minutes, which is equiva-
lent to the speed of the fastest laser treatment proto-
cols. Additionally, the rate of immediate vein occlusion
at the saphenofemoral junction is 100%, a value that
was not reached by many users of laser and RF previ-
ously. Furthermore, the low side effect profile with
ClosureFAST is clearly the same as with the previous RF
ablation. These data are unpublished but resemble the
author’s personal experience performing ClosureFAST
on almost 100 legs from April 2006 to October 2006
(first scientific communication to be presented at AVF
2007, San Diego, CA).

C O N C L U S I O N
Today, phlebologists have the choice of a variety of

endovenous ablation techniques. Postinterventional
impairment of a patient’s quality of life after traditional
high ligation and stripping surgery can be significantly
reduced. Foam sclerotherapy, even if it is not as effective
in ablation of saphenous veins as thermal techniques,
seems to be the first choice for treating recurrent vari-
cose veins. Thermal techniques themselves, appropri-
ately delivered, can now guarantee immediate vein
occlusion in almost 100% of cases. Particularly, the new
ClosureFAST system is an important advancement that
combines the speed of laser treatment with the favor-
able side effect profile of RF ablation. ■

Thomas M. Proebstle, MD, is from the Department of
Dermatology, University of Heidelberg, Germany. He has
disclosed that he is a paid consultant to and receives

research grant funding from VNUS. Dr. Proebstle may be
reached at thomas.proebstle@med.uni-heidelberg.de. 
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C
hronic venous insufficiency (CVI) occurs in a large
portion of the population and is associated with
significant morbidity, high health care costs, loss of
productivity, and a reduced quality of life. There is

substantial evidence for the role of incompetent perforator
veins (IPVs) in the pathogenesis of advanced CVI. Classic
studies by Linton1 and Cockett2 emphasized the contribu-
tion of IPVs to CVI. It has been reported that as many as
66% of limbs with skin changes have perforator reflux in
conjunction with superficial or deep venous incompetence.3

In addition, 63% of recurrent varicose veins are associated
with IPVs.4 Numerous investigators have reported on the
benefit of interruption of IPVs.5-9

Traditional treatment options for IPVs include open sur-
gery and subfascial endoscopic perforator surgery (SEPS).
SEPS has been shown to accelerate ulcer healing with far
fewer wound healing complications than the Linton proce-
dure.5,10-12 Although SEPS has recently been the most com-
mon procedure to treat IPVs, its inability to access all IPVs,
its significant long-term recurrence of IPVs and venous
ulcers, and its limitation in repeat treatment13 leave room
for better treatment options.

Ablation of the saphenous vein has largely replaced vein
stripping, and the technique has been extended to treat-
ment of IPVs. Whiteley reported the first results of using the
VNUS Closure® catheter (VNUS Medical Technologies, San

Jose, CA) for ablation of perforator veins.14 The procedure
was performed on 770 IPVs in a total of 506 limbs. At 1 year,
79% of IPVs were closed and had atrophied. By the second
year, 76% remained closed and atrophied. This early success
of radiofrequency ablation (RFA) treatment of IPVs led to
the design of the radiofrequency stylet (RFS) device. The sys-
tem received FDA clearance in January 2004. Since June
2004, there has been an ongoing multicenter study of perfo-
ration ablation using the VNUS RFS device.

CVI INVESTIGATION AND TREATMENT
ALGORITHM

We generally reserve treatment of IPVs for patients with
advanced CVI; and clinical, etiologic, anatomic, pathophysi-
ologic (CEAP) classes 4 to 6, although it can be performed
as part of the primary treatment for varicose veins and is
useful in treating recurrent varicose veins. Our treatment
algorithm and treatment options offered to the patients are
based on the four functional segments of the venous sys-
tem of the lower limb: pelvic outflow, deep veins, superficial
veins, and perforator veins. We typically perform the treat-
ments that are minimally invasive first: endovascular treat-
ment of pelvic outflow obstructions, superficial ablation,
and perforator ablation. Deep system reconstruction is
reserved for patients in whom simpler treatments fail. The
ability to ablate the perforating system percutaneously has

changed our algorithm in that it used to
be reserved in the form of SEPS for those
patients who failed to respond to super-
ficial ablation with or without pelvic
outflow treatment. 

Although the procedures can be
staged, we routinely perform superficial
ablation and perforator ablations at the
same setting. The procedure can be per-
formed in the operating room with gen-
eral or regional anesthesia. Alternatively,
the procedure is routinely performed in
the office with local anesthetics, with or
without oral anxiolytics.

