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Robert J. Min, MD, Neil Khilnani, MD, and Steven E. Zimmet, MD

PURPOSE: To report long-term follow-up results of endovenous laser treatment for great saphenous vein (GSV) reflux
caused by saphenofemoral junction (SF]) incompetence.

MATERIALS AND METHODS: Four hundred ninety-nine GSVs in 423 subjects with varicose veins were treated over
a 3-year period with 810-nm diode laser energy delivered percutaneously into the GSV via a 600-um fiber. Tumescent
anesthesia (100-200 mL of 0.2% lidocaine) was delivered perivenously under ultrasound (US) guidance. Patients were
evaluated clinically and with duplex US at 1 week, 1 month, 3 months, 6 months, 1 year, and yearly thereafter to assess
treatment efficacy and adverse reactions. Compression sclerotherapy was performed in nearly all patients at follow-up
for treatment of associated tributary varicose veins and secondary telangiectasia.

RESULTS: Successful occlusion of the GSV, defined as absence of flow on color Doppler imaging, was noted in 490
of 499 GSVs (98.2%) after initial treatment. One hundred thirteen of 121 limbs (93.4%) followed for 2 years have
remained closed, with the treated portions of the GSVs not visible on duplex imaging. Of note, all recurrences have
occurred before 9 months, with the majority noted before 3 months. Bruising was noted in 24% of patients and
tightness along the course of the treated vein was present in 90% of limbs. There have been no skin burns,
paresthesias, or cases of deep vein thrombosis.

CONCLUSIONS: Long-term results available in 499 limbs treated with endovenous laser demonstrate a recurrence
rate of less than 7% at 2-year follow-up. These results are comparable or superior to those reported for the other
options available for treatment of GSV reflux, including surgery, US-guided sclerotherapy, and radiofrequency
ablation. Endovenous laser appears to offer these benefits with lower rates of complication and avoidance of general

anesthesia.
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Abbreviations:

LOWER-extremity venous insuffi-
ciency is a common medical condition
afflicting 25% of women and 15% of
men in the United States (1). Gender,
pregnancy, hormones, aging, and
gravitational forces from prolonged
standing or sitting are the most com-
mon factors that influence the appear-

GSV = great saphenous vein, RF = radiofrequency, SFJ] = saphenofemoral junction

ance or worsening of primary varicose
veins (2,3). Although many people
seek medical treatment for varicose
veins because they find them un-
sightly, most people with varicose
veins do experience symptoms (4,5).
Unfortunately, symptoms of primary
venous insufficiency are often not rec-
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ognized by patients or their physi-
cians. Characteristic leg complaints as-
sociated with varicose veins include
aching pain, night cramps, fatigue,
heaviness, or restlessness. Symptoms
arise from pressure on somatic nerves
by dilated veins and are typically
worsened with prolonged standing,
during the premenstrual period, or in
warm weather (6). Left untreated,
nearly 50% of patients with significant
superficial venous insufficiency will
eventually experience chronic venous
insufficiency characterized by lower-
extremity swelling, eczema, pigmenta-
tion, hemorrhage, and ulceration (7).
Great saphenous vein (GSV) reflux
is the most common underlying cause
of significant varicose veins. Tradi-
tional treatment of GSV reflux has
been surgical removal of the GSV. Al-
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though surgical ligation and stripping
of the GSV has been the most durable
treatment, it is associated with signif-
icant perioperative morbidity. Less-in-
vasive surgical treatments including
high ligation of the GSV at the saphe-
nofemoral junction (SFJ) have been at-
tempted with the hope that gravita-
tional reflux would be controlled
while the vein is preserved for possi-
ble use as a bypass graft. Unfortu-
nately, ligation of the GSV alone usu-
ally results in recurrent varicose veins
(8). Even when high ligation has been
combined with phlebectomy of vari-
cose tributaries or retrograde sclero-
therapy, recurrence has been the rule
(9,10). Therefore, when it is deter-
mined that GSV reflux is the principal
underlying problem, treatment should
involve eliminating this source of re-
flux with ablation of any associated
incompetent venous segments.

