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Part 1

1. Introduction

Venous insufficiency allows venous blood to escape from its normal antegrade flow and to
reflux backward. In most cases, it is caused by valvular incompetence in the low-pressure
superficial venous system, but it may also be caused by valvular incompetence in the
high-pressure deep venous system. Between 25-40% of women and 10-20% of men suffer
from chronic venous insufficiency. In addition to family history of venous disease, female
sex, older age, chronically elevated intra-abdominal pressure caused by obesity, pregnancy,
chronic constipation, or a tumor, prolonged standing can be risk factors. There are several
manifestations of CVI that affect patients seeking treatment, including thrombosis, varicose
veins, edema in the limbs, venous ulcers, infection, and discoloration of the skin. (1) Even
though venous insufficiency is a disabling condition, it is inadequately evaluated and
improperly managed. Our understanding of venous disease has improved thanks to advances
in noninvasive evaluation, and new treatments are now available that are less invasive and

safer.

1.1 High ligation and stripping

High ligation and stripping (HLS) of the great saphenous vein has been the gold standard
treatment for varicose veins for years and may still be a valuable option. HLS is generally
performed under general anesthetic but can also be performed under local or tumescent
anesthesia under ultrasound guidance. Following dissection of the sapheno-femoral junction

(SFJ), ligation of all side tributaries, and high ligation of the GSV, a standard olive-tip
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stripper is inserted. An ankle or just below the knee incision is used to access the GSV.
Stripping of the GSV is followed by closure of the skin at the groin and ankle or below the
knee. The long-term (five-year) results of endovenous laser ablation (EVLA) and HLS do not
differ in terms of clinical varicose veins recurrence or recurrence of reflux detected by duplex
ultrasound (DUS), although the location may be different. The recurrence of reflux at the SFJ
was statistically significantly lower after HLS than after EVLA. Complication rates after
HLS were higher than those after EVLA, with bleeding and haematomas (4.8% vs. 1.3%),

wound infections (1.9% vs. 0.3%), and paraesthesia (12.7% vs. 6.7%).

As technology advances, HLS has been replaced by minimally invasive techniques. With the
advent of duplex ultrasound, physicians can now diagnose patients preoperatively, monitor
them postoperatively, and perform many procedures. The purpose of these techniques is to
disrupt the flow within the incompetent great saphenous vein. The incompetent vessel could

be destroyed by using thermal energy (laser or radio frequency ablation) or chemical ablation.

1.2 Endovenous laser ablation (EVLA)

With EVLA, thermal energy is used to close up the saphenous vein, which has largely
replaced conventional methods. The thermal energy applied in the vessel as laser causes
fibrosis of the vein wall and lumen during the technique. Several months pass before the vein
resorbs. Different sizes of fibers allow the physician to treat varicosities with laser. The
convalescence period is shorter than after surgery due to this process. (2) The results of laser
ablation at wavelengths 810 and 1470 are similar, but the success of these methods depends

on tumescent anesthesia, the placement of the sheath, and the delivery of the energy. By
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heating the vein wall with a laser fiber, nonthrombotic vein occlusion can be achieved. To
cause collagen contraction and endothelium denudation, the vein wall must be sufficiently

heated. As a result, the vein wall thickens, and eventually, the vein will contract and fibrose.

1.3 Radio frequency ablation (RFA)

A radio frequency ablation (RFA) procedure is similar to laser ablation in that it uses thermal
energy to ablate the saphenous vein. Unlike laser ablation, radiofrequency requires two cycles
of energy to be applied to all vein segments according to the manufacturer. At a constant
temperature of 120 C, the catheter's active part is kept at a constant temperature of 7 cm
during each cycle. The most convenient position for the catheter is 2 cm below the SFJ. The
RFA consists of a bipolar heat generator and a catheter with collapsible electrodes that, when
introduced intraluminally, effectively closes veins ranging from 2 mm to 12 mm in diameter.
Using ultrasound control, access into the vein lumen is performed percutaneously, and the
catheter tip is navigated to the SFJ. Tumescent local anesthesia is placed circumferentially
along the entire length of the vein. Vein wall impedance and the amount of energy delivered
are monitored continuously. Upon completion, absence of flow is assessed with ultrasound.

Patent segments are retreated.

1.4 Sclerotherapy

CVI can also be treated with foam sclerotherapy. The aim of sclerotherapy is to obliterate
incompetent veins. In order to achieve irreversible endothelium damage, a minimum volume
and concentration of sclerosant should be applied to the vein to be sclerosed without
collateral damage. Sclerosant allergies are also contraindications for ambulatory

