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PURPOSE: To assess the efficacy of endovenous laser therapy (EVLT) in the treatment of lower-limb venous ulcers
secondary to venous reflux.

MATERIALS AND METHODS: Forty-four of 139 patients referred for EVLT from January 2004 to August 2007 had
nonhealing venous ulcers. Preprocedural duplex ultrasound (US) was performed to document saphenous venous
reflux secondary to saphenofemoral/saphenopopliteal junction incompetence, deep venous insufficiency, and deep
vein thrombosis. Follow-up intervals were within 1 week, monthly until ulcer healing, and every 6 months thereafter.
Mean follow-up period was 35.8 months (range, 8.1–59.3 months).

RESULTS: Mean great saphenous vein (GSV) diameter and length treated were 9.9 mm (range, 5.5–16.0 mm) and 36.7
cm (range, 20.0–60.0 cm). Mean laser energy used was 3,292 J (range, 1,392–4,971 J). Mean energy deposited per
centimeter of vein was 93.6 J/cm (range, 45.2–182.0 J/cm). Mean laser time was 232 seconds (range, 99–347 sec). Fifteen
patients with follow-up duplex US had no GSV flow at 6 months, with nonvisualization indicating complete
obliteration. Ulcer healing occurred as early as 1 week after the procedure in some patients. Cumulative healing rates
at 1, 3, 6, and 12 months were 82.1%, 92.5%, 92.5%, and 97.4%, respectively. No ulcer had recurred at 1 year, but ulcers
recurred in five patients at 14, 14, 23, 35, and 52 months after EVLT, respectively. One patient with a nonhealing ulcer
2 years after treatment developed well differentiated squamous cell carcinoma.

CONCLUSIONS: Ulcer epithelization occurred with continued GSV occlusion and loss of flow. Most ulcers healed within
3 months with no recurrence at 1 year. Nonhealing ulcers should undergo biopsy to exclude malignant transformation.
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Abbreviations: DVT � deep vein thrombosis, EVLT � endovenous laser therapy, GST � great saphenous vein, SFJ � saphenofemoral junction
LOWER-LIMB chronic venous insuffi-
ciency is a common clinical condition
that affects 25% of women and 15% of
men in the United States (1). If left un-
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treated, approximately 50% of patients
with significant superficial venous in-
sufficiency will develop chronic symp-
toms of lower-limb edema, eczema,
pigmentation, hemorrhage, and ulcer-
ation (2). According to the Clinical,
Etiological, Anatomical, Pathophysio-
logical classification of chronic venous
disorder, open venous ulceration is of
the greatest severity (class 6), and it is
estimated to affect 4% of the popula-
tion older than age 65 years, with a
female-to-male ratio of 3:1 (3). Valvu-
lar incompetence at the saphenofemo-
ral junction (SFJ) with great saphenous
vein (GSV) reflux is the most common
cause of chronic venous insufficiency
encountered in clinical practice (4).
Conservative medical and surgical
treatment strategies for venous ulcers
have been developed. Lower-limb com-
pression is the mainstay of medical
treatment. Its goal is to eliminate edema
and venous hypertension, hence pro-
moting healing (3,5). Adjunctive conser-
vative measures include appropriate
antibiotic therapy for infected ulcers, re-
moval of necrotic tissue, and appropri-
ate primary absorptive wound dressing
based on the expected amount of ulcer
exudates (5). The principle of surgical
treatment is the elimination of venous
hypertension secondary to venous re-
flux. Traditional techniques involve
high ligation of the vein at the SFJ with
stripping of the GSV or ligation of the
saphenopopliteal junction with strip-

ping of the short saphenous vein. Scle-
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rotherapy may be performed to create
swelling and disruption of endothelial
cells, causing occlusion of the incom-
petent vein. Other described surgical
alternatives that are not commonly
done in venous practice include appli-
cation of an external band to restore
saphenous competence and the use of
skin grafting/free flap in the treat-
ment of recalcitrant ulcers (3,5).

