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ndovenous Laser
blation and Sclerotherapy

or Treatment of Varicose Veins
atasha Brasic, MD,* David Lopresti, MD,† and Hugh McSwain, MD†

Superficial venous insufficiency is a common problem associated with varicose veins.
Venous insufficiency and varicose veins can be symptomatic, but more commonly they are
a cosmetic concern. In this article, we discuss the relevant anatomy and pathophysiology
of superficial venous insufficiency, review the current literature for varicose vein treatment,
and cover the technical aspects of diagnosing and treating superficial venous insufficiency.
Saphenofemoral junction incompetence with resultant greater saphenous vein reflux is the
most common cause of varicose veins; because this condition constitutes the majority of
patients encountered in practice, we will concentrate on this area. Endovenous laser
ablation and sclerotherapy are covered, including patient workup and selection, procedure
set-up, and anesthesia.
Semin Cutan Med Surg 27:264-275 Published by Elsevier Inc.
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uperficial venous insufficiency is a common problem as-
sociated with varicose veins, which are usually asymp-

omatic, but may cause aching, itching, edema, discoloration,
r even frank ulceration. Varicose veins affect approximately
2% of women and 40% of men.1 Multiple etiologies for
aricose veins exist and include genetics, obesity, pregnancy,
ntraabdominal malignancy, and chronic, prolonged stand-
ng. Secondary causes typically include deep venous throm-
osis.
Varicose veins are simply superficial veins that have ex-

anded in response to increased pressure and turbulence.
he superficial veins serve as a primary collecting system and
re connected via perforating veins to the deep veins, which
arry blood from the leg back to the central circulation. Su-
erficial vein walls are inherently weak (except for the greater
aphenous vein [GSV] in the thigh) because they are sup-
orted only by subcutaneous tissue and skin rather than by
ascia and muscle. Valve failure is the most common cause of
ymptomatic venous pathology. Valvular incompetence is
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ultifactorial and may be caused by congenitally malformed
eaflets, thrombosis, chronic turbulent flow, or thrombo-
hlebitis. Valvular incompetence, regardless of its primary
ite or etiology, causes a leakage of high pressure into the
uperficial veins and a predictable progression of disease,
ith sequential failure of valves as the superficial veins be-

ome progressively more dilated in response to the increased
ackpressure. If localized, this dilation leads to appearance of
osmetic telangiectasias (spider veins) and if more diffuse,
arger veins become more tortuous (varicose veins).

elevant Anatomy
nd Pathophysiology
detailed description of the anatomy of the lower-extremity

enous system is beyond the scope of this article. If more in-
epth information is desired, please see the review by Min et al.2

he return of blood to the heart from the lower extremities is
hrough 2 interconnected pathways—the superficial and deep
enous systems. The superficial system consists of subcutaneous
hin-walled veins and truncal veins. The most pertinent veins of
he superficial venous system for the purposes of this article are
he GSV and the lesser saphenous vein (LSV).

The GSV begins at the level of the foot, tracks anterior to
he medial malleolus, and continues on the medial aspect of
he leg and thigh until it ends at the saphenofemoral junction
SFJ) (Fig. 1A). The SFJ is the site of the GSV entering the
emoral vein of the deep venous system (Fig. 2). The SFJ is

he most common site of venous reflux into the GSV.

mailto:hmcswain@hotmail.com
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Endovenous laser ablation and sclerotherapy 265
The LSV starts at the level of the foot, tracks posterior to
he lateral malleolus and continues in the midline of the calf
ntil it ends at the saphenopopliteal junction (SPJ) around
he level of the knee (Fig. 1B); the SPJ is the site of the LSV
ntering into the popliteal vein of the deep venous system,
hough other less common anatomic variations are possible
Fig. 3). The SPJ may be incompetent and serve as the source
f venous reflux but this occurs much less frequently than
FJ incompetence.

Both the GSV and the LSV are in the saphenous compart-
ent at their respective levels in the lower extremity. The

aphenous compartment lies between the deeper muscular fas-
ia and the more superficial saphenous fascial layer (Fig. 4). On
ltrasound (US), these fascial layers are easily identified as
chogenic (white) lines (Fig. 5). The GSV and LSV tributary
eins are present in the subcutaneous fatty tissues superficial
o the saphenous fascia; because the tributaries are thin-
alled and not supported by fascial layers, these veins can

nlarge greatly when distended giving the typical appearance
f varicose veins.
The deep and superficial venous systems are connected by

erforating veins, aptly named because they perforate the
uscular fascia in their course. The larger perforating veins
ave venous valves that normally only allow blood flow from
he superficial to the deep venous system.

