Regression of varicose veins after cyanoacrylate closure
of incompetent great saphenous veins without a
localized concomitant procedure
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ABSTRACT

Objective: The objective of this study was to evaluate the effectiveness and safety of endovenous cyanoacrylate closure
(CAC) of incompetent great saphenous vein (GSV) and to assess the regression of varicose vein following CAC without a
concomitant procedure.

Methods: A total of 63 limbs in 48 patients treated with CAC because of an incompetent GSV between December 2016
and November 2017 were retrospectively evaluated. In five limbs, incompetent GSV and small saphenous vein were
treated simultaneously in the same session. Duplex ultrasound, Venous Clinical Severity Score, degree of regression of
varicose veins, and adverse events were examined at intervals of 1 week, 1 month, 3 months, 6 months, and 12 months.

Results: In 63 limbs, of which 60 were available for follow-up, all treated GSVs showed complete closure during the
follow-up period (8.4 * 3.0 months). Venous Clinical Severity Scores at the time of all follow-up visits were significantly
lower (P < .001) than those before CAC. Complete resolution of varicose veins was noted in 38 limbs (71.7%) after 3-month
follow-up. The proportion of limbs showing >50% varicose vein regression reached 90.6%. The more that varicosity entry
was covered (P =.002) and the farther down the leg the access site was located (P = .024), the more complete resolution
of varicose veins was observed. Phlebitis occurred in 10 limbs (16.7%), and hyperpigmentation occurred in 8 limbs (13.3%).

Conclusions: CAC is safe and effective for the treatment of an incompetent GSV. It also shows a satisfactory result with
the regression of varicose veins. Covering the entry of varicosities and accessing lower down the leg are associated with
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more complete resolution of varicose veins. (J Vasc Surg: Venous and Lym Dis 2019;7:375-81.)
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Endovenous thermal ablation has replaced varicose
vein surgery (ligation and stripping) and has been proved
to be effective and safe for the treatment of incompetent
saphenous veins.® However, a main disadvantage of
radiofrequency ablation (RFA) or endovenous laser
ablation is the need for tumescent anesthesia to reduce
the risk of potential thermal injury to the surrounding
tissues, especially superficial nerves” Tumescent
anesthesia requires additional time for multiple needle
sticks, and adverse events such as hematoma, pain, and
ecchymosis may occur after the procedure.®

In recentyears, cyanoacrylate closure (CAC) hasemerged
as a new nonthermal treatment of incompetent
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saphenous veins. CAC results in circumferential coapta-
tion of the vein wall, followed by adhesion and encapsula-
tion, causing permanent venous occlusion.® Several
studies have reported comparable safety and efficacy of
the CAC to endovenous thermal ablation.!* %" CAC
does not require tumescent anesthesia and is associated
with less postprocedural ecchymosis and nerve injury. In
addition, it has the advantage of not requiring compres-
sion stockings after the procedure.*>*

In a real-world setting, concomitant procedures to
eliminate varicose tributaries at the time of CAC in-
crease procedure time, postprocedure recovery time,
and frequency of adverse events.® For these reasons,
CAC is usually performed without concomitant treat-
ment. Up to now, there have been only two studies of
freedom from varicose veins after CAC without a
concomitant procedure!* However, no specific
research has considered the factors that affect freedom
from varicose veins after CAC. In addition, there have
been no reports observing the degree of regression of
varicose veins after CAC.

The purpose of this study was to evaluate the safety and
efficacy of CAC in the treatment of great saphenous vein
(GSV) insufficiency. In addition, we investigated the
factors associated with complete regression of varicose
veins and the degree of regression of varicose veins after
CAC without ancillary localized treatment.
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METHODS

Study participants. This is a retrospective study con-
ducted at a single tertiary care hospital with Institutional
Review Board approval. Between December 2016 and
November 2017, there were 63 limbs among 48 patients
that were treated for incompetent GSV. Varicose veins
(3 mm in diameter or larger in a standing position)
were found in 56 limbs. CAC was performed when the
GSV demonstrated significant reflux (>0.5 second) in
the standing position on duplex ultrasound examination
using an iU22 (Philips, Bothell, Wash) with 12-5 MHz linear
transducer. Preprocedural and postprocedural duplex
ultrasound examinations were performed by interven-
tional radiologists. The mean diameter of the GSV was
6.9 = 1.8 mm (range, 4.0-13.0 mm). Demographic and
baseline data of patients are summarized in Table I.

