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Clinical Pearls

1. The current indication to treat perforator
reflux is diameter >3.5 mm with reflux
>0.5 s in relation to a venous ulcer.

2. Thermal ablation is more effective than
ultrasound-guided foam sclerotherapy
for treatment of perforator reflux.

3. When treating a perforator with RFA
stylet catheter, a drop in impedance to
150-350 Q insures that the tip of the
catheter is in the vein.

Chronic venous insufficiency is a major health
problem that affects many people with devastat-
ing consequences. Venous valvular incompe-
tence leading to venous reflux and venous
hypertension is the pathophysiology of develop-
ing venous disease. Increasingly, incompetent
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perforator veins have been recognized as a con-
tributor to recalcitrant or recurrent venous ulcers.
Historically, surgical interruption of perforators
has been performed and shown to improve heal-
ing of venous ulcers. With advances in technol-
ogy and comfort in endovenous procedures,
percutaneous thermal ablation and ultrasound-
guided foam sclerotherapy have gained popular-
ity in the treatment of perforating veins with
good success.

Background

Chronic venous insufficiency (CVI) is a wide-
spread and potentially debilitating problem that
affects millions of people. An estimated 23% of
Americans have varicose veins including 6%
with advanced venous insufficiency resulting in
skin changes or ulcerations [1]. The symptoms
can range from asymptomatic varicose veins to
severe ulcerations. Patients with venous ulcer-
ations are often frustrated by the high recurrence
rates and constant care which requires frequent
wound care visits, missed work, and social isola-
tion. These factors contribute to significant psy-
chosocial issues and extraordinary healthcare
costs [2]. The etiology of CVI has mostly been
attributed to genetic factors, but pregnancy, obe-
sity, history of deep vein thrombosis, and jobs
requiring long hours of standing have all been
shown to contribute [3].
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The etiology of chronic venous insufficiency is
venous hypertension. This frequently occurs from
incompetent venous valves but can also arise from
outflow obstruction [4]. In addition to refluxing
superficial axial veins, incompetent perforating
veins (IPVs) are also being increasingly recog-
nized as a contributor to the formation and recur-
rence of venous ulcerations [5]. In normal limbs,
perforator veins connect the superficial system
with the deep system. There is typically at least
one bicuspid valve within the perforator allowing
unidirectional blood flow from the superficial to
the deep veins. When these valves become incom-
petent causing venous reflux, local areas of the
skin are at risk for ulcer formation [6]. Often
when ulcers failed to heal or there is recurrence
after successful treatment of the refluxing axial
veins, one should look at IPVs as a culprit.

Historically, it was Linton who first suggested in
1938 that interruption of IPVs is a necessary adjunct
in the treatment of advanced venous insufficiency.
Although rarely done in contemporary practice,
several modifications to the original Linton proce-
dure have been described [7-10]. These techniques
all had severe wound complications as the incisions
are often lengthy and made through fragile skin that
was near or at the site of the ulcer [7-10]. The high
morbidity of these open procedures led to its even-
tual abandonment, especially with the introduction
of subfascial endoscopic perforator vein surgery
(SEPS) by Hauer in 1985 [11].

SEPS is a minimally invasive technique to
interrupt calf perforator veins under direct vision
using endoscopic instruments placed through
small ports remote to the target IPV. Once the leg
is insufflated, the IPV is identified and then either
ablated with electrocautery or clipped and divided
under direct vision [12]. Due to the decreased
wound complications by having fewer incisions
and away from the problematic skin, SEPS became
the procedure of choice to treat IPVs between
1992 and 2008 [13, 14]. In recent years, the emer-
gence of thermal ablations and sclerotherapy per-
formed under ultrasound guidance has completely
transformed the techniques of perforator ablation.
Today, the open Linton type procedures and SEPS
have become more of a historical significance and
are very rarely, if ever, performed.

Societal guidelines have classified pathologic
perforating veins as incompetent veins near an
area of ulceration with a diameter > 3.5 mm and
reflux time > 0.5 s [15]. The Society of Vascular
Surgery and American Venous Forum recom-
mend against selective treatment of perforating
vein incompetence in patients with simple vari-
cose veins (CEAP class C2) but suggest treat-
ment of pathologic perforating veins (outward
flow, >0.5-s reflux time, and vein diame-
ter > 3.5 mm) located underneath or near healed
or active ulcers (CEAP class C5-C6). The guide-
lines also recommend the treatment of choice be
SEPS, ultrasound-guided sclerotherapy, or ther-
mal ablation (2C recommendation) [15].