The return of lower-extremity venous blood to the heart is
complex mechanism. Three major components of this
echanism are (1) integrity of the lower-extremity muscular
ump, (2) unobstructed venous outflow, and (3) venous
alve competency. Incompetent venous valves are the most
ommon source of venous insufficiency (and thus varicose
eins).

Venous valves are bicuspid one-way valves present every 3
o 4 cm in normal lower-extremity veins (deep, superficial,
nd larger perforating components). These valves help keep
enous flow in the caudal to cranial direction and from pe-

Figure 1 (A) Basic lower extremity venous anatomy. The
into the deep venous system (femoral vein) at the sa
demonstrating the LSV running in the midline of the calf
the level of the knee at the saphenopopliteal junction.
ipheral to central. Valvular insufficiency or incompetence b
VI) can be primary or secondary (Fig. 6). 1° VI is caused by
nherent abnormality of the valve and can be congenital or
cquired. 2° VI occurs when venous valves are normal but
istension of a vein causes an inability of the valves to oppose
ach other. With 2° VI, treatment of the underlying cause of
ncompetence may allow the vein to decompress and regain
alvular competence.

iterature Review of
reatments for Varicose Veins
ultiple techniques have evolved in the treatment of small

nd large varicose veins. Long-term success in the treatment
f leg varicosities, when the SFJ and the GSV are involved,
epends on the elimination of the highest point of reflux and
he incompetent venous segment. This elimination may be
ccomplished surgically or by endovascular methods. Sev-
nty percent of varicose veins are attributable to incompe-
ence at the SFJ with reflux along the GSV.3

The conventional treatment of saphenofemoral venous in-
ompetence is surgery: ligation and GSV stripping.4 Ligation
f varicosities is an older approach to treatment of varicose
eins in which multiple incisions are made overlying visible
aricosities and ligatures are placed every 2 to 3 cm. This
ethod has proven ineffective because it fails to treat the

rigin of venous reflux and fails to extirpate the varicosities
hemselves.5 Patients treated in this way usually return after a
ew months with recurrent varicosities immediately adjacent
o the incision sites.

GSV stripping is another surgical technique where the GSV
s removed with the use of a stripping tool. The SFJ and its
ributaries are flush ligated through a 2- to 3-cm incision
laced in the skin slightly above the groin crease. After liga-
ion and division of the GSV at the SFJ and all of its side

ns along the medial aspect of the leg and thigh to empty
femoral junction. (B) Posterior view of the lower leg

ty into the deep venous system (popliteal vein) around
GSV ru
pheno
to emp
ranches along the medial thigh and knee, the GSV is pulled
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266 N. Brasic, D. Lopresti, and H. Mcswain
rom the leg usually with the aid of an endovascular stripping
ool.

Surgical treatment of varicose veins is usually performed as
day procedure, with the patient under general anesthesia.
here is recognized morbidity associated with day surgery,
nd recovery to normal activity is usually on the order of 2 to
weeks.6,7 Potential complications of surgical vein therapy

nclude neurosensory loss (4-25%),8-10 wound infection (2-
5%),10,11 hematoma (�30%),12 and lymph leak or deep ve-
ous thrombosis (�2%).13 Recurrence remains a problem
espite advances in surgical technique; clinical recurrences
re as high as 21-37% at 5 years post surgery.9,14,15

During the last 2 decades, less-invasive endoluminal meth-
ds of treating varicose veins have been developed as alter-
atives to surgery, with the intention of reducing morbidity
nd recovery time. Radiofrequency ablation (RFA) and en-

igure 2 (A) Line drawing and (B) US, long view, demonstrate the
FJ region anatomy. Asterisk (*) denotes the GSV on the US view.
he femoral vein and the CFV are part of the deep venous system,
hereas the GSV is part of the superficial venous system; the SFJ is

he site of the GSV emptying into the deep system.
ovenous laser ablation (ELA) are the most promising of L
hese methods. These techniques aim to abolish GSV and
esser saphenous vein reflux.

