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ABSTRACT

Background: Surgical techniques to address various components of chronic venous disease are rapidly evolving. Their
efficacy and generally good results in treating superficial venous reflux (SVR) have been documented and compared in
patients presenting with pain and swelling. A growing amount of literature is now available suggesting their efficacy in
patients with venous leg ulcer (VLU). This review attempts to summarize the efficacy and limitations of commmonly used
venous interventions in the treatment of SVR and incompetent perforator veins (IPVs) in patients with VLU.

Methods: A systematic review of the published literature was performed. Two different searches were conducted in
MEDLINE, Embase, and EBSCOhost to identify studies that examined the efficacy of SVR ablation and IPV ablation on
healing rate and recurrence rate of VLU.

Results: In the whole review, 1940 articles were screened. Of those, 45 were included in the SVR ablation review and 4 in
the IPV ablation review. Data were too heterogeneous to perform an adequate meta-analysis. The quality of evidence
assessed by the Grading of Recommendations Assessment, Development, and Evaluation for the two outcomes varied
from very low to moderate. Ulcer healing rate and recurrence rate were between 70% and 100% and 0% and 49% in the
SVR ablation review and between 59% and 93% and 4% and 33% in the IPV ablation review, respectively. To explain those
variable results, limitations such as inadequate diagnostic techniques, saphenous size, concomitant calf pump
dysfunction, and associated deep venous reflux are discussed.

Conclusions: Currently available minimally invasive technigues correct most venous pathologic processes in chronic
venous disease with a good sustainable healing rate. There are still specific diagnostic and efficacy limitations that mandate
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proper match of individual patients with the planned approach. (J Vasc Surg: Venous and Lym Dis 2018;6:376-98.)

Chronic venous disease (CVD) is a common medical
condition. Venous leg ulcer (VLU) is the most severe
clinical presentation of CVD. Active VLUs are present in
up to 0.5% of the adult Western population, whereas
healed VLUs are seen in 0.6% to 1.4%." In the United
States, >2 million adults have advanced CVD, and at
least 20,556 patients receive a new diagnosis of VLU
each year. Delay in ulcer healing and ulcer recurrence
are often seen and most often require prolonged
therapy.

The underlying pathologic process contributing to the
occurrence of CVD includes varying degrees of superficial
venous insufficiency, deep venous insufficiency, deep
venous obstruction, and calf muscle pump dysfunc-
tion.>> Both superficial reflux and deep reflux are
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common in patients with VLU. In 264 patients with
venous ulceration, the anatomic distribution of reflux
was noted as follows: deep venous reflux (DVR; 71%),
superficial venous reflux (SVR; 57%), and incompetent
perforator veins (IPVs; 17%).° Reflux in more than one
venous compartment is extremely common, occurring
in as many as two-thirds of patients with healed or
active ulceration.”” Isolated perforator insufficiency is
extremely rare as a basis of VLU; most are instead associ-
ated with reflux in other territories (secondary perforator
insufficiency).

In the last two decades, technology has rapidly evolved
from open to minimally invasive techniques to correct
these pathologic processes. All open and minimally inva-
sive techniques have shown good results in patients with
leg pain and swelling. Less well documented are their
efficacy and limitations in patients with VLU. A logical
algorithm as to how the various techniques should be
used, in what sequence and in what combinations, for
optimal results also has yet to be established. The
purpose of this article was first to summarize in a system-
atic review the efficacy of commonly used open and
minimally invasive techniques and then to highlight
their limitations. A stepwise approach combining those
techniques in the management of VLU is suggested on
the basis of our estimate of efficacy, limitations, and rela-
tive risk of the various techniques.
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Fig 1. Superficial venous reflux (SVR) ablation.

METHODS

A systematic review of the literature, adhering to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis recommendations, was performed.® The
aim of the study, eligibility criteria, and outcomes were
predefined. Two different searches were conducted to
identify studies that examined the efficacy of SVR abla-
tion and IPV ablation in patients with VLU.

Study eligibility

Type of studies. All observational studies and random-
ized controlled trials (RCTs) were eligible. Review articles
were searched to identify additional relevant publica-
tions. Articles not yet published were excluded. No
time limit was set for inclusion or exclusion. Despite
changing technology over time, effects of correcting spe-
cific disease (eg, superficial reflux) appear to be the same
as detailed herein regardless of specific technique used.

Type of patients. Participants of all ages with a healed
or active medial VLU (C5-C6) were included. A minimum
of 20 patients with Clinical, Etiology, Anatomy, and
Pathophysiology clinical class C5 to C6 score were
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required. The SVR ablation search included all tech-
nigues of great saphenous vein (GSV), small saphenous
vein (SSV), and varicose vein ablation. Studies with both
SVR ablation and IPV ablation were included in that
search. The IPV ablation search considered articles in
which [PV ablation was the only intervention, either
because no SVR was present or because SVR had been
previously ablated.

Outcomes. The primary outcomes were ulcer healing
and ulcer recurrence. Outcome measurement at
12 months or a mean follow-up of 12 months was
determined to be the minimal requirement to assess the
chosen outcomes.

Search strategy

An electronic search was conducted in January 2017. MED-
LINE, Embase, and EBSCOhost databases were searched
with English-language restraint and without publication
date limitation. The references of included studies and of rele-
vant review articles were manually searched for additional
publications. Key words used for each search are shown in
the Appendix (online only).
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Fig 2. Incompetent perforator vein (IPV) ablation. SVR, Superficial venous reflux.

Data extraction and analysis

All articles located with the search strategy were
screened by abstract and title by one author (M.LM).
The same author subsequently reviewed the selected
full article and discussed and confirmed the selection
and exclusion (and the reason) with S.R. and A.J., reach-
ing a consensus. References from selected articles were
then searched manually. If only an abstract had been
published, the study was excluded.

The following data were extracted in a predesigned
table: study design, inclusion/exclusion criteria, diag-
nostic criteria, age, sample size, etiology and pathophys-
iology of chronic venous insufficiency, ulcer time before
intervention, mean follow-up, intervention, outcomes,
and predictive factors.

Risk bias was assessed using the Cochrane Colla-
boration’s tool for assessing risk of bias.” The studies
were assessed for key bias: selection bias, per-
formance bias, detection bias, attrition bias, and
reporting bias. Biases were also evaluated at out-
come level with the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE)
assessment of evidence.®

RESULTS

Study selection

SVR ablation. The SVR ablation search strategy
yielded 1604 articles. Two articles were added from
references search. Once duplicates were removed,
1217 articles were reviewed for title and abstract.
Fifty-eight articles were selected for full-text reading:
of these, 45 were deemed eligible (Fig 1). Studies were
divided into four categories according to intervention
type: surgical ablation, foam sclerotherapy, endove-
nous laser ablation therapy (EVLT), and radiofrequency
ablation (RFA).

IPV ablation. The IPV ablation search strategy yielded
333 articles. After duplicates were removed, 219 articles
were reviewed for title and abstract. Fifteen articles
were selected for full-text reading:; of these, four met
the eligibility criteria (Fig 2).
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Study characteristics

Surgical ablation. Twenty-seven studies met the
inclusion criteria®>® Of these, two were long-term
publications of already included RCTs and were not
counted as additional articles. Five were RCTs and
20 were case series. Supplementary Table, online only
summarizes study characteristics.

Foam sclerotherapy ablation. Ten studies met the
inclusion criteria®*“* One was an RCT and nine were
case series. Table | summarizes study characteristics.

EVLT. Six studies met the inclusion criteria.“®>' One was
an RCT and five were case series. Table || summarizes
study characteristics.

RFA. Four studies met the inclusion criteria.>*>> Three
were case series and one was a retrospective cohort
study. Table Ill summarizes study characteristics.

IPV ablation. Four studies, all case series, met the inclu-
sion criteria. Table IV summarizes study characteristics.

Quality assessment of the studies

SVR ablation. The general quality of the included
studies, mostly case series, was weak. Figs 3 to 6 and
Table V summarize the bias assessment. Using the
GRADE approach, the quality of evidence was rated
moderate for surgical ablation, low for foam sclerother-
apy and EVLT, and very low for RFA; this was true for
outcomes of both ulcer healing and ulcer recurrence
(Table VI).

IPV ablation. The overall quality of the studies included
was weak. Fig 7 and Table V summarize the bias
assessment. Using the GRADE approach, the quality of
evidence was rated very low for outcomes of both ulcer
healing and ulcer recurrence (Table VI).

Efficacy

Surgical ablation. Surgical ablation vs compression.
In RCTs comparing surgical ablation with compression,
ulcer healing rates and recurrence were, respectively,
83% to 100% and 9% to 49% in the surgical group
and 73% to 96% and 23% to 94% in the compression
group.'??12526323435  The  Effect of Surgery and
Compression on Healing and Recurrence (ESCHAR)
trial, including 500 patients having either surgical
ablation of SVR and compression or compression alone,
showed no significant difference in ulcer healing rate
between groups (P = .73). The trial design did not
include surgery alone without compression as a test
group. A significantly higher ulcer-free time was seen in
the compression/surgery group compared with the
compression group (P = .007).>?® Recurrence rate was
significantly lower in the compression/surgery group,
and that effect persisted in the long-term (4 years) data
of the trial.?® Subgroup analysis showed that at both
12 months and 4 years, the recurrence rate was signifi-
cantly lower in the compression/surgery group in
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patients with isolated SVR or mixed SVR and segmental
DVR but not in patients with mixed SVR and total DVR.
van Gent et al** compared subfascial endoscopic
perforator surgery (SEPS) with or without surgical SVR
ablation with compression, and no significant differ-
ence in ulcer healing rate or recurrence rate was noted
between groups. However, these were both secondary
outcomes and might not have been adequately pow-
ered. Factors identified as negatively affecting ulcer
healing rate in both groups included a recurrent ul-
ceration, ulcer duration for >4 months, larger ulcer,
concomitant DVR, and history of deep venous throm-
bosis (DVT). First-time ulcers had significantly lower
recurrence rate than recurrent ulcer (P < .01). Ulcer-free
rate at mean follow-up was not significantly different
between groups and, unlike ulcer healing rate, was not
affected by the presence of concomitant DVR. However,
both recurrent ulceration and a medially located ul-
ceration were factors identified as positively affecting
the ulcer-free period in the surgical group compared
with the conservative group (P = .02). On a longer term
follow-up of 97 months, with only 41% of the patients
included in the analysis, ulcer-free rate was significantly
higher in the surgical group (58.9%) than in the con-
servative group (39.6%; P = .007).3° Ulcer recurrence rate
was also 49% for the surgical group and 94% for the
conservative group. Zamboni et al?' compared Cure
Conservatrice et Hémodynamique de Linsuffisance
Veineuse en Ambulatoire (CHIVA) technique (saphe-
nous-sparing intervention in which only incompetent
tributaries are ligated and varicosities are removed)
with compression and showed both significantly higher
ulcer healing rate (100% vs 96%; P < .02) and lower
recurrence rate (9% vs 38%; P < .05) in the surgical
group.