phlebectomy. Leg vein sclerotherapy has been performed with many agents, but only a few
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are commonly used  today. The long-chain  fatty  acid  polidocanol
(hydroxypolyethoxydodecane) is a synthetic compound. FDA approval is not available for
sclerotherapy using hypertonic saline (23.4% sodium chloride). Nevertheless, it is commonly
used to treat telangiectasias and reticular veins. It is readily available, inexpensive, and
non-allergenic. The disadvantages of this treatment include burning pain, rapid dilution, and a
high risk of extravasation necrosis. When the right sclerosant is selected for the vein being
treated, sclerotherapy can be maximized in efficiency and complications minimized. In
general, the larger the vein to be treated, the higher the concentration and volume of
sclerosant should be. The concentration of sclerosant is generally chosen based on the type
and diameter of the vein being treated. Depending on the situation, the patient is positioned
supine, prone, or lateral decubitus, so that the veins are relatively empty and the sclerosant
and the vein wall are in contact for as long as possible. Sclerosant is administered without
undue pressure or speed after veins are cannulated briskly, aspirated gently to confirm
intravascular placement, and sclerosant is gently applied. To reduce the risk of concentrated
sclerosant spreading into deeper tissues, 1 mL or less is generally injected at a time. The varix
is injected approximately every 5 cm to 15 cm. Sclerotherapy can be used to treat
incompetent perforators. Under the skin, sclerosant can be injected into incompetent
superficial system veins by using duplex ultrasound. Ultrasound-guided sclerotherapy of
saphenous veins is an alternative or complementary technique to surgery, endovenous laser,
and radiofrequency ablation. Foam therapy is preferred for treating epifascial veins, but it is

also effective for treating great saphenous incompetence. (3,4).
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1.5 Cyanoacrylic closure

The cyanoacrylic closure procedure is another option for truncal insufficiency. A chemical
substance, cyanoacrylate, is used as a "clue" along with a delivery system. The GSV is
accessed percutaneously with a micropuncture kit, followed by insertion of a 0.0035 J
guidewire. A 5-Fr-sheath is introduced over the wire guided by ultrasound to the point of
lowest insufficiency. Then, a 4-Fr-sheath is introduced and a 3 ml syringe with cyanoacrylate
is attached to the injection gun.The catheter's configuration is visible under ultrasound
guidance. It is also hydrophobic so the substance does not leak to the vein lumen. All
segments of the catheter except the last 3 cm are filled with cyanoacrylate. A spinlock
mechanism secures the delivery catheter. By using direct visualization with a linear
ultrasound probe, a 3 cm segment of the 4F catheter tip is pulled out of the 5F introducer
sheath and placed 3 cm away from the SFJ. The injection gun can continuously deliver the
substance and can deliver 0.3 cc of polymer with one pull of its trigger. This process
continues until the polymer is applied to the entire length of the vein. Pulls must cover a
distance of 10 cm in each vein. The process is repeated until the polymer is applied along the

entire vein length. (5)

1.6 HLS different approach with endovascular techniques.

Nowadays, incompetence of the GSV is mostly treated with minimally invasive endovenous
thermal ablation (EVTA) techniques. EVTA has a low complications rate and can be
performed without general anesthesia and thus, is recommended over open surgery of GSV
with HLS. (6) Venous reflux elimination with HLS has been the gold standard treatment of
varicose veins for many years. It should be noted that similarly to EVTA, HLS can be

performed under tumescent anesthesia with ultrasound guidance. (7) Furthermore, EVTA and

10
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HLS do not differ in terms of clinical varicose vein recurrence or recurrent reflux detected by
duplex ultrasound over the long term. (8) When you remove general anesthesia from the
equation, then complication rates should be the only factor considered when comparing
EVTA and HLS. Specifically, HLS has been associated with more bleeding and hematomas

(4.8% vs. 1.3%), wound infections (1.9% vs. 0.3%), and paraesthesia (11.3% vs. 6.7%). (9)

In the conventional approach of HLS the olive-shaped head that is mounted on the stripper

can cause significant collateral trauma to the vein’s adjacent tissues, including nerves and

lymphatics. Consequently, bleeding and hematoma may occur, also increasing the risk of
surgical site infections (SSIs). On the other hand, it has been shown that an invaginated strip
of the GSV may cause less trauma in the saphenous compartment and is associated with

diminished blood loss and less discomfort compared to conventional stripping. (10).

Lastly, there have been studies that question the necessity of high ligation and report that a
more distal GSV stripping may produce similar, if not better results (11). In essence, stripping
without ligation of the SFJ tributaries mimics the result of EVTA. Stripping may become a
minimally invasive procedure if done distal to the SFJ, especially when standard
endovascular techniques are used to facilitate the procedure and reduce the need for large

incisions.

Based on the above, we present our technique of ambulatory EndoVenous-assisted
Invaginated Stripping (EVIS) of the GSV and seek to explore uncertainties around the

surgical intervention itself namely technical stability, delivery, safety and effectiveness by

11
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performing a pilot and feasibility study.We also opt for a comparison of our technique with

the thermal ablation technique in a population of 17 patients.

2. Operative procedure

EVIS is performed as a day-case surgery as there is no need for general anesthesia or
sedation. In addition to the preoperative hair removal, the patient receives a single dose of
intravenous antimicrobial prophylaxis. Standard surgical drapes are applied after the skin has

been prepared with chlorhexidine gluconate and alcohol solution.

An anti-Trendelenburg position (head elevated by 15 degrees above the feet) is preferred for
optimal visualization of the veins with ultrasound. In order to determine whether the GSV has
tortuosity, aneurysms, or post-thrombotic changes, a duplex scan along its length is
performed. The GSV is punctured under ultrasound guidance at the level of the knee with an
18-gauge needle, and a 5-F sheath is inserted into the vein (Image 1, Figure). A long 0.035”
PTFE-coated J-tip guidewire is then navigated across the GSV and through the SFJ to reach
the common femoral vein (CFV). The position of the guidewire is secured and confirmed
with ultrasound (Image 1). When there is tortuosity of the GSV or post-thrombotic stenoses
that prevent easy navigation of the PTFE guidewire, a glide wire with hydrophilic coating

may be used and then exchanged with the stiffer J-tip guidewire.

