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Abstract 

Background:  Chronic lower extremity venous disease (LECVD) is twice as 

prevalent as coronary heart disease and invasive therapies to treat LECVD 

accounted for an estimated $290 million in Medicare expenditures in 2015.  Despite 

increasing use of these invasive therapies, their comparative effectiveness is 

unknown. 

Methods: We conducted a systematic review and meta-analysis of treatments for 

patients (symptomatic and asymptomatic) with lower extremity varicosities and/or 

lower extremity chronic venous insufficiency/incompetence/reflux. searched 

PubMed, Embase, and the Cochrane Database of Systematic Reviews for relevant 

English-language studies published from January 2000 to July 2016.  We included 

comparative randomized controlled trials (RCTs) with > 20 patients and 

observational studies with >500 patients.  Short, intermediate, and long-term 

outcomes of placebo, mechanical compression therapy, and invasive therapies 

(surgical and endovascular) were included.  Quality ratings and evidence grading 

was performed. Random-effects models were used to compute summary estimates 

of effects. 

Results:  We identified a total of 57 studies representing 105,878 enrolled patients, 

including 53 RCTs comprised of 10,034 patients.  Among the RCTs 16 were good 

quality, 28 were fair quality, and 9 were poor quality.  Allocation concealment, 

double blinding, and reporting bias were inadequately addressed in 25/53 (47%), 

46/53 (87%), and 15/53 (28.3%), respectively.  Heterogeneity in therapies, 

populations, and/or outcomes prohibited meta-analysis of comparisons between 
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different endovascular therapies and between endovascular intervention and 

placebo/compression.  Meta-analysis evaluating venous stripping plus ligation 

(HL/S) compared with radiofrequency ablation (RFA) revealed no difference in 

short term bleeding [OR=0.30 95% CI -0.16 to 5.38, p=0.43] or reflux recurrence at 

1-2 years [OR=0.76, 95% CI 0.37 to 1.55, p=0.44].  Meta-analysis evaluating HL/S 

versus endovascular laser ablation revealed no difference in long-term symptom 

score [OR 0.02, 95% CI -0.19 to 0.23, p=0.84], or quality of life at 2 years [OR 0.06, 

95% CI -0.12 to 0.25, p=0.50].  

Conclusions: The paucity of high quality comparative effectiveness and safety data 

in chronic lower extremity venous disease is concerning given the overall rise in 

endovascular procedures. More high-quality studies are needed to determine 

comparative effectiveness and guide policy and practice.  
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Introduction 
 

Lower extremity chronic venous disease (LECVD), defined as venous reflux 

disease and varicose veins, is thought to affect 11 million men and 22 million 

women between the ages of 40 and 80 in the United States.1 This makes LECVD 

twice as prevalent as coronary heart disease and 5 times more prevalent than 

peripheral artery disease.2 LECVD has been associated with significant morbidity as 

well as diminished quality of life with 6% of US adults having markers of advanced 

disease including skin changes, venous edema, and venous ulcers.3 As a result of this 

burden, the direct medical costs attributable to LECVD are estimated to be between 

$2.5 billion to $3 billion annually.4  

Over the past two decades, multiple nonsurgical endovascular procedures and 

hybrid endovascular-surgical procedures have become available for the treatment 

of patients with LECVD.  Associated with these technological advances has been a 

significant increase in venous ablation procedures being performed in the United 

States5 and other countries,6 with demonstrated regional variation in procedural 

use.  At over 500,000 procedures per year, invasive therapies for LECVD accounted 

for an estimated $290 million among fee-for-service Medicare beneficiaries in 

2015.7   Although multiple societies have published guidelines pertaining to the use 

of endovascular procedures for the treatment of LECVD over the past decade,1,6,8,9 

little data exists regarding the comparative effectiveness of these therapies.   

As part of an Agency for Healthcare Research and Quality (AHRQ) systematic 

review required by the Centers for Medicare and Medicaid (CMS), we evaluated the 

comparative effectiveness of various treatments for patients with LECVD.10 In this 
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manuscript, we specifically address the following in patients with LECVD: (a) the 

comparative effectiveness of endovascular therapies with other endovascular 

therapies, surgical therapies, and conservative therapies on outcomes including 

quality of life, wound healing, and repeat venous intervention; (b) whether the 

effectiveness of these treatments varied by subgroup; and (c) safety concerns 

associated with endovascular, surgical, and conservative treatment.   

Methods 

We followed the methodology recommended in AHRQ’s “Methods Guide for 

Effectiveness and Comparative Effectiveness Reviews”11 as well as the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for 

reporting systematic reviews and meta-analyses in health care interventions.12 Full 

details of our methods, search strategies, results, and conclusions are presented are 

available at www.effectivehealthcare.ahrq.gov.10 

 

Data Sources and Searches 

To identify the relevant published literature, we searched PubMed, Embase, and 

the Cochrane Database of Systematic Reviews from January 1st, 2000 to June 30th 

2016.  Complete search details are presented in the full AHRQ report.10  We limited 

our search to articles published since 2000, corresponding with the period when 

contemporary studies on endovascular and surgical revascularization were 

published.  We supplemented the electronic searches with a manual search of 

references from systematic review articles.  We also searched the gray literature of 

study registries and conference abstracts for relevant articles from completed 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

studies, including ClinicalTrials.gov, the World Health Organization’s International 

Clinical Trials Registry Platform Search Portal, and National Guidelines 

Clearinghouse. Figure 1 depicts the flow of articles through the literature search 

and screening process.   

