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Two-year results of a multicenter randomized controlled

trial comparing Mechanochemical endovenous Ablation

to RADiOfrequeNcy Ablation in the treatment of primary

great saphenous vein incompetence (MARADONA trial)
Suzanne Holewijn, MSc, PhD,a Ramon R. J. P. van Eekeren, MD, PhD,a Anco Vahl, MD, PhD,b,c

Jean Paul P. M. de Vries, MD, PhD,d,e and Michel M. P. J. Reijnen, MD, PhD,a on behalf of the MARADONA
study group,* Arnhem, Amsterdam, Nieuwegein, and Groningen, The Netherlands
ABSTRACT
Objective: Endothermal techniques have proved to be effective for treatment of incompetent truncal veins. The
tumescentless mechanochemical ablation (MOCA) technique has become an alternative treatment modality, but its
outcome with regard to endothermal techniques is still unclear.

Methods: A multicenter prospective randomized controlled trial was designed comparing MOCA with radiofrequency
ablation (RFA) to treat great saphenous vein incompetence with the hypothesis that MOCA is associated with less
postprocedural pain and a comparable anatomic and clinical success rate at 1-year follow-up. Disease-specific quality of
life and general health-related quality of life (HRQoL) were measured using questionnaires. Inclusion was terminated
prematurely because reimbursement was suspended.

Results: A total of 213 patients (46.3% of intended number of patients) were randomized, of whom 209 were treated (105
in the MOCA group and 104 in the RFA group). Overall median pain scores during the first 14 days were lower after MOCA
(0.2 vs 0.5 after RFA; P ¼ .010), although the absolute difference was small. At 30 days, similar complication numbers
(MOCA, n ¼ 62; RFA, n ¼ 63) and HRQoL scores (Aberdeen Varicose Vein Questionnaire: MOCA, 8.9; RFA, 7.6; P ¼ .233) were
observed. Hyperpigmentation was reported in seven patients in the MOCA group and two patients in the RFA group
(P ¼ .038). In the MOCA group, there were four complete failures (3.8%) compared with none in the RFA group (P ¼ .045),
although in one patient at 1 year, the vein showed occlusion. Median 30-day Venous Clinical Severity Score (VCSS) was
significantly lower at 30 days after MOCA (1.0 vs 2.0 in the RFA group; P ¼ .001), whereas VCSS was comparable at baseline
(MOCA, 4.0; RFA, 5.0; P ¼ .155). The 1- and 2-year anatomic success rate was lower after MOCA (83.5% and 80.0%)
compared with RFA (94.2% and 88.3%; P ¼ .025 and .066), mainly driven by partial recanalizations. After 2 years of follow-
up, no differences were observed in the number of complete failures.

Similar clinical success rates at 1 year (MOCA, 88.7%; RFA, 93.2%; P ¼ .315) and 2 years (MOCA, 93.0%; RFA, 90.4%;
P ¼ .699) and no differences in HRQoL scores on the Aberdeen Varicose Vein Questionnaire at 1 year (MOCA, 7.5; RFA, 7.0;
P ¼ .753) and 2 years (MOCA, 5.0%; RFA, 4.8%; P ¼ .573) were observed. There were two cardiac serious adverse events, a
ventricular fibrillation in the MOCA group (1 year) and an unstable angina in the RFA group (2 years). One deep venous
thrombosis occurred in the RFA group on 1-year duplex ultrasound, without clinical sequelae.

Conclusions: Unilateral treatment with MOCA in the short term resulted in less postoperative pain but more hyper-
pigmentation compared with RFA and a faster improvement in VCSS. More anatomic failures were reported after MOCA,
mostly driven by partial recanalizations, but both techniques were associated with similar clinical outcomes at 1 year and
2 years. (J Vasc Surg: Venous and Lym Dis 2019;7:364-74.)

Keywords: Great saphenous vein incompetence; Radiofrequency ablation; Mechanochemical ablation; Quality of life;
Randomized controlled trial
e Department of Surgery, Rijnstate, Arnhema; the Department of Surgery,

,b and the Department of Surgery, BovenIJ Hospital,c Amsterdam; the

rtment of Vascular Surgery, St Antonius Hospital, Nieuwegeind; and the

on of Vascular Surgery, Department of Surgery, UMCG, Groningen.e

collaborators in the study group are D. Werson,d,e B. Cuijpers-Patist,d,e

oersma,d,e J. Bosma,c J.L.P. Kolkert,c V.J. Leijdekkers,c R.C. Minnee,c

an Nieuwenhuizen,c H.P. van ‘t Sant,c S. van Sterkenburg,a L. Smeets,a

. Lardenoije.a

an investigator-initiated study supported by Vascular Insights Ltd.

lar Insights was not involved in study design, data collection, data anal-

anuscript preparation, or publication decision.

