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V enous disease, which affects 40% to 55% of the population, is a 
common clinical problem that can significantly affect a patient’s 
quality of life. Common symptoms of this disease include leg 

pain, swelling, and skin pigmentation (1).
The majority of varicose veins are due to great saphenous vein (GSV) 

incompetence, with or without incompetent perforators. The conven-
tional treatment for great-saphenous-system varicose veins is the liga-
tion of the saphenofemoral junction and stripping of the GSV. This con-
ventional treatment includes the use of general or spinal anesthesia. In 
many centers, patients undergoing this operation are hospitalized for at 
least one day. An endovenous obliteration of the GSV is an alternative 
procedure to the conventional treatment.

The present study aimed to evaluate the efficacy of endovenous laser 
ablation (EVLA) with a 940 nm laser and to analyze the short- to mid-
term results of 112 separate EVLA procedures to treat GSV insufficiency.

Materials and methods
Between December 2009 and January 2011, we performed EVLAs in 

90 patients. Patients who had a documented GSV insufficiency after a 
duplex venous examination and who were classified as “clinical, etio-
logical, anatomical, and pathological” (CEAP) class II or greater were 
included in the present study (Table 1). 

The duplex scanning was performed by a radiologist using an Acuson 
120XP10 (Aspen, California, USA) device to document the patency of 
the deep veins and to evaluate the extent and severity of the reflux in 
the superficial venous system (the GSV, small saphenous vein, and per-
forators) of patients in the standing position. The competence of the leg 
perforators was also assessed during this examination. Venous reflux was 
defined as a reverse flow with a duration of longer than 0.5 s, whereas a 
perforator was considered to be incompetent if its diameter was 4 mm or 
greater and/or its outward directional flow exceeded 0.5 s. 

The GSV diameter was measured at a location that was 3 cm below the 
saphenofemoral junction. In addition, the small saphenous vein (SSV) 
diameter was measured at a location that was 1.5 cm below the sapheno-
popliteal junction (SPJ) while the patient was standing. 

Patients were excluded from the study if there was any evidence of 
deep venous thrombosis (DVT), superficial thrombophlebitis, non-heal-
ing ulcers or non-palpable pedal pulses. The patients with very super-
ficial or tortuous GSVs were also excluded from the present study. The 
patients were warned about vein thickening and tenderness along the 
tributaries after the EVLA, and during our study, the principles of the 
Helsinki Declaration were strictly followed.  

There were 90 patients who were treated for varicose veins with 
saphenous reflux, including 36 (40%) females and 54 (60%) males, 
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PURPOSE
We aimed to present the short- to mid-term results of endov-
enous laser ablation (EVLA) procedures that were used to treat 
great saphenous vein (GSV) insufficiency.

MATERIALS AND METHODS
This prospective study was conducted between December 
2009 and January 2011. A total of 112 incompetent GSVs 
were treated using EVLA with a 940 nm wavelength laser. 
Ninety patients were treated for varicose veins with saphen-
ous reflux, including 36 females (40%) and 54 males (60%). 
These patients’ ages ranged from 17 to 79 years (median, 48 
years). After the EVLA, the patients were monitored using du-
plex ultrasonography and were assessed clinically at 1 week 
and 1, 3, 6, and 12 months after the surgery. The patients 
were scheduled for a three-day examination after the EVLA 
to assess the level of pain that each patient was experiencing 
in each limb.

RESULTS
At the end of a one-year follow-up period, the postprocedural 
duplex scans revealed a total occlusion of the treated GSVs 
in 88 (97%) patients and a sub-total occlusion in two (2%) 
patients. The average modified clinical, etiological, anatomi-
cal, and pathological score was significantly decreased at 12 
months. The following complications were observed in the 
present study: hypoesthesia (11%), swelling and induration 
(5%), skin pigmentation (5%), deep vein thrombosis (1%), 
erythema (1%), and bleeding (1%). The mean visual analog 
pain score for the entire procedure was 3.14±1.06.

