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Long-term results and predictors of failure
after mechanochemical endovenous
ablation in the treatment of primary great
saphenous vein incompetence
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Abstract

Background:Mechanochemical endovenous ablation (MOCA) was introduced to treat superficial venous insufficiency of
the lower leg with less pain and haematoma. Long-term outcome is still lacking. The purpose was to report long-term
outcome and to analyse possible predictors for failure.
Methods: The study was a retrospective pooled analysis of two prospective cohorts previously reported, but with
prolonged long-term outcome up to 5-years follow-up.
Results: 163 treated legs were analysed. Mean follow-up was 5.4±0.6 years, in which 33 total failures occurred. Four
procedures were partially successful. VCSS improved significantly and remained stable after 1 and 2-years, but significantly
rose again after 5-years. AVVQ dropped significantly, but increased after 1 year to 4.3 and 6.1 at 5-years follow-up.
Conclusion: MOCA was effective with minimal pain perioperative. However, anatomical success deteriorated after 1-
year and showed even less results after 5-years, mainly due to partly recanalization, while clinical results were less affected.
There were no clear clinical predictors for failure.
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Introduction

Endovenous techniques have replaced standard surgical
treatments such as ligation and stripping of the great sa-
phenous vein as the gold standard in the treatment of
chronic superficial venous insufficiency of the lower limb.
Endothermal techniques, such as endovenous laser ablation
(EVLA) and radiofrequency ablation (RFA) are related to
less pain, less haematoma and a faster recovery time, with
the inherent risk of thermal damage to perivascular struc-
tures. Therefore, tumescent anaesthesia is always needed.
To avoid these risks, mechanochemical ablation (MOCA)
has been introduced combining the concept of mechanical
endothelial damage with the infusion of sclerosant. In May
2008, the ClariVein® infusion catheter gained clearance
from the US Food and Drug Administration (FDA) for the
indication of infusion of physician-specified agents in the
peripheral vasculature. ClariVein® obtained the CE mark in
April 2010, with a specific indication for endovascular
occlusion of incompetent veins with superficial venous

reflux.1 Thereafter, evidence accumulated on the effec-
tiveness of MOCAwith anatomic success rates at 12 months
ranging from 87% to 97%. Major complications, particu-
larly nerve injury, were rare (≤0.2%).2 In 2019, the 2-year
results of a multicenter prospective randomized controlled
trial (MARADONA trial) were published comparing
MOCA with RFA.3 That study showed that MOCA of the
GSV results in less postoperative pain, although the
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absolute difference was small. Clinical success rates were
equal to those of RFA at 1- and 2-year follow-up, but with
more anatomic failures, especially partial recanalizations.4

Importantly, the inclusion within this trial was terminated
before reaching the sample size on anatomic success. In the
meanwhile, follow-up has extended considerably, but
knowledge on possible factors influencing outcome is still
lacking. The aim of the current study was to report long-
term follow-up of patients treated with MOCA and to an-
alyse whether certain factors were predictive for failure.

Methods

Study design

The design of the study was a retrospective pooled analysis
of two prospective cohorts previously reported, but now
with prolonged long-term follow-up. Both cohorts included
patients treated with MOCA using polidocanol as the
sclerosant and all patients were treated in the same tertiary
referral center. The first cohort (cohort A) derived from a
prospective study describing 5-year outcomes of patients
treated with MOCA.5 The second cohort was patients in-
cluded in a multicenter prospective randomized controlled
trial and with their follow-up extended from two to 5 years
(cohort B).4

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 Medical
Ethics Committee of Nijmegen (CMO 2011-091). Eligible
patients who met the inclusion criteria were fully informed,
and those who signed the informed consent were included.