 

Study Selection: Populations and Treatment Comparisons 

We included English-language randomized trials or observational studies of 

patients with chronic lower extremity venous disease, defined as patients with signs 

or symptoms of lower extremity venous disease for at least three months and due to 

the presence of venous reflux or obstruction.  Relevant treatment comparisons 

included endovascular vs. surgical vs. placebo/compression therapy among both 

symptomatic and asymptomatic patients.  

 

Study Selection: Outcomes 

Outcomes of interest included changes in quality of life [Venous Insufficiency 

Epidemiological and Economic Study (VEINES)13 and the Aberdeen Varicose Vein 

Questionnaire (AVVQ)], standardized symptom scores [CEAP (Clinical, Etiologic, 

Anatomic, Pathophysiologic) / VCSS (Venous Clinical Severity Score)], improvement 

in lower extremity venous hemodynamics/reflux severity, improvement in lower 

extremity edema, venous wound healing, recurrence rate, repeat intervention, lower 

extremity amputation and periprocedural complications.  Studies reporting safety 

concerns associated with each treatment strategy were also included: bleeding, 

contrast nephropathy, radiation injury, infection, and periprocedural complications 
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causing acute deep venous thrombosis or pulmonary embolism.  Outcomes were 

categorized as short-term (≤30 days), intermediate-term (31 days – 6 months), and 

long-term (>6 months).   

The present analysis is focused on the comparative effectiveness of endovenous 

therapy versus surgical, conservative, and other endovenous therapies in patients 

with venous insufficiency. Therefore, not all studies included in the broader AHRQ 

review were included in the present more focused systematic review and meta-

analysis.  Studies from the broader AHRQ review that are not considered for this 

analysis include: 1) studies which were relevant to chronic venous thrombosis / 

obstruction rather than venous insufficiency, 2) studies relevant to diagnosis of 

lower extremity chronic venous disease rather than venous insufficiency, and 3) 

studies evaluating other treatment comparisons (such as comparisons of surgical 

techniques, comparisons of hybrid procedures versus surgical techniques, and 

comparisons of hybrid procedures versus endovascular techniques) in patients with 

chronic lower extremity venous disease. 

 

Data extraction and quality assessment 

Abstracted data included study characteristics (design, country, funding source); 

patient characteristics (age, sex, race); LECVD diagnosis (asymptomatic, 

symptomatic, CEAP classification); vascular disease risk factors (diabetes, tobacco 

use, chronic kidney disease, hyperlipidemia); intervention specific factors such as 

type of endovascular procedure (sclerotherapy, endovenous laser ablation, 

radiofrequency ablation, mechanochemical ablation, cyanoacrylate embolization), 
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or type of surgical procedure (high ligation and stripping, Cure Conservatrice et 

Hemodynamique de l'Insufficience Veineuse en Ambulatoire [CHIVA]); venous 

anatomy, and safety outcomes (contrast nephropathy, radiation exposure, infection, 

bleeding, and periprocedural complications causing acute DVT or PE). The quality of 

individual studies was evaluated using the approach described in AHRQ's Methods 

Guide for Effectiveness and Comparative Effectiveness Reviews.11 Investigators also 

assessed factors that limited applicability of the evidence. 

 

Data synthesis and analysis  

For each treatment comparison and outcome of interest, we determined the 

feasibility of completing a quantitative synthesis (ie, meta-analysis). Feasibility 

depended on the volume of relevant literature, conceptual homogeneity of the 

studies, and completeness of the reporting of results. We considered meta-analysis 

for comparisons where at least 3 studies reported the same outcome. Dichotomous 

outcome measures comparing 2 treatments were combined, and odds ratios (ORs) 

were computed using a random-effects model as implemented in Comprehensive 

MetaAnalysis Version 2 (Biostat, Englewood, NJ). We tested for statistical 

heterogeneity between studies (Q and I 2 statistics) while recognizing that the 

power to detect such heterogeneity may be limited. Potential clinical heterogeneity 

between studies was reflected through the confidence intervals (CIs) of the 

summary statistics obtained from a random-effects approach. We present summary 

estimates, standard errors (SEs), and CIs in our data synthesis. Two reviewers 

evaluated the strength of evidence (SOE) using the 4 required domains described in 
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AHRQ's “Methods Guide”: risk of bias, consistency, directness, and precision.11 We 

assigned an overall grade for the SOE as high (evidence reflects the true effect), 

moderate (further research may change the estimate of effect), low (further 

research is likely to change the estimate), or insufficient (an estimate of effect is not 

possible with the available data).  

  

Role of the funding source  

This topic was nominated by CMS and selected by AHRQ for systematic 

review by an EPC. A representative from AHRQ served as a Contracting Officer’s 

Technical Representative and provide technical assistance during the conduct of the 

full evidence report and provided comments on draft versions of the full evidence 

report. AHRQ did not directly participate in the literature search, determination of 

study eligibility criteria, data analysis or interpretation, or preparation, review, or 

approval of the manuscript for publication. 