CONCLUSION
Our short- and mid-term results of the EVLA procedure were 
satisfactory, and the results of this study reaffirmed the safety 
and effectiveness of an EVLA using a 940 nm wavelength for 
the treatment of GSV insufficiency.

Key words: • laser ablation • saphenous vein • venous 
insufficiency

Diagn Interv Radiol 2012; 18:106–110



Endovenous ablation with a 940 nm laser for the treatment of great saphenous vein insufficiency • 107Volume 18 • Issue 1

with ages ranging from 17 to 79 years 
(median, 48 years). The mean body 
mass index for these patients was 26 
kg/m2.

Twenty-two patients underwent 
EVLA for both of their legs. In total, 
112 GSVs were treated using EVLAs.  

The most common symptoms were 
cramping and pain in the lower limbs, 
which occurred in 65 (72%) of the pa-
tients. Other symptoms included lower 
limb swelling in 16 (18%) of the pa-
tients and skin pigmentation in 5 (6%) 
of the patients (Table 1). Twenty-five 
(27%) of our patients chose to undergo 

Table 1. Preoperative clinical presentations and characteristics of the patients (n=90)

Result

Age (years, mean [range]) 48 (17–79)

Gender

 Female 36 (40%)

 Male 54 (60%)

Limbs (n [%])

 Total number of limbs 112

 Unilateral limbs 68 (76%)

 Bilateral limbs 22 (24%)

Premorbid conditions (n [%])

 Hypertension 5 (6%)

 Diabetes mellitus 3 (4%)

 Hypertension+diabetes mellitus 2 (3%)

CEAP clinical class (n [%])

 II 69 (77%)

 III 16 (17%)

 IV 5 (6%)

 V/VI 0

Varicose veins (n [%])

 Few 12 (13%)

 Calf 25 (28%)

 Calf and thigh 13 (14%)

Pain/cramping (n [%])

 Occasional 60 (66%)

 Daily 5 (6%)

 Edema 16 (18%)

Pigmentation (n [%])

 Small area 4 (5%)

 Large area 1 (1%)

CEAP, clinical, etiological, anatomical, and pathological.

the surgery for cosmetic reasons. GSVs 
and SSVs were treated in the same limb 
in 12 (13%) of the patients using an 
EVLA for the GSV and foam sclerother-
apy by ultrasonography (US) guidance 
for the SSV. A phlebectomy and injec-
tion sclerotherapy for the leg and ankle 
were performed while the patient was 
under local anesthesia in 52 (58%) of 
the patients. 

We used a spinal anesthesia needle 
(Spinocan, 0.53×88/25 gauge) and an 
intravenous solution device to admin-
ister the tumescent anesthesia solu-
tion using US guidance. The anesthetic 

solution for the tumescent anesthesia 
consisted of 500 mL saline, 5 mL 10% 
lidocaine, 10 mL 8.4% sodium bicarbo-
nate, and 1 mL adrenaline. 

The GSV was punctured using a 
17-gauge needle. After the saphen-
ous veins were punctured, the laser 
fiber was inserted and moved to the 
proper location (1 to 2 cm below the 
saphenofemoral junction). The length 
of the treated vein was measured us-
ing the markings on the fiber. Using 
US guidelines, 250 to 500 mL of the 
tumescent anesthesia solution was 
administered. After administering the 
tumescent anesthesia, we performed 
an EVLA (940 nm, delivering 50–100 
joules/cm of energy). The fiber was 
withdrawn at a rate at which the laser 
produced 5–10 pulses/cm. An avulsion 
phlebectomy or a foam sclerotherapy 
for the leg and ankle were performed (if 
indicated) under local anesthesia. After 
each vein was ablated, the fiber and 
the sheath/catheter were removed, and 
the puncture area was covered using 
sterile tape. Tinzaparin 100 anti-Xa IU/
kg was administered subcutaneously. 
An elastic bandage was then wrapped 
around the leg, and the patients were 
immediately asked to walk for 20 to 30 
min. 

