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Abstract

Background:

A Health Technology Assessment was conducted to evaluate the relative clinicasénd
effectiveness of minimally invasive techniques (foam sclerotherapy (FS), ey laser
ablation (EVLA) and radiofrequency ablation (RFA)) for managing varicose v@ins,

comparison with traditional surgery.

Methods:

A systematic review of randomised controlled trials (RCTs) to assessféutiveihess of
minimally invasive techniques compared with other treatments, principallicaustyipping,
in terms of recurrence of varicose veins, Venous Clinical Severity Score (VC88anoa
guality of life. Network meta-analysis and exploratory cost-effectiveness rimgdeliere

performed.

Results:

The literature search conducted in July 2011 identified 1453 unique cita@idRCTs (54
papers) satisfied the criteria for effectiveness review. Differences detiseatments were
negligible in terms of clinical outcomes, so the treatment with the lowsstappears to be
most cost-effective. Total FS costs were estimated to be lowest and axgisially more
effective than surgery. However, relative effectiveness was sengititket model time
horizon. Threshold analysis indicated that EVLA and RFA might be considered cost-effective
if their costs are similar to surgery. These findings are subject tousauncertainties,

including the risk of bias present in the evidence base and variation in reported costs.

Conclusion:
This assessment of the currently available evidence suggests there s ditttese between

surgery and the minimally invasive techniques in terms of efficacy or satethe relative



costs of the treatments becomes one of the deciding factors. High quality RCT evglenc
needed to verify and further inform these findings.

I ntroduction

The prevalence of varicose veins in the UK has been reported to be betwé&é% 20
adults. The NHS performed over 33,000 surgical procedures in 2010-11 to treatevaricos
veins. However, the perceived low priority of varicose veins in economicalijested times

may explain the recent reductions in varicose vein activity in England and ales.
Conventional surgery (ligation and stripping) remains the most frequently pedorm
procedure in the National Health Service (NF)Ithough there are regional variations in the
type of procedures performéddowever, ligation and stripping has been associated with a
range of adverse effects such as wound infection, haematoma, lymph leaks, pairg,scarri
nerve injury, Deep Vein Thrombosis (DVT) and long post-operative recévery.
Conventional non-foam sclerotherapy, is considered faster but less effective thaal surg

stripping (hereafter, “surgery”).8

The clinical signs and symptoms of venous disease may be classified using the CEAP
classification: Clinical status; Etiology; Anatomy; and Pathophysiotdgirhis ranges from

CO (no signs of venous disease) to C6 (active venous ulcer). C2 indicates vaginesé lve
degree of severity of pain and other clinical signs or symptoms can lsenegaccording to

the Venous Clinical Severity Score (VCS%): The VCSS may be used to gauge clinical
severity before and after intervention, i.e. to measure the efficacy of exmeintion. The
higher the score, the worse the disease severity. The presence ugf isefidentified
principally by duplex ultrasound (DUS). The criteria usually taken as indicating pattalogi
reflux are the presence of venous flow reversal for >0.5 to 1.0 second with proximal

compression, the Valsalva manoeuvre, or distal compression and félease.

The principal outcomes associated with treatment for varicose veins are symp¢branc!

symptom severity, recurrence of varicosities, as well as the occurrence of iEagitias in



the same limb, and retreatment. Reported recurrence rates vary widely dependieg on t
nature of the surgical technique performed and method of assessment. For conventional
stripping and ligation surgery, two-year recurrence rates of up to 33% havecpeeted®

rising to 41% for 5 years and to up to 70% at over 10 yé&tsSurgical procedures for
recurrence can therefore place considerable demand on the health services. Other ofitcomes
interest are health-related quality of life (HRQoL), patient treatmerdfaetion, and the

occurrence of related post-operative complications.