Endovenous RFA (Closure System, VNUS Medical Tech-
ologies, Inc, Sunnyvale, CA) of the GSV was first described
y Goldman in 2000 and was approved by the Food and
rug Administration in 1999.16 The Closure system consists
f a bipolar generator and catheter, with sheathable elec-
rodes at the catheter tip. The GSV is canulated at the level of
he knee, and the catheter is inserted over a guidewire. The
atheter is advanced 2 cm caudal to the SFJ as confirmed by
onography. The catheter is then slowly withdrawn at a rate
f 3 cm/min, maintaining a temperature of 85°C. RF energy is
assed through the unsheathed electrodes to cause con-
rolled heating of the blood vessel wall. It has been suggested
ased on animal studies that the heat applied to the vein wall
uring RFA causes denaturation of the collagen fibers, result-

ng in vein constriction of the vessel wall rather than throm-
osis of the vein.17 This results in vein shrinkage or occlusion
y contraction of the venous wall collagen. When the vein

igure 3 (A) Line drawing and (B) US, long view, demonstrate the
PJ region anatomy. Asterisk (*) denotes the LSV on the US view.
he popliteal vein is part of the deep venous system, whereas the
SV is part of the superficial venous system; the SPJ is the site of the

SV emptying into the deep system.
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Endovenous laser ablation and sclerotherapy 267
all collapses, the catheter is slowly withdrawn, closing the
ein. Compression is applied immediately postprocedure,
ith full compression stockings to be worn for 3 weeks post
rocedure.
RFA is considered a safe, effective procedure, with 2 pro-

pective, randomized controlled trials comparing the RFA
losure procedure and surgical ligation and stripping show-
ng advantages to RFA. In a study of 28 patients, Rautio and
oworkers12 showed reduced postoperative pain, shorter sick
eaves, and faster return to normal activity in patients treated

igure 4 Axial cross section of the right mid-thigh. The GSV is
resent in the saphenous compartment deep to the saphenous fascia
ut superficial to the muscular fascia. The femoral vein (part of the
eep venous system) is in the muscular compartment deep to the
uscular fascia.

igure 5 (A) Long view and (B) transverse view demonstrate the GSV
asterisk) on US within the saphenous compartment of the thigh.
he saphenous fascia (white arrows) forms the superficial boundary
f the compartment; the muscular fascia (white arrowheads) forms

he deep boundary. c
ith RFA. A study by Lurie and coworkers18 involving 81
imbs treated by either RFA or ligation and stripping also
howed significant advantages in return to normal activity
nd pain scores with RFA. In terms of success of RFA with the
rinciple outcome being occlusion of the GSV as determined
y ultrasound, a recent review by Beale and coworkers, in
004,19 showed success rates ranging from 68% to 100% up
o 24 months after the procedure.12,17,20-26 In the same re-
iew,19 frequency of complications was evaluated among 6
tudies, reporting paresthesias in up to 19% of patients,12,17,24

urns in up to 4%,22,24 and phlebitis in 2% to 8%.12,22 Burns
nd parasthesias occurred less frequently with the use of
erivenous tumescent anesthesia.17 DVT is reported in 1% of

igure 6 The normal vein has normal size and valves. In 1° VI, the
alves are abnormal allowing reflux and venous dilation. In 2° VI,
he valves are normal, but backpressure dilates the vein not allowing
he valves to coapt. This leads to reflux; if the cause of the backpres-
ure is treated, there is a chance the vein can regain normal function.

igure 7 The workup for the patient with varicose vein (VVs). Pa-
ients with SFJ incompetence, as visualized with US, receive ELA
reatment initially. For any residual VV at the follow-up appoint-
ent after ELA, local sclerotherapy is performed. If no SFJ incom-
etence is present on US, local sclerotherapy is the treatment of

hoice.
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268 N. Brasic, D. Lopresti, and H. Mcswain
atients with pulmonary embolism incidence of 0.3%.22 In a
tudy by Hingorani and coworkers25 in 2004, duplex sonog-
aphy of limbs status after recent successful GSV occlusion by
FA had a DVT rate of 16%. The authors of the study recom-
ended mandatory early duplex sonography in all patients

tatus after RFA.
Drawbacks to RFA relative to surgical vein therapy for the

ealth care provider are high cost of the generator and dis-
osable catheters. In addition, at a pullback rate of 3 cm/min,
ime consumption involved in catheter withdrawal becomes
significant issue, particularly when persistent flow is de-

ected in the vein after the first ablative pull through, neces-
itating repeat treatments and additional time cost.

