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Abstract

Introduction: Varicosis is a condition affecting the superficial venous system of the lower limbs.
Endovenous laser ablation (EVLA) is a minimally invasive method that uses different frequencies
of laser for treatment. Radiofrequency (RF) has also been effectively used for vein ablation through
thermal mechanisms. This study compares the success rate and side effects of EVLA and RF to treat
varicose veins in the lower limbs within 12 months.

Published online December 30,  Methods: In this two-arm, parallel-group, randomized controlled, single-blind study, 1090 patients
2020 with lower limb varicosis proven by Doppler ultrasonography (DUS) were randomly placed into one
of the two groups: EVLA and RF ablation. In the EVLA group, we used a 980-nm diode laser in a
pulse mode and in the RF group, a 7-cm ClosureFast (Covidien, USA) catheter with an RF generator.
We assessed pain during the operation and 8 and 24 hours after the surgery by the numerical rating
scale (NRS). The patients were followed up on day 7, then 3, 6, and 12 months postoperatively. The
presence or absence of pain and then the severity of pain (according to NRS), the recurrence rate,
complications, and the length of the procedure were compared.

Results: There was no significant difference between the two groups in the patients’ characteristics,
major adverse events and pain severity during the procedure and 8 and 24 hours after the surgery.
According to NRS, the mean chronic pain severity in the EVLA group was 3.99+ 0.754 versus
4.50+ 0.657 in the RF group, and the difference was not significant. The length of operation and the
recurrence rate 12 months after the procedure were not significantly different.

Conclusion: The results of our study further establish the efficacy of EVLT and RF ablation for
lower limb varicosis treatment without any significant difference in the clinical outcomes and
complications during a 12-months follow-up.
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Introduction The CEAP (Clinical-Etiology-Anatomy-

Varicosis is a condition affecting the superficial venous
system ofthelowerlimbs.!Its prevalenceis estimated at 15%
in men and 25% in women.? One mechanism of the disease
is reflux of blood through the saphenous vein due to the
venous valve (duckbill valves) insufficiency, especially in
the saphenofemoral junction, saphenopopliteal junction,
or perforating veins. The malfunctioning valves can be in
one or more of the mentioned places.’ In its early stages,
varicosis can be asymptomatic, but as it progresses, pain,
limb fatigue, edema, skin alterations, and venous ulcers
develop.* If left untreated, severe complications such as
thrombophlebitis and chronic venous insufficiency can
occur.?

Pathophysiology) classification is an internationally
accepted standard for describing patients with chronic
venous disorders, and it has been used for reporting
clinical research findings in scientific journals (Figure
1). Based on CEAP, patients with varicose veins and
secondary edema or changes in skin and subcutaneous
tissue (C2, C3, C4) are candidates to be treated with
surgical or interventional methods, provided they
do not have deep vein thrombosis (DVT) in Doppler
ultrasonography (DUS) and have incompetent venous
valves in the saphenous system.’

The greater saphenous vein (GSV) is the most
commonly affected among symptomatic patients,
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co No visible or palpable signs of venous disease
cl Telangiectasias or reticular veins
c2 Varicose veins
C2r | Recurrent varicose veins
c3 Edema
C4 Changes in skin and subcutaneous tissue secondary to chronic venous disease

C4a | Pigmentation or eczema

C4b | Lipodermatosclerosis or atrophie blanche

C4c | Corona phlebectatica
cs Healed
cé Active venous ulcer

Cér | Recurrent active venous ulcer

Figure 1. Classification of Chronic Venous Disorders of the Lower
Limbs Based on CEAP. Note. CEAP: Clinical manifestation,
Etiology, Anatomic distribution, Pathophysiology,

followed by the lesser saphenous vein.® Diagnosis of this
condition is easily possible with color DUS, which shows
the incompetent valves and reflux.

New methods for treating varicosis are endovenous
laser ablation (EVLA), radiofrequency (RF) ablation, and
sclerotherapy of GSV.’