New minimally invasive treatments offer alternative methods of ablating petemt veins,
particularly the Greater Saphenous Vein. These treatments typically involvef laser
(endovenous laser ablation, EVI*3) radiofrequency probe (RFZX)or foam sclerosant
(FS)2* They are increasingly widely used and might offer potential benefits sudstas f
recovery, reduced complications, fewer physical limitations and increased HRQoL. $n term
of active intervention, recent Guidance from the National Institute for Heaith Care
Excellence (NICE) recommends the use of EVLA or RFA,; if this is considereditable”,

then FS should be used, and, if this technique is de&nmgditable”, then surgery should be
used?? The study reported here was funded as a Health Technology Assessment rdport by
National Institute of Health Research (NIHR); the full detailed repavailable elsewherg.

It aimed to evaluate the clinical and cost effectiveness of the different atiyimvasive

methods of managing varicose veins compared with conventional surgery.

M ethods

Clinical effectiveness

Inclusion and exclusion criteria

To be included in the review, a study had to be a randomised controll§R€iR) of adults

aged 16 years or more who were being treated specifically for varicose veins and wh
received one of the following interventions (EVLA, RFA or FS). The compacaiad be

any of these treatments, surgery or conservative management. Outcomes includedffai

the procedure, i.e. the procedure was incomplete; or occlusion or obliteration tvas no
achieved or was not sustained for more than one month; technical recurrence @draistin
initial episode), i.e. the presence of reflux, recanalisation or new varicoseinea treated

limb, diagnosed by duplex ultrasound scanning (DUS); Venous Clinical Severity Score



(VCSS); pain; time to return to work or normal activity; and post-agperaomplications
(adverse events). Trials comparing different forms of the same intervention werdeglxcl
Only the meta-analysed outcomes of technical recurrence, VCSS and pain are iafbise

article.

Sear ch strategy and study selection

A systematic review of the literature and (network) meta-analysis was takelerin
accordance with the general principles recommended in the Preferred Refiertingfor
Systematic Reviews and Meta-Analyses (PRISMA) statefiéghtomprehensive search was
undertaken to identify systematically clinical effectiveness literaturepadny different
methods for the management of varicose veins. The search involved combinmdptetine
population (varicose veins) with terms for the interventions of interesttheeminimally
invasive techniques. The full search strategy is available in the full Fé@disearches were
performed in July 2011. Eleven electronic databases were searched from inception for
published and unpublished research evidence: MEDLINE, EMBASE, CINAHL, The
Cochrane Library, Biological Abstracts, Science and Social Science Citation Indices,
Conference Proceedings Citation Index- Science (CPCI-S), UK Clinical TrialsarRlese
Network (UKCRN), Current Controlled Trials and Clinical Trials.govl éitations were
imported into reference management software and titles and abstracts of all utsitioesci
were screened independently by two reviewers using the inclusion criteria outliogd bel
Disagreements or queries were resolved by consensus or with reference to taathird
member where necessary. The full papers of all potentially relevant rtatiere assessed

for inclusion and reference-tracking of all included studies and relevant reviews
performed to identify additional, relevant studies not retrieved by the seaelrctfonic

databases.

Data extraction, critical appraisal and synthesis

Dataextraction was performed by one reviewer into a standardised form and independently
checked for accuracy by a second reviewer. Discrepancies were resolved by discussion
Critical appraisal of included trials was performed by one reviewer, agipgppriate criteria
adapted from a published checklist for surgical interventions, and independectedlier
accuracy by a second. Discrepancies were resolved by discussion between reviewers.
Blinding of patients and outcome assessors were not retained as criterisebéloa
techniques generally did not permit such blinding, so the risk of detdxtiswas inherently

high in all studies.



Methods of data synthesis

Technical recurrence, VCSS and pain score data were tabulated and, where data were
appropriate, included studies were combined in a random-effects network mgsisana
which allows for heterogeneity in treatment effects across studies. Randomisati
analysis in the primary studies was described as being by patient or bwlhierbpatients

were unilateral; when patients were bilateral, randomisation was by limb. Datdhsesfore

all per limb or per patient; no data were per procedure (i.e. there westanerhere multiple
procedures were conducted on the same limb). The analysis was conducted using Markov
chain Monte Carlo (MCMC) simulation implemented in the WinBUGS and OpenBugs
software package$i?® The principal analysis compared the hazard of having technical
recurrence when treating with EVLA, RFA and FS, relative to the common compafrator o
surgery using a complimentary log-log link function assuming that the undedying/or
functions follow Weibull distributions with separate shape and scale parametdi@atdor