In 1999, Boné (11) first reported on
delivery of endoluminal laser energy.
Since then, a method for treating the
entire incompetent GSV segment has
been described (12,13). Endovenous
laser treatment, which received ap-
proval from the US Food and Drug
Administration in January 2002, al-
lows delivery of laser energy directly
into the blood vessel lumen. Non-
thrombotic vein occlusion is accom-
plished by heating the vein wall with
810-nm-wavelength laser energy de-
livered via a 600-um laser fiber
(Diomed, Andover, MA). Sufficient
heating of the vein wall is necessary to
cause collagen contraction and denu-
dation of endothelium. This stimulates
vein wall thickening, eventual luminal
contraction, and fibrosis of the vein.
The purpose of this study is to report
on the long-term follow-up results of
endovenous laser treatment for GSV
reflux.

MATERIALS AND METHODS

This prospective, nonrandomized,
consecutive-enrollment  study in-
cluded 423 patients who underwent
endovenous laser treatment of incom-
petent GSV segments with 810-nm di-
ode laser energy delivered intralumi-
nally for treatment of primary varicose
veins. The study protocol was ap-
proved by the Weill Medical College
of Cornell University Institutional Re-
view Board. All patients gave written
informed consent before treatment.

Patient Selection

Directed history and physical ex-
amination, including duplex ultra-
sound (US) evaluation of the superfi-
cial venous system, was performed on
limbs of subjects with varicose veins.
Study inclusion criteria included vari-
cose veins caused by SFJ incompetence
with GSV reflux as demonstrated by
duplex US imaging, age of at least 18
years, and ability to return for sched-
uled follow-up examinations for 12
months after endovenous laser treat-
ment. Exclusion criteria included non-
palpable pedal pulses; inability to am-
bulate; deep vein thrombosis; general
poor health; pregnancy, nursing, or
plans to become pregnant during the
course of participation in the investi-
gation; and extremely tortuous GSVs
that would not allow endovenous
catheterization and passage of the la-
ser fiber as identified on pretreatment
venous duplex US mapping. After ini-
tial consultation and evaluation, sub-
jects meeting the appropriate criteria
were offered surgery versus en-
dovenous laser treatment. Nearly all
subjects chose endovenous laser over
surgical ligation and stripping.

Five hundred four incompetent
GSVs were treated with endovenous
laser over a 39-month period. Five
limbs were lost to follow-up. The re-
maining 499 limbs in 423 patients com-
prise the study population. This group
consists of 352 women (83%) and 71
men (17%) ranging in age from 23 to
72 years, with a mean age of 42 years.

Follow-up ranged from 1 month to
39 months with a mean follow-up pe-
riod of 17 months and an SD of 11
months. Aching leg pain was the most
common presenting symptom, found
in 87% of limbs. Overall, slightly more
left legs (n = 263, 53%) were treated,
and 76 patients (18%) were treated for
bilateral GSV reflux. Pretreatment
GSV diameter, measured in the up-
right position approximately 2 cm be-
low the SFJ, ranged from 4.4 mm to 29
mm (mean, 11 mm; SD, 4.2 mm).

None of the patients in this series
underwent concomitant ambulatory
phlebectomy. All but seven patients
underwent compression sclerotherapy
treatment of distal varicose tributaries
or associated telangiectasias at fol-
low-up visits.

Description of Technique

Duplex US was performed in the
upright position to map incompetent
sources of venous reflux and then to
mark the skin overlying the incompe-
tent portion of the GSV starting at the
SFJ. After venous duplex mapping, a
percutaneous entry point was chosen.
This point may be where reflux is no
longer seen or where the GSV becomes
too small to access (usually just above
or below knee level). With use of local
anesthesia and sonographic guidance,
the GSV was punctured. A 5-F intro-
ducer sheath was placed into the GSV
over a guide wire and advanced past
the SFJ into the femoral vein. Intralu-
minal position within the GSV was
confirmed by aspiration of nonpulsa-
tile venous blood and visualization
with US.