After the endovenous ablation, the 
patients were administered a non-
steroidal anti-inflammatory drug (di-
clofenac 100 mg/daily) for three days. 
The patients wore elastic bandages for 
three days and class II (30–40 mmHg) 
stockings for at least one month. The 
patients were also advised to walk for 
at least one hour/day and were warned 
to avoid intense exercise and standing 
for a long period of time. 

The patients were monitored after 
the surgery using duplex US and were 
clinically assessed at the first week 
and the first, third, sixth, and twelfth 
month after surgery. The tibial and 
popliteal veins of the treated legs were 
also examined for duplex evidence of 
DVT. All of the patients were given a 
postprocedural duplex examination 
and attended clinical follow-ups. 

The patients were scheduled to at-
tend a three-day examination after the 
EVLA procedure to assess their level 
of pain. Their levels of pain intensity 
were measured using a 10-point visual 
analog pain (VAP) scale, with numeri-
cal grades from 0 (no pain) to 10 (worst 
pain that the patient had ever experi-
enced). The pain score was assessed 
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for each leg separately in the patients 
who had an EVLA administered to 
both legs. This pain score evaluation 
was conducted on 63 legs of male pa-
tients and on 49 legs of female patients 
(Table 2). 

The Mann-Whitney U-test and 
Spearman correlation test were used 
for the statistical analyses. P < 0.05 
(two-sided) was considered to be statis-
tically significant.

Results
The lengths of the GSVs that were 

treated in the present study ranged 
from 25 to 50 cm (median, 35 cm), and 
the diameter of the SSV ranged from 6 
to 18 mm (median, 9 mm). The mean 
operating time and mean amount of 
energy delivered per unit length were 
40 min (range, 25–62 min) and 60 
joules/cm (range, 50–100 joules/cm), 
respectively. A mean of 402 mL tumes-
cent solution was injected in the areas 
around the GSVs. The median follow-
up period for all of the patients was 
8 months (range, 0–13 months). The 

following premorbid conditions were 
present in these patients: hyperten-
sion (6%), diabetes mellitus (3%), and 
hypertension in addition to diabetes 
mellitus (2%) (Table 1). The patients’ 
mean age was 49.67±14.89 years. The 
mean age of the male patients was 
52.57±14.31 years, and the mean age 
of the female patients was 45.94±14.92 
years. The mean age of the male pa-
tients was greater than that of the fe-
male patients (P = 0.017).

After the EVLA procedure, two (2%) 
patients complained of pain that lasted 
longer than three days; these patients 
were administered oral analgesia (di-
clofenac 100 mg/daily), which was fol-
lowed by paracetamol (1 g/tablet), four 
times a day on demand.   

The mean VAP score for the male 
patients was 3.13±1.04, and the mean 
VAP score for the female patients was 
3.16±1.087). The mean VAP score for 
all legs was 3.14±1.06. No differences 
were observed in the mean pain scores 
with respect to gender (P = 0.821) or 
age (P = 0.073) (Table 3). 

At the end of the one-year follow-
up period, the postprocedural duplex 
scans revealed a total occlusion of the 
treated GSVs for 88 patients (97%) 
and a sub-total occlusion for two (2%) 
patients.

At the three-month duplex exami-
nation, the patients who were treated 
using an EVLA had visible GSVs; how-
ever, the diameters of the GSVs were 
decreased by approximately 50%. At 
the twelve-month duplex examina-
tion, 8 of the 20 patients (40%) with 
GSVs who were treated using an EVLA 
no longer exhibited GSVs that were de-
tectable using US. In addition, no new 
reflux in the treated segments and no 
recurrent varicose veins were observed.

There was no mortality in our study. 
During the follow-up visit, the varicos-
ities of all of the patients were resolved, 
and all of the patients experienced an 
improvement in their symptoms post-
operatively. The mean modified CEAP 
score decreased from 3 to 0.7. 