the possibility of non-proportional hazards; a summary of the treatmentseegresented

for 6 months, 1 year and 2 years. For VCSS and pain scores, the statistical maheldas

normal distribution for the observed sample means. Convergence of the models to thei
posterior distributions was assessed using the Brooks-Gelman-Rubin convergenae?$tatisti
Convergence occurred after 200,000 iterations for technical recurrence, after 10adiabéter

for VCSS and after 30,000 iterations for pain. Full details of the anadysisgiven

elsewheré?

Cost-effectiveness

Model Overview

The model was developed as a discrete event simulation (DES) model in®SimsiBulate
the experience of patients undergoing treatment for varicose veins. A DES modéloses

to allow non-constant hazard in the time to treatment failure/technical reair€his
method also obviates the need for arbitrary time cycles. The baseline model had @iperspe
of ten years, chosen as a reasonable time over which to extrapolate the timedaléa.
Costs were reported in 2011-12 British Pound Sterling; quality adjustecelifs YQALYS)
were used as the measure of effectiveness. The analysis took the perspectivekoNthg U

and personal social services. All costs and benefits are discounted at a rate ,08s3.5%



recommended NICE Both probabilistic (PSA) and deterministic sensitivity analysis were

undertaken.

Themodel structure

The model structure is illustrated Figure 1. Ovals represent events (numbered 1 to 3) and
oblongs health states (A to D). Treatments included in the model are surgelB}/LE7S and

RFA (Event 1). Costs and a loss of utility from the short term adverseseffieiteatment are
assigned according to the treatment. Treatment may result in technical atemedi
(anatomical) success (states A and B) or failure (states C and Dhilfir fit is assumed

that all patients will have further treatment with foam until technstaicess is achieved
(Event 2). Patients with a successful clinical outcome nevertheless still haveabifity of
remaining symptomatic (state B). Thus initial treatment may result in one dfdaith states
(A,B) based on the presence or absence of symptoms. Outcomes of varicose veingwocedur
are complex. Several disease-specific quality of life measures have been devetoped
varicose veins in recognition of the fact that whilst symptom relief is agedawith clinical

or anatomical outcomes, these are poor predictors of oyeratcess from the patient’s
perspectivé®*° For example, in a study of FS no correlation was found between changes in
the Aberdeen Varicose Veins Questionnaire (AVVQ), a patient-reported measure of outcomes
and quality-of-life, and venous refill timé$.Also, Merchant reports a high proportion of
patients experiencing symptom improvement despite anatomical failure following RFA (70%-
80%, compared to 85%-94% in limbs with anatomical sucéeds).the model it was
therefore not assumed that technical failure equates to the patient being syticptiostead
patients with technically successful and technically failed procedures haweringiff
probabilities of being asymptomatic, with differing utility values attacbhexymptomatic and

asymptomatic states. Patients may die at any time of all-cause mortality.

Adverse events, other than post-operative pain, are not included in the model because most
adverse events of treatment, such as infection, haematoma, paraesthesia andg afgebiti
relatively mild, of short duration and require no treatment. An exception is DWithwan
occasionally lead to death. However, the effectiveness review showed that DaWirfgll
treatment for varicose veins is very rare and so any possible effectsrandbkresults were

estimated to be negligible.

Figurel here: Modd structure



Model Parameters

Uncertainty about parameters representing disease recurrence data and post-operative pain
were sourced from the network meta-analysis (see Results). The proportion of patients
requiring treatment for initial failure (treatment failusg one month) was determined from

the time to failure distribution and top-up treatments for residual side le=ackl accessory
saphenous veinsstimated from additional meta-analysis of data from studies included in the
effectiveness review. Both were assumed to be treated with FS.Studies varied useli
phlebectomy concomitant with the primary procedure. In the model the initial procedure
includes a proportion that would be undergoing concomitant phlebectomy in keéthirigev

trial evidence. Most used FS rather than phlebectomy for residual vagsostuiring
secondary procedures unless there was recurrent incompetence. It was therefore assumed that
60% of late (after one month) retreatments were surgical procedures (sjrigpihg0% FS.