Varicose veins were found in 56 limbs. From seven limbs
without visible varicose vein, two limbs were classified as
C1 according to Clinical, Etiology, Anatomy, and Patho-
physiology (CEAP) classification with symptoms of
fatigue, heaviness, and muscle cramping. The remaining
five limbs were classified as C3. Epifascial GSV and below-
knee GSV were not excluded. There was no limitation of
the saphenous vein diameter. Fifteen patients were
treated for bilateral incompetent GSVs. In five limbs,
there was incompetence in both GSV and small saphe-
nous vein, and both were treated at the same session.

Procedure. After providing written informed consent,
the patient was brought to the procedure room, placed
in a supine position, and draped in the usual sterile
fashion from groin to ankle. Two practitioners (S.W.P.
and J.H.H.) were involved in the CAC procedure. The
targeted GSV was punctured under ultrasound guidance
at the lowest level possible, and puncture was attempted
below the knee, at the knee, or above the knee using a
21-gauge needle. After the GSV was successfully
accessed, a 0.018-inch wire and a 4F or 5F microsheath
(Cook Medical, Bloomington, Ind) were introduced into
the access site.

CAC was performed with a VenaSeal Closure System
(Medtronic Vascular Inc, Santa Rosa, Calif). A 0.035-inch
J-wire guidewire was introduced into the vein. If passage
of the J-wire guidewire was not achieved because of
problems such as venous tortuosity, spasm, or repeated
engagement into the entry of varicose vein tributaries, a
0.035-inch hydrophilic guidewire (Radiofocus angle
type; Terumo, Tokyo, Japan) was used to advance into
the saphenofemoral junction (SFJ).

A 5F delivery catheter in a 7F introducer was advanced
into the SFJ and positioned 5 cm caudal to the SFJ. With
compression of the GSV by an ultrasound probe at 2 cm
proximal to the delivery catheter tip, double injections of
cyanoacrylate were delivered 1 cm apart at this location,
followed by a 3-cm pullback and 3-minute localized
manual compression over the injected venous segment.
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Key Findings: In 60 of 63 limbs available for follow-
up (mean follow-up, 8.4 + 3.0 months) after cyanoac-
rylate closure of the incompetent great saphenous
veins (GSVs), all GSVs demonstrated closure with res-
olution of varicose veins without an adjunctive pro-
cedure in 71.7% at 3 months. Resolution of varicose
veins was associated with greater coverage of the
varicosity entry point (P = .002) and more distal loca-
tion of the access site (P = .024).

Take Home Message: Cyanoacrylate closure of
incompetent GSVs was effective in achieving GSV
closure and resolution of varicose veins without asso-
ciated varicosity-directed procedures. Covering the
entry sites of varicosities and accessing the GSV
more distally were associated with more complete
resolution of varicose veins.

Then, a single injection and 30-second compression were
repeated at every 3 cm until the whole length of the
target GSV was closed. If puncture of the GSV was
achieved below the entry of the varicose tributary, cyano-
acrylate injection was performed twice (double injection)
in some cases at the operator’'s decision when the deliv-
ery catheter reached the segment just above or at the
entry of the varicose tributary. The closure was done
throughout, even around the distal calf if the venous
access was successful at that level. The sheath/catheter
was removed, and manual compression was applied to
the skin entry site until hemostasis was achieved. A small
adhesive bandage was applied at the skin entry site.
Occlusion of the GSV was verified by ultrasound exami-
nation immediately after the procedure.

Localized concomitant treatment, such as phlebec-
tomy or sclerotherapy, was not performed. If varicosities
remained after the 3-month follow-up, we further evalu-
ated the need for additional localized treatment. The
entire procedure was carried out under local anesthesia,
and sedation was not applied to all patients. Neither
compression stockings nor compression bandages
were applied, and patients were instructed to ambulate
frequently and to resume their normal activities immedi-
ately. All patients were prescribed nonsteroidal
anti-inflammatory drugs (NSAIDs) for 5 days, and they
were instructed to take the medicine if they had pain
in the treated limb.