The saphenous compartment along the GSV is then infiltrated with tumescent anesthesia (50

mL of 1% lidocaine, 1 mL of epinephrine 1:1,000, and 12.5 mEq sodium bicarbonate diluted

12
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in 1 L of normal saline ) from the knee to the groin under ultrasound guidance. There is no
need to infiltrate the subcutaneous plane with tumescent anesthesia as normally done in

EVTA where there is a risk of skin thermal injury.

The patient is then placed in the Trendelenburg position (head 15 degrees below the feet). A
small 1 cm incision is done near the femoral crease. Ultrasound is used to mark the exact
location of the incision. In the subcutaneous plane, the GSV carrying the stiff PTFE
guidewire can be easily palpated. The vein is dissected free with a Lahey clamp and secured
with a sling (Image 2). The PTFE guidewire is retracted distal to the sling and the GSV is
ligated proximally. The ligation is tied about 1-2 cm below the inflow of the superficial
inferior epigastric vein at the point where one would normally place the laser fiber tip when

performing an EVTA.

The PTFE guidewire tip is recovered from inside the GSV (Image 3). A strong braided
thread of at least 70 cm in length, preferably Vicryl 2, is fixed to the guidewire tip (Image 3).
The PTFE guidewire carrying the thread is then slowly retracted through the GSV and out of
the percutaneous access site at knee level. At the proximal end, the thread is fixed on the
GSV stump, in the groin (Figure). A further pull on the thread allows the vein to be

invaginated and removed (Figure, Image 4, and Video).

A useful addition to this technique is to allow the extra proximal length of the thread and tie
down a 50 cm long gauze pack that has been socked with 2 mL of epinephrine 1:1,000
diluted in 20 ml of normal saline. Traction of the distal end of the thread, at the knee, pulls

down the packing within the saphenous vein, causing its invagination. The GSV is turned

13
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outside-in over the packing as it comes out through the percutaneous access point at knee
level (Image 4). This minimizes the risk of vein rupture (Image 5), and it also packs the

saphenous compartment and aids in hemostasis (Image 6). The gauze is left in the saphenous

compartment until all calf phlebectomies have been completed. The width of this gauze

packing depends on the diameter of the saphenous vein.

Incisions are closed according to the surgeon's preference and the leg is dressed and

compressed with thigh-level Class II stockings (25-32 mmHg).

14
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Part 2

1. Materials and methods

1.1 Prospective cohort study

This is a prospective observational study that was approved by the Research Ethics
Committee of the Hospital and was undertaken from December 2022 to September 2023.
This study followed the reporting standards for STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE). Informed consent was obtained from all
patients for participation in the study, analysis of their data, and publication of images and

videos.

A number of 20 patients who were treated using endovascular invagination stripping from
December 2022 to September 2023 were evaluated. Venous insufficiency was diagnosed with
duplex ultrasound. The inclusion criteria were primary chronic vein insufficiency of the GSV,
greater than 18 years of age, and reflux of at least 0.5 seconds at the SFJ. Among the
exclusion criteria were reflux at the anterior or posterior accessory saphenous veins, a body
mass index of greater than 35, and prior treatment of the GSV in the same limb. The most

severely affected leg was treated in patients with bilateral disease.

Based on the Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classification, the C

component was used to assess the clinical stage. Preoperative duplex investigations,

15
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demographics, operative time, blood loss, technical success, and length of veins strapped

were also recorded.

Blood loss due to vein stripping was considered the blood that accumulated in the
subcutaneous upper-leg saphenous compartment. Weighed dry gauzes were used to absorb
this blood as it was rolled out towards the groin. The bloody gauzes were weighed again, and

the blood loss was calculated by subtracting the weight of the gauzes.

After the operation, patients were discharged home and told to resume normal activities
immediately, as well as encouraged to walk regularly. A single dose of thromboprophylaxis
with Low Molecular Weight Heparin (LMWH) was administered to all patients.Patients also

had to use compression stocking all day for a week.

Patients reported their level of pain using a horizontal axis ranging from none (minimal, VAS
= 0) to excruciating (maximum, VAS = 10). This was done immediately after the operation
and at 48 hours, 1, 4, and 12 weeks. At one week, duplexes were performed to detect
hematomas and Deep Venous Thrombosis (DVT), and at three months, the diameter of the
residual stump was measured, and reflux was assessed to determine if it had transferred to the
SFJ tributaries that have been left intact eg the anterior or posterior accessory saphenous

veins.

To summarize the data, descriptive statistics were used, including mean as a measure of
central tendency and range as a measure of variability. In the case of categorical variables,

percentages were used.