The proportion of patients asymptomatic following a technically failedswecessful
procedure was taken from the literatéfté. Procedure costs were derived from UK studies
identified in a systematic search for economic studies of included treatmemtsvét, only

the cost of surgery was available from more than one study and was quite variabhg rangi
from £660 to £1,420 at 2011/12 pricés! The cost for surgery was therefore taken from
National Reference costs, but $kedo not differentiate between the other treatment
methods® The cost of other treatments relative to surgery was published only in la smal
number of studies, so this information had to be used to calculate their cost, as-ghown

2. The costs of EVLA were estimated from those for RFA, based on additional egqaipm
costs. To address variation in treatment costs a threshold analysis was gabtfodatermine

the cost at which the minimally invasive treatments might be considered cosireffec
Resource use (GP and outpatient visits, duplex scan) associated with retresérent

estimated and costed using standard soifcés.

To derive an estimate of the utility associated with symptomatic variogiss @ meta-
analysis was undertaken of all studies reporting baseline (pre-treatme+s&p EQ this
population®#3741 Six relevant studies were identified with 1177 unique patients. Age-
independent estimates were calculated by dividing the reported values by theigopulat
average utility for the mean study population &§eBhis gave a utility value of 0.88 (se
0.009) for patients with symptomatic varicose veins. Asymptomatic patients are aseumed t
have the same utility as the general population of their age, so the ditgtgaitie is one. In

the model age-specific utility is calculated by multiplying the stathtyutby the age-

dependent utility. Loss of utility associated with post-operative pain wasagstinfroma



single study reporting boti.The reduction in EQ-5D utility for each absolute 1% increase in
VAS pain score was 0.0026. All parameter values are reported in Supplementary Data Table

S1 except time to recurrence ($dgure 8 in Results section).

Figure 2 here: Initial procedure costs estimated relativeto surgery costs

Results

Clinical effectivenessreview

Included studies

The searches identified 1453 unique citations. See the PRISMA flowchart (fénwe 3).

Eleven citations represented relevant ongoing trials and 51 citations, representiffigr8itdi
studies®24%4371 provided data used in the network meta-analyses. Study characteristics for
these trials are shown in Table S2 (supplementary information). Fourteenetréduated
EVLA against surgery, RFA or FS; thirteen trials compared RFA with surgery, EF&Aor

other comparators; and thirteen trials evaluated FS, principally comparing ht wit
conventional surgery. One trial had arms comparing all three minimally weviesihniques?

No trial included conservative management as a comparator. The principal, common

comparator was surgery, i.e. ligation and stripping.

3873 participants were reported as randomised across all trials. The number of randomised
participants in a single trial ranged from*28& 710% The mean age of participants ranged

from 33to 54 year¥53’2 There was a majority of female participants in every trial; the
percentage of female participants ranged from $48095%>* In all trials participants were
required to have varicose veins diagnosed by duplex scanning and categorised according to
the CEAP score. The vast majority of participants in any trial were GReoREAP score
(varicose veins), except for three trials, where the majority weté C8* or C5> The UK

was the single most frequent location (12 trials); the remainder were conductedties

across thirteen other different countries.

Quiality of included studies



The methodological quality assessment of each included study is summarisedernS3abl
(supplementary information). The majority of the trials used in the netmetia-analyses
(e.g. those reporting technical recurrence data for EVLA versus surgery ér &rsus RFA
etc.) were at risk of either selection or attrition bias due to inadegaatimisation,
allocation concealment or intentiootreat analysis. Only four of the included trials actually
reported that surgeons were sufficiently experienced across arms in the yaocedures,
thus reducing the likelihood of bias resulting from performance of the various

techniqueg§1:63:6573

Recurrence

The principal outcome reported by trials was technical recurrence, as defined Blots