 
Results 

We identified 57 studies14-70 representing 105,878 enrolled patients plus 1 study 

which reported by legs (130 legs) rather than patients.36,71  Of these 57 studies, 

there were 53 RCTs representing 10,034 enrolled patients plus 130 legs.  Seven of 

the RCTs (n= 1029) compared endovascular therapies versus placebo or 

compression, 13 RCTs (n=2985) compared endovascular versus endovascular 

therapies and 35 RCTs (n=8170 and 130 legs) compared endovascular therapies 

versus surgical therapies.  The mean age of the study participants in the included 

RCTs varied from 32.8 to 69 years.  Sample sizes of included RCTs ranged from 25 to 
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798 patients. Study durations ranged from 2 weeks to 20 years.  Of the RCTs, 5 were 

conducted in the United States, 38 were conducted in the UK/Europe, 2 in both the 

US and UK/Europe, and 8 conducted elsewhere. Additional details about all 57 

studies are described in Supplemental Table 1. 

 

Endovascular vs. Compression or Placebo  

Endovascular procedures were evaluated against compression or placebo in 7 

RCTs and 0 observational studies. 

Endovascular Therapies vs. Placebo  

Among these studies, polidocanol sclerotherapy was compared to placebo 

(agitated diluent) in 4 RCTs (3 of good quality and 1 of fair quality)14,25,65,70 

comprising 621 patients while tetradecyl sulphate sclerotherapy was compared to 

placebo in 1 RCT70 of good quality comprising 316 patients (Supplemental Table 

1).  Meta-analysis of the RCTs evaluating 1% polidocanol versus placebo for change 

in VEINES quality of life score favored 1% polidocanol (standard difference in 

means = 0.81; 95% CI = 0.57 to 1.0; p < 0.001) (Figure 2A).  Similarly, meta-analysis 

of changes in standard symptom score favored 1% polidcanol over placebo 

(standard difference in means = 0.81; 95% CI = 0.12 to 0.56; p < 0.001) (Figure 2B).  

Inconsistency in the other outcomes measured within these studies prevented 

further meta-analysis.  

 

Endovascular Therapies vs. Compression   
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Endovascular therapy was compared to compression in 2 fair- and 1 poor-

quality RCTs43,51,55 comprising 117 patients (Supplemental Table 1).  Insufficient 

study numbers, heterogeneity in outcomes and outcome timing prevented meta-

analysis of any outcomes.  Additionally, findings regarding outcomes of interest 

were found to be of insufficient SOE primarily due to suspected reporting bias, 

imprecision, and lack of allocation concealment within included studies. 

 

Endovascular Therapies vs. Endovascular Therapies 

Endovascular procedures were evaluated against other endovascular 

procedures in 13 RCTs (n = 2973)19,21-23,26,31,34,39-41,45,48,67 (6 good quality, 5 fair 

quality, 2 poor quality) and 2 observational studies (n = 90626) (2 poor quality).15,68  

Among comparisons of endovascular versus endovascular procedures, endovenous 

laser ablation (EVLA) was compared to radiofrequency ablation (RFA) in 5 RCTs, 

EVLA was compared to sclerotherapy in 4 RCTs, and EVLA was compared to thermal 

ablation in 1 RCT.  Additionally, RFA was compared to mechanochemical 

endovenous ablation (MOCA) in 1 RCT and RFA was compared to cyanoacrylate 

embolization in 1 RCT (Supplemental Table 1).  Heterogeneity of outcomes and 

length of follow-up prevented meta-analysis of any efficacy or safety outcomes.  

Although not able to be synthesized quantitatively, for EVLA vs. RFA, short-term 

bleeding, short and long term changes on standardized symptom scores, short and 

intermediate term QOL and short-term reduction in pain all had low SOE (Table 1).  

All other treatment comparisons and outcomes had insufficient SOE. 
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Endovascular Therapies vs. Surgical Therapies 

Endovascular procedures were evaluated against surgical procedures in 35 RCTs 

(n = 8055 + 130 legs) (8 good quality, 21 fair quality, 6 poor quality)17,18,21,24,27-30,32-

38,42,44,46,47,49,50,52-54,56-64,66,69 and 3 observational studies (n = 94,865) (1 fair quality, 2 

poor quality)16,20,68 (Supplemental Table 1).  Among these studies, venous 

stripping plus ligation was compared to RFA in 6 RCTs34,38,42,56,59,64 and two 

observational studies20,68 and to EVLA in 17 RCTs21,24,27,28,30,32,34-37,46,49,50,52,61,62,69 and 

1 observational study (poor quality).68  Venous stripping and ligation was compared 

to sclerotherapy in 12 RCTs17,21,27,29,33,34,44,47,53,54,57,63 and 1 observational study16 

while venous stripping and ligation was compared to endovenous thermal ablation 

in 1 RCT. 18  

 

Venous Stripping Plus Ligation vs. Radio-Frequency Ablation 

A meta-analysis of three studies representing 595 patients plus 65 limbs 

demonstrated a reduction in vein recurrence / recanalization rates for patients 

undergoing RFA, however, this finding was imprecise and did not reach statistical 

significance (odds ratio [OR] 0.76, 95% CI, 0.37 to 1.55, p=0.44; SOE = insufficient) 

(Supplemental Figure 1A).  Variability in outcomes and outcome timing as well as 

insufficient number of studies prevented meta-analysis of effect on reflux, clinical 

symptom scores, patient reported quality of life and lower extremity pain.   

