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Abstract
Purpose of Review Chronic venous disease (CVD), although affecting up to 40% of the US population, is often underdiagnosed
by healthcare professionals due to an incomplete understanding of the presenting symptoms. CVD is a common cause of lower
extremity pain and discomfort, including aching, cramping, tingling, burning, swelling, heaviness, restlessness, and fatigue, and
may lead to significant morbidity if left untreated. The negative impact of CVD on quality of life is well established and the
optimization of management strategies is an important area of evolving research.
Recent Findings Management of CVD has rapidly evolved over the last two decades with the development of minimally invasive
endovenous ablative techniques, now the mainstay of treatment. We discuss the data supporting various methods of CVD
treatment with an emphasis on the impact on patient comfort and quality of life.
Summary Both radiofrequency ablation (RFA) and endovenous laser therapy (EVLA) are excellent options for treatment of
lower extremity venous disease, but RFA is associated with less post-procedure discomfort. Ultrasound-guided foam therapy is
best reserved for the adjuvant setting or for patients ineligible for RFA or EVLA.
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Introduction

Lower extremity chronic venous disease (CVD) is a com-
mon and under-recognized cause of lower extremity pain
and discomfort. Venous disease develops when peripheral
blood return is impaired and venous pressure is increased
due to several factors including muscular pump dysfunc-
tion and valvular incompetence. Valvular incompetence,
primarily at the junction of the great saphenous vein with
the common femoral vein (saphenofemoral junction or

SFJ) and the small saphenous vein at the level of the pop-
liteal vein (sapheno-popliteal junction or SPJ) leads to
position- dependent retrograde blood flow, causing venous
hypertension. The consequences of venous hypertension
range from the development of varicose veins (as well as
reticular veins and telangiectasias) and edema to skin
changes and frank ulceration. CVD is formally described
according to the CEAP (clinical, etiologic, anatomic, path-
ophysiologic) classification (Table 1) [1]. The degree of
clinically appreciable disease ranges from normal-
appearing legs (C0) to severe venous stasis with ulceration
(C6), with or without symptoms (S or A). C4-C6 disease is
referred to as chronic venous insufficiency (CVI), with the
essential condition being ambulatory venous hypertension,
and there is evidence that if left untreated, up to half of even
mild clinical disease will progress to this stage [2].
Functional disease, defined as documented reflux (typically
retrograde blood flow of > 500 ms duration) on ultrasonog-
raphy, may be present at the SFJ, SPJ, or both and concur-
rent reflux in the deep venous system may be present as
well in a minority of patients [1].

Multiple large-scale cross-sectional studies have demon-
strated that CVD is the most common vascular disorder, with
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at least 15% of men and 25% of women suffering from func-
tional disease [3–5]. Typical symptoms of venous disease in-
clude aching, cramping, fatigue, heaviness, restlessness, and
swelling. Symptoms are due to a number of causes, including
inflammation and pressure on adjacent nerves by dilated
veins, and often worsen with prolonged standing and warm
weather. Symptoms have a cumulative profound effect on
patient mobility and quality of life. The most common tool
used to assess symptom burden is the venous clinical severity
score (VCSS), a ten-item clinician-administered evaluation,
with each item assigned a value 1–3, for a total score of up
to 30 [6]. The correlation between symptom burden and de-
gree of clinical venous disease has been well established, with
all typical symptoms reported more frequently with increasing
clinical disease category [3]. A recent multivariate analysis of
a large cross-sectional study accounted for confounding fac-
tors such as age, obesity, and gender and found that the pres-
ence of even C2 disease significantly increases reported leg
symptoms (OR 1.5 CI 1.04–2.1). For more significant clinical
disease C4 or greater, a strong association with symptom bur-
den is noted, OR of 4.0 (CI 1.1–8.1) [7••].

The impact of symptoms on quality of life has been studied
extensively, with most major trials of CVD treatment evaluat-
ing patient-reported overall and disease-specific quality of life
in addition to clinician assessment of symptom burden. The
two most common validated tools assessing disease-specific
QOL are the Aberdeen Varicose Vein Questionnaire Score
(AVVQ) [8] and the Chronic Venous Insufficiency Quality
of Life Questionnaire (CIVIQ) [9]. Both of these show a
strong association with general QOL scores used by the
broader medical community such as the EQ-5D [10].

