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Summary

AIM OF THE STUDY: The objective of this study was
to identify the optimal duration of pharmacological throm-
boprophylaxis after outpatient endovenous laser ablation
(EVLA).

METHODS: In this multicentre retrospective study in a uni-
versity hospital, regional hospital and private practices, we
collected the demographic, procedural and outcome data
of all consecutive patients with varicose veins class C2 to
C6 undergoing outpatient EVLA of truncal and accessory
veins between February 2009 and December 2015. The
cumulative primary efficacy endpoint consisted of endove-
nous heat-induced thrombosis (EHIT) class 2–4, deep
vein thrombosis (DVT) and pulmonary embolism (PE) di-
agnosed with duplex ultrasound or computed tomography
angiography after 1 and 4 weeks of follow-up. Cumulative
secondary endpoints were complete ablation of the treat-
ed veins and major bleeding, skin burns and infection.

RESULTS: A total of 864 patients were treated with EVLA
as an outpatient procedure. Of those, 35 patients were
omitted because of therapeutic anticoagulation or dual an-
tiplatelet therapy. Another 36 cases were excluded as the
patients received pharmacological thromboprophylaxis for
5 days. A total of 793 were included in the final analysis.
Of those, 225 patients (28.4%) received fondaparinux 2.5
mg s.c. for 3 days, 166 patients (20.9%) received rivarox-
aban 10 mg p.o. for 3 days and 402 patients (50.7%) re-
ceived rivaroxaban 10 mg for 10 days. The incidence of
EHIT class 2–4 was 0.8% (n = 6) in total, 1.3% (n = 6)
in group 1 (treated for 3 days) and 0.3% (n = 1) in group
2 (treated for 10 days) (odds ratio [OR] 0.19, confidence
interval [CI] 0.02–1.66, p = 0.133). The cumulative prima-
ry composite endpoint at 4-week follow-up was 1.1% (n =
9) and was 2.1% (n = 8) in group 1 and 0.3% (n = 1) in
group 2 (OR 0.0.12, CI 0.01–0.96, p = 0.046). Propensity
score-matched analysis revealed no significant difference

in the composite primary endpoint (CI −0.074 to 0.26).
Complete occlusion rate was 99.2% in group 1 and 98.8%
in group 2 (OR 0.61, CI 0.15–2.59, p = 0.506). No PE or
major bleeding events occurred in either group. Propensity
score-matched analysis showed no significant difference
in the secondary endpoints.

CONCLUSION: Using propensity score-matched analysis
we showed that pharmacological thromboprophylaxis after
EVLA seems to be equally effective with 3 days or 10 days
of treatment with a similar success rate and safety profile.
Undoubtedly, a large randomised control trial, ideally in-
cluding a group without pharmacological thromboprophy-
laxis, is needed to draw more definitive conclusions on the
optimal duration of pharmacological post-EVLA thrombo-
prophylaxis.
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Introduction

Endovenous thermal ablation (ETA) of truncal varicose
veins was introduced in 1999 and its use has been rapidly
growing in recent decades [1, 2]. In 2011, the Society for
Vascular Surgery and the American Venous Forum recom-
mended ETA as the preferred treatment option for sympto-
matic varicose veins [3]. In 2013, the UK National Institute
for Health and Care Excellence (NICE) also recommend-
ed ETA as the preferred treatment option for symptomatic
varicose veins [4]. And in 2015, the European Society for
Vascular Surgery recommended ETA as the preferred treat-
ment option over surgery for symptomatic great saphenous
vein reflux [5]. Thus, it is likely that the use of ETA will
continue to increase owing to its recommendation in evi-
dence-based guidelines. This minimally invasive technique
immediately improves quality of life without the morbidity
associated with saphenous crossectomy and stripping [6].
However, with the growing popularity of this technique,
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there have been numerous reports on complications associ-
ated with this treatment [7, 8]. Patients may develop deep
venous thrombosis (DVT) at the saphenofemoral junction
(SFJ) or saphenopopliteal junction (SPJ) [9]. This compli-
cation is known as endovenous heat-induced thrombosis
(EHIT). EHIT refers to the extension of thrombus from
the ablated superficial vein into the deep venous system at
or proximal to a site of recent thermoablation [10]. EHIT
has been categorised in four classes. EHIT class 1 is when
the thrombus extends to the SFJ or SPJ. Thrombus exten-
sion into the deep venous system with a cross-sectional ob-
struction area of less than 50% is considered EHIT class 2.
EHIT class 3 is defined as more than 50% cross-sectional
area obstruction. EHIT class 4 is complete occlusion of the
common femoral or popliteal vein [11]. DVT at any site
in the deep venous system and pulmonary embolism (PE)
– although rare – may also develop during the procedure
or thereafter, with deaths of relatively young patients being
reported in the press [12, 13]. Published rates of EHIT vary
between 0% and 8% and the reported incidence of DVT is
0.85% [9, 14–17].