RF Ablation of
Incompetent Perforators
Description of a technique using the VNUS ClosureRFSTM stylet.

BY ERIC K. PEDEN, MD, AND ALAN B. LUMSDEN, MD

Figure 1. The ClosureRFS device.
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IPV TREATMENT WITH RFA
The procedure of percutaneous RFA of perforating veins

remains an evolving procedure, with several variations
described. There are two RFS devices currently available, one
flexible and one rigid. The overwhelming majority of proce-
dures are performed with the rigid device, which has two
electrodes on the shaft with a removable needle trocar
(Figure 1).

The patient is positioned and prepared in the reverse
Trendelenburg position. Ultrasound imaging is then per-
formed medially from the submalleolar region up to the
knee. IPVs are marked on the skin where they penetrate the
fascia (Figure 2). Each IPV location is documented by its dis-
tance from the medial malleolus and tibia for localization
during follow-up studies.

Accessing the IPV can be performed by one of three
methods. The rigid trocar can be used to directly puncture
the IPV after a small skin incision is created. It is of note that
some resistance is encountered as the probe traverses the
fascia. Another method is to use a 12-gauge IV catheter to
access the vein and then to pass either the rigid or flexible
device through the IV catheter after the needle trocar is
removed. Finally, a needle can be used to access the IPV, and
a .035-inch guidewire can passed into the deep venous sys-
tem. A dilator is then used to create a tract through the skin
and fascia, and then the rigid device can be passed over the
wire into the perforating vein.

It is preferable to access the vein such that a length of vein
is cannulated, allowing a pullback treatment (Figure 3A). If
that is not possible, it is preferred to do two focal treat-
ments instead of a single focal treatment (Figure 3B). The
IPV needs to be treated in a subfascial segment to have the
best results because treatments above the fascia have been
shown to have higher failure rates. The tip of the RFS device
should be at least 5 mm from the deep system to reduce
the chance of deep vein thrombosis, although treatment
with as little as 3 mm has been performed safely. The depth
of the RFS device from the skin has not been an issue and, in
some areas, particularly the submalleolar area, it has fre-
quently been less than 1 cm. Curiously,
skin burn has been very rare in the early
experience with this procedure despite
infrequent use of tumescence and the
close proximity to the skin, which is in
contrast to the findings of RFA of the
saphenous vein, where a depth less than a
centimeter from the skin has an increased
risk of skin burns.

The IPV is first visualized, and reflux is
confirmed using duplex ultrasound
(Figure 4A). The vein is best accessed
using longitudinal viewing with the entire

length of the needle visualized in relation to the IPV and the
deep veins (Figure 4B). Upon accessing the vein, a flash of
blood should be seen to confirm intravascular access. To
achieve the best outcomes, it is extremely important to be
intravascular with the device. Extravascular treatment seems
to have few complications, but does result in decreased clo-
sure rate of the perforators.

If a pullback method is to be performed, the vein is treat-
ed for 4 minutes at 85ºC, with firm compression of the vein
using the ultrasound probe. Approximately 80 to 90 mm Hg
of pressure is needed to reduce IPV diameter to allow vein
wall contact during treatment. A second treatment is then
performed approximately 1 cm from the first treatment for
2 minutes at 85ºC. During these treatments, it is recom-
mended to angulate the RFS device into the four quadrants
for equal periods of time to ensure good wall contact. If
pullback is not possible, two focal treatments at two sepa-
rate areas for 4 minutes each are recommended. If the pro-
cedure is being performed in the clinic with local anesthetic,
tumescent infiltration must be performed prior to activat-
ing the RFS, or the patient will feel a burning sensation.
Visualization is very difficult after tumescence has been
instilled, further emphasizing the importance of accurate
intravascular catheter placement.

Impedance levels should be between 150 and 350 Ω, with
power levels of < 3.5 W, which indicates good vein wall con-

Figure 2. These marks indicate the location of perforators.

Figure 3. The pullback treatment method (A) and two focal treatments (B).

A B



JANUARY 2007 I SUPPLEMENT TO ENDOVASCULAR TODAY I 17

The Next Generation of Endovenous AblationThe Next Generation of Endovenous Ablation

tact. Impedance levels >400 Ω indicate an extravascular or
marginally intravascular position of the electrodes. A low
impedance value alone, however, should not be used to
confirm intravascular location of the RFS device because
tumescence and edema can lead to falsely low extravascular
numbers. After treatment, duplex ultrasound is used to
confirm occlusion of the treated vein segment and patency
of the deep veins (Figure 4C). Compression wraps are
applied, and patients are instructed to ambulate for a mini-
mum of 30 minutes daily and to refrain from prolonged sit-
ting or standing for 3 to 5 days. Patients then undergo rou-
tine follow-up with duplex ultrasound evaluation at 72
hours to assess IPV ablation and deep system patency.