EVLA is a minimally invasive method used in the
treatment of lower limb varicosis with acceptable results.
Laser frequencies that range from 810 to 1470 nm are
used for this purpose. The laser causes clot formation
in the blood vessels through its thermal effects, causing
the vessel to occlude and block the blood flow.” RF has
also been effectively used for treatment through fiber and
thermal mechanisms for vein ablation. RF ablation uses
RF energy in 20-second bursts via a tiny catheter inserted
into the vein. This energy targets the collagen in the vein
wall. Targeting the vein wall causes the vein to shrink
around the catheter as the surgeon treats the vein. The
vein closes while the surgeon performs the treatment.?

Both EVLA and RF methods have already been
introduced as suitable methods for the treatment of
varicose veins and as safe and secure treatments in
numerous articles and reference books."”!! This study
compares the success rate and side effects of EVLA and
RF to treat varicose veins in the lower limbs within a
12-months follow-up.

Materials and Methods

All patients with lower limb varicosis who were referred
to the Varice Clinic in Tehran, Iran from September 2018
to September 2019 underwent a lower limb venous DUS
by an expert radiologist, and a report of a retrograde flow
(reflux) for more than 0.5 seconds at the saphenofemoral
joint (SFJ) was considered abnormal.

Based on CEAP classification, all patients in C2, C3, C4
stages who had 18-65 years old with SFJ reflux in DUS,
were included in the study. Recurrent cases, impossible-
to-follow-up patients, patients with pregnancy, active
malignancy, acute or old DVT, an arterial occlusive
disease with an ankle-brachial index of below 0.8,
known thrombophilia or high risk of pulmonary
thromboembolism and history of inguinal surgery except

for hernia were excluded. Finally, 1090 patients entered
this two-arm parallel-group, randomized controlled,
single-blind study. We performed simple randomization
using the Rand function of Excel software (random
number table). A mixture of numbers from 1 to 1090 was
made, and patients entering the study got the next code
from the table in order. If the number was below 545,
we assigned the patient to the EVLA group, and If it was
above 545, to the RF ablation group. The patients were not
aware of their group and were blinded. For each patient,
we included only one limb in the study. For patients with
bilateral disease, the leg with the most severe symptoms
was included.

All patients underwent a complete physical examination
and routine laboratory testing and the Aberdeen Varicose
Vein Symptom Severity (AVVSS) scores were calculated
and submitted.

After being transferred to the operating room (OR),
the patients were put in the supine position, and the
affected leg was temporarily raised above the level of the
right ventricle. We used an elastic bandage to facilitate
the drainage of the varicose veins. All Patients received
mild intravascular sedation and were locally anesthetized
under ultrasonographic guidance (Hitachi EUB-525F
Ultrasound System, transducer 7.5-13 MHz linear/38
mm, Hitachi EUP-L34T) with a solution containing 1
cc of NaHCO3, 50 mL of 1% lidocaine, and 500 mL of
normal saline. After injecting 1 g of prophylactic cefazolin
intravenously, a 16-G access needle was inserted into the
GSV near the knee toward the hip under ultrasonographic
guidance and sterile conditions. Then, a 0.035-inch
guidewire was introduced into the vein. The intravenous
placement was confirmed with ultrasonography, and the
introducer sheath was placed over the wire.

In the EVLA group, we used a long sheath, and a
600-micron laser fiber was inserted into the sheath up to
2-5 mm out of the sheath tip. We used a 980-nm diode
laser in a pulse mode (1 second on and 0.5 seconds off or
100 milliseconds on/off), with 12 W power. The energy
was delivered, and the fiber was carefully withdrawn
down to the ablation starting point (V=2 mm/s) during
the procedure.

In the RF group, we used an 11 cm sheath. A 7 cm
ClosureFast (ClosureFast, Covidien/Medtronic, CA,
USA) catheter was inserted into the sheath and pushed
toward proximal and fixed 10-15 mm before the SFJ under
sonographic guidance. The RF generator delivered RF
energy to the ClosureFast catheter during the procedure.
Every 20 seconds, we pulled 7 cm of the catheter back to
perform overlapping segmental ablation and shrinkage of
the vein. The controlled feedback mechanism monitored
intravascular heat parameters in real-time to automatically
regulate therapeutic power.