Treatment

The procedure has been described before in detail.1 In short,
before the procedure, the area to be treated was disinfected,
and sterile drapes were applied with the patient in the supine
position. Subsequently, a catheter was inserted into the
incompetent GSV after local anaesthesia and under Duplex
ultrasound guidance. A 4 Fr introduction sheath was in-
serted and the tip of the ClariVein® catheter (Merit Medi-
cal®, South Jordan, UT, USA) was placed 5 mm below the
orifice of the superficial epigastric vein or 2 cm below the
sapheno-femoral junction (SFJ). The rotating wire was then
activated for 10 s to induce vasospasm before withdrawal at
a steady pullback speed of 7 s/cm while continuously in-
jecting the liquid sclerosant in a dosage of 2 mL 3% po-
lidocanol for the first 10 to 15 cm and 1.5% polidocanol for
the last part. After treatment, the deep venous system was
studied immediately with ultrasound. While the patient was
still in the horizontal position, liberal calf massages and
patient-induced dorsiflexion were performed. Patients were
then advised to walk immediately after completion of the

procedure and were discharged with class 2 compression
stockings (30–40 mm�Hg) for 24 h continuously and
subsequently during day time for 2 weeks.

Definitions and end points

Definitions of terms used for the study have been published
before.3 In brief, anatomical success was defined as oc-
clusion of the treated GSV segment as measured with
duplex ultrasonography. Technical success was defined as
initial technical success rate of the procedure, where the
catheter can be safely placed at a defined distance from the
SFJ and the GSV can be treated without technical problems.
If the planned segment could not entirely be treated, this was
scored as a partial successful procedure. During follow-up,
the successful treated part of the segment was checked by
duplex ultrasound; if this segment remained occluded, this
was scored as no failure. Failure of treatment included either
a type I failure (non-occlusion) in which the treated vein
failed to occlude initially and never occluded during the
follow-up, or a type 2 failure (recanalization), in which the
treated vein occluded directly after treatment, but recan-
alized, partly (>10 cm) or completely, at a later time point
during follow-up. Clinical success was defined as an ob-
jective improvement of clinical outcome after treatment,
measured with the Venous Clinical Severity Score (VCSS)
of at least one point.6

Primary endpoints were anatomic and clinical success
and postprocedural pain after treatment for GSV incom-
petence with MOCA. Secondary endpoints were operation
time, pain during the treatment, technical success, com-
plications, disease-specific quality of life and time to return
to daily activities/work. Quality of life scores were assessed
with Short Form-36 (SF-36), a multidimensional mea-
surement of general health, which yields eight domains of
functional health and well-being scores. Also, the ‘Dutch
translated’Aberdeen Varicose Vein Questionnaire (AVVQ),
a validated disease-specific quality of life measurement for
chronic venous insufficiency, was used.7 Both question-
naires were completed preoperatively, after 4 weeks, 1 year,
2 years and 5 years of follow-up.

Statistical analysis

Categorical variables are presented as number followed by
percentage. Differences between groups were tested using
Chi Square tests. Continuous variables are presented as
means and standard deviation or median and interquartile
range, if applicable. Distribution of continuous data was
tested using the Kolmogorov–Smirnov test and by visual
inspection of plots.

Univariate logistic regression was performed to identify
predictors of failure of the procedure through 5 years
follow-up. Variables with a p-value <.100 in univariate
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analysis were entered in a stepwise backward manner into a
multivariate logistic regression model. Due to the number of
events, no more than three variables could be entered in the
final model. Significance of all other tests was set at p<.05.
Statistical analysis were performed using IBM SPSS Sta-
tistics (SPSS version 25.0 for Windows, IBM Corporation,
Armonk, NY, USA).

