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Abstract

Postthrombotic syndrome (PTS) is a burdensome and costly complication of deep
vein thrombosis (DVT) that develops in 20%-40% of patients within 2 years after
proximal DVT. In the absence of effective curative treatment, management of PTS
relies on its prevention after DVT. The effectiveness of elastic compression stock-
ings (ECS) to prevent PTS is uncertain. We present an overview of published stud-
ies assessing the efficacy of ECS to prevent PTS and present the protocol for the
CELEST clinical trial. While previous open-label randomized trials have reported a
50% risk reduction in PTS in patients treated with >30 mm Hg ankle pressure ECS,
a large double-blind trial reported no effect of ECS. We discuss the main potential
limitations of these trials, including a placebo effect and suboptimal compliance to
ECS. We present the protocol of the CELEST double-blind randomized trial compar-
ing 2 years of high strength (ankle pressure 35 mm Hg) versus lower strength (ankle
pressure 25 mm Hg) ECS in the prevention of PTS after a first acute symptomatic,
unilateral, proximal DVT. The use of lower-strength ECS than that used in previous
studies should favor compliance. CELEST may provide important evidence about the
efficacy of ECS in the prevention of PTS after DVT. The results will be interpreted in
the light of results from recent clinical trials assessing ECS for PTS prevention that
reported that the duration of ECS use should be tailored to the individual, if ECS are
efficacious in the prevention of PTS.
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Essentials

e Efficacy of elastic compression stockings (ECS) in the prevention of postthrombotic syndrome (PTS) after deep vein thrombosis (DVT) is

uncertain.

e Discrepancy between randomized controlled trials (RCTs) may be explained by the placebo effect and/or suboptimal compliance.

o Lower-strength ECS should improve compliance, but their efficacy has not been established.
e The CELEST double-blind RCT will compare high- versus lower-strength ECS to prevent PTS after a first DVT.

1 | INTRODUCTION

Postthrombotic syndrome (PTS) refers to chronic venous insuf-
ficiency (CVI) manifestations following deep vein thrombosis
(DVT).X It is an important long-term adverse outcome of venous
thromboembolism (VTE), in addition to VTE recurrence and
chronic thromboembolic pulmonary hypertension.? PTS devel-
ops in 20%-40% of patients after proximal DVT.® Although it
is not lethal, it can have serious medical, social, and economic
consequences.*

In the absence of effective treatment for established PTS, man-
agement of PTS is challenging and is mainly focused on preven-
tion.>® Before 2014, the mainstay of prevention included the use
of elastic compression stockings (ECS) for 2 years, with optimal
anticoagulant treatment to prevent DVT.”° This was mainly based
on the results of two small open-label randomized controlled trials
(RCTs) that showed a significant 50% risk reduction in PTS in pa-
tients treated with >30 mm Hg ankle pressure ECS versus no ECS
after an acute proximal DVT.%*? The results of a large random-
ized RCT, the SOX (Compression Stockings to Prevent the Post-
Thrombotic Syndrome) trial, did not provide evidence of efficacy
of this simple, harmless treatment versus placebo ECS.® There
are several potential explanations as to why rigorously conducted
trials report opposite results, and ECS efficacy is now debated.'*
This lack of agreement on the efficacy of ECS among experts led
to several guidelines no longer recommending ECS for the pre-
vention of PTS, leaving physicians “empty handed.”®*>2! |n this
article, we present an overview of the published clinical trials that
have assessed the efficacy of ECS in the prevention of PTS after
an acute DVT and examine their limitations. We will then present
the protocol of the CELEST trial (Compression Elastique Evaluation
du Syndrome post Thrombotique), a multicenter double-blind RCT
comparing high-strength (ankle pressure 35 mm Hg) versus low-
er-strength (ankle pressure 25 mm Hg) ECS to prevent PTS after
proximal DVT.

2 | OVERVIEW OF PUBLISHED CLINICAL
TRIALS ON ECS TO PREVENT PTS

We (JPG and JLB) made a PubMed and clinical trials.gov search on
May 25, 2020, using the terms postthrombotic syndrome, postphle-

bitic syndrome, and compression to identify RCTs and meta-analyses

published after SOX publication in 2014 that have assessed the ef-
ficacy of ECS (vs placebo or no ECS) to prevent PTS after an acute
DVT. We identified four RCTs.***322 Their design and main results
are presented in Table 1. Two studies reported that ECS were ef-
fective’™? and two did not.?*?? Eight meta-analyses have been
published since the publication of SOX study in 2014.23%° Three
of these meta-analyses concluded that ECS might/could be effica-

5,232429 three

cious with an approximate 30% risk reduction of PT
concluded that ECS might/could not be efficacious,?”?%%° and the
remaining ones reported no conclusion because they felt that the
trials were too heterogeneous and sampling bias was too high.?>%¢
All meta-analyses agreed on the need for additional studies. This un-
derlines the high level of uncertainty surrounding the question of
ECS efficacy and raises a first question: Why would ECS be effective

in preventing PTS?