Adverse events were reported in all but one study. However, with the exception 

of hematoma formation, variability of outcomes and follow-up timing precluded 

meta-analysis to quantitatively synthesize these findings.  The three RCTs (n=323) 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

reporting hematoma outcomes had inconsistent findings (OR 0.30, 95% CI 0.02 to 

5.83, p=0.43; SOE = insufficient) (Supplemental Figure 1B).  

 

Venous Stripping and Ligation vs. Laser Ablation 

Five studies representing 887 patients were combined in a meta-analysis to explore 

improvement in hemodynamics over a long-term time period and showed no 

significant difference between treatment strategies (OR 0.41, 95% CI 0.15 to 1.12, 

p=0.08) (Supplemental Figure 2A) (SOE = low).  Short term pain reduction was also 

no different between treatment strategies in a meta-analysis of 4 studies comprising 

1181 patients (standardized difference in means -0.15, 95% CI -0.53 to 0.24, p = 

0.45)(SOE = low) (Supplemental Figure 2B).  Long - term clinical symptom scores, 

such as VCSS (n=487, SOE = low; standardized difference in means 0.02; 95% CI, -

0.19 to 0.23) and CEAP (n=867, strength of evidence = moderate; standardized 

difference in means 0.06; 95% CI, -0.10 to 0.22) were also similar between treatment 

strategies. (Supplemental Figures 2C and 2D, respectively). 

Patient quality of life metrics, including short- (SOE = low), intermediate- (SOE = 

low), and long-term AVVQ (SOE = moderate) were not significantly different between 

treatment strategies (Figure 3).  

Adverse events were reported in multiple studies and a meta-analysis of three 

studies representing 491 patients and five studies representing 1,099 patients plus 

199 limbs demonstrated no significant difference in short- and long-term superficial 

thrombophlebitis between the two strategies (SOE = insufficient) (Supplemental 

figure 3).  Additionally, meta-analysis of 3 studies representing 822 patients 
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demonstrated a statistically significant benefit of EVLA compared with surgery 

regarding reduction in bleeding risk (OR 2.823; 95% CI, 1.324 to 6.022; p = 0.007; 

SOE = moderate)(Supplemental Figure 3).  All other reported adverse events were 

of insufficient SOE and, due to variability in outcomes and follow-up timing, could 

not be meta-analyzed to quantitatively synthesize these findings. 

 

Venous Stripping and Ligation vs. Sclerotherapy 

Four RCTs (3 RCTs with 395 patients and 1 RCT with 96 legs were meta-

analyzed to evaluate long-term recurrence of lower extremity chronic venous 

disease.  These studies did not demonstrate a difference between strategies (OR 

1.54; 95% CI, 0.46 to 5.14; =0.48, SOE = low) and were both inconsistent and 

imprecise (Supplemental Figure 4).  Meta-analysis of 3 RCTs comprising 900 

patients did not demonstrate a difference in long term change in general quality of 

life (Supplemental Figure 4). Treatment strategy effect on reflux, clinical symptom 

score, and pain had insufficient SOE and, due to variability in outcomes and follow-

up timing, could not be meta-analyzed to quantitatively synthesize findings. 

Adverse events were reported in multiple studies and meta-analysis of four 

RCTs (3 RCTs with 1142 patients, 1 RCT with 96 limbs) revealed inconsistent and 

imprecise studies that did not demonstrate a difference between treatment 

strategies with respect to hematoma (OR 1.010; 95% CI, 0.245 to 4.163, SOE = low).  

All other reported adverse events were of insufficient strength of evidence and, due 

to variability in outcomes and follow-up timing, could not be meta-analyzed to 

quantitatively synthesize these findings.   
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Quality, Timing, Outcomes, and Subgroups of Included studies  

Among 53 RCTs included in this analysis, 16 were good quality, 28 were fair 

quality, and 9 were poor quality.  Among these RCTs, allocation concealment, double 

blinding, and reporting bias were inadequately addressed in 25/53 (47%), 46/53 

(87%), and 15/53 (28.3%), respectively, of studies comparing 

placebo/compression, endovascular, and surgical therapies for LECVD. Specifically, 

many (22/53) RCTs did not evaluate longer-term (≥ 6 months) efficacy and safety of 

invasive therapies for LECVD (Table 1). Of the 53 RCTs included in the present 

study, none reported findings specifically in women.  Moreover, no studies reported 

subgroup analyses by ethnicity.  Lastly, there were insufficient studies reporting 

results by CEAP classification and anatomy (1/53) to allow for meta-analysis of 

these subgroups. 