Trials.gov identifier: NCT01936168.

conflict of interest: none.

Presented in a parallel session of the International Veith Symposium, New York,

NY, November 14-18, 2017.

Correspondence: Michel M. P. J. Reijnen, MD, PhD, Department of Surgery, Rijn-

state, Wagnerlaan 55, PO Box 9555, 6800 TA Arnhem, The Netherlands

(e-mail: mmpj.reijnen@gmail.com).

The editors and reviewers of this article have no relevant financial relationships to

disclose per the Journal policy that requires reviewers to decline review of any

manuscript for which they may have a conflict of interest.

2213-333X

Copyright � 2019 by the Society for Vascular Surgery. Published by Elsevier Inc.

https://doi.org/10.1016/j.jvsv.2018.12.014

http://ClinicalTrials.gov
mailto:mmpj.reijnen@gmail.com
https://doi.org/10.1016/j.jvsv.2018.12.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvsv.2018.12.014&domain=pdf


ARTICLE HIGHLIGHTS
d Type of Research: Multicenter, prospective, random-
ized trial

d Key Findings: At 1 and 2 years, anatomic success rate
was lower after mechanochemical ablation (MOCA;
83.5% and 80.0%) compared with radiofrequency
ablation (RFA; 94.2% and 88.3%; P ¼ .025 and .066)
because of partial recanalizations. Similar clinical
success rates (MOCA, 88.7% and 93.0%; RFA, 93.2%
and 90.4%; P ¼ .315 and .699) were observed.

d Take Home Message: The study suggests that MOCA
is a good alternative for treatment of great saphe-
nous vein incompetence at 2 years of follow-up,
although partial recanalization is more frequent
than after RFA.

Journal of Vascular Surgery: Venous and Lymphatic Disorders Holewijn et al 365

Volume 7, Number 3
Chronic venous incompetence may cause substantial
functional limitation and has a negative impact on
health-related quality of life (HRQoL).1 The prevalence of
chronic venous disease in the adult population has been
reported to be as high as 60%, and the incidence of vari-
cose veins ranges from 20% to 64%.2 Incompetent truncal
veins can be treated by endothermal techniques,
including endovenous laser ablation and radiofrequency
ablation (RFA).3,4 These techniques result in less
hematoma, less pain, superior cosmetics, and earlier
resumption of normal activities and work compared
with saphenous removal surgery.5-7 Because of the risk
of thermal injury to surrounding tissues, tumescence
anesthesia is indicated. Still, postoperative pain that may
last >10 days develops in a subset of patients.5-7 RFA
occlusion rates have been reported at >92% after 3 to
5 years of follow-up,3,8-11 and nerve injury after RFA is
rare.12 Mechanochemical ablation (MOCA), using the
ClariVein device (Vascular Insights, Quincy, Mass), was
developed as a nonheat-based tumescentless alternative.
A rotating wire is used to create vasospasm and vessel
wall preparation enabling sclerosant to penetrate into
the vessel wall. Recent reviews showed anatomic success
rates at 12 months ranging from 87% to 97%.13-15 Major
complications, particularly nerve injury, were rare (#0.2%).
The aim of this multicenter randomized controlled trial

was to evaluate whether MOCA is associated with less
postprocedural pain and comparable anatomic and clin-
ical success rates at 1 year compared with RFA in patients
with great saphenous vein (GSV) incompetence.

METHODS

Ethics statement
The study was conducted in accordance with the prin-

ciples of the Declaration of Helsinki and Good Clinical
Practice guidelines. The study was approved by the Med-
ical Ethics Committee of Nijmegen (CMO 2011-091) and
the local Institutional Review Board of each participating
center. Eligible patients who met the inclusion criteria
were fully informed, and those who signed the informed
consent were included.

Study design
The design of the study was a multicenter randomized

controlled trial comparing MOCA with RFA for GSV
incompetence.16 Four vascular centers in The
Netherlands participated. The physician’s experience of
$20 for both techniques was mandatory before initiation
to prevent a learning curve bias.
Patients were included when suffering from GSV incom-

petence (>3 mm and <12 mm), with a clinical class
between C2 and C5 (Clinical, Etiology, Anatomy, and
Pathophysiology classification).17 Exclusion criteria were an
active ulcer, previous surgery or treatment of the ipsilateral
GSV, use of oral anticoagulants, pregnancy or lactation,
previous deep venous thrombosis, immobilization,
contraindicationorknownallergy to sclerosant, coagulation
disorders or increased risk of thromboembolism, severe
renal or liver insufficiency, and severe peripheral artery
disease.
Randomization was performed using an online

randomization module with block randomization per
site. Data were collected using case record forms and
stored in a central online database with audit trail (The
Research Manager, Deventer, The Netherlands) and
monitored. Adverse events and outcomes during the first
30 days were reported to the Data and Safety Monitoring
Board and to the Central Committee on Research
involving Human Subjects. An interim safety analysis
was performed after inclusion of the first 104 patients.