Occurrence of these complications suggests the need for
early postprocedural duplex scanning to detect potential
thrombotic events, as recommended by the Society for
Vascular Surgery [16]. Given the growing numbers of ETA
procedures performed worldwide and the potential for se-
vere complications, some form of thromboprophylaxis
needs to be considered. Current guidelines recommend
early ambulation after ETA for thromboprophylaxis; how-
ever, to date no internationally accepted recommendations
regarding pharmacological thromboprophylaxis exist to
guide clinical practice [18–20]. Many centres in Europe,
including several in Switzerland, do use pharmacological
thromboprophylaxis after thermal ablation [10, 21, 22].
Some centres prefer single-dose low molecular weight he-
parin or direct oral anticoagulants as their primary choice
for thromboprophylaxis, whereas other centres use pro-
longed thromboprophylaxis for up to 10 days. Epidemio-
logical evidence from the Million Women Study suggests
that the postprocedural venous thromboembolism inci-
dence may be increased in the first 6 weeks after operation
as a day case [23]. Thus, single-dose or short-term throm-
boprophylaxis might be ineffective. However, the optimal
duration of pharmacological thromboprophylaxis after
ETA is currently not defined. In the absence of good ev-
idence, we decided to pool and analyse the prospectively
collected quality and outcome date of four vein centres
to assess the efficacy and safety of two pharmacological
thromboprophylaxis regimens (3 vs 10 days) after outpa-
tient endovenous laser ablation (EVLA) of truncal and ac-
cessory saphenous veins.

Material and methods

At all participating centres, patient, procedural and follow-
up data were prospectively obtained as part of the local
quality and outcome assessment process and reviewed in
accordance with the various reporting standard guidelines
[24]. In this retrospective study, we pooled and reviewed
the medical records of all consecutive patients with truncal
or accessory saphenous veins treated with EVLA as an out-
patient between February 2009 and December 2015. The
study followed the principles outlined in the Declaration

of Helsinki and was approved by the local ethics commit-
tee. This manuscript was prepared in compliance with the
STROBE checklist [25].

All patients signed an informed consent form before the
EVLA procedure, agreeing to use of their medical data
anonymously for publication. A waiver for additional for-
mal informed consent to retrospectively review charts of
subjects meeting the inclusion criteria was granted by the
ethics committee. All patients who had EVLA of the great
saphenous vein (GSV), accessory saphenous vein (ASV),
or small saphenous vein (SSV) using a 1470-nm wave-
length radial laser (ELVeS; Biolitec, Vienna, Austria; Ve-
naCure, AngioDynamics, Inc, Queensbury, NY, USA) at
the University Hospital Basel, the regional hospital of
Limmattal, and private practices Gefässmedizin Rapper-
swil and the Vascular Institute Aarau were included in this
analysis. Patients were not included in the analysis if they
had an endovenous ablation technique other than EVLA;
veins other than the GSV, ASV, or SSV treated with EVLA
(i.e., perforators); and postinterventional EHIT prophylax-
is other than a prophylactic dose (10 mg/d) of oral rivarox-
aban (Bayer AG, Zurich, Switzerland) or fondaparinux 2.5
mg subcutaneously.