Treatment of symptomatic CVD can be conservative or de-
finitive. Conservative treatment consistsmainly ofmedical-grade
compression stockings, exercise, andweight loss. Definitive ther-
apy includes elimination of the culprit vein (great saphenous,
small saphenous or both) with adjunct treatment of perforating
veins and symptomatic varicosities. Due to the relatively low
efficacy of conservative therapy, immediate definitive therapy
is recommended for patients with symptomatic disease and doc-
umented reflux under current guidelines in the USA [11, 12••].

Historically, treatment of CVD was primarily surgical, typ-
ically ligation and stripping of the GSV and SSV at the SFJ
and SPJ respectively, with concurrent distal phlebectomy of
bulging symptomatic varicosities. Multiple studies demon-
strated improvement in symptom burden (VCSS) after surgery
[13, 14]. Direct evidence of a quality of life benefit is available
as well; an RCT comparing surgery to conservative therapy
showed a profound QOL impact and demonstrated cost-
efficacy [15]. However, in addition to incurring patient anxi-
ety, these procedures required a relatively prolonged recovery
period of up to 2 weeks and were associated with typical
surgical complications including hematoma, cellulitis, and ab-
scess formation in up to 3% of patients [16]. Recurrence rates
were often high as well, with up to 30% of patients requiring
additional procedures with extended follow up [17].

Over the past two decades, three minimally invasive tech-
niques of vein ablation have largely supplanted surgery. The
first to emerge, sclerotherapy, relies on injection of a chemical
agent into the vein causing endothelial damage, adhesion, and
fibrosis. Subsequently, systems delivering thermal energy to
the vein endothelium either via radiofrequency or laser light
energy were developed. Application of thermal energy results
in a similar process of damage, adhesion, and fibrosis of re-
sidual venous tissue. More recently, catheter-based delivery of
an adhesive agent has emerged as a novel technique to con-
sider alongside sclerotherapy and endoluminal thermal abla-
tion. As eachmethod came into practice, trials were conducted
comparing it to surgery. Several trials have examined different
methods of endoluminal ablation in comparison to one anoth-
er, even as the technology continues to be rapidly refined and
improved. Endpoints vary among trials but include clinical
success, defined by persistent GSV closure, by the absence
of recurrent varicose veins and an improvement in CEAP
category. Arguably more important endpoints include reduc-
tion in clinician-assessed symptom burden (VCSS) and
health-related and disease-specific quality of life (generally
assessed using the tools described above). We review the dif-
ferent endoluminal ablation methods in subsequent sections
then conclude by discussing the latest evidence and future
directions in the field.

Table 1 Chronic venous disease
is formally described according to
the CEAP (clinical, etiologic,
anatomic, pathophysiologic)
classification. CEAP clinical
score and corresponding
description

CEAP clinical score Description

C0 No visible or palpable varicose veins

C1 Telangectasia (thread veins/spider veins/broken veins)

C2 C2A Varicose veins without any symptoms (asymptomatic)

C2S Varicose veins with symptoms

C3 Swollen ankle (edema) due to varicose veins or hidden varicose veins (venous reflux)

C4 Skin damage due to varicose veins or hidden varicose veins (venous reflux)

C5 Healed venous leg ulcer

C6 Venous leg ulcer
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Sclerotherapy

Sclerotherapy was initially used as an adjunct to surgery, with
the injection of a liquid sclerosant into residual reticular or
varicose veins after surgery was performed to address the
GSVor SSV. Dose limitations for systemic delivery precluded
the use of liquid sclerosants in larger veins. However, mixing
liquid sclerosant with gas to create a foam which could be
injected into the vein under ultrasound guidance allowed for
more controlled delivery as well as coverage of a much greater
surface area using a smaller volume of sclerosant [18]. The
efficacy of ultrasound-guided foam sclerotherapy (UGFS)
was explored further in several trials. A large series (n =
500) demonstrated obliteration of the GSV in 81% of patients
with UGFS, and larger veins were associated with a higher
rate of failure [19]. A subsequent three-arm RCT compared
foam to liquid sclerotherapy and surgery. A trend towards
higher efficacy was noted in the surgery group at 1 year, with
86% persistent occlusion compared to 79% treated with
UGFS, but this difference did not achieve statistical signifi-
cance. These investigators did not assess quality of life but did
note that patients treated with UGFS were able to return to
work after only 2 days, compared to 13 day for surgery [20].
In another RCT (N = 530) comparing surgery to UGFS, treat-
ment failure withGSVreflux on ultrasoundwas more frequent
in the UGFS group compared to surgery at 2 years (35 vs
21%, p = 0.003) but there was no statistically significant dif-
ference in symptom burden (VCSS) which was significantly
improved in both groups. In addition, health-related quality of
life (EQ-5D) was significantly improved for all patients [21].
More recent studies that include several different modalities of
endoluminal ablation confirm improvements in QOL using
disease-specific quality of life tools when UGFS is employed
[22••, 23, 24••].