End points
The primary end points were postprocedural pain, evalu-

ated using a 100-point visual analog scale during 2 weeks
after treatment, and anatomic success at 1 year. Second-
ary end points included anatomic success, clinical success
using the Venous Clinical Severity Score (VCSS),18 30-day
morbidity, procedural time, procedural pain, disease-
specific quality of life (Aberdeen Varicose Vein Question-
naire [AVVQ]) and general HRQoL (36-Item Short Form
Health Survey [SF-36]), time to return to daily activities
or work, reintervention rate, and any additional varicose
vein treatment during 2 years of follow-up.

Definitions
The full list of definitions has been published previ-

ously.16 Briefly, technical success was the initial success
of the procedure (ie, the catheter safely placed at the
defined location and the GSV treated without technical
problems). Anatomic success was an occlusion of the
treated GSV segment, objectified by duplex ultrasound.
Failure of treatment is defined as recanalization, which
could be complete or partial (>10 cm).19 Clinical success
was defined as an improvement in the VCSS of $1 point.3
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Postprocedural complications were those occurring
within 30 days. Major complications included deep
venous thrombosis, pulmonary embolism, skin burn,
and saphenous neuralgia.

Treatment modalities
MOCA. Patients were treated in the supine position.

The incompetent GSV was punctured under ultrasound
guidance, and a guidewire was inserted. A 4F introduc-
tion sheath was introduced, and the tip of the ClariVein
catheter was placed 5mmbelow the orifice of the super-
ficial epigastric vein or 2 cm below the saphenofemoral
junction. The wire was activated for 10 seconds to induce
vasospasm. The device was withdrawn manually with a
speed of 7 s/cm while the liquid sclerosant was continu-
ously injected using 2 mL of 3% polidocanol for the first
10 to 15 cm and 1.5% polidocanol for the remainder.20,21

RFA. Patients were treated in the supine position. The
incompetent GSV was punctured under ultrasound
guidance, and a guidewire was inserted. The ClosureFast
endovenous RFA catheter (Covidien Commercial Ltd,
Watford, United Kingdom) containing a 7-cm-long
heating element was positioned at the location
described before. Tumescence anesthesia, consisting of
500 mL of 0.9% NaCl including 20 mL of 8.4% sodium
bicarbonate and 50 mL of lidocaine 1% with epinephrine
1:200,000, was injected along the entire segment. A
volume of 10 mL per centimeter-treated vein was used.
Every 20 seconds, a new 7-cm segment of the GSV was
treated after pullback. The most proximal segment of
the GSV was treated with two cycles as recommended
by the manufacturer.
After treatment, the deep venous system and the

treated segment were checked using duplex ultrasound.
For both techniques, a compression stocking (20-30 mm
Hg) was applied continuously for 24 hours and then daily
for 2 weeks. Patients were advised to take acetamino-
phen when necessary and allowed to resume normal
activities immediately. No concomitant phlebectomy or
sclerotherapy was scheduled to be performed unless
indicated by the treating physician.
Clinical follow-up and duplex ultrasound were sched-

uled at 30 days (67 days), 1 year (61 month), and 2 years
(62 months) and included clinical evaluation, duplex
ultrasound imaging, and SF-36 and AVVQ scores.
Ultrasound assessments were performed by vascular
technicians who were blinded for treatment.

Sample size calculation
A sample size calculation was performed for the early

end point on the hypothesis that MOCA would have
less postprocedural pain during the first 2 weeks. To eval-
uate a 30% reduction, 58 patients per group were
needed (a, 5%; power, 80%). Sample size calculation
was also performed on the basis of the assumption
that MOCA would have a similar anatomic and clinical
success rate at 1 year compared with RFA. For a
noninferiority trial with an effect size (anatomic success)
of 93% and a margin of 7%, 210 patients per group were
needed (a, 5%; power, 80%). Taking into account 10%
dropout in each arm, 230 patients needed to be
included in each study arm.

Statistical analyses
Normalitywas testedusing theKolmogorov-Smirnov test.