Endovenous laser therapy (EVLT)
is an alternative that is minimally in-
vasive compared with surgery for the
treatment of GSV reflux, especially in
patients who are poor surgical candi-
dates (6). EVLT is performed by gain-
ing access to the saphenous vein, plac-
ing an introducer sheath over a wire,
introducing the laser fiber through the
sheath, applying tumescent anesthetic,
and then withdrawing the fiber along
the course of the vein. Direct endothe-
lial damage is caused by the laser en-
ergy, thereby resulting in collagen con-
traction, fibrosis, and hyperplasia with
subsequent occlusion of the vein (7).

The purpose of this study is to as-
sess the efficacy of EVLT in treating
ulcers secondary to venous reflux.
This manuscript was prepared in ac-
cordance with the Recommended Re-
porting Standards for Endovenous Abla-
tion for the Treatment of Venous
Insufficiency: Joint Statement of the
American Venous Forum and the Society
of Interventional Radiology (8).

MATERIALS AND METHODS

Patient Selection

This institutional review board–ap-
proved study was designed as a prospec-
tive, nonrandomized, consecutive-en-
rollment, single-center trial in a tertiary
setting. No controls or adjunctive therapy
were used. Informed consent was ob-
tained from all patients enrolled via a
written informed consent form ac-
knowledging the risks involved and
other issues that conform to the stan-
dard of care for informed consent prac-
tices.

One hundred thirty-nine patients
were referred for EVLT from January
2004 to August 2007. Of these, 44 pa-
tients (21 men and 23 women) with a
mean age of 62.9 years (range, 38–90
y) had nonhealing venous ulcers in
one limb and were enrolled in the
study. A total of 44 limbs were treated.

The majority of the venous ulcers were
over the gaiter’s area. Nine patients
had previous varicose vein surgical in-
tervention. Pre-EVLT duplex ultra-
sound (US) was performed in all pa-
tients to exclude deep vein thrombosis
(DVT), deep venous insufficiency
(DVI), and to document saphenous ve-
nous reflux secondary to SFJ or SPJ
incompetence. Forty-three patients
had GSV reflux, 1 patient had SSV re-
flux, and 11 patients had DVI. Patients
who were unable to ambulate or had
documented deep vein thrombosis
(DVT) in the unilateral lower limb on
US, and women who were pregnant,
nursing, or planning to become preg-
nant during the course of the study,
were excluded.

Procedure

After informed consent was ob-
tained, the patient was placed on a
fluoroscopic table. Preliminary duplex
scan of the leg was performed to con-
firm GSV reflux and exclude DVT. The
patient’s medial lower thigh was then
prepared and draped in the usual ster-
ile fashion. After local anesthesia with
1% lignocaine HCl (Pfizer, Bentley,
Australia), the most distal GSV at the
level of the knee was accessed with
use of a 4-F micropuncture set (Cook,
Bloomington, Indiana) under hand-
held US guidance. A 5-F, 450-mm
sheath (Diomed, Cambridge, United
Kingdom) was advanced over a 0.035-
inch J-shaped Teflon guide wire
(Diomed) through the GSV with the
tip of the sheath placed approximately
1.5 cm from the SFJ. A venogram was
performed and the position of the
sheath confirmed with injection of a
small amount of contrast under fluo-
roscopy as well as with US. Subse-
quently, a 600-�m bare-tip laser fiber
(Diomed) was advanced through the
sheath with the tip of the laser fiber
placed approximately 1.5 cm distal to
and away from the SFJ by retracting
the sheath over the fiber by 2 cm as
indicated by the markings on the laser
fiber. Final position of the laser tip is
confirmed with US.

The tumescent anesthetic solution
of 0.1% lignocaine HCl was prepared
by diluting 50 mL of 1% lignocaine
HCl with 450 mL of normal saline so-
lution. One hundred to 200 mL of the
tumescent anesthetic solution was in-
jected over the entire length of the GSV

under real-time sonographic guidance
with use of a 19.5-gauge Uni-Dwell nee-
dle (Angiomed, Karlsruhe, Germany).
Attention was paid to the injection
of tumescent anesthetic agent in the
perivenous space to ensure uniform
circumferential collapse of the vein
around the laser fiber for maximal
vein wall contact with the laser fiber
for optimal laser ablation of the ve-
nous endothelium. Tumescent anesthe-
sia also helps in providing local pain
relief and acts as a “heat sink” and re-
duces the likelihood of perivenous tis-
sue damage, neural damage, or skin
burn from laser heat energy (6). The
entire length of GSV was then ablated
with the 980-nm diode laser.