It is worth noting that an artery or a paired vein will com-
monly exist side by side with a perforator vein, and it is
important when assessing results to avoid mistaking the
patent artery or paired vein for the treated perforator vein.

DISCUSSION
There are several learning points from the early experi-

ence with RFA of IPVs, and the technique continues to
evolve. Good ultrasound imaging is paramount to success,
both in the initial detection of the IPVs and during their
treatment. Attention to technical detail is very important,
particularly in accurately accessing the vein. Intravascular
treatment in a subfascial segment for adequate treatment
time leads to the best closure rates, which currently average
70% to 80%. Visualizing the shaft and tip of the RFS to
enable cannulation of the perforating vein in longitudinal
view is a skill that requires development with practice.
Patience and persistence are required because some IPVs
will require repeat treatments.

Although SEPS has recently been the most common way
to treat IPVs, there are several potential advantages of using
ultrasound-guided endovenous RFA. The first is that the
intervention is truly a minimally invasive procedure that can
be performed in the office. Unlike SEPS, the approach is not
limited by the perforating vein location. With RFA tech-

nique, the physician can access IPVs at various positions
including the more proximal Boyd’s, Dodd’s, the mid-thigh
Hunter’s, laterally located perforators, as well as perimalleo-
lar located vessels, which are not easily accessed with SEPS.
The procedure also allows the flexibility of repeat treatment
for persistent or newly developed IPVs. In conclusion, RFA
of IPVs is feasible, has promising early results, and will likely
prove to be a very useful procedure for patients with CVI. ■
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Figure 4. A perforator before (A), during (B), and after (C) treatment.
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E
ndovenous radiofrequency obliteration (RFO), also
known as the Closure® procedure, was introduced
in Europe in 1998 and in the US in 1999. The clinical
benefits of this technique have been demonstrated

through four separate randomized clinical studies compar-
ing RFO with conventional vein stripping.1-3 The short- and
mid-term treatment outcomes have been reported by sev-
eral groups.4-7 In this study, we report the 5-year follow-up
results of a multicenter registry. Factors related to treatment
failure and varicose vein recurrence were also analyzed.

MATERIALS AND METHODS
Data were collected in an ongoing multicenter, prospec-

tive registry. This report includes the results from all patients
in the registry treated without concomitant high ligation.
Patients were treated prior to October 2004 at 34 centers
worldwide, with 12 centers contributing 5-year follow-up
data. Patients with superficial venous insufficiency confirmed
by duplex ultrasound scanning were considered as candi-
dates for RFO treatment. Saphenous vein incompetence was
diagnosed with saphenofemoral, saphenopopliteal, or trun-
cal vein reflux >0.5 seconds in response to manual compres-
sion and release with the patient standing, or the Valsalva
maneuver in 15º reverse Trendelenburg position. Exclusions
for saphenous vein aneurysm and vein diameters greater
than 12 mm were initially established as a conservative
measure and were later discontinued after reports of rou-
tinely successful treatment in patients with these anatomical
features, including vein diameter up to 24 mm.

A Closure catheter (VNUS® Medical Technologies, Inc.,
San Jose, CA) was advanced to the saphenofemoral junction
(SFJ) or the saphenopopliteal junction (SPJ), and the elec-
trodes were placed distal to the SFJ or SPJ under ultrasound
guidance. Procedure evolution included gradual introduc-
tion of subcutaneous saline infiltration and later perivenous
tumescent infiltration. Treatment temperature was set at
85ºC. After starting RF energy delivery and achieving treat-
ment temperature for 15 seconds, the catheter was with-

drawn at approximately 2 to 3 cm/min along the length of
the vein while maintaining target temperature ±3ºC.
Adjunctive procedures at the time of treatment included
phlebectomy and sclerotherapy of visible varicose veins.
Patients were advised to ambulate and return to normal
activities shortly after the procedure.