Data were analyzed on an intention-to-treat (ITT) principle
using a Student t-test (normal distribution) or Mann-
Whitney U test (skewed distribution). Continuous variables
are presented asmeans and standard deviation ormedian
and interquartile range if applicable. Categorical data are
presented as number followed by percentage. Differences
between groups were tested with the Kruskal-Wallis test
and nominal data by the c2 test. Analyses of variance
with repeated measures design was used to analyze
changes over time in pain scores, VCSS, and AVVQ score.
Anatomic and clinical success data were analyzed using
Kaplan-Meier analyses including censoring for patients
lost to follow-up. Differences between treatment modal-
ities were tested using the log-rank test. In addition,
per-protocol analyses were performed. Two-sided
Pvalue< .05wasconsidered significant. Statistical analyses
were performed using SPSS Statistics (version 22.0 for
Windows; IBM Corp, Armonk, NY).

RESULTS
Between October 2012 and January 2015, there were

295 eligible patients screened, of whom 82 appeared to
be screen failures (Fig 1). A total of 213 patients were ran-
domized (46.3% of intended number of patients). Four
withdrew consent after randomization, resulting in 209
treated patients, including 105 in the MOCA group and
104 in the RFA group. Reimbursement of MOCA was sus-
pended and enrollment was stopped at the end of 2014.
Because it took $1 year for MOCA to be reimbursed
again, it was advised by the ethical committee to termi-
nate the study.

Baseline characteristics
Baseline characteristics are shown in Table I. The major-

ity of patients were assigned to class C3 or C4a (P ¼ .223)
without differences in VCSS, SF-36, and AVVQ scores
between groups. The most frequently mentioned symp-
toms included “legs feeling heavy” (MOCA, 77.4%; RFA,
72.8%; P ¼ .448) and ankle edema (MOCA, 75.5%; RFA,
84.5%; P ¼ .105). Other symptoms included pain
(MOCA, 45.3%; RFA, 53.4%; P ¼ .241), nightly cramps
(MOCA, 39.6%; RFA, 40.8%; P ¼ .865), restless legs
(MOCA, 38.7%; RFA, 33.0%; P ¼ .393), and itching
(MOCA, 27.4%; RFA, 28.2%; P ¼ .898). In both groups,
one patient had an active ulcer with a diameter <2 cm
at baseline (protocol deviations).
In the MOCA group, 21.7% of patients previously under-

went varicose vein treatment, mainly sclerotherapy,
compared with 27.7% of patients in the RFA group



Assessed for eligibility (n=295 )

Excluded  (n=82)
� Not meeting inclusion criteria (n=10)
� Declined to participate (n=50)
� Other reasons (n=22)

N=12 excluded for logistic reasons
N=10 withdrawn informed consent

1 year:  Analysed  ITT (n=101) PP (n=99)
2 years: Analysed  ITT (n=95) PP (n=93)

1 year: n= 81; exit until 1 year n=4; Lost to 
follow-up n=20; unknown why
Discontinued intervention (n=1) impossible to 
cannulate vein
2 years: n= 76; Exit until 2 years: n= 10; Lost to 
follow-up n=19  

Allocated to intervention (n=107)
� Received allocated intervention (n=102)
� Did not receive allocated intervention 

withdrawn informed consent after 
randomization (n=2)
Cross-over (n=3)

1 year: n= 72; exit until 1 year n=4; Lost to 
follow-up n=32; unknown why
Discontinued intervention (n=0)

2 years: n=81; Exit until 2 years: n= 6;  Lost to 
follow-up n=16

Allocated to intervention (n=106)
� Received allocated intervention (n=103)
� Did not receive allocated intervention 

withdrawn informed consent after 
randomization (n=3)

1 year:  Analysed  (n=99) PP (n=99)
2 years: Analysed  ITT (n=97) PP (n=97)

Allocation

Analysis

Follow-Up

Enrollment

Randomized (n=213)
MOCA RFA

Fig 1. Inclusion flow chart. ITT, Intention to treat; MOCA, mechanochemical ablation; PP, per protocol; RFA,
radiofrequency ablation.
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(P ¼ .095). A comparable quantity of patients reported
pregnancy in the medical history (MOCA, 38.7%; RFA,
31.1%; P ¼ .249) and a family history of varicose veins
(MOCA, 51.9%; RFA, 61.2%; P ¼ .176).