The sheath was flushed and a
600-um laser fiber (Diomed) was in-
serted in the sheath and advanced up
to the first site mark, indicating that
the distal tip of the laser fiber was
flush with the end of the sheath. The
sheath was then withdrawn to the sec-
ond site mark, exposing the distal 3 cm
of the bare-tipped laser fiber. The
sheath and fiber were pulled back to-
gether and positioned at the SFJ under
US guidance. Position was confirmed
by direct visualization of the red aim-
ing beam of the laser fiber through the
skin.

Tumescent local anesthesia consist-
ing of 100-200 mL of 0.2% lidocaine
neutralized with sodium bicarbonate,
was administered along the perive-
nous space with use of US guidance.
In addition to the anesthetic effects,
properly delivered, this fluid serves
two important functions: (1) it com-
presses and reduces the diameter of
even the largest veins to provide vein
wall apposition around the fiber tip
with subsequent circumferential heat-
ing of the vein wall and (2) it provides
a “heat sink” to minimize the possibil-
ity of heat-related damage to adjacent
tissues. Figure la demonstrates the
typical transverse sonographic ap-
pearance of the laser fiber and catheter
seen centrally within an enlarged GSV
located in the saphenous space. Proper
and adequate delivery of tumescent
anesthesia should result in fluid sur-
rounding a compressed GSV as shown
in Figure 1b.

The tip of the laser fiber was repo-
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Figure 1. Duplex US (transverse view) demonstrating appearance of the GSV before and
after proper delivery of tumescent anesthesia. (a) Intraluminal position of laser fiber and
catheter within an enlarged GSV; (b) tumescent anesthesia delivered by echogenic needle
tip adjacent to laser fiber and catheter with fluid surrounding the compressed GSV.

sitioned within the GSV 5-10 mm dis-
tal to the SFJ. Tip position was checked
by US and direct visualization of the
red aiming beam through the skin. La-
ser energy (810-nm diode laser;
Diomed) was delivered at 14 W in con-
tinuous mode. The vein was treated
from 5-10 mm below the SF] to ap-
proximately 1 cm above the skin entry
site. Length of GSV treated with en-
dovenous laser ranged from 10 cm to
55 cm (mean, 35 cm; SD, 10 cm). The
laser fiber was withdrawn at an aver-
age rate of 3 mm per second (18 cm per
minute). Of patients treated with 14-W
continuous mode (n = 276, or 55% of
limbs), delivery of laser energy ranged
from 25 seconds (at 358 J) to 187 sec-
onds (at 2,615 ]J), with a mean of 123
seconds (SD, 47 sec) or 1,727 J (SD, 650

).

A class II (30—40 mm Hg) full-thigh
graduated support stocking or panty
hose was worn for at least 1 week at all
times except to sleep or to shower.
Patients were instructed to ambulate
and resume their normal daily activi-
ties immediately. Clinical and duplex
US follow-up was obtained at 1 week,
1, 3, 6, 9, and 12 months, and then

yearly.
Compression sclerotherapy treat-

ment of distal varicose tributaries was
performed with use of sodium tetra-
decyl sulfate (0.3%-1% concentration).
A detailed description of sclerother-
apy technique is beyond the scope of
this article but the approach used was
the “French school” originally advo-
cated by Tournay and more recently
popularized in the United States by
Goldman and other phlebologists (14).
This technique relies on starting from
the highest points of reflux and pro-
ceeding downward, and treating veins
from the largest to the smallest. Com-
pression stockings or panty hose were
worn for at least 1 week after sclero-
therapy treatments except to sleep or
shower. Sclerotherapy treatments
were performed at 4-week intervals,
starting 1 month after endovenous la-
ser ablation of the GSV.