Results

Patient characteristics

Mean age of the total cohort of 147 patients at the time of
procedure was 52.3 ± 14.1 years and there were 103 female
(70.1%). Patients included in cohort Awere derived from a
previously published study which consisted of a total of
94 patients included between December 2010 and De-
cember 2011.5 From this study, only unique patients were
included in the current study, that is, 77 patients with
93 treated legs, and they were all treated in the same
hospital. 17 patients in cohort A were treated at both legs,
and from these patients, only the first procedure was in-
cluded. Patients included in cohort B were derived from a
multicenter prospective randomized trial with 105 patients
randomized to be treated withMOCA, and 104 patients with
radiofrequency ablation (RFA). A total of 70 of these pa-
tients were treated with MOCA in the same hospital as with
cohort A. No patients were treated bilaterally, leaving an-
other 70 patients with 70 legs to be included in the current
study. The 2 years results in cohort B were extended to 5-
year follow-up. Patients in cohort B were more often
smokers (6 (7.8%) vs. 14 (20.0%), p = .031), had more often
a family history of varicose veins (12 (15.6%) vs. 42
(60.0%), p < .001) and pregnancy in medical history (13
(16.9%) vs. 36 (70.6%), p < .001). Approximately half of
the female patients had been pregnant before. Further pa-
tient characteristics at baseline are outlined in Table 1.

Clinical severity of venous disease as measured with
VCSS at baseline was less in cohort A compared to cohort B
(4.16 ± 1.70 vs. 4.90 ± 2.40, p = .025) and congenital
aetiology was more apparent in cohort A (p < .001). Other
significant differences included more patients with oedema
in cohort B (<0.001). These patients had a higher number of
symptoms, but with a shorter duration of symptoms. Within
the total cohort of patients, most frequently included were
C3 and C4a venous disease, with a primary non-congenital
cause, and superficially located. All patients had reflux.
Mean VCSS at baseline was 4.48 (SD 2.06). One patient
had an active ulcer, smaller than 2 cm in diameter and
lasting for more than a year (Table 2).

Procedural outcomes

Mean vein diameter in cohort B was slightly higher both at
the SFJ (5.9 ± 1.8 mm vs. 6.5 ± 1.9 mm, p = .443) and at the

GSV puncture site (4.8 ± 1.2 mm vs. 5.2 ± 1.4 mm, p =
.012). The mean length of the treated segment was similar in
both groups (44.4 ± 8.6 cm vs. 44.3 ±8.2 cm, p = .856).
Mean procedural time was similar as was the pain score
during the operation. Four patients in cohort B had partial
technical success. In all of these four cases, the intended full
length of the GSV could not be treated (meaning not the
entire planned segment could be treated, but an important
part was treated successfully). As a consequence, technical
success was higher in cohort A compared to cohort B (100%
vs. 93%, p = .020). Overall technical success was 97.5%.
Mean length of the treated vein in the total cohort was 44.4 ±
8.4 cm. Further procedural details of the total cohort are
outlined in Table 3.

Early results

The mean VAS at 14 days after treatment was 0.6± 0.9.
Mean patient satisfaction at 30-days, related to treatment on
a scale from 0 to 10, was 8.8± 1.0. Further details of early
results have been described before in separate reports of
cohorts A and B.4,5

Late results

Mean follow-up was 5.4±0.6 years. During this period of
time, 33 anatomic failures occurred, 22 from cohort A
(23.7%) and 11 from cohort B (16.7%), p = .284. As a
consequence, 126 legs were treated successfully, 4 were
partly successful procedures (meaning not the entire
planned segment could be treated, but an important part was
treated successfully) and 33 legs failed (Figure 1). From
clinical perspective results were better at all yearly time
points measured and are depicted in Figure 2.

In a direct univariate comparison between the successful
and anatomic failed procedures, the body mass index (BMI)
was higher with failures and, remarkably, pregnancy in
medical history was more apparent in successful proce-
dures. Clinical, aetiology, anatomical and pathophysio-
logical classification, VCSS at baseline, number and
duration of symptoms, as well as previous (ipsilateral)

Table 1. Patient characteristics at baseline (N = 147 patients).

Mean age (years) 52.3 (14.1)
Sex (female) 103 (70.1%)
Mean BMI (kg/m2) 26.7 (4.9)
Current smoking 20 (13.6%)
Family history of varicose veins* 54 (36.7%)
Pregnancy in medical history 49 (48% of female)
Duration of symptoms (months) 54.6 (59.4)
Previous varicosis treatments 40 (27.2%)

BMI = Body Mass Index. * one missing value.
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Table 2. Clinical details of venous disease at baseline (N = 163 legs) and 5 years follow-up (N=112).