Anatomic and procedural details
The diameter at the saphenofemoral junction was

similar in both groups, as was the length of the treated
segment (Table I). Technical success was achieved in all
but one patient in the MOCA group and all patients in
the RFA group. In the only failure, it was impossible to
cannulate the GSV. Three crossovers occurred in the
MOCA group. In both groups, six patients had adjunctive
treatments during the initial procedure. In the MOCA
group, 3 had additional foam treatment and 1 phlebec-
tomy of ipsilateral side branches, 1 had sclerotherapy in
the contralateral leg, and another patient had a crossec-
tomy for an insufficient anterior accessory saphenous
vein. In the RFA group, 4 patients had foam treatment
for side branches, 2 had additional RFA on the contralat-
eral GSV, and 1 had additional RFA of a large side branch.
Median procedural pain score was similar (3; range, 1-5),
as was the procedural time (MOCA, 12.0 minutes
[range, 5.0-45.0 minutes]; RFA, 13.0 minutes [range,
4.0-85.0 minutes]).

Early outcomes
Overall, the complication rate was similar without

procedure-related serious adverse events (Table II), but
hyperpigmentation occurred more often in the MOCA
group. Overall median pain scores during the first
14 days were lower after MOCA (P ¼ .010; Table III).
MOCA-treated patients had less pain on every postproce-
dural day, reaching significance on days 5, 6, 8, and 9
(Fig 2). The use of pain medication was similar, and there
were no differences between groups in return to daily ac-
tivities or work, if applicable. In the RFA group, four pa-
tients underwent additional treatments between
procedure and 4 weeks of follow-up; two reported ipsilat-
eral sclerotherapy, one sclerotherapy of both legs, and
another contralateral RFA combined with sclerotherapy.
Anatomic and clinical outcomes. Follow-up compli-

ance for the 30-day visit was similar (MOCA, 97.2%; RFA,
100%). In the MOCA group, four anatomic failures were



Table I. Baseline and procedural characteristics stratified
by treatment

MOCA (n ¼ 105) RFA (n ¼ 104)

Age, years 54.9 (16.3-81.2) 53.4 (22.8-77.9)

Female 62.4 59.3

Height, cm 172 (154-196) 173 (156-195)

Weight, kg 80 (55-140) 80 (50-110)

Duration of symptoms 24.0 (2.0-720) 24.0 (1.0-204)

Clinical class (CEAP)

C2 5.9 4.2

C3 59.8 66.7

C4a 31.4 22.9

C4b 0 3.1

C5 2.0 3.1

Individual components
of the VCSSa

Pain 7.5 6.8

Varicosis 7.5 8.7

Ankle edema 13.2 15.5

Skin pigmentation 0.9 2.9

Inflammation 0 0

Induration 0 1.9

No. of active ulcers 0.9 0.9

Size of ulcers 0 0

Duration of ulcers 1 0

Compression therapy 4.7 3.9

Diameter of GSV at
SFJ junction, mm

6.0 (0.8-12.0) 6.0 (1.2-14.0)

Length of treated
segment, mm

45.0 (15.0-65.0) 45.0 (15.0-57.0)

Duration of procedure,
minutes

12.0 (5.0-45.0) 13.0 (4.0-85.0)

Used dosage

1.5% 6.0 (1.0-10.0)

3.0% 2.0 (1.0-7.0)

Amount of cycles 6 (4-10)b 7 (2-14)

Immediate partial
failure (DUS)

1 (0.9) 1 (1.0)

CEAP, Clinical, Etiology, Anatomy, and Pathophysiology; DUS, duplex
ultrasound; GSV, great saphenous vein; MOCA, mechanochemical
ablation; RFA, radiofrequency ablation; SFJ, saphenofemoral junction;
VCSS, Venous Clinical Severity Score.
Categorical variables are presented as percentage. Continuous vari-
ables are presented as median (interquartile range).
aThe percentage of patients who scored the worst category are
presented.
bIn patients randomized for MOCA but treated with RFA.

Table II. Overview of the complications until 30 days of
follow-up

MOCA RFA P value

Total No. of complications 62 63 .257

No. of patients with $1
complication

35
(34.0%)

42
(40.8%)

.339

Superficial thrombophlebitis 12 8 .129

Induration 17 12 .071

Wound infection puncture
site

0 2 .191

Saphenous neuralgia 1 3 .399

Pain >1 week 10 17 .276

Hematoma 14 15 .699

Skin burn 0 0 e

Hyperpigmentation 7 2 .038

Other 0 3

Swelling and fever 1

Ulcur reopened 1

Blister at plaster site 1

MOCA, Mechanochemical ablation; RFA, radiofrequency ablation.
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found, three complete and one partial recanalization
(Table III). Two of these patients reported an improved
VCSS and the other a worsened VCSS compared with
baseline (one patient was lost to follow-up). Two of them
were re-treated with RFA within 1 year, and the other,
having a partial recanalization, showed a completely
occluded GSV at 1 year without reintervention. In the RFA
group, 30-day anatomic success was 100% (P ¼ .045). The
MOCA group showed a significantly lower VCSS
compared with the RFA group (P ¼ .001; Fig 3). The
incidence of ankle edema was significantly lower after
MOCA, with a similar incidence at baseline (P ¼ .002).