After the procedure, a duplex ultrasound examination
was routinely performed within 1 week (preferably within
72 hours) to check for any evidence of thrombus exten-
sion from the SFJ or SPJ into the deep system and to docu-
ment the occlusion status of the treated veins. Further fol-
low-up ultrasound scans and physical examinations were
performed at 6 months, 1 year, and each year thereafter.
Reflux was defined as any evidence of reverse flow >0.5
seconds in any treated vein segment or in the area of SFJ
(or SPJ). As reported, RFO often started 1 cm to 2 cm
below the SFJ, and the most common duplex finding after
treatment was a short patent terminal GSV segment con-
ducting prograde tributary flow through the SFJ.8 Vein
occlusion was defined as absence of any bloodflow 3 cm
inferior to the SFJ or SPJ along the length of treated vein
segments. Symptom severity and clinical assessment
according to CEAP (clinical, etiologic, anatomic, patho-
physiologic) clinical classification were recorded at each
visit.

RF Obliteration
of Saphenous Reflux
Long-term outcomes of endovenous RF obliteration of saphenous reflux for treating 

superficial venous insufficiency.

BY ROBERT F. MERCHANT, MD, FACS, AND OLIVIER PICHOT, MD, FOR THE CLOSURE STUDY GROUP*

Figure 1. The three types of anatomical failure (left to right).

Type I: Great saphenous vein (GSV) failure to occlude com-

pletely, with or without reflux present (A).Type II: partially

recanalized GSV (B,C).Type III: the treated GSV is occluded, but

reflux is present involving branches near the SFJ (D).
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RESULTS
One thousand six patients (1,222 limbs) from 34 cen-

ters were treated. The average patient age was 47.4
±12.1 years (range, 15-97 y), with a body mass index
(BMI) of 24.8 ±4.9 (78.1% of the patients were female).
The CEAP clinical class distribution before treatment is
shown in Table 1. The most common symptoms were
pain in 85.3% of limbs, fatigue in 78.6% of limbs, and
edema in 39.2% of limbs.

All treated veins had reflux >0.5 seconds prior to
treatment, documented by duplex ultrasound examina-
tion, as described previously. Among the veins treated,
89.1% were GSV limited to thigh segment (access at
above the knee or just below the knee), 4.1% GSV from
groin to ankle, 1.2% GSV limited to the below-the-knee
segment, 4.3% small saphenous vein, and 1.3% accessory
saphenous veins. The mean diameter, measured with
the patient in the supine position, was 7.5 mm (range,
2-24 mm). Adjunctive phlebectomy was performed in
52% of limbs, and sclerotherapy was performed in 11%
of limbs at the time of RFO treatment.

Vein Occlusion and Hemodynamic Outcomes
Limbs at risk and limbs available for follow-up at each

time point are shown in Table 2. Immediate vein occlu-
sion was achieved in 96.8% of limbs confirmed by
duplex ultrasound examination within 1 week after the
procedure. The vein occlusion rate at 5 years was 87.2%,
and the absence of reflux rate was 83.8%. For those 30
limbs (3.2%) that did not achieve immediate occlusion,
subsequent intervention to the GSV was done in three
limbs, two with sclerotherapy and one with high liga-
tion. As of the last reported follow-up, 24 limbs
received no further GSV treatment. Seven of the 24
limbs had spontaneous occlusion at a later time point,
and another three limbs had no further follow-up infor-
mation.

Anatomical Failure Mode and Risk Factors
During a 5-year follow-up period on 1,222 treated

limbs, duplex ultrasound examination identified 185
limbs that had either flow in the entire treated vein or a
segment of it, or developed groin reflux despite a com-
pletely occluded GSV trunk. These findings were defined
as anatomical failure. The mode of anatomical failure
can be categorized into three types (Figure 1).

Type I (nonocclusion) failure referred to veins that
failed to occlude initially and never occluded during fol-
low-up; 23 limbs belonged to this category, consisting of
12.4% (23 of 185) of all anatomical failures. Among these
23 limbs, 34.8% (eight of 23) were significantly narrowed
with no reflux, irrespective of a patent trunk.

Type II failure (recanalization) referred to veins that
were initially occluded but recanalized, partly or com-
pletely, at a later time point. There were 129 limbs in this
category, accounting for 69.7% (129 of 185) of the total
anatomical failure. Among the type II limbs, 34.1% (44 of
129) exhibited no reflux. There was documentation in
23.3% (30 of 129) of type II limbs that the recanalization
was directly related to either a refluxing tributary or an
incompetent thigh perforator.

Type III failure (groin reflux) referred to situations in
which the vein trunk was occluded but reflux was
detected at the groin region, often involving an accesso-
ry vein. There were 33 type III limbs, making up 17.8%
(33 of 185) of the total anatomical failure.

Only 19 (10.3%) of 185 limbs underwent reinterven-
tion to address the anatomical failure: 11 limbs with
sclerotherapy resulting in secondary occlusion in nine
limbs; two limbs re-treated successfully with RFO; one
vein stripping; two high ligations; and three nonspeci-
fied. 