Endovenous laser ablation (ELA) is another minimally in-
asive alternative to conventional surgery for superficial ve-
ous insufficiency, where laser energy is used to ablate the
eins. This procedure was designed as an alternative to RFA.
he currently used technique was first reported in large series
y Navarro and Min.27,28 ELA releases thermal energy to the
lood and venous wall, causing localized tissue damage,
hereby promoting vein collapse. The vein shrinkage is a

Figure 8 Color Doppler with calf augmentation (A), colo
left SFJ region. (A) Demonstrates expected antegrade flo
opposite flow denoted by blue (reflux) in the GSV after

GSV with augmentation (white flow above the baseline) and re
radual process where endothelial damage, focal coagulative
ecrosis, shrinkage, and thrombotic occlusion of the vein

ead to resorption of the vein over several months. ELA was
pproved for treatment of varicose veins by the Food and
rug Administration in 2002 and by the National Institute of
ealth and Clinical Excellence in 2004.
To date, several clinical studies in which the authors ex-

mined the efficacy of ELA have been published, showing
igh vein occlusion rates. Success rates range between 90%
nd 100% at follow-ups ranging from 1 to 24 months.27-33

omplications of ELA include bruising or ecchymosis in 24-
9%,31,34 phlebitis in 1-38%,30,31,33,34 cellulitis in 2.6%,33 he-
atoma in 1.3%,33 and edema in 2.6%.33 Reported rates of
VT range from 0% to 2.3%.33,35,36 Because the laser causes
irect thermal damage to surrounding tissues, rare cutaneous
hermal injury complications have been reported.37,38

Several wavelengths have been proposed for the diode la-
er, with 810, 940, and 980 nm the most commonly used.
10 nm is the isosbestic point, where laser energy of this
avelength is maximally absorbed by red blood cells, allow-

ng heating of the blood and vein wall. Power is usually set

ler with reflux (B), and pulsed-wave Doppler (C) of the
e SFJ region (red color) with augmentation. (B) shows
mentation has stopped. (C) shows interrogation of the
r Dopp
w at th
the aug
flux (white flow below baseline).
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Endovenous laser ablation and sclerotherapy 269
etween 10 and 15 W. The energy is administered en-
ovenously, either in a pulsed or continuous fashion, with
oth equally effective. For pulsed mode, the fiber pullback
ate is 3 mm to 5 mm every 2 seconds; with continuous
ode, the pullback rate is 1-3 mm per second. A study of 51
atients showed no difference in outcome, physical condi-
ion, symptoms, or adverse events between use of 810- and
80-nm lasers.39 Higher doses of laser energy have been
hown to be more effective in vessel occlusion and nonreca-
alization, particularly at doses greater than 80 J/cm.36,40

heivacumar and coworkers41 reported on the influence of
everal factors relating to GSV occlusion after ELA. Energy
ensity (J/cm) was the main determinant of successful GSV
cclusion; energy density �60 J/cm always resulted in GSV
cclusion without an increase in complication rate.
A retrospective review comparing the early efficacy and

omplications of ELA and RFA in 130 limbs found a greater
eed for repeated treatment of the saphenous vein during the
ame operation in the RFA group compared with the ELA
roup (17% versus 0%) because of duplex evidence of vein
atency after the first pass of the Closure catheter.33 In this
tudy, immediate technical success was reported as 100% in
he ELA and 96% in the RFA groups. Follow-up sonography
ithin 3 weeks confirmed occlusion of the GSV in 94% of
LA-treated limbs and in 91% of those treated with RFA.
Sclerotherapy is widely used for the treatment of leg veins

ess than 4 mm in diameter (reticular varicosities and telan-
iectasias), and for residual varicosities after surgery or endo-
ascular treatment. Veins larger than 4 mm can be success-
ully treated if adequate compression follows injection. Good
ompression can reduce the risk of developing a symptom-
tic thrombophlebitis in these larger veins, making sclero-
herapy an effective and scarless alternative to stab avulsion.
areful judgment should be used, however, when evaluating

arger veins for sclerotherapy, including managing patient
xpectations, understanding compliance issues, and assess-
ng the ability to achieve adequate compression.