16
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1.2. Comparative clinical study

It is intended to enroll 30 patients in the trial with primary CVI of the GSV, who will be
randomized to one of two techniques, so that we will be able to draw safe conclusions from a

relatively large sample size.

a. Goals and outcomes

We sought to analyze and compare the two techniques under investigation in terms of SFJ
insufficiency elimination, patient satisfaction with the procedure, and a patient's quality of
life after surgery as documented by relevant questionnaires relevant to CVI, intraoperative
pain, recovery time after surgery, and disease recurrence as observed and confirmed by
duplex scan. Moreover, all complications associated with this technique were evaluated as an

additional endpoint.

b. Study population

All participants should be recruited and randomized at one of the techniques and they will be

concluded at the trial of the Vascular surgery Unit of the University Hospital of loannina.

c. Inclusion Criteria:

Those over 18 years of age with confirmed primary CVI of the great saphenous vein by
ultrasound, and a recent duplex study which confirms the diagnosis. As part of the study,

participants were required to give written informed consent to participate

17
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d. Exclusion Criteria

e An insufficiency of the anterior or posterior axillary saphenous vein.
e Previous operation for CVI

e Obesity with a BMI>35

e Unwillingness of the patient to follow the study's protocol.

e Lack of a triplex ultrasound that confirms SFJ insufficiency.

In order to demonstrate the efficacy and effectiveness of our technique, we compared
Endovenous Laser ablation with Endovenous assisted invagination stripping of the great

saphenous vein.

In patients with bilateral disease, the most severely affected leg was treated.

Control group: Patients treated with EVLA (10 patients)

Intervention group: Patients treated with EVIS (7 patients)

Informed consent was obtained from all patients participating in the trial. In addition to
comparing the intraoperative and postoperative pain of the two techniques, the main goal was
to detect the efficacy and complications of EVIS. Therefore, we kept a record of our patients
by completing a form that included information about the patient, such as: age, gender,

weight, height, CVI stage, and any comorbid conditions.

18
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The following information was also recorded: the procedure type, the duration, the diameter

and length of the saphenous vein removed, the amount of tumescent anesthesia and lidocaine

used, intraoperative drug administration (analgesics, anticoagulant agents, antibiotics), and
intraoperative complications and technical failures. (image 9).
Patients were asked to rate the pain they experienced during any intervention on a scale of 0

to 10. (page 35)

The patients were all followed up 48 hours and one month after the interventions.
Post-surgery questions included how much pain they experienced, whether they used any
analgesics, when they recovered and returned to their daily lives, if there were any
complications (hematomas, bruises), how long they used compression stockings, and whether

they were generally satisfied with the procedure as a whole. (page 36).

19
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3. Results

3.1 Prospective cohort study

Twenty patients were operated with EVIS and followed up for three months. Fourteen (70%)
of the 20 patients were female and the mean age of the sample was 47.9 years. Four patients
(20%) had varicose veins without any complications (C2), 10 patients (50%) had varicose
veins with oedema (C3) and 6 patients (30%) had skin changes (C4). Three patients did not
attend the 4 weeks follow-up consultation and one did not attend the 7-day follow-up

consultation, but all remained in the study for 3 months.

The mean operative time was 45 minutes (range 35-70 minutes). An intraoperative pain VAS
of 4.8 (range 2-7) was recorded, and a postoperative pain VAS of 2.5, 1.8, 1.2, 0.5 at 48
hours, 1, 4 and 12 weeks, respectively. A mean blood loss of 15ml was observed (range
5-50ml) and the mean length of GSV strapped was 19 cm (range 14-27 cm). There were no
complications such as deep vein thrombosis, surgical site infections, or nerve injuries. At 1
week follow-up, the patients did not have any hematomas in the saphenous compartment and
the only noticeable skin change was minor bruising of the thigh. The incision at the groin is
really small and has a good cosmetic result (Image 7). The GSV stump diameter retracted in
all cases compared to the preoperative SFJ diameter at 3 months, and SFJ tributaries vein

reflux was not detected.
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3.2 Comparative clinical study

Patients treated with EVIS (intervention group) were compared with those treated with
EVLA (control group). EVLA was used on 10 patients that were followed-up for at least one
month after treatment. Seven of the patients (70%) in the study were female, and the average
age was 49.6. The majority of patients had varicose veins without complications (stage C2),
40% had noticeable edema of the extremities (stage C3), and one patient had

lipodermatosclerosis (stage C4b).

Males Females Classification of CVI

3/10 (30%) 7/10 (70%) C2 50% C3 40%

3/7 (42%) 417 (57%) C2 47 % C4 28%

Table 1.Comparison between the sex and CVI class at the two groups.

Seven patients were treated with EVIS. Females constituted 57% of the group. In both
groups, the median age was 43 years old. 47% had stage C2, 28% had stage C4 and one had a
venous ulcer (C5). There were no severe comorbidities in either group and they did not take

any antiplatelet or anticoagulant drugs.
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Table 2.Comparison of the duration of the procedures.

Duration of the procedures

18 min-40 min (mean 24,7 min)

25 min-55 min (mean 31,7 min)

Table 3. Comparison of the diameter of the saphenous and the length of it .

Max saphenous diameter

Length of eliminated saphenous

6,2 mm-11,9 mm (mean 8,37)

(mean 34,25 cm) 37,5-19 cm

6,3 mm-18 mm (mean 10,80)

(mean 33,28 cm) 29-40 cm

EVIS group intervention lasted 24,7 minutes (18-40 minutes), while EVLA group

intervention lasted 31,7 minutes (range 25-55 minutes). Saphenous diameter was 8.37 mm in

the EVLA group (range 6,2mm-11,9 mm) and 10,8 mm in the EVIS group (range 6,3-18

mm). EVIS does not use thermal energy, while EVLA uses 5.430 J on average. The length of

the vein that was eliminated by EVIS was 33,28 cm and 34,25 cm by EVLA. The EVLA

group received 472 cc of local anesthesia, whereas the EVIS group received 281,4 cc of local

anesthesia and 9,2 cc of xylocaine.