Logistic regression analysis found two risk factors that
were significant for anatomical failure: pullback speed
(P<.0001) and BMI (P<.0333). The probability of
anatomical failure increased by 1.28 times (95% CI: 1.13,
1.45) for each unit (1 cm/min) increase over 3 cm/min in
pullback speed using a treatment temperature of 85ºC;
the probability of anatomical failure increased by 1.04
times (95% CI: 1.00, 1.07) for each unit (1 kg/m2)
increase over 25 kg/m2 in BMI. When further identifying
which risk factor was associated with which type of
anatomical failure, it was found that the pullback speed
was a risk factor for only type I and type II failure, but
not type III failure. The BMI, however, failed to show sig-
nificance for any individual failure type, likely due to
small sample size resulting in insufficient statistical
power in each failure category.

It is important to point out that anatomical failure
does not necessarily result in clinical failure. As detailed

CEAP Clinical Class % of Limbs

0 0.5%

1 2.5%

2 69.6%

3 10.1%

4 13.1%

5 1.2%

6 1.1%

Not recorded 1.9%

TABLE 1.  MAXIMUM PREOPERATIVE CEAP 
CLINICAL CLASS DISTRIBUTION
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in the following information, the majority of patients
experienced symptom relief after the procedure and
remained asymptomatic, despite anatomical failure.

Clinical Symptoms and Signs
Significant symptom improvement was seen even in

patients with anatomical failures. In those patients, 70% to
80% of limbs remained asymptomatic up to 5 years after
treatment, suggesting the clinical benefit of the procedure
even in patients with a treated limb judged as anatomical
failure. When comparing the percentage of asymptomatic
patients at each follow-up time point, no statistical signifi-
cance was found among the type I, II, or III patients (X2 test).
The data from these anatomical failure patients were com-
bined and compared with anatomically successful patients.
As expected, the percentage of asymptomatic limbs was
slightly lower in the anatomical failure group compared
with the anatomical success group.

The cumulative varicose vein recurrence rate at 5 years
was 27.4% (32 of 117). When examining the impact of
anatomical failure on varicose vein recurrence, it was found
that type II (P<.0001) and type III (P=.0009) failures were
risk factors for recurrence. The odds ratio for varicose vein
recurrence was 3.8 (95% CI: 2.5, 5.9) when there was a type
II failure and 4.0 (95% CI: 1.8, 9.2) when there was a type III
failure.

Complications
Early complications in this series included 0.9% deep

venous thrombosis or clot extension into the common
femoral vein, 1.2% skin burn, 2.9% clinical phlebitis, and 0.2%
infection at the vein access site. Skin burn complications
occurred primarily before the implementation of tumescent
infiltration. No limbs exhibited lymphedema at any follow-
up visits. One of the patients with deep vein thrombosis
developed pulmonary embolism, as reported elsewhere.7,9

Paresthesia, often presenting as focal hypoesthesia, was
observed in 121 of 985 limbs (12.3%) at initial 1-week fol-
low-up. The incidence decreased to 7.3% by 6 months and
was 2.6% at 5 years. For GSV below-the-knee treatment, the
paresthesia rate was 13.3%, 11.6%, 7.7% at 1 week, 6 months,
and 5 years, respectively, suggesting a trend toward higher
paresthesia rate with below-the-knee GSV treatment. The
paresthesia rate associated with small saphenous vein treat-

ment was 8.9% and 9.5% at 1 week and 6 months, respec-
tively.

CONCLUSION
Five-year follow-up on patients treated with endovenous

RFO has demonstrated that vein occlusion and clinical
improvement are durable. Risk analysis in this international
multicenter registry identified catheter pullback speed and
BMI as the two risk factors associated with RFO anatomical
failures. Although historical data on traditional vein strip-
ping can only serve as a reference and not direct compari-
son, the clinical recurrence and neovascularization appear
to be low in RFO patients. The data from this report and
from randomized trials of RFO versus vein stripping indicate
that RFO provides long-term efficacy and may be better for
the patients.1-3 ■

*Presented at the 17th annual meeting of the American
Venous Forum, February 9-13, 2005, San Diego, California.
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1 wk 6 mo 1 y 2 y 3 y 4 y 5 y
Limbs at risk 1,222 1,220 1,206 1,141 991 833 406
Limbs available for follow-up 985 518 473 263 133 119 117
Vein occlusion 96.8% 89.2% 87.1% 88.2% 83.5% 84.9% 87.2%
Absence of reflux 96.6% 91.3% 88.2% 88.2% 88% 86.6% 83.8%

TABLE 2.  VEIN OCCLUSION AND HEMODYNAMIC OUTCOMES
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N
ew endoluminal treatments, namely radiofre-
quency (RF) and endovenous laser (EVL)
obliteration, are currently challenging the tra-
ditional methods of open surgery that have

been used for decades in treating primary varicose veins.
More than 120 articles on RF and EVL have been pub-
lished in the English literature, which provide informa-
tion that allows a comparison of the two techniques.