Study Endpoints and Definitions

Duplex US criteria for successful
treatment were the following: at
1-week follow-up, an enlarged non-
compressible GSV, minimally de-
creased in diameter, with echogenic,
thickened vein walls, and no flow seen
within the occluded vein lumen on
color Doppler interrogation; at 3- and

6-month follow-up, an occluded GSV
with substantial (>50%) reduction in
diameter; and at 1 year and beyond,
complete disappearance of the GSV or
minimal residual fibrous cord with no
flow detectable. It is important to note
that the expected appearance 1-2
weeks after endovenous laser is a
slightly smaller GSV demonstrating
wall thickening with absence of flow
within the treated vein segment. The
vein lumen is usually obliterated by
the thickened wall, which has low-
level echoes and is incompressible.
This wall thickening should be differ-
entiated from acute GSV thrombosis
wherein the vein is also incompress-
ible but the lumen is filled with ane-
choic acute thrombus. Several weeks
after successful endovenous laser
treatment, resolution of the acute in-
flammation in the vein wall should
result in reduction in vein diameter.
After several months, most of the
treated vein segments will fibrose and
be difficult to identify. Alternatively,
superficial thrombophlebitis with GSV
thrombus would result in recanaliza-
tion of the vein. A longitudinal view of
an enlarged, incompetent GSV is seen
in Figure 2a. Figure 2b demonstrates
the typical color Doppler appearance
of a successfully treated GSV 1 year
after endovenous laser treatment.
Clinical evaluation was performed
on all subjects at 1 week, 1, 3, 6, 9, and
12 months, and yearly thereafter by
the same physician (R.M.) who per-
formed all the endovenous laser pro-
cedures. Patients were queried about
symptomatic relief at follow-up visits,
particularly improvement or resolu-
tion of lower-extremity pain believed
to be associated with venous insuffi-
ciency. Improvement in the appear-
ance of the leg, including reduction in
visible varicosities, swelling, pigmen-
tation, or other skin changes second-
ary to chronic venous insufficiency,
were assessed by the patient and with
direct comparison with pretreatment
photographs obtained from all sub-
jects undergoing treatment. Patients
were evaluated for possible adverse
reactions caused by endovenous laser
treatment at each follow-up visit. Mi-
nor complications were defined as
those that had no significant clinical
sequelae, such as bruising. Major com-
plications were defined as those neces-
sitating an increased level of care, sur-
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a.

Figure 2.

Color Doppler examinations (longitudinal views) of the GSV at the SF]

demonstrating successful occlusion after endovenous laser treatment. (a) Pretreatment
evaluation demonstrates an enlarged GSV with reflux after distal calf compression; (b)
1-year follow-up examination shows typical “cul-de-sac” appearance of the proximal GSV

with occlusion of the treated segment.

gery, hospitalization, or permanent
adverse sequelae.

RESULTS

Follow-up results ranging from 1
month to 39 months (mean, 17
months; SD, 11 months) were obtained
in 499 of the 504 limbs treated with
endovenous laser during the study pe-
riod. Successful endovenous laser
treatment, as defined earlier, was seen
in 490 of 499 limbs (98%) at 1-month
follow-up. Eight of nine GSVs requir-
ing repeat endovenous laser were suc-
cessfully closed with a second en-
dovenous laser treatment. Continued
closure of the treated GSV segments
was noted at longitudinal follow-up at
the following rates: 444 of 447 (99.3%)
at 3 months, 390 of 396 (98.5%) at 6
months, 351 of 359 (97.8%) at 9
months, 310 of 318 (97.5%) at 1 year,
and 113 of 121 (93.4%) at 2 years. Forty
subjects have been followed for 3
years and no new recurrences were
seen at 2 or 3 years that were not
present at 1-year follow-up. In fact, all
recurrences were noted before 9
months, with the majority seen by 3
months. This may indicate that these
were not true recurrences but rather
inadequate initial treatments.

Clinical examination correlated
well with duplex US findings. All pa-
tients showed improvement in the ap-
pearance of the limb with disappear-
ance or reduction in the size and
number of visible varicosities. The
typical appearance of varicose veins
caused by incompetence of the SFJ
with GSV reflux is shown in Figure 3a.