Discussion: 

We identified 57 studies (53 RCT, 4 observational) that evaluated the 

comparative effectiveness and safety of endovascular therapy versus of 

placebo/compression or surgical therapy in patients with LECVD.  The main 

findings of this systematic review and meta-analysis of endovascular therapies for 

chronic lower extremity venous disease are: 1) meta-analysis of RCTs revealed 1% 

polidocanol sclerotherapy to be superior to placebo for quality of life and standard 

symptom scores, but there was no difference in comparative effectiveness between 

endovascular therapies or between endovascular and surgical therapies for the 

outcomes assessed, 2) Of 105,878 patients plus 130 legs identified in this review, 
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only 10,034 patients plus 130 legs were enrolled in RCTs, 3) RCTs were frequently 

plagued by lack of allocation concealment, lack of double blinding, and reporting 

bias, and 4) RCTs in patients with chronic lower extremity venous disease rarely 

present data stratified by important subgroups such as CEAP classification, venous 

anatomy, gender, or race.  

The results from this systematic review and meta-analysis highlight the relative 

dearth of high-quality data available to aid clinical decision making with regards to 

comparative effectiveness in the era of endovascular therapy for chronic venous 

disease.  We have identified numerous limitations, evidence gaps, and areas for 

potential research in chronic venous disease, which are particularly salient given 

rising utilization of procedures for LECVD.   

   

Limitations in Existing Clinical Trial Designs in LECVD 

Even within existing studies, there was a notable variation in (1) outcome 

measures used to assess procedural success, symptom status, and quality of life, (2) 

timing of follow-up assessments and (3) type of outcomes reported.  Systematic 

safety and effectiveness evaluation of the clinical utility of therapies in LECVD 

require high quality clinical trials data, both for regulatory approval and for the 

development of best practice guidelines to inform clinical decisions.  To this end, 

clinical definitions of common terminology in LECVD have been published by a 

international consensus group.72 However, these definitions focus on broad 

diagnostic and procedural terminology and do not provide specific diagnostic 

cutoffs for physiologic testing and do not make recommendations regarding 
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appropriate efficacy outcomes for therapies in venous disease.  To date, although 

consensus clinical trial definitions have been published in multiple areas of 

cardiovascular disease, including coronary artery disease,73 heart failure,74 valvular 

disease,75-77atrial fibrillation,78 and peripheral artery disease,79 no such document 

exists in LECVD.  Additionally, LECVD is not addressed in the 2014 ACC/AHA Key 

Data Elements and Definitions for Cardiovascular Endpoint Events in Clinical Trials 

document.80 Given the number of device and surgical therapies now available for 

LECVD, detailed standardization of diagnostic thresholds and appropriate efficacy 

and safety outcomes would likely aid comparative effectiveness studies.  Similar 

standardization will be necessary to comply with the recently announced National 

Evaluation System for Health Technology in the United States.81 

A second source of limitations within the existing literature on the comparative 

effectiveness of endovascular therapies for LECVD was trial design / quality.  Among 

15 RCTs evaluating endovascular therapies versus other endovascular therapies for 

LECVD, only 6 received a quality rating of “good”.  Included RCTs often failed to 

adequately address allocation concealment, blinding of outcomes assessors, and 

patient blinding.  Although double blinding is often difficult or unethical (sham 

procedure) to achieve in medical device trials, this simply accentuates the 

importance of allocation concealment and masking of outcome assessors to 

minimize bias.82 Within the broader medical device field, a recent analysis of 

randomized and non-randomized studies of renal denervation for the treatment of 

resistant hypertension found that masking of outcomes assessors and lack of 

blinding were the single greatest sources of bias to explain the discrepancy between 
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trial design types.83  In the present study, allocation concealment, blinding of 

outcomes assessors, and patient blinding were inadequately addressed in 51%, 

100%, and 23%, respectively, of studies comparing endovascular therapies for 

LECVD. 

 

Evidence Gaps in LECVD  

Despite the high prevalence of disease and expenditures associated with LECVD, 

we uncovered multiple evidence gaps in the published literature on endovascular, 

surgical, and hybrid therapies.  Specifically, many (22/53) RCTs did not evaluate 

longer-term (≥ 6 months) efficacy and safety of invasive therapies for LECVD.  

Additionally, little data exists for efficacy and safety in biologically and 

socioeconomically important subgroups such as anatomic subclasses, CEAP 

subclasses, and women.   

In the present study, no studies reported findings specifically in women despite 

previous epidemiologic studies indicating that approximately 33%84 – 55%85 of all 

women have LECVD.  That none of the included RCTs reported a subgroup or 

secondary analysis in women stands in contradiction to the 2014 FDA guidance on 

Evaluation of Sex-Specific Data in Medical Device Clinical Studies document.  This 

non-binding guidance suggests that medical device studies should present sex-

specific analyses of the primary safety and effectiveness outcomes as well as key 

secondary outcomes, regardless of potentially limited statistical power.86 It should 

be noted that the majority of the included RCTs in the present analysis were 

conducted prior to issuance of this guidance and in locations outside of the United 
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States.  However, future trials in chronic lower extremity venous disease should 

ideally conform to these guidelines in order to improve the evidence base for 

endovascular therapies. 

Similarly, none of the included RCTs reported subgroup analyses by ethnicity 

despite data indicating significant variation in disease burden by ethnicity.87 

Importantly, FDA has recently issued a non-binding draft guidance suggesting that, 

like gender, the impact of ethnicity should be evaluated, regardless of potentially 

limited statistical power.88 

  

Comparison of Review Findings to Existing Guidelines and Reviews 

The combined Society of Vascular Surgery / American Venous Forum guidelines 

on the care of patients with varicose veins and associated chronic venous diseases 

currently recommends that the CEAP classification be used for patients with chronic 

venous disease (Grade: 1, Level of Evidence A).1 Based on this recommendation it 

would seem clinically useful to present RCT results by CEAP classification.  