The complications of EVLA that were 
experienced by our patients included 
hypoesthesia of the affected lower 
limbs in 10 (11%) patients, swelling 
and induration in 4 (5%) patients, skin 
pigmentation in 4 (5%) patients, ery-
thema in 1 (1%) patient, and bleeding 
from the GSV puncture site in 1 (1%) 
patient (Table 4). The hypoesthesia in 
the laser-ablated limbs resolved in less 
than one month after the procedure 
without treatment. The swelling, indu-
ration, erythema and local pain also re-
solved spontaneously in less than two 
weeks after the procedure. The mean 
body mass index in the patients with 
skin pigmentation following the EVLA 
was 18 kg/m2. The mean body mass 
index in the patients without skin pig-
mentation was 26 kg/m2. 

For one patient, the first duplex scan 
revealed a thrombus at the sapheno-
femoral junction that protruded ap-
proximately 1 mm into the femoral 
vein (Fig.). We diagnosed this patient 
with endovenous heat induced throm-
bosis (EHIT) and began treatment. Low 
molecular heparin (tinzaparin sodium 
20 000 IU/day) was then administered 
for five days. One week later, on the 
follow-up duplex scan, the thrombus 
was no longer observed. There was 
no evidence of recanalization in the 
postprocedural duplex scans of our 
patients. 

No patient underwent a second-
ary surgical procedure, and none of 

Table 2. The distribution of the number of legs according to gender

Female Male

Number of patients 36 54

Number of legs assessed with respect to the pain score 49 63

Table 3. Age and pain score of subjects whose number of legs assessed with respect to the 
pain score

Female (n=49) Male (n=63)

PMean SD Mean SD

Age 45.94 14.89 52.57 14.31 0.017

Pain score 3.16 1.087 3.13 1.039 0.821

SD, standard deviation.

Table 4. Complications of the EVLA procedures

Complications                                   n (%)

Hypoesthesia                                                  10 (11%)

Pigmentation 4 (5%)

Swelling and induration 4 (5%)

Bleeding 1 (1%)

Erythema and bruising 1 (1%)

Deep vein thrombosis 1 (1%)

EVLA, endovenous laser ablation.
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the patients developed a pulmonary 
embolism.

Discussion
EVLA has a high success rate of over 

90%, as demonstrated by several years 
of follow-up studies, and this proce-
dure has a lower complication rate 
than traditional ligation with stripping 
(2). EVLA for the treatment of saphen-
ous vein insufficiency has been succes-
fully used for 10 years.

EVLA damages blood-filled vessels as 
a result of steam formation, leading to 
endothelial denudation, collagen con-
traction, and vein wall fibrosis (3).  

The results of the prospective rand-
omized study of endovenous radiof-
requency obliteration (closure proce-
dure) versus ligation and stripping in a 
selected patient population (EVOLVeS 
Study) included greater quality-of-life 
scores after endovenous treatment 
compared with conventional treat-
ment for varicose veins at the one- 
and two-year assessment time points 
(4).

Endovenous ablation has advantages 
over conventional surgery, including 
a lower level of postoperative pain, 
shorter periods of sick leave, an earlier 
return to normal activities, and a reduc-
tion in the overall cost to society (5). In 
several large case studies, the technical 
success rate was approximately 100%, 

and the long-term success rate (up to 5 
years) ranged from 90% to 100% (5–7). 

The postprocedural duplex US evalu-
ations for the patients in the present 
study revealed that a total occlusion 
of the treated GSVs occurred in 88 pa-
tients (97%) and that a sub-total occlu-
sion in 2 (2%) patients. 

Lasers of various wavelengths, in-
cluding 810 nm (8), 940 nm (9), 980 
nm (10), 1320 nm (11), and 1470 nm 
(12), have been used to ablate the GSV. 
A prospective randomized study (13) 
that compared the use of 980 nm and 
810 nm lasers for endovenous oblitera-
tion procedures and a study (14) that 
compared the use of 810, 940, and 980 
nm diode lasers did not find any sig-
nificant differences in their levels of 
effectiveness and complication rates. 
We used a 940 nm laser in our study 
because it was readily available at our 
hospital.