One month after endovenous laser
treatment, relief of symptoms and sig-
nificant improvement in the appear-
ance of the varicose veins was noted
(Fig 3b). By 6 months after initial
treatment, pain was greatly im-
proved or resolved in all treated
limbs. Although symptomatic reso-
lution and significant improvement
in the appearance of the leg is usu-
ally noted after endovenous laser
treatment alone, most patients will
need additional complementary pro-
cedures (ie, sclerotherapy or phle-
bectomy) to fully realize the restor-
ative benefits of treatment.

Bruising outside the puncture site
was noted in 24% of limbs at 1-week
follow-up. Bruising resolved in all
subjects before 1-month follow-up.
Ninety percent of subjects felt a de-
layed tightness peaking 47 days after
laser treatment and lasting 3-10 days.
This sensation, described as “pulling”
along the course of the treated GSV,
was not felt in the nine patients in
whom initial treatment failed. Five
percent of patients developed superfi-
cial phlebitis of varicose tributaries af-
ter endovenous laser occlusion of the
GSV. Most cases required no treat-
ment. Symptomatic patients were
treated with graduated compression
stockings and over-the-counter antiin-
flammatory agents. All minor compli-
cations listed earlier resolved without
sequelae. There have been no skin
burns, paresthesias, cases of deep vein
thrombosis, or other minor or major
complications. The procedure was

well-tolerated by all subjects with
strictly local anesthesia.

Overall treatment satisfaction was
determined by asking subjects if they
would recommend the procedure to a
friend with similar leg vein problems,
and 422 of 423 subjects (99.8%) indi-
cated they would recommend the
procedure.

DISCUSSION

Percutaneous methods for treating
incompetent GSVs are not new. Du-
plex-guided sclerotherapy for treat-
ment of GSV reflux has been at-
tempted, but long-term studies have
failed to prove durability comparable
to surgery (15-19). Initial attempts at
damaging vein walls by electrocoagu-
lation involved creation of a thrombus
within the vessel lumen, ultimately re-
sulting in recanalization (20-22). Early
methods of intraluminal delivery of
high-frequency alternating-current ra-
diofrequency (RF) energy to treat GSV
reflux were complicated by skin
burns, saphenous nerve and peroneal
nerve injury, phlebitis, and wound in-
fection (23).

A more modern technique of the
use of RF energy to eliminate saphe-
nous vein reflux has been developed
by VNUS Medical Technologies
(Sunnyvale, CA). Early results re-
ported from a multicenter trial dem-
onstrated a reasonable degree of suc-
cess with an overall failure rate of 10%
at a mean follow-up of 4.7 months
(13% in patients treated with RF alone
and 5% in patients treated with RF
plus high ligation of the GSV). Com-
plications included transient paresthe-
sias (thigh, 9%; leg, 51%), skin burns
(3%), deep venous thrombosis (3%),
and one pulmonary embolus (24).
More recent studies have demon-
strated success rates of 73%-90% with
follow-up to 24 months in 21 limbs
(25-27).

One of the limitations of our study
is that it does not provide a blinded,
randomized comparison of the vari-
ous modern percutaneous methods
available for treatment of GSV reflux,
including RF and wavelengths of laser
energy other than 810 nm. However,
review of the literature allows some
comparisons and raises some interest-
ing areas for future study.

RF current damages tissue by resis-
tive heating of structures in direct con-
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a.

Figure 3.

b.

Significant improvement in appearance of varicose tributaries after en-

dovenous laser treatment of an incompetent left GSV. (a) Typical appearance of varicose
veins caused by GSV reflux; (b) the same leg 1 month after endovenous laser treatment.

tact with the electrodes. Deeper tissue
planes are heated by conduction into
normothermic tissue. Because the po-
tential for heating of adjacent perive-
nous tissue is high, safe treatment
with RF depends on proper delivery of
adequate tumescent anesthesia. Effec-
tive use of tumescent anesthesia ap-
pears to have reduced the incidence of
heat-related complications. In expert
hands, the incidence of paresthesias
after RF has occurred in as few as 8.5%
of limbs within 1 week of treatment
and decreased to 0.7% at 6 months
(27). However, with less-experienced
physicians, RF still has been compli-
cated with heat-related adverse effects
such as paresthesias (10% at 6 months)
and skin burns (3.3%) (25).