In patients with concomitant perforator insufficiency,
these veins were surgically ligated through small incisions
after laser therapy. After interventions, we used a
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compression bandage for all patients for 48 hours. The
patients were instructed to continue using the bandage or
a class IT above the knee varicose stocking for 4-8 weeks.
Acetaminophen 500 mg was prescribed for all patients
orally every six hours for three days after the procedure.
We assessed pain during the operation and 8 and 24 hours
after the surgery by the numerical rating scale (NRS).

In the NRS, patients are asked to circle the number
between 0 and 10 that best fits their pain intensity. Zero
usually represents ‘no pain at all’ whereas the upper
limit represents ‘the worst pain ever possible’ In contrast
to other pain scales, only the numbers themselves are
valuable answers, meaning only 11 possible answers. It
thus allows only a less-subtle distinction of pain levels
compared to other scales, where there is theoretically an
unlimited number of possible answers.’

All patients were discharged on the same day of the
operation.

We followed all patients on day 7, then 3, 6, and 12
months postoperatively. The patients underwent a
physical examination by the same research team, and
AVVSS scores were calculated and submitted on each
follow-up visit. The presence or absence of pain and then
the severity of pain (according to NRS) were questioned
and recorded.

The same radiologist performed DUS on every visit to
rule out recurrence.

The evaluating team and the radiologist were all
unaware of the patients’ group and were blinded.

We used SPSS 25 (IBM Inc., Armonk NY, USA) for
data analysis. We used a chi-square test for nominal
and ordinal variables and an independent t-test for the
continuous variable.

Results

In total, 1090 patients were included in the study from
January to September 2018. The patients were divided
into the EVLA group (n=530; 140 males, 390 females) and
the RF group (n=560; 140 males, 420 females). The mean
age of the patients was 36.9+9.31 years in the EVLT group
and 37.2619.54 years in the RF group (P =0.88). The left
limb was affected in 67% of the EVLA group and 62% of
the RF group (P =0.750). Patient demographics are shown
in Table 1.

According to NRS, the pain severity during the
procedure in the EVLA group was 8.68+ 0.749 versus
8.05+ 1.071 in the RF group, and the difference was not
significant (P=0.066). Pain severity in 8 and 24 hours after
the surgery was not significantly different between the
two groups (Table 2).

Chronic pain (seventh day, 3, 6, and 12 months after
the surgery) was present in 13.8% of the EVLA group and
15.8% of the RF group without a significant difference (P
> 0.05; Table 3).

According to NRS, the mean chronic pain severity in
the EVLA group was 3.99+ 0.754 versus 4.50 + 0.657

Table 1. Patients Demographics

EVLA RFA P Value
Age 36.9+9.31 37.26+9.54 0.888
Male 140 (26%) 140 (25%) 0.864
Sex
Female 390 (74%) 420 (75%) 0.864
Left 355 (67%) 347 (62%) 0.750
Limb
Right 175 (33%) 213 (38%) 0.750
AVVSS mean 4.9+2.8 4.7+ 3.1 0.467

EVLA: endovenous laser ablation, RFA: radiofrequency ablation, AVVSS:
aberdeen varicose vein symptom severity.

Table 2. Acute pain distribution according to NRS

Pain Score Standard Deviation P Value

EVLA 8.68 0.749

Pain during procedure 0.066
RFA 8.05 1.071
EVLA 7.97 1.079

Pain at 8 hours 0.085
RFA 7.57 1.076
EVLA 5.58 1.017

Pain at 24 hours 0.0754
RFA 4.67 1.044

EVLA: endovenous laser ablation, RFA: radiofrequency ablation.

Table 3. Chronic Pain Distribution

EVLA RFA P Value

Yes 73 (13.8%) 88 (15.8%)
Chronic pain 0.9
No 457 (86.2%) 472 (84.2%)

Chronic pain score (NRS) 3.99 £ 0.754 4.50 £ 0.657 0.78

EVLA: endovenous laser ablation, RFA: radiofrequency ablation, NRS:
numerical rating scale.

in the RF group, and the difference was not significant
(P>0.05; Table 3).

The length of the operation was 44.5+11.2 minutes
in the EVLA group versus 40.3+10.6 minutes in the RF
group that was not significantly different (P=0.14; Table
4).

At 12 months, the recurrence rate of the EVLA and
RF groups was 6.7 and 5.7% respectively (P=0.08; Table
4). The prevalence of different side effects and scores is
presented in Table 5, which were not significantly different
in both groups on follow-up.