During treatment, a sclerosant is injected directly into the
ein, causing the irritated vessel lining to swell and seal itself,
reventing blood from reentering. The use of foam sclerosing
gents has been described as early as 193942 and, since then,
any technical improvements have been made.
Foam and liquid sclerotherapy have been used in conjunc-

ion with ELA for obliterating residual varicosities. Presently,
he most-common sclerosants worldwide are sodium tetra-
ecyl sulfate (Sotradecol; Angiodynamics, Queensbury NY)
nd polidocanol. Polidocanol has a long worldwide history of
afety and efficacy; it has been used in the United States for
ein sclerotherapy as an off-label use, ordered from com-
ounding pharmacies. Sotradecol gained Food and Drug Ad-
inistration approval for use in lower-extremity vein sclero-

herapy in 2004 and comes in 1% and 3% formulations.
The most current widely used method of foam production

sing a 3-way stopcock device was described by Tessari et al
n 200143 and, since then, the superiority of foam over liquid
clerotherapy has been reported.44,45 A sclerosing solution is

ixed into foam with air with the use of 2 syringes and a b
-way stopcock. The dilution of sclerosant to air (1:3 to 1:6)
nd volume of foam (5 to 30 mL) varies per center.

Foam sclerotherapy is contraindicated in pregnancy,
reastfeeding, allergy to the sclerosant, immobility, signifi-
ant deep vein incompetence, and thrombophilia.46 Compli-
ations include skin hyperpigmentation, skin necrosis, phle-
itis, transient lymphedema, allergic reaction, transient
cotoma, or confusional states. Fewer than 10 cases of DVT
ave been reported,47,48 none of which led to pulmonary
mbolism.

nitial Evaluation
nd Patient Workup
lthough some of our patients present with symptomatic
aricose veins, the majority of patients present with esthetic
oncerns. After the history and physical, patients undergo
ower extremity color duplex sonography to assess for venous
ncompetence (Fig. 7).

With advances in technology during the last 5 to 10 years, US
nits that include gray-scale imaging, color Doppler, and
ulsed-wave Doppler are relatively economical and portable.

igure 9 (A) 4-F, 55-cm laser sheath along side the laser fiber. Note
he graduated black marks on the sheath, which serve to measure
he withdrawal rate of the laser during treatment. (B) Magnified
iew of the distal most aspect of the sheath and fiber. The final 5 cm
f the sheath are marked to help the operator stop the laser before
ithdrawal from the skin. (C) Laser fiber is shown in place in the

aser sheath. Note the laser fiber tip projects approximately 2 cm

eyond the sheath tip.
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270 N. Brasic, D. Lopresti, and H. Mcswain
he US unit needs gray-scale and pulsed-wave Doppler capabil-
ties with a high-frequency linear US probe (7.5–10 mHz) and a

ethod to document the US examination (ie, printer or digital
torage). Gray-scale Doppler US is used to assess the veins’ mor-
hology and compressibility. Pulsed-wave Doppler and/or color
oppler are used to assess for venous reflux.
Because of the scope of this article, the ultrasound exami-

ation will be discussed only briefly. Please refer to the re-
iew by Min et al2 on the US evaluation of lower-extremity
enous insufficiency for a more detailed discussion. The pa-
ient is dressed in a gown and stands while the US evaluation
s performed. The examined leg is slightly externally rotated
lightly with the majority of the patient’s weight on the con-
ralateral leg. The severity of reflux in the superficial (GSV
nd LSV) and deep venous systems (femoral and popliteal
eins) is assessed with the use of real-time US by having the
atient perform a Valsalva maneuver; calf-augmentation per-
ormed by the US operator is also done to assess reflux. Re-
ux is defined as reversal of flow lasting at least 0.5 seconds.49

he size of the GSV and LSV is measured. When the patient
s in the standing position, the GSV is usually �4 mm in
iameter and the LSV is usually �3 mm. Although abnormal
eflux may be present, we use a GSV diameter of �5 mm and
2 seconds of reflux as a threshold for performing endova-

ular treatment (Fig. 8).
We offer ELA and foam sclerotherapy as treatment options

igure 10 (A) Demonstrates the tumescent anesthesia needle in the saphe-
ous compartment on US (long view). The laser sheath is visible and the
ark area surrounding it is the lidocaine solution. (B) is a transverse view
hat demonstrates the marked collapse of the vein around the laser sheath
s the result of tumescent anesthesia (dark area).
or patients with varicose veins. After the ultrasound evalua- t
ion, the determination is made whether ELA is indicated for
he patient. ELA is favored over RFA for the decreased pro-
edure time and lower procedure cost.

