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ABSTRACT
ObjeCtive
To study whether stopping elastic compression 
stockings (ECS) after 12 months is non-inferior to 
continuing them for 24 months after proximal deep 
venous thrombosis.
Design
Multicentre single blind non-inferiority randomised 
controlled trial.
setting
Outpatient clinics in eight teaching hospitals in the 
Netherlands, including one university medical centre.
PartiCiPants
Patients compliant with compression therapy for 12 
months after symptomatic, ultrasound proven 
proximal deep venous thrombosis of the leg.
interventiOns
Continuation or cessation of ECS 12 months after deep 
venous thrombosis.
Main OutCOMe Measures
The primary outcome was the incidence of post-
thrombotic syndrome 24 months after diagnosis of 
deep venous thrombosis, as assessed by the 
standardised Villalta scale in an intention to treat 
analysis. The predefined non-inferiority margin was 
10%. The main secondary outcome was quality of life 
(VEINES-QOL/Sym).
results
518 patients compliant with ECS and free of post-
thrombotic syndrome were randomised one year after 
diagnosis of deep venous thrombosis to stop or 
continue ECS therapy for another year. In the stop-ECS 
group, 51 of 256 patients developed post-thrombotic 
syndrome, with an incidence of 19.9% (95% 
confidence interval 16% to 24%). In the continue-ECS 

group, 34 of 262 patients developed post-thrombotic 
syndrome (incidence 13.0%, 9.9% to 17%), of whom 
85% used ECS six or seven days a week during the 
study period, for an absolute difference of 6.9% (95% 
confidence interval upper limit 12.3%). Because the 
upper limit of the 95% confidence interval exceeds the 
predefined margin of 10%, non-inferiority was not 
reached. The number needed to treat to prevent one 
case of post-thrombotic syndrome by continuing ECS 
was 14 (95% confidence interval lower limit 8). Quality 
of life did not differ between the two groups.
COnClusiOn
Stopping ECS after one year in compliant patients with 
proximal deep venous thrombosis seemed not to be 
non-inferior to continuing ECS therapy for two years in 
this non-inferiority trial.
trial registratiOn
Netherlands Trial Register NTR1442.

Introduction
Post-thrombotic syndrome is a common and chronic 
complication of deep venous thrombosis of the leg that 
may develop in one of every two to three patients 
despite optimal anticoagulant treatment.1 2  Most 
patients with post-thrombotic syndrome develop the 
first symptoms within two years after diagnosis of deep 
venous thrombosis, the majority within the first year.3-6  
Symptoms of post-thrombotic syndrome may range 
from skin changes through pain or mild swelling to 
badly controlled oedema and chronic leg ulcers, often 
needing high intensity medical treatment. Patients with 
post-thrombotic syndrome also report significant dis-
ability and impaired quality of life, which imposes a 
considerable economic burden on patients and health-
care systems.2 7-9

Strategies for prevention of post-thrombotic syn-
drome involve use of thromboprophylaxis in patients at 
significant risk for deep venous thrombosis and provid-
ing anticoagulation of appropriate intensity and dura-
tion once it is established.2  In addition, the results of 
two relatively small randomised controlled trials have 
suggested that continuous use of graded elastic com-
pression stockings (ECS) for at least two years provides 
a 50% reduction in the incidence of post-thrombotic 
syndrome compared with no stockings, with a number 
needed to treat of four patients.4 6  This strategy has 
been implemented in international guidelines and 
daily clinical practice. The effectiveness of ECS in pre-
venting post-thrombotic syndrome is debated, how-
ever, as a placebo effect in the trials cannot be excluded. 

WhAT IS AlReAdy knoWn on ThIS TopIC
Elastic compression stockings (ECS) are used for the prevention of post-thrombotic 
syndrome after deep venous thrombosis, but the optimal duration of compression 
therapy is unknown
Current guidelines suggest 24 months of ECS use, but recent studies have 
questioned this strategy with suggestions of shorter duration of ECS therapy