3 | PATHOPHYSIOLOGICAL RATIONALE
SUPPORTING THE USE OF ECS FOR
PTS PREVENTION

ECS have been shown indisputably to prevent edema, heal and pre-
vent venous ulcers, and provide symptom relief in individuals with
venous and lymphatic disorders.3! The mechanism of action of ECS
is straightforward: stockings oppose gravitational forces and de-
crease ambulatory venous pressure, thereby reducing the volume in
veins and tissues.®? This then reduces edema, restores microcircula-
tion, and improves calf muscle pump efficiency.®

The pathophysiological rationale supporting the efficacy of
ECS to prevent PTS is less clear-cut. Several studies have shown
that patients with DVT or superficial venous thrombosis who
wore ECS had better or faster recanalization rates than those who
did not.**%3-3% Furthermore, ECS were found to reduce markers
of inflammation in patients with venous ulcers,®® and in mouse
models, stasis is associated with increased inflammation and im-
paired thrombus resolution.®” By reducing inflammation, prompt-
ing thrombus resolution, ECS may prevent vein wall fibrosis and
preserve venous valves. Thus, theoretically, ECS could target the
three main pathophysiological mechanisms of PTS: inflammation,
venous obstruction, and venous reflux. However, it is important
to remember the potential presence of important limitations (see
below) in each of the published RCTs when considering the debate
about the efficacy of ECS.
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TABLE 1 Characteristics of RCTs comparing ECS versus no ECS or placebo ECS to prevent PTS after acute DVT

Number of participants
Design

Country, centers

Trial arms

Inclusion criteria

Main exclusion criteria

- CVI

- Use of ECS at
randomization

PTS assessment

ECS type

Time between DVT dg and
ECS use

ECS supply

Assessment compliance

Duration ECS use
FU visit

Median follow-up
Mean age
Males

AC treatment

Death
Loss to FU

Withdraw from study

PTS (ECS vs placebo/no
ECS)

Overall

Severe PTS

QoL

Reported compliance with
ECSat2y

VTE recurrence

Brandjes, 19974

194
Open label

Netherlands, 2 centers

40 mm Hg ECS
No ECS

Venogram-proven first
unilateral proximal DVT

Leg ulcer, extensive
varicosities excluded
Exclusion criterion

Modified Villalta scale
on 2 consecutive
assessments = 3 mo
apart, 26 mo after DVT

dg
Made-to-measure
knee-length

2-3 wk

2 ECS, replaced/6 mo

Self-reported, interview at
each FU visit

Atleast2y

Every 3 mo for 2y, then
every 6 mo forupto5y

76 mo
60
56%

At least 3 mo
No FU data

18% (n = 35, 19 and 16)
3.6% (n=74,and 2)

Included in loss to FU

6-y cuminc:

31.3% (n = 40) vs 70.4%
(n=69),P<.001

11.5% (n = 11) vs. 23.5%
(n=23),P<.001

Not assessed

93% >80% of time
76% always

14.6% (n = 14) vs 13.3%
(n = 13), NS

Prandoni, 200412

180
Open label

Italy, 1 center

30-40 mm Hg ECS
No ECS

US-proven first ipsilateral
unilateral symptomatic
proximal DVT

Leg ulcer, signs of CVI
excluded

Villalta scale:

VS 2 5 on 2 consecutive
assessments starting
3 mo after DVT dg

Ready-made knee-length

1 wk (at hospital
discharge)

2 ECS, replaced/6 mo

Self-reported (notebook),
at each FU visit

2y

At 3 mo, then every 6 mo

49 mo (at least 3 y)
62
43%

At least 3 mo
Median, 6 mo both groups

10.6% (n =19, 7 and 12)
1.7% (n=3,1,and 2)

6.7% (n = 6, ECS group)

At most 5-y cum inc:
25.7% (n = 23) vs 49.1%

(n=44),P <.01
3.5% (n=3)vs 11.7%
(n=1),P=.01

Not assessed

87% >80% of time
93% if FU achieved

13.3% (n = 12) vs 14.4%
(n=13), NS

Kahn, 2014
803

Placebo controlled

Canada, United States, 24
centers

30-40 mm Hg ECS
Placebo ECS (<5 mm Hg)

US-proven first
symptomatic proximal
DVT < 14d

NA
NA

Ginsberg method

Villalta scale (VS = 5 once)

starting =2 6 mo after DVT
dg

Ready-made knee-length
1 wk, (2 wk max)

2 ECS, replaced/6 mo

Self-reported, at each FU
visit

2y

At 1 month, then every
6 mo

24 mo

55y

60%

Median, 6 mo in both
groups

9.0% (72, 36, and 36)
5.5% (n = 44, 23, and 21)

8.7% (n =70, 33, and 37)

2-y cuminc:

G:14.2% (n=44)vs 12.7%
(n=237),NS

VS: 52.6% (n = 176) vs.
52.3% (n = 168), NS

VS: 7.5% (n = 27) vs 5.8%
(n=20), NS

SF-36, VEINES-QOL
No difference between
groups

56% >3 d a wk

8.1% (n = 33) vs 9.6%
(n=38),NS
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Javaraj, 20152

69
Open label

United States, 2 centers

30-40 mm Hg
No ECS

US-proven first proximal
DVT

CEAP 4-6 excluded
Exclusion criterion

Villalta scale
VCSS

Ready-made
knee-length

48 h

3 pairs ECS/4 mo

Self-reported, interviews
at least every month

2y

At 1 and 3 mo, then
every 6 mo

12 mo
48y
51%

Must receive some AC
No FU data

Not reported

54% (n = 37, 19, and 13),
including death

2-y cuminc:

No numeric data
provided.

NS difference if PTS
assessed = 6-mo DVT
Dg

Not assessed

60%

No data

(Continues)
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TABLE 1 (Continued)

Brandjes, 19971

Side effects of ECS No data

Prandoni, 200412

Itching, redness,

Kahn, 2014*% Javaraj, 201522

Itching rash: 2% each group  No data

discomfort: 6% (n = 5)

ECS group

Abbreviations: AC, anticoagulant; cum inc, cumulative incidence; CVI, chronic venous insufficiency; dg, diagnosis; DVT: deep vein thrombosis; ECS:
elastic compression stockings; FU: follow-up; NA, not applicable; NS, not statistically significant difference; PTS, postthrombotic syndrome; US,
ultrasound; VCSS, Venous Clinical Severity Score; VEINES-QOL, Venous Insufficiency Epidemiological and Economic Study-Quality of Life; VS,

Villalta score; VTE, venous thromboembolism.

4 | POTENTIAL LIMITATIONS OF
PUBLISHED RCTS ASSESSING THE EFFICACY
OF ECS IN THE PREVENTION OF PTS AFTER
ACUTE DVT

Three important limitations that could explain why some RCTs failed
to demonstrate the efficacy of ECS or why others may have errone-

ously reported efficacy have been identified.

4.1 | Placebo effect

The placebo effect can be defined as improvement or change in
subjective discomfort or illness resulting from an intervention with

no physical effect.®

The mechanisms of the placebo effect are not
well understood but are thought to be related to the power of the
brain to affect bodily sensations and functions. This effect is par-
ticularly likely to occur in diseases with subjective symptoms such
as PTS, although it has also been reported in severe diseases with
objective measurements, such as angina pectoris.38'39 The interac-
tion between the caregiver and the patient can strongly enhance
the placebo effect.*® A potential placebo effect has been suggested
to explain the 50% risk reduction in PTS in the ECS groups in open-
label RCTs.'122° One study reported higher efficacy of ECS on
symptoms rather than on objective signs of PTS.'?2 However, two
RCTs reported that the beneficial effect of ECS was present in sub-
groups of patients with severe PTS, where a placebo effect is less
likely.!'2 Only a well-designed double-blind RCT that minimizes
this bias could provide definitive evidence of the efficacy or inef-
ficacy of ECS.

4.2 | Suboptimal compliance

It has been suggested that the negative results in the SOX trial
can be explained by a lower rate of compliance to ECS use than in
other trials. In the SOX trial only 55.6% of patients reported using
stockings >3 days per week at the end of follow-up compared with
76% of patients who reported wearing ECS all the time and 86.6%
of patients reported wearing ECS >80% of time in the open-label
trials.'*1® However, as 52% of patients developed PTS, as assessed

by the Villalta score in the SOX trial, a substantial underlying effect

should have been detected, if the 50% hazard reduction reported for
compliant patients in the open-label studies were present, despite
the low compliance.28 Furthermore, the SOX trial reported that fre-
quent ECS use did not improve the results.

In line with previous studies, the main reason for noncompliance
reported by the patients in the SOX trial was difficulty putting the
stockings on.**® Similarly, in the IDEAL-DVT (Individually Tailored
Elastic Compression Therapy After Deep Venous Thrombosis in
Relation to the Incidence of Post Thrombotic Syndrome) trial, the
second most important determinant of good compliance, after PTS
risk reduction, was the ability to put the ECS on independently.**
Unquestionably, compliance is the Achilles heel of ECS therapy, and
in routine clinical practice, compliance with ECS appears to be simi-
lar to that reported in the SOX trial 45-47 rather than that reported in
the positive open-label trials.!*"1?

One reason that could explain the differences in compliance
rates between the SOX trial and the open-label trials could be
that, in routine clinical practice in Canada, where the trial was
performed, physicians rarely prescribe ECS after DVT.*®*? This
is in contrast to practice in most European countries (including
those where the positive open-label trials were conducted) and
endorsement of ECS use by physicians has been shown to increase
ECS compliance compared with providing minimal explanation to
patients.***8°% Another reason could be that differences in inves-
tigators’ and patients’ reporting practices may have accounted for
some of the differences. A recent literature review showed that
compliance reporting is usually poor in studies, particularly when
there is no standardized tools collecting data.* Future RCTs as-
sessing the efficacy of ECS should encourage compliance with
ECS, via promoting physicians’ endorsement of ECS use, schedul-
ing regular phone contact with the patient to reinforce compliance
and improve reporting by the use of prospectively maintained di-
aries, which are the current “gold standard” for ECS compliance
assessment.>! However, beyond these measures, use of lighter
ECS is probably one of the best and easiest ways to improve ECS

compliance.*?