Clinical classification Baseline 5-year p

<0.001
C0 — 7 (11.3%)
C1 1 (0.6%) 22 (35.5%)
C2 36 (22.1%) 15 (24.2%)
C3 69 (42.3%) 17 (10.4%)
C4a 50 (30.7%) —

C4b 4 (2.5%) 1 (1.6%)
C5 3 (1.8%) —

C6 — —

Aetiology classification
Congenital 28 (17.2%) NA
Primary 132 (81.0%) NA
Secondary 3 (1.8%) NA

Anatomical classification
Superficial 162 (99.4%) NA
Perforating 1 (0.6%) NA

Pathophysiological classification
Reflux 163 (100%) NA

VCSS (mean (SD) 4.48 (2.06) 2.93(2.21) <0.001
Symptoms
Pain <0.001

Absent 53 (32.5%) 74 (66.1%)
Mild 60 (36.8%) 21 (18.8%)
Moderate 39 (23.9%) 14 (12.5%)
Severe 10 (6.1%) 2 (1.8%)
Missing 1 (0.6%) 1 (0.9%)

Varicosis <0.001
Absent 5 (3.1%) 21 (18.8%)
Mild 88 (54.0%) 61 (54.5)
Moderate 62 (38.0%) 25 (22.3%)
Severe 8 (4.9%) 4 (3.6%)

Oedema <0.001
Absent 51 (31.3%) 56 (50.0%)
Mild 55 (33.7%) 42 (37.5%)
Moderate 45 (27.6%) 8 (7.1%)
Severe 12 (7.4%) 6 (3.7%)

Skin pigmentation <0.001
Absent 99 (60.7%) 93 (83.0%)
±Mild 41 (25.2%) 17 (15.2%)
Moderate 19 (11.7%) 2 (1.8%)
Severe 2 (1.2%) —

Missing 2 (1.2%) —

Inflammation 0.083
Absent 156 (95.7%) 111 (99.1%)
Mild 5 (3.1%) 1 (0.9%)
Moderate 2 (1.2%) —

Induration 0.317
Absent 157 (96.3%) 109 (97.3%)
Mild 5 (3.1%) 2 (1.8%)
Severe 1 (0.6%) —

Number of active ulcers 0.317
0 162 (99.4%) 112 (100.0%)
1 1 (0.6%) —

Compression therapy 0.178
No 140 (85.9%) 87 (77.7%)
Intermittent 8 (4.9%) 11 (9.8%)
Most days 9 (5.5%) 7 (6.3%)
Always 5 (3.1%) 5 (4.5%)
Missing 1 (0.6%) 1 (0.9%)

VCSS = Venous Clinical Severity Score. NA = not available.
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treatments were all not significantly different between both
groups. The same accounted for procedural details
(Table 4). At univariate logistic regression analysis, BMI
was a predictor for failure (OR 1.092, 95% CI 1.012–1.178,
p = .023), whereas pregnancy in medical history was a
predictor for successful procedure (OR 0.308, 95% CI
0.104–0.905, p 0.032).

Predictors for anatomic failure at multivariate logistic
regression analysis

At multivariate logistic regression analysis, BMI was not a
predictor for failure (OR 1.090, 95% CI 0.996–1.193, p =
.060), but again, pregnancy in medical history appeared to be a
predictive for successful procedure (OR 0.260, 95%CI 0.082–
0.820, p = .022). In addition, duration of symptoms was also
predictive for success, although this was not a strong predictor
(OR 0.988, 95% 0.977–1.000, p = .047). Age and sex adjusted
analyses showed similar results without significant differences.