WhAT ThIS STudy AddS
In patients with excellent adherence to ECS use, stopping ECS one year after deep 
venous thrombosis was not non-inferior to continuing ECS in preventing post-
thrombotic syndrome
ECS therapy should ideally be continued for 24 months after deep vein thrombosis
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The positive effect of ECS was recently challenged by 
the SOX trial, which could not show any benefit of ECS 
over placebo stockings in the prevention of post-throm-
botic syndrome.10  Notably, this trial had very poor 
adherence; only 56% of patients were using the study 
stockings for three days a week or more at the end of the 
study, and a clear trend to less frequent use of the stock-
ing was apparent over the two year follow-up period. 
The SOX trial strongly underlined the major problem of 
non-adherence, probably due to local irritation and cos-
metic reasons.11

Pragmatic considerations have led to the suggestion 
to discontinue compression therapy earlier, although 
evidence supporting this practice is lacking. Both inci-
dence of post-thrombotic syndrome and adherence to 
ECS decrease over time.4 6 10  A prospective management 
cohort study with 125 participants in Maastricht, the 
Netherlands, suggested that individually tailored dura-
tion of ECS based on Villalta scores and ultrasound find-
ings can be effective and shorten duration of ECS use.12  
This strategy is being studied in a randomised clinical 
trial.13 We hypothesised that ECS therapy for 12 months 
would be non-inferior to prevention of post-thrombotic 
syndrome with standard care—that is, ECS therapy for 
24 months. Accordingly, the aim of our study was to eval-
uate the effect of ECS therapy for a period of 12 months 
versus 24 months after a diagnosis of proximal deep 
venous thrombosis on the occurrence of post-throm-
botic syndrome and disease specific quality of life.

Methods
study patients
The study was conducted in eight teaching hospitals in 
the Netherlands, including one university medical 
 centre. Between February 2009 and September 2013, 
consecutive patients in the outpatient clinic with a 
recent diagnosis of deep venous thrombosis were 
invited to participate in this trial. Patients were eligible 
for inclusion if they had been diagnosed as having a 
symptomatic, compression ultrasound proven, proxi-
mal deep venous thrombosis of the leg (popliteal or 
more proximal deep leg veins) less than one year previ-
ously; had been treated with anticoagulants in accor-
dance with applicable guidelines; had received 
graduated ECS class III (34-46 mm Hg); and reported 
strict compliance, defined as using the stockings at 

least six days a week. Exclusion criteria were recurrent 
ipsilateral deep venous thrombosis; calf vein thrombo-
sis (defined as thrombosis only below the level of the 
popliteal vein); post-thrombotic syndrome diagnosed 
in the first year after deep venous thrombosis before 
study inclusion, defined as a Villalta score of 5 points or 
more;14-16 use of ECS before the index deep venous 
thrombosis diagnosis for other reasons; a contraindica-
tion to wearing compression stockings, such as arterial 
insufficiency or allergy; life expectancy less than six 
months; comorbid conditions or geographical inacces-
sibility precluding return for follow-up visits; and no 
informed consent.

randomisation and blinding
One year after diagnosis of the index deep venous 
thrombosis, all eligible patients visited the outpatient 
clinic for definite screening of inclusion and exclusion 
criteria, baseline visit, and randomisation. Randomisa-
tion used an online randomisation module provided by 
the Dutch Julius Centre for Health Sciences and Primary 
Care in Utrecht, the Netherlands, which ensured con-
cealed allocation. We used stratification for sex, study 
centre, and timing of randomisation per season of the 
year (to correct for possible seasonal differences in use 
of ECS). After randomisation, the study participants 
received a written alert with their allocation. Treatment 
allocation was masked from study personnel during fol-
low-up. Patients who were allocated to standard care 
were asked not to wear the stocking on the day of fol-
low-up, and all study participants were instructed not 
to reveal their allocation at study visits.

Procedures and outcome assessment
Patients were randomly assigned to either continue or 
stop wearing active graduated ECS one year after the 
index deep venous thrombosis. Patients allocated to the 
stop-ECS group stopped using the ECS on the day they 
received the written alert of randomisation. ECS were 
used only during daytime hours, and no other specific 
form of calf muscle exercise (or instructions to do so) 
was performed. Follow-up visits were scheduled at 
three, six, and 12 months from the baseline visit (fig 1). 
At baseline, a clinical history was taken detailing the 
presence of risk factors for venous thrombosis, the 
applied anticoagulation treatment, the first time of ECS 
use, adherence to ECS in the first year after diagnosis of 
deep venous thrombosis, medical history, and current 
use of (anticoagulant) drugs. The extent and location of 
the deep venous thrombosis were verified with the orig-
inal compression ultrasound reports.