No significant difference was observed between the
two treatment groups in major adverse events like DVT,
dysesthesia and pigmentation (Table 5).

Despite an initial increase in the first hours, the
AV'VSS score significantly declined in both groups after
treatment; still, it was not significantly different between
the groups at 12 months of follow-up. We observed a
maximum decline in symptoms between one week and
three months postoperatively in both groups (Table 6).
Patient satisfaction was similar in both groups at 3, 6, and
12 months of follow-up (Table 5).
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Table 4. Clinical Results

EVLA RFA P Value

Length of operation (min) 445+ 112 403+10.6  0.066

Recurrence rate 6.7% 5.7% 0.08

At3 months 478 (92%) 520 (93%)  0.999
Patient satisfaction ¢ ihe 403 93%) 526 (94%) 0,890
In follow-up

At 12 months 493 (93%) 526 (94%) 0.890

EVLA: endovenous laser ablation, RFA: radiofrequency ablation.

Table 5. Prevalence of Side Effects on Follow-up

Symptom Follow-up NE::-‘;Z ) NEF(/:/‘,) P value
At 3 months 382 (70%) 268 (45%) 0.035

Bruising At 6 months 208 (35%) 131 (22%) 0.05
At 12 months 60 (10%) 54 (9%) 0.89
At 3 months 137 (23%) 178 (30%) 0.04

Pigmentation At 6 months 89 (15%) 89 (15%) 1
At 12 months 36 (6%) 30(5%) 0.98
At 3 months 89 (15%) 119 (20%) 0.75

Dysesthesia At 6 months 48 (8%) 60 (10%) 0.89
At 12 months 24 (4%) 30 (5%) 0.99
A3 months 4 0 180, 2 (0.35%) 0.06

DVT At 6 months 0 0 1
At 12 months 0 0 1

EVLA: endovenous laser ablation, RFA: radiofrequency ablation.

Table 6. AVVSS Score Measured at Each Follow-up

Visit MeEXLJ_rA sD Mea'f/: sD Pvalue

Screening 4.7+ 3.1 4.9+2.8 0.690

8 hours 4.7+ 1.6 5.0+ 2.5 0.05

24 hours 4.2+ 1.5 4.3+2.0 0.89

3 months 4.0+ 1.8 41+1.2 0.90

6 months 2,745 27 3.1+ 1.5 0.780

12 months 1.9+ 2.0 1.8+2.0 0.890

AVVSS: The Aberdeen Varicose Vein Symptom Severity, EVLA: endovenous
laser ablation, RFA: radiofrequency ablation.

Discussion

Varicosis in lower limbs is defined as distended and
tortuous superficial veins that characterize venous
insufficiency due to venous valve malfunction and
reduced elasticity of vessel walls.! It is reported that 3.6%
of the general population suffer from varicose veins. The
condition affects women twice as much as men, and its
prevalence increases to 15% in men and 25% in women
aged 40 and over.” The basis for the lower prevalence
in males has not been clarified. Still, such variations
have been attributed to differences in the variability of
study populations, including age, gender, race, disease
definition, and measurement.* It is more common in

people who stand for many hours for work reasons,
such as rug weavers and nurses.%” This makes varicosis a
common complaint among the working-class population,
who seek faster relief of symptoms and quicker return to
work.

Standard treatment strategies for varicosis include
stripping, ligation of the SFJ, and phlebectomy.®’
Conventional surgical treatments carry a 33% chance of
recurrence and are accompanied by side effects such as
scars, infections, and bleeding.'*"* Surgeons have turned
to minimally invasive procedures to lower the rate of
such side effects. Some of these procedures are EVLA, RF
ablation (RFA), and sclerotherapy under ultrasonographic
guidance.”