Clinical assessment and follow-up. Procedure time,
access site (above the knee, knee joint level, proximal
calf, mid calf, and distal calf), use of hydrophilic guide-
wire, length of treated segment, number and total
volume of cyanoacrylate injections, coverage of the entry
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Table I. Demographic and baseline data of patients

Age, years 495 + 11.0 (26-68)
Female sex 30 (62.5)
Body mass index, kg/m? 23.9 = 3.0 (17.3-31.8)

Primary symptoms

Fatigue 44 (69.8)
Pain 30 (47.6)
Edema 22 (34.9)
Heaviness 48 (76.2)
Muscle cramping 29 (46)
Burning 3 (4.8)
Tingling 10 (15.9)
ltching 4 (6.3)
CEAP clinical class
Cl 2(32)
Cc2 37 (58.7)
C3 21 (33.3)
C4 3 (4.8)
VCSS 40 *= 12 (2-8)
GSV diameter, mm 6.9 = 1.8 (4.0-13.0)
Epifascial GSV 15 (23.8)

CEAP, Clinical, Etiology, Anatomy, and Pathophysiology classification;
GSV, great saphenous vein; SD, standard deviation; VCSS, Venous
Clinical Severity Score.

of varicose tributaries, double injection of cyanoacrylate,
and rate of pain during venous access and closure were
assessed. Pain was assessed using a numeric rating scale
of O to 10 (0, no pain; 10, worst imaginable pain), and it
was checked just before the patient left the procedure
room.

Patients revisited the hospital at 1 week, 1 month,
3 months, 6 months, and 12 months after the procedure
for clinical assessment and duplex ultrasound evalua-
tion. Complete closure of the GSV after CAC was
defined as closure along the entire treated GSV
segment without a patent segment >5 cm in length.'?
Preprocedural and postprocedural Venous Clinical
Severity Score (VCSS), adverse events such as phlebitis
(redness of the overlying skin and pain on palpation),
pain without phlebitis, hyperpigmentation, ecchymosis,
deep venous thrombosis, pulmonary thromboembo-
lism, paresthesia, and infection were recorded by physi-
cians at each visit.

The degree of regression of varicose veins after CAC was
evaluated by taking serial pictures in a standing position
at each visit. Loss of varicose veins on the treated limb
was evaluated by two practitioners (SW.P. and J.HH.)
who were involved in the procedure on a scale ranging
from 1 to 4: grade 1, no change; grade 2, residual varicose
veins >509%; grade 3, residual varicose veins <509%; grade
4, complete resolution. Both practitioners independently
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graded the degree of regression of varicose veins after
treatment, and any discordance was resolved by
consensus.

Statistical analysis. Categorical variables are expressed
as percentages, and continuous variables are expressed
as means and standard deviations. The paired t-test
was used to compare baseline and outcome VCSSs.
The level of interobserver agreement for the degree of
regression of varicose veins after CAC was determined
by calculating k coefficient.

Coverage and double injection of cyanoacrylate at the
entry of varicose tributaries and location of access site
were analyzed to investigate the relationship with com-
plete resolution of varicosities using a ¥ test, Fisher exact
test, and linear-by-linear association test, respectively. All
statistical analyses were performed using SPSS software
version 17.0 (SPSS Inc, Chicago, lll).

RESULTS

Procedure characteristics. A total of 63 limbs (100%)
were successfully treated in the 48 patients. Procedural
characteristics are summarized in Table Il. The mean
length of the targeted GSV was 38 *+ 13.4 cm, and the
average duration of the procedure was 233 =+
7.3 minutes. The level of access was as follows: distal
thigh (n = 8), knee joint level (n = 15), proximal calf
(n = 14), mid calf (n = 18), and distal calf (n = 8).

Eighteen procedures (28.6%) required use of an addi-
tional separate hydrophilic guidewire (spasm, n = 8;
tortuosity, n = 6; repeated engagement into the varicose
vein tributaries, n = 4). The frequency of use of the hydro-
philic guidewire according to the puncture site was
35.7% (5/14) at the proximal calf level, 44.4% (8/18) at the
mid calf level, and 62.5% (5/8) at the distal calf level.
Although not statistically significant, the frequency of
use of the hydrophilic guidewire tended to increase as
the puncture site was lowered.

From the total of 56 limbs having varicose veins,
coverage of the entry of varicose vein tributaries con-
nected to the treated GSV during CAC was obtained
in 36 limbs. In the remaining 20 limbs, GSV access
was achieved above the entry of varicose vein tribu-
taries. Double injections at the segments of varicose
vein tributary entry were performed in 9 of 36 limbs in
which the entry of varicose vein was covered and
treated.

Procedural outcomes and follow-up. All the treated
GSVs showed complete closure on immediate postpro-
cedure duplex ultrasound evaluation. Pain ratings during
venous access and closure were 21 + 1.6 and 1.3 + 17,
respectively.