Contraindications to the ELA procedure include active
eep vein thrombosis; significant peripheral arterial disease;
dvanced liver disease, which may cause intolerance to local
nesthetic; uncorrected coagulopathy; or any contraindica-
ions to conventional vein stripping.

Special mention should be made regarding evaluation of
regnant patients. A pregnant patient can have her varicose
eins evaluated during her pregnancy, but treatment is con-
ervative (compression stockings) with a follow-up appoint-
ent 3 to 6 months after delivery. The patient is reassured

hat drastic improvement and possible resolution can occur
ith no other treatment after the hormonal changes and in-

reased vascular volume have ceased.

nformed Consent
he informed consent should detail the indications, risks,
enefits and alternatives to any planned procedure, as with

igure 11 (A) Demonstrates the appearance of the laser sheath on US
long view). The sheath is visible as two parallel white lines.
B) demonstrates the appearance of the laser fiber tip proximal to the
FJ. Please note tumescent anesthesia was subsequently placed after

hese images were captured.
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Endovenous laser ablation and sclerotherapy 271
ny medical procedure. A detailed explanation of venous
isease and the prognosis for the patient is necessary to man-
ge the patient’s expectations. Both the patient and the phy-
ician should state their expectations for and goals of the
rocedure. Assuming a patient will be happy and satisfied
ith mere improvement in the appearance of the varicose
eins will inevitably lead to disappointment with the results.
mphasis on two particular areas is suggested – any proce-
ure performed will most likely not result in “perfect legs”;
enous disease is a chronic disease and the patient should not
e surprised at the appearance of new areas of abnormalities

n the future. Color photography of the areas pre- and post-
reatment is invaluable in documenting progress in the treat-
ent of venous patients, especially when the primary indica-

ion is cosmesis.

LA Technique
e will discuss the technique for GSV ablation because this is

he ELA procedure most commonly performed. The gowned
atient is placed supine on the procedure table. We perform
ur ELA procedures in a fluoroscopy capable suite. Although
he use of fluoroscopy with venogram is not necessary to
erform ELA, we have found it helpful in select cases.
The patient’s ipsilateral hip is externally rotated and the
edial thigh is prepared and draped in a sterile fashion. Of
ote, the venous access to the GSV is frequently the most
ifficult part of the case. Anecdotally, we have found the use
f chlorhexidine to sterilely prepare the leg can result in
ignificant vasospasm of the underlying GSV if accessed
bove the knee. If access above the knee is required, then a
etadine prep locally applied for access may be helpful.
Our procedural anesthesia varies from patient to patient.

uring informed consent, we describe the procedure in detail,
ncluding tumescent anesthesia. The patients are usually very
orthcoming about their tolerance for pain. The patient and the

igure 12 The laser set includes the laser console, foot pedal for laser acti-
ation, 2 pairs of protective eyewear, and a kit carrying case. The laser
onsole has a touch screen with controls for choosing pulse or continuous
aser function and wattage selection. The console also gives a running total
f the energy administered to the vein being treated. Photo courtesy of
ngiodynamics, Inc.
hysician then select the level of anesthesia provided. Our op- o
ions include (1) no anesthesia other than the local anesthesia at
he access site and the tumescent anesthesia along the GSV. This
s the minimum level of anesthesia our patients receive. (2) 2.5%
idocaine/prilocaine cream (Astrazeneca, London) placed on the
kin over the GSV where the tumescent anesthesia injections
ill be made. (3) Oral diazepam 5–10 mg administered 30
inutes before the procedure. (4) Intravenous conscious seda-

ion with midazolam and fentanyl titrated to effect and moni-
ored by qualified nurse.