Venous clinical severity score

Compared with baseline, VCSS score dropped significantly
from a median of 4.0 to 1.0 at 4 weeks, and remained stable
after 1 year and 2 years follow-up. At 5 years follow-up,
again a significant rise to 2.0 was noted (Figure 3).

Quality of life

Completely filled-in AVVQ forms were returned at baseline
by 105 patients (64%), at 4 weeks by 136 patients (83%), at
1-year by 110 patients (67%), 2-years by 104 patients (63%)
and at 5-years by 82 patients (50%). Compared with
baseline, total AVVQ score dropped significantly from a
median of 10.4 to 1.5 at 4 weeks, but increased again after
1 year to 4.4 and 6.2 at 5 years follow-up. The rise between
4 weeks and the following years was significant (Figure 4).

Completely filled-in RAND SF36 forms were returned at
baseline by 128 patients (81%), at 4 weeks by 129 patients
(81%), at 1-year by 121 patients (76%), 2-years by
110 patients (69%) and at 5-years by 97 patients (61%).
With regard to SF36 and compared to baseline, significant

improvements were reached at 1 year in all domains except
general health perception. At 5 years, the domains role
functioning/physical, role functioning/emotional, vitality
and pain were still significantly improved compared to
baseline. Except for health change at 5 years, there were no
other significant differences between successful and failed
procedures. Further details are outlined in Table 5.

Discussion

This study supports findings of previous studies in which
MOCAwas found to be as effective in the early postoperative
phase as other treatments in patients with chronic venous in-
sufficiency of the lower leg due to GSVincompetence and with
less severe pain during and after the procedure. However,
anatomical success with MOCA at the long-term seems to be
lower compared to data reported for with thermal ablation.
Nugroho et al. reported a meta-analysis of four randomized
clinical trials (RCTs) comparing the anatomical success of
MOCA for GSV insufficiency to thermal ablation. Anatomical
success rate at 1 month (short-term) and a period of more than
6months but less than 1-year follow-upwas 93.4% and 84.5%,
respectively, with MOCA, and 95.8% and 94.8%, respectively,
with thermal ablation.8 Thereafter, another RCT appeared with
3-year follow-up and showing a statistically significantly lower
GSV occlusion rate of 82% after MOCA versus 100% after
thermal ablation (p = .005). In the MOCA group, GSVs that
were larger than 7 mm in diameter preoperatively were more
likely to recanalize during the follow-up period, something that
was not confirmed in the current analysis. Moreover, the partial
recanalizations observed in the proximal GSV at 1-year pro-
gressed during the 3-year follow-up.9 Our current study had a
longer follow-up of 5-years and included a three-fold number
of patients treated with MOCA. A clear relation of recanali-
zations with the diameter of the treated vein segment could not
be found, but the deterioration in terms of anatomical success at
the longer term was likewise. Clinical effects, and more so
quality of life, was less affected in both studies.9

Factors that may have contributed to the less favourable
results at longer term include the fact that most patient have
been treated within the relatively early learning curve and
meanwhile an evolution has taken place on various aspects
of the procedure. First, in general, the concentrations of
polidocanol used in the Netherlands have been too low. In
the early Dutch studies, two levels of sclerosant concen-
tration were used, that is, 2 mL of 2% polidocanol to treat
the first 10 cm and 1.5% to treat the remaining vein length.
In a dose finding study, different concentrations of liquid
polidocanol were used (2% and 3%) and were compared
with 1% polidocanol microfoam in a RCT. The 1% foam
was clearly less effective than 2% or 3% liquid polidocanol
(p < .001) for the treatment of GSV incompetence,10 but it
needs to be emphasized that ClariVein® is not intended to be
used with foam. In a second dose finding study, patients

Table 3. Procedural outcomes (N = 163 legs).

Length treated vein (cm) 44.4 (8.4)
Diameter SFJ (mm)* 6.2 (1.8)
Diameter GSV at puncture site (mm)* 5.0 (1.3)
Procedural time (min) 11.7 (3.5)
VAS score during procedure 1.4 (1.8)
Technical success 159 (97.5%)

*Measured during procedure; SFJ = sapheno-femoral junction; GSV = great
saphenous vein; VAS = visual analogue scale.