Demographic data, vein characteristics, procedural data in-
cluding concomitant phlebectomies and sclerotherapy, and
outcome data including ultrasound findings and complica-
tions were assessed. All data were routinely collected af-
ter each procedure/follow-up appointment and entered in-
to a local Excel database by a dedicated study nurse at the
University Hospital Basel or the interventionist performing
EVLA at the other centres. Anonymised data were pooled
and checked for data integrity and data selection accord-
ing to the inclusion/exclusion criteria by the first and last
author. All patients were diagnosed preoperatively with su-
perficial venous insufficiency by means of duplex ultra-
sound. Vein incompetence was assessed as reflux in re-
sponse to manual calf compression or Valsalva manoeuvre
with the patient standing. Reflux was defined as evidence
of reverse flow >500 ms in a vein segment [26].

EVLA was performed by experienced vascular specialists.
Bilateral treatment was allowed. Tumescent anaesthesia
was used in all cases of EVLA as a walk-in, walk-out pro-
cedure. No sedation was routinely given.

The GSV was cannulated percutaneously at the distal point
of insufficiency under ultrasound guidance using the
Seldinger technique. The access point was mostly infra-
genual. After insertion of the laser fibre through the sheath,
the fibre tip was advanced to the SFJ or SPJ, then posi-
tioned 1–2 cm distal to the SFJ/SPJ with ultrasound guid-
ance and connected to a 1470 nm radial diode laser device.
For local tumescent anaesthesia, a volume of 0.5 l was
prepared using 500 ml 0.9% saline, 50 ml of 2% rapi-
docaine and 5 ml of 8.4% sodium bicarbonate. This was
then infiltrated in the perivenous space under high-resolu-
tion ultrasound guidance. After tumescent anaesthesia was
administered, the position of the laser tip was again veri-
fied before activating the laser. Laser energy was released
at 8–10 W power using a continuous mode, aiming for a
linear endovenous energy delivery target of 50–100 J/cm.
After activation, the laser fibre was slowly and continu-
ously pulled back during ablation. Treatment length and
vein diameter were not available from all centres. In gen-
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eral, we ablated the refluxing vein segments completely
from below the knee for the GSV and from the distal third
of calf for the SSV. After the EVLA, refluxing tributaries
were removed by phlebectomy or closed with sclerothera-
py during the same procedure. After tumescent anaesthesia
alongside the tributaries, 1- to 3-mm incisions over vari-
cosities were made and varicose tributaries were removed
using a hook (Oesch; Salzmann AG, S. Gallen, Switzer-
land). Concomitant foam sclerotherapy was given alone or
in addition to phlebectomy with up to 10 ml of 1% to 3%
aethoxysklerol mixed 1:4 with air in patients with neovas-
cularisation or tributaries of perforators.

After the treatment, the legs were wrapped in sterile ab-
sorbent bandages and, in those patients who had concomi-
tant phlebectomy, covered with a compressive cohesive
bandage. After 24 to 72 hours, the patients removed the
bandage and were told to wear a class 2 compression stock-
ing during the day for at least 1 week. We did not monitor
compliance regarding the use of the stockings.

Any patients undergoing EVLA procedures routinely re-
ceived thromboprophylaxis with doses of 10 mg/d of ri-
varoxaban (Bayer AG, Zurich, Switzerland) or fondaparin-
ux 2.5 mg subcutaneously (Sanofi-Aventis, Vernier,
Switzerland) for 3 to 10 days at the discretion of the op-
erator. The duration of thromboprophylaxis was somewhat
arbitrary – as the standard pack size of rivaroxaban con-
tains 10 pills in Switzerland a 10-day regimen was chosen
by most operators, whereas the 3-day regime was arbitrary
and based on the believe that after 3 days the patient is
fully recovered and fully mobilised. The first dose of an-
tithrombotic agent was administered immediately postop-
eratively and the remaining doses were given to the pa-
tients to take at home. Routine mobilisation was
encouraged for the postoperative period. We did not mon-
itor the adherence to drug intake or the compliance with
wearing the compression stockings.

