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The aim of the study was to compare clinical and duplex Doppler results of treatment of varicose
veins with four methods of endovenous thermal ablation (EVTA).

Material and methods. The results of treatment of varicose veins with 980 nm laser (EVLA980) in
67 extremities, with a radiofrequency ablation (RFA) in 43 extremities, with 810 nm laser (EVLAS810)
in 46 extremities and with 1470 nm laser (EVLA1470) in 15 extremities were prospectively analyzed.
The data on patients’ demographics, weight, stage of the venous disease, type of anesthesia, duration
of the procedure, linear energy density (LED) applied, intra- and postoperative complications were
collected. Thromboprophylaxis was not routinely administered. The patients were followed clinically
and with duplex Doppler for 12 (1-24) months.

Results. Technical success was achieved in 99% of limbs. The procedure was carried out under local
anesthesia in 140 (91%) of patients. In 17 patients bilateral procedure was performed. There were one
gastrocnemius muscle vein thrombosis and one protruding thrombus from sapheno-femoral junction
in EVLA810. No other serious complications were observed. A median LED was higher in EVLLA810
than in EVLA980 and EVLLA1470, 86.8 (82-94), 59.2 (45.4-74.4) and 58.8 (563-67.7) J/cm, respectively
(p<0.001), though only in EVLLA980 was below the intended range. Recanalization rates were 7% after
EVLA980, 2% after EVLLA810 and 0% after RFA and EVLLA1470, p=0.14. The vein shrinking was fast-
est after EVLA1470. Neither neovascularization nor formation of arteriovenous fistulas was observed.
Permanent saphenous nerve paresthesia occurred in two patients after RFA.

Conclusions. All methods of ambulatory EVTA are safe and effective once the adequate linear en-
ergy density is applied.
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Varicose veins (VV) are an important social
and health problem. In developed countries
they occur in 25-50% of women and in 7-40%
of men and their prevalence increases with age
(1-4). Because of aging of the human popula-
tion, it can be assumed that their prevalence
will grow. VV may lead to phlebitis, bleeding
and ulcers. Healing of venous leg ulcers is very
long and expensive, they tend to reoccur and
recurrent ulcers are more difficult to heal
(5-8).

A standard surgical treatment of VV may
be complicated by prolonged postoperative

pain, saphenous nerve injury, hematomas,
wound infection and lymphatic vessels injury
and even, though rarely, by femoral vessels
injury and venous thromboembolism (9-15).
Moreover a high percentage of recurrence fol-
lowing saphenectomy has been reported reach-
ing 20-50% (16, 17).

In an attempt to find a less invasive and
more effective alternative to saphenectomy an
endovenous thermal ablation (EVTA) either by
laser or radiofrequency has been introduced (18,
19). The methods of EVTA have a different
mode of action and the basic difference is in the
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length of electromagnetic wave that they use.
Quite recently a 1470 nm laser has been intro-
duced whose energy is predominantly absorbed
by the water and not, like in case of commonly
used wavelengths from 810 to 980 nm, by he-
moglobin. In a radiofrequency ablation with the
ClosurePlus device the venous wall is heated
by radiofrequency wave to 85-90°C. Recently
a ClosureFAST device has been introduced
which heats the venous wall to 120°C.

Thus the purpose of the study was to com-
pare the results of treatment of VV with dif-
ferent methods of EVTA including the re-
cently introduced systems.

MATERIAL AND METHODS

After approval of local ethical committee
results of treatment in four groups of patients
were prospectively analyzed. The EVLA980
group consisted of 59 patients (67 limbs), in
whom EVTA was performed with 980 nm laser
(Cerelas D15, Biolitec). The RFA group con-
sisted of 40 patients (43 limbs), in whom EVTA
was performed with radiofrequency (RFA,
Closure Fast, VNUS). The EVLA810 comprised
41 patients (46 limbs), in whom EVTA was
performed with 810 nm laser (Varilase). The
EVLA1470 consisted of 14 patients (15 limbs),
in whom EVTA was performed with 1470 nm
laser (Cerelas E, Biolitec). The patients from
EVLA980 were treated in the years 2004-2006
and the remaining patients were treated in
the years 2008-2009.
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Fig. 1. Histogram presenting a distribution of age in
164 patients treated with endovenous thermal ablation

Altogether 161 limbs in 154 patients were
treated. In 17 patients both limbs were treat-
ed during the same procedure. In 1 patient
from EVLA980 group the procedure was aban-
doned because of failure to introduce a guide-
wire into a postphlebitic great saphenous vein.
In another patient from EVLA980 group the
procedure was not performed because of laser
generator failure. The mean age of patients
was 52 (14.7) years and one forth of patients
was more than 60 years old (fig. 1). There were
109 (71%) of women. The mean body mass
index (BMI) was 26.6 (4.5). In more than 25%
of patients overweight was diagnosed (BMI>25)
and another 25% presented obesity (BMI>30)
(fig. 2).