However, we found only rare subgroup presentation by CEAP class (1/53) and CEAP 

(1/53).  Additionally, the same guidelines recommend endovenous thermal ablation 

(EVLA or RFA) over open surgery and over sclerotherapy for saphenous vein 

disease (Grade: 1, Level of Evidence B) on the strength of outcomes from single 

RCTs or previous meta-analyses evaluating surrogate outcomes such as abolition of 

saphenous reflux, which our review does not support.89,90  When evaluating patient-

centric outcomes, such as quality of life (patient reported) or symptom scores 

(physician reported) we found either insufficient studies to meta-analyze or no 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

difference between endovascular therapies and endovascular versus surgical 

therapies.  

In addition to U.S. guidelines, the National Institute for Health and Care 

Excellence (NICE) in the United Kingdom has published a guideline on the 

management of varicose veins in the legs on the basis of their systematic review and 

meta-analysis.  Similar to ours, their systematic review and meta-analysis concluded 

that there were no significant differences in critical outcomes, defined as health-

related quality of life and patient symptom scores, between subtypes of 

endovascular therapies or between endovascular versus surgical therapy.  

Importantly, the quality of evidence for these comparisons was found to be low to 

very low in each case.  Nevertheless, given that both the SVS/AVF guidelines and the 

NICE documents are designed to provide guidance to clinicians rather than to stand 

as pure evidence assessments, both suggest endothermal ablation (RFA or EVLA) 

followed by sclerotherapy, followed by surgery.   

 

Limitations 

The present systematic review and meta-analysis has several limitations.  First, 

given the rapid evolution of endovascular therapy for chronic lower extremity 

venous disease, we excluded studies conducted prior to 2000 and focused on those 

with a direct comparison between endovascular and placebo / compression or 

surgical therapies.  Second, we focused our review on RCTs with ≥20 patients and 

observational studies with > 500 patients.  Furthermore, due to the number of 

available RCTs, we limited our meta-analysis to RCTs.  As a result, our findings are 
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biased towards randomized comparisons and it is possible that findings from 

observational studies would have provided additional information.  However, 

because 3 of the 4 included observational studies were rated as poor quality 

independent of their observational study design, we chose to limit our meta-

analyses to RCTs to limit the impact of confounding on results.  

 

Conclusions: 

In the present systematic review and meta-analyses of the comparative 

effectiveness of endovascular therapies versus placebo/compression, other 

endovascular therapies, or surgical therapies in chronic lower extremity venous 

disease, 1% polidocanol sclerotherapy was superior to placebo.  However, there was 

no difference in effectiveness between subtypes of endovascular therapies or 

between endovascular therapies versus surgical therapies.  Additionally, existing 

randomized trials of endovascular therapies in lower extremity chronic venous 

disease are limited by: 1) heterogeneity of outcomes 2) suboptimal study design 

manifested by lack of allocation concealment, lack of double blinding, and reporting 

bias and 3) insufficient reporting of important anatomic, gender, and racial 

subgroups.  Given the estimated $290 million in Medicare spending on invasive 

therapies for lower extremity chronic venous disease in 2015, further, well designed 

studies should be undertaken to establish the comparative effectiveness of these 

therapies.  
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Figures 

 

Figure 1.  Literature Flow Diagram 

 

Figure 2. A.  Forest Plot of change in VEINES quality-of-life scorer for 1% 

polidocanol sclerotherapy versus placebo.  B. Forest Plot of change in 

standard symptom score for 1% polidocanol sclerotherapy versus placebo. 

 

Figure 3.  A.  Forest plot of short-term AVVQ effects for venous stripping plus 

ligation vs. EVLA.  B. Forest plot of intermediate-term AVVQ effects for venous 

stripping plus ligation vs. EVLA.  C. Forest plot of long-term AVVQ effects for 

venous stripping plus ligation vs. EVLA. 
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406 articles excluded at full-text review: 
- Not a full publication, article 

retracted/withdrawn, or full publication not 
available: 7 

- Not available in English: 6 

- Not original data or publication date prior to 
Jan 1, 2000: 18 

- Does not meet study design or sample size 
requirements: 80 

- Does not report data for a study population of 
interest: 69 

- Does not include an intervention of interest: 87 

- Does not include a comparator of interest: 117 

- Does not include outcomes of interest: 22 

136 articles 
representing 111 studies 
passed full-text screening 

Endovascular  
vs.  

Placebo/Compression: 
7 studies 
(n=1029) 

Endovascular  
vs.  

Endovascular: 
15 studies* 
(n=93,611) 

Endovascular  
vs.  

Surgery: 
38 studies* 
(n=102,313) 

* Three studies were relevant to more than one comparison. 

59 articles relevant to other aspects of the larger AHRQ 
review (LECVD diagnosis, treatment of patients with LE 
chronic venous thrombosis/ obstruction, other treatment 
comparisons for LE varicose veins and/or LE chronic 
venous insufficiency/incompetence/reflux) 

77 articles 
representing 57 studies 

Figure 1 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Figure 2. 