Published experience with en-
dovenous laser with use of wave-
lengths other than 810 nm is limited. A
recent study by Chang and Chua (28)
reported the use of 1,064-nm laser en-
ergy delivered endovenously for treat-
ment of GSV reflux. Although this
study reported a success rate of 96.8%

in 244 legs followed up to 28 months,
significant complications were noted,
including paresthesias (36.5%) and
skin burns (4.8%). In addition to en-
dovenous laser ablation, all patients in
their study underwent surgical liga-
tion and division of the proximal and
distal ends of the treated GSV. In ad-
dition, patients treated with the
1,064-nm wavelength underwent spi-
nal or general anesthesia rather than
strictly local tumescent anesthesia (28).

In comparison, in our series of more
than 500 limbs treated with 810-nm
diode laser energy delivered en-
dovenously, there have been no heat-
related complications despite the high
temperatures attained at the laser fiber
tip. This may be explained by the fol-
lowing: (1) improved delivery and use
of sufficient amounts of tumescent
fluid in the proper tissue plane pro-
viding a protective thermal “sink;” (2)
selective, homogeneous, and circum-
ferential heating of the inner vein wall
by absorption of 810-nm laser energy
by blood lining the vein wall, as noted

in a recent study by Proebstle et al
(29), rather than deeper penetration of
laser energy and less-homogeneous
heating from endovenous laser per-
formed with wavelengths such as
1,064 nm, which are absorbed less by
blood and more by water; and (3)
faster rates of withdrawal and shal-
lower depth of penetration of 810-nm
laser energy, resulting in less damage
to surrounding nontarget tissue com-
pared with methods that use RF.

It has been suggested that a ran-
domized controlled trial comparing
outcomes of endovenous laser abla-
tion of the saphenous vein to surgical
ligation and stripping should be per-
formed; however, such a study would
be difficult given patients’ over-
whelming desire for minimally inva-
sive treatments rather than surgery.
Review of the existing surgical litera-
ture does provide some insight in as-
sessing treatment durability. Multiple
studies have shown that recurrence of
varicose veins after GSV stripping oc-
curs early (30), with 73% of limbs des-
tined for recurrent varicosities at 5
years already having them at 1 year
(31,32). Our results with endovenous
laser have supported this, demonstrat-
ing that what is found on duplex im-
aging early is predictive of what will
be seen later, with none of the treated
patients developing recanalization of
successfully occluded GSVs at 2 or 3
years that was not seen before 9
months.

Performing endovenous ablation of
the GSV without dissection of the SFJ
violates a cardinal rule in saphenous
vein surgery that each of the tributar-
ies must be individually divided. Sur-
prisingly, the combined experiences
with transcatheter endovenous abla-
tion procedures have shown lower re-
currence rates than with surgical liga-
tion and stripping. Perhaps minimizing
dissection in the groin and preserving
venous drainage in normal, competent
tributaries while removing only the
abnormal refluxing segments does not
incite neovascularization.

The understanding of venous disor-
ders continues to improve with tre-
mendous strides being made over the
past decade. Readily available nonin-
vasive diagnostic tests allow physi-
cians to precisely map out abnormal
venous pathways and identify sources
of incompetence. Modern percutaneous
methods of sealing incompetent veins
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provide patients with alternatives to li-
gation and stripping for treatment of
GSV reflux without the familiar morbid-
ities associated with surgery (33,34).
Given these recent advances, many phy-
sicians, when properly trained, will now
be able to successfully diagnose and
treat the whole spectrum of superficial
venous insufficiency, offering accept-
able options to the millions of people in
the United States alone who have vari-
cose veins but are unwilling or unable to
undergo surgery.
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