Definition of outcome parameters
In all participating centres standardised there were follow-
up examinations according to the Swiss Tect Registry [27]
at 7 ± 2 and at 30 ± 2 days postoperatively. These included
a short medical history and clinical examination with as-
sessment of any procedure-related complication (especial-
ly pain, bleeding, medication side effects, signs of infec-
tion). At all follow-up appointments, a dedicated duplex
ultrasound examination of the deep and superficial leg
veins was performed by experienced vascular physicians,
to assess the treated vein segment and to check for EHIT
and deep vein thrombosis (DVT), with special attention
paid to the SFJ and SPJ and calf muscle veins.

The primary efficacy endpoint was a composite of EHIT
class 2–4, DVT diagnosed with duplex ultrasound and PE
diagnosed with computed tomography (CT) in cases of
clinical suspicion. Cumulative secondary endpoints were
major bleeding, skin burns, infection and complete aboli-
tion of the treated veins. The distance of the occluded vein
or thrombus in relation to the SFJ or SPJ recorded dur-
ing the follow-up duplex ultrasound examinations was re-
viewed and classified according to Kabnick classification
[11]. The secondary endpoint of major bleeding was de-
fined as fatal bleeding, bleeding in critical sites such as
retroperitoneal, intracranial and spinal cord bleeds, bleed-

ing leading to operation, significant bleeding leading to a
20 g/l or greater fall in haemoglobin, or a transfusion re-
quirement of more than two units of whole blood / red
blood cells [28]. Skin burn was defined as redness and pain
alongside the treated varicose veins and infection was de-
fined as the need for an antibiotic in association with the
procedure. Complete ablation was defined as absence of
flow in the treated vein on ultrasound imaging. Partial ab-
lation was defined as complete recanalisation of 5 cm or
more and complete recanalisation as reflux in the treated
varicose vein.

Statistical analysis
Categorical data are presented as frequency and percent-
age, continuous data reported as mean and standard devia-
tion (SD). Chi-squared and Fisher’s exact tests were used
for comparisons of categorical data. Logistic regression
models were used to assess the association between effica-
cy outcome and the thromboprophylaxis groups. As adjust-
ing factors, we used sex, age and miniphlebectomy.

The command in STATA is as follows: logistic depvar in-
depvars. Thereafter propensity score matching was applied
to reduce the effect of treatment selection bias and poten-
tial confounding effect. The propensity score (PS) was cal-
culated using a logistic regression model. The 10-day reg-
imen group defined as group 2 versus the 3-day regimen
group defined as group 1 were matched using the nearest
neighbour-matching method. Average treatment effect on
the treated (ATT) with nearest neighbour matching method
was used to analyse the outcome variables in Stata version
15 (command pscore/ attnd). We defined sex, age and phle-
bectomy as potential confounders and used these variables
in our PS-matched analysis. We did not match for total en-
ergy applied and total time applied because the balancing
property was not satisfied. We did not match for sclerother-
apy as the cases were to low. We also did not match for
CEAP classification as CEAP class has not been shown to
be related to EHIT and DVT.

A two-sided p-value of <0.05 was considered statistically
significant. Data analyses were performed using Stata soft-
ware version 15 (Stata, Inc. Stata Statistical Software Re-
lease 10, College Station, TX, USA).

Results

From February 2009 to December 2015, 864 patients were
treated with EVLA of truncal varicose veins. Thirty-five
cases were excluded as the patients were on therapeutic
dose anticoagulation with acenocoumaron (n = 17) and ri-
varoxaban (n = 15) or on dual antiplatelet therapy (n =
3). Of the remaining 829 cases, another 36 were excluded
from our analysis as the patients received pharmacological
thromboprophylaxis for 5 days and the case number was
too low for analysis.