As part of the intraoperative drug administration, all patients received prophylactic

LMW-heparin (0,45), analgesics, and nine patients from each group received one dose of

antibiotic.
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Table 4. Comparison between pain and anesthesia

Tumescent anesthesia Intraoperative pain

472 cc 3,7 (3-5)

281 cc 3,7 (0-8)

In order to measure intra-operative pain, patients used a horizontal axis that ranged from none
(minimal, VAS = 0) to excruciating (maximum, VAS = 10). The measurements were taken
after surgery, 48 hours later, and a month later. In the EVLA group, the pain level was 3,7
with a maximum of 8 and a minimum of 0. In the EVIS group, a mean of 3,7 was recorded

(range from 3-5). All patients had a quick recovery postoperatively.

A two-day follow-up was performed on patients after surgery. Postoperative pain was
recorded in both groups. In the EVLA group, the mean score was 0,5, while in the EVIS
group, it was 1,5. A total of three patients in the EVIS group took analgesics at home for pain
relief, compared to none in the EVLA group. Compression stockings should be worn all day
and night, according to our recommendation. There was edema, bruises, and ecchymosis on
the limb after surgery in one patient. This patient underwent laser ablation. Patient
satisfaction with the overall procedure was 1,6 for the EVLA group (l-absolutely agree,
2-agree), whereas it was 1,5 for the EVIS group. According to all EVLA and EVIS patients,
their everyday life has improved by two points (all answers). Patients answered that they
would repeat the procedure on their other leg if necessary, and they would also recommend it

to their friends.
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One month after the procedure, all patients reported no pain. Duplexes were performed in the
EVIS group to detect hematomas, Deep Venous Thrombosis (DVT), measure the residual
stump diameter, and determine whether reflux had reached the intact SFJ tributaries, such as
the anterior or posterior accessory saphenous veins. Duplex scans were also performed on
EVLA patients to determine GSV occlusion, DVT, and hematomas. No complications were
noted in the EVIS group. One patient was noticed to have a patent proximal part of the GSV

and was recorded as treatment failure.

The above results are preliminary and the small number of patients recruited does not allow
for meaningful statistical analysis. For the purpose of comparing the EVIS technique with

EVLS, we will need to recruit more patients.

4 Discussion

With a creative approach, we have tried to combine the ease and flexibility of endovascular
techniques with the benefits of open surgery and get the best of both worlds. There are no
revolutionary changes to what has already been described and done over decades of venous
insufficiency surgery. However, EVIS may have some considerable advantages over standard

HLS and EVTA.

By percutaneously accessing the GSV at knee level, we avoid the incision and tissue handling

required to dissect the distal part of the GSV. Studies have shown that there is no need to

ablate or strip the GSV below the level of the knee; the clinical results are similar, plus you
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avoid sural and saphenous nerve injury. (12, 13) No such complications occurred in our

study.

Furthermore, endovascular techniques help tackle anatomic issues such as tortuosity and
post-thrombotic stenoses. In the conventional approach of HLS, the surgeon may need to
partially strip the GSV or proceed with additional incisions and cut-downs of the vein.
Similarly, a laser fiber may not be able to navigate through post-thrombotic stenosis,
aneurysm, or acute angulation of the vein and the GSV may need to be partially ablated or
ablated in segments. This can be avoided in EVIS by using a vascular catheter and glide wire
with a hydrophilic coating. One patient with a post-thrombotic segment was managed with

this approach in our cohort.

The anatomic result of saphenous stripping without ligation of the SFJ tributaries is
comparable to that of EVTA. Similarly to a previous study (14), our results indicate that the
GSV stump diameter is reduced and reflux is not transferred to the SFJ tributary veins.
Finally, placing a stiff guidewire across the GSV allows excellent visualization under
ultrasound and makes dissection of the GSV possible through a "keyhole" incision at the
groin. With less handling, there is less surgical trauma and hematoma, better cosmesis, and

even fewer neovascularizations.

It has been well documented that most recurrences in HLS can be attributed to the
neovascularization that occurs following surgical dissection of the SFJ. (15) The selective
high ligation technique is to ligate the SFJ keeping some of the tributary veins. It has been

shown that it decreases the incidence of neovascularizations and recurrent varicose veins in
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the operated groin. (16). In EVIS all SFJ tributaries are left intact and there is no dissection of
the SFJ. The GSV is ligated and cut at about 1-2 cm below the inflow of the inferior
epigastric vein at the point where one would normally place the laser fiber tip when
performing an EVTA. Based on the above evidence, we can advocate that neovascularization
recurrences might be limited in EVIS. It will be necessary to follow up for a longer period of

time to prove this.

Furthermore, when the tributaries are kept open to blood flow, the venous reflux from the
groin is reduced and there is no thrombosis of the GSV stump (11). Thus, in theory, thrombus
propagating from the GSV stump to the CFV might be less likely in EVIS compared to HLS.
In EVTA, endothermal heat-induced thrombosis (EHIT) is a recognized complication. (17)
EHIT is a thrombus that develops at the SFJ after EVTA. EHIT thrombus results from
thermomechanical damage and coagulation effects (18). DVT may develop in 0.3% and
Pulmonary Embolism (PE) in 0.1% of patients treated with EVTA (19). The rates of DVT
and PE are similar in HLS but these numbers refer to operations done under general or spinal
anesthesia. The risk for DVT is significantly lower in ambulatory procedures. We did not

observe DVT or stump thrombus in our small cohort.