Medical Treatment

The initial treatment of patients with CVI is com-
pression. There is good evidence that compression
therapy is effective and is the basic treatment for all
forms of CVI, including ulceration [16]. The types
of compressive therapy range from compression
stockings that are easily managed by the patients
themselves to complicated medicated wraps that
need to be changed by nurses or in wound clinic.
Specifically, compressive therapy includes graded
compression stockings, paste gauze boots (Unna
boot), multilayer elastic wraps, dressings, elastic
and nonelastic bandages, and nonelastic garments
[16]. However, compliance with compressive ther-
apy varies, and the results can be strikingly differ-
ent. Mayberry et al. treated 113 patients with
venous ulcers with local wound care and compres-
sive therapy and found that the ulcer healing rate
was 97% in compliant patients vs. 55% in non-
compliant patients. In addition, they reported that
ulcer recurrence was 16% in compliant patients vs.
100% in non-compliant patients [17].

The efficacy and cost-effectiveness of conser-
vative therapy over surgical therapy have been
studied in the REACTIVE trial, a randomized
clinical trial that studied 246 patients with C2 dis-
ease. This trial demonstrated that surgical therapy
provides more improvement in quality of life and
is more cost-effective than conservative treatment
alone [18]. Van Gent et al. further demonstrated
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the same benefit of surgery over conservative man-
agement in advanced venous disease (C5—C6) in a
prospective multicenter randomized trial [19].

Controversies often surround the need for a
period of compression prior to intervention.
Although most third-party payers have this
requirement, there is no clinical evidence to sup-
port this practice. In reality, many patients have
difficulty donning compression stockings which
often leads to noncompliance.

With respect to perforator veins, it is impor-
tant to understand that throughout the evaluation
and treatment of IPVs, compression remains a
basic and essential component of the global treat-
ment plan, regardless of what other treatments
are done concurrently or consecutively.

Percutaneous Thermal Ablation
Techniques

Endovenous thermal ablation of pathological veins
is a minimally invasive percutaneous technique
used to cause thrombosis of the treated veins by
thermal injury [20]. In order to achieve occlusion
and therefore ablate the targeted vein, the laser
fiber or radiofrequency-emitting catheter is placed
in contact with the IPV wall in order to deliver
direct thermal energy. The heat damages the endo-
thelium of the venous walls, resulting in vasospasm
and denaturation of the collagen leading to throm-
bosis and fibrosis of the vein [20, 21]. The two
well-described thermal techniques are endovenous
laser ablation (EVLA) and radiofrequency ablation
(RFA). EVLA was first described in the English
literature for the treatment of varicose vein by Bone
in 2001 [22]. The RFA catheter, ClosureFast RF
catheter (VNUS Medical Technologies, San Jose,
Calif), was introduced in 2007 and has gained in
popularity in the treatment of IPVs [23, 24].
Percutaneous thermal ablation of IPVs is per-
formed under ultrasound guidance, with local
anesthetic typically in an ambulatory setting. The
pathological perforator is identified as one that
meets reflux criteria (>3.5-mm diameter, >0.5-s
reflux time) and adjacent to an active ulcer or
area of recently healed ulcer. The patient is placed
in reverse Trendelenburg position to cause venous

distension which aids in visualization and access.
Once the patient is prepped and draped and in
proper position, local anesthetic is used to infil-
trate the skin, and the perforator is examined with
ultrasound in the longitudinal view to plan out
the best angle to enter (Fig. 13.1).

Radiofrequency ablation uses a radiofrequency
stylet catheter (ClosureFast radiofrequency stylet;
Medtronic, Minneapolis, MN) which is inserted
through the skin into the vein under ultrasound guid-
ance. Insertion can be done directly using the stylet
or using a Seldinger technique over a 0.035-inch
wire. Impedance values can be measured to confirm
placement and are typically between 150 and 350 Q
[3, 15]. Additional local anesthesia is used to infil-
trate the tissue surrounding the stylet, the patient is
then placed in trendelenburg, and treatment is initi-
ated with the stylet placed 2-3 mm away from the
deep venous system. The treatment of perforators
uses a spot-welding technique where all four quad-
rants of the venous wall in the location of the tip of
the stylet are treated for 60 s each. The stylet is then
withdrawn 3-5 mm, and a second treatment is per-
formed in the same manner. This was repeated for
the length of the perforator. At the completion of the
treatment, compression is applied to the treated area.