Of the 63 limbs among 48 patients, three limbs in two
patients did not have a follow-up. As a result, a total of
60 limbs (95.2%) among 46 patients and 24 limbs
(381%) among 19 patients were available at the
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Table Il. Procedural characteristics

Access site
Distal thigh 8 (12.7)
Knee level 15 (23.8)
Proximal calf 14 (22.2)
Mid calf 18 (28.6)
Distal calf 8 (12.7)

38 * 13.4 (11-70)

12.5 * 4.8 (3-24)
13 £ 0.4 (0.3-2.3)

233 + 73 (11.1-38.8)

Total length of treated GSV, cm
No. of CA injections

Total volume of delivered CA, mL
Procedure time, minutes

Use of hydrophilic guidewire 18 (28.6)
Coverage of VV entry 36 (64.3)
Double injection at VV entry 9 (25)

Pain during procedure
Endovenous access 21 £ 1.6 (0-7)
GSV closure 13 + 1.6 (0-5)

CA, Cyanoacrylate; GSV, great saphenous vein; SD, standard deviation;
WV, varicose vein.

6-month and 12-month visits, respectively. During the
mean follow-up period (8.4 = 3.0 months), recanalization
was not observed in any of the limis.

VCSS and regression of varicose veins. VCSS improved
from a mean of 4.0 £ 1.2 at baselineto 22 + 0.8,1.2 = 0.6,
0.8 = 0.6, 05 = 05, and 0.4 = 0.3 at 1 week, 1 month,
3 months, 6 months, and 12 months after CAC, respec-
tively. VCSSs at the time of all follow-up visits were
significantly lower (P < .001) than those before CAC.

Follow-up of varicose vein regression was performed in
53 of 56 limbs in which a varicose vein was present, and
the results are shown in the Fig. There was substantial

60

50

B
o

Number of Limbs
8
N
w

n
o

10

1 month

1 week

Journal of Vascular Surgery: Venous and Lymphatic Disorders

May 2019

interobserver agreement (k = 0.794; P < .001) for the
degree of regression of varicose veins after CAC. Com-
plete resolution of varicose veins was achieved in 24.5%
(n = 13) of limbs at 1 week, 585% (n = 31) of limbs at
1 month, and 71.7% (n = 38) of limbs after 3 months. There
was no change in the degree of varicose vein regression
at follow-up after 3 months.

From the 35 limbs covering the entry of varicosities,
complete resolution was achieved in 30 limbs (85.7%).
However, only 8 of 18 limbs (44.4%) not covering the entry
of varicosities showed complete resolution. A more
complete resolution of varicose veins was observed as
varicosity entry was covered (P = .002).

There was complete resolution in all nine limbs (100%)
under double injection of cyanoacrylate at varicosity
entry. However, complete resolution was obtained in 21
(80.8%) of 26 limbs under single injection of cyanoacry-
late at varicosity entry. Double injection did not show a
significant association with complete resolution of vari-
cose veins (P = .297).

Complete resolution of varicose veins according to the
access site was as follows: 2 of 5 limbs (40%) at the distal
thigh; 7 of 12 limbs (58.3%) at the knee level; 8 of 11 limbs
at the proximal calf (72.7%); 14 of 17 limbs at the mid calf
(82.4%); and 7 of 8 limbs at the distal calf (87.5%). As the
access site level was located more caudally, a more com-
plete resolution of varicose veins was observed (P = .024).

At the 6-month follow-up, sclerotherapy was per-
formed on the legs showing varicose vein regression of
grade 2 and grade 3 in two patients. Another 13 patients
who had remaining varicose veins did not require addi-
tional treatment until their final follow-up visit.

Adverse events. Adverse events after CAC are summa-
rized in Table Ill. Ten limbs (16.7%) had phlebitis along
the treated segment. Phlebitis occurred within a week
after CAC and was resolved within a month in all but one

M Grade 1 mGrade 2 mGrade 3 M Grade 4
38 38
19
10 10
2 | [ 3
3 months 6 months 12 months

Time after treatment

Fig. Regression of varicose veins during follow-up: grade 1, ho change; grade 2, residual varicose veins >50%;
grade 3, residual varicose veins <50%; grade 4, complete resolution.
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Table lll. Adverse events

Phlebitis 10 (16.7)
~1 week 9 (15)
1 week-1 month 1(1.7)
After 1T month 0 (0)
Pain without phlebitis 6 (10)
Hyperpigmentation 8 (13.3)
Above the knee 6 (10)
Below the knee 2 (3.3)
Ecchymosis 0 (0)
Access site infection 1(1.7)
Paresthesia 0 (0)
Deep venous thrombosis 0 (0)
Pulmonary thromboembolism 0 (0)

limb. In one limb, phlebitis developed 2 weeks after CAC
but was resolved at the 1-month follow-up. All patients
with phlebitis received NSAIDs within 5 days. Pain
without phlebitis was noticed in six limbs (10%) at the
1-week follow-up and disappeared by the 1-month
follow-up in all limbs.