In total, we included 793 patients in this study (Vascular
Centre Rapperswil n = 188, Limmattal Hospital n = 123,
Vascular Institute Aarau n = 391 and University Hospital
Basel n = 91). Figure 1 is the flow diagram of patients
who were finally included in the analysis. Power calcula-
tion indicated that the sample size was sufficient to detect
a between-group difference of 3.1% with 80% power. Of
the study population, 75.2% were female and the mean age
was 55.2 ± 14.8 years. Of the total cohort, 225 patients
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(28.4%) received fondaparinux 2.5 mg subcutaneously as
thromboprophylaxis for 3 days, 166 patients (20.9%) re-
ceived rivaroxaban 10 mg orally for 3 days and 402 pa-
tients (50.7%) received rivaroxaban 10 mg for 10 days.
Detailed demographic characteristics for the total popula-
tion and for group 1 (treated for 3 days) and group 2 (treat-
ed for 10 days) are shown in table 1. Characteristics of the
treated veins and procedural data are given in table 2.

Group 1 included significantly younger patients than group
2 (56.7 ± 14.1 years vs 73.7 ± 15.3, p <0.005). CEAP clin-
ical scores C2, C3 and C4 were highly prevalent in the en-
tire population and accounted for 94.7% of all treated vari-
cose veins. However, group 1 showed a higher prevalence
of stages C3, C4 and C6 in total: 82.8 vs 44.5% in group 2
(p <0.001). Total energy administered for ablating the trun-
cal veins differed significantly between groups, as did ap-

Figure 1: Study cohort selection.

Table 1: Patient demographics.

Variable Total
(n = 793)

Group 1
(n = 391)

Group 2
(n = 402)

p-value

Female sex, n (%) 596 (75.2) 302 (77.2) 294 (73.1) 0.759

Age, mean (SD), year 55.2 (14.8) 56.7 (14.1) 73.7 (15.4) <0.005

CEAP classification, n (%) C2 275 (34.7) 59 (15.1) 216 (53.7) <0.001

C3 267 (33.7) 156 (39.9) 111 (27.6) <0.001

C4 209 (26.3) 146 (37.3) 63 (15.7) <0.001

C5 15 (1.9) 8 (2.1) 7 (1.7) 0.753

C6 27 (3.4) 22 (5.6) 5 (1.2) 0.001

CEAP = clinical,(a)etiology, anatomy, pathophysiology; SD = standard deviation Group 1 received thromboprophylaxis for 3 days. Group 2 received thromboprophylaxis for 10
days.

Table 2: Lesion characteristics and procedural data.

Characteristic Total
(n = 793)

Group 1
(n = 391)

Group 2
(n = 402)

p-value

Treated vein, n (%) GSV right 381 (48.1) 229 (58.6) 152 (37.8) <0.001

SSV right 81 (10.2) 15 (3.8) 66 (16.4) <0.001

GSV left 388 (48.9) 224 (57.3) 164 (40.8) <0.001

SSV left 56 (7.1) 20 (5.1) 36 (8.9) 0.038

Anterior ASV right or left 13 (1.6) 0 13 (3.2) <0.001

Posterior ASV right or left 2 (0.2) 0 2 (0.5) 0.499

Length, mean (SD), cm* 52.1 (15.3) 52.1 (15.3)

Diameter, mean (SD), cm† 7.4 (2.8) 7.4 (2.8)

Applied energy, mean (SD), J 2855 (1155) 2959 (972) 2754 (1302) 0.013

Application time, mean (SD), s 329 (160) 293 (97) 364 (198) <0.001

Concomitant phlebectomy, n (%) 368 (46.4) 47 (12.0) 321 (79.9) <0.001

Concomitant sclerotherapy, n (%) 20 (2.5) 0 20 (4.9) <0.001

ASV = accessory saphenous vein; GSV = great saphenous vein; SSV = small saphenous vein; SD = standard deviation Group 1 received thromboprophylaxis for 3 days. Group
2 received thromboprophylaxis for 10 days. * data available n = 367; † data available n = 394
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plication time, concomitant phlebectomy and concomitant
sclerotherapy (table 2)