Quality of life. Compliance on the questionnaires was
91.3% and 85.4% in the MOCA and RFA groups, respec-
tively (P ¼ .193). No differences were observed in the num-
ber of drawn blocks and total AVVQ score (Fig 4). Both
groups had similar SF-36 scores, except for energy/fatigue,
which was slightly higher in the RFA group (Fig 5).

Outcomes at 1 and 2 years
Anatomic and clinical outcomes. Follow-up compli-

ance was 86.8% and 72.4% in the MOCA group and
82.7% and 78.6% in the RFA group at 1 year and 2 years,
respectively (Table IV). The 1- and 2-year anatomic suc-
cess rate was lower after MOCA (83.5% and 80.0%)
compared with RFA (94.2% and 88.3%; P ¼ .025 and
.066), mainly driven by partial recanalizations. There were
nine complete recanalizations in the MOCA group and
four complete recanalizations in the RFA group until
1 year (P ¼ .163) and nine and seven complete failures,
respectively, until 2 years of follow-up (P ¼ .631). In the
majority of cases, recanalization occurred at the proximal
segment. There was no difference between groups in
length of recanalization (MOCA, 15 cm [range, 10-20 cm];
RFA, 18 cm [range, 13.5-28.0 cm]) and percentage
recanalization of the treated segment (MOCA, 33.3%
[range, 32.8%-50.0%]; RFA, 50.0% [range, 32.7%-66.7%]).
Absolute VCSSs were similar in both arms at 1 year and

2 years (Fig 3) with a comparable improvement
compared with baseline (Fig 6). Clinical success was



Table III. Early outcomes stratified by treatment

MOCA RFA P value

First 14 days (n ¼ 103) (n ¼ 103)

Pain score

Median (range) 0.2 (0.0-0.8) 0.5 (0.2-1.3) .010

Mean 0.686 0.998

Restart of daily activities, days

Median (range) 1.0 (0.0-1.0) 1.0 (1.0-2.0) .085

Mean 1 1.43

Range 0-6 0-6

Restart of work (if applicable), days

Median (range) 1.0 (1.0-3.0) 2.0 (1.0-4.0) .129

Mean 2.28 2.98

Range 0-13 0-15

30-day outcomes (n ¼ 103) (n ¼ 103)

Partial failure 5 (4.9%) 1 (1.0%) .100

Complete failure 4 (3.8%)a 0 .045

Individual components of the VCSSb

Pain 1 0 .519

Varicosis 1 1 .531

Ankle edema 0 10.7 .002

Skin pigmentation 0 1 .520

Inflammation 1 0 .220

Induration 0 0 .521

No. of active ulcers 0 1 .316

Size of ulcers 0 0 .314

Duration of ulcers 0 1 .316

Compression therapy 1 1 .168

Patient satisfaction score 9.0 (8-9) 8.0 (8-9) .077

MOCA, Mechanochemical ablation; RFA, radiofrequency ablation; VCSS, Venous Clinical Severity Score.
aOne patient with failure at 4 weeks showed occluded great saphenous vein at 1-year follow-up.
bThe percentage of patients who scored the worst category is presented.
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similar in both arms at 1 year (MOCA, 88.7%; RFA, 93.2%;
P ¼ .315) and 2 years (MOCA, 93.0%; RFA, 90.4%).
Through 2 years of follow-up, three reinterventions were

performed in the MOCA group vs two in the RFA group
(P ¼ .675). However, one reintervention in the MOCA
group and four reinterventions in the RFA group were
scheduled. There were two cardiac serious adverse
events reported; in the MOCA group, a patient was hospi-
talized for ventricular fibrillation and was treated with
cardioversion. In the RFA group, a patient was hospital-
ized for unstable angina and had a coronary bypass pro-
cedure. One new deep venous thrombosis was reported
in a patient treated with RFA on 1-year duplex ultrasound
examination, but without clinical sequelae.