For all patients, the power was set
at 14 W and the laser ran in continuous
mode. The laser fiber pullback speed
was kept at approximately 2 mm/sec
with the measured markers on the
sheath used as a guide. Manual com-
pression was applied over the treated
site during the laser pullback to help
maximize vein wall contact with the
laser fiber.

After treatment, hemostasis at the
venous access site was achieved by
manual compression. All patients re-
ceived DuoDERM dressing (Convatec,
New Jersey) as standard dressing for
the venous ulcers. Thick absorbent
pads (Smith & Nephew 9cm x 20cm
Combine Dressing) were applied
along the length of the treated GSV
and over the avulsion sites, followed
by a layer of cotton wool wrap (Soft-
ban Plus, BSN Medical, Brierfield, En-
gland) from ankle to groin. Constant
pressure bandage was applied to the
treated leg by using Coban self adher-
ent wrap (3M Healthcare, St. Paul,
Minnesota) from below the ankle to
just below the groin. The pressure ban-
dage was worn 24 hours a day until
the first outpatient follow-up visit in 3
to 5 days (depending on appointment
dates). This pressure bandage is re-
moved at the first follow-up visit.
No graded compression stocking or
4-layer dressing was applied after re-
moval of the pressure bandage. After
the procedure, patients were encour-
aged to ambulate immediately and to
keep the treated leg above waist level
when sitting or lying down. Patients
were also prescribed with two weeks
of Celecoxib (Celebrex, Pfizer) of 200
mg daily for 2 weeks if there were no

contraindications.
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Follow-up

The patients were scheduled for
outpatient review within one week,
then monthly until the ulcers healed,
and thereafter at 6-month intervals.
The pressure bandage was removed at
the first outpatient review for visual
assessment of the venous ulcers. The
mean follow-up period was 35.8
months (range, 8.1–59.3 mo). Duplex
US was performed at 1 week and 1, 3,
and 6 months in some patients to doc-
ument occlusion of the treated GSV,
the presence of any residual reflux, or
complication of DVT.

Study Endpoints

The primary endpoint of the study
was the assessment of technical and
treatment success. Technical success
was defined as the feasibility of GSV
cannulation and completion of GSV
endovenous laser ablation. Treatment
success was defined as complete epi-
thelization of the venous ulcer on out-
patient follow-up. Treatment failure
was defined as failure of complete ep-
ithelization after 12-month follow-up.

The secondary endpoints were mea-
surement of the treatment parameters
and assessment of complications. Unit
energy delivered during treatment
was determined by recording the GSV
diameter and treated length, total en-
ergy delivered, and total laser ablation
time. Energy in joules per length of
GSV in centimeters was calculated for
each patient and reported as mean val-
ues and ranges. Complications were
assessed as minor and major; minor
complications were defined as tempo-
rary and self-limiting symptoms with-
out any clinical sequelae and major
complications were defined as those
requiring further intervention or hos-
pitalization or resulting in permanent
sequelae (9).

RESULTS

A total of 44 limbs from 44 individ-
ual patients were available for analy-
sis. Concurrent symptoms and comor-
bidities are summarized in Tables 1
and 2, respectively.

EVLT was successfully performed
in all patients, yielding a technical suc-
cess rate of 100%.

The mean GSV diameter and length

treated were 9.9 mm (range, 5.5–16.0
mm) and 36.7 cm (range, 20.0–60.0
cm), respectively. The mean laser en-
ergy used was 3,292 J (range, 1,392–
4,971 J) and the mean energy depos-
ited per centimeter of vein was 93.6
J/cm (range, 45.2–182.0 J/cm). The
mean laser time was 232 seconds
(range, 99–347 sec).

Fifteen patients underwent fol-
low-up duplex US. Eight patients were
scanned at 1 week, 10 at 1 month, nine
at 3 months, and two at 6 months.
Among the nine patients scanned at 3
months, the GSV was not visualized in
four. At 6 months, the GSV in both
patients scanned was also not visual-
ized. In patients with the GSV still vi-
sualized, no flow was seen.