4.3 | Timing of ECS use

In the SOX trial protocol, ECS should have been used within
2 weeks of the DVT diagnosis. It has been suggested that the
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absence of compression at the very acute phase of DVT may
have played a role in final outcome.?®>% Lower rates of PTS have
been reported in some studies when compression is used ear-
lier, 14883454 However, from a practical point of view, ECS were
not applied earlier in the open-label trials that reported positive
results for ECS (2 weeks and 1 week, respectively) compared with
in the SOX trial (1 week on average). Without questioning the po-
tential benefits of applying compression early, this is unlikely to
explain the differences between the results from open-label trials
and the SOX trial.>®

4.4 | Other potential limitations
The other following limitations have been reported:

e A possible therapeutic effect of placebo stockings in SOX

e Differences in the characteristics of patients’ and of their DVTs
between trials

o Differences in anticoagulant treatments between trials

Thus, it is unclear if the use of ECS prevents PTS in patients after
acute DVT. Well-designed, randomized, double-blind trials, with
good compliance to ECS, are needed to provide definitive evidence
of efficacy, or lack of efficacy of ECS.223%°%57 Use of lighter strength
of compression than previously used (>30 mm Hg), cautious patient
education, and regular monitoring of ECS compliance should favor

compliance in the long-term.

5 | THE CELEST TRIAL

The CELEST trial is a French, multicenter, double-blind, RCT as-
sessing the efficacy of 2 years of high-strength (ankle pressure
35 mm Hg) versus lower-strength (ankle pressure 25 mm Hg) ECS
to prevent PTS after a first proximal DVT. When the protocol was
finalized in 2012, the SOX trial had not been published13 and at that
time the use of 30-40 mm Hg ECS was considered as a simple and
effective measure to prevent PTS.”?1% However, in routine clinical
practice, lighter strengths of ECS were often prescribed.*84%857
In a survey conducted in France in 2009 among 761 vascular medi-
cine physicians, 6% stated that they systematically prescribed ECS
after DVT.® In contrast with guidelines, two-thirds stated that they
prescribed lighter ECS than the recommended ones (30-40 mm Hg),
mainly to favor compliance.l® At pressures as low as 20-30 mm Hg,
ECS have been shown to improve calf muscle efficiency and to re-
lieve symptoms, reduce edema, and prevent and heal trophic dis-
orders.326%61 Nevertheless, it was unknown if this lower pressure
could also be efficacious in PTS prevention.

To confirm the safety of this routine clinical practice, TIMC
(University Grenoble Alpes AND CNRS) and Laboratoires Innothera
(sponsor) decided to conduct a clinical trial comparing the efficacy

of high-strength (ankle pressure 35 mm Hg) versus lower-strength

|}
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(ankle pressure 25 mm Hg) ECS in the prevention of PTS. The trial
was endorsed by the French Society of Vascular Medicine. The
CELEST trial started enrolling patients in June 2012. Patients were
recruited over 61 months, and follow-up ended in June 2019. Final
audit of data is expected was completed in October 2020, and statis-

tical analysis is expected to be started in November 2020.

5.1 | Objectives of the study

The primary objective of the study is to assess if 25 mm Hg ECS are
noninferior to 35 mm Hg ECS for the prevention of PTS in patients
after a first proximal DVT. We expect that the potential lower efficacy
of 25 mm Hg ECS in compliant patients will be balanced by a lower
compliance rate to 35 mm Hg ECS, leading to an overall similar efficacy.

The secondary objectives were to assess:

1. If 25 mm Hg ECS are superior to 35 mm Hg for the pre-
vention of PTS. This could be achieved if the efficacy of
25 mm Hg ECS are similar to that of 35 mm Hg ECS and
if compliance is higher for the 25 mm Hg ECS.

2. If 25 mm Hg ECS are noninferior to 35 mm Hg ECS to prevent
PTS in patients with proximal DVT after excluding patients who
have a differential diagnosis that could explain a Villalta score 2 5
(sensitivity analysis). Indeed, signs and symptoms of PTS/CVI are
nonspecific and unlikely to be improved by ECS.%?

3. If 35 mm Hg ECS are superior to 25 mm Hg ECS to prevent PTS
in the subgroup of patients compliant with ECS. If ECS are ef-
ficacious in the prevention of PTS, a dose-response relationship
may exist, and higher pressure applied could be expected to re-
sult in a greater therapeutic effect.?