With the patient prepared and draped, the GSV at and
round the level of the knee is interrogated with sterile US
echnique. The site for venous access is chosen. Ideally, the
SV just below the level of the knee is selected for access. If

he GSV at this level appears small enough to cause access
roblems, a site more cranial can be chosen. Strategies to
istend the GSV include tilting the patient into a reverse
rendelberg position and maintaining a comfortable ambient
rocedure room temperature.
The GSV is accessed under US guidance using a 0.021-

nch micropuncture needle (Cook, Bloomington, IN). After
ccess is obtained using the micropuncture set, a 0.035-inch,
-mm J guidewire is advanced into the GSV. A laser sheath is

igure 13 Normal appearance of GSV post-ELA. On the top image,
he vein has a thickened wall. On the bottom image, there is no flow
y color Doppler US. Other expected changes on US post-ELA (not
hown) include a decrease in vein caliber and noncompressible vein

ver the treated segment.
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272 N. Brasic, D. Lopresti, and H. Mcswain
laced into the GSV over the 0.035-inch guidewire. There are
everal different companies for the laser sheath and catheter.

e use a laser kit which contains a 4-French, 55-cm sheath
nd laser fiber (Vascular Solutions, Maple Grove, MN); the
heath has calibrated markings which are useful during the
aser pullback (Fig. 9). The 4-F laser sheath is positioned in
he GSV with the tip at the SFJ.

Tumescent anesthesia around the GSV is administered
rom the access site at the level of the knee cranial to the SFJ.
he tumescent anesthesia reduces the patient’s pain and de-
reases the risk of cutaneous injury by acting as a heat sink.

e use a mixture of 60 mL of 1% lidocaine, 10 mL of sodium
icarbonate, and 530 mL of 0.9 normal saline. A 20-cm,
2-gauge spinal needle is used to minimize the number of

njection sites. Under real-time US guidance, the perivenous
issues are injected with the anesthesia solution (Fig. 10).

After the tumescent anesthesia has been administered, the
aser fiber is advanced through the laser sheath. The laser
ber tip will project approximately 2 cm beyond the sheath
ip. The sheath/laser fiber are pulled back under US guidance

igure 14 (A) Setup for sclerosant foam preparation. The 3-mL sy-
inge contains 1 mL of 3% sotradecol in 2 mL of normal saline; the
2-mL syringe contains 9 mL of air. (B) Foam after vigorous mixing.
ntil the distal most tip of the laser fiber is �2 cm caudal to s
he SFJ (Fig. 11). The laser fiber is then connected to the
80-nm diode laser source (Angiodynamics) (Fig. 12). Before
he actual laser administration, everyone in the room (the
atient and staff) must put on laser protective eyewear.
The laser is set to 15 W on continuous mode. While acti-

ating the laser via footpedal, the laser fiber and sheath are
ulled back as a unit at �0.5 cm/s. The pullback rate is
onitored by assessing the calibrated marks on the sheath

nd a digital stopwatch. The pullback is performed until �2
m of laser fiber remains in the GSV. This can be assessed by
S or using the sheath markings.
The laser unit is then turned off and the sheath and laser

ber are removed from the patient; the length of GSV treated
measured by the markings on the laser sheath in cm) and the
otal energy used (recorded by the laser generator console in
oules) are recorded. From this information, the energy de-
ivered (in J/cm) is calculated. Manual pressure is held over
he access site to obtain hemostasis. Simultaneously, the leg is
levated to achieve �90° of hip flexion. The thigh and knee
re wrapped with an elastic compression bandage (ACE
rap). A thigh-high graduated compression stocking (30-40
m Hg) is placed on the leg over the compression wrap.
The patient is monitored after the procedure. The length

nd extent of monitoring depend on the level of anesthesia
eceived. For intravenous conscious sedation, the patient is
onitored by a nurse for 45 minutes after the procedure.
After discharge, the patient is given instructions regarding

ctivity level, pain control, the use of a compression stocking,
nd follow-up. The patients are encouraged to ambulate after
he procedure. When stationary, it is recommended to elevate
he leg. Pain control after the procedure should be accomplished
ith a nonsteroidal antiinflammatory medication. The com-
ression stocking should not be taken off for 72 hours. After
his, the compression dressing (ACE wrap) may be removed.
he patient may bathe after 72 hours; after this, until 2 weeks
fter the procedure, the compression stocking should be worn at
ll times unless bathing or sleeping. The patient is instructed to
ollow-up in 4 weeks. An US is performed at that time to assess
he GSV and deep venous system (Fig. 13). We do not routinely

igure 15 The Vein Lite (Wagner Medical) consists of the power source,
fiber optic cable, and a C-shaped light output. A dial on the power
ource allows for adjustment of the light output (up to 150 W).
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Endovenous laser ablation and sclerotherapy 273
o US assessment after 1 week to check for possible DVT. We
hink that the proper placement of the laser fiber caudal to the
FJ decreases the risk of thrombosis enough to mitigate against
niversal US interrogation postprocedure. If a patient has clini-
al signs of DVT, then US is performed.