Radiofrequency Ablation

Endothelial damage caused by thermal energy is an effective
tool for closure of vessels, and applying this technology to the
treatment of CVD was a natural evolution. In radiofrequency
ablation (RFA), thermal energy is generated via a rapidly al-
ternating current transmitted through an electrode and applied
to the venous endothelium. RFA devices are introduced under
ultrasound guidance and placed just distal to the superficial
venous junction. First-generation devices relied on continuous
gradual withdrawal of the probe; more recently, fixed cycles
of energy delivery with staged withdrawal have been
employed. To provide anesthesia as well as to spare surround-
ing structures from thermal damage, a tumescent solution of
lidocaine and saline is administered into the tissue surround-
ing the vein. Initial trials comparing RFA to surgery showed
that it was clinically effective with durable GSV closure of

82–95% at least 2 years of follow up [24••, 25, 26]. Two
studies specifically evaluated patient pain in the first week
following the procedure and found a statistically significant
difference favoring RFA. Median time to resumption of nor-
mal activity was evaluated in two studies and found to be
significantly better for RFA (1–3 days) compared to surgery
(4–12.5 days) [25, 27] with an analogous benefit of shorter
post-procedural hospital stay noted in a third study [26]. The
impact on patient quality of life has been evaluated extensive-
ly as well, with a demonstrable benefit in all studies [25–27].
In two of the studies [25, 27], the disease-specific quality of
life benefit achieved with RFA was significantly more sub-
stantial than with surgery.

Endovenous Laser Ablation

Endovenous laser ablation (EVLA) is performed in a manner
similar to RFA. A catheter is placed under ultrasound guid-
ance and thermal energy is delivered to the vein endothelium.
Tumescent anesthesia is delivered under ultrasound guidance
to spare surrounding structures and several iterations of de-
vices (using different laser wavelengths) have been studied at
this time. A large-scale cohort study demonstrated durable
efficacy and tolerability, with 93% vein closure rates at 2 year
follow up [28]. Subsequent randomized controlled trials com-
paring EVLA to surgery showed similar clinical efficacy that
did not differ between groups [29, 30]. Both of these trials
showed significant improvement in disease-specific quality
of life with a trend towards EVLA over surgery that did not
reach statistical significance. A similar positive impact on
overall QOL was seen with both surgery and EVLA. A more
recent study comparing EVLA to surgery reported a signifi-
cantly decreased rate of recurrent reflux (clinically or
ultrasonographically) with EVLA relative to surgery and an
improvement in disease-specific quality of life when com-
pared to surgery.

Adhesive Therapy

The newest endoluminal treatment option to emerge is
catheter-based injection of an adhesive agent, cyanoacrylate
(CAE). Unlike EVLA and RFA, this procedure does not re-
quire tumescent anesthesia, potentially shortening procedure
times and leading to less significant ecchymosis and swelling
in the treated limb. A pilot study demonstrated efficacy and
tolerability with a 92% closure rate at 2 years of follow up,
comparable to other therapies using current technology. A
significant and substantial decrease in symptom burden
(VCSS) from baseline was detected as well (p < 0.001) [31].
A subsequent prospective trial evaluated perioperative func-
tional status and disease-specific quality of life. The median
time to resumption of normal activities was 2 days,
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comparable or superior to other endovenous therapies. At
3 months of follow up, the investigators reported 100% per-
sistent vein closure and significant improvements in both
physician-assessed symptom burden (VCSS) and patient-
documented disease-specific QOL (AVVQ) [32••]. A single
RCT (N = 222) comparing cyanoacrylate to RFA reported ini-
tial results of comparable efficacy at 3-month follow up with
99% closure rate for CAE and 96% for RFA. Patient-reported
pain scores were low and similar for both groups with a small
but statistically significant decrease in bruising noted after
CAE at 3 days post-intervention [33].

Discussion

Each of the minimally invasive endoluminal ablation thera-
pies have proven clinical efficacy and quality-of-life benefits
comparable (or superior) to surgery. The focus of research at
this time has shifted to monitoring long-term (> 5 years) du-
rability of therapy and comparing different treatment modali-
ties within the same trial.