Quality of life. Compliance on the questionnaires at 1-
and 2-year follow-up was 93.8% and 81.1% in the MOCA
group and 95.8% and 79.4% in the RFA group, respec-
tively (NS). No differences were observed between
groups in drawn blocks and total AVVQ scores at 1- and
2-year follow-up (Fig 4). Both groups scored similarly
on all domains of the SF-36 (Fig 5). Compared
with baseline, patients treated with MOCA showed a
significant improvement at 1 year in physical and social
functioning, both physical and emotional role func-
tioning, mental health, and pain. Patients treated with
RFA showed only an improved physical functioning and
pain score at 1 year compared with baseline. Two years
after treatment in the MOCA group, physical functioning,
physical role functioning, pain, and general health
perception remained improved compared with baseline,
whereas in the RFA group, only pain and general health
perception remained improved and health change
deteriorated.

DISCUSSION
This study showed that MOCA of the GSV results in less

postoperative pain, although the absolute difference is
small. Clinical success rates were equal to those of RFA
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at 1- and 2-year follow-up, but with more anatomic
failures, especially partial recanalizations.
The lower pain scores for MOCA are in line with previous

data from a prospective registry.21 MOCA was related to a
better clinical outcome at 30 days, mainly driven by less
edema. Given the equal incidence of induration and
hematoma, this difference is not likely to be caused by
heat-related complications. Another potential explana-
tion could be that liquid sclerosant diffuses into side
branches that are subsequently occluded and as such
treated instantly. At 1-year follow-up, differences
between groups disappeared, with a significant improve-
ment in clinical outcomes for both groups.
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Fig 3. Venous Clinical Severity Score (VCSS) for both
treatment groups at baseline, 4 weeks, 1 year, and 2 years
of follow-up. MOCA, Mechanochemical ablation; RFA,
radiofrequency ablation.
Equal clinical outcome was also reported at 6-month
follow-up in another trial.22 The main difference with
this study is that more concomitant avulsions were
performed in that trial, in 74% of MOCA- and 68% of
RFA-treated patients. A recent report of the Vascular
Quality Initiative Varicose Vein Registry described similar
incidence of adjunctive procedures (76%).23 In this study,
the number of concomitant and adjunctive treatments is
low, which was also the case in our previously published
case series.16,24 This is due to a different treatment algo-
rithm in The Netherlands, where treatment effect is
awaited before concomitant procedures are performed.
Because of the elimination of GSV reflux, branch varicos-
ities may diminish in size or resolve completely in time.25

RFA with concomitant phlebectomy may increase the
risk of endovenous heat-induced thrombosis.26

This study showed significantly more anatomic failures
at 1 year and 2 years after MOCA compared with RFA, of
which a large proportion was partial. Whether the partial
recanalizations will be progressive in time and lead to
clinical symptoms remains to be seen. Future reinterven-
tions are scheduled, one in the MOCA group and four in
the RFA group. Prolonged follow-up of these cohorts is
therefore crucial, particularly because a further decline
may be expected on the basis of an earlier cohort
study.24 The anatomic success rate of MOCA might
have been affected by the chosen sclerosant. Polidoca-
nol is the only available option in The Netherlands to
date, whereas in most studies, sodium tetradecyl sulfate
(Sotradecol) was used. Sotradecol is related to more
endothelial cell loss and damage to the media
compared with polidocanol.27 The use of a higher con-
centration of polidocanol was not feasible, given the
maximum dose that can be applied.16 At present, the
treatment protocol has already been changed, with the
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Table IV. The 1- and 2-year outcomes stratified by treatment

MOCA RFA P value

1-year outcomes (n ¼ 81) (n ¼ 72)

Anatomic failures at 1-year follow-up 15 (16.5) 5 (5.8) .025

Complete failures 8 (8.8) 3 (3.5) .144

Complete failures until 1 year (including early) 9 (8.6) 4 (3.9) .163

Median improvement in VCSS compared with baseline 3 (2-4) 4 (2-5) .170

Individual components of the VCSSa

Pain 0 0 .995

Varicosis 0 0 .160

Ankle edema 0 5.6 .221

Skin pigmentation 0 0 .590

Inflammation 0 0 .368

Induration 0 0 .378

No. of active ulcers 0 0 NA

Size of ulcers 0 0 NA

Duration of ulcers 0 0 NA

Compression therapy 1.2 1.4 .720

Reintervention (all RFA) 2 (2.2) 1 (1.1) .587

2-year outcomes (n ¼ 76) (n ¼ 81)