were available from 23 trials at various follow-up tirfE&;495156617277The results
suggested that there was mild heterogeneity between studies in the shape parameter (0.17;
95% Crl: 0.01, 0.45) but that there was mild to moderate heterogeneity betudies st the

scale parameter (0.26; 95% Crl: 0.02, 0.91). EVLA exhibited the lowest rates of technical
recurrence relative to surgery, although there was some evidence that thilsdszmeéses

over time (2 Year HR, 0.84; 95% Crl: 0.44, 1.81) (Begure 4). RFA was associated with a
small and relatively constant lower rate of technical recurrence overcomeared with
surgery (2 Year HR, 0.94; 95% Ci0.42, 2.51). FS was worse than surgery over the first
year, although there was a small benefit after two years (2 Year HR, 0.92C195%43,

1.60). In each case there was considerable uncertainty about which interwestittve most

beneficial.

Figure4 here: Technical recurrence

Venous Clinical Severity Score (VCSS)

Thirteen studies met the inclusion/exclusion criteria for VCSS as an outcomeeighitl year

(SD) was estimated to be 0.22, which is indicative of mild to moderate hetetggene
treatment effect between studies (95% Crl: 0.01, 1.79). The VCSS for both FS/AAd
were lower than for surgery, i.e. patients and clinicians reported fewer clinical sysnfaiom

these treatments compared to surgé3geFigureb).

Figure5here: VCSS



Pain score

Eleven trials reported measuring pain using a form of visual analogue sddleo(11-100)

for a period between three and 14 days post-operation and were included in the netarork met
analysistli45:53:56-59:61:6364.7The petween study standard deviation was estimated to be 0.48;
(95% Crl: 0.06, 1.12), which is indicative of mild to moderate heterogeneity imtatat
effect between studies. The interventions that exhibited the lowest pain sconeared to
surgery were RFA (mean difference, -1.26 95% Crl: -1.95, -0.61) and FS (mean difference, -
0.80 95% Crl: -1.93, 0.30). (Sé&gure 6)

Figure 6 here: Pain scores

Adverse events

In general, serious adverse events, such as DVT or pulmonary embolism (PE) relere ra
Eleven studies reported on these outcomes but only five studies reported that any such
complication actually occurrel§#856638 The three trials reporting the highest numbers of
these adverse events, i.e. Wri§hRasmussen et al., 201 and Shadid et al?®, also had the
largest sample sizes of all included studies in the ré®f&#, with Wright et af® reporting a
substantially higher rate than any other study. However, this disproportionateanatee
explained by the intervention. The “VARISOLVE®” technique (BTG, London, UK) applied

in this trial was new and the amount of foam used was altered part way througialthe t
because of the high DVT rate: the initial amount of foam (60mL) was redu@siibo. No

DVT was reported for the 95 participants who subsequently received this lower dose.

Summary of effectiveness

The analysis of the technical recurrence data suggested that the bemefatroent with
EVLA and FS varied over time. In particular, the early benefit associatbdEWLA relative

to surgery was lesat 2 years than at 6 months. However, the results were inconclusive in
determining which intervention was the most effective. The analysis of the \dags
suggested that FS was the most effective intervention. The analysis of thec@aindata

suggested that RFA was the most effective treatment.

Cost-effectiveness



The results of the PSA analysis, with costs and QALYs discounted at a rate of 3.5%, are
shown inFigure 7. Although there is an element of retreatment, the total costs of &matm

are primarily comprised of the initial treatment cost, with RFA tlestrexpensive procedure

and FS the least costly option. All of the minimally invasive treatmemisult in more
QALYs compared to surgery at 10 years, but the QALY differences between surgery, EVLA
and RFA are negligible: equivalent to less than a day in full healtB\V&wA compared to

surgery.

Figure 7 here: Results of the discounted PSA economic analysis

Foam is less costly than surgery and marginally more effective, and can thus be said t
dominate surgery. The probability of it being the most cost-effective teaatisabove 90%

for willingness to pay thresholds in the range £20,000 to £50,000. The Incremental Cost
Effectiveness Ratios (ICERs) for EVLA and RFA, in comparison to surgiéppistg, show

they are not cost-effective at usually accepted I€els.