"Modern" stripping does not require general anesthesia. This strategy has not been followed
in most RCTs comparing open surgery with endovenous techniques. However, there are
studies that have shown that stripping can be safely done without any sedation (8,20). EVIS
under tumescent has been really well tolerated by the limited number of patients that we have

operated on. All patients managed to ambulate immediately following the procedure and
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were discharged home on the same day. The pain scores reported by patients included in this

study are similar to what has been published for EVTA.

EVIS aims to transform GSV stripping into a minimally invasive procedure by incorporating
an endovascular component. It is significantly cheaper compared to EVTA and even HLS.
There is no cost for a fiber, stripper, general anesthesia, and hospitalization. The vascular
sheaths and guidewires are cheap and readily available in all vascular surgery units. This is a

poor man's technique that may provide at least non-inferior results.

The main limitation of EVIS is that a diseased and degenerative GSV may rupture during
stripping. However, with invagination, GSV is turned outside-in and the vein wall is
significantly reinforced. The vein invagination starts from the proximal part where the GSV
is thicker and stronger. Additional strength is achieved by pulling down a gauze pack within
the invaginated vein. In our small cohort, there were no cases of vein rupture. Furthermore,
there is some bleeding in the saphenous canal from tributaries and perforators to the deep
venous system. We try to limit this by packing the space with epinephrine-soaked gauze.
However, bruising will certainly develop and patient satisfaction may be less compared to
EVTA. Finally, it should be noted that we have applied EVIS to a limited number of selected

patients and no safe conclusions can be drawn regarding outcomes and complications.

To conclude, this is the first technical report and cohort study of the Ambulatory
Endovenous-assisted Invaginated Stripping of the GSV. EVIS is a smart and cheap
combination of standard vascular and endovascular techniques that may prove valuable in

managing patients with chronic venous insufficiency. It is an ambulatory minimally invasive
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procedure that revisits the way saphenous vein stripping can be done in the modern era. EVIS
clinical outcomes and complications need to be further studied and directly compared with

EVTA by completing the ongoing clinical trial.
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MepiAnyn

Evoayyswoka vrofon0ovpevn avaotpoen ekpilmon e peilovos capnvoig prEPag

AVTIKEIPEVO:

H evdayyelaxd vroPonboduevn exkpilmon (EYE) g peifovog capnvoig réPag (MED) €xet
®G OKOTO TNV LETATPOTN TNG KAUGIKNG COPNVEKTOUNG O€ i EAdyioto enepPatikn uébodo pe
NV 0E107T0INoN TOV EVOAYYELLKMV TEYVIKAOV.

Mé0odou:

YyquUoto, okiToo Kol EKOVEG YPNOOTOmOnNKaV Yoo vo meptypdyovv v vrd eEétaom
teyviki.EmmAéov oyedidomnke o PEAETN KOOPTNG KAOMG Kol piol GUYKPITIKY WEAETN UE
OKOTO TNV aVASEIEN TNG AMOTEAEGLATIKOTNTOG TG TEYVIKNG.

Amnoteréopata: Ilpoomtikn peréTn KoopTNG

H pedém mepropPdver 20 acbeveic pe mpotoyevny ypoévia erefikn avemdpkea. H teyviknm
emtvyio avépyetor oto 100%, eved dev €yovv koataypagel kabBdAov emmhokes. H péon
dupkela ¢ emépPaong NTav 45 Aentd, n péon £vtacn ToL TOVOL OTMC KATAYPAPETUL OO
TIC omavInoelg towv ocbevov Nroav 4,8 kotd v obpkel ™ mopéuPaong evd o HEGOG
HETEYYEPNTIKOG TTOVOG vroAoyileton 2.5, 1.8, 1.2, 0.5 otig emdueveg 48 wpeg, 1, 4 ko 12
gBoouddeg avtiotoyo. H péon anmmiea aipotog vroroyileton o 15 ml kot 10 péco pnKog
™G caenvovg mov ekpllddnke oe 19 cm. O vrépnyog mov devepyndnke pe okomd v
mopakolovOnon avédele Peimon TS OOUETPOV TOL KOAOPMUATOS THG GOPTVOVC.
Toyaromompévn KMvikn perétn