Study name Statistics for each study Std diff in means 
and 95% CIStd diff Lower Upper 

in means limit limit Z-Value p-Value

King 2015 0.791 0.393 1.189 3.899 <0.001
Todd 2014 0.763 0.379 1.147 3.899 <0.001
Gibson 2016 0.898 0.426 1.370 3.731 <0.001

0.808 0.569 1.046 6.642 <0.001
-2.00 -1.00 0.00 1.00 2.00

Favors Placebo Favors One Percent

Random Effects Meta Analysis of VEINES QOL 
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Abbreviations: CI=confidence interval; Std diff=standardized difference 

Study nameA 

Study name Statistics for each study Std diff in means
and 95% CIStd diff Standard Lower Upper 

in means error limit limit p-Value
King 2015 0.791 0.203 0.393 1.189 <0.001
Todd 2014 0.786 0.202 0.391 1.182 <0.001
Gibson 2016 0.854 0.240 0.384 1.324 <0.001

0.806 0.123 0.565 1.047 <0.001

-2.00 -1.00 0.00 1.00 2.00

Favors Placebo Favors One Percent

Random Effects Meta Analysis of Standard Symptom Scores

Abbreviations: CI=confidence interval; Std diff=standardized difference 

Study nameB 
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Figure 3.  
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Table 1.  Summary of Quality, Outcomes, and Subgroups by Comparison within Included Studies 

Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

Endovascular vs. 

Placebo or 

Compression 

(7 RCTs) 

RCTs: 

4/7 = good 

2/7 = fair 

1/7 = poor 

RCTs: 

3/7 = lack of allocation 

concealment 

3/7 = lack of double 

blinding 

2/7 = reporting Bias 

Wound healing:  Insufficient SOE (intermediate, long) 

Change in Clinical Symptom Score:  Moderate SOE 

(intermediate) 

Change in QOL:  Moderate SOE (intermediate) 

Adverse events (any): Insufficient SOE (intermediate, 

short) 

CEAP = 0/7 

Anatomy = 0/7 

Gender = 0/7 

Race = 0/7 

Endovascular vs. 

Endovascular 

(13 RCTs, 2 

Observational) 

RCTs: 

6/13 = good 

5/13 = fair 

2/13 = poor 

Observational: 

0/2 = good 

0/2 = fair 

2/2 = poor 

RCTs: 

4/13 = lack of allocation 

concealment 

8/13 = lack of double 

blinding 

3/13 = reporting Bias  

Observational: 

2/2 = potential issues with 

selection 

2/2 = potential issues with 

comparability 

2/2 = potential issues with 

outcomes 

Wound healing: 

Change in Clinical Symptom Score:  Low SOE (long, 

intermediate, short) 

Change in QOL: Low SOE (long, intermediate, short) 

Adverse events (any):  Low SOE (short) 

CEAP = 0/13 

Anatomy = 0/13 

Gender = 0/13 

Race = 0/13 
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

EVLA vs. 

sclerotherapy 

(3 RCTs) 

RCTs: 

2/3 = good 

1/3 = fair 

RCTs: 

1/3 = lack of allocation 

concealment 

3/3 = lack of double 

blinding 

1/3 = reporting Bias  

Wound healing: 

Change in Clinical Symptom Score:  Low SOE 

(intermediate) 

Change in QOL: Low SOE (long, intermediate) 

Adverse events (any): Insufficient SOE (long, 

intermediate, short) 

 

NdYag vs. 

sclerotherapy 

(1 RCT) 

RCTs: 

1/1 = good 

RCTs: 

0/1 = lack of allocation 

concealment 

0/1 = lack of double 

blinding 

0/1 = reporting Bias  

Wound healing: 

Change in Clinical Symptom Score:  

Change in QOL:  Insufficient SOE  (long, 

intermediate) 

Adverse events (any): Insufficient SOE (long, 

intermediate) 
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

EVLA vs. RFA 

(5 RCTs, 2 

Observational) 

RCTs:  

2/5 = good 

1/5 = fair 

2/5 = poor 

Observational: 

2/2 = poor 

RCTs: 

2/5 = lack of allocation 

concealment 

2/5 = lack of double 

blinding 

1/5 = reporting Bias  

Observational: 

2/2 = potential issues with 

selection 

2/2 = potential issues with 

comparability 

2/2 = potential issues with 

outcomes 

Wound healing: 

Change in Clinical Symptom Score:  Low SOE (long, 

intermediate, short)  

Change in QOL: Low SOE (intermediate, short) 

Adverse events (any):  Low SOE  (short) 

 

EVLA vs. 

EVLA+sclerotherapy 

(1 RCT) 

RCT 

1/1 = fair 

RCTs: 

1/1 = lack of allocation 

concealment 

1/1 = lack of double 

blinding 

0/1 = reporting Bias 

Wound healing: 

Change in Clinical Symptom Score:  

Change in QOL:  Insufficient SOE (intermediate) 

Adverse events (any):  
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

CA embolization vs. 