Ulcer healing occurred as early as 1
week after the procedure. The cumu-
lative rates of healing at 1, 3, 6 and 12
months were 82.1% (n � 32), 92.3%
(n � 36), 92.3% (n � 36), and 97.4% (n �
38), respectively (Fig 1). Of the 11 pa-
tients (11/44, 25%) with concomittant
DVI, 10 (10/11, 90.9%) demonstrated
ulcer healing within 3 months. There
was no recurrence of venous ulcers at
the end of the first year of follow up.
However, ulcers recurred in 5 patients
at 14 (for 2 patients), 23, 35, and 52
months post EVLT (5/44, 11.4%).

Minor complications of ecchymosis,
transient tightness, and pain were
noted in all patients. These resolved

Table 1
Concurrent Symptoms (N � 44)

Symptom No. of Pts.

Varicose veins 36
Leg pain or cramps 33
Pigmentation 30
Ankle edema 23
Bleeding 1
Recurrent cellulites 1

Table 2
Comorbidities (N � 44)

Comorbidity No. of Pts.

Hypertension 23
Diabetes mellitus 9
Colon cancer 2
Ischemic heart disease 1
Asthma 1
Pulmonary embolism 1
with conservative and symptomatic
treatment. There were no major com-
plications.

DISCUSSION

Conservative treatment with com-
pression therapy has traditionally
been the first line of treatment in ve-
nous ulcers. The most important factor
in the success of any compression
technique is the consistency of its ap-
plication throughout the duration of
therapy (4). However, patient compli-
ance remains a limiting factor, as this
form of treatment is restrictive and in-
convenient. Intolerance may be seen in
hypersensitive areas adjacent to a ve-
nous ulcer, and difficulty may be ex-
perienced in the application of the
stockings in elderly patients with lim-
ited dexterity (10). Compression may
also potentially exacerbate arterial in-
sufficiency (3). The use of modern
complex wound dressings has been
shown to be superior to adequate
compression with simple wound
dressing in improving the proportion
of healed ulcers as well as the time to
ulcer healing (11).

The standard surgical treatment of
lower-limb venous reflux has been
high ligation with stripping of the vein
to the level of the knee and phlebecto-
mies (12). However, surgery is inva-
sive and associated with morbidity, in-
cluding wound infection, recurrence,
saphenous nerve injury, and DVT
(12–15).

A randomized study comparing the
efficacy of conservative and surgical
treatment at one year was performed
by Barwell et al (16). They compared
saphenous stripping with compres-
sion versus compression alone for the
healing and prevention of venous leg
ulcers in patients with active or healed
ulcers. There was no significant differ-
ence in the rate of ulcer healing of 65% at
24 weeks. However, significantly fewer
patients in the surgical treatment arm ex-
perienced recurrent ulceration (12%) com-
pared with the compression alone
group (28%) at 12 months. An update
of this study by Gohel et al showed no
significant difference in the healing
rate of 93% for the surgical treatment
arm and 89% for the compression
alone group at 3 years, but there was
statistical significance in the recur-
rence rate at 4 years of 31% for the
surgical arm and 56% for the compres-

sion alone group (17). Therefore, sur-
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gical venous intervention will be appro-
priate to reduce the incidence of ulcer
recurrence whenever superficial venous
reflux is a prominent component of the
disease, but it should not be recom-
mended if acceleration of wound heal-
ing is the desired goal (5).

Figure 1. Photographs show healing of
before EVLT (a), 1 week after EVLT (b),
EVLT (d).

Figure 2. On histologic examination, the l
tic squamous epithelium and irregular nes
noma (C) on the right. (Hematoxylin and e
EVLT offers a minimally invasive
alternative to surgery. In a random-
ized controlled trial comparing EVLT
of the GSV versus surgical high liga-
tion and stripping (18), there were no
significant differences in safety and ef-
ficacy in eliminating GSV reflux, alle-
viation of symptoms and signs of GSV

ous ulcer by 3 months. Images obtained
onth after EVLT (c), and 3 months after

side of the specimen (H) shows hyperplas-
a well differentiated squamous cell carci-

n stain, original magnification �20.)
varicosities, or improvement of qual-
ity of life in the first 6 months after
either treatment. However, patients in
the surgical group experienced a slight
increase in postoperative pain and
bruising. Another 2-year clinical study
(19) showed that EVLT is at least equal
to ligation and stripping, with the vast
majority of the treated GSV remaining
permanently closed and undergoing
shrinkage over time. There were sim-
ilar rates of recurrence and neovascu-
larization between the two treatment
arms, although improved quality of
life persisted in the EVLT group.