Surgical SVR ablation with or without IPV ablation.
Nelzén et al*? recruited only 75 of the 200 patients
originally planned in their RCT and were unable to show
any significant difference in terms of ulcer healing rate or
recurrence rate for surgical SVR ablation with or without
concomitant SEPS.

Other case series examining surgical ablation of SVR
with or without IPV ablation reported an ulcer healing
rate between 70% and 92%.01317:252427.28535 giza of the
ulcer was a factor associated with ulcer healing. Smaller
ulcers showed higher ulcer healing rate than medium-
sized and large ulcers in the case series of Bello et al®
(P < .005). Effect of SVR ablation on IPV was variable in
the included studies. Al-Mulhim et al** found that 74.5%
of IPVs seen preoperatively regained their competence
postoperatively; this was associated with a significant
diminution in their diameter after SVR ablation (P <
.001). On the contrary, Nelzén et al*’> found that only
19% of IPVs seen preoperatively in their SVR ablation
only group regained their competence postoperatively.
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Table I. Summary of the included studies—Superficial venous reflux (SVR) foam sclerotherapy
Study Study design Inclusion/exclusion Sample size Age, years
Darvall,*® 2009 Prospective Inclusion 27 patients Median, 69
consecutive o Cé 28 legs (54-79)
case series o SVR DVR +
Exclusion
o ABI <08
o Patient refusing to undergo UGFS
Pang.,”’ 2010 Consecutive Inclusion 130 patients Median, 70
case series o C5/C6 132 limbs (56-76)
o SVR 49 C5/83 C6
Exclusion DVR +
o ABI <08
o PTS, DVR, or obstruction
Dx
o Reflux >0.5 second
Figueiredo,*® Prospective Inclusion 35 patients 35-87
2012 case series o C6 35 limbs
Exclusion
o Severe systemic diseases
o Allergy to polidocanol
o DvVT
o ABI <08
Kulkarni,*® Case series Inclusion 186 patients -
2013 o C5 (healed in the last 6 months) 200 limbs
or C6 (>4 weeks) 163 C5/37 C6
o SVR DVR + Segmental
Exclusion
o ABI >0.85
o Total DVR
Williamsson,*© Case series Inclusion 3] patients Median, 77
2014 o Cé 32 limbs (39-94)
o Compression minimum of 3 months DVR —
Exclusion
o Allergy
o Tortuous vein
o ABI <08
o DVR
Dx
o Reflux >0.5 second
o Diameter >3 mm
Lloret*' 2015 Prospective Inclusion 180 patients Median, 65
consecutive o C6 >4 weeks DVR + (25-85)
case series o ABI >0.85
o SVR, DVR, or IPV
Exclusion
o Unable to give informed
consent
o Allergic response to
polidocanol
o Unable to walk a minimum
of 5 min/h/d
Dx

o Reflux >1 second for
truncal veins,
>0.5 second for IPV

AASV, Anterior accessory saphenous vein; ABI, ankle-brachial index; CVI, chronic venous insufficiency; DVR, deep venous reflux; DVT, deep venous
thrombosis; Dx, diagnosis; GSV, great saphenous vein; IPV, incompetent perforator vein; OR, odds ratio; PTS, post-thrombotic syndrome; RCT, ran-
domized controlled trial; SSV, small saphenous vein; UGFS, ultrasound-guided foam sclerotherapy.
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Table I. Continued.

Ulcer Mean
duration follow-up

16 months (12-

32)
18 years 56.5 months
(4-68)
7 months 30 months
(1-134) (17-40)

Intervention

UGFS of GSV and
varicose veins

UGFS of GSV, SSV,
AASV

GSV/SSV ligation
and UGFS

GSV or SSV UGFS

GSV or SSV
catheter-
directed foam
sclerotherapy

UGFS GSV +
perforators

Results

70% occlusion rate at
12 months
Ulcer healing rate
o0 96% at 6 months
Recurrence rate
o 7.4% at 12 months

92% occlusion rate

Ulcer healing 81% at
6 months

Recurrence rate at 2 years
4.9%

46% occlusion rate

Ulcer healing rate 75%

Mean ulcer-free time
48.73 months

92.5% occlusion rate

Cumulative rate of ulcer
healing at 1 year 91.2%

Cumulative recurrence rates
at 1 year and 4 years were
4.7% and 28.1%,
respectively

86% occlusion rate at 1 year

Total ulcer healing rate 70%

Recurrence rate at 1 year
6.5%

Ulcer healing rate 95.6%
Recurrence rates at 1, 2, and
3 years were 8.1%, 14.9%,
and 20.8%, respectively
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Predictive factors

Nonhealed ulcer
o Three developed arterial dis-
ease with an ABI <0.8
o One had a recanalized GSV
o One had a partly occluded
GSV
o One had a recanalized SSV

Identified factors of impaired

healing

o Chronicity >12 months (OR,
7.69)

o Area>6 cm? (OR, 4.24)

o Lipodermatosclerosis (OR,
12.22)

o History of three or more previ-
ous ulcers (OR, 5.57)
o History of DVT (OR, 6.18)

Identified factors associated with
higher recurrence rate
o Isolated perforator
incompetence
o History of venous surgery
(P=.03)
Larger and more chronic ulcers as
well as DVR were associated, but
not significantly, with the appear-
ance of recurrences
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Table I. Summary of the included studies—Superficial venous reflux (SVR) foam sclerotherapy
Study Study design Inclusion/exclusion Sample size Age, years
Campos,*? RCT Inclusion 56 patients Group 1:
2015 o Primary CVI 58 limbs 47 =10
o SVR C6 only Group 2:
o GSV diameter of 0.7-1.4 Group 1: surgery, 52 +5
o Active ulcer (maximum 5-cm diameter) 29 limbs
o ABI09-13 Group 2: UGFS, 29
Exclusion limbs
o History or DVT
o DVR
o Superficial thrombosis
o Diabetes
o Thrombophilia
o Pregnancy
o Allergy to polidocanol
Dx
o Reflux >0.5 second
Garcarek,* Case series Inclusion 35 patients Mean, 62
2015 o C6 related to SVR and IPV 38 limbs (34-77)
o Failed compression Group 1: 17 PTS
o Not candidate for surgery Group 2: 21 no PTS
Exclusion
o Obstruction of the deep veins or main su-
perficial veins
o Thrombophlebitis
o Following stripping procedure
o Allergy to contrast medium
Howard,** Consecutive Inclusion 92 patients Median, 74
2016 case series o Active or recently (within 6 months) healed 100 limbs (40-90)
ulcer 86 C5 /14 C6
o SVR DVR +
o ABI >0.85
Exclusion
o Deep venous occlusion
Dx
o Reflux >1 second
Grover,*® 2016 Retrospective Inclusion 54 patients Median, 68
review of o C6 > 4 weeks 57 limbs
prospective Exclusion DVR +
database

o Concurrent arterial disease

o Ulcers with alternative etiology

Recurrence rate was between 0% and 2296022428233
The lowest recurrence rate was found in studies with
outcome reported at 12 months, and the highest recur-
rence rate was found in studies with outcome reported
after follow-up of up to 6 years.>>?*** Magnusson et al*®
identified duration of ulcer disease at the index operation
as a factor predicting recurrence both preoperatively and
postoperatively (P = .0000). Axial reflux (P = .0033), high
postoperative ambulatory venous pressure (P = .0095),
and current time since index operation (P = .0161) were
identified as also predictive of ulcer recurrence. Isolated
residual reflux of superficial, deep, or mixed reflux was
not found to be significantly associated with ulcer
recurrence.

Conflicting results of IPV ablation with or without
surgical SVR ablation. Comparing modified Linton pro-
cedure with SEPS with or without surgical SVR ablation

in an RCT, Pierik et al'? did not show any difference in
ulcer healing rate or recurrence rate between the two
techniques. The effect of concomitant ablation of SVR
with IPV ablation was not reported it that publication.
The recruitment was stopped early after an interim
analysis that showed significantly more complications in
the modified Linton group compared with the SEPS
group.

Case series examining the effect of SEPS with or without
SVR ablation by means of stripping or ligation reported an
ulcer healing rate between 74% and 95% and recurrence
rate between 0% and 289 °2"1%161820222931 Data on the
effect of concomitant ablation of SVR with IPV ablation
are conflicting in the case series reported here. One regis-
try identified it as a factor predicting ulcer healing. More-
over, lafrati et al'® found the absence of concomitant GSV
stripping with SEPS to be associated with delayed ulcer
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Table I. Continued.