Witte et al. 5



with symptomatic primary GSV incompetence were ran-
domized to MOCA with 2% polidocanol liquid or MOCA
with 3% polidocanol liquid. The results showed a higher
success rate for MOCAwith 3% polidocanol liquid than for
MOCA with 2% polidocanol liquid at 6 months of follow-
up. However, the difference in quality of life was not
significant.11 Second, the device was initially purged with
saline. The device retained about 1 mL of liquid so the first
mL entering the vein was saline; many people are now

purging with sclerosant. Also, leakage of sclerosant by
improper use of the stopcock may have taken place, the
reason why now the stopcock has been removed. Third, in
the beginning, it was not the practice to check the first 10 cm
and to retreat if the vein was not closed. Finally, in contrast
with other studies, in our current study, and especially in
cohort B, the percentage of patients treated was mainly
C3 or higher, as only these patients were amendable for
reimbursement during the enrolment period. Despite these

Figure 1. Freedom from anatomic failure after MOCA treatment during 5 years follow-up.

Figure 2. Freedom from clinical failure after MOCA treatment during 5 years follow-up.
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Table 4. Univariate comparison of successful and failed MOCA procedures during follow-up (N = 163 legs).

(partial)Successful (130 legs) Failed (33 legs) p-value

Age (years) 53.3 (14.2) 50.8 (14.8) 0.362
Sex (female) 93 (71.5%) 22 (66.7%) 0.583
BMI (kg/m2) 26.3 (4.6) 28.5 (5.6) 0.016
Smoking Smoking 3 (9.1%) 0.573
Family history of varicose veins 45 (34.6%) 11 (3.3%) 0.867
Pregnancy in medical history 46 (49.5%) 5 (22.7%) 0.023
Clinical classification 0.285
C1 0 1 (3.0%)
C2 27 (20.8%) 9 (27.3%)
C3 57 (43.8%) 12 (36.4%)
C4a 40 (30.8%) 10 (30.3%)
C4b 3 (2.3%) 1 (3.0%)
C5 3 (2.3%) 0
C6 0 0

Aetiology classification 0.655
Congenital 21 (16.2%) 7 (21.2%)
Primary 107 (82.3%) 25 (75.8%)
Secondary 2 (1.5%) 1 (3.0%)

Anatomical classification
Superficial 130 (100%) 32 (97.0%)
Perforating 1 (3.0%)

Pathophysiological classification
Reflux 130 (100%) 33 (1.4%)

VCSS at baseline (mean (SD) 4.51 (2.12) 4.35 (1.82) 0.705
Individual components of VCSS*
Pain 1.02 (0.89) 1.09 (0.96) 0.692
Varicosis 1.42 (0.62) 1.55 (0.71) 0.326
Oedema 1.15 (0.94) 0.97 (0.92) 0.334
Skin pigmentation 0.52 (0.76) 0.56 (0.72) 0.771
Inflammation 0.06 (0.30) 0.03 (0.17) 0.564
Induration 0.06 (0.32) 0.00 (0.00) 0.276
Number of active ulcers 0.01 (0.09) 0.00 (0.00) 1.000
Size ulcer(s) 0.01 (0.09) 0.00 (0.00) 1.000
Duration ulcer(s) 0.02 (0.26) 0.00 (0.00) 1.000
Compression therapy 0.26 (0.72) 0.21 (0.60) 0.706

Number of symptoms 3.15 (1.40) 2.79 (1.52) 0.200
0 1 (0.8%) 0
1 16 (12.3%) 7 (21.2%)
2 23 (17.7%) 9 (27.3%)
3 45 (34.6%) 9 (27.3%)
4 21 (16.2%) 3 (9.1%)
5 18 (13.8%) 2 (6.1%)
6 4 (3.1%) 3 (9.1%)
7 2 (1.5%) 0