We did not apply compression
therapy (eg, four-layer bandaging or
graduated compression stockings) af-
ter the initial pressure bandage ap-
plied after EVLT was removed 3 to 5
days later. As part of our study, we
were evaluating venous ulcer healing
rates without the use of compression
therapy after obliteration of venous re-
flux. None of these ulcers increased in
size without compression therapy af-
ter EVLT and we were still able to
achieve venous ulcer healing in 92.3%
of patients within 3 months and 97.4%
at 12 months. Our findings are compa-
rable to Sharif et al’s study of 23 limbs
with cumulative healing rates of 87%
at 3 months and 100% at 12 months
(10). This is a big boon for patients
especially in tropical Singapore, where
compression garments are uncomfort-
able because of heat and perspiration
and because patients need to fre-
quently visit the hospital for a dress-
ing change. Neglen et al (20) suggest
that most venous ulcers that can po-
tentially heal will do so by 6 months
after treatment, and recurrence is rare
if there has been complete epitheliza-
tion. Deep venous insufficiency was
documented in 25% (n � 11) of the 44
patients. At 3 months, 90.9% of these
patients (n � 10) had ulcer healing
with no recurrence during follow up.
Hence, the presence of DVI does not
appear to affect the rate of ulcer heal-
ing or recurrence in our group of pa-
tients.

The only patient with a nonhealing
venous ulcer at the end of 12 months
also had concomitant DVI. He was lost
to follow up after 1 year but presented
2 years after the EVLT treatment with
the same problem. Biopsy showed
well differentiated squamous cell car-
cinoma (Fig 2). This was excised with
skin grafting but recurred 11 months
ven
1 m
eft
t of
later, requiring further surgery. While
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our ulcer healing rates are favorable
compared to compression alone or
compression combined with surgical
stripping of the saphenous vein, we
are not entirely clear on the reason for
this. We postulate that our favorable
results may be due to small ulcer size
in our patient population. In addition,
we believe that without the use of
four-layer dressing our patients were
able to have their ulcers dressed daily
rather than weekly in patients with
four-layer dressing. Frequent dressing
changes may have enhanced ulcer
healing in our patients (11). Although
it may be postulated that our low rate
of concomitant DVI may have contrib-
uted to our favorable ulcer healing
rates, our analysis does not suggest
any delay in ulcer healing rates in
these patients.

No ulcer recurrence in the first year
of follow-up was detected. This is also
similar to Sharif et al’s findings (10).
However, ulcers did recur in 5 of our
patients at 14, 14, 23, 35 and 52 months
after EVLT treatment. Duplex ultra-
sound in the patient with a recurrent
ulcer at 23 months found that the GSV
remained occluded but he had devel-
oped DVI in the interim. The patient
with a recurrent ulcer at 52 months
developed DVT 6 months prior to ul-
cer recurrence, and we believe that
this was the sequelae of post-throm-
botic syndrome. No duplex US was
performed in the other 3 patients. The
ulcers in all 5 patients healed with
four-layer dressing. In Sharif et al’s
study, there was one case of recur-
rence at 22 months secondary to mid-
calf perforator incompetence with a re-
canalized GSV (10).

Our recurrence rate of 6.8% (n � 3),
9.1% (n � 4), and 11.4% (n � 5) at 2, 3,
and 5-year follow-up, respectively,
compares favorably with the ESCHAR
trial comparing compression alone
against compression with surgical sa-
phenous vein stripping (56% and 31%,
respectively, at 4 years) (17). Our re-
currence rate of 6.8% at 2 years also
corresponds closely to that of GSV re-
flux recurrence of less than 7% at 2
years of follow up by Min et al (6).

The reason for our low rate of ulcer
recurrence is also not completely clear.
We postulate that our patient popula-
tion was a very selected one, with the
main cause of CVI being GSV reflux.
Hence, we believe that as long as the

GSV remained ablated and occluded,
then the ulcer recurrence rate would
correspondingly be low. Although
concomitant DVI may potentially
cause ulcer recurrence, all 5 patients
with a recurrent ulcer did not have
this condition on the pre-EVLT duplex
US. Hence, we do not think that pre-
EVLT treatment DVI is a predictor of
ulcer recurrence.