EVLA and RFA are both effective intravascular methods,
but the mechanisms of their effects are different. Both
methods can be performed on an outpatient basis with
local anesthesia, and they are faster and produce less pain
and smaller scars compared to conventional surgery.®

Navaro et al first described the EVLA procedure in
2001.7 They reported the successful results of EVLT on
40 patients with four months of follow-up. Initially, this
procedure was only used for GSV insufficiencies, but later
reports confirmed its effectiveness in the lesser saphenous
vein and perforating veins." At 6 months, the success
rate for EVLA has been reported to be between 95% and
100%." Endovenous laser devices have frequencies that
range from 810 to 1470 nm. The laser energy is delivered
to the venous wall via fiber and causes clot formation in
the blood vessel, causing the vessel to occlude and block
the blood flow.'*"”

RF has also been effectively used for treatment through
fiber and thermal mechanisms for vein ablation. RF
ablation uses RF energy in 20-second bursts via a catheter
inserted into the vein." The procedure utilizes overlapping
segmental RF ablation to deliver uniform heat to close the
vein. This energy targets the collagen in the vein wall.
Targeting the vein wall causes the vein to shrink around
the catheter as the surgeon treats the vein. The vein closes
while the surgeon performs the treatment. Once sealed,
blood is directed to nearby healthy veins.'®"

Our study was a randomized controlled trial comparing
EVLT and RF ablation.

The primary clinical results of the procedures did not
differ between the two groups; 90% of the patients in
both treatment groups expressed symptom relief. Intra-
and post-procedural pain, tenderness, and ecchymosis
were slightly prevalent in the laser-treated limbs but not
significant. All scores referable to pain and tenderness
were statistically similar between the two groups at
8 hours, 24 hours, 1 week, 6, and 12 months. Minor
complications were more prevalent in the EVLA group
(P = 0.0210); there were no major complications. We
also calculated the AVVSS score for all patients on each
follow-up visit and compared the results.® In the RF
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versus vein stripping trial reported by Lurie et al,*! mean
AVVSS was reduced from a pretreatment score of 4.8 to
2.5 at 3 weeks after the treatment. This is similar to the
extent of reduction seen in the present trial, in which the
AVVSS of 4.9 at the baseline decreased on each follow-up
visit, ending at 1.8 in the RF group and from 4.7 to 1.9 in
the EVLA group at 12 months after treatment. The results
suggest that patients treated with RF ablation take slightly
longer to show improvement beyond pretreatment levels.

In the present trial comparing ClosureFAST RF
catheter treatment versus 980-nm EVLA, we observed
excellent correction of parameters linked to venous
reflux, especially venous hypertension secondary to
GSV incompetence irrespective of the device used for
the treatment. All indices measuring post-inflammatory
sequelae demonstrated no difference favoring RF ablation
versus EVLA.

Itisreportedthatpatientsbettertoleratethe RF procedure
because controlled heating avoids the vein perforations
often seen with EVLA. Laser wavelengths based on the
affinity of hemoglobin for infrared light have effectively
destroyed incompetent veins at the expense of causing
perivenous inflammation."”” To overcome the problem of
venous perforation, EVLA technology continues moving
further toward the development of longer wavelengths
targeting the last peak of water absorption. The idea of
hemoglobin absorption is bypassed, allowing more robust
absorption of laser photons by interstitial water in the
vein wall. By targeting the vein wall, EVLA may improve
its postoperative recovery profile. As the experience
of working with Lasers increases, such side effects are
reduced.

Interestingly, targeting the vein wall exclusively has
always been the goal of RF ablation. This has been true
from the first device operating at 85°C to our catheters
operating at 120°C.” In the original bipolar RF ablation
procedure, the vein wall served as a resistive element
for the transfer of energy from anode to cathode; but in
the contemporary ClosureFAST device, the vein wall is
the direct recipient of conducted heat from a 7-cm-long
heating element, and the temperature is kept stable at
120°C during a 20-second treatment cycle.”*

Interestingly, RF ablation seems to have benefits with a
lower risk of overall complication than EVLA.* However,
in our study, both procedures were well-tolerated without
a significant difference, and our study failed to show any
significant difference between the two groups regarding
patient satisfaction.

Conclusion

The results of this study indicate the efficacy of EVLT and
RF ablation for lower limb varicosis treatment. They also
prove that the two methods are not significantly different
in length of procedure, complications, and pain. The
cosmetic outcome of both methods is acceptable. The
one-year follow-up results indicate no difference in the

recurrence rate and pain between the two groups. These
findings will have to be further validated in larger studies
before concrete recommendations can be made.
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