Ulcer
duration Mean follow-up Intervention
— 502 + 220 days GSV stripping,
phlebectomy,
perforator ligation
vs GSV UGFS
28 months — Fluoroscopy-guided
foam sclerotherapy
of IPV and
proximal GSV
5 months Up to 2 years GSV and tributaries
(2-36) UGFS
Median, 23 months (16-31) UGFS of GSV, SsV,
15 months AASV, four
(5 months- perforators
17 years)

healing. On the other hand, an added procedure to
SEPS was found to have no influence in the case se-
ries of Murray et al."® Other factors identified as associ-
ated with delayed healing or nonhealing of ulcer
included persistence of IPV (P = .004)," ulcer >2 cm
in diameter (P < .05), post-thrombotic etiology (P <
.05),"® previous limb trauma (P = .011)?* and age at
the time of the operation.?® Factors associated with
increased recurrence were SSV reflux,'® age, severe
edema,?® and post-thrombotic etiology.'*'° Case series
were unable to identify concomitant DVR as a factor
significantly associated with delayed ulcer healing or
recurrence rate. Only one case series reported 33% of
active ulcer in patients with residual DVR compared
with 13% in patients with only residual SVR after the
intervention.'®
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Results Predictive factors

Ulcer healing rate —
o 100% group 1
o 91.3% group 2
o (P=1.19)
The mean time to ulcer
healing was 37.1 +
22.1 days in the surgical
treatment group and 56.4
+ 394 days in the foam
sclerotherapy group
(P =.008)
Recurrence rate
o 6.9% group 1
o  4.3% group 2

New insufficient
superficial and
perforating veins
developed in all 10
patients with ulcer
recurrence

Ulcer healing rate 84%
o Group 1: 76.5%
o Group 2: 90.5%

Recurrence rate 26.3%
o Group 1: 35.3%
o Group 2:19%

Occlusion rate at 2 weeks of
99%, at 1 year of 50%

Ulcer healing rate 86% at
1year

Recurrence rates at 1 and
2 years of 2.3% and 5.1%

Despite recanalization
rate of 24%, ulcer
recurrence rates were
low, and
recanalization failed
to predict recurrence

90% truncal occlusion at —
2.7 months

Ulcer healing 88%

Recurrence was seen in 8%
at 12 months

Foam sclerotherapy for SVR ablation. One RCT look-
ing at ultrasound-guided foam sclerotherapy (UGFS) vs
surgical ablation was included and showed no significant
difference between groups in terms of ulcer healing (91%
vs 100%; P = 19) or ulcer recurrence (7% vs 4%).*> How-
ever, the time required for ulcer healing was shorter in the
surgical group than in the UGFS group (P = .008).

In the case series included, ulcer healing rate was be-
tween 70% and 96%. Occlusion rate was between 46%
and 92%.35414545 Factors identified as impairing healing
were chronicity for >12 months (odds ratio [OR], 7.69),
area >6 cm? (OR, 4.24), lipodermatosclerosis (OR, 1.22),
history of more than three previous ulcers (OR, 5.57),
and history of DVT (OR, 6.18).!

Recurrence rate was between 4% and 289765739 4143:45
In 2012, Lloret et al*' identified an isolated perforator
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Table Il. Summary of the included studies—Superficial venous reflux (SVR) endovenous laser ablation therapy (EVLT)

Study
Viarengo,*® 2007

Sharif,”” 2007

Rathod,*® 2010

Teo,*® 2010

Murli>° 2013

shi®' 2015

Study design
RCT

Prospective case
series

Prospective
consecutive
case series

Prospective
consecutive
case series

Case series

Retrospective
review of a
prospectively
maintained
database

Inclusion/exclusion

Inclusion
o C6
o Varicose veins
Exclusion
o Previous GSV ablation
o Acute DVT or superficial thrombophlebitis
o Occlusion of the femoral or iliac vein presenting with
PTS
Coagulation disorders
PAD
Degenerative systemic diseases
Pregnancy
o Unable to ambulate

O O O O

Inclusion
o C5-Cé6
o SVR
Exclusion
o ABI <08
o DVR
Dx
o Reflux >0.5 second
Inclusion
o Symptomatic varicose veins
o C2-Cé6
Dx

o Reflux >0.5 second
o IPV diameter >4 mm

Inclusion
o C5-Cé6

Exclusion
o Unable to ambulate
o DVT in the unilateral lower limb
o Women who were pregnant, nursing, or planning to
become pregnant

Inclusion
o C5-Cé
o SVR
Exclusion
o PAD
o Inability to ambulate
o DVT
o Poor health
o Pregnancy

o Torturous GSV

Inclusion
o C2-Cé6
o SVR and IPV = DVR
Exclusion
o Previous varicose vein surgery
o Vascular malformation
o PTS
o May-Thurner syndrome
o Venous obstructive disease
o ABI <09
oSSV reflux
o Nonmedial calf ulcers

o Reflux >0.5 second

Sample size

52 patients

Group 1:
compression, 25

Group 2: EVLT GSV,
Ssv, 27

20 patients
23 limbs
16 C5/7 C6
DVR —

72 patients
76 limbs
6 C5/20 C6

44 patients
44 limbs
DVR +

145 limbs
20 C5/125 C6

311 patients

376 limbs

Group 1:132 patients,
156 limbs; 30 C5/
43 C6

Group 2:179
patients, 220
limbs; 57 C5/49 C6

AASV, Anterior accessory saphenous vein; ABI, ankle-brachial index; DVR, deep venous reflux; DVT, deep venous thrombosis; Dx, diagnosis; GSV, great
saphenous vein; IPV, incompetent perforator vein; PAD, peripheral arterial disease; PTS, post-thrombotic syndrome; RCT, randomized controlled trial;
SSV, small saphenous vein.
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Table Il. Continued.

Age, years

Group T:
mean, 61

Group 2:
mean, 57

Mean, 59
(32-76)

4t

Mean, 63
(38-90)

54 (20-89)

Group 1: 61
(41-75)
Group 2: 58
(38-79)

Ulcer duration

31 months (6-95)

Mean
follow-up

36 months
(8-59)

Intervention

Compression vs EVLT
and compression

GSV EVLT

EVLT of GSV, SSV,
AASV * IPV

Mean GSV size
8.8 mm

GSV EVLT
Mean GSV size
9.9 mm

EVLT GSV or SSV =
1PV

Group 1
o GSV ligation
and EVLT
o IPV EVLT
Group 2
o GSV ligation
and EVLT

Results

Ulcer healing rate at
12 months
o 36% in group 1
o 81.5% in group 2
o (P=.0001)
Recurrence rate
O 44% in group 1
o 0% in group 2

90% occlusion rate at
12 months

Ulcer healing rate
100% at 12 months

Recurrence rate 4.5%
at 22 months

98.6% total occlusion
12 months

Ulcer healing rate
85% at 12 months

Cumulative healing
rate at 12 months
was 97.4%

Recurrence rate 11.4%
between 14 and
52 months after
EVLT

97.7% occlusion rate

Ulcer healing rate
89.8% at 2 years

Recurrence rate 10%
at 2 years

Ulcer healing rate at
12 months
o 93% group 1
o 89.8% group 2
o (P=.584)
Median ulcer healing
time
o 14 months
group 1
o 33 months
group 2
o (P=.001)
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Predictive factors

One patient had

recurrent ulceration
attributed to
significant calf
perforator
incompetence along
with recanalized GSV

Factor positively

affecting the ulcer
healing rate: ulcer
area <5 cm? vs ulcer
area >5cm? at

1 month (P = .008),
6 months (P = .009),
and 12 months (P =
.009)

Of the patients with

concomitant DVR,
91% demonstrated
ulcer healing within
3 months

Recurrence of venous

ulcers was not related
to the limbs with
incomplete
obliteration of GSV or
SSV
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Table Ill. Summary of the included studies—Superficial venous reflux (SVR) radiofrequency ablation (RFA)
Study Study design Inclusion/exclusion Sample size Age, years
Harlander- Consecutive case Inclusion 72 patients Mean, 71 (32-40)
Locke > series o No healing venous ulcer after conservative 88 limbs
2012 treatment for a minimum of 5 weeks—C6 10 VLU
Dx DVR +
o GSV or SSV or IPV reflux >1 second and Occlusion +
diameter >3 mm
o Large tributary veins with reflux >1 second
and diameter >3 mm extending directly
into the area of ulceration
Harlander- Case series Inclusion 21 patients Mean, 73 (45-93)
Locke,* o Progressive skin changes or malleolar pain 28 procedures
2012 after 3 months of compressive therapy—C5 DVR +
Dx No occlusion
o GSV or SSV or IPV reflux >1 second and
diameter >3 mm
o Large tributary veins with reflux >1 second
and diameter >3 mm extending directly
into the area of ulceration
Rueda>* Retrospective Inclusion 64 patients SEPS: mean, 59 (30-83)
2013 review of a o C5-Cé 26 C5/38 C6 RFA: mean, 60 (35-87)
prospectively Dx DVR +
maintained o Reflux >0.5 second or diameter >3.5 mm
database
Alden,*® 2013 Retrospective Inclusion 86 patients Group 1: mean, 67 (£14)
cohort study o C6 95 ulcers Group 2: mean, 71 years
o At least two visits with adequate data Group 1: (+13)
Dx intervention, 48
o Reflux >1 second Group 2: )
compression,
47
DVR + in group 2
only

DVR, Deep venous reflux; Dx, diagnosis; GSV, great saphenous vein; IPV, incompetent perforator vein; NS, not significant; SEPS, subfascial endoscopic
perforator surgery; SSV, small saphenous vein; VLU, venous leg ulcer; UGFS, ultrasound-guided foam sclerotherapy.

incompetence (P = .03) and a previous history of venous
surgery (P = .03) as factors associated with ulcer recur-
rence. Larger ulcer, chronic ulcer, and presence of
concomitant DVR were associated, but not significantly,
with recurrence. Association between recanalization
and ulcer recurrence was not significantly shown in any
included study. Moreover, Howard et al* found that
despite their high rate of recanalization (50%), ulcer
recurrence was low and recanalization failed to predict
recurrence.

EVLT. The only RCT included compared compression
with EVLT.*® At 12 months, ulcer healing rate was 82%
in the EVLT group compared with 36% in the compres-
sion group (P = .0001). Recurrence was 44% in the
compression group. In case series, with an occlusion rate
between 90% and 99%, the ulcer healing rate was

between 85% and 100%.*”>' Rathod et al*® identified an
ulcer area of <52 cm? as a positive factor for ulcer
healing. Teo et al*® found a 91% ulcer healing rate in their
patients with concomitant untreated DVR. Recurrence
rates from 4% to 119% were reported in case series. In their
publication examining 145 C5 to C6 limbs, Murli et al*°
found no relation between ulcer recurrence and
incomplete obliteration of GSV or SSV.