The full results of the univariate sensitivity analysis are reported elsetifidre results were

not sensitive to uncertainty associated with most parameters, with the excefptioa
disutility associated with post-operative treatment, and the model time horizon. The results for
FS compared to surgery were potentially sensitive to disutility associatedreatiment, a
parameter derived from the network meta-analysis of reported pain at approxib@atklys
(seeFigure 6). By 10 days post-operative pain has already subsided, and therefore the
analysis may not fully reflect differences between the treatments. Alsoeldtomshp
between post-operative pain and utility was based on limitedtata.

The model time horizon has the potential to affect results due to differencesebetve
treatments in post-operative pain and recurrence ratesF{§#es 4 and8) For EVLA and
RFA the incremental QALYs are greater and the costs lower with increasingadimas their
failure rates are lower than for surgéryazard ratio [HR] at one year 0.77 for EVLA, 0.93
for RFA), so the ICERs are lower the longer the model time horizon, but even ran for
lifetime the ICERs do not approach £30,000. RFA results in less post-operativéhgrain
EVLA, so RFA results in more QALYs at two years compared to EVLA, but by 1& year

EVLA has overtaken RFA due to lower failure rates. F8the picture is more complex. The



pain associated with treatment is lower than for surgery, resultindlynitiehigher QALYSs.

However the rate of failure is slightly higher in the first few years coeaptr surgery (HR
foam 1.02 at one year) potentially resulting in fewer QALYs for intermediatdem
timespans. In the long term (between 10 years and life) foam has a lowes faile than

surgery and leads to a small QALY gain.

Figure 8 here: Probability of technical recurrence by intervention (mean)

Summary of cost-effectiveness

Differences between treatments are negligible in terms of clinical oa;®u the treatment
with the lowest cost appears to be most cost-effective. Our central estintzaeé tistal FS
costs are the lowest and it is marginally more effective than surgigapisyi (+0.0015
QALYs), with a probability of being the most cost-effective treatment above W% f
willingnessto-pay thresholds in the range £20,080,000. This result is, however, sensitive

to the model time horizon (i.e. cost-effectiveness is reduced in the sharidyeeause of the
early failure rates for this technique). EVLA and RFA both cost mane shirgery, and with

very little difference in QALYs they cannot be considered cost-effective at the usual threshold
of £20,000-30,000, a result that is robust to parameter variation and model time horizon.
There is considerable uncertainty in the cost differences between treatments feois
different reported costs of the procedures, and in fact these are likely witfasetting, and

may also vary over time. Threshold analysis skdthat the additional costs of EVLA and
RFA would have to be not more than £50 and £24 more than surgery, respectiay, to
considered cost-effective at a threshold of £20200.

Discussion

This assessment of the evidence published up to August 2011 suggests there isHittse¢o
between the minimally invasive techniques in terms of efficacy or cost, and each aff
viable, clinically effective alternative to stripping. FS mighteofthe most cost-effective
alternative to stripping, within certain time parameters, although there i spoertainty
over the longer-term benefts EVLA and RFA both cost more than surgery, and with very
little difference in QALYs they cannot be considered cost-effective at the thsaahold of



£20,000 - £30,008 However, there was limited cost data for the procedures apart from
surgery, where reported costs were quite variable. Cost differences between treaenents ar
therefore highly uncertain. EVLA and RFA were marginally more effective thaeisuso if

their costs were similar to surgery they would be considered cost-edfekti view of the

small absolute differences in costs and outcomes between the techniques, other issues of
importance to patients, such as the less invasive nature of some options, thendpgort

avoid larger scars and general anaesthesia may be important in the choice of @rocedur
Furthermore, if wider social benefits, such as speed of recovery and return to work, were to be
considered in costs, then the minimally invasive techniques might demonstrate further
benefits over surgery, the majority of studies evaluating time to returnrio awaormal

activity report a significant reduction for the minimally invasivehtéques compared to

surgical stripping?®

All of the effectiveness analyses presented here used only technical hatheytmptomatic
recurrence data, so the true proportion of treated individuals who are likely émtpwéth
symptoms of recurrence requiring retreatment is not certain. The ragzhoical recurrence
reported here are therefore higher than those encountered in clinical practice because
symptomatic patients would not present, even if they were experiencing technicegnee