The primary endpoint was the incidence of 
post-thrombotic syndrome at the end of the follow-up 
period—that is, post-thrombotic syndrome occurring in 
the second year after a diagnosis of deep venous throm-
bosis. Post-thrombotic syndrome was scored using the 
Villalta scale assessed with the aid of a full colour 
visual guide,10 15  with post-thrombotic syndrome 
defined as a score of 5 points or more or the presence of 
a venous ulcer.14 16 The Villalta scale was preferably 
evaluated in the afternoon by a maximum of two 

T=-12

T=-3

T=0

T=3

T=6

T=12

Index deep venous thrombosis

Eligibility assessment

Study visit 1 (outpatient clinic): baseline characteristics, Villalta scale, adherence to ECS
use in rst year, VEINES-QOL/Sym

Study visit 2 (by telephone): symptoms of post-thrombotic syndrome, mortality,
recurrent VTE

Study visit 3 (outpatient clinic): Villalta scale, mortality, recurrent VTE

Study visit 4 (outpatient clinic): Villalta scale, adherence to ECS use in past 12 months,
VEINES-QOL/Sym, mortality, recurrent VTE

Fig 1 | study design (time in months). eCs=elastic compression stockings; vte=venous 
thromboembolism
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 experienced outcome assessors for each participating 
centre. The presence of post-thrombotic syndrome was 
evaluated at the outpatient clinic during the baseline 
visit and after six and 12 months. At the three month 
visit, patients were contacted by telephone to evaluate 
them (using a checklist) for new signs of post-throm-
botic syndrome. If any signs were present, the phone 
call was followed by clinical evaluation.

Secondary endpoints included adherence to ECS use 
during study follow-up as reported by the patients at 
the 12 month visit, recurrent deep venous thrombosis in 
the same leg as the index event, death, and within 
patient changes in quality of life over the study period 
as assessed by the VEINES-QOL/Sym questionnaire 
that was recorded at baseline and at the 12 month 
visit.17 18  The outcome of the VEINES-QOL/Sym ques-
tionnaire is reported in two dimensions—overall quality 
of life (VEINES-QOL; 25 items) and symptom severity 
(VEINES-Sym; 10 items). Both scales theoretically lie 
between 0 and 100 (visual analogue scale) with a higher 
score indicating a higher quality of life.18-20  We defined 
dedicated ECS use as use of the ECS for at least six days 
a week, moderate use as four to five days a week, and 
poor use less than four days a week. We defined recur-
rent ipsilateral deep venous thrombosis as a new 
non-compressible venous segment compared with the 
original compression ultrasound images of the index 
deep venous thrombosis or a pronounced increase in 
vein diameter on compression.21-23

statistical analysis
The trial was designed to determine whether 12 months 
of ECS use was non-inferior to 24 months, with a pre-
defined non-inferiority margin of 10%, meaning that the 
upper boundary of the 95% confidence interval of the 
absolute difference between the primary endpoint in 

the  two study groups would be lower than 10%. We 
agreed on this margin as a clinically relevant maximum 
increase in diagnoses of post-thrombotic syndrome that 
would be acceptable to change the current recommenda-
tion of ECS duration from 24 to 12 months. We analysed 
efficacy according to an intention to treat principle to 
assess the incidence of post-thrombotic syndrome. We 
determined the sample size on the basis of an expected 
rate of the primary efficacy outcome in the reference 
group (continue-ECS group) of 2-3%, derived from 
cohorts in previous studies, in which the incidence of 
post-thrombotic syndrome in the second year after deep 
venous thrombosis was about that percentage,4 6 and the 
requirement to achieve 80% power to detect the pre-
defined non-inferiority margin at a one sided α level of 
0.05. Assuming a loss to follow-up of 10%, including 
deaths and recurrent ipsilateral deep venous thrombosis 
events, the total study population was set at 516 people.

We additionally did a per protocol analysis of the pri-
mary endpoint. We then did extended Cox regression 
analyses on the primary outcome with adjustment for 
adherence and baseline covariates—that is, age, sex, 
body mass index, unprovoked or secondary deep 
venous thrombosis, extent of the index deep venous 
thrombosis, baseline Villalta score, study site, and the 
use of oral anticoagulants during the study period.