RFA. In examining C6 patients, with a mean follow-up
of 12 months, Harlander-Locke et al®® reported an oc-
clusion rate of 100%, an ulcer healing rate of 76%, and a
recurrence rate of 7%. In another of their publications
examining C5 patients, they reported an occlusion rate of
96% and a recurrence rate of 5% at 12 and 18 months.?
Rueda et al** reviewed their case series of C5 and C6 pa-
tients treated by RFA and compared them with their
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Table Illl. Continued.

Ulcer Mean
duration follow-up Intervention
71 months 12 RFA
(2-432) 1.25 months o SVR ablation first
o IPV ablation if nonheal-
ing at 4 weeks
Mean GSV size 7.4 mm
— 25 months RFA
(18-51) o SVR ablation first
o IPV ablation if nonheal-
ing at 3 months
Mean GSV size 6.9 mm
— 37 months SEPS and GSV ablation or
RFA IPV and RFA GSV
Compression
Group 1: — Compression vs compression
mean, and SVR ablation (RFA,
15 weeks stripping, ligation) = UGFS
Group 2: of IPV a second time
mean,
12 weeks

historical cohort of patients treated with surgical ablation.
At a mean follow-up of 37 months, ulcer healing rates of
surgical ablation and RFA groups were 88% and 100%,
respectively (P = NS), and the recurrence rates were 17%
and 23% (P= NS). Alden et al,>® in their retrospective cohort
study, reported faster ulcer healing (P = .001) and fewer
recurrences (27% vs 49%; P < .015) in the compression/RFA
compared with the compression group. Intervention was
the strongest determinant of healing (P =.0003).

IPV ablation alone. In studies in which IPV ablation
was the only intervention performed, healing rates
ranged from 59% to 93%. The lowest ulcer healing rates
were reported in UGFS studies. Kiguchi et al>” using
UGFS, obtained an IPV closure rate of 54% and an ulcer
healing rate of 59%. The use of warfarin (P = .01) and
male gender (P = .03) were factors negatively affecting

Results Predictive factors

100% occlusion rate —
Ulcer healing rate 76.3%
Recurrence rate 7.1%

96.4% occlusion rate —
Ulcer recurrence rates

o 0% at 6 months

o 4.8% at 12 and 18 months

Ulcer healing rate —
o 88% SEPS
o 100% RFA IPV
o (P=NS)
Ulcer recurrence rate
o 17% SEPS
o 23% RFAIPV
o (P=NS)
Ulcer healing rate
o Faster in the intervention
group compared with
compression group (10% vs 4%
per week; P =.001)

Use of intervention
was the strongest
determinant of
healing (P = .003)

Recurrence rate
o Fewer recurrences at 1-year
follow-up in the intervention
group compared with the
compression group (27.1% vs
489 %; P < .015)

IPV thrombosis. Masuda et al®® obtained a 98% IPV
closure at the time of treatment and a 68% ulcer
healing rate with only one UGFS treatment. In the study
of Lawrence et al®® using RFA, IPV closure rate was 58%
after one treatment and 71% after a second treatment.
No ulcer healed without at least one perforator being
closed, and an ulcer healing rate of 90% was obtained
in patients with at least one successful perforator
ablation. In the study of Wolters et al® using SEPS, no
residual IPV was demonstrated at 1 month after sur-
gery. An ulcer healing rate of 93% was reported at
3 months.

Recurrence rate was separately reported in three
studies.>**®°° The recurrence rates ranged from 4% to
33%. The lowest recurrence rate was reported at the
shortest follow-up of 13 months.>® In their study, Masuda
et al*® reported that the recurrence rate dropped from
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Table IV. Summary of the included studies—Incompetent perforator vein (/PV) ablation
Ulcer
Study Study design Inclusion/exclusion Sample size Age, years duration
Wolters,*® 1996 Prospective case Inclusion 27 patients Median, 58 Mean, 8 *13
series o Co (36-67) months
o IPV without truncal or collateral
varicosity
Kiguchi®” 2014 Retrospective Inclusion 62 patients Mean, 57 Mean, 28
case series o Persistent ulceration and r 73 VLU (22-85) months
efluxing perforators >3.5 mm Etiology: 36% PTS
after saphenous ablation DVR +
Lawrence,*® Retrospective Inclusion 45 patients Mean, 74 Mean, 93
2001 case series o Nonhealing VLU of >3 months or after SVR 75 VLU (35-93) months
ablation 31% PTS
o No SVR DVR +
o PAD not excluded
Dx
o Reflux >1 second
o Diameter >3 mm
Masuda,*? 2006 Case series Inclusion 68 patients Mean, 62 —
o Presence of IPV without axial reflux in the saphe- 80 limbs (31-90)
nous or deep venous systems 1C5/37 C6
o |If axial reflux present, patient not a surgical DVR +

candidate
Exclusion

o Any venous surgery 2 years preceding UGFS

Dx
o Reflux >0.5 second

DVR, Deep venous reflux; Dx, diagnosis; NA, not available; OR, odds ratio; PAD, peripheral arterial disease; PTS, post-thrombotic syndrome; SEPS,
subfascial endoscopic perforator surgery; VLUs, venous leg ulcer; UGFS, ultrasound-guided foam sclerotherapy.

33% to 14% after a second UGFS treatment. That same
study showed a significant relation between ulcer recur-
rence and recurrent perforators (OR, 6.2; P = .014) and
post-thrombotic syndrome (OR, 4.4; P = .036). Kiguchi
et al®” reported a recurrence or nonhealing rate of 41%.
Increased age (P = .05) was identified as a predictor of
decreased ulcer recurrence, whereas hypertension
(P=.04) and increased follow-up time (P =.02) were pre-
dictors of increased ulcer recurrence. Wolters et al® re-
ported a cumulative recurrence-free rate of 77% at
24 months.

Table VIl summarizes factors associated with ulcer heal-
ing or ulcer recurrence identified in the systematic re-
view of the literature.

Limitations of techniques in use

Quantification of reflux. To explain these variable re-
sults, many limitations must be borne in mind and dis-
cussed. First, duplex ultrasound is often the only

diagnostic tool used in most centers for CVD assessment.
The Society for Vascular Surgery guidelines suggest that
a reflux duration of 0.5 second or more in the GSV is clin-
ically significant. This qualitative measurement does not
provide information as to whether reflux is quantitatively
severe. This can be determined by measuring the velocity
of reflux, its duration, and the size of the vein.?®®' None of
the studies included in our review defined a diameter
criterion for SVR. Raju et al® showed that small-caliber
saphenous veins, <55 mm, were invariably associated
with trivial reflux and that their ablation was likely to be
ineffective. Navarro et al®® also showed that the GSV
must be larger than 55 mm to harbor significant reflux.
Consequently, saphenous vein ablation may not be
effective because of small size but also because of
technical failure in tortuous or very large saphenous veins
or because of certain hemodynamic features. Large-
caliber saphenous veins may not be easily ablated by
thermal techniques, requiring special technical
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Fig 4. Risk of bias summary—foam sclerotherapy; green is
low risk, red is high risk, and yellow is unclear risk.

of the included studies. Calf pump dysfunction in and of
itself without saphenous reflux can lead to microvas-
cular hypertension.®' It is widely present in the CVD
population, and such abnormalities often precede the
onset of reflux and advanced skin changes.®"®* Onset of
reflux places additional stress on the calf pump. An
undamaged calf pump can compensate for the addi-
tional load of saphenous reflux. A quantitative reflux of
>30 mL has been suggested as a threshold that reflux
must overpower to decompensate calf ejection
(=70 mL).°' This is a useful threshold as even some large
saphenous veins may harbor trivial reflux. The calf pump
compensates for this reflux by increasing capacitance,
compliance, ejection fraction, or a combination; so the
ejection fraction appears to be a prime compensatory
mechanism and is invariably compromised in advanced
CVD.5"%*®> |n a hemodynamic study of saphenous
reflux, AVP was maintained at normal levels by calf
pump compensatory mechanisms in 12% of 119 limbs
despite significant volumetric reflux.?’ Presumably,
saphenous ablation would have yielded no clinical
benefit in those patients with adequate calf pump
compensation for the added reflux, although when calf
pump is already significantly damaged, saphenous
ablation may also be ineffective. This is particularly true

Fig 5. Risk of bias summary—endovenous laser ablation
therapy (EVLT); greenis low risk, red is high risk, and yellow
is unclear risk.
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Fig 6. Risk of bias summary—radiofrequency ablation
(RFA); green is low risk, red is high risk, and yellow is un-
clear risk.

when the saphenous reflux is trivial, the main problem
being the calf pump dysfunction.t"%*

Concomitant DVR. Moreover, regardless of the pres-
ence of superficial and perforator reflux, the presence
of deep reflux has been associated with slower healing
of venous ulceration>®® Inclusion, exclusion, or even
reporting of the presence of patients with concomitant
DVR was variable in the studies included in this sys-
tematic review. Saphenous ablation may be less effective
in ulcer healing and prevention of ulcer recurrence when
there is associated DVR.?>?5°78 This is because deep
reflux, particularly axial reflux (vs segmental reflux),
dwarfs superficial reflux in quantity and impact on
venous hypertension such that saphenous ablation does
not lead to measurable improvement.®® There have been
attempts to differentially measure superficial and deep
reflux by occluding the saphenous vein with a tourni-
quet. Recent work has shown that a tourniquet com-
presses not only superficial but also deep veins, negating
the basic premise of this technique.’° For the same
reason, Perthes test, an old-time tourniquet technique
used to detect concomitant deep venous obstruction, is
no longer used. Digital compression of the incompetent
saphenous vein is more selective but is limited in prac-
tical use because it is difficult to make ambulatory
pressure or plethysmographic measurements with
probe compression. Marston et al”' have suggested a
method of selection of patients for superficial ablation in
cases of combined superficial and deep reflux. In 75
limbs (25% C5-C6), significant clinical and hemodynamic
(air plethysmography) improvement was noticed when
deep reflux had a maximum reflux velocity of 10 cm/s or
less. The authors suggested that superficial ablation may
be worthwhile when deep reflux is below this threshold,
especially when associated DVR is segmental and is
confined to the root segment at the origin of SVR (ie,
femoral or popliteal in cases of GSV or SSV, respectively).
This is in line with the observation of Ting et al.*° which
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Table V. Bias assessment
Bias
SVR ablation—Surgical

Random sequence generation (selection
bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection
bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

SVR ablation—Foam sclerotherapy

Random sequence generation (selection
bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection
bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

SVR ablation—EVLT

Random sequence generation (selection
bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection
bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
SVR ablation—RFA

Random sequence generation (selection
bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection
bias)

Comments

Two RCTs did not provide enough information on random sequence generation or
allocation concealment.'***

Two RCTs did not provide enough information on random sequence generation or
allocation concealment.?**¢3”

Blinding of participants in only one RCT**
No blinding

Lost to follow-up from 0% to 28%, seven studies did not comment on lost to
follow-up,'671820252629 gnd one was unable to quantify lost to follow-up.?” One
case series was only an analysis of a subgroup of 72 of their 213 patients.'”