A Scandinavian RCTenrolled 214 patients with symptomatic
C2-C4 disease and GSV reflux and randomized them to surgery,
EVLA or UGFS, with primary endpoints of disease-specific
quality of life and successful GSV closure [34]. At 1 year, they
found that surgery and EVLAwere equally effective, with a 97%
closure rate in both groups. UGFS was inferior to both of the
other treatments, with a closure rate of only 51% at 1 year
(p < 0.001). However, all three groups experienced a disease-
specific quality-of-life benefit (AVVQ) with no difference in
benefit between the groups. Time to return to work was also
measured and was significantly better for the UGFS group
(1 day) than for EVLA (8 days) and surgery (12 days)
(P < 0.001). Of note, six patients randomized to EVLA were
treated with surgery due to the preference of the operating sur-
geon but analyzed with intention-to-treat in the EVLA category.
Concurrent phlebectomies of residual varicose veins were per-
formed on patients receiving EVLA, perhaps accounting for the
delayed return to work relative to UGFS [34]. At 5 years of
follow up, the investigators reported a 96% closure rate (CI
91–100) for surgery, 89% (CI 82–98) for EVLA, and 51% (CI
38–64) after UGFS (p < 0.001). Of note, a significant number of
patients in the UGFS group had received additional therapy, and
the primary treatment was only successful in 21% of patients. A
minority (< 10%) of patients in the EVLA and surgery groups
required additional treatments for recanalization of the vein or the
development of new varicosities. There was a trend towards a
lower chance of requiring a repeat procedure favoring EVLA
compared to surgery, but it did not approach statistical signifi-
cance. The impact on disease-specific quality of life is not
discussed in detail in this publication, but it indicates that it
remained improved in all three groups without a statistically
significant difference [23].

A second study (MAGNA trial) of comparable size
(N = 224) also randomized symptomatic patients to
EVLA, UGFS, or surgery for treatment of the GSV with
5 year follow up available. The primary endpoint was
clinical success, defined by obliteration or absence of
the GSV. Secondary endpoints included disease-specific
quality of life and overall quality of life. They noted sim-
ilar but slightly lower rates of GSV closure of 85% (CI
75–92) for surgery, 77% (CI 66–86) for EVLA, and 25%
(CI 14–33) for UGFS. Although disease-specific quality
of life improved significantly in all groups from baseline,
it reached a plateau and then deteriorated slightly in the
UGFS group. Unlike in the previous study, this trend was
statistically significant, with a stronger benefit to EVLA
and surgery compared to UGFS. Overall health-related
quality of life improved in all three groups from baseline
[35••].

A third, larger (N = 798) study from the UK (CLASS trial)
randomized patients to EVLA, UGFS, or surgery for treat-
ment of the GSV, SSV, or both. In this trial, concurrent surgery
with phlebectomies was not performed on the EVLA patients;
instead, they received foam to residual varices after a delay.
The primary outcome analyzed was disease-specific quality of
life using the AVVQ as well as generic QOL scoring using the
EQ-5D. Secondary outcomes included clinical efficacy via
VCSS and duplex scanning, cost-efficacy, and resumption of
normal activities. Six-month data is currently available and
revealed anatomic failure rates of 5.8%, 10.2%, and 26.9%
for EVLA, surgery, and GFS, respectively (p < 0.001 for foam
vs. surgery and foam vs. EVLA, no difference between EVLA
and surgery). For the primary outcome of disease-specific
quality of life, there was a statistically significant improve-
ment in the AVVQ in all three treatment groups, without a
statistically significant difference between the three at both
6 weeks and 6 months. Overall quality of life scores improved
as well, with a greater improvement noted in the EVLA group
at 6 weeks (p = 0.004) that was no longer apparent relative to
the other two treatments at 6 months [35••].

Fewer trials comparing RFA to EVLA or UGFS have
been conducted, perhaps due to the rapid progression of
radiofrequency technology. One trial (CLOSURE trial)
enrolled 118 patients and randomized them to EVLA or
RFA. Twenty-four of the patients had bilateral disease and
were treated on one leg with RFA and one leg with
EVLA. Primary endpoints included closure on duplex ul-
trasound, CEAP class, and VCSS. Patient pain scores
were evaluated in the peri-procedural period. Disease-
specific quality of life was assessed (CIVIQ) for the pa-
tients with unilateral disease. At 1 week follow up, there
was a slightly higher rate of bruising associated with EVL
compared to RFA (p = 0.01). At 1 year, there was a slight-
ly higher rate of anatomic failure in the RFA group, but
disease-specific quality of life was significantly improved
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in both groups, with no difference between the two [36••].
A second RCT (RECOVERY study) of 69 patients using
the same two devices re-demonstrated the advantage of
RFA in the peri-procedural period, with a significant dif-
ference in pain scores favoring RFA that persisted up to
2 weeks post-procedure and a difference in ecchymoses
(again favoring RFA) that persisted through the entire 1-
month follow-up period. In addition, investigators noted a
significant difference in VCSS favoring RFA, although
this is likely attributable to decreased post-procedural
pain. Finally, both disease-specific and global QOL scores
favored RFA in the first month of follow up, after which
time they were improved for all patients and not statisti-
cally different between the groups [37]. One small cohort
study (LARA study) of 17 patients with bilateral GSV
disease treated one leg with EVLA and one leg with
RFA. The patients reported increased pain and bruising
in the EVLA-treated leg relative to the RFA leg on post-
operative days 2–11, with no difference in GSV occlusion
rates (95% for both groups) [38].