Detailed cumulative primary efficacy and safety outcomes
of all patients and separated by group 1 and group 2 are
given in table 3. In the total cohort, EHIT was identified in
42 patients (5.3%) and DVT in 3 (0.4%) at the 1-week fol-
low-up. At 4 weeks follow-up cumulative total number of
cases of EHIT was 43 (5.4%) and of DVT was 3 (0.4%).
All cases of DVT were in the calf. EHIT level 1 was identi-
fied in 37 (4.7%) patients and EHIT class 2 in 6 (0.8%). Of
note, one of six (16.7%) of the EHIT class 2 complications
was observed at the 4-week follow-up but not earlier. All
other complications were observed at 1-week follow-up.

There were no cases of EHIT class 3 and 4. The incidence
of all EHIT in group 1 and group 2 were 6.4% (25/391) and
4.5% (18/402), respectively, and the difference between
the groups was not statistically significant. No patient in
either group experienced symptomatic PE. The incidence
of DVT was similar in both groups and did not show any
significant difference (0.8% in group 1 vs 0% in group 2, p
= 0.119).

PS-matched analysis using nearest neighbour matching
identified 255 patients from group 1 as control. In the PS-
matched analysis we found no difference between the PS-
matched group 1 versus group 2 for sex (p = 0.447) or age
(p = 0.363). For phlebectomy there was a statistical sig-
nificance between PS-matched group 1 versus group 2 (p
<0.001), as well as for the unmatched group. As shown in
table 3, PS-matched analysis showed no difference for the
combined endpoint or for efficacy outcome variables. Dif-
ferences in secondary outcome variables such as occlusion
rate were not significant in the unmatched and PS-matched
group. Complete recanalisation of the treated veins oc-
curred in only one patient (0.3%) in each group and was
statistically not significant.

There were no major bleeding events in group 1 or group
2. No episodes of fatal bleeding occurred. Infection at the
puncture site needing antibiotic treatment occurred in four
patients in group 1 (1.0%) and none in group 2 (p = 0.059,
table 3). No skin burn occurred in either groups during
EVLA treatment.

Discussion

EHIT and venous thromboembolism (VTE), consisting of
DVT and PE, are well recognised complications of en-
dovenous thermal ablation [10, 29, 30]. In our multicentre
registry, thromboprophylaxis was given routinely after
EVLA, as with minor orthopaedic surgery [31, 32] where
it has been effectively used to reduce VTE. Although the
duration of thromboprophylaxis after thermal ablation was
variable, we set out to analyse whether a 3-day or a 10-day
course of thromboprophylaxis after outpatient thermal ab-
lation would reduce the incidence of EHIT and VTE.

We demonstrated in a PS-matched analysis that extended
thromboprophylaxis (10-day regimen) was equally effec-
tive as a shorter regimen (3 days), and occlusion rates
and safety profile remained similar. An interesting ob-
servation was that group 1 consisted of younger patients
with more advanced disease, which could not be fully
explained. This could suggest that vascular specialists in
peripheral centres may be more selective in performing
procedures on patients with venous disease. And thus con-
servative treatment may be more frequently offered to pa-
tients with CEAP class C2. Overall, our findings do not
support the arguments for prolonged thromboprophylaxis
from haematologists, which were based on epidemiolog-
ical evidence from the Million Women Study [23]. This
study assessed time since surgery and the relative risk of
VTE after inpatient surgery and day surgery [23]. They
demonstrated that both types of surgery were associated
with a significantly increased risk of postoperative DVT,
starting on the day of surgery and remained increased for
weeks into the postoperative period.