The findings on initial failure and retreatment, symptomatic recurrence and retreédment
recurrence, given in the full rep&itare affected by a high degree of uncertainty due to the
relative infrequency with which such data were reported, as well as thatitims of the
primary studies’ reporting of these data. Based on projections from trial data the long-term
risk of a technical recurrence is less for all the minimally invasaatrents compared with

surgery, although the time to treatment failure curves are quite similar.

The cost-effectiveness model shows that any differences in benefits (QALYS) hdteee
different procedures are negligible, but marginally favour the minimally invassatments
relative to surgery. Disultility associated with post-operative paihowdth not severe and
limited to a few days duration, affects the results in the short term (two ,yéanmsdnstrating
the limited effects of time to failure on differential QALYs. There aresddffices in treatment
costs however and, with little differences in QALYSs, incremental net benefitgrianarily
driven by costs. The model results are consistent with other studies in fthdin@ALY
differences between treatments are very s#i&llThat of Gohel is also a modelling study
comparing different treatments for varicose vémidowever, in other respects the results of

this model are different. Gohel estimated the costs of treatments from basic uegewte



(day case, outpatient, equipment costs) and reports day case surgery to be more costly than
any of the minimally invasive treatments, contrary to more recently publiststdstudies
showing the costs of EVLA and RFA to be greater than those for sifgé6ohel also finds
surgery to be more effective than the minimally invasive treatmentt)eobasis of much

more limited effectiveness data than used in the current analysis.

The new treatments have additional implications for training and the aimgilabi
equipment. It is possible that there are learning curve effects because the teclsolog
continuing to develop and there are various options for some aspects of the treatment, such as
timing and dosage of energy exposure, which are continuing to be investigated. Some of the
earlier studies used devices or techniques that have already been supersedsgassilile

that greater experience and more widespread adoption will result in impoodcomes and
reduced complications. However, there may also be issues of the availabilitynettdssary

skills and equipment, with the resource implications of providing training in the new methods.

The overall results of this research differ from the findings of othelighgiol systematic
reviews and meta-analy$&®’ in their conclusion that FS, EVLA and RFA offer potentially
equally effective alternatives to surgery and, in the case of FS, a costveffalbdirnative

also. This difference can be explained by the inclusion of more RCT evidetiee present
report (approximately three times as many relevant RCTs than any previous revigte des
broader criteria in the majority of the previous reviews), the exclusion eR@nand non-
comparative evidence, and the analysis methods used. The recently published clinical practice
guidelines from both NICE and the Society for Vascular Surgery and American Venous
Forunt® also recommend EVLA, RFA and FS as effective alternatives to surgery and other
modalities, but the latter only cites a small number of RCTs with shortftdiow-up, and

one or two of the reviews cited here. Also, recent NICE guidance recommends EVLA and
RFA, if suitable, as initial treatment, before using FS or surgery, although thig hego
found that FS is potentially the most cost-effective treatment over langehbrizons. None

of the previously published reviews or analyses acknowledged the limitateanted by the

use of technical recurrence evidence, rather than symptomatic technicaémeeuas an

outcome.

Other than the limitations of the technical recurrence data, the principal uncertaintiesgffecti
the analyses are in the cost differentials between treatments, which aradikelyy with

setting, and may vary over time. There was very limited data on the a#te different



procedures, but threshold analysis showed that the additional costs of EVLA and REA woul
have to be not more than £50 and £24 more than surgery, respectively, to be considered cost-
effective at a threshold of £20,000hel differences in clinical effectiveness (time to
recurrence, post-operative paimgre small. The vast majority of the trials were conducted in
Western Europe in populations who would typically present in the UK with varieoise

and be treated with one of the modalities assessed, so the external validitg\afigémee is

relatively strong for the NHS.