For laser treatment of perforators, a 1470-nm,
400-um laser fiber can be used. Intraluminal
access is obtained with a micropuncture needle
kit using ultrasound guidance. Once the fiber is
positioned, typically at or just below the level of
the fascia and at 2-3 mm away from the deep
venous system, local anesthetic is infiltrated into
the surrounding tissues and treatment begins. The
vein is treated using a pulsed technique with the
generator set at 6 W, and the vein was treated
with 50-100 J per 2-mm segments for the length
of the perforator. At the conclusion of the laser
treatment, the probe is removed, and compres-
sion therapy is applied to the site.

Ultrasound-Guided Foam
Sclerotherapy

Foam sclerotherapy is a fast and relatively simple
method for ablating pathologic perforating veins.
It utilizes a sclerosant, typically sodium tetradecyl
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Fig. 13.1 Endovenous thermal ablation of perforators.
(a) Duplex image showing the perforating vein before
EVLT; (b) The EVLA fiber placed into the perforator at
the level of the fascia; (¢) duplex showing successful post-

sulfate (STS) or polidocanol, to chemically ablate
the vein. Tessari et al. describe a technique using
a three-way stopcock for mixing and injecting,
and this technique has been widely adopted
despite lack of approval by the FDA. The tech-
nique uses two syringes connected to a stopcock,
one with 1 part sclerosant and the other one with
4 parts air. The two syringes are agitated rapidly
until a uniform size microbubble is formed [25].

Ultrasound is used to identify the IPV and its
associated varicosities. A 25- or 30-gauge needle
is typically used for cannulation of the varicosi-
ties to allow a larger volume of sclerosant to be
injected. Once access is achieved, the foam is
created and slowly injected. The foam is echo-
genic and easily visualized with duplex. Care
should be taken to avoid injecting foam into the
deep system. This is achieved by applying com-

procedure ablation; (d) A duplex image showing the per-
forating vein before RFA; (e) The RFA images showing
access of the stylet; (f) duplex showing successful post-
procedure ablation

pression to the junction between the deep vein
and IPV using the ultrasound probe. This allows
the foam to reflux into the connecting varicosities
and ablate the venous plexus. During the injec-
tion, the leg is elevated to reduce the amount of
sclerosant entering the deep system. After treat-
ment, compression is applied over the treated
perforator (Fig. 13.2).

Current Data

At present, there is no compelling level 1 evi-
dence to support the treatment of IPVs in venous
ulcer healing or recurrence [15]. There are a
number of small series and retrospective analysis
that advocate for IPV ablation in C5 and C6 dis-
ease. One of the first studies looking at the
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Fig. 13.2 Ultrasound-guided foam sclerotherapy of a
perforator vein. (a) Perforator vein prior to injection. (b)
Visualization of the sclerosant within the vein. (¢) Partial

efficacy of EVLA in treating IPVs was published
in 2010 by Hissink et al. [26]. They prospectively
evaluated 58 patients with advance venous dis-
ease (C4—Co6) that were successfully treated with
EVLA with concomitant treatment of refluxing
axial veins. They demonstrated that 80% of the
ulcers healed with no major complications.
Dumantepe et al. demonstrated successful
12-month closure rates approaching 90% with
associated improvement in venous clinical sever-
ity score [27]. More recently, Zerweck and col-
leagues reported treatments of 69 IPVs
concomitantly with great or small saphenous
ablation with a success rate at 30 days of 96%
with no reported complications [28]. In 2009,
Hingorani et al. published their experience with
RFA of IPVs. Their initial success rate was 88%

thrombosis of the perforator vein. (d) Complete filling of
the IPV

(37 of 43), and they identified venous pulsatility
as an independent risk factor for treatment failure
in the cohort. Interestingly, the patients with
venous pulsatility had only a 20% ablation rate
[29].