Pharmacological thromboprophylaxis and graduated com-
pression stockings are used to reduce the risk of perioper-
ative VTE in patients undergoing general or open varicose
vein surgery. Vascular specialists have adapted and extend-
ed this practice to patients undergoing endovenous thermal
interventions. Compression stockings have been shown to
reduce the incidence of VTE by approximately 44% and
low molecular weight heparin by 76% for patients under-
going general or open varicose vein surgery [33]. Com-
pared with standard anticoagulation therapy, rivaroxaban,

Table 3: Cumulative primary efficacy endpoint and cumulative secondary outcomes for all patients receiving thromboprophylaxis for 3 days (group 1) and 10 days (group 2) after
endovenous laser ablation.

Variables Total
(n = 793)

Group 1
(n = 391)

Group 2
(n = 402)

OR (95% CI) p-value PS-matched ATT PS-matched
95% CI

Highest EHIT class
during follow-up

EHIT class 1 37 (4.7) 20 (5.1) 17 (4.2) 0.82 (0.42 to
1.59)

0.555 0.005 −0.033 to 0.043

EHIT class 2 6 (0.8) 5 (1.3) 1 (0.3) 0.19 (0.02 to
1.66)

0.133 −0.021 −0.066 to 0.023

Deep vein thrombosis 3 (0.4) 3 (0.8) 0 n.a. 0.119* −0.003 −0.008 to 0.002

Composite endpoint 9 (1.1) 8 (2.1) 1 (0.3) 0.12 (0.01 to
0.96)

0.046 −0.024 −0.074 to 0.26

Occlusion rate Complete occlusion 785 (99.0) 388 (99.2) 397 (98.8) 0.61 (0.15 to
2.59)

0.506 −0.007 −0.022 to 0.007

Partial occlusion 6 (0.8) 2 (0.5) 4 (1.0) 1.95 (0.36 to
10.73)

0.440 0.005 −0.007 to 0.018

Complete recanalisation 2 (0.3) 1 (0.3) 1 (0.3) 0.97 (0.06 to
15.60)

0.984 0.002 −0.003 to 0.007

Paraesthesia 86 (10.8) 49 (12.5) 37 (9.2) 0.71 (0.45 to
1.11)

0.133 −0.037 −0.135 to 0.062

Infection 4 (0.5) 4 (1.0) 0 n.a. 0.059* −0.003 −0.007 to 0.002

ATT = average treatment effect on treated; CI = confidence interval; EHIT = endovenous heat-induced thrombosis; EVLA = endovenous laser ablation; n.a. = not applicable; PS-
matched = propensity score-matched * Fisher’s exact test. After propensity score-matched analysis the comparison of the two groups showed 95% confidence interval crosses
zero, meaning that the comparison is not significant at p <0.05
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a factor Xa inhibitor, has been shown to be safe and effec-
tive for thromboprophylaxis after orthopaedic procedures
[31, 32]. It has also been effectively used for thrombopro-
phylaxis after thermal ablation as compared with fonda-
parinux, a low molecular weight heparin with a long half-
life [34]. The authors demonstrated that rivaroxaban 10 mg
once daily orally after thermal ablation is safe and effec-
tive compared with low molecular weight heparin. Also
the multicentre RITE registry showed an effective use of
rivaroxaban for VTE prophylaxis [35].

The extent to which graduated compression stockings, low
molecular weight heparin or direct acting oral anticoag-
ulants confer additional benefit over mobilisation follow-
ing outpatient endovenous treatment is not known. Thus,
some vascular specialists question the need for any phar-
macological thromboprophylaxis at all, as outpatient en-
dovenous treatment using modern 1470-nm ring laser fi-
bres causes a relatively minor trauma and patients return
almost immediately to preoperative levels of mobility. Rel-
evant evidence is virtually nonexistent because of the dif-
ficulties of conducting high-quality research in this area.
Nonetheless, in the absence of good evidence and limited
professional consensus, EHIT and VTE after endovenous
treatment should be of significant concern given the po-
tential for litigation. In a poll at the 2014 UK-Venous
Forum meeting, a clear majority of specialists favoured
single-dose low molecular weight heparin after thermal ab-
lation [36]. Thus, at least some form of thromboprophylax-
is seems to be favoured by the vascular interventionists.

