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Abstract: Aim: To investigate the efficacy and early postoperative morbidity of a novel endovenous laser ablation 
(IEVLA) strategy of treatment of the great saphenous vein (GSV) with difficulty of wire placement. Methods: Sixty 
patients with serious GSV incompetence in 73 limbs were randomized into two treatment groups: Group 1 under-
went traditional endovenous laser ablation (TEVLA) surgery and group 2 received IEVLA. Local pain, ecchymosis, 
induration, paraesthesia in treated regions, thrombotic diseases, vein diameter, treated vein length, delivered en-
ergy, operation duration, success rate in placement of the laser fiber and venous clinical severity (VCS) scores 
were recorded for both group. Follow-up were conducted on the 2nd day, 7th day, and 1st, 2nd, 3rd and 6th month 
postoperatively. Results: In group 1, induration was present in 18 cases, ecchymosis in 19, paraesthesia in 9, pul-
monary embolism (PE) in 1 case, and deep vein thrombus (DVT) in 3. While in group 2, induration present in 29, 
ecchymosis in 23, paraesthesia in 17 with and no patients were complicated with PE or DVT. Although no difference 
in improvement of VCS score existed between the two groups at each follow-up time point, group 2 had significantly 
shorter operation time and higher success rate (P < 0.05). Conclusion: IEVLA is a more effective and safe technique 
for treatment of serious GSV varicosities with difficulty of wire placement.
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Introduction

Venous varicosis is a common condition occur-
ing in about 40% of men and 32% of women [1]. 
Although this disorder in early phases appears 
benign and asymptomatic, it commonly associ-
ates with problems including pain, itching, night 
cramps, fatigue, heaviness, and in a proportion 
of patients, chronic venous insufficiency char-
acterized by ankle edema, eczema, hyperpig-
mentation, and leg ulceration [1-3]. The inter-
ference of patients’ quality of life by this venous 
insufficiency is comparable to other common 
chronic diseases such as arthritis, diabetes 
and cardiovascular disease [4]. The majority of 
varicose veins are in great saphenous vein 
(GSV) incompetence, with or without incompe-
tent perforators. Traditional treatment of GSV 
varicosities is ligation of the saphenofemoral 

junction (SFJ) combined with GSV stripping. 
However, the associated morbidity and patients’ 
dissatisfaction  are considerable, and develop-
ment of novel treatments is in great need [5].

Endovenous treatment modalities (laser abla-
tion, radiofrequency ablation and foam sclero-
therapy) for venous varicosis have been readily 
accepted by both patients and doctors. Puglisi, 
et al [6] first described endovenous laser abla-
tion (EVLA) of the GSV in 1989 and Navarro, et 
al [7] first reported successful result in 2001. 
Many subsequent studies further used this 
minimally invasive technique, with improved 
efficiency, health-related quality of life (HRQOL), 
reduce serious side effects and postoperative 
pain, and shortened operational and postoper-
ative recovery time [8-12]. 
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sound, Inc. Bothell, WA, USA) were performed 
on all patients to evaluate the deep and 
superficial veins of both lower limbs for Clinical 
Etiological Anatomical Pathological (CEAP) 
classification. Patients classified as CEAP class 
III or greater with documented GSV insufficien-
cy on duplex venous examination were included 
in the present study (Table 1). Venous clinical 
severity (VCS) scores were also recorded for 
each patient. Reflux was defined as retrograde 
flow in the proximal part of the vein with a dura-
tion of 0.5 seconds or longer after a Valsalva 
maneuveror on manual compression/decom-
pression of the calf to assess the distal part of 
the vein. A perforator was considered to be 
incompetent if its diameter was 4 mm or great-
er and/or its outward directional flow exceeded 
0.5 seconds. The diameter of the GSV was 
measured at the level of the SFJ.

The exclusion criteria were history of previous 
DVT, superficial thrombophlebitis, sclerotic seg-
ments (after a DVT), non-healing ulcers, con-
comitant peripheral arterial disease (Ankle 
Brachial Pressure Index < 0.8), difficulty in 
ambulation, pregnancy or breast-feeding, recur-
rent varicose veins, reflux in other axial veins, 
(anterior accessory great saphenous vein, 
small saphenous vein) and perforators. 