Thromboembolic complications may 
occur after any type of treatment for 
varicose veins. DVT is a serious com-
plication of varicose vein surgery, 
with an associated risk of a pulmonary 
embolism. Prospective duplex screen-
ing identifies DVT in 5% of patients, 
compared to a clinical incidence of 
approximately 1% (15). Van Rij et al. 
(16) documented DVT in 5.3% of their 
patients’ limbs after varicose vein sur-
gery; however, the majority of these 

thrombi were localized to the tibial 
veins. As demonstrated by previous tri-
als and case studies, DVT in patients 
who have undergone EVLA is rare, 
with a reported incidence of 0% to 6% 
(6, 17).

EHIT is thrombus extension into 
a deep vein after a superficial venous 
thermoablation that usually carries 
a benign prognosis (17). Marsh et al. 
(17) observed an incidence of DVT of 
1% after EVLA. In their study, which 
included 350 patients, three cases of 
EHIT (0.9%) were recorded. 

We observed an incidence of DVT of 
1% in our EVLA study, and this case 
of DVT was an EHIT. This patient was 
asymptomatic, and the diagnosis of 
EHIT was based solely on the routine 
postprocedural US examination. 

Yoshioka et al. (18) observed a DVT 
incidence of 8.3% in their spine sur-
gery study, in which regional anesthe-
sia was used. However, to our knowl-
edge, no reports exist in the literature 
about the DVT incidence after EVLA 
performed using an anesthesia method 
other than tumescent anesthesia. 

In our EVLA study, general/regional 
anesthesia and intravenous sedation 
were not used; we used tumescent an-
esthesia. All of our patients were ad-
ministered prophylactic heparin and 
compression therapy after the ablation 
procedure.

Heparin prophylaxis, early mobiliza-
tion, and wearing compression stock-
ings that were worn for at least one 
month postoperatively were effective 
at maintaining a low DVT incidence. 
This result was similar to those of other 
studies. To reduce the level of preop-
erative pain, the use of general/region-
al anesthesia or intravenous sedation 
during EVLA instead of tumescent an-
esthesia may increase the risk of DVT 
because the patient will not be able to 
stand and walk immediately after the 
procedure. 

To relieve the intraoperative and 
postoperative pain of the patients, we 
avoided using needles larger than 25 
gauge for the administration of the 
tumescent anesthesia; however, using 
smaller gauge needles prolongs the du-
ration of the procedure.  

The mean pain score in our EVLA 
study was similar to the value reported 
in Ho et al. (19). These authors used a 
similar pain scale for a study of EVLA 
(940 nm) that included 24 patients. 
In addition, we observed that the pain 

Figure. The thrombus 
at the saphenofemoral 
junction, protruding 
approximately 1 mm into 
the common femoral vein 
(arrow).
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scores in our EVLA were independent 
of age and gender. 

Serious complications following 
an EVLA are uncommon (5). The in-
cidences of hypoesthesia, swelling, 
bruising, and discomfort following an 
EVLA are not low; however, these im-
pairments are usually self-limited and 
often improve within several months 
(5, 20). In our study, the most com-
mon complication was hypoesthesia. 
The minor complications observed 
during our EVLA study were resolved 
in less than one month after the proce-
dure, except for pigmentation. 

Hyperpigmentation along the course 
of the treated vein may also be ob-
served, especially when the vein is lo-
cated above the fascial level or if the 
patient is thin. However, this pigmen-
tation gradually fades over time (5). 
The mean body mass index of our pa-
tients with hyperpigmentation follow-
ing the EVLA was significantly lower 
than that of the other patients. This 
factor may have contributed to the 
skin discoloration that was observed 
following the EVLA.

In conclusion, our EVLA study’s 
short- to mid-term results and associat-
ed major complications were satisfac-
tory in point of major complications 
associated with EVLA. However, to ob-
serve the major complications that are 
associated with this procedure, long-
term results from large-scale patient 
studies are necessary.

The results of the present EVLA 
study using a 940 nm laser indicate 
that this procedure is safe and effec-
tive in all suitable patients, especially 
in terms of the level of postoperative 
pain, regardless of the patient’s age 
and gender.
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