Altogether 147 great saphenous veins
(GSV), 23 small saphenous veins (SSV), 1
Giacomini vein, 8 anterior accessory saphen-
ous veins (AASV) and 6 dilated thigh tributar-
ies of GSV were treated. In 14 limbs more than
one venous trunk was ablated. The distribution
of treated veins did not differ between the
groups, p=0.27.

The reflux in saphenous veins was classified
according to Hach as follows: 2°1n 24, 3°in 117
and 4° in 28 veins. There were no difference
between the groups, p=0.46.

According to clinical part of CEAP classifi-
cation chronic venous insufficiency was catego-
rized as C2 in 143, C3in 5, C4 in 12, C51in 2
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Fig. 2. Histogram presenting a distribution of body
mass index (BMI) in 164 patients treated with
endovenous thermal ablation
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and C6 in 9 limbs. There were no difference
between the groups, p=0.45.

The ablations were carried out according to
standard techniques. According to the recom-
mendation of the manufacturer, the aim was
to deliver 40-80 J, 60-100 J and 40-60 J for 1
cm of treated vein in EVLA980, EVLA810 and
EVLA1470 group, respectively. The antithrom-
botic prophylaxis was not routinely adminis-
tered.

After the procedure its duration, number
and length of ablated venous trunks, type of
anesthesia, distance from the tip of the device
to the sapheno-femoral (SFJ) or sapheno-
popliteal (SPJ) junctions, linear energy den-
sity (LED) and total energy delivered in case
of EVLA and number radiofrequency cycles in
case of RFA were recorded. The data on the
intra- and postoperative complications and
duration of hospital postprocedural stay were
also collected.

Clinical and duplex Doppler examinations,
were performed before the procedure, 24 hours,
10 days, 3 and 6 months after the procedure
and every 6 months thereafter. The results of
ablation were categorized according to modi-
fied classification of Merchant et al. (fig. 3) (20).
The diameter of saphenous veins 3 cm from
SFJ or SPJ was also measured.

The follow-up period averaged 12 (1-24)
months. The mean follow-up period in RFA and
EVLA1470 groups was shorter than in EV-
LA980 and EVLAS810 groups, 6 and 7 months
and 15 and 12 months respectively, p<0.001.

A statistical analysis was performed with
SPSS for Windows version 15.0. Quantitative
variables with normal distribution were de-
scribed with mean and standard deviation and
compared with ANOVA test. Post hoc analysis
with Student-Neuman-Keuls was done when

— e

CNO/COO0 CN1/CO1 PCN/NCO  Recanalization

Fig. 3. Classification of vein occlusion according to
Merchant et al. 20 CO — complete occlusion, NCO —
near complete occlusion

statistically significant differences occurred.
Quantitative variables not normally distrib-
uted were described with median and inter-
quartile range and compared with Kruskall-
Wallis test. Nominal variables were compared
with chi? test. Ordinal variables were com-
pared with Kruskall-Wallis test. The differ-
ences were considered statistically significant
with double tailed p<0.05.

RESULTS

The mean length of ablated venous trunk
was 47 (16) cm. The differences between the
groups did not reach statistical significance,
p=0.075 (44.5 (14.3), 52.8 (17.7), 45.2 (15.8)
and 46 (14.5) cm) for EVLLA980, RFA, EVLLA810
and EVLA1470, respectively. The mean diam-
eter of saphenous veins was 7.4 (2.5) mm.
There were no statistically significant differ-
ences between the groups, p=0.59 (7.3 (2.7),
7.9 (2.5), 7.1 (2) and 6.7 (2) mm) for EVLLA980,
RFA, EVLAS810 and EVLA1470, respectively.
The distance from the tip of the device and SFJ
or SPJ averaged 14.5 (4.7) mm and did not
differ between the groups.

The procedure was carried out under local
(tumescent) anesthesia in 140 (91%), under
general anesthesia in 9 (6%) and under spinal
anesthesia in 5 (3%) patients. In 148 (96%)
patients miniphlebectomy was performed dur-
ing the same procedure.