The 60 patients (73 limbs) were randomized 
into two groups based on a computer-generat-
ed randomization list. Group 1, 34 lower limbs 

However, in our clinical practice, came cross 
situations difficult performing EVLA procedure. 
Especially when the varicosed veins are tortu-
ous, have small diameters, or large dilated 
branches emanating from it, or contained 
thrombotic, sclerotic segments (after a DVT or 
a previous EVLA), it can be difficult to place in 
the vein trunk of a guide-wire, catheter and 
laser fiber through percutaneouscannulation 
on the distal end of the GSV. Under such cir-
cumstances, we usually rotate the wire under 
monitoring with duplex ultrasound, or switch 
the wire to a hydrophilic one. Occasionally these 
endavors solve the problem. Levent Oğuzkurt 
did differently by making a second (or even a 
third) puncture at higher levels, and completed 
ablation segment by segment, when severe tor-
tuosity or obstructions of the vein could not be 
crossed [13]. However, this manuver had risk of 
intravascular thrombus shedding, and was not 
effective in managing venous varicosity, col-
lapse, or small veins. Furthermore, the seg-
ment-by-segment ablation was time-consuming 
and laborious. Herein we reported a novel strat-
egy for endovenous laser ablation (IEVLA): liga-
tion of the GSV at high level, followed by press-
ing the femoral vein by a finger to allow full 
expansion of the lower limbs superficial venous 
line saphenous to facilitate guidewire process. 
Our data demonstrated that the new method  
of IEVLA was superior to the traditional proce-
dure in managing tortuous, small, branching, or 

thrombotic veins, in terms of duration 
of operation and successful rate of 
surgery.

Materials and methods

Patients

From March 2010 to February 2012, 
60 patients, with thrombotic (super- 
ficial veins) or severe tortuos lower 
limb veins in a total 73 legs were 
recruited into the study at the General 
Surgery Department of the People’s 
Hospital of Langfang City, China. The 
study was approved by the hospital 
Ethics Committee, and written in- 
formed consents were obtained from 
all patients.

Physical examination and duplex ultra-
sound assessment with HD11 XE 
Diagnostic Ultra-sound (Philips Ultra- 

Table 1. Preoperative patient demographics

Parameters
Group 1  
(N = 30) 
TEVLA

Group 2 
(N = 30) 

IEVLA
Number of treated legs 34 39
Gender (M/F) 18/12 19/11

Mean age (years, 
_
x  ± s) 52.0 ± 8.3 50.0 ± 7.1

Mean GSV diameter 

    SFJ level (mm, 
_
x  ± s) 12.9 ± 4.5 12.3 ± 4.1

    Mean reflux duration at SFJ (s, 
_
x  ± s) 6.9 ± 1.8 6.2 ± 1.4

CEAP classification/limb
    C3 13 15
    C4 18 19
    C5 3 5
    Ep 34 39
M: Male; F: Female; GSV: Great saphenous vein; SFJ: Saphenofemoral 
junction; TEVLA: traditional endovenous laser ablation; IEVLA: improved 
endovenous laser ablation; CEAP: clinical etiological anatomical patho-
logical.
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tion of the red aiming beam through the vein. 
Then the blocking of the femoral vein was 
relieved. 

If there was difficulty in placement of the laser 
fiber, a segment-by-segment ablation of the 
trunk of the GSV was performed guided by 
ultrasound. Laser energy set to 15 W was 
applied for both groups using the continuous 
mode and a constant pullback with a rate cor-
responding to 90 J/cm linear endovenous ener-
gy density (LEED). Concomitant phlebectomies 
for superficial vein thrombus and/or laser abla-
tion in or around branches of varicose veins 
was performed for both groups, and a com-
pression bandage was applied over the course 
of the treated vein for 24 h. Patients wore grad-
uated compression stockings (20-30 mmHg, 
knee-high) for 3 months postoperatively. 
Patients were advised to walk regularly on the 
2nd day post operation, and diclofenac 50 mg 
twice daily was prescribed as required.

Follow-up

Patients were re-examined on day 2 and 7 and 
at one, two, three and six months after surgery, 
with clinical examination and duplex ultrasound 
to detect incompetent veins. VCS scores, post-
operative pain, side effects, adverse events, 

in 30 patients, was treated with the 810 nm 
diode laser (HOP-100 semiconductor laser 
therapy machine, Long Hui Heng Medical 
Science and Technology Development Co., Ltd., 
Beijing, China) and TEVLA. Group 2, 39 lower 
limbs in 30 patients, was treated using the 
HOP-100 semiconductor laser therapy machine 
and the IEVLA.