Sixteen studies are retrospective without predefined outcomes. One of the
prospective case series did not mention predefined outcomes.

Two RCTs were significantly underpowered: one stopped recruitment after security
interim analysis and the other did not meet the recruitment target."*** Long-term
publication of one RCT included only patients who agreed to come for a follow-up
visit (volunteering bias), which was 47% of the initial cohort.*” Two case series relied
only on telephone interview (information bias) to assess long-term outcome.'®*°
The control group of a prospective cohort study consisted of patients who refused
surgery, which might generate a volunteering bias."”

One RCT included insufficient data on random sequence generation.**

One RCT included insufficient data on allocation concealment.
One RCT included no blinding.

One RCT included no blinding.

49 to 119 of lost to follow-up; three studies did not mention lost to follow-up.**“>*”

Three prospective studies®®“°“* and one RCT with predefined outcomes,* six
retrospective studies without predefined outcomes>®4142454746

In the only RCT, 21% of the sclerotherapy group did not receive sclerotherapy and
were not considered in the analysis.

One RCT included insufficient data on random sequence generation.*®

One RCT included insufficient data on allocation concealment.
One RCT included no blinding.

One RCT included no blinding.

0%-6% lost to follow-up; two studies did not mention lost to follow-up.>">?

“951 and one RCT with predefined outcomes*® two
52,53

Three prospective studies
retrospectives studies without predefined outcomes

All the studies were case series.

All the studies were case series.

All the studies were case series.
All the studies were case series.

(Continued on next page)
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Table V. Continued.

Bias
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias

IPV ablation

Random sequence generation (selection
bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection
bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Journal of Vascular Surgery: Venous and Lymphatic Disorders
May 2018

Comments
0%-6% lost to follow-up; two studies did not mention lost to follow-up.*®*’

All were retrospective studies with no predefined outcomes.

All the studies were case series; none was consecutive case series.

All the studies were case series.

All the studies were case series.
All the studies were case series.

Insufficient data on lost to follow-up. One case series had 16% of lost to follow-up in
the whole group for duplex ultrasound study, but no information on the rate of
lost to clinical follow-up in the C5-C6 subgroup was available.*®

All the studies were case series with no predefined outcome. One was prospective,

but predefined outcomes were not clear.”'

Other bias —

EVLT, Endovenous laser ablation therapy; /PV, incompetent perforator vein; RCTs, randomized controlled trials; RFA, radiofrequency ablation; SVR,

superficial venous reflux.

showed that common femoral vein incompetence
decreased from 68% to 32% and the proportion of limlbs
with DVR at more than one site decreased from 42% to
12% at 1 year after ablation of IPV with or without SVR
ablation. Saphenous ablation would abolish associated
DVR in some patients, presumably by eliminating
saphenous reflux load into the deep system. It has been
suggested that this leads to less dilation of the deep
veins and restoration of valve competence.”>”* Several
reports suggest that ulcer healing or hemodynamic
improvement after superficial venous ablations is more
likely when the associated deep reflux is segmental and
not axial.?%>?%%%7> Adam et al*® reported that 49% of
segmental DVR had resolved 3 months after SVR abla-
tion in their case series. It therefore appears reasonable
to consider saphenous ablation, provided quantitative
reflux in the saphenous vein is significant and the asso-
ciated DVR is only segmental.

Long-standing dogma teaches that saphenous ablation
is contraindicated in the presence of deep venous occlu-
sion to avoid eliminating its collateral role. This notion
has proved false in several series showing successful
outcome without adverse clinical and hemodynamic
sequelae.”®””

Impact of IPV ablation. For IPV diagnosis, laboratory
testing is also usually limited to duplex ultrasound exam-
ination. The current guidelines recommend ablation of
IPVs located under the bed of an ulcer when they
are larger than 35 mm and have a reflux duration
of >0.5 second.”® Although useful in avoiding unwar-
ranted interruption of small perforators with trivial reflux,

this criterion is qualitative and yields little further func-
tional information. Superficial pressure measurements
near the entry point of the incompetent perforator have
not been shown to be elevated.”® Moreover, no hemo-
dynamic improvement has been demonstrated after
ligation of IPV. Diminution in shear stress in the adjacent
veins could explain clinical improvement. Virtually no
study has been done to identify, measure, and assess the
effect of shear stress in veins.

SEPS has eliminated the high incidence of wound
complications after prior open technique, and it can be
performed on an outpatient basis.'”” Questions of specific
efficacy remain because it is often carried out in combi-
nation with superficial saphenous ablations, thus con-
founding analysis.”® Indeed, only one study looking at
SEPS as an isolated procedure could be included in
that review.>® Furthermore, GSV ablation alone can
reduce the size and number of perforators as reported
in the previous section.2%®'

Meanwhile, minimally invasive techniques to ablate
identified perforators selectively have evolved. These
techniques include perforator ligation through mini-
incisions, laser ablation, or RFA and sclerotherapy. As
shown in the included studies, the ulcer healing rate
with the local approach appears to vary with the tech-
nigques used and the rate of IPV closure obtained. This
has been confirmed by Hager et al.?? who studied the
closure rate of 296 local perforator interruption proced-
ures using a variety of modalities in 112 patients. Perfo-
rator closure rates were significantly better (72% vs
57%) with radiofrequency than with sclerotherapy. The
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Table VI. Grading of Recommendations Assessment, Development, and Evaluation (GRADE) assessment of the evidence

Relative effect

Outcomes (95% ClI) No. of events

SVR ablation—
Surgical

Ulcer healing Not estimable 3466 patients or

limbs treated

Ulcer recurrence Not estimable 3319 patients or

limbs treated

SVR ablation—
Foam therapy
Ulcer healing Not estimable 826 patients OO0 Low
treated
Ulcer recurrence Not estimable 791 patients S D06 Low
treated
SVR ablation—EVLT
Ulcer healing Not estimable 644 patients or DO O Low
limbs treated
Ulcer recurrence Not estimable 261 patients or S D06 Low

limbs treated
SVR ablation—RFA

Ulcer healing Not estimable 222 patients

treated

Ulcer recurrence Not estimable 243 patients

treated
IPV ablation

Ulcer healing Not estimable 202 patients

Ulcer recurrence Not estimable 140 patients

Quality of
evidence (GRADE)

@ ® ® © Moderate

@ ® ® © Moderate

® o606 Very low

®©© 06 Very low

® o © 6 Very low

® o oo Very low

Comments

o Five RCTs were without adequate blinding."*#*%7282%37 Two did
not provide enough information on random sequence
generation'“** and two on allocation concealment.?"???* Two
were significantly underpowered: one stopped recruitment after
security interim analysis'* and the other did not meet the
recruitment target.>* Long-term publication of one RCT included
only patients who agreed to come for a follow-up visit
(volunteering bias), which was 47% of the initial cohort.*”

o Lost to follow-up from 0% to 28%. Seven studies did not
comment on lost to follow-up,'©'829252529 gand one was unable
to quantify lost to follow-up.?®

o One case series analyzed only a subgroup of 72 of their 213
patients.”?

o Two case series relied only on telephone interview to assess long-
term outcome, which might generate an information bias.'®*°

o The control group of a prospective cohort study was formed of
patients who refused surgery, which might generate a volun-
teering bias. Moreover, groups were not compared for all factors
that could affect the outcome.””

o One RCT included not enough data on random sequence
generation and allocation concealment; no blinding; 21% of the
sclerotherapy group did not receive sclerotherapy and were not
considered in the analysis; small sample size.**

o 4% to 11% lost to follow-up: three studies did not comment on
follow-up.**4>47

o Only one RCT with not enough data on random sequence
generation and allocation concealment and no blinding“®

o No RCT; retrospective case series only
o O0%-6% lost to follow-up; two studies did not mention lost to
follow-up°®°”

o All studies were case series, none was consecutive.
o Not enough information on lost to follow-up

Cl, Confidence interval; EVLT, endovenous laser ablation therapy: IPV, incompetent perforator vein; RCTs, randomized controlled trials; RFA, radio-

frequency ablation; SVR, superficial venous reflux.

main limitation of sclerotherapy appears to be the need
for repeated sessions in some patients for technical suc-
cess and clinical efficacy. Kiguchi et al®’ then demon-
strated in their study the clinical impact of IPV closure
rate by showing that a significantly higher rate of IPV
thrombosis was present in patients with healed ulcer
compared with patients whose ulcers did not heal
(69% vs 38%; P < .001). Moreover, they identified

complete IPV thrombosis as a positive factor for ulcer
healing (P = .02). Also, recurrence of closed IPV has
been associated with ulcer recurrence (OR, 6.2; P =
014).°°

DISCUSSION
Study limitations. A systematic review can be a powerful
tool when there is substantial congruity of study
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Fig 7. Risk of bias summary—incompetent perforator vein
(IPV) ablation; green is low risk, red is high risk, and yellow
is unclear risk.

population, disease, and methods. CVD is multivarious
pathologic processes, and the techniques discussed
here are applicable only when specific disease is present.
Furthermore, severity metrics is largely qualitative, not

Table VII. Summary of factors associated with ulcer
healing or recurrence

Factors associated with delayed ulcer healing
Recurrent ulcer®
Larger ulcer®
Chronicity of ulcer before intervention®
Concomitant DVR
History of DVT?®
Persistent IPV (conflictual)
Age
Absence of SVR ablation with IPV ablation (conflictual)
Previous limb trauma
Lipodermatosclerosis
Factors associated with increased recurrence rate
Total DVR compared with segmental DVR
Recurrent ulcer
Chronicity of ulcer before intervention
History of DVT
Persistently elevated ambulatory venous pressure
Untreated SSV reflux
Time since intervention
Age
Severe edema
Persistence of axial reflux
Isolated perforator incompetence
Previous history of surgery

DVR, Deep venous reflux; DVT, deep venous thrombosis; IPV, incom-
petent perforator vein; SSV, small saphenous vein; SVR, superficial
venous reflux.