M E T H O D S
Both RF and EVL heat the vein wall inside the venous

lumen to achieve obliteration, but their modes of action
and devices are different. Whereas RF uses only one type
of device manufactured and distributed by a sole com-
pany, EVL uses different types of lasers, manufactured
and marketed by more than 10 companies. Therefore, RF
benefits from a well-defined proce-
dural protocol, in contrast to EVL,
which presents multiple variants. 

R E S U LTS
In an ex vivo developed model,

the effects of RF and EVL (980 nm)
were compared,1 with the conclu-
sion that histologic evaluation after
RF demonstrated homogeneous
circular thermal alteration with dis-
integration of intima and media
structures (Figure 1). Conversely,
histologic evaluation after EVL
showed large variations of thermal
tissue effects from major tissue
ablation and vessel wall disruption

to minor effects, indicating that EVL treatment carries
probable risks of vessel perforation or undertreatment
that can lead to recanalization (Figure 2).

The short-term, 1-, 2-, and 3-year postoperative clini-
cal status was studied in four controlled2-7 randomized
trials (RCTs) comparing RF with open surgery, including
three studies2-6 that used a quality-of-life questionnaire
and another study concerning repeat surgery. The
results, including postoperative pain, return to normal
activity, and duration of convalescence, were more
favorable after RF versus open surgery. A randomized
trial study comparing EVL to open surgery is available.8

There was no difference on the postoperative pain pro-
file between EVL and open surgery. Large bruising was
20% in the EVL group and 60% in the stripping group.
Edema was more intense, and sick leave was longer in

Endoluminal Treatment
of Lower-Limb Varicose
Veins by Radiofrequency and
Endovenous Laser
An overview comparing endoluminal and classic open treatment.

BY MICHEL PERRIN, MD

Figure 1. Great saphenous vein histopathology after Closure® (VNUS Medical

Technologies, Inc., San Jose, CA) (A).Trichrome light-green–coloration demonstrating

homogeneous circular thermal alteration with disintegration of intima and media

structures (B). (Reprinted with permission from Perrin M.Traitement endovasculaire

des varices des membres inférieurs. In: Techniques chirurgicales-Chirurgie Vasculaire.

Elsevier Masson SAS; 2003:12).
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the stripping group.
In another nonrandomized, prospective, short-term

study, EVL appears to be more favorable than open sur-
gery. 9 Another randomized controlled trial comparing
RF to EVL demonstrated better primary obliteration and
less postoperative pain and bruising with RF.10 

In terms of thromboembolic complications investigat-
ed by systematic duplex ultrasound examination, RF and
EVL presented an approximately equal rate of 0.5%.
Other postoperative complications were transient. RF
has been associated with transient sensory nerve com-
plications, such as paresthesia, whereas pain was more
pronounced after EVL.

There is no outcome randomized controlled trial
comparing RF to EVL or sclerotherapy versus endolumi-
nal thermal obliteration. In terms of signs and symp-
toms, detailed results were available at 5-year follow-up
for RF.11 Improvement was very significant compared to
the preoperative status and was roughly equivalent to
that previously reported for classical surgery. Clinical
results after EVL are less well-documented and the
longest follow-up is at 2 years. 

Hemodynamic results by duplex ultrasound examina-
tion are well-documented for RF and EVL. Vein oblitera-
tion after EVL was reported by various groups to be
between 76% to 96.8% at 1- to 2-year follow-up; vein
obliteration was 87.2% after RF in a multicenter study
(117 limbs), and varicose vein recurrence was 27.4% at 
5-year follow-up.

Correlation between clinical and hemodynamic results
was established for RF at 3-year follow-up and showed a
strong link between the clinical results and the absence
of reflux.

One of the advantages usually credited to the EVL

technique is that the duration of
the procedure is shorter than that
for RF due to the faster pulling of
the catheter. The new VNUS
ClosureFAST catheter (VNUS
Medical Technologies, Inc.) might
minimize this difference.