Duration of symptoms (months) 62.1 (64.7) 38.6 (42.4) 0.061
Previous treatments 40 (30.8%) 8 (24.2%) 0.527
Previous ipsilateral treatment 19 (47.5%) 5 (62.5%) 0.701
Length treated vein (cm) 43.9 (8.5) 46.1 (7.9) 0.188
Diameter SFJ (mm) 6.2 (1.9) 6.1 (1.7) 0.896
Diameter GSV at puncture site (mm) 4.9 (1.3) 5.3 (1.5) 0.089
Procedural time (min) 11.8 (3.5) 11.6 (3.3) 0.802
VAS score during procedure 2.5 (1.7) 2.2 (1.4) 0.301

BMI = Body Mass Index. VCSS = Venous Clinical Severity Score; SFJ = sapheno-femoral junction; GSV = great saphenous vein; VAS = visual analogue scale.
*The percentage of patients who scored the worst category are presented.
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Figure 3. Venous Clinical Severity Score (VCSS) assessment and results over time through 5 years follow-up.

Figure 4. Aberdeen Varicose Vein Questionnaire (AVVQ) assessment and results over time through 5 years follow-up.
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Table 5. Quality of life RAND SF36 questionnaire changes over time.

Successful procedure (median (IQR)) Failed procedure (median (IQR)) p-value

Physical functioning
Baseline 85 (70–100) 85 (70–100) 0.994
4 weeks 95 (80–100) 95 (85–100) 0.990
1 year 95 (8580–100) 90 (85–100) 0.676
2 years 95 (80–100) 90 (75–100) 0.867
5 years 90 (75–100) 90 (75–100) 0.731

Social functioning
Baseline 100 (75–100) 88 (69–100) 0.114
4 weeks 100 (8881–100) 100 (88–100) 0.981
1 year 100 (88–100) 100 (88–100) 0.752
2 years 8894 (75–100) 100 (75–100) 0.561
5 years 94 (75–100) 100 (88–100) 0.500

Role functional/physical
Baseline 100 (7550–100) 100 (25–100) 0.726
4 weeks 100 (10088–100) 100 (88–100) 0.903
1 year 100 (100–100) 100 (100–100) 0.671
2 years 100 (100–100) 100 (100–100) 0.953
5 years 75 (0–100) 100 (13–100) 0.146

Role functional/emotional
Baseline 100 (100–100) 100 (67–100) 0.246
4 weeks 100 (100–100) 100 (83–100) 0.213
1 year 100 (100–100) 100 (100–100) 1.000
2 years 100 (100–100) 100 (83–100) 0.267
5 years 100 (0–100) 100 (0–100) 0.614

Mental health
Baseline 84 (72–88) 76 (68–84) 0.099
4 weeks 84 (7674–90) 88 (72–90) 0.821
1 year 84 (72–92) 84 (78–92) 0.779
2 years 80 (68–92) 82 (72–90) 0.995
5 years 80 (72–8486) 84 (72–92) 0.123

Vitality
Baseline 70 (6055–8088) 65 (50–75) 0.333
4 weeks 75 (60–85) 75 (60–85) 0.835
1 year 75 (60–80) 75 (55–85) 0.795
2 years 70 (50–80) 70 (55–75) 0.937
5 years 65 (5553–80) 70 (55–80) 0.325

Pain
Baseline 80 (67–90) 72 (57–90) 0.188
4 weeks 90 (78–100) 80 (67–100) 0.154
1 year 100 (78–100) 90 (73–100) 0.278
2 years 90 (678–100) 90 (67–100) 0.847
5 years 90 (67–100) 80 (67–95) 0.287

General health perception
Baseline 70 (58–85) 65 (55–85) 0.582
4 weeks 78 75 (60–90) 80 (55–95) 0.922
1 year 75 (60–90) 65 (60–90) 0.666
2 years 70 (60–85) 60 (55–85) 0.367
5 years 70 (50–85) 70 (53–90) 0.483