Hyperpigmentation occurred in eight limbs (13.3%). Of
the 15 limbs with an epifascial GSV at the distal thigh,
12 limbs underwent CAC including an epifascial
segment, of which 6 limbs had hyperpigmentation. The
other two cases of hyperpigmentation occurred in the
proximal calf GSV, which were among four cases of prox-
imal calf GSV closure with bulging of GSV that were
easily detected on visual inspection at preprocedural
assessment. Follow-up was achieved in eight limbs
within 6 months and in three limbs within 12 months,
and hyperpigmentation remained in all eight limbs.

There was a localized infection in one limb (1.7%) at the
access site at the 1-month follow-up, and the patient
received oral antibiotics. Infection was improved within
2 weeks. Paresthesia, ecchymosis, deep venous throm-

bosis, and pulmonary thromboembolism were not
observed.
DISCUSSION

In the early swine model, a chronic foreign body type of
inflammatory reaction followed by venous closure,
segmental venous wall thickening, and fibrosis was
observed 60 days after cyanoacrylate delivery.”” Several
clinical studies based on this experimental pilot study
reported the complete closure rate of the GSV after
CAC as 92% to 100%.">'1911% |n particular, a first-in-
human study demonstrated the high efficacy and safety
of CAC for the treatment of GSV incompetence during
36 months, and the occlusion rate reached 94.7%.° In
this study, the complete closure rate was 100% during
the mean follow-up period of 8.4 months. The VenaSeal

Hwang et al 379

Sapheon Closure System Pivotal Study (VeClose)® sug-
gested that incomplete occlusion and recanalization
appeared to be caused by continued flow of blood
from GSV tributaries into the treated GSV. In our study,
we tried to close the targeted GSV as low as possible,
covering the GSV tributary entry, which is presumed to
be related to a desirable closure rate. Further study wiill
be needed to evaluate the factors affecting recanaliza-
tion after CAC.

The main reason for treating varicose veins is symptom-
atic and cosmetic improvement. Therefore, many
physicians prefer concomitant phlebectomy or scleroth-
erapy, or both, in conjunction with endovenous thermal
ablation.”® However, a concomitant procedure increases
the procedure time, the postprocedure recovery time,
and the frequency of adverse events.”> Accordingly,
guestions have been raised about whether concomitant
treatment is indispensable. In a study by Monahan?
28.4% of varicose veins spontaneously resolved and
62.8% of varicose veins had decreased in size at the
6-month follow-up after RFA for GSV insufficiency
without concomitant treatment. The evaluation of
varicose vein regression after CAC for treatment of saphe-
nous vein incompetence was well described in the
first-in-human studies. The proportion of limbs free of
varicose veins after CAC was 47%, 50%, 35%, and 41% at
6 months, 12 months, 24 months, and 36 months, respec-
tively."®® Furthermore, 36% and 25% of legs showed
limited varicosities at 6 months and 12 months, respec-
tively. Therefore, there was spontaneous complete or
partial regression of varicose veins without concomitant
treatment in 83% at 6 months and 75% at 12 months.”
In the European multicenter study,* the proportion of
patients whose target limbs were free from visible
varicosities ranged from 1.4% at baseline to 41.4% at the
3-month follow-up. In this study, complete resolution of
varicose veins was noted for 71.7% of limbs at the
3-month follow-up after CAC. In particular, the propor-
tion of limbs showing >50% of varicose vein regression
reached 90.6%. These are better outcomes for varicose
vein regression than in the previous RFA study? or CAC
studies'*®? under the same condition of absence of a
concomitant procedure. Our study differs from the previ-
ous RFA study? in that venous access was performed as
far down the leg as possible because there was less
concern for nerve injury. Compared with the first-in-
human CAC studies"®? with a good result for varicose
vein regression, the GSV access site was even lower in
our study, as follows: above the knee, 38% vs 12.7%;
knee level, 12% vs 23.8%:; and below the knee, 50% vs
63.5%. We found that as varicosity entry was covered
and as the access site level was located more caudally,
a more complete resolution of varicose veins was
observed. Approaching at a lower GSV as an access site
implies that there may be more varicosity entries
communicating with truncal GSV, and cyanoacrylate
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would also flow into the varicosity as well as into the GSV
during injection. In this process, cyanoacrylate flowing
into the varicosity seems to have an additional therapeu-
tic effect like that of the concomitant procedures.