Operational procedure

All patients underwent the EVLA procedure 
with local tumescent anesthesia (5 mL of epi-
nephrine, 5 mL of bicarbonate and 35 mL of 1% 
lidocaine diluted in 500 mL of saline). 

For patients in group 1, all GSVs were cannu-
lated percutaneously with a 18-gauge needle 
at the ankle level of the GSV with the assis-
tance of a tourniquet, followed by insertion of a 
guide-wire (Radifocus Guide Wire M, Terumo 
Corporation, Tokyo, Japan) through the needle 
and placement of a 6-F introducer catheter 
(Angiographic catheter, Terumo Corporation, 
Tokyo, Japan) over the guide-wire into the GSV. 
After withdrawal of the guide-wire, the laser 
fiber was placed through the catheter. The posi-
tion of the tip of the laser fiber was ed 1-2 cm 
below the SFJ, confirmed by direct visualization 
of the red aiming beam through the skin. 

For the patients in group 2, at 
first, the GSV was ligated at a 
high level (distal ends of the 5 
contributary branches) thro- 
ugh a groin incision. The fem-
oral vein on the surgical side 
was block by finger pressure 
in time at the level of ending 
section of GSV to allow maxi-
mimal expansion of the super-
ficial of the lower limb, fol-
lowed by percutaneous 
cannulation of GSVs with a 
18-gauge needle at the ankle 
level. Then the guide-wire was 
inserted through the needle 
and the 6-F introducer cathe-
ter was inserted into the GSV 
along the guide-wire. After 
withdrawal of the guide-wire, 
the laser fiber was placed 
through the catheter. The tip 
of the laser fiber was posi-
tioned 1-2 cm below the SFJ, 
confirmed by direct visualiza-

Figure 1. Consort flow 
diagram of the study. 
TEVLA: traditional endo-
venous laser ablation; 
IEVLA: improved endove-
nous laser ablation.
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ments, or CEAP class II or below. Patient enroll-
ment in  this study was shown in a CONSORT 
diagram (Figure 1). Demographic details and 
results of preoperative clinical and US examina-
tions are shown in Table 1. A total of 34 limbs 
in 30 patients in group 1 and 39 limbs in 30 
patients in group 2 were treated as specified.  
Operative data are shown in Table 2. Our goal 
of achieving a LEED of 90 J/cm was achieved in 
both groups. The IEVLA saved an average of 17 
minutes, 31% of the operation time. Also, treat-
ment with IEVLA had higher successful rate of 
percutaneous access and endovenous place-
ment of the laser fiber in the trunk of veins, 
comparing to that of with TEVLA performed in 
group 1 (92.3% vs 70.6%, P < 0.05). 
Unsuccessful operation required puncturing 
the trunk and placement of the laser fiber seg-
ment by segment, under the guidance of US.

No patient was lost from this series during the 
6-month follow-up period. No evidence of resid-
ual flow or venous reflux was found on ultra-
sound imaging at any time during follow-up. 
VCS scores improved significantly in both 
groups at all follow-up visits (Table 3; Figure 2) 

operation duration, success rate in the place-
ment of the laser fiber, and recurrence rate was 
evaluated and recorded at each visit. Local 
pain, duration of pain, duration of requirement 
for analgesia, return to daily activities, ecchy-
mosis, skin burn, skin necrosis, indurations 
and paraesthesia over treated parts of legs 
were also recorded at postoperative follow-up 
visits. These parameters were recorded in a 
written form by the patients during the follow-
up visits. Ecchymosis and paraesthesia were 
recorded in regions of the limb adjacent to the 
ablated vein segments. The areas of ecchymo-
sis and paraesthesia were not measured. 

Statistical analysis

Comparison of varicosis recurrence, postoper-
ative complications, morbidity and side-effect 
rates between the two groups was conducted 
with Chi-square test. Comparison of duration of 
limb pain and analgesia need was done by 
using a Wilcoxon rank sum test. Comparison of 
duration of procedure and recovery timebe-
tween the two groups was performed with t 
test. Movement dysfunction, DVT and PE in 

both groups was compared using 
Fisher’s exact test. VCS scores at dif-
ferent time points was analyzed by 
repeated measure ANOVA. A P value 
of < 0.05 was considered significant. 
All analyses were performed using 
SPSS® for Windows version 15.0 
(SPSS, Chicago, IL, USA).  