®Factors reported both in randomized controlled trials and in case
series.
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Chronic venous disease

Compression

Duplex
Ambulatory venous pressure
Air plethysmography

SVR + No SVR
GSV>5.5mm
GSV<5.5mm
Trivial reflux
Substantial calf pump dysfunction
SVR ablation
Ulcer healed Ulcer unhealed

IVUS examination + stent

IPV>3.5 mm
Reflux time > 0.5 sec

IPV <3.5mm
Reflux time < 0.5 sec

IPV ablation

Ulcer unhealed

Fig 8. Algorithm. GSV, Great saphenous vein; IPV, incom-
petent perforator vein; IVUS, intravascular ultrasound; SVR,
superficial venous reflux.

quantitative. This limits the usefulness of meta-analysis,
which we elected not to do. Whereas risk of bias can be
weighted by the Cochrane method, inter-rater agreement
of study quality can vary. Instruments such as Jadad and
Schulze scores to assess trial quality have not diminished
this problem.®*#* We have chosen to use the Guyatt sys-
tem to estimate study quality because it can be used in
case series and RCTs. Most studies included here were
estimated to be medium or low quality.

Recommended approach. Overall, good sustainable
healing rates have been reported with various open or
minimally invasive techniques, including saphenous
ablation and perforator ablation. Since partial correction
of complex multilevel disease can provide substantial
and durable ulcer healing, a stepwise approach (Fig 8)
to venous disease may be adopted.®> Because of both
procedural ease and lack of deleterious complications,
we believe adding saphenous vein ablation to
compression in the presence of SVR in VLU patients is an
ideal place to start. However, saphenous ablation is
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unlikely to be effective in certain subsets, such as when
the saphenous vein is small, the reflux is trivial, or there is
substantial calf pump dysfunction. Identification of these
requires quantification of saphenous reflux and func-
tional tests such as air plethysmography and AVP mea-
surement. Significant leg swelling, pain disproportionate
to reflux, presence of deep reflux only, and persistent
ulcer despite saphenous ablation are good indicators to
pursue intravascular ultrasound and possible iliac vein
stents. Local perforator treatment is a salvage procedure
in those patients whose ulcers remain recalcitrant
despite adequate treatment of superficial reflux and
deep obstruction if present. Continuous monitoring in
this subset is required, and repeated perforator ablations
are often necessary in addition to compliant compres-
sion therapy.

CONCLUSIONS

Compression is the first-line treatment of venous ulcer
disease; about 50% will fail to heal or recur because of inef-
ficacy of or inability or unwillingness to use compression.
Correction of underlying venous disease in these patients
is the next step; it has fundamental appeal on its own as
it is specific and not empirical like compression. Currently
available minimally invasive techniques correct most
venous pathologic processes in CVD with a good sustain-
able healing rate. Based on our experience, we discussed
a stepwise approach. There are, however, diagnostic and
treatment efficacy limitations that require proper match
of the individual patient with the planned approach.

AUTHOR CONTRIBUTIONS
Conception and design: MM, AJ, SR
Analysis and interpretation: MM, AJ, SR
Data collection: MM, AJ, SR

Writing the article: MM, AJ, SR

Critical revision of the article: MM, AJ, SR
Final approval of the article: MM, AJ, SR
Statistical analysis: MM, AJ, SR

Obtained funding: MM, AJ, SR

Overall responsibility: SR

REFERENCES

1. Gloviczki P, Comerota AJ, Dalsing MC, Eklof BG, Gillespie DL,
Gloviczki ML, et al. The care of patients with varicose veins
and associated chronic venous diseases: clinical practice
guidelines of the Society for Vascular Surgery and the
American Venous Forum. J Vasc Surg 2011;53(Suppl):2S-48S.

2. Labropoulos N, Patel PJ, Tiongson JE, Pryor L, Leon LR,
Tassiopoulos AK. Patterns of venous reflux and obstruction
in patients with skin damage due to chronic venous disease.
Vasc Endovascular Surg 2007:41:33-40.

10.

12.

14.

15.

17.

. Labropoulos

Montminy et al 395

. Negléen P, Raju S. A rational approach to detection of sig-

nificant reflux with duplex Doppler scanning and air pleth-
ysmography. J Vasc Surg 1993;17:590-5.

N, Delis K, Nicolaides AN, Leon M,
Ramaswami G. The role of the distribution and anatomic
extent of reflux in the development of signs and symp-
toms in chronic venous insufficiency. J Vasc Surg 1996;23:
504-10.

. Marston WA, Carlin RE, Passman MA, Farber MA, Keagy BA.

Healing rates and cost efficacy of outpatient compression
treatment for leg ulcers associated with venous insuffi-
ciency. J Vasc Surg 1999;30:491-8.

. Moher D, Liberati A, Tetzlaff 3, Altman DG; PRISMA Group.

Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med 2009;151:
264-9, W64,

. Higgins JP, Altman DG, Gg¢tzsche PC, Juni P, Moher D,

Oxman AD, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ 2011;343:
d5928.

. Schunemann HJ, Oxman AD, Brozek J, Glasziou P, Bossuyt P,

Chang S, et al. GRADE: assessing the quality of evidence for
diagnostic recommendations. Evid Based Med 2008:13:
162-3.

. Cikrit DF, Nichols WK, Silver D. Surgical management of re-

fractory venous stasis ulceration. J Vasc Surg 1988;7:473-8.
Darke SG, Penfold C. Venous ulceration and saphenous
ligation. Eur J Vasc Surg 1992;6:4-9.

. Pierik EG, van Urk H, Wittens CH. Efficacy of subfascial

endoscopy in eradicating perforating veins of the lower leg
and its relation with venous ulcer healing. J Vasc Surg
1997;26:255-9.

Pierik EG, van Urk H, Hop WC, Wittens CH. Endoscopic versus
open subfascial division of incompetent perforating veins in
the treatment of venous leg ulceration: a randomized trial.
J Vasc Surg 1997;26:1049-54.

. Bello M, Scriven M, Hartshorne T, Bell PR, Naylor AR,

London N3J, et al. Role of superficial venous surgery in
the treatment of venous ulceration. Br J Surg 1999;86:
755-9.

Gloviczki P, Bergan JJ, Rhodes JM, Canton LG, Harmsen S,
lIstrup DM, et al. Mid-term results of endoscopic perforator
vein interruption for chronic venous insufficiency: lessons
learned from the North American Subfascial Endoscopic
Perforator Surgery registry. The North American Study
Group. J Vasc Surg 1999;29:489-502.

Murray JD, Bergan JJ, Riffenburgh RH. Development of
open-scope subfascial perforating vein surgery: lessons
learned from the first 67 cases. Ann Vasc Surg 1999;13:372-7.

. Nelzén O. Prospective study of safety, patient satisfac-

tion and leg ulcer healing following saphenous and
subfascial endoscopic perforator surgery. Br J Surg
2000:87:86-91.

Barwell JR, Taylor M, Deacon J, Ghauri AS, Wakely C,
Phillips LK, et al. Surgical correction of isolated superficial
venous reflux reduces long-term recurrence rate in
chronic venous leg ulcers. Eur J Vasc Endovasc Surg
2000:20:363-8.

. lafrati MD, Pare GJ, O'Donnell TF, Estes J. Is the nihilistic

approach to surgical reduction of superficial and perforator
vein incompetence for venous ulcer justified? J Vasc Surg
2002:36:1167-74.


http://refhub.elsevier.com/S2213-333X(17)30520-6/sref1
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref1
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref1
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref1
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref1
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref2
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref2
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref2
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref2
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref3
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref3
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref3
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref4
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref4
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref4
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref4
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref4
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref5
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref5
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref5
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref5
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref6
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref6
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref6
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref6
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref7
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref7
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref7
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref7
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref8
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref8
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref8
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref8
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref9
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref9
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref10
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref10
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref11
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref11
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref11
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref11
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref12
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref12
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref12
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref12
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref13
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref13
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref13
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref13
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref14
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref15
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref15
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref15
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref16
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref16
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref16
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref16
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref17
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref17
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref17
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref17
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref17
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref18
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref18
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref18
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref18

396

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

. Kalra M, Cloviczki

Montminy et al

P, Noel AA, Rooke TW, Lewis BD,
Jenkins GD, et al. Subfascial endoscopic perforator vein sur-
gery in patients with post-thrombotic venous insufficiency—is
it justified? Vasc Endovascular Surg 2002;36:41-50.

Tawes RL, Barron ML, Coello AA, Joyce DH, Kolvenbach R.
Optimal therapy for advanced chronic venous insufficiency.
J Vasc Surg 2003;37:545-51.

Zamboni P, Cisno C, Marchetti F, Mazza P, Fogato L,
Carandina S, et al. Minimally invasive surgical management
of primary venous ulcers vs. compression treatment: a ran-
domized clinical trial. Eur J Vasc Endovasc Surg 2003;25:
313-8.

Bianchi C, Ballard JL, Abou-Zamzam AM, Teruya TH. Sub-
fascial endoscopic perforator vein surgery combined with
saphenous vein ablation: results and critical analysis. J Vasc
Surg 2003;38:67-71.