Only one trial is available comparing all three minimal-
ly invasive modalities. Five hundred patients were ran-
domized to surgery, EVLA, RFA, or UGFS. For all
groups, mini-phlebectomies of varicose veins were per-
formed concurrently. Clinical success with GSV closure
on ultrasound was the primary outcome. Post-operative
pain, VCSS, disease-specific quality of life, and resump-
tion of normal activity were secondary outcomes. In an
initial publication, failure rates at 1 year were 4%, 6%,
7%, and 20% for surgery, RFA, EVLA, and UGFS, re-
spectively (p < 0.001). Patients treated with RFA and
UGFS reported lower post-operative pain than those treat-
ed with surgery or EVLA (p < 0.001). The time to re-
sumption of normal activities was 1 day for RFA and
UGFS compared to 2 days for EVLA and 4 days for
surgery; again, this difference was statistically significant
for RFA and UGFS compared to surgery and EVLA
(p < 0.01). Disease-specific QOL, however, improved sig-
nificantly in all four groups at 1 year [22••]. At 3 years,
disease-specific QOL and VCSS were persistently im-
proved from baseline without a difference between all
groups but a significant minority of patients in all four
groups required retreatment—15.5%, 11%, 12.5%, and
31.6% for surgery, RFA, EVLA, and UGFS respectively
(p < 0.01 for UGFS vs. all other modalities) [39•]. More
recent data from this trial describe a 5-year failure rate of
6.3% for surgery, 5.8% for RFA, 6.8% for EVLA, and
31.5% for 377 UGFS (p < 0.001). Rates of clinical recur-
rence determined by recurrent varices were higher, with a
34% recurrence rate for surgery, 18.7% recurrence rate for
RFA, and 38.6% for UGFS. Quality of life was not
assessed in this publication. In this regard, in a recent
study involving 224 patients, EVLA and conventional

surgery were more effective than UGFS in obliterating
the GSV 5 years after intervention [40•].

Conclusion

Overall, the data suggest that both EVLA and RFA are well
tolerated and effective treatment options for lower-extremity
CVD leading to a significant decrease in symptom burden and
an improvement in both disease-specific and overall quality of
life. Both treatment options are associated with a decreased
time to resumption of normal activities relative to surgery,
usually 1–2 days. In several studies, the resumption of normal
activities was longer, but these all describe performing con-
current phlebectomies.

In our practice, we favor RFA given the decreased post-
procedural discomfort. In addition, we often chose to delay treat-
ment of varicosities to minimize risk of deep venous thrombosis
and because a substantial amount will improve or resolve follow-
ing definitive treatment of superficial reflux. We also favor
UGFS over stab phlebectomy for treatment of residual veins
wherever clinically appropriate. UGFS, although associated with
a low level of procedural discomfort and a rapid resumption of
normal activities, is associated with a significantly higher failure
rate relative to either other endoluminal therapy or to surgery. In
our practice, we reserve UGFS for patients with small but very
torturous veins, amenable to foam but precluding the safe utili-
zation of a catheter.

In many studies, anatomic failure did not immediately lead to
increased symptom burden and the disease-specific quality of life
benefits of all endoluminal therapy tended to persist even in
patients with recurrent reflux. It is possible that with longer fol-
low up after treatment failure, symptom burden would increase
and this benefit would no longer be apparent. The maturation of
data from previous trials may shed light on this issue.

Finally, rapid evolution of technology in the field, with
significant improvements in available EVLA and RFA de-
vices, limits application of older data to our current practice
and it is likely that efficacy with current models is higher than
seen in the literature. Continued research efforts comparing
current treatment options, including novel therapies such as
adhesive implants, will help define the optimal treatment of
symptomatic lower extremity venous disease.
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