The wavelength and the forward firing mode of the energy
of the laser fibre might impact on EHIT formation as the
EHIT rate for the 810-nm laser tip has been reported to
be 4% [37]. For the EVLA procedure in our cohort, a
1470-nm wavelength targeting water in the vein wall and
emitting energy circumferentially was used. This release of
energy might partially contribute to the low overall EHIT
rate. The management of EHIT has changed from opera-
tive thrombectomy with or without saphenofemoral liga-
tion to anticoagulation [38, 39]. Nowadays, most authors
agree that treatment with low molecular weight heparin or
direct acting oral anticoagulants is adequate for most cas-
es, although firm evidence is lacking [9, 29]. Overall, the
EHIT rate in this study was low, which might be the re-
sult of the thromboprophylaxis given. EHIT class 2 and
calf DVT in our study were managed with therapeutic an-
ticoagulation with direct acting oral anticoagulants until
resolution on ultrasound, in accordance with the treatment
algorithm suggested by Kabnick et al., which was intro-
duced with his classification system [11]. Resolution was
achieved between 4 and 6 weeks of therapeutic anticoagu-
lation.

This study has several limitations. First, it is limited by its
nonrandomised, observational character and, thus, selec-
tion bias cannot be excluded or fully adjusted for: the doc-
umentation of established risk factors for VTE was not part
of the quality and outcome assessment protocol in all cen-
tres, thus a dedicated matching/adjustment for these risk
factors was not possible. Furthermore, we did not moni-
tor adherence to drug intake and compression stockings,
and thus cannot exclude that a greater malcompliance with
the “long-term” pharmacological thromboprophylaxis may
have biased our results. Certainly, this major methodologi-

cal limitation limits the significance of the present investi-
gation. However, given the multicentre character, the large
number of patients and the propensity score analysis, risk
of potential biases is considered to be low. As all par-
ticipating centres prescribed pharmacological thrombopro-
phylaxis after EVLA we were not able to include a group
of patients with no thromboprophylaxis in our analysis.
Thus, we cannot make any estimates on the effect of ri-
varoxaban on the frequency of EHIT/DVT and bleeding
events as compared with no pharmacological thrombopro-
phylaxis. Furthermore, the overall incidence of EHIT was
low in our study, and so a much larger cohort would be re-
quired to detect a significant difference between group dif-
ferences (approximately 4600 patients to detect a between
group difference of 1%). Ultimately, we cannot exclude the
possibility that, by using high-definition ultrasound guid-
ance and modern 1470-nm ring laser fibres thrombopro-
phylaxis is still required for EHIT prevention. However,
many experienced operators nowadays no longer respect
the “safety” ablation distance of >2cm to the SFJ, but
rather aim for a “flush” ablation to reduce the rate of subse-
quent varicose recurrence due to untreated SFJ tributaries.
Especially in this setting with thermal ablation close to the
SFJ, it is reasonable to believe that some pharmacological
thromboprophylaxis is useful.

Despite these limitations, this study provides valuable in-
formation on outpatient EVLA and thromboprophylaxis
given the lack of guidelines and the limited data currently
available. A much larger registry or a randomised clinical
trial is clearly warranted, to further investigate the safety
and efficacy of outpatient EVLA and its thromboprophy-
laxis management. Unless such data are available, we ad-
minister thromboprophylaxis given the high acceptance
and zero major bleeding rate.

Conclusion

This is the first report to compare different durations of
pharmacological thromboprophylaxis after outpatient
EVLA. PS-matched analysis indicated that extended
thromboprophylaxis for 10 days is equally effective when
compared with a 3-day regimen with excellent ablation
rates, low EHIT/VTE rates and no major bleeding in both
groups. Undoubtedly, randomised controlled data, includ-
ing a group without any pharmacological thromboprophy-
laxis at all, are needed to draw more definitive conclusions
on the optimal duration of pharmacological post-EVLA
thromboprophylaxis.
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