Anatomic failures at 2-year follow-up 21 (20.0) 12 (11.7) .066

Complete failures 6 (8.2) 5 (6.5) .703

Complete failure until 2 years 9 (8.6) 7 (6.8) .631

Time to fail, months 12.8 (10.0-13.7) 15.8 (11.9-24.1) .107

Improvement in VCSS compared with baseline 3 (2-5) 4 (3-5) .050

Individual components of the VCSSa

Pain 0 1.0 .256

Varicosis 0 1.0 .196

Ankle edema 0 2.9 .370

Skin pigmentation 0 0 .589

Inflammation 0 0 .325

Induration 0 0 NA

No. of active ulcers 0 0 NA

Size of ulcers 0 0 NA

Duration of ulcers 0 0 NA

Compression therapy 1 1.9 .815

Reintervention between 1 and 2 years 1 (1.3) 1 (1.3) .978

Reintervention until 2-year follow-up 3 (2.9) 2 (2.0) .675

Future reintervention scheduled 1 (1.4) 4 (5.1) .192

Exit until 2 years 4 (4.7) 2 (2.3) .538

MOCA, Mechanochemical ablation; NA, not applicable; RFA, radiofrequency ablation; VCSS, Venous Clinical Severity Score.
Categorical variables are presented as number (%). Continuous variables are presented as median (interquartile range).
aThe percentage of patients who scored the worst category are presented.
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proximal part treated twice when it is not fully collapsed
after the first cycle. An experimental study underlined
the hypothesis that mechanical manipulation increases
effectiveness by inducing endothelial damage and prob-
ably vasoconstriction.28 Repeated treatment of the prox-
imal segment might therefore reduce the failure rate. To
evaluate possible bias, we performed per-protocol ana-
lyses and analyses of the data of Rijnstate only. No
different results were found compared with the results
described (data not shown).
Evidence has been accumulating on the effectiveness

of MOCA, showing anatomic success rates of 87% to
92%.13-15 However, there is clear heterogeneity in study
protocols with respect to pullback rates and concentra-
tions, volumes, and type of sclerosant used, which may
affect the anatomic success rate. Comparative trials
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between MOCA and other nonthermal ablation tech-
niques, such as VenaSeal (Sapheon, Inc, Morrisville, NC)
and Varithena (BTG International Ltd, West Consho-
hocken, Pa), have not been published to date. The
1-year anatomic success rates of these nonthermal tech-
niques are between 90%29 and 97%.30 The Laser Abla-
tion vs Mechanochemical Ablation (LAMA) trial,
comparing endovenous laser ablation vs ClariVein, is
currently being performed and results are awaited.31

In comparison to other trials, the number of patients
with C2 varicose veins was small. This was related to the
policy of the Dutch insurance companies not to reim-
burse any treatment classified as <C3 during part of the
inclusion period. Obviously, this has shifted our study
groups into more severe types of venous insufficiency. In
addition, reimbursement of MOCA was stopped in early
2015, and as a consequence, the enrollment in this trial
was preliminarily ended after consultation of the ethical
board. The sample size for the postoperative pain score
had already been reached at that point. Our results on
anatomic outcome should be interpreted with care as
the study is underpowered on this end point.
Evidence of the impact of varicose vein treatment on

HRQoL in addition to anatomic success is less robust.
Argyriou et al32 recently reported no difference in HRQoL
in comparing different venous interventions, including
RFA, with surgical stripping. Midterm outcomes (up to
3 years of follow-up) of MOCA showed that AVVQ and
SF-36 scores were improved at all time intervals
compared with baseline, which was also observed in this
study. Between 12 and 36 months, however, a significant
deterioration was observed in VCSS, accompanied by
worsening of disease-specific and general quality of life.24

This study has limitations. Importantly, the inclusion
was terminated before reaching the sample size on
anatomic success. Although follow-up compliance was
high, not all questionnaires were complete. Establishing
high compliance in venous trials is challenging because
once patients are cured, the urgency for surveillance is
gone. To overcome this, evening and weekend hours
for follow-up visits were offered. Finally, groups of failures
were too small for robust analyses of predictors of failure.
We are aware that these groups do not reflect all
patients in real-world practice because of inclusion and
exclusion criteria, as occurs in most studies. This is partly
due to the fact that using MOCA, bilateral treatment is
many times not possible because of the maximum
amount of sclerosant that can be used safely at one
session.

CONCLUSIONS
In this study, unilateral treatment with MOCA resulted

in more hyperpigmentation but less postoperative pain
compared with RFA and a faster improvement in VCSS.
More anatomic failures were reported after MOCA,
mostly driven by partial recanalizations, but both tech-
niques were associated with similar clinical outcomes
at 1 year and 2 years.

We would like to acknowledge the members of the
Data and Safety Monitoring Board for their thorough
review of the safety data. Furthermore, the vascular
technicians and research nurses of the participating
hospitals are acknowledged for their valuable contribu-
tion to the trial.
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