Me 1o 1010 okomd oyeddoape po KAvikn perétn mov Ba coumeptrdfet 60 acbeveic. Ot ool
acBeveig Ba vroPAnbovv oe EOK (oudoa ehéyyov) kot ot vmorowmor acbeveic oe EYE.Ot
npdtol 17 acBeveic mov €xovv eloayBel onv peAén pag 00nyodV og KATOLN TPOKATOPKTIKE
aroteAéopato. Amd avtovg tovg acbeveic 10 vrofinbnkav oe EOK ¢ caenvoig evd ot
voromor 7 oe EYE. Meta&d tov acBevov to 63% Mrav yvvaikes kot 6cov apopd tnv
otadlonoinomn g eAePikng avendpkelag to 53% Mrav oto otddo C2, to 23% oto C3 Kot ot
vdéAoutol acbeveig ota otadta C4 kot C5. v opdda mov vroPfAndnkav ce EOK 1 péon
dupkela g mapépPaonc frav 31,7 Aentd eved oty dgvtepn opdda n didpkela frav 23,7
Aentd. EmmpooBeta, 66OV apopd ToV TEPIEYXEPNTIKO TOVO 1) LEGT TIUN TOL avEPYETOL o€ 3,7
Yo TV opddo g Beprkng katdivong kot 3 yuo Ty opdda g avacstpopng exkpilowonc.H
HéOT OAUETPOG GOPNVOVS KOOMDE Kol TO HEGO UNKOG OTNV TPMTN opdda ftov 8,4 mm Kot
26,9 cm avtictoyo eved otnv 0evTeEPT opdda Ntav 9,1 mm kot 33,4 cm avrictoyo. Xe ovTd
T0 onueio mpémel va onpelwdel 6tL kotd v devépyeta g EYE yopnyeitan otov acBevn
Myotepn mocoOTTO tumescent avaicOnoiog (Léon mocotta 281,4 cc) oe oyéon pe v EOK
(471 cc), evd de ypnotuomoteitoan kaBorov Bepuikny evépyewn. H moaparxorovdnon twv
acBevav avtdv ocvveyiletor vy 48 dpeg petd to yepovpyeio kot €merta amd 1
punva.teAéopota amo pio peyaAvtepn opdoa aclevav.

Xoprépocpuo

H teyvikn EYE glvat évag cuvovaopog KAUGIKOV TEYVIKMV LE TIG VEEG EVOOYYELOKES TEXVIKES
Kot pmopel va glvatl moAd ypGIUN GTNV OVIIUETOTION TG TPWOTOYEVOLS XPOVING PAEPIKNG
averapkelog.H apywn ooty cvykpion tov 600 TEYVIKOV Hog 00MYeEl 6TO CUUTEPACHA OTL
tovAdytotov 1 EYE dev elvan katdtepn g EOK.

A&Eerg Khewd:Drefikn  avemdpkewn, Avaotpoen expilmwon,Meilov ocapnvig ©AEPa,
Oepukn| KaTdAvoT).
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Abstract

EndoVenous-assisted invaginated stripping of the great saphenous vein

Objective: EndoVenous-assisted Invaginated Stripping (EVIS) aims to transform Great
Saphenous Vein (GSV) stripping into a minimally invasive procedure by incorporating an
endovascular component.

Methods: Sketches and videos were used to illustrate the technical aspects of EVIS.A cohort
and a comparative study was obtained to prove the efficacy of the method.

Results:

Prospective cohort study

The prospective cohort study included 20 patients with primary chronic venous insufficiency.
Technical success was 100%, and no complications were recorded. The mean operative time
was 45 minutes, intraoperative pain score was 4.8, post-operative pain was 2.5, 1.8, 1.2, 0.5
at 48 hours, 1, 4, and 12 weeks, respectively. The follow-up duplex showed a reduction in
the diameter of the residual GSV stump.

Comparative Clinical Study

A clinical trial involving 60 patients was designed. Half of the patients will receive EVLA
(standard group) and the other half will receive EVIS.The first 17 patients registered in the
trial have been analyzed in the preliminary results. There were 10 patients treated with EVLA
and 7 patients treated with EVIS. There were 64% females among them. In terms of chronic
venous disease stage, 52% were at stage C2, 23% at stage C3, and the rest at stages C4 and
C5. In the EVLA group, the mean operation time was 31.7 minutes, while in the EVIS group
it was 23.7 minutes. An additional primary endpoint is intraoperative pain intensity, which
was measured as a mean for the EVLA group at 3,7 and for the EVIS group at 3. The mean
diameter and length of the ablated GSVs in the EVLA group were 8,4 mm and 26,9 cm,
respectively. The mean diameter and length of the stripped GSV in the EVIS group were 9,1
mm and 33,4 cm respectively. Additionally, EVIS is associated with less tumescent
anesthesia usage (mean 281,4 cc) than the EVLA technique (mean 472 cc). All the patients
were fully mobilized after operation. A 48-hour and one-month follow-up was performed on
the patients following the procedure. Pain results are not significantly different between the
procedures and patients are generally satisfied with both methods.

Conclusions: EVIS is a combination of standard techniques that may prove valuable in
managing patients with chronic venous insufficiency.A preliminary comparison between the
two techniques has shown that EVIS is at least non-inferior to EVLA.

Keywords:Chronic venous insufficiency, Invagination, Great saphenous vein, Laser ablation.
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Techniques. Résultats. EMC (Elsevier Masson SAS, Paris), Techniques chirurgicales

— Chirurgie vasculaire, 43-161-B, 2007
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Supplement
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Schematic drawing of the Endovenous-assisted Invaginated Stripping (EVIS) of the Great Saphenous
Vein (GSV)

1: Percutaneous access at knee level. The guidewire is recovered at the groin and a braided
thread is fixed at its tip.