A cost comparison of the two
techniques indicates that the EVL
fiber is cheaper than the RF catheter,
with the opposite being true for
the respective generators. The
global cost of the RF procedure
(including convalescence) was
compared to classical surgery in
one study. The findings favor RF
for active patients.5

D I S C U S S I O N
Several points are worth highlighting. First, the

absence of the neovascularization phenomenon, in par-
ticular at the saphenofemoral junction after endolumi-
nal surgery, is well-documented for RF ablation (Figure
3). It is known that this phenomenon, which occurs fre-
quently (ranging from 20% to 40% at 5 years after open
surgery), plays an important role in the incidence of

Figure 3. Postoperative duplex scanning after the endove-

nous RF procedure (Closure).The termination of the great

saphenous vein is occluded.There is a persistent short patent

stump at the saphenofemoral junction (SFJ), with a patent

superficial epigastric tributary vein with prograde flow

through the SFJ. No neovascularization phenomenon is pres-

ent. (Reprinted with permission from Perrin M.Traitement

endovasculaire des varices des membres inférieurs. In:

Techniques chirurgicales-Chirurgie Vasculaire. Elsevier

Masson SAS; 2003:12.)

Figure 2. Great saphenous vein histopathology after endovenous laser (A).Trichrome

light-green coloration showing large variations of thermal tissue effects from major

tissue ablation and vessel wall disruption to minor effects (B). (Reprinted with per-

mission from Perrin M.Traitement endovasculaire des varices des membres

inférieurs. In: Techniques chirurgicales-Chirurgie Vasculaire. Elsevier Masson SAS;

2003:12.)
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recurrence.12 Second, the incidence of postoperative
deep vein thrombosis assessed with systematic postop-
erative duplex ultrasound appears to be approximately
0.5%. It is notable that the incidence of postoperative
deep vein thrombosis after high ligation stripping was
recently reported to be 5.3 %.13

CO N C LU S I O N S
In the absence of long-term (beyond 5 years) con-

trolled study outcomes comparing classical surgery to
endoluminal surgery, the endoluminal approach has
demonstrated to be less aggressive postoperatively, with
satisfactory efficacy at mid-term.

Suppression of the saphenous vein reflux exhibits an
enduring treatment efficacy (clinically, anatomically, and
hemodynamically) for up to 5 years for RF and 2 years
for EVL. ■
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P
hysicians are entering vein care to create posi-
tive change in their professional lives. New solu-
tions that solve varicose vein problems without
the discomfort, scarring, or prolonged recovery

of traditional vein stripping have patients and referring
doctors searching for a vein care specialist. This article
outlines the elements of building a vein care practice. 

Modern vein care requires knowledge of venous
anatomy, endovenous techniques, microphlebectomy,
sclerotherapy, and compression therapy. Valuable
instruction on the clinical and business aspects of a vein
practice is available through multiple continuing med-
ical education venues, texts, and on-site training oppor-
tunities. Meetings by the American College of Phlebology,
the American Venous Forum, and the International Vein
Congress, as well as the Total Vein Care course spon-
sored by VNUS Medical Technologies, Inc. (San Jose,
CA) provide valuable instruction on the clinical and
business aspects of a vein practice.

VASCULAR TESTING
Venous duplex evaluation is central to the diagnosis

and treatment of venous disease. Performance of venous
testing in your office is optimal for practice growth.
Most busy vein practices eventually operate a vascular
lab as a patient convenience and an important source of
revenue. If you are not currently operating a vascular lab
in your practice, refer patients to an outside lab and pro-
vide guidance to technologists regarding complete
venous testing, including assessment for reflux through-
out the superficial venous system. Orient reading physi-
cians to the interpretation of duplex findings before and
after endovenous treatment. Venous duplex is required
to perform office-based vein procedures.

BUILD IT AND THEY WILL COME
Patients with varicose and spider veins do not per-

ceive themselves as being ill. They seek a good clinical
and cosmetic outcome from their leg vein treatment.
Often, they research your reputation and experience
before making an appointment and judge you by the
appearance of your office and the performance of your
staff. Long wait times for appointments and drab or

highly clinical surroundings are not appealing to these
vein patients. A beautiful, friendly office creates a buzz
in the community, puts patients at ease, and encour-
ages referrals. When starting out, consider scheduling
vein care appointments and procedures in a designated
bracket of time, such as one or two afternoons each
week so that the activity level in the office is low, allow-
ing patients to experience you and your office in a
relaxed mode of operation. This allows you and your
staff to put your best foot forward. Make sure the staff
is prepared to answer phones, greet patients, and
respond to questions regarding your services. Request
that your office staff ask each new patient how he or
she heard about your practice. Keep a list of referring
physicians to track their referring activity. 