In one of the larger series, Lawrence et al.
enrolled 208 patients with CEAP 6 disease
between 2007 and 2010 and looked at the heal-
ing of ulcers as an endpoint. All patients enrolled
were treated with compression and ablation of
axial veins, and after 3 months of aggressive
wound care and compression, if the ulcers fail to
heal, then perforator incompetence was investi-
gated and treated with endovenous thermal
ablation. Forty-five patients in this study met
criteria and underwent IPV ablation. Ulcer heal-
ing was achieved in 71% at a mean of 193 days.
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At 13 months, there was a 4% recurrence rate in
this cohort. Interestingly, no ulcers healed with-
out the ablation of at least one incompetent per-
forator [5]. Even though this study is not a
randomized prospective study, it does demon-
strate the existence of a subgroup of patients
with ulcers that will fail to heal even with opti-
mal compression and ablation of refluxing axial
veins, and hence may benefit from perforator
ablation. Harlander-Locke and colleagues
looked to quantify the rate of healing using pla-
nimetry software. They demonstrated an
improvement in ulcer healing rate following
ablation of refluxing axial veins and perforator
veins. Technical success in perforator closure
was seen in 81.8%, with 76.3% of ulcers healing
at a mean of 142 days. Their recurrence was
7.1% at a mean of 12-month follow-up [30]. In
2015, Shi et al. looked retrospectively at a group
of 300 patients with incompetent perforator
veins associated with different CEAP classes,
half of which underwent ablation of the IPVs,
and all of which underwent treatment of reflux-
ing axial veins. At 1 year, 8§81.3% of EVLI-
treated IPVs remained closed. At 1 year, 93%
ulcers in the EVLT-treated IPV group healed
compared to 89.8% ulcers in the untreated IPV
group. Although this result is not statistically
significant, the group did find that the median
ulcer healing time was significantly shortened in
the EVLT-treated IPV group from 3.3 to
1.4 months [31]. Masuda et al. identified and
treated 80 limbs with incompetent perforator
veins with ultrasound-guided sclerotherapy and
reported 86.5% of ulcers healed at a mean time
of 36 days. Although his ulcer recurrence rate
was high at 32% with a mean of 20 months, he
was able to demonstrate a statistically signifi-
cant association between recurrence of ulcer
and recurrence of incompetent perforators [32].
A more recent study by Kiguchi et al. showed a
54% thrombosis rate per injection in patients
with venous ulceration. The patients that were
successfully treated had significant improve-
ment in ulcer healing rates (69 vs. 38%
P <0.001) [33]. There is currently no consensus
as to the best modality to ablate IPVs because

there are very few comparative studies. In 2016,
Hager and colleagues published a comparative
analysis between the three modalities in an
effort to identify risk factors for treatment fail-
ure. They reported the results of 296 ablation
procedures in 112 patients, two thirds of which
suffered C5-C6 disease. Of the 296 ablations,
21% underwent RFA, 31% underwent EVLA,
and the remainder underwent UGFS. They con-
cluded that RFA was the most reliable means of
closure, with 73% at 2 weeks. Closure rates
were significantly lower for UGFS at 57% but
improved to 85% (EVLA) or 90% (RFA) with a
subsequent thermal ablation [3].

Complications

The complications of treating incompetent perfo-
rating veins are modality specific and similar to
known ones previously described for the treatment
of refluxing axial veins. Common complications
such as paresthesia, discoloration, ecchymosis,
thrombophlebitis, and pain can be seen in all three
modalities [34]. Thermal burns were associated
with RFA and EVLA, while TIAs or visual distur-
bances were more specifically seen with sclero-
therapy [15]. Serious complications such as death
and pulmonary embolism occur in less than 1%, as
demonstrated by a systematic review of 9000
patients undergoing sclerotherapy [35]. In current
literature, 1-2% had paresthesia, 1-2% had throm-
bophlebitis, <1% had skin discoloration, and
1-25% had pain. Although ecchymosis was
included by some studies as a complication with
an occurrence as high as 70%, most studies did not
consider it to be a complication. More rarely were
skin necrosis seen in <2% and DVTs seen in 1-5%
[3,26-28, 31, 32, 36, 37].

Conclusions

The treatment of IPVs has been shown to improve
venous ulcer healing rates and reduce ulcer recur-
rence. A proposed algorithm for the treatment of
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Fig.13.3 Treatment
algorithm for advanced
venous insufficiency

Ulcer healed
Routine follow up

advanced venous disease is depicted in Fig. 13.3.In
modern clinical practice, the three modalities most
often used are UGFS, RFA, and EVLA. These
have been shown to be safe and effective although
there are very few studies that compare the tech-
niques. Venous pulsatility has been shown to lead
to treatment failure in several studies, as it is typi-
cally a surrogate marker for fluid overload and
severe venous hypertension [29]. Hager et al. also
identified BMI >50 as a predictor of failure among
all the modalities; anticoagulation and age were not
significant predictors [3]. Future studies will seek
to identify other risk factors for treatment failure
and attempt to establish an algorithm to best treat
IPVs given a patient’s anatomy and comorbidities.

Venous ulcer (CEAP 5/6)

Ablation of axial veins with reflux
(=5mm), >0.5sec reflux)

3 month follow up

{concurrent compression therapy)

Ulcer not healed
Ablation of perforators

(=3.5mm, >0.5sec reflux)
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