For secondary endpoints, we compared the occurrence 
of recurrent ipsilateral deep venous thrombosis and 
overall mortality between the two study cohorts by using 
a Cox proportional hazard model, adjusted for age, sex, 
unprovoked or secondary deep venous thrombosis, 
study site, and the use of oral anticoagulants during the 
study period. Finally, we applied an independent sam-
ples t test to compare within patient changes in quality of 
life scores from baseline to time of last follow-up and a 
Mann-Whitney U test to compare quality of life between 
the two patient groups at the end of follow-up.

After locking the database, we noted that 28% of 
patients had been incorrectly treated with 23-32 mm Hg 
graduated active stockings instead of the intended ECS 
class of 34-46 mm Hg. To correct for this potential con-
founder, we calculated the effect of ECS class on the 
primary endpoint and additionally repeated all second-
ary analyses with adjustment for ECS class.

We used SPSS statistics 22.0 for all statistical analy-
ses. P values below 0.05 were considered statistically 
significant.

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for recruitment, design, or implemen-
tation of the study. No patients were asked to advise on 
interpretation or writing up of results. The results of the 
research will be disseminated to the relevant patient 
community after publication.

Results
Patients
Figure 2  shows the flow chart of the study, mapping 
the inclusion and progress of participants. Of 3603 

Assigned to stop ECS (intervention group)
(n=260; 4 ineligible and excluded from analysis)

Assigned to continue ECS (control group)
(n=262; 0 ineligible)

Patients assessed for eligibility (n=3603)

Patients randomised (n=522)

Assessed (n=256)
Lost to follow-up (n=6)
Withdrew from study (n=13)
Died (n=2)

Assessed (n=262)
Lost to follow-up (n=6)
Withdrew from study (n=6)
Died (n=0)

Excluded (n=1971):
  Index DVT in same leg as previous DVT (ipsilateral) (n=530)
  Index DVT limited to distal veins (n=527)
  PTS diagnosed in �rst year (n=93)
  Other indication for ECS (pre-DVT or at assessment) (n=140)
  Had an expected lifespan of less than 6 months (n=56)
  Died in �rst year a�er DVT (n=293)
  Inaccessible for follow-up due to comorbid conditions or geographically (n=332)
Declined to participate (n=1110):
  Already stopped wearing ECS (n=245)
  Didn’t want to stop ECS (n=165)
  Impossibility to wear ECS (n=14)
  Reasons not provided (n=686)

Fig 2 | Flow chart of study. Dvt=deep venous thrombosis; eCs=elastic compression 
stockings; Pts=post-thrombotic syndrome
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eligible patients, 1110 declined to participate and 1971 
were excluded. Reasons for exclusion were previous 
deep venous thrombosis in the same leg as the index 
event (n=530), calf vein thrombosis only (n=527), 
other indication for use of compression stockings 
(n=140), or post-thrombotic syndrome diagnosed in 
the first year after deep venous thrombosis (n=93). 
Furthermore, 56 patients had an expected lifespan of 
less than six months, 293 died in the first year after 
deep venous thrombosis before randomisation, and 
332 had serious comorbid conditions or were geo-
graphically inaccessible precluding follow-up. Finally, 
four ineligible patients were incorrectly randomised 
(one patient diagnosed as having post-thrombotic syn-
drome at baseline and three patients who did not use 
ECS at the time of randomisation) and were excluded, 
leaving 518 patients for the primary analysis, of whom 
256 were allocated to the group who stopped using 
ECS and 262 to the group who continued use of ECS. 
Baseline characteristics were comparable between the 
two groups with regard to age, sex, previous history of 
venous  thromboembolism, cause of index deep 
venous thrombosis, mean duration of anticoagula-
tion, number of patients on active anticoagulant treat-
ment at randomisation, and frequency of ECS use at 
baseline (table 1).

study flow
During the study period, 12 patients were lost to fol-
low-up (six (2.3%) in the stop-ECS group and six (2.3%) 

in the continue-ECS group) and 19 patients withdrew 
informed consent (13 (5.1%) v 6 (2.3%) (fig 2). The 12 
patients lost to follow-up included two patients who 
moved out of the area (one patient in each group). Of 
the 19 patients who withdrew consent, 13 failed to com-
ply with the treatment allocation: two patients did not 
want to stop using ECS after being randomised to the 
stop-ECS group, six started using ECS during the fol-
low-up despite being allocated to stop wearing ECS, 
and five from the continue-ECS group stopped using 
ECS during the follow-up. Thus, 518 patients (256 in the 
stop-ECS group and 262 in the continue-ECS group) 
were available for the primary efficacy analysis.

Primary endpoint
At the 12 month follow-up, data on adherence to ECS 
was available for 218 patients in the continue-ECS 
group. In this group, 186 (85%) patients reported use of 
ECS six to seven days a week, 15 (7%) reported use four 
to five days a week, and 17 (8%) reported use less than 
four days a week. In the stop-ECS group, 51 patients 
developed post-thrombotic syndrome compared with 
34 patients in the continue-ECS group. The incidence of 
post-thrombotic syndrome in the second year after deep 
venous thrombosis was 19.9% (95% confidence interval 
16% to 24%) in the stop-ECS group and 13.0% (9.9% to 
17%) in the continue-ECS group, for an absolute differ-
ence of 6.9% (95% confidence interval upper limit 
12.3%) (table 2 ). Hence, we did not meet our predefined 
criterion for non-inferiority, as the upper 95% confi-

table 1 | baseline characteristics. values are numbers (percentages) unless stated otherwise
 Characteristics stop-eCs (n=256) Continue-eCs (n=262)
Mean (SD) age, years 57 (14) 56 (14)
Male sex 152 (59) 155 (59)
Mean (SD) body mass index 28 (4.8) 28 (4.5)
Median (IQR) duration of complaints before diagnosis of DVT, days 5 (2-14) 5 (2-14)
History of venous thromboembolism 37 (15) 38 (15)
Provoked index DVT 142 (56) 161 (62)
 Trauma <8 weeks 57 (22) 61 (23)
 Surgery (general anaesthesia) <8 weeks 32 (13) 33 (13)
 Prolonged immobilisation >6 days 26 (10) 22 (8)
 Pregnant, postpartum, hormonal replacement therapy 55 (22) 64 (24)
 Cancer active at diagnosis 29 (11) 21 (8)
 Known thrombophilia* 17 (7) 24 (9)
History of varicose veins 36 (14) 29 (11)
Current or former smoking 67 (26) 68 (26)
Index DVT in left leg 158 (62) 144 (55)
Most proximal location of DVT:
 Iliac vein 23 (9) 25 (10)
 Communal femoral vein 44 (17) 31 (12)
 Superficial femoral vein 58 (23) 54 (21)
 Popliteal vein 131 (51) 152 (58)
Treatment of DVT:
 Median (IQR) duration of LMWH or heparin in patients switched to VKA, days 10 (7-21) 12 (7-21)
 Median (IQR) duration of VKA treatment, months 6 (4-6) 6 (4.5-6)
Active anticoagulant treatment at randomisation 39 (15) 37 (14)
Frequent users of ECS at baseline (≥6 days/week) 232 (91) 249 (95)
Mean (SD) baseline Villalta score 1.9 (1.3) 1.8 (1.3)
DVT=deep venous thrombosis; ECS=elastic compression stockings; IQR=interquartile range; LMWH=low molecular weight heparin; SD=standard 
deviation; VKA=vitamin K antagonist.
*Antithrombin, protein C or S deficiency, factor V Leiden or prothrombin mutation, presence of antiphospholipid antibodies.
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dence limit of the absolute difference in the incidence of 
post-thrombotic syndrome exceeded the 10% non- 
inferiority limit (as shown in fig 3).

The number needed to treat to prevent one case of 
post-thrombotic syndrome by continuing ECS was 14 
(95% confidence interval lower limit 8). The median 
period between randomisation and occurrence of 
post-thrombotic syndrome was 4 (interquartile range 
3-6) months in the stop-ECS group compared with 6 
(3-12) months in the continue-ECS group (P=0.17 by 
Mann-Whitney U test). Of the 51 patients in the stop-ECS 
group who developed post-thrombotic syndrome, 43 
(84%) were classified as mild (Villalta score 5-9), eight 
(16%) as moderate (Villalta score 10-14), and none as 
severe post-thrombotic syndrome (ulcer or Villalta 
score >14) compared with 31 (91%), 2 (6%), and 1 (3%) in 
the continue-ECS group (P=0.19 by χ2 test) (table 2). The 
one patient with severe post-thrombotic syndrome was 
diagnosed as having a venous ulcer. The adjusted haz-
ard ratio for development of post-thrombotic syndrome 
was 1.6 (95% confidence interval 1.02 to 2.5) to the dis-
advantage of patients in the stop-ECS group.

secondary endpoints
The per protocol analysis yielded similar results to 
the  intention to treat analysis, with a incidence of 
post-thrombotic syndrome of 19.1% (15% to 24%) in the 
stop-ECS group and 12.0% (9% to 16%) in the contin-

ue-ECS group, for an absolute difference of 7.1% (95% 
confidence interval upper limit 13%). Again, this did not 
meet our predefined criterion for non-inferiority, as the 
upper 95% confidence limit for the absolute difference 
in the incidence of post-thrombotic syndrome was 13% 
in the per-protocol analysis, which is greater than the 
10% upper limit for non-inferiority. The adjusted haz-
ard ratio for development of post-thrombotic syndrome 
was 1.4 (0.86 to 2.0) to the disadvantage of patients in 
the stop-ECS group.

Fourteen patients developed recurrent ipsilateral 
deep venous thrombosis: eight (3.1%) in the stop-ECS 
group and six (2.3%) in the continue-ECS group 
(table 2). Two patients in the stop-ECS group died (inci-
dence 0.78%), compared with none in the continue-ECS 
group. Causes of death were end stage pulmonary car-
cinoma (male, aged 73) and heart failure after myocar-
dial infarction leading to asystole (female, aged 75).

At baseline, 253 (99%) of 256 patients in the stop-ECS 
group and 259 (99%) of 262 patients in the continue-ECS 
group completed the VEINES-QOL/Sym questionnaire, 
compared with 186 (81% of 230 available patients) and 
212 (87% of 245 available patients) at the end of follow-up. 
In the stop-ECS group, VEINES-QOL and VEINES-Sym 
scores decreased non-significantly, whereas both 
improved slightly in the continue-ECS group during the 
follow-up period (table 2). We found no statistical differ-
ences between the two study groups with regards to the 
intra-individual changes in both dimensions, nor in the 
median quality of life at the end of follow-up.

ECS class was not associated with the occurrence of 
the primary endpoint (hazard ratio 0.93, 0.58 to 1.5). 
Adjustment for ECS class did not change the secondary 
endpoints, including quality of life.

discussion
Post-thrombotic complaints often occur in patients with 
proximal deep venous thrombosis. We have shown that 
after an episode of proximal deep venous thrombosis, 
stopping ECS therapy failed to meet the criterion for 

table 2 | Primary and secondary endpoints by treatment group
stop-eCs group (n=256) Continue-eCs group (n=262) adjusted hazard ratio (95% Ci)/P value

Primary endpoint
PTS incidence, % (95% CI) 19.9 (16 to 24) 13.0 (9.9 to 17) 1.6 (1.02 to 2.5)*
Absolute No (%) of mild PTS (Villalta scale 5-9) 43 (84) 31 (91) –
Absolute No (%) of moderate PTS (Villalta scale 10-14) 8 (16) 2 (6) –
Absolute No (%) of severe PTS (Villalta scale >14) 0 1 (3) –
secondary endpoints
Incidence of overall mortality, % (95% CI) 0.78 (0.003 to 3.0) 0 (0 to 1.7) 0.97 (NC)†
Incidence of ipsilateral recurrent DVT, % (95% CI) 3.1 (1.5 to 6.2) 2.3 (0.94 to 5.0) 1.5 (0.54 to 4.2)‡
Quality of life:
 Median (IQR) VEINES-QOL at end of follow-up 96 (92-98) 96 (90-99) P=0.99§
 Median (IQR) VEINES-SYM at end of follow-up 95 (88-100) 95 (88-100) P=0.99§
 Mean (95% CI) intra-individual change in VEINES-QOL −0.15 (−1.5 to 1.2) 0.93 (−0.29 to 2.1) P=0.21¶
 Mean (95% CI) intra-individual change in VEINES-Sym −1.1 (−1.7 to 0.44) 0.58 (−0.90 to 2.1) P=0.12¶
DVT=deep venous thrombosis; IQR=interquartile range; PTS=post-thrombotic syndrome.
*Adjusted for age, sex, body mass index, unprovoked or secondary DVT, extent of index DVT, baseline Villalta score, and use of oral anticoagulants during study period.
†Not computable owing to 0 cases in continue-ECS group.
‡Adjusted for age, sex, unprovoked or secondary DVT, and use of oral anticoagulants during study period.
§Mann-Whitney U test.
¶Independent samples t test.

15 10 5 0 5 10 15
Intervention better Intervention worse

Intervention: “Stopping ECS 12 months a�er DVT”

Prede�ned non-inferiority margin

Fig 3 | treatment difference outcome with non-inferiority 
margin. Dvt=deep venous thrombosis; eCs=elastic 
compression stockings
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non-inferiority compared with the current recommended 
medical practice of continuing to wear stockings for a 
second year among patients who completed one year of 
compliant use of elastic compression stockings. We 
observed an absolute excess in diagnoses of post-throm-
botic syndrome of 6.9 percentage points (95% confidence 
interval upper limit 12.3%) in the group that stopped 
using ECS after one year, although the mean severity 
of post-thrombotic syndrome did not differ between the 
two groups. Importantly, only 16% of patients in 
the  stop-ECS group developed moderate or severe 
post-thrombotic syndrome in the second year. ECS did 
not affect the rate of recurrent ipsilateral deep venous 
thrombosis nor venous disease specific quality of life.

In the per protocol analysis, the difference between 
the active treatment and no ECS therapy was compara-
ble, with the upper limit of the 95% confidence interval 
exceeding the non-inferiority limit of 10%.

Comparison with previous studies
Our results seem to be in contrast to those of the 
recently published SOX trial showing that ECS did not 
prevent post-thrombotic syndrome after a first proximal 
deep venous thrombosis, although the primary end-
point in the studies was different precluding a direct 
comparison.10  In that study, 806 patients were ran-
domised to wear active (30-40 mm Hg) versus placebo 
(<5 mm Hg compression at the ankle) ECS for a two year 
period. The primary endpoint—cumulative incidence of 
post-thrombotic syndrome assessed by Ginsberg’s 
 criteria—was 14.2% for active ECS compared with 12.7% 
in the placebo ECS group, for a non-significant hazard 
ratio of 1.13 (95% confidence interval 0.73 to 1.76).10 The 
Villalta score was used as a secondary outcome mea-
sure in this study. The cumulative incidences of 
post-thrombotic syndrome measured by Villalta’s crite-
ria in that study were 52.6% and 52.3%, respectively. 
Notably, adherence in that study was much lower than 
in our study, with only 56% of patients wearing their 
stocking for at least three days a week at the end of the 
follow-up period. In contrast, 93% of the patients in our 
study reported use of ECS at least six days a week at 
baseline. At the end of follow-up in our continue-ECS 
group, 84% of patients reported using ECS six to seven 
days a week, and 94% of patients used the stockings for 
at least four days a week. The threshold for frequent 
ECS use of three days a week in the SOX trial may have 
been too lenient to detect an effect of ECS on develop-
ment of post-thrombotic syndrome. Another difference 
between the two studies was that our study was not pla-
cebo controlled, which may also have contributed to the 
difference in study results, although we consider the 
factor of adherence to be more important.

Our results are in line with those of three other ran-
domised controlled trials.4 6 24  Two single centre, open 
label studies randomised patients with proximal deep 
venous thrombosis to either daily use of ECS for at least 
two years or no stockings.4 6  Both studies reported a 
beneficial effect of ECS with an absolute reduction in 
the cumulative post-thrombotic syndrome incidence as 
measured with the Villalta or a Villalta-like scale of 

more than 20%. A third small trial randomised patients 
with deep venous thrombosis who had used ECS for six 
months to stopping stockings or using them for an addi-
tional 18 months.24  A non-significant reduction in 
post-thrombotic syndrome of 6.9 percentage points was 
observed in the patients allocated to continued ECS 
use. Notably, post-thrombotic syndrome in this study 
was assessed according to the CEAP classification, 
which combines clinical and objective findings but does 
not take symptoms into account, in contrast to Villalta’s 
scale. Symptom relief, which was a secondary outcome 
of the study, was significantly in favour of active use of 
ECS during the first year but not thereafter.24 Self 
reported adherence to the therapy in all three studies 
was excellent, with more than 90% of patients wearing 
the stockings for at least six days a week. A limitation of 
all three studies is the lack of a double blind design. 
With this in mind, the number needed to treat increases 
from five in the first year to eight in the second year with 
a range from seven to 62.

strengths and limitations of study
Strengths of our study include its multicentre design, 
the high quality centralised randomisation procedure, 
the considerable sample size, the very good adherence 
to the allocated therapy and response rates for the qual-
ity of life questionnaires, the exclusion of patients with 
deep venous thrombosis limited to the distal veins, and 
the assessment of both post-thrombotic syndrome and 
quality of life at several time points during follow-up.

Some methodological considerations of our study 
require comment. Only patients who were committed to 
dedicated use of the stockings were included in our 
study. Also, patients who had already developed 
post-thrombotic syndrome in the first year after deep 
venous thrombosis were ineligible to participate. There-
fore, the study conclusions cannot necessarily be gen-
eralised to all patients with proximal deep venous 
thrombosis. Even so, this specific design allowed us to 
study the “true” effect of ECS without confounding by 
increasingly diminishing adherence throughout the fol-
low-up period. With our design, we achieved excellent 
adherence with only 7.3% of patients in the contin-
ue-ECS group using their stockings less than four days 
a week at the end of the study. Also, we did a single 
blinded randomised trial that was not controlled by a 
placebo intervention. A double blind placebo con-
trolled study design would not have been viable 
because the nature of the intervention precluded effec-
tive blinding of patients through placebo stockings, as 
they all had 12 months’ experience with active ECS. 
Although we used several strategies to reduce unmask-
ing of treatment assignment to the observer who 
assessed the presence and severity of post-thrombotic 
syndrome, such as repeated strict instructions to the 
study participants not to reveal their allocation and not 
to wear the stocking on the day of follow-up, we cannot 
exclude bias caused by possible loss of blinding. Also, 
as use of stockings and some baseline variables such as 
“duration of symptoms” were reported by patients, 
recall bias may have been present. Furthermore, 28% of 
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patients were treated with lower grade ECS than pre-
scribed by the protocol. Even so, post hoc analyses did 
not show any interaction with ECS grade for either the 
primary or secondary endpoints, including quality of 
life. Moreover, it may be assumed that if the less effec-
tive than intended ECS treatment did alter our primary 
endpoint, our results represent an underestimation of 
the “true” therapeutic effect, which would underline 
our conclusion.

Another limitation of our study is that 19 (3.6%) 
patients withdrew their consent and 12 (2.3%) patients 
were lost to follow-up. This is below the estimated 10% 
in the power calculation and half the number reported 
in a recently published study in this field of research.10 
Finally, we acknowledge that the rate of post-throm-
botic syndrome in our study was higher than antici-
pated in the sample size considerations, which may 
have resulted in a lower power to prove our non-inferi-
ority hypothesis.

Conclusions
We conclude that, in patients with a proximal deep 
venous thrombosis who are motivated to wear compres-
sion stockings, a strategy to stop ECS therapy after one 
year is not non-inferior to completing a two year period 
of ECS therapy, as the former is associated with an 
excess in diagnoses of post-thrombotic syndrome in the 
second year. Our results suggest that ECS affect the nat-
ural history of development of post-thrombotic syn-
drome after deep venous thrombosis. However, quality 
of life did not differ and only a few patients developed 
moderate or severe post-thrombotic syndrome in the 
second year in both study groups. On the basis of our 
results, we recommend continuing ECS therapy for 24 
months after deep venous thrombosis. Of note, it may 
be hypothesised that prolonging ECS use after the 24 
month period may be beneficial to selected patients to 
continuously prevent post-thrombotic syndrome devel-
opment, as post-thrombotic changes are irreversible. 
Obviously, this will need to be tested in future trials.
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