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Varicose veins are enlarged and tortuous veins that are often 
easily visible.1 They are part of the chronic venous insufficiency 
syndrome2 and are associated with complications such as oedema, 
skin pigmentation, lower-limb ulcers, thrombophlebitis and bleeding.3

The treatment of symptomatic varicose veins results in significant 
improvements in quality of life and has been shown to be cost effective.4,5 
In recent years, the standard approach to treating saphenous vein 
insufficiency has been changing to the use of less-invasive techniques 
such as sclerotherapy, radiofrequency or endovenous laser ablation 
(EVLA) in suitable patients.6,7 Laser and radiofrequency ablation are 
currently well-established endovenous treatments.4 In the last decade, 
the use of EVLA has increased in popularity, with short- and medium-
term results comparable to, and in some reports superior to, traditional 
surgery.8 Furthermore, in the past decade, many small improvements 
in technical procedure have been shown to influence outcomes. While 
radiofrequency does not have many parameters for adjustment, EVLA 
technique has many intraoperative adjustments that can change 
outcomes.9 Compared with radiofrequency and other techniques, EVLA 
has more variables to be fine-tuned to achieve better results. Almost 
all studies that have been published on EVLA show high success rates 
(>90  %), independently of laser wavelength,10 but failed to assess 
evolution of procedural changes. In the last few years, advances in 
surgical techniques have improved outcomes in laser treatment.

EVLA causes venous closure by inducing endothelial injury, which 
results in thrombosis, fibrosis and luminal occlusion,11 all of which can 
cause postoperative symptoms such as pain, inflammation, paresthesia, 
thrombophlebitis and thrombosis. Thermal damage to peripheral nerves 
is a known complication of EVLA of the small and great saphenous vein.12

Currently, the method proposed by most of the published papers in 
this area uses tumescent ultrasound-guided peri-venous anaesthesia, 
because it is done in ambulatory care, which has the advantages of 
collapsing the treated vein during laser fire and protecting the adjacent 
tissue from burning. However, reaching this definition took a long time 
and numerous studies.

When evaluating such outcomes in institutions that have only recently 
begun to systematically treat this condition, particular attention 
should be paid to the learning curve and to the constant updating of 
methods in accordance with the newest surgical strategies. In this 
study we offer an analysis of the cases we have treated, together 
with a description of the evolution of our therapeutic approach 
as our experience in the treatment of varicose veins and venous 
insufficiency has increased. 

Objective
We sought to evaluate the usage of laser for treatment of venous 
insufficiency using EVLA and fine-tuning of its parameters. The aims 
of this study were to compare efficacy, early postoperative morbidity 
rates and patient comfort associated with the use of two laser 
wavelengths and to define improvements in treatment strategy that 
enhanced outcomes, such as fibre types and use of tumescence or not 
in treatment of saphenous vein incompetence resulting in varicosities 
of the lower limb.

Methods
We undertook a retrospective review of a service database to 
assess the efficacy of different wavelengths and protocols for EVLA 
for treatment of saphenous vein insufficiency and perforators.  
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All consecutive patients with saphenous vein insufficiency treated 
by our staff during the revision period were considered for the study. 
Only those who formally agreed to undergo EVLA and signed informed 
consent were included in the study.

Between 2009 and 2018, thermoablations using endovenous laser 
were performed in 366 veins from 245 patients by the same surgical 
team. The mean age was 48.2 years (range 18–82 years), and 
there were 66.9% (n=164) female participants. Inclusion criteria was 
patients undergoing laser ablation for great saphenous vein small 
saphenous vein (SSV) and perforators. Previous to February 2012, all 
venous ablations were performed using the 980 nm laser (group I).  
Subsequent to February 2012, ablations were performed using the 
1,470 nm laser (group II). The primary outcome was the vein occlusion 
confirmed by ultrasound. Secondary outcomes included procedure-site 
complications, such as thrombophlebitis, ecchymosis/haematomas, 
paresthesia, long-term paresthesia, postoperative pain, inflammation, 
hyperchromia, occlusion rate and deep vein thrombosis. 

Surgical Technique
All group I EVLA procedures were performed using 980 nm wavelength 
diode laser (Synus Laser) in the continuous mode at 12 W of power 
with a linear endovenous energy density (LEED) of 80 J/cm (calculated 
postoperatively). Tumescent perivenous infusion of cold saline solution 
was initially not ultrasound guided. A bare-tip 600 mm laser fibre was 
inserted through the 4F sheath. The tip of the laser fibre was positioned 
1–2 cm below the saphenofemoral junction without ultrasound 
guidance, but confirmed by direct visualisation of the red-aiming beam 
through the skin and being 5 cm below inguinal line. Laser energy was 
applied using the laser’s continuous mode and a constant pullback 
with the aim to achieve 80 J cm LEED. Catheter pullback at a rate of 
2–3 cm/min was not monitored. First cases did not have ultrasound 
monitoring, but after the initial attempt it was clear that ultrasound 
guidance was required and was then included in the technique.

Group II used 1,470 nm wavelength laser (Innova Touch Duo, Orlight 
Laser) in continuous mode at 5 W  (later 7W) of power with 
80 J/cm LEED. A 6F sheath was placed over the guidewire and a radial 
Saturn/Biolitec fibre was advanced under ultrasound guidance to the 
saphenofemoral junction, and then withdrawn to just distal to the 
orifice of the superficial epigastric vein. No tumescent infusion was 
performed at first, but partial and total tumescence was later included. 
The surgical technique for group II employed has been fully described 
elsewhere.3 Variables in EVLA treatment include laser wavelength, 
laser power, fibre pullback speed, fibre type, tumescence, inpatient/
outpatient facility and anaesthesia technique. 

The patients of the first 196 veins treated were exclusively given with 
spinal and general anaesthesia; they underwent the EVLA procedure 
under intravenous sedation with oxygen supplementation and spinal 
anaesthesia in hospital care at first. Procedures initiated by an 
ultrasound-guided percutaneous access at calf level with the patient 
in a reverse Trendelenburg position and a tourniquet to maximise vein 
diameter. After the first 196 cases, local anaesthesia with sedation 
was introduced.

In both groups, after removing the fibre, closure of the vein was 
confirmed by ultrasound and deep veins were accessed for thrombosis 
evaluation. Concomitant phlebectomies were performed in both 
groups as needed and an eccentric compression bandage was applied 

over the course of the treated vein for 24 h in the first half of cases, and 
surgical 35 mmHg socking (Struva 35, Medi) in the second-half cases. 
Betamethasone injection was applied after the initial 20 cases. Patients 
then wore graduated compression stockings (20–30 mmHg, thigh-high) 
during the following 1 month during the day. 

Prophylactic low-molecular-weight heparin was not routinely used 
in either group, only for high-risk patients. Patients were advised to 
walk regularly during recovery from treatment and non-steroidal anti-
inflammatory drugs were prescribed for pain relief.

At 3–7 days, postprocedural duplex ultrasound was performed to 
assess the status of vein occlusion and thrombosis. Saphenous veins 
were isolated to assess results of vein ablation, and deep veins were 
studied for presence of thrombosis.

Current Technique 
Venous access is usually obtained under ultrasound guidance by 
puncturing the vein with 16G or 18G needles or 6F sheath introducers 
at the distal point of reflux, often the medium third of calf.13 The next 
important step in the EVLA procedure is positioning the tip of the 
laser fibre 2–3 cm distally from the saphenofemoral junction (SFJ), 
using ultrasound guidance. In case of treatment of an SSV, the fibre 
tip is usually propagated towards the popliteal vein as long as the 
SSV still remains at the immediate subfascial level. Depending on 
the length of the treated vein, about 250–500 mL of tumescent local 
anaesthesia (TLA) is injected perivenously under ultrasound guidance. 
TLA usually contains 1 mg epinephrine, sodium bicarbonate, and 
500–700 mg lidocaine or half lidocaine and half bupivacaine per 
1000 mL saline solution. We introduced a mechanical infusion pump 
recently, which is highly recommended. TLA is warranted because 
it reduces pain, cools perivenous tissue and decreases the venous 
diameter.3,10 Moreover, it provides anaesthesia for several hours after 
the intervention and allows early discharge. A precooled TLA may 
enhance the analgesic effect14 and we also use external compression 
with ice. Before releasing laser energy, patient position is changed to 
Trendelenburg for diminishing even more vein diameter and avoiding 
bubble embolisation. During the release of laser energy, the laser 
fibre is pulled back centimetre by centimetre for achieving a 60–100 
J/cm LEED, using a previously described method for precise LEED 
calculation,3,10 depending on its diameter and distance from nerves. 
Initial ablation requires higher energy. LEED consists of power x time/
distance, or W x s/cm. Measuring LEED, although imperfect, takes 
in four important variables of laser treatment: power, time, distance 
and, consequently, energy. As wavelength is fixed, this amounts to 
control over five of the variables in the procedure9. An endovenous 
fluence equivalent of at least 25 J/cm2 is recommended to achieve a 
sustained occlusion15 and it is calculated by dividing LEED by the vein 
circumference in cm.

Follow-up
Patients were scheduled for clinical and ultrasound assessments 
at 7 and 30 days after EVLA. Ultrasound was used to confirm EVLA 
failures and occlusion rate during the follow-up period. Clinical 
failures were defined as the finding of measurable venous reflux in 
the treated segment, with or without recurrent varices, either clinically 
symptomatic or asymptomatic.

All clinical and ultrasound examinations were carried out by medical 
doctors, in a standardised fashion. To assess the incidence of 
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clinical failures, both the side effects of EVLA (i.e. paresthesia, 
varicophlebitis, pigmentation, etc.) and the evolution of symptoms 
or signs affecting the patients before the procedure (i.e. heaviness, 
edema, skin changes, presence of visible varices, etc.) were 
systematically recorded at each follow-up visit, as applicable. 
Ultrasound assessments were performed by an experienced 
vascular physician, employing an Accuson X300 ultrasound 
machine (Siemens), equipped with 7.5- to 10.0-MHz linear probes.  
Testing was carried out in orthostatism, following a standardised 
protocol. First, the saphenous junction competence was assessed, 
defined as absence of venous reflux, or presence of venous reflux 
lasting for <1 second after Valsalva or augmentation (i.e. muscle 
squeezing) manoeuvres. Second, the saphenous trunk patency 
was assessed. If, despite EVLA, the trunk was still patent, then its 
diameter was recorded, and venous reflux, if present, evaluated 
with Valsalva and augmentation manoeuvres. Finally, varicose veins 
were evaluated to distinguish between residual or recurrent varicose 
veins, the latter defined as refluxing varices fed by an unsuccessfully  
treated venous segment.

Statistical Analysis
Descriptive statistics were calculated for all variables. Variables 
included in the analysis were age, gender, ‘C’ of CEAP (Clinical, 
Aetiology, Anatomy, Pathophysiology) classification and already-
mentioned outcomes. Quintiles were calculated by software. Data on 
the preoperative, intraoperative and follow-up periods were collected 
for all patients referred to our department with this pathology since 
2009 and recorded in a secure database. After manual verification 
of the consistency of the data, descriptive and statistical analyses 
were conducted. Characteristics recorded as categorical data were 
expressed as absolute and proportional frequencies. Statistical 
analyses employed the t test, the chi-square test, analysis of variance 

(ANOVA) and Pearson correlation test. Multivariate statistical analysis 
of data was conducted using Excel (Microsoft) and Wizard 1.9.20 
(Evan Miller) programs. Characteristics recorded as quantitative 
data were expressed as means, with standard deviations and  
ranges16 (p<0.05 was considered statistically significant).

Results
Laser thermoablations were performed on a total of 366 veins 
among group I (n=28) and group II (n=312), and one case of a  
1,940 nm laser. Patient demographics were similar between the two 
groups (Table 1). 

The incidences of postoperative pain, inflammation and ecchymosis 
were significantly greater in group I versus group II (p<0.001 for all). 
Whereas, the incidence of occlusion rate was significantly greater 
in group II (p=0.001). Incidences of paresthesia and symptomatic 
thrombophlebitis were non-significantly greater in group II. Long-term 
paresthesia, hypercromy and deep vein thrombosis were only noted 
group II (Table 2).

Successful percutaneous access and endovenous placement of the 
laser fibre were achieved in all patients and were well tolerated. All 
patients in both groups were subdivided in quintiles and number 
of negative outcomes were added for each patient as points, this 
created a learning curve as shown in Figure 1B. The first quintile 
had 0.875±0.243 points in negative outcomes, the second quintile 
0.622±0.194 points, the third quintile 0.458±0.189 and the fourth 
quintile 0.122±0.073 (Figure 1A). This represented a trend toward lower 
negative outcomes in later quintiles (Figure 1B). 

When grouped by CEAP classification, negative outcomes sum points 
are 0.733±0.379 for C2, 0.529±0.142 for C3, 0.509±0.214 for C4 and 
zero for C5 and C6 (Figure 2).

Paresthesia incidence was lower after inclusion of intumescence 
anaesthesia (Figure 3): 40  % of cases in general anaesthesia, 6.2  % 
with local anaesthesia and sedation, 14.9 % in spinal anaesthesia and 
sedation, and no paresthesia in local anaesthesia with ice compression 
with or without sedation.

Discussion
Varicose vein variability has led to use of a classification system for 
chronic venous disorders (CEAP), as follows: C0 (no varicose veins), C1 
(telangiectasias and reticular varicose veins up to 4 mm in diameter), 
C2 (trunk varicose veins), C3 (oedema relating to varicose veins), C4 
(skin pigmentation), C5 (healed venous ulcer) and C6 (active venous 
ulcer).17,18 Worse outcomes were found in lower Cs, but with no 
statistical significance; this trend could probably occur due to less 
preoperative symptoms and higher aesthetical expectations in lower 
clinical classification, but it would require a different methodological 
approach to highlight this tendency.

Table 1: Comparison of the Sociodemographic and Classification Data for the Two Groups of Participants

Laser Mean age (years) Gender CEAP

Female Male 2 3 4 5 6

980 46.1 61.9 % 38.1 % 38.1 % 42.9 % 14.3 % 0 % 4.8 %

1,470 48.6 68.8 % 31.3 % 10.6 % 60.1 % 24.0 % 1.9 % 3.4 %

Gender chi-square, p=0.254 age chi-square, p=0.170. CEAP = Clinical, Aetiology, Anatomy, Pathophysiology.

Table 2: Outcomes by Laser Wavelength  
Group (Chi-square)

Outcome Mean incidence (SD), % P value

Group I  
(980 nm)

Group II 
(1470 nm)

Paresthesia 17.9 (±3.3) 12.0 (±3.3)  0.328

Long-term paresthesia 2.3 (±1.7) 0.451

Thrombophlebitis 3.6 (±1.2) 1.0 (±1.2)  0.222

Postoperative pain 32.1 (±2.6) 4.2 (±2.6)  <0.001

Inflammation 25.0 (±3.6) 1.9 (±3.6)  <0.001

Hyperchromia/pigmentation 2.9 (±1.7) 0.391

Occlusion rate 85.7 (±1.8) 97.7 (±1.8) 0.001

Deep vein thrombosis 1.3 (±1.2) 0.571

Ecchymosis 50 (±3.3) 9.4 (±3.3)  <0.001

SD = standard deviation.
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In our cohort, postoperative complications were rare and mild, 
confirming the good safety profile of EVLA. There was only one case 
of deep vein thrombosis, which caused a pulmonary embolisation 
(0.4  %; 95  % CI [0.1–2.3]); this patient subsequently developed 
thrombophilia. He was assisted in intensive care for 1 week and 
discharged with good health.

Differences between 980 nm and 1,470 nm EVLA pain have already 
been noted19 and was clear with outcome differences noted in group 
I and II in our experience. This could be due to the learning curve or 
worse  outcomes associated with 980 nm ablation.

Despite the team’s learning curve, better outcome was also influenced 
by new technology adoption, and adaption to its usage. The first 
quintile had an outcome that did not suggest an outcome better than 
traditional stripping, which required many changes in strategy. It was 

marked by change from 980 nm to 1,470 nm and adoption of radial 
beam fibre, and initial usage of intraoperatory ultrasound guidance 
and steroids usage, which was associated with team technique and 
the first huge improvement in outcomes. To reduce inflammation, 
we also adopted the usage of long-term anti-inflammatory steroids. 
The second quintile was marked by a fine adjustment of laser 
parameters (power, energy and LEED) for the new wavelength adopted 
and development and usage of a LEED calculation method with the 
advent of centimetre-marked fibre;9 subsequently, second quintile 
cases also underwent manual tumescence with saline while first 
cases received no tumescence at all or partial tumescence. The third 
quintile was marked with fine-tuning laser parameters. The fourth 

Figure 3: Best Outcomes Regarding Anaesthesia was 
Achieved with Local Intumescence and Ice Compression 
Anaesthesia

General anaesthesia

Local + sedation

Local + sedation + ice

Local without sedation + ice

Spinal + sedation
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0 1

1 – occurred paresthesia, 0 – no paresthesia (chi square, p=0.018).

Figure 1: Learning Curve by Quintile
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Figure 2: Outcomes by CEAP Classification 
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ANOVA, p=0.167. ANOVA = analysis of variance; CEAP = Clinical, Aetiology, Anatomy, 
Pathophysiology.
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quintile was marked with initial usage of manual local tumescent 
anaesthesia with sedation and perforating vein ablation treatment 
with laser. At this point, most of the cases were moved from general  
hospital to an ambulatory setting, and later were introduced to 
mechanical infusion pump infiltration device for easier and better 
infiltration. Continuous infiltration avoids vein puncture as saline 
extrusion push veins away from the needle and allows tumescence 
hydrodissection. Increasing ablation distance peripheral to the 
saphenofemoral junction may result in a diminished rate of endothermal 
heat-induced thrombosis.11

Adoption of new strategies and improvement of procedure steps 
requires a new adaption time.

Conclusions
This study suggests that our current strategy and technique has a 
lower rate of negative outcomes, and that EVLA has a steep learning 
curve. Our current best results are due to 1,470 nm wavelength laser, 
radial fibre with centimetre markings, usage of steroids and fine-tuning 
LEED. Ongoing evaluation is required to validate these results and to 
affirm the long-term durability of this technique. n
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