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Abstract

Objective: The aim of this work was to estimate cost-effectiveness of five common procedures for varicose vein surgery
(high ligation and stripping, radiofrequency ablation, endovenous laser ablation, steam vein sclerosis and cyanoacrylate glue) in a
Norwegian setting from both a societal and a healthcare payer perspective.

Design: Cost-effectiveness analysis using decision tree modelling.

Methods: A structured literature search was conducted to estimate the clinical effectiveness and the rate of complications
in the five methods. Data on costs and health-related quality of life associated with varicose vein disease were also collected.
With the aid of an expert panel, a structured decision tree was developed. A |-year perspective was modelled, and a variety
of common complications were included. Monte Carlo simulation was used for probabilistic sensitivity analyses.

Results: The laser ablation strategy was the most cost-effective option from a societal perspective, with an incremental
cost-effectiveness ratio of €8448 compared to a no-treatment alternative, and had a 42% probability of being cost-effective
using the Norwegian willingness-to-pay threshold of €59,880. From a healthcare payer perspective, however, the steam
vein sclerosis strategy was the most cost-effective with an incremental cost-effectiveness ratio of €4072 compared to a no-
treatment alternative, and this strategy had a 50% probability of being cost-effective.

Conclusion: Results from this study did depend upon the perspective chosen for analyses. Although recent endovenous
surgical procedures (including laser ablation and steam vein sclerosis) provide clinically effective treatment for advanced,
symptomatic varicose vein disease, availability of high-level data is currently limiting the cost-effectiveness analyses.
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Introduction

Endovascular techniques for treating varicose vein disease
provide benefits, such as reduced invasiveness, less postop-
erative pain and shorter sick leave, compared to traditional
open high ligation and stripping (HL/S).!? These advantages,
however, should be weighed against associated costs of
equipment and resources in order to gain a more complete
understanding of their impact.!>* Such cost-effectiveness
assessments can provide important information in decision-
making and policy settings. A recent example is a German
study investigating the impact of reimbursement of a radi-
ofrequency ablation (RFA) procedure for varicose veins.?

The results of the analysis indicated that a general reimburse-
ment of the procedure through the German Statutory Health
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Table I. Treatment strategies included in the cost and outcome analysis.

Treatment modality

Location

Anaesthesia

No treatment

High ligature and stripping
Endovenous laser ablation
Radiofrequency ablation
Endovenous steam vein sclerosis
Endovenous cyanoacrylate

Day-surgery case

Office-based/day care
Office-based/day care
Office-based/day care
Office-based/day care

General

Tumescent/local
Tumescent/local
Tumescent/local
Tumescent/local
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Figure |. Detailed structure for a treatment strategy in the model.

Insurance could lead to cost saving for the healthcare
sector.

To date, relatively few studies have made comparisons of
costs and outcomes across varicose vein procedures.®’ A
recent health technology assessment (HTA) sponsored by the
National Health Service (NHS; United Kingdom) developed
a model for comparing the strategies of HL/S, RFA, end-
ovenous laser ablation (EVLA), ultrasound-guided foam
sclerotherapy (UGFS) and conservative treatment.® The
study concluded that there are small differences in the clini-
cal effectiveness of the endovascular procedures relative to
the traditional HL/S and that the costs of these strategies
could therefore have a major impact on the cost-effective-
ness and therefore the choice of procedure.

To the best of our knowledge, no comprehensive cost and
outcome analysis has been performed on the range of endo-
vascular procedures from both a ‘healthcare payer’ and a
‘societal’ perspective. The objective of this study was there-
fore to (1) investigate the comparative cost-effectiveness of

available interventions for great saphenous varicose veins
disease that is available and reimbursed in the Norwegian
National Healthcare System and (2) to evaluate how the
choice of perspective would impact cost-effectiveness.

Materials and methods

Model structure

A decision tree model was developed using TreeAge Pro
2015 (TreeAge Software Inc., Williamstown, MA, USA) to
compare treatment strategies (Table 1).3 Only procedures
available in the Norwegian National Healthcare System
were included in the study, and an additional no-treatment
strategy was added as a baseline for ranking the strategies.’
Quality-adjusted life years (QALYs) were used as the main
outcome measure.