Results

A total of 121 patients were excluded 
from the study due to pregnancy, his-
tory of previous DVT, additional 
peripheral arterial diseases, addi-
tional reflux in other venous seg-

Table 2. Operative data

Parameters Group 1  
(N = 30) TEVLA

Group 2  
(N = 30) IEVLA P value

Mean treated GSV length (cm, 
_
x  ± s) 57.4 ± 10.1 55.1 ± 9.8 NS

Used laser power (W) 15 15 NS

LEED (J/cm) 90 90 NS

Success rate of laser fiber placement (Success/total, %) 24/34 (70.6%) 36/39 (92.3%) 0.016

Mean total energy/limb (J) of GSV (
_
x  ± s) 5438 ± 918 5126 ± 886 NS

Mean procedure duration/limb (min) (EVLA only) or (EVLA and Miniphlebectomy) (
_
x  ± s) 55.0 ± 12.1 38.0 ± 9.3 < 0.001

Immediate postoperative closure rate (%) 100 100 NS
GSV: Great saphenous vein; LEED: linear endovenous energy density; TEVLA: traditional endovenous laser ablation; IEVLA: improved endovenous laser ablation; NS: not 
significant (P > 0.05).

Table 3. Changes in venous clinical severity score (VCSS)
TEVLA IEVLA F P

Preoperative 9.60 ± 2.34 9.80 ± 2.17 705.216 0.000
PO second day 5.63 ± 1.13 5.40 ± 1.28
PO seventh day 4.40 ± 0.81 4.03 ± 0.85
PO first month 3.83 ± 0.91 3.47 ± 0.82
PO second month 3.37 ± 0.93 3.30 ± 0.79
PO third month 3.17 ± 0.83 3.07 ± 0.83
PO sixth-month 3.00 ± 0.79 2.90 ± 0.85
F 0.319 1.205*
P 0.574 0.296*
*: the value of F and P of interaction between time and group; PO: postop-
erative; All data are represented by mean ± standard deviation.
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foot drop and flexion deformity of the five toes 
on day 17 postoperatively.. She was referred to 
rehabilitation therapy.

Discussion

The technical success rates of EVLA are near 
100% among recent studies [5, 14, 15], and 
the long-term success rates (up to 5 years) 
range from 90% to 100% [11, 12] based on 
duplex ultrasound assessment of the treated 
veins. In our study, we had 100% ablation of 
veins in both groups within six months. More 
important, the IEVLA strategy greatly reduced 
duration of surgery and improved successful 
rate of surgery managing complicated venous 
varicosis.

Under most circumstances, it is difficult to 
advance the wire in the EVLA operation. 
However, if the varicose vein is tortuous, has a 
small diameter, has a large dilated branch ema-
nating from it, or contains thrombotic, sclerotic 
segments (after a DVT or a previous EVLA), it is 
a dilemma to do so. For such cases, we usually 
had to ablat the trunk of the GSV segment-by-
segment, or rotated the wire, or switch to a 
hydrophilic wireas described elsewhere [13]. 
These additional steps not only enlongated 
operation time, but also could cause vascular 
mural thrombus shedding or other thrombotic 
diseases.

with significant difference existed between the 
two groups overall (F = 705.216, P = 0.000) but 
not for each time point. No interaction was 
identified between group and time (F = 1.205, 
P = 0.296). The results suggested that IEVLA 
was more effective than TEVLA did.

Table 4 summarizes the side effects and other 
evaluations of the outcomes. The most fre-
quent side effects in both groups were ecchy-
mosis, indurations and minor paraesthesia, 
with no difference existing between the two 
groups for each of tem (P all > 0.05). Severe 
complications such as skin burns and forma-
tion of arterio-venous fistulas were not 
observed. Duration of pain and need for anal-
gesia post-operative were dimilar in the two 
groups (P > 0.05). Subcutaneous indurations 
along the treated veins after EVLA resembling 
palpable cord or a shortened muscle at the 
medial part of the thigh were noticed in 18 
limbs in group 1 and 29 limbs in group 2 (P > 
0.05), lasting for a mean of 8 weeks in both 
groups. Paraesthesia in the region of the treat-
ed veins was present and not different in both 
groups. 