2: The guidewire carrying the thread is retracted out of the access site. The sheath is removed.
3: Tying the thread on the GSV stump

4: An epinephrine-soaked gauze pack is tied at the proximal end of the thread

5: Traction of the distal end of the thread pulls down the packing within the saphenous vein,
causing its invagination

Adapted from Perrin M. drawing (16)
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Image 1

Percutaneous access of the great saphenous vein (GSV) with a 5-F sheath at knee level. The

position of the guidewire across the GSV is confirmed with ultrasound (arrow)
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Image 2

A small incision of 1 cm is made over the femoral crease. In the subcutaneous plane, the
GSV carrying the stiff PTFE guidewire can be easily palpated. A Lahey clamp is used to

dissect the vein (arrow).
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Image 3

The guidewire tip is recovered from inside the GSV near the groin (arrow b). A strong braided thread

is fixed to the guidewire tip (arrow a).
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Image 4

Invaginated stripping of the Great Saphenous Vein (GSV) through the site of percutaneous access at

knee level (arrow).
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Image 5

Pull down of the gauze packing within the GSV causes its invagination and at the same time
minimizes the risk of vein rupture during stripping. The stripped vein is cut longitudinally to display

the detail of the gauze pack invaginated in the GSV (arrow).
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Image 6

The gauze packs the saphenous compartment and aids in hemostasis. The arrows point at the entry

point (groin - arrow a) and exit point (percutaneous access point at knee level - arrow b) of the gauze.
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Image 7

a. The incision at the groin is really small and has an excellent cosmetic result b. Minor bruising of the

thigh without any significant haematoma at 1 week follow-up
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Video (download link)

https://drive.google.com/file/d/1nxW30lcslvaNyLwnnEZrnoT33k9vOMki/view?usp=sharing
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Care report form - CRF

Merétn) 60YKPLoG TG OEp KIS KATAAVONG TG L. COPIVOVS IE TV EVOUYYELOKT)

OVECTPUUNEVY] CAPVEKTOUN

NIIX:

TnAépwvo:

Hlwcio:

dovro:

Ytadtomoinon eAEPIKNG avemdpkelag:
Bdpoc:

Yyoc:

ZNUHOVTIKES GLVVOGTPOTNTEG:

ANYN OVTIINKTIKAV 1] OVTIOLULOTETOAOKOV:
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|C (Clinical Manifestations), E (Etiology), A (Anatomic Distribution), P (Pathophysiology)

co No visible or palpable signs of venous disease
Cl Telangiectasias or reticular veins
c2 Varicose veins

C2r | Recurrent varicose veins
C3 Edema

C4 Changes in skin and subcutaneous tissue secondary to chronic venous disease

C4a | Pigmentation or eczema

C4b | Lipodermatosclerosis or atrophie blanche

C4c | Corona phlebectatica
Cc5 Healed
cé Active venous ulcer

Cer | Recurrent active venous ulcer

| Journal if Lurie et al. J Vasc Surg Venous Lymphat Disord, May 2020

 Vascular Surgery

Venous and Lymphatic Disorders  Copyright © 2020 by the Society for Vascular Surgery® W @IvascSurg 'i@TheJVascSurg
Eidog eméuPaonc:
Huepopunvia:

Awgpxela o€ Aemtd:

AWPETPOG . aPNVOVS GTNV Goenvounplaio. GLLPBOAN:
MnKog ca@nvols Tov KOTaAVONKE 1| apalpEdnke:
[Toc6 evépyelag mov yopnynonke:

[TocOtnta tumescent:

[Mocdtrta Euiokaivng:

Dddéppoka Tov yopnyndnkav dteyyelpnTKd:

AteyxelpnTikég emmAokEg Kot TeXVIKA TpofAnpata (advvapio kafetnplosol, TpoctéAaong,

TUNHOTIKN 0PaipecT, pPNEN KAT):
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Atgyyelpntikdc movog: Meteyyepntikdg Tovog:
No Moderate Worst
Pain Pain Pain

@) (@) (o6 (@) (e (4%
0 2 4 6 8 10

Emtoync aueon kivnromoinon: NAI / OXI

[Tovog otic 48 mdpec: [Tovog otig 7 nuépeg: [16vog 6to pnva:

AvoAynTikn ayoyn mov amontnOnke 6To omiTt Kol S1IPKELD QLTNG:

XpOVOg TANPOVG EMGTPOPTS GTNV KabdnpepvotntaL:

Xpovog ypnong Kartoag dtofadcuévng copmieong:

Meteyyeipntikég emumhokég (apdTopa, Aoipwsén, Opoupwon, dAro):
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Evpnuata tpinie otov unva

Epompatordyo wavoroinon asOevoug and to yeipovpyeio (otig 30 nuépeq):

Inpewdote pe éva v o€ 1L fabpé cvpgoveits pg To TopoKdT:

1. Zop@ove aréivta 2. Zopeavo 3. O0TE COPPOVEO 0VTE SLWPOVO 4. APV 5. AloQOVE oTdivTta

Eiuon ikavoroiquévos/n ano tyv ernéufacn yia Tovg KIpeovs puov

Aev Ey mOvo GTY TEPLOYT TOV YEIPOVPYEIOD

H xoOnuepivotnta pov felticdbnke o€ 6,71 apipa 6To mpofijuata axo tovs

KIpGOUg

H enéufocn avramokpiOnke 6TIS TPOGIOKIES POV

Oa éxava Eavad Ty iola exéufacn av yperalotay

Oa mpoteva o€ KATOL0 PIAO 1] GLYYEVH Va KAveL TNV (010 eTéufocn

Evprjpata tpimke oto étoc:
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