4. If the compliance to 25 mm Hg ECS is superior to that for
35 mm Hg ECS at 2 years of follow-up.

5. If the quality of life (QOL) is superior and ECS constraints are
inferior in the 25 mm Hg ECS group to those in the 35 mm Hg
ECS group. As 25 mm Hg ECS are easier to put on, this should
reduce wearing constraints and improve venous QOL.

6. If 25 mm Hg ECS and 35 mm Hg ECS have similar efficacy in
reducing the patient’s self-reported pain and edema discomfort
up to 3 months after DVT.

7. If the evolution of general QOL scores are similar in the
25 mm Hg ECS and 35 mm Hg ECS groups.

8. If 25 mm Hg ECS and 35 mm Hg ECS have similar efficacy in the
prevention of patient’s self-reported pain and edema discomfort
at 12 and 24 months.

9. If 25 mm Hg ECS and 35 mm Hg ECS have similar efficacy in
the prevention of venous trophic disorders (Clinical Etiological
Anatomical Pathophysiological classification [CEAP], C4-Cé).

10. If 25 mm Hg ECS and 35 mm Hg ECS have similar efficacy in

the prevention of ultrasonographic postthrombotic sequelae at
3-month, 1-year, and 2-year follow-up.

11. To assess predictors of PTS.

12. To assess predictors of compliance to ECS use.
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| Patients with acute (<8 days) first, symptomatic ipsilateral, proximal DVT +/— PE I

Ipsilateral trophic disorder (CEAP>3)
Lymphedema requiring ECS use

Chronic edema of non-venous origin
Dia_betic microangiogathy

* Age< 18 years Ineligible if Ineligible if * Severe peripheral artery disease with ABI<0.6

«  Contralateral acute proximal DVT (bilateral proximal DVT)  Intolerance to ECS

¢ Expected duration of anticoagulant treatment <3 moths ¢ Heart failure: acute or on long-term (>3 months) diuretics

¢ Anyinvasive early thrombus removal technique « Oozing dermatosis

e IVC filter Eligible and « Pregnant women

¢ Phlegmasia cerulae Consenting * Life expectancy <2 years, unalbe to attend 2 years of folloe-up|
*  Septic thrombosis patients « Mental disorder, cognitive impairment

Unable or unwilling to provide free informed consent
Participation in another clinical trial (<1 month)
Not affiliated to French national health care system

20-36 mmHg (Varisma Comfort coton®)

3 Months
F/U Visit 2 (+ 15 days): Clinic visit
Pain, edema, QOL, compliance, US, SAE

20-30 mmHg ECS
ACTYS 25° or LEGGER 25°
2 years

1 year
F/U Visit (+ 1 month): Clinic visit
PTS, pain, edema, compliance, QOL, US, SAE]

30-36 mmHg ECS
ACTYS35® or LEGGER 35®

. 4

2 years

2 years End of Follow-up
F/U Visit 3 (+ 1 month): Clinic visit
PTS, pain, edema, compliance, QOL, US, SAE

Primary outcome: Cumulative incidence of PTS at 2 years
Secondary outcomes: PTS severity, Pain, Edema, QOL, Compliance, Predictors of PTS & compliance, SAEs

FIGURE 1 CELEST study flow diagram. ABI, ankle brachial index; CEAP, Clinical Etiological Anatomical Pathophysiological classification;
DVT, deep vein thrombosis; ECS, elastic compression stockings; F/U, follow-up; IVC, inferior vena cava; PE, pulmonary embolism; PTS,
postthrombotic syndrome; QOL, quality of life; SAE, serious adverse event; US, ultrasound

13. To describe rates of VTE recurrence, any-cause death, fatal pul-
monary embolism, venous ulcers, and any possible side effect
of study treatment (eg, peripheral arterial disease decompensa-
tion, rashes).

14. To perform subgroup analyses of primary and secondary objec-
tives according to sex and age, and analysis of primary objective,

using the Ginsberg criteria for the diagnosis of PTS.%

5.2 | Description of the study procedures

This study is being conducted in 46 French private practice of-
fices and hospital-based vascular medicine wards. The clinical
trial coordinating center is located in Grenoble (TIMC-IMAG), and
the principal investigator is Dr Jean-Luc Bosson. The study inclu-
sion and exclusion criteria are summarized in Figure 1. Briefly,
adult patients with a first, acute, symptomatic, objectively con-
firmed, ipsilateral proximal DVT (calf trifurcation or above) were
eligible.

At baseline inclusion visit, patients’ demographics, past medical
history, risk factors for VTE, usual medications, and current DVT
management were collected. Patients had a full clinical examina-
tion, including bilateral CEAP, Villalta score, edema, ankle brachial
indexes, Godet’s sign, and ankle perimeter assessments and mea-
surements for ECS sizing (on DVT-affected leg). A bilateral whole

leg ultrasound (US) was also done. Patients were instructed on how

to put on the ECS and were given a diary to record compliance,
symptoms, and any adverse events or treatment modifications. This
diary also contained educational materials and was replaced at 3
months, 6 months, and then every 6 months. Patients were asked
to wear ECS from when they woke up until they went to bed for 2
years.