In case of EVLA, total energy for the limb,
total energy for the patients and LED was sig-
nificantly higher in EVLA810 group than in
EVLA980 and EVLLA1470 groups (tab. 1) though
only in EVLA980 LED was below intended
range. In RFA group mean number of radiofre-
quency cycles for the limb and for the patients
was 9 (3.2) and 10 (3.6), respectively.

Mean duration of procedure was 98 (32.9)
minutes and did not differ between the groups,
p=0.65. Serious intraoperative complications
did not occur. In one patient from EVLA980
group a transient confusion during application
of tumescent anesthesia was noted and was
attributed to intravascular injection of lido-
caine.

Mean postoperative stay in recovery area
was 200 (60) minutes and did not differ be-
tween the groups, p=0.97.

There were no serious complications post-
operatively. In one patient after ablation of
SSV with 810 nm laser a symptomatic throm-
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Table 1. Linear energy density (LED), energy per limb and total energy delivered in groups of patients treated with
endovenous laser ablation. The values are expressed as median and interquartile range

Group | EVLA 980 nm | EVLA 810 nm | EVLA1470nm | p
LED (J/cm) 59,2 86,8 58,8 <0,001
(45,4-74,4) (82-94) (53-67,7)
Energy per limb (J) 2125 4265 3319 <0,001
(1628-2892) (3236-4910) (1840-3635)
Total energy (J) 2197 4584 3407 <0,001

(1670-3200)

(3838-5496)

(1708-4547)

bosis of gastrocnemius vein draining into SSV
was found though during the procedure fibre
tip was positioned below the junction of these
veins. In another patient from EVLAS810
group a protruding thrombus from SFJ to
common femoral vein was observed. Thus an
overall incidence of deep venous thrombosis
was 1.3% (2/154) and increased to 4.9% (2/41)
when only 810 nm laser was considered.
Twelve patients reported saphenous nerve
paresthesia on the 10th postoperative day.
They were more frequent after REA than after

EVLA980, EVLA810 and EVLA1470, 13.9

(6/43)%, 3 (2/67)% 1 4.5 (2/46)% 1 0 (0/15)%,
respectively (p=0.064). Because of severity of
symptoms, one RFA patient required pharma-
cological treatment. After three months, par-
esthesia disappeared in all but 2 patients from

RFA group.

Fig. 4. Changes of a diameter of proximal segment of
GSV after ablation with 980nm laser. The diameter
measured 3 cm from sapheno-femoral junction is
marked with green colour and is 8.8 mm, 8.5 mm and
4.5 mm before the procedure (A), 10 days after the
procedure (B) and 3 months after the procedure (C),
respectively

Six GSVs recanalized in EVLA980 within
the first six months. Four of them occurred in
the first 20 patients in whom LED was below
the aimed range. Another early recanalisation
was attributed to the presence of grossly di-
lated and refluxing superficial epigastric vein.
There was one recanalisation in EVLAS10
group. No recanalisations were observed in
RFA and EVLA1470 groups. The data on vein
occlusion is presented in tab. 2.

In duplex Doppler a reduction in diameter
of ablated veins was observed in all groups (fig.
4 and 5). The shrinking of the veins was fastest
in EVLA1470 group (tab. 3). There were no
cases of arterio-venous fistula in the vicinity
of ablated veins. What was seen however was
the presence of arterial vessels adjacent to
GSV in the groin that was confirmed by tri-
phasic, high resistance flow pattern and resis-
tance index >0.8 (fig. 6).

Fig. 5. Changes of a diameter of proximal segment of
GSV after ablation with ClosureFAST RFA. The
diameter measured 3 cm from sapheno-femoral

junction is marked D3 and is 6.2 mm and 4.7 mm after
10 days (A) and 6 months (B), respectivel

Table 2. Occlusion status of ablated veins

EVLA980 nm RAF ClosureFAST EVLA810 nm EVLA1470 nm
n (%) n (%) n (%) n (%)
Complete occlusion 56 (84) 39 (91) 39 (85) 15 (100)
Near complete occlusion 6 (9) 4 (9) 6 (13) 0
Recanalization 5 (7) 0 1(2) 0
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Table 3. Percentage of diameter reduction after four
methods of endovenous thermal ablation

| 10 days 6 months
RFA 24% 51%
EVLA980 nm 10% 46%
EVLA810 nm 15% 50%
EVLA1470 nm 42% 80%
DISCUSSION

This study confirmed that ambulatory
EVTA is an effective and safe method of treat-
ment of VV even in patients with risk factors
such as obesity, age above 60 and advanced
chronic venous insufficiency (21, 22). There
were no any major complications. Although in
majority of patients antithrombotic prophy-
laxis was not used the incidence of DVT was
only 1.3% that is much less than 5% reported
after VV surgery (23). Moreover these were
only distal DVT in one case and protruding
thrombus from the SFJ in another. The re-
ported incidence of DVT in the literature,
which is most often a protruding thrombus
from SFJ, varies from 16% to 0.9% after Clo-
surePlus RFA (24, 25, 26) and from 7.9% to 0%
after EVLA (27-33). The possibility of pro-
thrombotic activation of haemostasis by radiof-
requency has been discarded in patient under-
going ablation procedure in the heart (34, 35).