(continued)

Witte et al. 9



liabilities, the recent European Society for Vascular Surgery
(ESVS) 2022 Clinical Practice Guidelines on the Man-
agement of Chronic Venous Disease of the Lower Limbs
state that MOCA is a reasonable alternative for patients
preferring non-thermal non-tumescent treatment, even if the
occlusion rate at 3-years was inferior to that of thermal
ablation. In terms of recommendation, for patients with
GSV incompetence requiring treatment, mechanochemical
ablation may be considered when a non-thermal non-
tumescent technique is preferred (Class IIb, Level A).12

The current study did not reveal clear clinically important
predictors for failure. BMI seemed to have some negative in-
fluence at univariate analysis, but this effect disappeared at
multivariate analysis. Some studies appeared focusing onBMI in
patientswho underwent thermal ablation. In a large single-center,
retrospective cohort study with 9739 endovenous ablations
performed on 3070 patients (3862 endovenous laser procedures
and 5831 radiofrequency ablation procedures), an increased
recanalization risk was found with ablations performed on
perforator veins. A secondary multivariate analysis was per-
formed with the exclusion of perforator veins due to their five
times increased risk of recanalization, and showed no significant
difference of recanalization across all BMI subgroups.13 A recent
narrative review after risk factors for saphenous vein recanali-
zation after endovenous radiofrequency ablation showed BMI
and saphenous trunk diameter to be the only two recognized
characteristics that may affect short and long-term recanalization
rate.14 Every 1-point increase in BMI would result in an 8.9%
increase in the hazard of developing recurrent GSV flow.15 In
another multicenter, retrospective cohort study including
65,329 patients who had undergone a venous procedure (en-
dovenous thermal ablation, phlebectomy or ultrasound-guided
foam sclerotherapy), outcomes progressively worsened with a
BMI >35 kg/m2. The treatment outcomes for patients with a
BMI ≥46 kg/m2 were so poor that weight loss management was
advised before offering CVD treatment.16

The protective finding of previous pregnancy related to a
successful outcome after MOCA cannot be explained or
supported by literature. During pregnancy, maximum changes
are seen in the superficial venous system in the thigh. The
effect seems to bemore pronounced on the left and the changes
in reflux return to pre-pregnancy levels in the puerperium.17,18

Furthermore, number of pregnancies is correlated with the
incidence of pelvic vein insufficiency,19,20 but not with GSV

reflux.21 Unfortunately, to our knowledge, no literature exist
on the relation between MOCA outcome and pregnancy.

This study has some limitations. First, data are derived
from the early phase of MOCA treatment and may therefore
not reflect current practice. Other non-thermal non-tumescent
techniques such as Flebogrif® have entered the market as
well, but we have to await their long-term results. Also the
possible favourable effect of sodium tetradecyl sulfate instead
of polidocanol should be further explored. In the current
studies, polidocanol was used as tetradecyl sulfate is not
registered in the Netherlands. Second, not all questionnaires
were complete, although compared to other venous studies,
they compared favourably. Another limitation of this study is
that during follow-up, no information on the entire CEAP
classification was gathered, but only the C was scored.

In conclusion, MOCA was effective in the early postop-
erative phase in patients with chronic venous insufficiency of
the lower leg due to GSV incompetence with minimal pain
during and after the procedure. However, anatomical success
with MOCA deteriorates after 1-year and showed even less
results after-five years, mainly due to partly recanalizations,
while clinical outcome was less affected. No recommenda-
tions can be given with regard to predictors for failure.
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Table 5. (continued)

Successful procedure (median (IQR)) Failed procedure (median (IQR)) p-value

Health change
Baseline 50 (50–50) 50 (50–63) 0.479
4 weeks 50 (50–50) 50 (50–88) 0.313
1 year 50 (50–75) 50 (50–75) 0.580
2 years 50 (50–50) 50 (50–50) 0.425
5 years 50 (50–50) 50 (50–75) 0.026
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