The model simulates the clinical course during the first
year after the surgical procedure, where patients may have
complications or not (Figure 1). If they have complications,
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a QALY-loss corresponding to the severity of the complica-
tion, and any additional cost due to the complication, is
imposed. At the end stage, the 1-year perspective patients
either face treatment failure, that is, recurrent varicose veins
as in the pre-treatment condition, or treatment success, indi-
cating a decline in varicose vein symptoms.

The model was developed to capture direct costs as well
as societal costs, and simulations could be performed either
in a narrow healthcare payer perspective or a broader soci-
etal perspective. A panel of two vascular surgeons and an
internal medicine specialist provided expert advice about
clinical practice to help inform development of the model.

Model assumptions

Costs assumed to be equal across procedures, for example,
preoperative assessment, were omitted. Based on availability
of data in the existing literature, a 1-year perspective was
chosen to capture the postoperative course.!? Based on epi-
demiological data, a base case representative of the patient
population — a 50-year-old female with CEAP C2, great
saphenous vein insufficiency — was chosen for modelling
purposes.!12 This choice influenced the following input
data: life expectancy, annual income, success-rates of proce-
dures and rate of complications. The cost of sick leave and
potential loss of future production were only included in the
societal perspective.

Postoperative complications included in the model are as
follows: minor complications, deep venous thrombosis, pul-
monary embolism, post-thrombotic syndrome and chronic
pain. Minor complications represent a hybrid state consist-
ing of occurrences of haematoma, wound infection, tempo-
rary sensory loss, pain or bruising. We included certain
restrictions: a thromboembolic event was only allowed once
during the 1-year model period, and the chronic pain was
modelled as a separate state to reflect its persistent nature.

Input parameters

A PubMed search was performed in May 2014 to identify
clinical studies from 2004 to date on the five relevant pro-
cedures. The initial search resulted in 175 papers on RFA,
604 papers on EVLA, 114 papers on HL/S, 11 papers on
stem vein sclerosis (SVS) and 1 paper on cyanoacrylate.
The highest level evidence papers were then selected
according to Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) criteria so that
meta-studies and randomised controlled trials were used
where available.!3

Probabilities. All probabilities used in the model are pre-
sented in Table 2. If no published data were available, the
expert panel was consulted.

Utilities. In cases where no equivalent health-state could
be found, a health-state resembling that in the model was
chosen (Table 3). In the deep venous thrombosis arm of each

treatment, the option ‘death’ was assigned as a possible out-
come of pulmonary embolism. The associated life-year loss
was based on 2014 mortality tables from Statistics Norway.*!
Thus, for a 55-year-old woman, the life-year loss was 29.4 or
16.8 discounted by 4%, as recommended by Ministry of
Finance in Norway.

Costs. All costs are measured in 2015 Norwegian kroner
(NOK) and then translated into Euro (€) (€1.00=NOKS.35;
Table 4).#2 Loss of future production was calculated in case
of death due to pulmonary embolism. Micro-costing was
performed for all surgical techniques (Supplemental Tables
5-9). Prices of multi-use and disposable equipment were
collected from distributors of surgical equipment. Wage rates
from the Western Norwegian Health Care Enterprise were
used to calculate cost of personnel. Furthermore, a cost esti-
mation was performed to give an average cost of complica-
tions (Supplemental Tables 10—12).

Statistical analysis

Because many model parameters were uncertain, their point
estimates were replaced by probability distributions (Gamma
for costs and Beta for probabilities/utilities) to allow for
probabilistic sensibility analysis.*> A Monte Carlo simula-
tion with 10,000 iterations was run to get an overall estimate
of uncertainty in the model. Procedures were ranked by
expected (mean) cost. Strategies that were costlier and with-
out greater expected benefit were denoted as ‘dominated’
and therefore excluded. For the remaining strategies, we cal-
culated the additional cost per additional QALY gained (the
so-called incremental cost-effectiveness ratios (ICERs)).
Cost-effectiveness acceptability curves were also used as a
summary of the uncertainty in the cost-effectiveness
estimates.? A suggested threshold for cost-effectiveness in
the Norwegian National Healthcare System of €59,880 was
applied. By applying this threshold, it is possible to present
the uncertainty that any treatment strategy will be cost-effec-
tive in a Norwegian setting.*

Results

One year without any treatment for varicose veins entailed
0.790 QALYs, but no costs (Supplemental Table 13). SVS
and EVLA strategies had the best outcomes (0.976 and 0.975
QALYs, respectively), while the lowest QALY was found in
RF ablation (0.960). In terms of societal costs, the HL/S
strategy had the highest expected total cost over the first year
with €3506, while EVLA had the lowest with €1558.