Patients were randomized online using Clininfo software (Lyon,
France) (random block size, stratified by center, age, and sex) to re-
ceive either 25 mm Hg custom-fitted ECS (ACTYS 25 (Innothera,
Arcueil, France) in women, LEGGER 25 (Innothera, Arcueil, France)
classic in men) or 35 mm Hg custom-fitted ECS (ACTYS 35 in women,
LEGGER 35 in men). Two pairs of trial custom-fitted ECS were sent
to the patient by mail via the trial coordinating center within 10 days
of randomization. ECS were changed every 3 months and more fre-
quently if required. Patient could choose between knee-length or
thigh-length ECS, based on the CANANO trial results that showed
similar efficacy for both, as well as the color and open- or closed-toe
models.®* Donning devices were provided if needed. At the baseline
visit, patients were given commercialized ECS stockings (VARISMA
Comfort Coton model (innothera, Arcueil, France), 20-36 mm Hg
[different type and strength from trial ECS]) to be worn until they
had received the trial ECS.

Three face-to-face follow-up visits were scheduled at 3 months
(+15 days), 1 year (+1 month), and 2 years (+1 month), in the after-
noon. Patients were instructed not to wear and not to bring their

ECS on the day of the follow-up visit. In addition, patients were
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TABLE 2 CELEST: procedures undertaken at in-person and phone follow-up visits

Visit = 1 2 3? 4 5 6 7*
Timing = Enrollment 15d+2d 3mo+15d 6mo+15d 1y +1mo 18 mo + 15d 2y+1mo
Type of visit In person Phone call In person Phone call In person Phone call In person
Baseline CRF X

F/U form X X X
Concomitant medications X X X X

Pain VAS X X X X X X X

Edema discomfort VAS X X X X

Villalta PTS scale X X X
Ginsberg scale X X

CEAP classification X X

ABI X X

QOL questionnaires X X X
(EQS5D3L, CIVIQ)

Compliance check X X X X X X
Ultrasound X X X X

SAE form
Suspected VTE event form

Major and clinically relevant
nonmajor bleeding event form

Termination form
Withdrawal form
Death

To be completed whenever an SAE is suspected
To be completed whenever a recurrent VTE event is suspected

To be completed whenever a major or a clinically relevant nonmajor bleeding is suspected

To be completed whenever a patient is terminated from the study
To be completed whenever a patient withdraws from the study

To be completed whenever a patient dies

Abbreviations: ABI, ankle brachial index; AC, anticoagulant treatment; CEAP, Clinical Etiological Anatomical Pathophysiology classification; CRF, case
report form; F/U: follow-up; PTS, postthrombotic syndrome; QOL, quality of life; SAE, serious adverse event; VAS: visual analog scale; VTE, venous

thromboembolism (deep vein thrombosis and/or pulmonary embolism).
2Phone call follow-up simultaneous to the visit in person (+15 d).

contacted by phone at 15 days (+2 days), 6 months (+15 days),
and 18 months (+15 days) to provide individual coaching on com-
pliance, how to use ECS, and to check if they needed new ECS or
needed to change the size. The data collected and examinations
performed at each follow-up visit are summarized in Figure 1 and
Table 2.

5.3 | Assessment of outcomes
5.3.1 | Primary outcome

The primary outcome, cumulative incidence of PTS at 2 years, was
measured using the Villalta scale and PTS was considered as present
if the score was 25 in the leg ipsilateral to the initial DVT, at a sin-
gle assessment, either at the 1- or 2-year follow-up visit.®%> Physical
signs were assessed by investigators with the aid of a full-color visual
guide, and symptoms were rated by the patients. All investigators
received individual training on PTS assessment before the begin-
ning of the trial. If a patient could not attend the 2-year follow-up
visit, a French version of the self-reported Villalta questionnaire,

with instructions on how to fill it in, was sent to the patient.66 For

all patients with a Villalta score 25, the investigator assessed if there
was a possible differential diagnosis besides CVI or PTS that could

explain the Villalta score.

5.3.2 | Secondary outcomes

65 was consid-

e Severity of PTS assessed using the Villalta score
ered as mild, moderate, or severe if the score was 5-9, 10-14,
and = 15, respectively, or if a venous ulcer was present. PTS was
also assessed with the Ginsberg method.®®

e Compliance to ECS was considered as optimal if patients (i)
self-reported use of the allocated study ECS 280% of the over-
all time (based on the patient’s diary, compliance was assessed
weekly for 3 months and then monthly till the end of follow-up)
and (i) had a modified GIRERD score of 0-2.%” The GIRERD score
is a validated French tool to assess self-reported compliance and
is derived from MORISKY score.®® For this study, we removed
a question corresponding to treatment renewal from the origi-
nal GIRERD score; as in CELEST, patients automatically received
their ECS at home. In subgroup analyses, compliance was de-

fined as null, weak, reasonable (corresponding to the expected
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compliance in routine clinical practice °*) or good if self-reported
use of ECS was 0%-19%, 20%-49%, 50%-79%, and 280% of time,
respectively.