Post-EVLA, DVT was identified in 3 limbs in 3 
patients in group 1. Of them, one presented in 
close proximity to the superficial-deep venous 
junction. The thrombus dissolved spontane-
ously without anticoagulation. The other two pa- 

tients presented with exten-
sion of the saphenous throm-
bus into the femoral vein. One 
of them was treated with war-
farin for a 1-month period, 
and the other was treated 
with a once daily dose of low 
molecular weight heparin. Ten 
days post-EVLA, one patient 
with PE presented to the 
emergency room following 
bilateral TEVLA for bilateral 
GSV disease.

Severe limb edema and pain 
was noticed in one female 
patient in group 1 on the day 
after surgery. Although treat-
ment with limb elevation and 
analgesic temporialy relieved 
the patient’s pain, and 
reduced the swelling, the 
patient complained of move-
ment limitation of the ankle, 

Figure 2. Changes in venous clinical severity (VCS) score. PO: postoperative.
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time to return to daily activity, duration of anal-
gesia need, the thromblysis rateand VCS 
scores. These results were compatible with 
other studies [8, 21, 26, 27] 

However, in the TEVLA group, there was a 
patient with movement dysfunction, who neces-
sitated rehabilitation therapy. We do not know 
the underlying cause of the dysfunction yet. 

A limitation of this study is that the postopera-
tive follow-up time is short. It is possible that 
the venous varicose veins could recur Further 
research is warranted with longer follow-up 
time.
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By employing IEVLA, we could avoid these com-
plications, and vascular collapse or vasocon-
striction, not only facilitated the surgery. 

In this prospective randomized study, we found 
that IEVLA not only saved operation time but 
also improved rate of surgery success Dogancin 
and Demirkilic [16] reported the mean time of 
operation was about 35 min, which was close 
to the time of IEVLA in this study. However, our 
patients had severer varicose. 

Recent literature indicate that ligature and non-
ligature of the SFJ have no difference in DVT 
incidence [17-20]. However, in this study, three 
patients were complicated with DVT (3/30, 
10%) and one with PE (1/30, 3%) in the TEVLA 
group, higher than that repored elsewhere (no 
more than 1%) [8, 21, 22]. Ultrasound examina-
tion demonstrated that the DVTs in the three 
patients extended from the GSV into the com-
mon femoral vein at/or proximal to a site of 
recent thermoablation. This thrombus extent-
ing from the site of thermoablation is called 
heat-induced thrombosis (EHIT). Nevertheless, 
none of the patients in the IEVLA group experi-
enced this kind of thrombus due to ligation of 
the SFJ. As known, factors that may increase 
the risk of DVT include: patient age, undiag-
nosed hypercoagulable states and severity of 
chronic venous disease [23, 24]. In this study, 
patients were all classified as CEAP class III or 
greater, and had riskfactors for hypercoagu- 

lation. These conditions 
may account for the hi- 
gher incidence of throm-
botic complications. In 
the view of another stu- 
dy [25], we propose  
that patients with seri-
ous varicose veins and 
hypercoagulable states 
and/or thrombus in the 
GSV system be treated 
with IEVLA, not TEVLA.

Our data also showed 
that no differences exist-
ed between the two 
groups in term of other 
side effects, i.e., pain, 
indurations, ecchymosis, 
paraesthesia, skin ne- 
crosis and skin burn, and 

Table 4. Postoperative data

Parameters
Group 1 
(N = 30) 
TEVLA

Group 2 
(N = 30) 

IEVLA
P value

Pain duration (day) mean (range) 3.5 (3-8) 4.0 (2-8) 0.357
Duration of analgesia need (day) mean (range) 5.0 (2-10) 6.5 (2-10) 0.472
Induration (number of limbs) 18 29 0.057
Ecchymosis (number of limbs) 19 21 0.861
Skin necrosis (number of limbs) 0 0 NS
Skin burn (number of limbs) 0 0 NS
Paraesthesia (number of limbs) 9 17 0.128
Deep vein thrombosis/total limbs 3/34 0/39 0.096
Pulmonary embolus 1 0 1.000
Movement dysfunction/total limbs 1/34 0/39 0.466

Return to daily activity (day, 
_
x  ± s) 3.8 ± 2.7 3.4 ± 2.3 0.539

6th month closure rate (%) 100 100 NS
TEVLA: traditional endovenous laser ablation; IEVLA: improved endovenous laser ablation; 
NS: no significant.
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