In the societal perspective, EVLA was the most cost-effec-
tive treatment strategy with an ICER of €8448 compared to
the no-treatment strategy (Supplemental Table 13). Replacing
EVLA by SVS entails €39,258 per additional QALY. All
other strategies had higher costs and worse outcomes (strictly
dominated). In the healthcare payer perspective, SVS was
the most cost-effective strategy with an ICER of €4072
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Table 2. Probabilities for treatment failure and specific complications for the treatment strategies.

Unit Value SD# Source Comment

Failure HL/S 0.0585 0.0292 (2, 14-23) Literature search — pooled average
Failure EVLA 0.0490 0.0245 (2, 14-18, 23-30) Literature search — pooled average
Failure RFA 0.0815 0.0407 (17, 19-21, 23, 25) Literature search — pooled average
Failure SVS 0.039 0.0195 @31 Cohort, N=75

Failure CA 0.08 0.04 (32) Cohort, N=38

Minor complication HL/S 0.145 0.0725 (17) RCT, N=59

Minor complication EVLA 0.088 0.044 (17) RCT, N=62

Minor complication RFA 0.216 0.108 (17) RCT, N=137

Minor complication SVS 0.173 0.0865 @31 Multi-centre cohort, N=88

Minor complication CA 0.21 0.105 (32) Cohort, N=38

DVT HL/S 0.053 0.026 (33) Cohort, N=377

DVT RFA 0.07 0.035 (34,35) Retrospective case-series, N=277
DVT EVLA 0.0l 0.005 (35) Retrospective case-series, N=350
DVT SVS 0 0 @31 Cohort, N=75

DVT CA 0 0 (32) Cohort, N=38

Chronic pain HL/S 0.015 0.0075 Expert opinion Danish registry of patient injuries. (1.G.)
Chronic pain Endovascular 0.0075 0.00325 Expert opinion Danish registry of patient injuries. (.G.)
treatments

PE in DVT under adequate 0.044 0.022 (36) Systematic review, N=2093,
treatment accumulative 6 months

Death in PE under 0.036 0.018 (36) Systematic review, N=2093,
adequate treatment accumulative 6 months
Post-thrombotic 0.18 (0.147-0.213) (37) Retrospective case-series, N=1626

syndrome as sequelae of
thromboembolic event

HL/S: high ligation/stripping; EVLA: endovenous laser ablation; SVS: Steam vein sclerosis; CA: cyanoacrylate adhesive; RFA: radiofrequency ablation; DVT:

deep vein thrombosis; RCT: randomized controlled trial.
aWhen an SD was not available, half of the ‘Value’ was set as default SD.

Table 3. Health-related quality of life (utilities) according to disease states.

Unit Value SD Source Comment

Varicose vein 0.79 0.1 (6) SF-6D in 77 patients

Surgery 0.60 0.1 (6) SF-6D

Minor complication 0.82 0.1 (6) Expert opinion

DVT 0.88 0.1 (38) 54 patients retrospective, TTO
PE 0.66 0.1 (38) 54 patients retrospective, TTO
Post-thrombotic syndrome 0.79 +0.32 (39) TTO, post ICU patients
Chronic pain 0.74 0.1 (40) TTO, 102 public patients

DVT: deep vein thrombosis; PE: pulmonary embolism; TTO: time trade off; SF-6D: Short Form 6D; SD: standard deviation.

compared to the no-treatment strategy (Supplemental
Table 14). All other cases were strictly dominated.

Based on a willingness-to-pay of €59,880 per QALY in
the societal perspective, the probability that EVLA is cost-
effective was 45%, while the probability that SVS is cost-
effective was 42% (Figure 2). For RF, cyanoacrylate adhesive
(CA), HL/S and ‘no treatment’, these probabilities are all
below 5%. In the healthcare payer perspective, using the
same willingness to pay, the probability that SVS is cost-
effective was 50%, and the probability that EVLA is cost-
effective was 42%. For HL/S, the probability that the

procedure was cost-effective was 8%, while CA, RF and no
treatment all had a probability below 5%.