Common local postoperative compli-
cations include ecchymosis, tightness,
hypersensitivity along the treated area,
or pain and transient paresthesia (21).
All of our patients experienced similar
signs and symptoms to varying degrees
when reviewed on follow-up. However,
they were treated conservatively and
symptomatically with nonsteroidal an-
tiinflammatory medication. No major
complications were documented.

We started our EVLT service in Jan-
uary 2004. As part of a research pro-
tocol to evaluate the efficacy of EVLT
in occluding the saphenous veins, we
performed serial duplex US examina-
tions at 1 week, 1 month, 3 months, 6
months, and 12 months after EVLT in
our first 30 patients. The results in
these 30 patients showed a 96.7% inci-
dence of GSV occlusion at 1 week;
these veins remained occluded at 6
months and there was one case of GSV
recanalization at 3 months. Based on
these findings, serial follow-up duplex
US scans were discontinued and sub-
sequent patients were assessed clini-
cally with US studies selectively per-
formed in patients with suboptimal
clinical outcome. Ten of the 44 patients
with venous ulcers belong to this ini-
tial cohort of 30 patients in whom se-
rial duplex US scans were performed.
The majority of the remaining patients
did not have duplex US follow-up as
their ulcers were healing well. This is
the reason for the low 38.5% rate of
follow-up duplex US in our study. In-
terestingly, our follow-up US studies
showed that the effect of venous ther-
mal injury resulted in ongoing oblitera-
tion of the targeted vein. At 3 months,
duplex US showed nonvisualization of
the GSV in four of nine patients. No
flow was seen in the other five patients.
Repeat duplex US assessment at 6
months in two of these five patients also
showed nonvisualization of the GSV.
When we first started our EVLT service,
there was no evidence that it can replace
surgery as the standard of care. Hence,
only symptomatic patients (ie, with leg

pain or venous ulcers) who were unsuit-
able for surgery or anesthesia were re-
ferred for EVLT. This accounts for the
unusually high proportion of venous ul-
cer in our cohort of 139 patients (44 pa-
tients, 31.6%).

The range of energy deposited per
cm of vein in our study is from 45.2
J/cm to 182 J/cm. This wide range
occurred because while gaining expe-
rience in the early days of our EVLT
service, we pulled back the laser at a
faster rate in the belief that this would
reduce skin burning. However, as ev-
idence emerged that higher energy
deposition resulted in more effective
venous ablation, we slowed down the
pull back rate (22). Currently, we only
pulled back the laser fiber when bub-
bling was demonstrated at the tip un-
der US. As charring occurred at the
laser tip as it was withdrawn, bubbles
took longer to form due to impaired
heat transmission. Hence, we tended
to dwell the laser tip for a longer pe-
riod closer to the incision site.

The limitations of the present study
include the small number of study
participants and lack of objective ulcer
area measurement. It would be infor-
mative if the ulcerated area was mea-
sured before intervention and simi-
larly measured in the outpatient clinic
on follow-up. This can be done by
counting squares on a standardized
grid.

To the best of our knowledge, this
is the largest series to date studying
the use of EVLT solely for the treat-
ment of lower-limb venous ulcers
secondary to saphenous vein reflux.
EVLT is a safe and efficacious ther-
apy for lower-limb venous ulcers sec-
ondary to saphenous vein reflux and
may provide an alternative to long-
term compression therapy or surgery.
It overcomes the inherent difficulty in
patient compliance with compression
therapy, which is key to treatment suc-
cess. It is also suitable for elderly and
infirm patients who are poor surgical
candidates as EVLT may be performed
in an outpatient setting with only the
use of local anesthesia and without the
need for prolonged immobilization.
Clinical improvement and ulcer epi-
thelization occur in tandem with con-
tinued GSV occlusion and loss of flow,
occurring as soon as 1 week after
EVLT. Most ulcers that can potentially
heal will do so by 6 months, and non-
healing ulcers should undergo biopsy

to exclude malignant transformation.
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