Postprocedural compression stockings are inevitable
for patients who undergo endovenous thermal ablation,
sclerotherapy, or phlebectomy. However, patients’
compliance with compression stockings is low because
of cost, sweating, itching, cosmetic reason, and wearing
discomfort.'® In a few CAC studies,'%'”'® phlebectomy
or sclerotherapy was performed in the same session.
Consequently, postprocedure compression stockings
were inevitable for patients in those studies, and the
advantage of CAC to avoid wearing compression stock-
ings was obscured. According to the Lake Washington
Vascular VenaSeal Post-Market Evaluation (WAVES)
study,” closure rates after CAC were high even without
the use of compression stockings. Some other studies
also have shown good closure rates without use of post-
procedural compression stockings.““™'° Furthermore, in
our study, a closure rate of GSV in 100% of limbs and
complete resolution of varicose veins in 71.7% of limbs
were obtained at the follow-up without use of compres-
sion stockings. Not having to wear compression stock-
ings after CAC treatment is a great advantage, and
considering the results of our study and previous studies,
satisfactory treatment outcomes for occlusion rate or
varicose vein regression can be obtained without use of
postprocedural compression stockings.

A 0.035-inch J-wire guidewire included in the VenaSeal
Closure System is not directional because of its shape,
and it may not be able to overcome difficult situations,
such as venous tortuosity, spasm, or repeated engage-
ment into the entry of the varicose vein. Even the first-
in-human study has excluded a tortuous GSV from the
study participants.? In our study, a hydrophilic guidewire
with an angled tip was used in 18 cases (28.6%), and all
accesses were achieved below the proximal calf. We
tried to solve these situations by changing the direction
of the tip of the hydrophilic guidewire while watching
real-time ultrasound. The lower the location of the punc-
ture site, the more frequently a hydrophilic guidewire
was used. Because it is undesirable to repuncture at
the upper part of the site experiencing the difficulty of
the J-wire, the use of a hydrophilic guidewire could
improve the success rate of the procedure, especially
when accessing from below the proximal calf.

Phlebitis is the most common complication associated
with CAC, and the frequency reported in previous studies
ranged from T114% to 20%.'%>®'° The incidence of
phlebitis in our study (16.7%) was similar to that of the
previous studies, and all patients showed improvement
with only NSAIDs. Cyanoacrylate itself is known to cause
a nonspecific, mild inflammatory reaction that promotes
venous closure, resulting in phlebitis® In most CAC
studies, phlebitis was mild, self-limited, and simply
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treated with NSAIDs alone for a short time."*'° In two
previous reports, the frequency of hyperpigmentation
after CAC has been reported to be 2.6% and 11.8%.%'° In
one of these studies® hyperpigmentation occurred in
one patient along the treated saphenous vein coursing
close to the skin. In another study,'® all four patients
had hyperpigmentation in the epifascial saphenous
segment. In our study, hyperpigmentation occurred in
eight limbs (13.3%), and the incidence was slightly higher
than in previous reports, probably because CAC was per-
formed without exclusion of the epifascial GSV segment
or calf GSV close to the skin. It would be better to keep in
mind that if the epifascial segment is long in the distal
thigh GSV on preprocedural ultrasound evaluation or if
the calf GSV is bulging and readily detected on visual in-
spection, hyperpigmentation may occur after CAC.

This study has several limitations. First, the number of
patients included in the study is small, and this is a
retrospective review from a single institute. Second, the
long-term outcome of the closure rate of the GSV and
regression of varicose veins could not be assessed.
Almeida et al® reported that freedom from varicose veins
was 47% at 6 months but decreased to 41% at 36 months,
presumably owing to the progression of underlying dis-
ease. The long-term outcome of varicose vein regression
is yet to be investigated as an extension of this study or in
another large-scale study. Third, regression of varicose
veins was assessed by using a gross comparison of serial
photographs of each patient, which has a subjective
aspect. Because of the limitation, each degree interval
was set wide and evaluated by two practitioners.

CONCLUSIONS

CAC is safe and effective for the treatment of an incom-
petent GSV. CAC also shows satisfactory results for the
regression of varicose veins. Covering the entry of varicos-
ities and accessing lower down the leg are associated
with a more complete resolution of varicose veins.
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