clerotherapy Technique
he patient is brought into the procedure room in a gown.
he patient identifies any areas of concern. These areas are

igure 16 Theuseof thevein light tohighlightveins for foamsclerotherapy
njection is demonstrated. Photo courtesy of Wagner Medical, Inc.

Figure 17 (A) Grayscale US that shows superficial vari
thickened wall. (B) Color Doppler US that shows no flow

foam sclerosis).
arked with an indelible surgical marker. When the areas
ave been identified and marked, the patient is positioned on
he procedure table appropriately. The areas of concern are
leaned with a chlorhexidine solution. The 3% Sotradecol
olution (Angiodynamics) is prepared for foam sclerother-
py. The Sotradecol is diluted by adding 2 mL of normal
aline to 1 mL of Sotradecol in a 3-mL syringe. The 3-mL
yringe is connected to a 3-way stopcock with a 12-mL sy-
inge containing 9 mL of air (Fig. 14); the syringes are rapidly
epressed sequentially to create the foam (1:3 sclerosant:air).
3-mL syringe is universally the best size syringe for treating
ost varicosities because of the ability to modulate the pres-

ure applied. Use of larger volume syringes will result in more
ncomplete treatments secondary to venous rupture. Very
mall veins may be easier to treat successfully with a 1 mL
yringe.

A vein light (Wagner Medical, Middlebourne, WV; Fig. 15) is
sed to identify the reticular vein (Fig. 16) and a 26-G needle is
laced into the vein with return of blood confirmed. The
oam is injected through the needle while the operator ob-
erves the foam displace the blood from the vein. Extravasa-
ion of the foam is minimized using this technique. The nee-
le is removed at the end of the injection.
After all injections are completed, pressure dressings are

laced on the veins treated and an elastic compression wrap
s secured over the dressings. The patient is encouraged to
ear the compression dressing for 5 days continuously, tak-

ng it off only to shower. In our experience, this dressing
inimizes the chances of trapped blood and phlebitis in the

reated vein. The patient is instructed to follow up in 4 weeks.
e do not obtain posttreatment US in patients who have

een treated with foam sclerotherapy only; if the patient has
igns/symptoms of a DVT, we will obtain an US at that time.
atients in whom we have performed both ELA and foam
clerotherapy do get US. The same changes seen in post-ELA
eins on US are also seen in postfoam sclerotherapy veins
Fig. 17).

After treatment, a patient may notice the treated vein is a
rm palpable cord that can be tender. The vein will gradually
chieve a brown color that fades to yellow over several

s after treatment with foam sclerosis. The vein has a
e GSV (treated by ELA) nor in the varicosity (treated by
cositie
in th
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274 N. Brasic, D. Lopresti, and H. Mcswain
onths, and then usually disappears from reasonable view
y 6 months. If not adequately discussed during the in-
ormed consent session, this progression and healing se-
uence can lead to patient disappointment.
Uncommonly, a superficial phlebitis will occur in a seg-
ent of treated vein; this phlebitis results from heme prod-
cts under pressure within an inflamed closed segment of the
ein. Although this occurrence is usually self-limited, needle
hrombectomy with an 18 gauge needle can provide imme-
iate relief. This is sterilely performed by placing the needle

nto the vein while palpating the tender vein segment. The
ein is massaged to extract the heme product from the nee-
le. Even a small amount removed can provide significant
elief. This works best when the vein diameter is greater than
mm.
We do not use sclerotherapy for telangiectasias unless a

eeding reticular vein can be identified by the vein light.
pider telangiectasias associated with a reticular vein respond
ell to foam sclerosis of the feeding vein. If no associated

eticular vein is found, the patient is referred for cutaneous
aser treatment.
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