The higher incidence of DVT after treat-
ment with ClosurePlus RFA could be related
to the slow retraction rate, lecm/min that
causes a prolonged exposure of the SFJ region
to high temperature (24). Puggioni et al. re-
ported a lower incidence of thrombotic events
with increasing the speed of retraction, 20%
and 9.7% respectively (p=0.02) (26). It is also
possible that the working tip of the Closure-
Plus catheter is more thrombogenic that a tip
of an optic fibre or ClosureFAST. In a multi-
centre study of RFA ClosureFAST in 295 limbs,
thrombo-embolic complications were not ob-
served (36). Both observed thrombotic inci-
dents in our study as well as majority of
thrombotic complications reported in the lit-
erature occurred after EVLA with 810 nm la-
ser. Laser 810 nm, like 940 nm and 980 nm
lasers, uses axial optic fibre, but its energy is
absorbed by hemoglobin in a greater degree
than with other wavelengths. That 1s why
810 nm can be more prone to induce heat

Fig. 6. Duplex scan showing the occluded GSV after
laser ablation with an adjacent arterial vessels
(resistance index 0.8). The arterio-venous fistula was
not seen

thrombosis ahead of the fibre. A 1470 nm laser
due to radial emission of energy and the fact
that its energy is predominatly absorbed by
the water of the venous wall and not by hemo-
globin should carry the lowest risk of heat
induced thrombosis. As a matter of fact we did
not observe any thrombotic events after EVLA
with 1470 nm laser but the small number of
patients does not allow drawing definite con-
clusions. Also Pannier et al. did not observe
any DVT after EVLA with 1470 nm laser in
111 limbs but they used perioperative anti-
thrombotic prophylaxis (37). Another issue is
the fact that in our study as well as in the
studies reporting low incidence of periproce-
dural DVT almost all the patients were oper-
ated under local anesthesia (28, 29, 36, 38).
The general or spinal anesthesia by prolonging
the immobilization of the patient may increase
the risk of thromboembolic complications (24,
30, 31).

Another important finding of this study is
that all examined methods of EVTA seem to
be equally effective once the adequate amount
of energy is delivered. In the study the highest,
though not statistically significant, recuurence
rate, in EVLA980 group was observed. This
was the only group, that probably because of
learning curve effect, LED was bellowed
Similarly Theivacumar et al. suggested that
LED > 60 J/cm guarantees 100% efficacy (39).
It seems that with 1470 nm laser good clinical
results can be obtained with smaller amount
of energy what can lead to smaller incidence
of complications, mainly paresthesia.
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Although it has been postulated, that in
distinction to laser ablation, vein contraction
1s a main component of action of RFA, in this
study no differences were observed between
rate of diameter reduction of ablated veins
between lasers 810 nm and 980 nm and radiof-
requency. Similarly Creton et al. in a recently
published study found only 20% reduction of
diameter of GSV 3 days after RFA with Clo-
sureFAST (36). It seems that both in case of
RFA and lasers 810-980 nm venous thrombo-
sis with intimal injury that hinders subse-
quent recanalisation are the main mechanism
of action. On the other hand the 1470 nm
laser seems to have a different mechanism of
action related not only to thrombosis and
intimal injury but also to permanent contrac-
tion of ablated vein. Despite delivering sig-
nificantly lower LED than in case of 810 nm
and 980 nm laser, laser 1470 nm causes
faster shrinking of the vein what can influ-
ence the long-term results. These potential
advantages results probably from radial laser
beam emission and direct, and not as in case
of lasers 810 nm and 980 nm indirect, action
on the venous wall.