Engineer the workflow with your initial vein patients
to optimize care, resources, staffing, and scheduling.
Patient evaluation forms and educational materials that
you author standardize the clinical approach and
inform patients. Knowledgeable patients will market
your services to others. Obtaining insurance authoriza-
tion requires complete documentation, including symp-
toms, physical findings, and duration of compression
therapy. Photo documentation is sometimes required. 

MARKETING
You may not have previously used marketing in your

medical practice, but it is essential to practice growth in
vein care. Market to physicians by educating them
about the natural history of venous disease, the effec-
tiveness of treatment, and the ease of recovery. Patients
must be invited to consider vein treatment for these
reasons, as well as the cosmetic benefits. 

Develop Your Identity
Consider the following points in marketing your own

practice growth success strategy.
• Name your practice. Select a name that clearly and

concisely indicates what type of services you offer. 
• Develop a logo. A logo provides a unifying element

that links marketing materials and creates a consistent
image. Professional assistance in logo design is available
but do not discount your own ability in creating a logo. 

Building a Vein Practice
An overview of the important elements for creating your vein practice.

BY PAUL MCNEILL, MD
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• Create a practice Web site. A Web site that contains
information about your services, credentials, staff, and facili-
ties is essential. Patients consult the Web before selecting
where they will seek care. Search engine optimization can
get your practice and potential patients connected quickly.

• Physician referral sources. A referral network must
be cultivated by educating physicians about venous dis-
ease as a medical problem, not just a cosmetic issue.
Emphasize early intervention through patient referral to
avoid the late complications of venous disease. Arrange
“lunch and learns” to teach vein care to referring doc-
tors and to establish a personal bond as a basis for
referring patients to your practice. Presentations at hos-
pital grand rounds and other physician assemblies, as
well as hosting informative dinners are good opportuni-
ties to establish yourself as an expert. 

• Market directly to patients. Communicate with new
potential patients through direct mail, educational
materials, practice brochures, print advertising, commu-
nity service ads, hospital announcements, newspaper
articles, interviews, and radio and television ads. Inform
and educate your existing patients by displaying posters,
playing educational videos, and placing brochures in
your waiting room. It is recommended that your ads
mention a free vein consultation or free vein screening
to give the reader a reason to make an appointment.
Radio and television ads, as well as vein screening events
can attract new patients. The Practice Marketing
Department at VNUS Medical Technologies, Inc. will
help you plan and execute your marketing strategy.
Getting your practice name and identity in front of the
community regularly is important. Remember, market-
ing is nothing more than effective patient education and
strategic promotion of your services. 

• Public relations. Get the attention of local media
reporters (ie, TV stations and newspapers). Have a suc-
cessful patient story with before and after photos that
reporters could use as the basis for an article or news
clip on your practice. Public relations initiatives can
reach many patients in your community. 

• Common sense. Referring physicians and patients
are your customers. Treat every patient like a family
member and give them the same kind of service you
want from a specialist. A steady stream of new vein
patients will develop if you implement and follow
through with the right strategies and initiatives. ■

Paul McNeill, MD, is a vascular surgeon with Capitol
Vein & Laser Center in Frederick, Maryland. He has dis-
closed that he is a paid consultant to and receives grant
and research funding from VNUS. Dr. McNeill may be
reached at (301) 695-8346; pmcneill@fmh.org. 

Practice Development
Programs and Tools
from VNUS Medical
Technologies, Inc.

• Practice Development Kit with educational, 
marketing, and reimbursement materials for you
and your staff.

• Patient brochures, posters, and educational video.

• Web site content, animations, and images on the
VNUS Closure procedure to update your Web site.

• Images for brochure creation.

• Direct mail programs with postcard and letter tem-
plates, advertising templates, newsletter article
templates, and radio ad scripts.

• “Screenings for Success” program for planning and
running patient screening events, complete with a
comprehensive manual, materials, and templates. 

• Presentation materials for potential patients.

• Press Release kit that can be customized for your
practice, including video footage and animation
you can use of the VNUS Closure procedure.

• Patient tracking tool.

• Direct mail programs targeted to 
referring physicians.  

• Kit to assist in “lunch and learn” sessions for referring
physicians, including leave-behind materials.  

• PowerPoint slides developed for presentations to
referring physicians.

• Interactive “Healthy Legs” CD-ROM to educate
your referring physicians on venous disease.

VNUS Medical Technologies is a leader in partnering

with physicians to build their vein practices. Some of

the programs and tools VNUS can provide include:






