
CLINICAL PRACTICE ARTICLE

Satisfactory result of great saphenous vein endovenous laser 

ablation until below the knee on active venous leg ulcer: a 

case series [version 1; peer review: awaiting peer review]
Taofan Taofan 1, Iwan Dakota1, Achmad Hafiedz Azis Kartamihardja 2, 
Jonathan Edbert Afandy 3, Suci Indriani1, Suko Adiarto 1

1Department of Cardiology and Vascular Medicine, Faculty of Medicine University of Indonesia / National Cardiovascular Center 
Harapan Kita / University of Indonesia Academic Hospital, Jakarta, Indonesia 
2Departement of Cardiology and Vascular Medicine, Faculty of Medicine Padjadjaran University / Hasan Sadikin General Hospital, 
Bandung, Indonesia 
3Assistant of Vascular Division, Department of Cardiology and Vascular Medicine, Faculty of Medicine University of Indonesia / 
National Cardiovascular Center Harapan Kita / University of Indonesia Academic Hospital, Jakarta, Indonesia 

First published: 12 Apr 2023, 12:383  
https://doi.org/10.12688/f1000research.131695.1
Latest published: 12 Apr 2023, 12:383  
https://doi.org/10.12688/f1000research.131695.1

v1

 
Abstract 
Background: Active venous leg ulcer (VLU) is the most severe 
manifestation of chronic venous disease which not only affects 
patients’ health, but also decreases the quality of life, and delivers 
economic burdens. Treatment of superficial venous reflux with early 
endovenous laser ablation (EVLA) has been proven to reduce ulcer 
recurrence levels and promote faster VLU healing. We reported three 
cases of patients with active VLU undergoing EVLA with different 
approaches. 
Case illustration: Three patients came with complaint of leg ulcer, 
diagnosed with C6sEpAsdPr, with venous clinical severity scores (VCSS) 
of 15, 23, and 22 respectively. Severe great saphenous veins (GSV) 
reflux was found in all patients by duplex ultrasound examination. The 
second patient had undergone above-the-knee EVLA. All patients 
underwent EVLA using 1470-nano meter wavelength laser device and 
ELVeS radial fiber (Biolitec, Bonn, Germany). The laser energy protocol 
used was 6 W linear endovenous energy density (LEED) 50 J/cm for 
proximal until media ATK GSV ablation, 5 W LEED 40 J/cm for media 
ATK until proximal below-the-knee (BTK) GSV, and 2 W LEED 20 J/cm 
for proximal until distal BTK GSV. The third patient was also treated 
with EVLA for small saphenous vein severe reflux. Follow-up until 6 
months post-EVLA showed significant healing of the ulcer with 14, 16, 
and 17 VCSS reduction consecutively without any complication. 
Conclusion: We’ve reported three cases of patients with active VLU 
undergoing EVLA until BTK with significant results. The EVLA of GSV 
until BTK is safe and provides satisfactory results in patients with VLU.
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Introduction
Active venous leg ulcer (VLU) is themost severemanifestation of chronic venous disease (CVD), classified as clinical C6

on clinical, etiological, anatomical, and pathophysiological (CEAP) classification with several contributing factors

including venous reflux, obstruction outflow, pump failure of calf muscles, and obesity that causes chronic venous

hypertension.1 The prevalence ranges between 0.8 to 2.2 patients for every 1000 people/year and with 19.0�12.1 weeks

healing time.2 Active VLU alone represents 3.5% of patient populations with CVD.3 Despite the small number, the

quality of life of patients with active VLU is affected in various dimensions, especially on the emotional level and

regarding body image, with pain and ulcer severity contributing to a decrease in patients’ quality of life.4 VLU not only

impacts patients’ health but also delivers an economic burdenwith approximately £7706 per patient per year direct cost to

manage VLU patients, and more than £2 billion annually (representing 1.2% of the annual budget) in a study on the

British population.5 Patients with an advanced form of chronic venous insufficiency (CVI), including lipodermato-

sclerosis, healed VLU, and active VLU have a complex venous disease with a superficial, perforator, and deep vein

involvement.6 Treatment of superficial venous reflux with early endovenous laser ablation (EVLA) has been proven to

reduce ulcer recurrence levels and promote faster VLU healing.7 In a study by Montminy et al.,8 the VLU healing rate

after 12months in the patient group treatedwith EVLAwas 82%versus 36% in the compression therapy only group.Here

we report three cases of patients with active VLU undergoing EVLA using 1470-nano meter (nm) wavelength laser

device and ELVeS radial fiber (Biolitec, Bonn, Germany) in National Cardiovascular Center Harapan Kita, Jakarta,

Indonesia with different approaches.

Case illustration
Case 1
A 60-year-old woman, who worked as a baker, presented with a complaint of a wound in her right ankle accompanied by

pain (visual analog scale (VAS) 3/10) in the past three months. The complaint began with swelling in both lower limbs

that got worse one year earlier. There was a change of skin color on both the patient’s leg and foot which became darker

over time. The patient had a history of hypertension. On physical examination of themalleolusmedial dextra region, there

was a solitary ulcer, sized 3�4 cm with irregular edges, erythema ulcer base accompanied by purulent discharge, dry

distant tissue, edema (+), and hyperpigmentation on 1/3 medial cruris until dorsum pedis (Figure 1A). There was severe

CVI in above the knee (ATK) and below the knee (BTK) great saphenous vein (GSV) andmoderate CVI in the deep vein

of both lower limbs from duplex ultrasound (DUS) examination of the lower extremity. The patient was diagnosed with

CVI on both lower limbs with active VLU on malleolus medial dextra (C6sEpAsdPr). The venous clinical severity score

(VCSS) was 15. The patient agreed to EVLA treatment on the right lower limb and received ceftriaxone antibiotics for

five days. The procedure was done after the patient finished the antibiotics course.

EVLAwas performed under spinal anesthesia.Mappingwas done on the right GSV. The diameter of the saphena-femoral

junction (SFJ) was au11.0 mm, proximal ATKGSV 9.2 mm, medial ATKGSV 6.0 mm, distal ATKGSVATK 6.1 mm,

proximal GSVBTKGSV5.2mm,media BTKGSV4.5mm, and distal BTKGSV3.0mm.Double puncture was used on

distal BTK and distal ATK GSV because of tortuosity and branching at distal ATK. Puncture and application of

tumescent anesthesia were done by guided DUS. EVLA started 3 cm from SFJ with laser power of 6 W linear energy

density (LEED) 50 J/cm at proximal until media ATK, 5 W LEED 40 J/cm at media ATK until proximal BTK, and 2W

LEED 20 J/cm at proximal until distal BTK. The total ablated GSV length was 60 cm with a total of 850 mL tumescent.

Lower extremity DUS showed perfectly obliterated ablated GSV, no thrombus found in the deep vein, and a patent

epigastric vein. The patient was discharged one day after the procedure.

The patient’s condition was assessed one week after EVLA, and she reported no more pain, significant rapid

improvement of the ulcer, granulation tissue (+), and no more discharge (Figure 1B). At follow up six months post-

EVLA, the patient didn’t have any complaints and had a healed ulcer. There was a 14-point improvement in VCSS score

down to a score of 1.

Case 2
A 50-year-old male chef presented with complaints of wounds on his left ankle in the last two years accompanied by pain

aggravated by walking (VAS 4/10). The patient had undergone EVLA on the left ATK GSV with phlebectomy eight

months earlier, but there wasn’t any improvement of the ulcer. The patient had wound care with a surgeon who suggested

doing a lower extremity vessel evaluation. The patient had a history of hypertension, type 2 diabetes mellitus, and obesity

with body mass index (BMI) of 39.45 kg/m2. Physical examination of the malleolus sinistra region showed multiple

ulcers sized 18�10 cm on the medial side, 8�5 cm, and 4�2 cm on the lateral side with irregular edges (Figure 2A). The

ulcer had an erythema base, purulent discharge, dry distant tissue, and edema (+). Hyperpigmentation of 1/3 of themedial

cruris sinistra until dorsum pedis sinistra. Lower extremity DUS revealed perfectly obliterated proximal until distal ATK

left GSV, severe CVI on BTK left GSV, deep veins and accessory veins of both lower limbs, and moderate CVI in right
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GSV (Figure 3). The patient was diagnosedwith CVI on both lower limbs and activeVLUonmalleolusmedial and lateral

sinistra (C6sEpAsdPr) with VCSS 23. The patient decided to undergo EVLA on the left lower limb. A culture of the ulcer

base swab reported Pseudomonas aeruginosa (which is resistant to cefazoline). The patient received ceftriaxone and

metronidazole for five days. The procedure was done after the patient finished the antibiotics course.

EVLA was done under spinal anesthesia. Mapping of left GSV and accessory vein was done resulting in proximal ATK

accessory vein diameter 6.0 mm, medial ATK 8.3 mm, and distal ATK 6.5 mm. The diameter of distal ATK GSV was

8.00mm, proximal BTKGSV 7.4mm, andmedia BTKGSV 5.4 mm. The puncture was initially started from distal ATK

GSV retrogradely, but the laser catheter couldn’t pass because of branching in the proximal BTK area. Access wasmoved

to the left dorsalis pedis, and a laser catheter was introduced until distal ATK. The total tumescent amount was 350 mL.

EVLA was started in distal ATK GSV until proximal BTK with laser power of 5 W LEED 40 J/cm, followed by 2 W

LEED 20 J/cm in proximal until media BTK GSV. The second puncture was done on distal ATK accessory veins with

laser power 6 W LEED 50 J/cm from proximal until distal ATK of the left accessory vein. The total amount of the

tumescent was 500mL. The total ablatedGSV lengthwas 33 cm and the accessory veinwas 29 cm. Lower extremityDUS

showed ATK until BTK left GSV and accessory vein were perfectly obliterated, no DVT found, and patent epigastric

vein.

The patient was discharged two days after the procedure with optimal medical treatment and wound care by the nursing

teamwith modern wound dressing. At follow up after six months, the patient did not have any complaints. Skin condition

on malleolus sinistra region showed healed ulcer with granulation tissues, no purulent discharge, minimal swelling until

below the knee, and hyperpigmentation (Figure 2B). There was a 16-point reduction of VCSS down to 7.

Figure 1. The 1st patient rapid progression of venous ulcer healing. A. pre-EVLA; B. 1-week post-EVLA.
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Figure 3. Lower extremity duplex ultrasound of the 2nd patient. A. Obliterated segment of above-the-knee left
GSV; B. persistent reflux of below-the-knee GSV (968 ms).

Figure 2. Venous leg ulcer healing progression of the 2nd patient. A. pre-EVLA; B. 6-months post EVLA.
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Case 3
A 65-year-old male farmer presented with complaints of ulcers with smelly discharge at the right ankle accompanied by

pain (VAS 4/10) in the past two years which became worse and enlarged in the past six months. Complaints begin with

swelling of both lower limbs for 11 years. The patient had undergone various traditional treatments before such as the use

of a flour mixture. The patient had a history of hypertension and diabetes mellitus, was an ex-smoker, and was obese with

aBMI of 33.3 kg/m2. Physical examination showedmultiple ulcers sized 10�8 cm atmalleolus lateral dextra and 8�3 cm

at malleolus medial dextra with irregular edge, wet base with purulent discharge, erythema, edema (+), and hyperpig-

mentation from 1/3 proximal cruris dextra until dorsum pedis dextra (Figure 4A). Lower extremity DUS showed severe

CVI of bilateral GSV, small saphenous vein (SSV), and deep vein. The patient was diagnosed with bilateral CVI with

active VLU at malleolus medial and lateral dextra (C6sEpAsdPr), and VCSS was 22. The patient decided to undergo

EVLAon right lower limb first and received ceftriaxone andmetronidazole five days before the procedure. The procedure

was done after the patient finished the antibiotics course.

EVLA was done under spinal anesthesia. Mapping was done along the right GSV and SSV. The diameter of SFJ was

12.0 mm, proximal ATKGSVwas 7.5 mm, media ATKGSVwas 7.0 mm, distal ATKGSVwas 7.8 mm, proximal BTK

GSV was 6.0 mm, media BTK GSV was 4.0 mm, and distal BTK GSV was 3.0 mm. The proximal SSV diameter was

7.0 mm, and the media SSV was 6.5 mm. Puncture by guided DUS was done at three locations for GSV: medial side of

dorsalis pedis (distal from the ulcer), proximal BTKGSVwith laser catheter introduced retrogradely, and proximal BTK

GSV with laser catheter introduced until 3 cm passed SFJ. EVLA was done with laser power 6 W LEED 50 J/cm in

proximal until media ATK GSV, 5 W LEED 40 J/cm in media ATK GSV until proximal BTK GSV, and 2 W LEED

20 J/cm in proximal until distal BTK. Puncture for SSV was done at media BTK, laser catheter was introduced until

5 cm passed Sapheno-poplitea Junction. EVLA at proximal until media SSV was done with laser power 4 W LEED

30 J/cm. The total ablated GSV length was 64 cm and the SSV length was 10 cm with a total of 850 mL of tumescent

amount. Lower extremity DUS showed the ablated GSV and SSV were perfectly obliterated, no thrombus found, and a

patent epigastric vein. Wound dressing of the ulcer and an elastic bandage was applied to the patient’s right lower limb.

The patient was discharged two days after the procedure with optimal medical therapy and the wound care was done by

the nursing teamwithmodern wound dressing. At follow up after six months, the patient did not have any complaints and

the ulcer and skin condition had significantly improved. There was no ulcer left, hyperpigmentation was limited to 1/3

proximal cruris dextra, and there was a scar (+) on the previously ulcerous region (Figure 4B). There was a 17-point

reduction of VCSS down to 5.

Figure 4. Venous leg ulcer healing progression of the 3rd patient. A. pre-EVLA; B. 6-months post EVLA.
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Discussion
According to the European Society for Vascular Surgery (ESVS) 2022 Clinical Practice Guidelines on the Management

of Chronic VenousDisease of the Lower Limbs, it is recommended to do early endovenous ablation in patients presenting

with active VLU and superficial vein incompetence to accelerate ulcer healing (Class 1 Recommendation with Level of

Evidence).1 But the topic of how to do EVLA in active VLU patient remains to be discussed.

All of the patients we have reported here were classified as C6 CEAP clinical criteria with DUS examination revealing

reflux of both ATK and BTK GSV, and one case each with accessory vein and SSV involvement. This clinical finding

was correlated with superficial vein as mentioned in García-Gimeno et al.’s9 study that in CVD patients, involvement of

ATK and BTKGSVwithout SSV (odds ratio (OR) 1.72, P<0.05) or with SSV (OR 2.62, P<0.05) significantly increases

the possibility of the patient to be in C4 – C6 clinical class.

Numerous incidences of BTK GSV reflux after ATK GSV EVLA have been reported. A study by de Arujo et al.10

showed a 70% incidence of BTK reflux one year after ATK GSV ablation. The study was consistent with our second

case which presented persistent symptoms and delayed ulcer healing even after the treatment of ATK GSV EVLA.

Pihlaja et al.11 stated that persistent reflux of superficial vein after ablation was the main factor of delayed ulcer

healing (multivariate hazard ratio (HR) 0.123, 0.0051-0.295 95% CI, P<0.001) with multifactorial etiology including

missed reflux segment and incomplete therapy, reflux sources (GSV/SSV/perforator) which were normal at the earlier

examination, recanalization of the treated segment, and history of deep vein thrombosis.

The decision to do GSV EVLA until BTK is preferred because it is supported by numerous pieces of evidence that

provide significantly more advantages than only ATK GSV EVLA. Elimination of reflux throughout the length of the

incompetent GSV segment from the SFJ to the most distal point will lead to significant clinical improvement and reduce

the need for adjuvant therapy.10 A systematic review by Sussman et al.12 mentioned that in CVI with C4 to C6 disease,

more aggressive treatment of the ATK and BTK GSV is justified if the DUS findings demonstrate groin to ankle reflux.

These pieces of evidence support our decision to treat our patient with EVLA until BTK GSV.

However, there is another factor that should be taken into consideration which is the risk of complications. Reported

complications of EVLA procedure are infection (0.5%), thromboembolic events such as deep vein thrombosis and

endovenous heat-induced thrombosis (0.85%), hematoma (2.1%), skin burn (2.1%), short term paraesthesia (3.8%),

superficial thrombophlebitis (5.6%), and bruising (39%).13Nerve injury risk in EVLA is directly related to the distance of

the ablated vein with the nerve through the needle stick mechanism or burn due to laser energy transfer. This means that

BTK GSV EVLA had a higher risk of causing nerve injury since the saphenous nerve runs medially towards the GSV at

the level of the upper calf to the ankle.14 Sinabulya et al.15 demonstrated a non-clinically significant permanent sensory

loss at 8% of limbs that underwent BTK GSV EVLA after a mean of 41 months follow-up duration in VLU patients

without any major nerve injury reported. Utoh and Tsukamoto observed the effect of ablation length on the incidence of

post-EVLA neuropathy with an incidence of 0.8% if the ablation length was less than 40 cm from the SFJ and 4.6% if it

was more or equal to 40 cm.16All of the patients in our cases did not show any nerve injury symptoms after follow-up at

six months.

Various efforts need to be made to minimize complications from EVLA. Tumescent anesthesia is used in EVLA to

prevent thermal-induced tissue damage, compressing the size of the vein to be treated to allow better energy absorption, as

well as allowing early mobilization and reducing the risk of DVT where EVLA without tumescence has an incidence of

approximately 36.5% of nerve-related paresthesia.14,17,18 Reducing the number of punctures while administering

tumescent anesthesia also logically reduces the incidence of nerve injury.10 We administered DUS-guided tumescent

anesthesia in our patients and at follow-up, our patients did not show any signs or symptoms of nerve injury.

It’s hard to determine the cut-off of laser power in EVLA to perfectly obliterate the vein without complication. Reducing

the laser energy along the distal segment of BTKGSVmay reduce the incidence of paresthesia, but with consequences of

decreased treatment success.10 The newer generation of EVLA with 1470-nm wavelength has more advantages with

chromophore targeting only water in the endothelium compared to earlier laser generations with 940-nm and 980-nm

wavelengths that targeted hemoglobin molecules.19,20 EVLA with higher wavelength is related to lower energy levels

and minimal side effects.20A study by Arslan et al.20 showed recanalization numbers were significantly lower (P=0.017)

after 48 months of follow-up in a group of EVLA with 1470-nm radial-tip laser catheters using laser power LEED 45–

120 J/cm (8.3%) compared to the group with 980-nm bare-tip laser catheter using laser power LEED 60–120 J/cm

(15.9%). Post-procedural complications such as pain, induration, ecchymosis, paresthesia, and DVT were significantly

lower in the 1470-nm group. In another study by Doganci and Demirkilic, 3.33% of the 1470-nm group reported
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paresthesia compared to 30% in the 980-nm group (P<0.0001). The symptoms experienced tended to be minor with an

average duration of less than four weeks in both groups.21

Although a systematic review and meta-analysis by Malskat et al.22 showed that the commonly used EVLA parameters

(wavelength, delivered energy, and outcome) did not affect the high success rate of the therapy (92%), the laser energy

used in this study has a cut off of 50 J/cm. Mendes-Pinto et al.23 showed that closure rates at one year follow-up were

lower in a group of 1920-nm EVLA with LEED 17.8�0.6 J/cm (87.5%) compared to the 1470-nm group with LEED

24.7�0.8 J/cm (94.7%) whereas Park et al.19 performed EVLA using 1470-nm laser with laser energy 6WLEED 30 J/cm

on 267 limbs and obtained 84.5% completely obliterated GSV results in one month and 100% after six months. Utoh and

Tsukamoto proposed EVLA with two-step ablation protocol in their trial that involved 90 limbs, using 1470-nm laser

with energy 7W in ATK GSV (LEED 50 – 70 J/cm) and 5W in BTK GSV (LEED 20-25 J/cm) with mean ablated GSV

length of 50.4 cm. The DUS follow-up resulted in perfect obliteration of the ablated vein without any saphenous nerve

injuries.24 In our case, we were using a protocol with lower laser energy than some past literature because of anatomical

consideration that the average GSV diameter of an Asian population was significantly lower than a Caucasian population

(Median 2.9 mm vs 5.7 mm; P<0.01).25

Conclusion
We’ve reported three cases of patients with active VLU undergoing EVLA until BTKwith significant results. The EVLA

of GSV until BTK provides satisfactory results in patients with VLU. A combination of DUS-guided procedure,

administration of tumescent anesthesia, use of newer generation device, minimal laser energy, and post-procedural

management could minimize the risk of complications and produce a maximal outcome.

Research ethics and patient consent
Written informed consent has been obtained from the patients for publication of the case report and accompanying

images.

Data availability
All data underlying the results are available as part of the article and no additional source data are required.

Acknowledgements
We would like to thank the patients for allowing us to have their cases published.

References

1. Maeseneer MGD, Kakkos SK, Aherne T, et al. : Editor’s Choice –

European Society for Vascular Surgery (ESVS) 2022 Clinical
Practice Guidelines on the Management of Chronic Venous
Disease of the Lower Limbs. Eur. J. Vasc. Endovasc. Surg. 2022 Feb 1;
63(2): 184–267.
PubMed Abstract|Publisher Full Text

2. Berenguer Pérez M, López-Casanova P, Sarabia Lavín R, et al. :
Epidemiology of venous leg ulcers in primary health care:
Incidence and prevalence in a health centre—A time series
study (2010-2014). Int. Wound J. 2019; 16(1): 256–265.
PubMed Abstract|Publisher Full Text|Free Full Text

3. Homs-Romero E, Romero-Collado A, Verdú J, et al. : Validity of
Chronic Venous Disease Diagnoses and Epidemiology Using
Validated Electronic Health Records From Primary Care: A Real-
World Data Analysis. J. Nurs. Scholarsh. 2021; 53(3): 296–305.
Publisher Full Text

4. Folguera-Álvarez C, Garrido-Elustondo S, Rico-Blázquez M, et al. :
Factors Associated With the Quality of Life of Patients With
Venous Leg Ulcers in Primary Care: Cross-Sectional Study. Int. J.
Low Extrem. Wounds. 2020 Oct 26; 21: 521–528.
Publisher Full Text

5. Phillips CJ, Humphreys I, ThayerD, et al.:Cost ofmanagingpatients
with venous leg ulcers. Int. Wound J. 2020; 17(4): 1074–1082.
PubMed Abstract|Publisher Full Text|Free Full Text

6. Sermsathanasawadi N, Pruekprasert K, Pitaksantayothin W, et al. :
Prevalence, risk factors, and evaluation of iliocaval obstruction
in advanced chronic venous insufficiency. J. Vasc. Surg. Venous
Lymphat. Disord. 2019 May 1; 7(3): 441–447.
PubMed Abstract|Publisher Full Text

7. Ren SY, Liu YS, Zhu GJ, et al. : Strategies and challenges in the
treatment of chronic venous leg ulcers. World J. Clin. Cases.
2020 Nov 6; 8(21): 5070–5085.
PubMed Abstract|Publisher Full Text|Free Full Text

8. MontminyML, Jayaraj A, Raju S:Asystematic reviewof theefficacy
and limitations of venous intervention in stasis ulceration.
J. Vasc. Surg. Venous Lymphat. Disord. 2018 May 1; 6(3): 376–398.e1.
PubMed Abstract|Publisher Full Text

9. García-Gimeno M, Rodríguez-Camarero S, Tagarro-Villalba S, et al. :
Reflux patterns and risk factors of primary varicose veins’
clinical severity. Phlebology. 2013 Apr; 28(3): 153–161.
PubMed Abstract|Publisher Full Text

10. de Araujo WJB, Timi JRR, Nejm CS, et al. : Persistent below-knee
great saphenous vein reflux after above-kneeendovenous laser
ablation with 1470-nm laser: a prospective study. J. Vasc. Bras.
2016; 15(2): 113–119.
PubMed Abstract|Publisher Full Text|Free Full Text

11. Pihlaja T, Vanttila LM, Ohtonen P, et al. : Factors associated with
delayedvenousulcerhealingafter endovenous intervention for
superficial venous insufficiency. J. Vasc. Surg. Venous Lymphat.
Disord. 2022 Nov 1; 10(6): 1238–1244.
PubMed Abstract|Publisher Full Text

12. Sussman MS, Ryon EL, Bahga A, et al. : A systematic review
of the treatment of residual below the knee venous
reflux after endovenous thermal ablation of the great
saphenous vein. J. Vasc. Surg. Venous Lymphat. Disord. 2022 Jan 1;
10(1): 233–240.
PubMed Abstract|Publisher Full Text

Page 8 of 10

F1000Research 2023, 12:383 Last updated: 16 APR 2023

http://www.ncbi.nlm.nih.gov/pubmed/35027279
https://doi.org/10.1016/j.ejvs.2021.12.024
https://doi.org/10.1016/j.ejvs.2021.12.024
https://doi.org/10.1016/j.ejvs.2021.12.024
http://www.ncbi.nlm.nih.gov/pubmed/30393963
https://doi.org/10.1111/iwj.13026
https://doi.org/10.1111/iwj.13026
https://doi.org/10.1111/iwj.13026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7949455
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7949455
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7949455
https://doi.org/10.1111/jnu.12639
https://doi.org/10.1177/1534734620967562
http://www.ncbi.nlm.nih.gov/pubmed/32383324
https://doi.org/10.1111/iwj.13366
https://doi.org/10.1111/iwj.13366
https://doi.org/10.1111/iwj.13366
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7948848
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7948848
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7948848
http://www.ncbi.nlm.nih.gov/pubmed/30765330
https://doi.org/10.1016/j.jvsv.2018.10.021
https://doi.org/10.1016/j.jvsv.2018.10.021
https://doi.org/10.1016/j.jvsv.2018.10.021
http://www.ncbi.nlm.nih.gov/pubmed/33269244
https://doi.org/10.12998/wjcc.v8.i21.5070
https://doi.org/10.12998/wjcc.v8.i21.5070
https://doi.org/10.12998/wjcc.v8.i21.5070
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7674718
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7674718
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7674718
http://www.ncbi.nlm.nih.gov/pubmed/29452957
https://doi.org/10.1016/j.jvsv.2017.11.007
https://doi.org/10.1016/j.jvsv.2017.11.007
https://doi.org/10.1016/j.jvsv.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22345327
https://doi.org/10.1258/phleb.2011.011114
https://doi.org/10.1258/phleb.2011.011114
https://doi.org/10.1258/phleb.2011.011114
http://www.ncbi.nlm.nih.gov/pubmed/29930575
https://doi.org/10.1590/1677-5449.001516
https://doi.org/10.1590/1677-5449.001516
https://doi.org/10.1590/1677-5449.001516
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5829704
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5829704
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5829704
http://www.ncbi.nlm.nih.gov/pubmed/35961629
https://doi.org/10.1016/j.jvsv.2022.07.008
https://doi.org/10.1016/j.jvsv.2022.07.008
https://doi.org/10.1016/j.jvsv.2022.07.008
http://www.ncbi.nlm.nih.gov/pubmed/34425265
https://doi.org/10.1016/j.jvsv.2021.03.024
https://doi.org/10.1016/j.jvsv.2021.03.024
https://doi.org/10.1016/j.jvsv.2021.03.024


13. DermodyM, O’Donnell TF, Balk EM: Complications of endovenous
ablation in randomized controlled trials. J. Vasc. Surg. Venous
Lymphat. Disord. 2013 Oct 1; 1(4): 427–436.e1.
Publisher Full Text

14. DexterD, Kabnick L, Berland T, et al.:Complicationsof Endovenous
Lasers. Phlebology. 2012 Mar 1; 27(1_suppl): 40–45.
Publisher Full Text

15. Sinabulya H, Östmyren R, Blomgren L: Editor’s Choice – Mid-term
Outcomes of Endovenous Laser Ablation in Patients with Active
and Healed Venous Ulcers: A Follow-up Study. Eur. J. Vasc.
Endovasc. Surg. 2017 May 1; 53(5): 710–716.
PubMed Abstract|Publisher Full Text

16. Utoh J, Tsukamoto Y: Incidence of Nerve Injury after
Endovenous Thermal Ablation for Incompetent Great
Saphenous Veins. Jpn. J. Phlebol. 2021 Nov 25; 32(3): 337–341.
Publisher Full Text

17. Gunes T, Altin F, KutasB, et al.:LessPainful Tumescent Solution for
Patients Undergoing Endovenous Laser Ablation of the
Saphenous Vein. Ann. Vasc. Surg. 2015 Aug 1; 29(6): 1123–1127.
PubMed Abstract|Publisher Full Text

18. MemetogluME, Kurtcan S, Kalkan A, et al.: Combination technique
of tumescent anesthesia during endovenous laser therapy of
saphenous vein insufficiency. Interact. Cardiovasc. Thorac. Surg.
2010 Dec 1; 11(6): 774–778.
PubMed Abstract|Publisher Full Text

19. Park YS, Kim YW, Park YJ, et al. : Clinical results of endovenous
LASER ablation (EVLA) using low linear endovenous energy
density (LEED) combinedwith high ligation for great saphenous
varicose veins. Surg. Today. 2016 Sep; 46(9): 1019–1023.
PubMed Abstract|Publisher Full Text

20. Arslan Ü, Çalık E, Tort M, et al. : More Successful Results with Less
Energy in Endovenous Laser Ablation Treatment: Long-term
Comparison of Bare-tip Fiber 980 nm Laser and Radial-tip Fiber
1470 nm Laser Application. Ann. Vasc. Surg. 2017 Nov 1; 45:
166–172.
PubMed Abstract|Publisher Full Text

21. Doganci S, Demirkilic U:Comparison of 980 nmLaser andBare-tip
Fibre with 1470 nm Laser and Radial Fibre in the Treatment of
Great Saphenous Vein Varicosities: A Prospective Randomised
Clinical Trial. Eur. J. Vasc. Endovasc. Surg. 2010 Aug 1; 40(2): 254–259.
PubMed Abstract|Publisher Full Text

22. Malskat WSJ, Engels LK, Hollestein LM, et al. : Commonly Used
Endovenous Laser Ablation (EVLA) ParametersDoNot Influence
Efficacy: Results of a Systematic Review and Meta-Analysis.
Eur. J. Vasc. Endovasc. Surg. 2019 Aug 1; 58(2): 230–242.
PubMed Abstract|Publisher Full Text

23. Mendes-Pinto D, Bastianetto P, Cavalcanti Braga Lyra L, et al. :
Endovenous laser ablation of the great saphenous vein
comparing 1920-nm and 1470-nm diode laser. Int. Angiol. 2016
Dec; 35(6): 599–604.
PubMed Abstract

24. Utoh J, Tsukamoto Y: Prevention of SaphenousNerve Injury after
Endovenous Laser Ablation of Incompetent Great Saphenous
Veins: 2 Step Ablation. Jpn. J. Phlebol. 2021 Dec 24; 32(3): 355–357.
Publisher Full Text

25. Lee Q, Gibson K, Chan S, et al. : A comparison between Caucasian
and Asian superficial venous anatomy and reflux patterns –

Implications for potential precision endovenous ablation
therapy. Phlebology. 2020 Feb 1; 35(1): 39–45.
Publisher Full Text

Page 9 of 10

F1000Research 2023, 12:383 Last updated: 16 APR 2023

https://doi.org/10.1016/j.jvsv.2013.04.007
https://doi.org/10.1258/phleb.2012.012s18
http://www.ncbi.nlm.nih.gov/pubmed/28408089
https://doi.org/10.1016/j.ejvs.2017.02.028
https://doi.org/10.1016/j.ejvs.2017.02.028
https://doi.org/10.1016/j.ejvs.2017.02.028
https://doi.org/10.7134/phlebol.21-11
http://www.ncbi.nlm.nih.gov/pubmed/26004966
https://doi.org/10.1016/j.avsg.2015.02.010
https://doi.org/10.1016/j.avsg.2015.02.010
https://doi.org/10.1016/j.avsg.2015.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20847066
https://doi.org/10.1510/icvts.2010.240762
https://doi.org/10.1510/icvts.2010.240762
https://doi.org/10.1510/icvts.2010.240762
http://www.ncbi.nlm.nih.gov/pubmed/26689210
https://doi.org/10.1007/s00595-015-1289-x
https://doi.org/10.1007/s00595-015-1289-x
https://doi.org/10.1007/s00595-015-1289-x
http://www.ncbi.nlm.nih.gov/pubmed/28647634
https://doi.org/10.1016/j.avsg.2017.06.042
https://doi.org/10.1016/j.avsg.2017.06.042
https://doi.org/10.1016/j.avsg.2017.06.042
http://www.ncbi.nlm.nih.gov/pubmed/20547079
https://doi.org/10.1016/j.ejvs.2010.04.006
https://doi.org/10.1016/j.ejvs.2010.04.006
https://doi.org/10.1016/j.ejvs.2010.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31230868
https://doi.org/10.1016/j.ejvs.2018.10.036
https://doi.org/10.1016/j.ejvs.2018.10.036
https://doi.org/10.1016/j.ejvs.2018.10.036
http://www.ncbi.nlm.nih.gov/pubmed/26418143
https://doi.org/10.7134/phlebol.21-25
https://doi.org/10.1177/0268355519845984


The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias•

You can publish traditional articles, null/negative results, case reports, data notes and more•

The peer review process is transparent and collaborative•

Your article is indexed in PubMed after passing peer review•

Dedicated customer support at every stage•

For pre-submission enquiries, contact research@f1000.com

Page 10 of 10

F1000Research 2023, 12:383 Last updated: 16 APR 2023

mailto:research@f1000.com