Adam D3J, Bello M, Hartshorne T, London NJ. Role of super-
ficial venous surgery in patients with combined superficial
and segmental deep venous reflux. Eur J Vasc Endovasc
Surg 2003;25:469-72.

Al-Mulhim AS, El-Hoseiny H, Al-Mulhim FM, Bayameen O,
Sami MM, Abdulaziz K, et al. Surgical correction of main
stem reflux in the superficial venous system: does it improve
the blood flow of incompetent perforating veins? World J
Surg 2003;27:793-6.

Barwell JR, Davies CE, Deacon 3J, Harvey K, Minor 3J,
Sassano A, et al. Comparison of surgery and compression
with compression alone in chronic venous ulceration
(ESCHAR study): randomised controlled trial. Lancet
2004;363:1854-9.

Gohel MS, Barwell JR, Taylor M, Chant T, Foy C, Earnshaw 33,
et al. Long term results of compression therapy alone versus
compression plus surgery in chronic venous ulceration
(ESCHAR): randomised controlled trial. BMJ 2007;335:83.
El-Hafez EA, Seleem MI. Saphenofemoral ligation as a safe
and effective alternative for the treatment of chronic venous
leg ulcer. Saudi Med J 2004;25:172-6.

Magnusson MB, Nelzén O, Volkmann R. Leg ulcer recur-
rence and its risk factors: a duplex ultrasound study before
and after vein surgery. Eur J Vasc Endovasc Surg 2006;32:
453-61.

Obermayer A, Gostl K, Walli G, Benesch T. Chronic venous leg
ulcers benefit from surgery: long-term results from 173 legs.
J Vasc Surg 2006;44:572-9.

Ting AC, Cheng SW, Ho P, Poon JT, Wu LL, Cheung GC, et al.
Reduction in deep vein reflux after concomitant subfascial
endoscopic perforating vein surgery and superficial vein
ablation in advanced primary chronic venous insufficiency.
J Vasc Surg 2006;43:546-50.

Lin SD, Cheng KH, Lin TM, Chang KP, Lee SS, Sun IF, et al.
Management of the primary varicose veins with venous ul-
ceration with assistance of endoscopic surgery. Ann Plast
Surg 2006;56:289-94.

Nelzén O, Fransson |; Swedish SEPS Study Group. Early re-
sults from a randomized trial of saphenous surgery with or
without subfascial endoscopic perforator surgery in patients
with a venous ulcer. Br J Surg 2011;98:495-500.
Kanchanabat B, Stapanavatr W, Kanchanasuttiruk P. Total
superficial vein reflux eradication in the treatment of venous
ulcer. World J Surg 2015;39:1301-5.

van Gent WB, Hop WC, van Praag MC, Mackaay AJ, de
Boer EM, Wittens CH. Conservative versus surgical treatment
of venous leg ulcers: a prospective, randomized, multicenter
trial. J Vasc Surg 2006;44:563-71.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

48.

49.

50.

Journal of Vascular Surgery: Venous and Lymphatic Disorders

May 2018

van GCent WB, Catarinella FS, Lam YL Nieman FH,
Toonder IM, van der Ham AC, et al. Conservative versus
surgical treatment of venous leg ulcers: 10-year follow up of
a randomized, multicenter trial. Phlebology 201530(Suppl):
563-71.

Darvall KA, Bate GR, Adam DJ, Silverman SH, Bradbury AW.
Ultrasound-guided foam sclerotherapy for the treatment of
chronic venous ulceration: a preliminary study. Eur J Vasc
Endovasc Surg 2009;38:764-9.

Pang KH, Bate GR, Darvall KA, Adam D3J, Bradbury AW.
Healing and recurrence rates following ultrasound-guided
foam sclerotherapy of superficial venous reflux in patients
with chronic venous ulceration. Eur J Vasc Endovasc Surg
2010;40:790-5.

Figueiredo M, de Araujo SP, Figueiredo MF. Late follow-up of
saphenofemoral  junction ligation combined  with
ultrasound-guided foam sclerotherapy in patients with
venous ulcers. Ann Vasc Surg 2012;26:977-81.

Kulkarni SR, Slim FJ, Emerson LG, Davies C, Bulbulia RA,
Whyman MR, et al. Effect of foam sclerotherapy on healing
and long-term recurrence in chronic venous leg ulcers.
Phlebology 2013;28:140-6.

Williamsson C, Danielsson P, Smith L. Catheter-directed
foam sclerotherapy for chronic venous leg ulcers. Phle-
bology 2014;29:688-93.

Lloret P, Redondo P, Cabrera J, Sierra A. Treatment of venous
leg ulcers with ultrasound-guided foam sclerotherapy:
healing, long-term recurrence and quality of life evaluation.
Wound Repair Regen 2015;23:369-78.

Campos W, Torres 10, da Silva ES, Casella IB, Puech-Leado P.
A prospective randomized study comparing polidocanol
foam sclerotherapy with surgical treatment of patients with
primary chronic venous insufficiency and ulcer. Ann Vasc
Surg 2015;29:1128-35.

Garcarek J, Falkowski A, Rybak Z, Jargiello T, tokaj M,
Czapla N, et al. A new option for endovascular treatment of
leg ulcers caused by venous insufficiency with fluoroscopi-
cally guided sclerotherapy. Wideochir Inne Tech Maloinwa-
zyjne 2015;10:423-9.

Howard JK, Slim FJ, Wakely MC, Emerson LG, Davies CE,
Kulkarni SR, et al. Recanalisation and ulcer recurrence rates
following ultrasound-guided foam sclerotherapy. Phle-
bology 2016;31:506-13.

Grover G, Tanase A, Elstone A, Ashley S. Chronic venous leg
ulcers: effects of foam sclerotherapy on healing and recur-
rence. Phlebology 2016;31:34-41.

Viarengo LM, Potério-Filho J, Potério GM, Menezes FH,
Meirelles GV. Endovenous laser treatment for varicose veins
in patients with active ulcers: measurement of intravenous
and perivenous temperatures during the procedure. Der-
matol Surg 2007;33:1234-42; discussion 1241-2.

Sharif MA, Lau LL, Lee B, Hannon R3J, Soong CV, Ireland N.
Role of endovenous laser treatment in the management
of chronic venous insufficiency. Ann Vasc Surg 2007;21:
551-5.

Rathod 3J, Taori K, Joshi M, Mundhada R, Rewatkar A,
Dhomane S, et al. Outcomes using a 1470-nm laser for
symptomatic varicose veins. J Vasc Interv Radiol 2010;21:
1835-40.

Teo TK, Tay KH, Lin SE, Tan SG, Lo RH, Taneja M, et al.
Endovenous laser therapy in the treatment of lower-limb
venous ulcers. J Vasc Interv Radiol 2010;21:657-62.

Murli NL, Lee TC, Beh ML, Lakhwani MN, Lee TC, Beh ML, et al.
Holistic management of venous ulcers especially with


http://refhub.elsevier.com/S2213-333X(17)30520-6/sref19
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref19
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref19
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref19
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref20
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref20
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref20
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref21
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref21
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref21
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref21
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref21
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref22
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref22
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref22
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref22
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref23
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref23
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref23
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref23
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref24
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref24
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref24
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref24
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref24
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref25
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref25
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref25
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref25
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref25
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref26
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref26
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref26
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref26
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref27
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref27
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref27
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref28
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref28
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref28
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref28
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref29
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref29
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref29
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref30
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref30
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref30
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref30
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref30
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref31
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref31
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref31
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref31
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref32
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref32
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref32
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref32
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref33
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref33
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref33
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref34
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref34
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref34
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref34
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref35
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref35
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref35
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref35
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref35
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref36
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref36
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref36
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref36
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref37
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref37
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref37
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref37
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref37
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref38
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref38
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref38
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref38
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref39
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref39
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref39
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref39
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref40
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref40
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref40
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref41
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref41
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref41
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref41
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref42
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref42
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref42
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref42
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref42
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref43
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref44
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref44
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref44
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref44
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref45
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref45
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref45
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref46
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref46
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref46
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref46
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref46
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref47
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref47
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref47
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref47
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref48
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref48
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref48
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref48
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref49
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref49
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref49
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref50
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref50

Journal of Vascular Surgery: Venous and Lymphatic Disorders

Volume 6, Number 3

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

endovenous laser treatment using 980nm laser in an
ethnically diverse society. Med J Malaysia 2013;68:453-8.

Shi H, Liu X, Lu M, Lu X, Jiang M, Yin M. The effect of endo-
venous laser ablation of incompetent perforating veins and
the great saphenous vein in patients with primary venous
disease. Eur J Vasc Endovasc Surg 2015;49:574-80.
Harlander-Locke M, Lawrence P, Jimenez JC, Rigberg D,
DeRubertis B, GCelabert H. Combined treatment with
compression therapy and ablation of incompetent super-
ficial and perforating veins reduces ulcer recurrence in
patients with CEAP 5 venous disease. J Vasc Surg 2012;55:
446-50.

Harlander-Locke M, Lawrence PF, Alktaifi A, Jimenez JC,
Rigberg D, DeRubertis B. The impact of ablation of incom-
petent superficial and perforator veins on ulcer healing
rates. J Vasc Surg 2012;55:458-64.

Rueda CA, Bittenbinder EN, Buckley CJ, Bohannon WT,
Atkins MD, Bush RL, et al. The management of chronic
venous insufficiency with ulceration: the role of minimally
invasive perforator interruption. Ann Vasc Surg 2013;27:
89-95.

Alden PB, Lips EM, Zimmerman KP, Garberich RF, Rizvi AZ,
Tretinyak AS, et al. Chronic venous ulcer: minimally invasive
treatment of superficial axial and perforator vein reflux
speeds healing and reduces recurrence. Ann Vasc Surg
2013;27:75-83.