This assessment of the evidence suggests there is little to choose between rtiadlymini
invasive techniques in terms of technical recurrence, VCSS, pain andeadverss, and
each offers a viable, clinically effective alternative to surgicapitny. Foam sclerotherapy
might offer the most cost-effective alternative to surgery, within cetigie parameters.
Training and experience in the minimally invasive techniques might be required befor
relative benefits are apparent. Future trials should aim to measure and report outcames i
standardised manner, which would permit more efficient pooling of tesiits, e.g. mean
and Standard Deviation (SD) of all validated and commonly-used measures, such as VCSS
and EQ-5D. Trial authors should also report both technical and symptomatic recutwence,
permit assessment of likely retreatment rates and costs, and utilise surgéondegiiate
experience of the minimally invasive techniques, if the comparison with surgenertly

the most common procedure performed by all surgeons) is to be internally valid.



Figurel: Mode structure
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Figure 2: Initial procedure costs estimated relativeto surgery costs (31;32;34)

Procedure Cost relativeto | Initial procedure Sour ce
surgery cost
Surgen - £1,15¢ |National reference co:
Foam sclerothera| 0.5t £63< |Bountouroglou 20C
RFA 2.2¢ £2,63* |Subramonia 201
EVLA 2.02 £2,33¢ |See te»




Figure3: PRISMA flowchart
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Figure 4. Technical recurrence: Posterior distribution for the hazard ratios relative to surgery

at 6 months, 1 year and 2 years

6 Months

M edian

(95% Crl)
[Probability HR >1]

1Year

M edian

(95% Crl)
[Probability HR >1]

2years

M edian

(95% Crl)
[Probability HR >1]

EVLA vs. surgery | 0.70 0.77 0.84
(0.27, 1.45) (0.37,1.54) (0.44,1.81)
[0.150] [0.182] [0.257]
RFA vs. surgery 0.92 0.93 0.94
(0.39, 2.11) (0.42, 2.22) (0.42,2.51)
[0.409] [0.411] [0.421]
FSvs. surgery 1.12 1.02 0.92
(0.53, 2.27) (0.49, 1.84) (0.43,1.60)
[0.659] [0.524] [0.359]

Technical recurrence: the presence of reflux, recanalisatioew varicose veins in a treated limb, diagnosed by duplex
ultrasound scanning (DUS)Crl: Credible interval; HR: Hazard ratio; EVLA. Endovenous lasblaton; RFA
Radiofrequency ablation; FS: Foam sclerotherapy

Figure5: VCSS: Posterior distribution for the mean difference compared to surgery

Median Probability of mean difference >0
(95% Crl)
EVLA vs. surgery | -0.10 0.324
(-0.94, 0.73)
RFA vs. surgery 0.15 0.739
(-0.50, 0.95)
FSvs. surgery -1.63 0.015
(-2.90, -0.42)

Crl: Credible interval; EVLA: Endovenous laser ablation; RFA Bdguency ablation; FS: Foam sclerotherapy



Figure 6: Pain scores: Posterior distribution for the mean difference compared to surgery

20

M edian Probability of mean difference >0
(95% Crl)
EVLA vs. surgery | 0.10 0.653
(-0.49, 0.64)
RFA vs. surgery -1.26 0.001
(-1.95, -0.61)
FSvs. surgery -0.80 0.062
(-1.93, 0.30)

Crl: Credible interval; EMLA: Endovenous laser ablation; RFA: Radmfency ablation; FS: Foam sclerotherapy

Figure 7: Results of the discounted Probabilistic Sensitivity Analysis. An economic analysis of

treatmentsfor varicose veins

Discounted I ncremental ICER
Procedure Costs | QALYS| Costs | QALYS
Surgery £1,33¢| 8.034" - - -
Foam £80< | 8.036:z| -£53C | 0.001: NA
EVLA £2,637| 8.037:| £1,30:| 0.002¢ £518,46:
RFA £2,95.| 8.035¢| £1,61°] 0.001: £1,352,99

ICER: Incremental cost effectiveness ratio



Figure 8: Probability of technical recurrence by intervention (mean)
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