Avoidance of groin dissection and SFJ dis-
connection that may lead to neovascularisation
and varicose veins recurrence is a potential
advantage of EVTA (16, 17, 40). In this study,
as well as in the studies of other authors, a
SFJ or SPJ neovascularization was not ob-
served and its occurrence seems very unlikely
(41, 42). The only neovascularization that was
reported after EVTA was observed in patients
who had also crossectomy performed (43). First
of all heat ablation process if adequately per-
formed is endoluminal with little or no
perivenous inflammatory reaction. Second of
all, as it was observed in this study, in major-
ity of cases the saphenous bulb remains patent
to the junction of superficial epigastric vein
and acts as a safety valve for the venous hy-
pertension (41, 44). Labropoulos et al. report-
ed in 5 (5%) of 102 patients as early as in a
week after RFA or EVLA neovascularisation
within the saphenous vein thrombus and
stated that it was caused by development of
arterio-venous fistulas (45). In the present
study the arteriovenous fistulas were not de-
tected. Similarly Ravi et al. analyzing 3000
cases of EVLA did not observed arteriovenous
fistulas (38). With regard to the study of La-
bropoulos et al. we believe that it is too soon

to speak about neovascularisation as early as
in a week after the procedure (45). Like others,
we believe that development of arteriovenous
fistula in an early postoperative period, which
had been observed in 0.2% of patients, is only
possible when there is a perforation of the
ablated vein into the adjacent artery caused
by the local overdose of energy (46, 47). It
seems that absence of neovascularisation is
especially important in case of SSV incompe-
tency where the recurrence following stripping
1s as high as 30-52% (17, 48).

In 13 patients in this study, together with
ablation of saphenous vein, other venous
trunks, mainly anterior accessory saphenous
vein, were also obliterated. Leaving behind
fragments of incompetent saphenous or other
superficial venous trunks is another, beside
neovascularisation, cause of VV recurrence
(49). We believe that the use of intraoperative
duplex Doppler is another advantage of EVTA.
This eliminates the risk of leaving behind any
incompetent part of saphenous trunk, for ex-
ample in case of its total or what is more fre-
quent partial duplication, and overlooking
other incompetent venous trunks.

In this study saphenous nerve paresthesia
were more frequent after ClosureFAST RFA
though the extent of GSV ablation was the
same in all groups. This finding is consistent
with the previous reports concerning Closure-
Plus RFA. Merchant and Pichot reported sa-
phenous nerve paresthesia in 13.3% of patients
a week after below knee RFA. In 7.7% the
paresthesia were permanent (25). In other
prospective, randomized studies the incidence
of paresthesia after RFA was not lower than
after saphenectomy (50, 51). In a recently
published multicentre study saphenous nerve
paresthesia were observed in 3.4% of limbs
after ClosureFAST RFA (36). The incidence of
paresthesia following EVLA is lower ranging
0-7% of which less than 1% is permanent (28,
29, 33, 52). With EVLA the operator can de-
crease LED in the crural part of GSV either
by reducing the power or accelerating the re-
traction of the fibre. Moreover in an experi-
mental study it has been shown that in case
of EVLA even without tumescent anesthesia
the temperature outside the vein do not exceed
50°C (53). In case of RFA ClosurePlus though
the speed of retraction can be controlled t

im 1 -90°C. In
case of RFA ClosureFAST the speed cannot be
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Wtemperature is even higher

The temperatures 85-120°C may be high
enough to permanently injure adjacent to GSV
saphenous nerve. That is why it seems very
important, especially in case of RFA, to apply
adequate tumescent anesthesia to protect the
saphenous nerve from thermal injury. In a
recently published study analyzing 127 EV-
LAs with 1470 nm laser postoperative saphen-
ous nerve or sural nerve paresthesia occurred
in as many as 9.5% of patients and in 7.6%
they were permanent (37). Contrary to the
aforementioned report we did not observe any
paresthesia after EVLA with 1470 nm laser.
This difference can be explained by the fact
that the authors of the cited article applied
twice as high LED averaging 107 J/cm in case
of GSV and 129 J/cm in case of SSV. They also
found that higher LED is related to higher
incidence of paresthesia, 15.5% and 2.3% for

LED > 100 J/cm (mean 123 J/cm) and <100 J/
cm (mean 88 J/cm), respectively (p=0.04). Since
in case of 1470 nm laser LED of 60 J/cm is
sufficient for permanent saphenous vein oblit-
eration it can be concluded that this type of
ablation carries very low risk of postoperative
paresthesia.

CONCLUSIONS

Ambulatory EVTA is an effective and safe
method of treatment of superficial venous
trunks insufficiency even in patients with
thrombotic risk factors. All the examined
methods seem to be equally effective once ad-
equate LED is applied. RFA has a higher risk
of postoperative paresthesia than EVLA. The
advantage of 1470 nm laser is high efficacy
with low LED and fast vein contraction which
may yield better long-term results and fewer
perioperative complications.
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