Wolters U, Schmitz-Rixen T, Erasmi H, Lynch J. Endo-
scopic dissection of incompetent perforating veins in the
treatment of chronic venous leg ulcers. Vasc Surg 1996;30:
481-7.

Kiguchi MM, Hager ES, Winger DG, Hirsch SA, Chaer RA,
Dillavou ED. Factors that influence perforator thrombosis
and predict healing with perforator sclerotherapy for
venous ulceration without axial reflux. J Vasc Surg 2014;59:
1368-76.

Lawrence PF, Alktaifi A, Rigberg D, DeRubertis B, Gelabert H,
Jimenez JC. Endovenous ablation of incompetent perfo-
rating veins is effective treatment for recalcitrant venous
ulcers. J Vasc Surg 2011;54:737-42.

Masuda EM, Kessler DM, Lurie F, Puggioni A, Kistner RL,
Eklof B. The effect of ultrasound-guided sclerotherapy of
incompetent perforator veins on venous clinical severity and
disability scores. J Vasc Surg 2006;43:551-7.

Mosti G, labichella ML, Picerni P, De Marco G. Quantification
of venous reflux by means of some duplex scanner and light
reflection rheography parameters and its correlation with
chronic venous insufficiency symptoms. Minerva Car-
dioangiol 2000;48:331-9.

Raju S, Ward M, Jones TL. Quantifying saphenous reflux.
J Vasc Surg Venous Lymphat Disord 2015;3:8-17.

Navarro TP, Delis KT, Ribeiro AP. Clinical and hemody-
namic significance of the greater saphenous vein diam-
eter in chronic venous insufficiency. Arch Surg 2002;137:
1233.

Starodubtsev V, Lukyanenko M, Karpenko A, Ignatenko P.
Endovenous laser ablation in patients with wide
diameter of the proximal segment of the great saphe-
nous vein: comparison of methods. Phlebology 2015;30:
700-5.

Welkie JF, Comerota AJ, Katz ML, Aldridge SC, Kerr RP,
White JV. Hemodynamic deterioration in chronic venous
disease. J Vasc Surg 1992;16:733-40.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

77.

78.

79.

80.

8l.

Montminy et al 397

Araki CT, Back TL, Padberg FT, Thompson PN, Jamil Z, Lee BC,
et al. The significance of calf muscle pump function in venous
ulceration. J Vasc Surg 1994;20:872-7; discussion 878-9.
Brittenden J, Bradbury AW, Allan PL, Prescott RJ, Harper DR,
Ruckley CV. Popliteal vein reflux reduces the healing of
chronic venous ulcer. Br J Surg 1998;85:60-2.

Scriven JM, Hartshorne T, Thrush AJ, Bell PR, Naylor AR,
London NJ. Role of saphenous vein surgery in the treatment
of venous ulceration. Br J Surg 1998;85:781-4.

Raju S, Kirk OK, Jones TL. Endovenous management of
venous leg ulcers. J Vasc Surg Venous Lymphat Disord 2013;1:
165-72.

Gohel MS, Barwell JR, Earnshaw 33, Heather BP, Mitchell DC,
Whyman MR, et al. Randomized clinical trial of compression
plus surgery versus compression alone in chronic venous
ulceration (ESCHAR study)—haemodynamic and anatom-
ical changes. Br J Surg 2005;92:291-7.

Flour M, Clark M, Partsch H, Mosti G, Uhl JF, Chauveau M,
et al. Dogmas and controversies in compression therapy:
report of an International Compression Club (ICC) meeting,
Brussels, May 2011. Int Wound J 2013;10:516-26.

Marston WA, Brabham VW, Mendes R, Berndt D,
Weiner M, Keagy B. The importance of deep venous reflux
velocity as a determinant of outcome in patients with
combined superficial and deep venous reflux treated with
endovenous saphenous ablation. J Vasc Surg 2008;48:
400-6.

Padberg FT, Pappas P3J, Araki CT, Back TL, Hobson RW. He-
modynamic and clinical improvement after superficial vein
ablation in primary combined venous insufficiency with ul-
ceration. J Vasc Surg 1996;24:711-8.

Sales CM, Bilof ML, Petrillo KA, Luka NL. Correction of lower
extremity deep venous incompetence by ablation of su-
perficial venous reflux. Ann Vasc Surg 1996;10:186-9.

Walsh JC, Bergan 33, Beeman S, Comer TP. Femoral venous
reflux abolished by greater saphenous vein stripping. Ann
Vasc Surg 1994;8:566-70.

Puggioni A, Lurie F, Kistner RL, Eklof B. How often is deep
venous reflux eliminated after saphenous vein ablation?
J Vasc Surg 2003;38:517-21.

. Labropoulos N, Volteas N, Leon M, Sowade O, Rulo A,

Giannoukas AD, et al. The role of venous outflow obstruction
in patients with chronic venous dysfunction. Arch Surg
1997:132:46-51.

Puggioni A, Marks N, Hingorani A, Shiferson A, Alhalbouni S,
Ascher E. The safety of radiofrequency ablation of the great
saphenous vein in patients with previous venous throm-
bosis. J Vasc Surg 2009;49:1248-55.

Gloviczki P, Gloviczki ML. Guidelines for the management of
varicose veins. Phlebology 2012;27(Suppl):2-9.

O’'Donnell TF. The present status of surgery of the superficial
venous system in the management of venous ulcer and the
evidence for the role of perforator interruption. J Vasc Surg
2008:;48:1044-52.

Mendes RR, Marston WA, Farber MA, Keagy BA. Treatment of
superficial and perforator venous incompetence without
deep venous insufficiency: is routine perforator ligation
necessary? J Vasc Surg 2003;38:891-5.

Stuart WP, Adam DJ, Allan PL, Ruckley CV, Bradbury AW.
Saphenous surgery does not correct perforator incompe-
tence in the presence of deep venous reflux. J Vasc Surg
1998;28:834-8.


http://refhub.elsevier.com/S2213-333X(17)30520-6/sref50
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref50
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref51
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref51
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref51
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref51
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref52
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref53
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref53
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref53
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref53
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref54
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref54
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref54
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref54
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref54
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref55
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref55
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref55
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref55
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref55
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref56
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref56
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref56
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref56
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref57
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref57
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref57
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref57
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref57
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref58
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref58
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref58
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref58
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref59
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref59
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref59
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref59
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref60
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref60
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref60
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref60
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref60
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref61
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref61
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref62
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref62
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref62
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref62
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref63
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref63
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref63
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref63
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref63
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref64
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref64
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref64
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref65
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref65
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref65
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref66
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref66
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref66
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref67
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref67
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref67
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref68
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref68
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref68
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref69
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref69
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref69
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref69
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref69
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref70
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref70
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref70
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref70
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref71
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref72
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref72
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref72
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref72
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref73
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref73
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref73
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref74
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref74
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref74
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref75
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref75
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref75
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref76
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref76
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref76
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref76
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref77
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref77
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref77
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref77
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref78
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref78
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref79
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref79
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref79
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref79
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref80
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref80
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref80
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref80
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref81
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref81
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref81
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref81

398  Montminy et al Journal of Vascular Surgery: Venous and Lymphatic Disorders
May 2018

82. Hager ES, Washington C, Steinmetz A, Wu T, Singh M, 85. Raju S, Darcey R, Neglen P, Flowood J. Unexpected major
Dillavou E. Factors that influence perforator vein closure rates role for venous stenting in deep reflux disease. J Vasc Surg
using radiofrequency ablation, laser ablation, or foam sclero- 2010;51:401-8; discussion: 408.
therapy. J Vasc Surg Venous Lymphat Disord 2016;4:51-6.

83. Juni P. The hazards of scoring the quality of clinical trials for
meta-analysis. JAMA 1999;282:1054. )

84. Hartling L, Ospina M, Liang Y, Dryden DM, Hooton N, Krebs Submitted Jul 14, 2017; accepted Nov 20, 2017.

Seida J, et al. Risk of bias versus quality assessment of
randomised controlled trials: cross sectional study. BMJ Additional material for this article may be found online
2009;339:b4012. at www,jvsvenous.org.


http://refhub.elsevier.com/S2213-333X(17)30520-6/sref82
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref82
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref82
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref82
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref83
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref83
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref84
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref84
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref84
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref84
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref85
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref85
http://refhub.elsevier.com/S2213-333X(17)30520-6/sref85
http://www.jvsvenous.org

Journal of Vascular Surgery: Venous and Lymphatic Disorders Montminy et al 398l
Volume 6, Number 3

APPENDIX (online only).
Search strategy.

("Saphenous vein ablation") OR "superficial venous reflux") OR "ablative superficial venous surgery") OR "Endovenous
radiofrequency") OR "Endovenous laser") OR "Endovenous intervention") OR "Endovenous laser ablation") OR "Endovenous
radiofrequency ablation") OR "Endovenous ablation") OR "Radiofrequency ablation") OR "Laser ablation") OR EVLT) OR
"Endovenous Laser therapy") OR "surgical treatment") OR sclerotherapy) OR "ultrasound guided sclerotherapy") OR "non-thermal
non-tumescence ablation") OR "cyanoacrylate glue") OR "mechanochemical ablation") OR MOCA) OR "Great saphenous vein
reflux") OR "small saphenous vein reflux") OR "great saphenous vein ablation") AND (((((((("venous leg ulcers") OR venous ulceration)
OR "venous ulcer") OR "venous ulcers") OR "ulcer healing"))) AND Humans[Mesh] AND English[lang])

"Perforator ablation") OR "Subfascial endoscopic perforator surgery") OR "incompetent perforating veins"') OR "incompetent
perforator veins") AND (((((((("venous leg ulcers") OR venous ulceration) OR "venous ulcer") OR "venous ulcers") OR "ulcer healing")))
AND Humans[Mesh] AND English[lang])
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