RFA 

(1 RCT) 

RCT 

1/1 = fair 

RCTs: 

0/1 = lack of allocation 

concealment 

1/1 = lack of double 

blinding 

0/1 = reporting Bias  

 

Wound healing: 

Change in Clinical Symptom Score:  Insufficient SOE 

(intermediate, short)  

Change in QOL:  Insufficient SOE (intermediate, 

short) 

Adverse events (any): Insufficient SOE (intermediate, 

short) 

 

MOCA vs. RFA 

(1 RCT) 

RCT 

1/1 = good 

RCTs: 

0/1 = lack of allocation 

concealment 

0/1 = lack of double 

blinding 

1/1 = reporting Bias  

 

Wound healing: 

Change in Clinical Symptom Score:  Insufficient SOE 

(intermediate)   

Change in QOL:  Insufficient SOE (intermediate)  

Adverse events (any): Insufficient SOE (short)   

 

EVLA vs. thermal 

ablation 

(1 RCT) 

RCT 

1/1 = fair 

RCTs: 

0/1 = lack of allocation 

concealment 

1/1 = lack of double 

blinding 

0/1 = reporting Bias  

 

Wound healing: 

Change in Clinical Symptom Score: Insufficient SOE 

(intermediate)   

Change in QOL:  Insufficient SOE (intermediate)  

Adverse events (any): Insufficient SOE (intermediate, 

short)   
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

Endovascular vs. 

Surgery 

(35 RCTs, 3 

Observational) 

RCTs: 

8/35= good 

21/35 = fair 

6/35 = poor 

Observational: 

0/3 = good 

1/3 = fair 

2/3 = poor 

RCTs: 

18/35 = lack of allocation 

concealment 

35/35 = lack of double 

blinding 

8/35 = reporting Bias  

Observational: 

3/3 = potential issues with 

selection 

2/3 = potential issues with 

comparability 

2/3 = potential issues with 

outcomes 

Wound healing: 

Change in Clinical Symptom Score:  Moderate SOE 

(long, intermediate, short)  

Change in QOL:  Moderate SOE  (long) 

Adverse events (any): Moderate SOE  

CEAP = 1/35 

Anatomy = 1/35 

Gender = 0/35 

Race = 0/35 
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

HL/S vs. RFA 

(6 RCTs, 2 

Observational) 

RCTs: 

3/6 = good 

2/6 = fair 

1/6 = poor 

Observational: 

1/2 = fair 

1/2 = poor 

RCTs: 

3/6 = lack of allocation 

concealment 

6/6 = lack of double 

blinding 

3/6 = reporting Bias  

Observational: 

2/2 = potential issues with 

selection 

2/2 = potential issues with 

comparability 

1/2 = potential issues with 

outcomes 

Wound healing: 

Change in Clinical Symptom Score:  Moderate SOE 

(long, intermediate, short) 

Change in QOL: Insufficient SOE (long, intermediate, 

short) 

Adverse events (any):  Low SOE (long, intermediate, 

short) 
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

HL/S vs. EVLA 

(17 RCTs, 1 

Observational) 

RCTs: 

5/17 = good 

9/17 = fair 

3/17 = poor 

Observational: 

1/1 = poor 

RCTs: 

9/17 = lack of allocation 

concealment 

17/17 = lack of double 

blinding 

2/17 = reporting Bias  

Observational: 

1/1 = potential issues with 

selection 

1/1 = potential issues with 

comparability 

1/1 = potential issues with 

outcomes 

Wound healing: 

Change in Clinical Symptom Score:  Low SOE (long)   

Change in QOL:  Moderate SOE  (long)  

Adverse events (any): Moderate SOE  
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Comparison (Total 

Studies) 
Study Quality 

Reasons for Study 

Quality Assessment 
Strength of Evidence (Timing of Outcomes) 

Subgroups 

Presented 

HL/S vs. 

sclerotherapy 

(15 RCTs, 1 

Observational) 

RCTs: 

3/15 = good 

10/15 = fair 

2/15 = poor 

Observational: 

1/1 = poor 

RCTs: 

7/15 = lack of allocation 

concealment 

15/15 = lack of double 

blinding 

3/15 = reporting Bias  

Observational: 

1/1 = potential issues with 

selection 

0/1 = potential issues with 

comparability 

1/1 = potential issues with 

outcomes 

 

Wound healing: 

Change in Clinical Symptom Score: Insufficient SOE 

(long, intermediate) 

Change in QOL:  Moderate SOE  (long) 

Adverse events (any):  Low SOE 

 

HL/S vs. thermal 

ablation 

(1 RCT) 

RCTs: 

1/1 = fair 

 

RCTs: 

1/1 = lack of allocation 

concealment 

1/1 = lack of double 

blinding 

0/1= reporting Bias  

Wound healing: 

Change in Clinical Symptom Score:  Insufficient SOE 

(intermediate)  

Change in QOL:  

Adverse events (any): Insufficient SOE (short) 

 

Abbreviations: CA= Cyanoacrylate; CEAP=Clinical, Etiologic, Anatomic, Pathophysiologic; EVLA = Endovenous Laser Ablation; HL/S=High 

Ligation/Stripping; MOCA= Mechanochemical Endogenous Ablation; NR=not reported; QOL=quality of life; RFA=Radiofrequency Ablation; 

SOE=Strength of Evidence 
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