Discussion

The results of this study indicate that the optimal choice of
treatment for varicose veins depends on the perspective of
the decision maker, with EVLA as the most cost-effective
strategy from a societal perspective and SVS as the optimal
choice from a healthcare payer perspective. Because of mini-
mal differences in the clinical effectiveness of the surgical
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Table 4. Costs of the different treatment strategies and complications used for the model.

Unit Unit cost (€) SD (€) Source Comment

HL/S 775 300 Haraldsplass Deaconess Supplemental Table 5
Hospital/Helse Bergen HF

EVLA 668 300 Haraldsplass Deaconess Supplemental Table 6
Hospital/Helse Bergen HF

RFA 717 300 Haraldsplass Deaconess Supplemental Table 7
Hospital/Helse Bergen HF

SVS 609 300 Haraldsplass Deaconess Supplemental Table 8
Hospital/Helse Bergen HF

CA | 452 300 Haraldsplass Deaconess Supplemental Table 9
Hospital/Helse Bergen HF

Minor complication 829 120 Average costing/DRG-weight Supplemental Table 10

PE 7 882 300 Average costing/DRG-weight Supplemental Table 11

DVT 4670 120 Average costing/DRG-weight Supplemental Table 12

Sick leave per month 4383 599 Statistics Norway Based on average pay women 55

(2014). 40% added in model to
represent employers’ contribution*®

Loss of future 339 589 59 880 NAYV, Labour market Statistics Discounted (0.04) average loss of

production production of woman from age 55-67

Miscellaneous

Sick leave HL/S 12 days Expert opinion

Sick leave EVLA 3days Expert opinion

Sick leave RFA 3days Expert opinion

Sick leave SVS 3days Expert opinion

Sick leave CA | day Expert opinion

HL/S: high ligation/stripping; EVLA: endovenous laser ablation; SVS: Steam vein sclerosis; CA: cyanoacrylate adhesive; RFA: radiofrequency ablation; DVT:

deep vein thrombosis; PE: pulmonary embolism.

techniques, differences in societal costs had a major influ-
ence on the results when comparing the two perspectives.

Our results, indicating endovascular laser treatment as a
favourable choice, are not unique. Gohel and co-workers
also report that EVLA would likely be cost-effective given a
potential NHS threshold of £20,000—£50,000.7 The optimal
choice of treatment in their analysis, however, was UFGS.
The recent HTA performed by Carroll and co-workers had
the same finding; the UFGS alternative was favoured over
EVLA treatment.® Concerns have been raised about the
safety of UGFS because of reports of cerebral and neurologi-
cal side effects of this procedure.®#7 These effects were not
modelled in any of the studies above. Another concern is the
relatively high early recurrence rate within the first 3 months
following initial surgery. In the base case analysis of the
Gohel model, this contributed to a low probability (<10%)
that the UFGS alternative would be cost-effective at a will-
ingness-to-pay threshold of £20,000. The UGFS is not used
in the Norwegian Healthcare System and has therefore not
been considered in this study.

A concern of most decision models is the adequacy of the
chosen time perspective. While the 1-year time horizon used
in our model is short and was driven by the characteristics
of available data, it is likely to capture the majority of
costs and the most common complications associated with
the treatments.%%10 A 1-year perspective will, however, likely

underestimate the health gain of varicose vein surgery, as it
does not include future QALY gains associated with the pro-
cedure. In a work by Kuhlmann and co-workers, varicose
vein treatment by HL/S and RFA was modelled in the
Statutory German Health Insurance setting.’ They found that
the robustness of the economic analysis deteriorated as the
time horizon increased due to the lack of good input data. In
light of this potential trade-off between the accuracy of the
model and the completeness of the perspective, we believe
that this work gives an adequate presentation of the alterna-
tive procedures.