e QOLwasassessed using validated general EUROQUOL EQ5D-3L)
%% and chronic venous specific (CIVIQ) 70 questionnaires that were
completed by the patients at each follow-up visit.

e Pain and edema discomfort were assessed using a 10-mm visual
analog scale by the patient weekly for 3 months and then monthly
until the end of follow-up. Edema was also assessed by the in-
vestigator at inclusion and each follow-up visit (Godet’s sign and
ankle perimeter). The presence of CVI was assessed by the inves-
tigator with the CEAP classification.”*

e The following parameters were assessed to identify predictors of
PTS: patients’ characteristics (eg, age, sex, obesity), DVT extent,
clot resolution on US (between baseline and 3 months), unpro-
voked character of DVT, time between onset of DVT symptoms
and beginning of treatment, pain intensity at baseline (pain item
of the Villalta score assessed in the leg ipsilateral to DVT), pain
and edema during follow-up, and contralateral Villalta score at
baseline.

e Serious adverse events including death, major bleeding, and VTE
recurrence (as defined by the ISTH standards)’®”® as well as all
other adverse events were recorded.

e The thrombus burden was assessed using the LET US classifica-
tion 7#7° and reflux in the common femoral, femoral, popliteal,

fibular, and anterior and posterior tibial veins as well as the great

saphenous veins was measured. Reflux was considered as being
present if it is >1.0 seconds in deep veins and >0.5 seconds in

superficial veins.

5.4 | Sample size calculation

In one of the open-label RCTs that compared 30-40 mm Hg ECS versus
no ECS to prevent PTS after the first proximal DVT where the PTS was
assessed with the Villalta score, as in CELEST, 25% of patients assigned
to the 30-40 mm Hg ECS group developed PTS after 2 years.12 In this
previous study, PTS was considered to be present if the Villalta score
was 25 at two consecutive assessments, and patients underwent five
PTS assessments. This is at variance from CELEST, where one posi-
tive assessment will be sufficient to consider that PTS is present as per
guidelines,"5 and patients underwent two assessments. We therefore
estimated that the rate of PTS would be about 25% in the 35 mm Hg
group in our study. In the absence of available data and given that most
of the detected PTS cases were expected to be mild,*? the predefined
noninferiority margin for the difference in success rates was set at
12.5%. This margin was set by the CELEST Scientific Committee, in
consideration of the non-life-threatening character of the primary out-
come. At a one-sided significance level of 0.05 and a power of 80%, it
was calculated that 296 patients would be needed. Taking into consid-
eration the loss to follow-up and death that were expected to be <15%
(12.2% at 3 years in the open-label trial),*? we planned to include 350
patients (175 per treatment group).

5.5 | Statistical analysis

Data will be analyzed once, at the end of follow-up, except for data
on patients’ self-reported pain and edema discomfort, which will be
assessed at 3 months. Intention-to-treat analyses, which include all
randomized patients after exclusion of any that were ineligible, will
be used for all outcomes. To test the hypothesis of superiority of 35
versus 25 mm Hg in the prevention of PTS, per-protocol analyses will
be done among compliant patients without major protocol deviation
using two different definitions of compliance (optimal and reason-
able as defined in Assessment of Outcomes section).

Descriptive statistics for baseline variables will be done to describe
the baseline status of the treatment groups. Losses to follow-up, with-
drawals, and deaths will be censored at last date of follow-up.

The primary outcome is the cumulative rate of PTS at 2 years at
the 1- or 2-year follow-up visit. We will calculate the 90% confidence
interval for the difference in the rates of PTS between the 25 versus
35 mm Hg groups. Noninferiority will be concluded if the upper limit
of this confidence interval is <12.5%. We will also do two one-sided
test with calculation of the P value associated with a one-tailed null
hypothesis HO: difference = 12.5%.”° We will then test the superior-
ity of the 25 mm Hg ECS compared with the 35 mm Hg ECS, as per
the protocol amendment.

For the primary outcome, there will be two separate analyses:
one based on all available data, and one in which missing data will
be replaced by self-reported Villalta score, if available, or by a mul-
tivariable model including known risk factors for PTS. To compare
the rates of PTS between groups (overall rate and among compliant
patients), chi-square or Fisher exact tests will be used.

For qualitative secondary outcomes (rates of patients compliant
to ECS, with edema, with PTS according to the Ginsberg method,
with trophic changes, with deep or superficial reflux or with residual
obstruction on US), we will use chi-square or Fisher exact tests, as
appropriate.

For quantitative secondary outcomes, we will assess evolution
over time (M3-M12-M24) of results for the CIVIQ20 and EUROQOL
questionnaires, as well as for pain and edema in both groups using
mixed-design models with presentation of P value associated with
the time*treatment interaction.

Student t tests or Mann-Whitney tests will be used to compare
leg volume, Villalta score (continuous), and US data at 24 months.

Kaplan-Meier analyses will be used to calculate the cumulative
incidence of PTS. To assess prognostic factors for PTS, we will use
Cox models and include variables mentioned in the Assessment
of Outcomes section, with anticoagulant treatment entered as a
time-dependent variable. Based on the number of reported events,
we will also calculate the cumulative rates of death, VTE recurrence,
and major bleeding.

Other analyses not scheduled in the protocol may be decided by
scientific committee.

Analyzes will be done with STATA 15.0 (StataCorp, College
Station, TX, USA). For all analyses, a two-sided P value of < 0.05 will

be considered significant.
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5.6 | Data management

Data will be entered online at trial sites using standardized case
report forms and a customized web-based data entry tool. Data
quality will be ensured via the use of validation checks at the time
of data entry. Data will be reviewed and cleaned by the database
coordinator on an ongoing basis by initiating and following up on
queries to the sites. Data management will be overseen by the trial
coordinating center. At the end of the trial, all data will be com-

pletely monitored.

5.7 | Ethical considerations

The CELEST trial protocol was approved by the South East Il
Ethics Committee (Lyon, France) in November 2011 (Number
2011-032) and registered on ClinicalTrials.gov (NCT01578122).
Written informed consent was obtained from all participating
patients.

6 | DISCUSSION

The efficacy of ECS to prevent PTS after DVT is uncertain and
debated, with conflicting conclusions from published meta-analy-
ses. Guidelines, even sometimes those issued in the same country,
have heterogeneous recommendations. For example, in France,
where the CELEST trial is conducted, one guideline recommends
ECS for the prevention of PTS after DVT, and another one does
not.'®2?! Differences in results for ECS efficacy for PTS prevention
between studies may be due to a placebo effect or suboptimal
compliance.

The CELEST study may provide important evidence for the ef-
ficacy of ECS to prevent PTS. The study was designed to minimize
the main potential limitations of previously published studies, that is,
open-label design (placebo effect) and compliance to ECS.

CELEST is a double-blind RCT, and as both study ECS are
tighter than placebo ECS or even thromboembolic deterrent
stockings, there is less chance that patients will guess which ECS
they were allocated. All ECS were specifically manufactured by
Innothera (Arcueil, lle-de-France) for the purpose of the study
and were fully anonymized (no distinctive sign such as a label or
a seam). Furthermore, to confirm the quality of masking, patients
will be asked to state at the end of the study which treatment
they thought they had been assigned to receive: 25 mm Hg ECS,
35 mm Hg ECS, or uncertain.

Regarding compliance, the following actions were taken to
optimize it: (i) large choice of ECS models in terms of length,
color, open- or closed-toe that could be changed at any time;
(ii) regular and frequent patient education and coaching actions
during the course of the study. Finally, to improve compliance
reporting, we will not only use prospectively maintained diaries

(current gold standard),”® but we will also use a stricter definition
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of compliance to limit the risk of patient overestimation by add-
ing the GIRERD scale to the classical ECS compliance self-re-
ported assessment.®”

The expected results from the CELEST trial could be interpreted

as follow:

e |f the 25 mm Hg ECS are found to be noninferior to the 35 mm Hg
ECS, then they could be used to prevent PTS if one believes, de-
spite SOX trial negative results, that ECS are useful to prevent
PTS.13

e If the 25 mm Hg ECS are not noninferior to the 35 mm Hg ECS
and the 35 mm Hg ECS are found to be superior, this will challenge
SOX trial results as it will suggest that ECS are efficacious in the
prevention of PTS and that the highest strength provides a better
outcome via a dose-effect mechanism.

o If the 25 mm Hg ECS are more efficacious than the 35 mm Hg
ECS and are associated with better compliance, this will suggest
that ECS are efficacious for the prevention of PTS and the lack
of efficacy reported in the SOX trial could be due to suboptimal
compliance.

The CELEST results will also be interpreted in light of new results
from the OCTAVIA (Optical Coherence Tomography Assessment of
Gender Diversity in Primary Angioplasty), CANANO, and IDEAL-
DVT trials®*”778 that suggest that use of below-knee ECS should be
favored because they are associated with fewer side effects than
thigh-length ECS and that patients could stop wearing ECS as early
as 6 months after their acute DVT if they have two consecutive

Villalta scores that are <5.

7 | CONCLUSION

The efficacy of ECS to prevent PTS is uncertain and ECS are no
longer recommended in some international guidelines. The het-
erogeneous trial results could be due to a placebo effect or sub-
optimal compliance. The ongoing double-blind CELEST RCT that
compares high- versus lower-strength ECS was designed to im-
prove compliance to ECS and should contribute to improve our
knowledge on the efficacy of ECS to prevent PTS. The results
from CELEST will be interpreted in the light of other recently
published RCTs that assessed the efficacy of ECS to prevent
PTS.
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