A challenge when modelling treatment for varicose veins
is the slight skewness of the available data on clinical effec-
tiveness and the incidence of complications after surgery.
The more established procedures, that is, HL/S, RF and
EVLA, have a substantially larger body of published evi-
dence, permitting more accurate estimates of these probabili-
ties. To date, only a few clinical studies on the effectiveness
of the SVS and CA procedures exist;3!-3? therefore, the evi-
dence is less robust than that for the former three. Greater
certainty in cost-effectiveness estimates could be achieved in
the future if additional clinical studies expanded data avail-
ability. Another important reason for repeat evaluation of
endovenous techniques for varicose reflux treatment is the
potential advances in effectiveness of the technology that
can come of their further development.
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Figure 2. Cost-effectiveness acceptability curve (CEAC) of treatment strategies from analysis using the societal perspective.

Micro-costing of the different surgical techniques indi-
cated that compared to HL/S, the endovascular procedures
had a higher cost for necessary disposable equipment (e.g.
RF/laser/SVS catheters, cyanoacrylate glue). If the endovas-
cular procedures can be performed in an office-based setting,
these costs are partially offset by savings associated with not
needing an operating room. Macario and co-workers sug-
gested that the price of running an operating room was
US$29-US$80 per minute.*® An important part of these cost
are the so-called overhead costs (ranging from electricity
bills to facility maintenance). In the current calculation, gen-
eral costing rules from the Norwegian Directorate of Health
were applied for overhead costs.* In a study by Schreydgg
and co-workers, a micro-costing approach for appendec-
tomy was performed across 54 hospitals in nine European
countries.’® The overhead costs were highly variable across
hospitals and across countries, spanning from €105 (Spain)
to €2028 (Denmark). Variability is likely to depend strongly
on factors such as size of the surgical facilities and the surgi-
cal case-mix; therefore, the approach used in the current the-
sis might be somewhat crude in estimating the true overhead
costs.

An important finding in this study is the great difference
in the total cost of the first year of treatment between the
healthcare payer and societal perspectives. In light of a rela-
tively small difference in the clinical effectiveness of the
strategies, there seems to be a much higher societal cost for

the traditional HL/S strategy due to the long sick leave period
as compared to endovascular alternatives. We would there-
fore underscore the importance of adopting the societal per-
spective when undertaking cost-effectiveness analyses of
surgical procedures. Furthermore, the costs found to rise
from the range of complications that can potentially be seen
after varicose vein surgery should be considered. In 2015,
the estimated costs of in-hospital care for deep venous throm-
bosis and pulmonary embolism was €3893 and €6628,
respectively.*® Minor differences in the incidence of deep
venous thrombosis could therefore potentially change the
results of an economic evaluation when modelling the treat-
ment options of varicose vein surgery. Finally, the cost
involved in the use of different treatment methods is also an
important factor driving the likelihood that they are cost-
effective. It is well-known that newer technologies might
come at a higher cost and that the cost-efficiency profile
might change over time as patents run out or competing
products might reduce their price.

There are several limitations to this study — some of which
have already been mentioned. The time-span of 1 year after
surgery limits assessment of cost and outcomes. A model
will never be more realistic than the quality of the input data:
both the unequal availability of data across the procedures
and the limited availability of long-term data did, in that
sense, restrict this study. The ongoing and rapid evolution in
varicose vein treatment justifies repeat analyses to account
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for new methods and also to include updated results on out-
comes and complications on existing techniques. An exam-
ple of a recent promising advance in techniques that have not
been included in the current work is mechanochemical end-
ovenous ablation (MOCA) that justifies further analyses.5->3
Also, the simplification of a postoperative course, for exam-
ple, in minor complication and deep venous thrombosis, lim-
its how realistic the model can be. The strength of the current
methodology is, however, the ability to compare costs and
outcomes across a range of treatment strategies using a syn-
thesis of published data from various sources.

Conclusion

Among the five procedures for varicose veins in middle-
aged women, EVLA is the most cost-effective treatment
strategy with a cost of €8448 per QALY gained in a societal
perspective, while steam vein sclerosis is most cost-effective
in a healthcare payer perspective (€4072 per QALY). Due to
uncertainty in the input data, the ranking of procedures
should be interpreted with caution except that traditional
stripping has higher societal costs than the others. The cur-
rent analysis found that societal costs have a major impact on
the outcome. These costs should therefore be considered
when making decisions on implementing new surgical
treatments.
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