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ABSTRACT

BACKGROUND
Post-thrombotic syndrome is common after deep-vein thrombosis and can cause The authors’ full names, academic de-
severe symptoms involving the limbs that impair patients’ activity and quality of grees, and affiliations are listed at the
. .. . . . end of the article. Suresh Vedantham can
life. Endovascular therapy can eliminate chronic venous obstruction and is hypoth- . jntacted at vedanthams@wustl.edu
esized to reduce the severity of post-thrombotic syndrome. or at the Mallinckrodt Institute of Radiol-
ogy, Washington University School of

METHODS . . . . Medicine, 510 S. Kingshighway Blvd.,
We randomly assigned 225 patients with moderate or severe post-thrombotic syn- Msc 8131-43-1220, St. Louis, MO 63110.

drome and imaging-confirmed iliac-vein obstruction to receive endovascular therapy ., i fist of the investi gators in the
(iliac-vein stent placement and enhanced antithrombotic therapy) plus standard post-  GTRACT trial is provided in the Supple-
thrombotic syndrome care or standard post-thrombotic syndrome care alone. The = mentary Appendix, available at NEJM.org.
severity of post-thrombotic syndrome at 6 months (the primary outcome) was as- This article was published on April 13,
sessed with the validated Venous Clinical Severity Score (VCSS) tool (scores range 2026, at NEJM.org.

from 0 to 30, with higher scores indicating more severe post-thrombotic syndrome) N Engl) Med 2026;394:2293-304.

by evaluators who were unaware of the group assignments. Key secondary outcomes DPO!: 10.1056/NE]Moa2515001

included venous disease—specific and overall quality of life. Copyright © 2026 Massachusetis Medical Socity

RESULTS

At 6 months, the severity of post-thrombotic syndrome was lower in the endovascular-
therapy group than in the no-endovascular-therapy group (mean [=SD] VCSS, 8.1+5.1
vs. 10.0+4.9; adjusted difference, —2.0; P=0.001). Venous disease—specific quality of life
as assessed with the Venous Insufficiency Epidemiological and Economic Study Qual-
ity of Life questionnaire was better in the endovascular-therapy group than in the
no-endovascular-therapy group at 6 months (adjusted difference, 14.5 points; P<0.001),
as was overall quality of life as assessed with the Medical Outcomes Study 36-Item
Short-Form Health Status Survey physical component summary score (adjusted differ-
ence, 6.1 points; P<0.001); scores on both tools range from 0 to 100. Through 6
months, bleeding was more common in the endovascular-therapy group than in the
no-endovascular-therapy group (in 11.6% vs. 3.6% of the patients; P=0.03).

CONCLUSIONS
Among patients with moderate or severe post-thrombotic syndrome and iliac-vein
obstruction, endovascular therapy led to less severe post-thrombotic syndrome and
better health-related quality of life than standard care over a 6-month period but
with a higher risk of bleeding. (Funded by the National Heart, Lung, and Blood
Institute and others; C-TRACT ClinicalTrials.gov number, NCT03250247.)
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OST-THROMBOTIC SYNDROME FREQUENT-

ly develops after acute proximal deep-vein

thrombosis (DVT).! Relatively few affected
patients receive focused treatment for post-throm-
botic syndrome owing to a lack of awareness
among the medical community with regard to
available therapies and a lack of evidence of clini-
cal benefit for such therapies.> Venous hyperten-
sion plays a central role in post-thrombotic syn-
drome and stems from chronic venous obstruction,
valvular reflux, elevation in central venous pres-
sure, impairment of calf pump function, and lym-
phatic dysfunction.?? Post-thrombotic syndrome
manifests across a broad severity spectrum; pa-
tients with post-thrombotic syndrome and iliac-
vein obstruction often have chronic limb pain,
swelling, skin changes, venous leg ulcers, or a
combination of these symptoms, which impair
function and quality of life.*

Previous studies have suggested that imaging-
guided endovascular placement of metallic stents
may reduce iliofemoral venous obstruction and
thereby improve venous function, decrease the
severity of post-thrombotic syndrome, and im-
prove quality of life.>® However, the benefits and
risks of such therapy are unclear. We conducted
the C-TRACT (Chronic Venous Thrombosis: Re-
lief with Adjunctive Catheter-Directed Therapy)
trial to determine whether endovascular thera-
py would reduce the severity of post-thrombotic
syndrome.

METHODS

TRIAL ORGANIZATION

The C-TRACT trial was a phase 3, multicenter,
open-label, assessor-blinded, randomized, con-
trolled trial sponsored by the National Institutes
of Health.’®!! The trial was approved by a central
institutional review board, and all the patients
provided written informed consent. The C-TRACT
steering committee was responsible for the de-
sign of the trial, and the C-TRACT investigators
were responsible for the conduct of the trial. The
authors were solely responsible for the writing of
the manuscript and vouch for the completeness
and accuracy of the data and for the fidelity of
the trial to the protocol, which is available with
the full text of this article at NEJM.org. The first
author wrote the first draft of the manuscript,
and the last author oversaw the analysis of the
data by staff biostatisticians (see the Supple-
mentary Appendix, available at NEJM.org).
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PATIENT POPULATION

Patients with moderate or severe post-thrombotic
syndrome and iliac-vein obstruction were enrolled
at 29 clinical centers in the United States. Post-
thrombotic syndrome was defined as the presence
of chronic venous disease in the ipsilateral leg of
a patient who had had DVT at least 3 months be-
fore enrollment.’? Post-thrombotic syndrome was
considered to be moderate or severe if the patient
had substantial limitations in daily activities or
work capacity owing to venous symptoms that
resulted in a score of 8 or higher on the Venous
Clinical Severity Score (VCSS) assessment tool, a
score of 10 or higher on the Villalta post-throm-
botic syndrome scale, or an open venous ulcer.'2
Further details regarding the VCSS and Villalta
scale tools are included in the description of the
outcomes and assessments. Iliac-vein obstruction
was defined as the presence of occlusion or at
least 50% stenosis identified on catheter venog-
raphy, intravascular ultrasonography (IVUS), com-
puted tomographic venography, or magnetic reso-
nance venography. Patients were excluded if they
were younger than 18 years of age, were preg-
nant, or had had acute DVT within the previous
3 months, poor inflow to the common femoral
vein, or previous stent placement. Details of the
inclusion and exclusion criteria are provided in
the Supplementary Appendix.

STRATIFICATION AND RANDOMIZATION

Patients were randomly assigned in a 1:1 ratio to
receive either endovascular therapy (iliac-vein stent
placement and enhanced antithrombotic therapy)
or no endovascular therapy, with the use of a Web-
based central randomization system. Randomiza-
tion was stratified according to clinical center,
the presence or absence of an open venous ulcer,
and the status of the common femoral vein (nor-
mal or abnormal on ultrasonography) because the
status of the common femoral vein affects the
severity of post-thrombotic syndrome and stent
patency."”1® The randomization sequence, which
was computer-generated in advance by an inde-
pendent statistician with the use of varying block
sizes, was not accessible to clinical center person-
nel. Trial-group assignments were concealed from
trial personnel until their release.

TREATMENTS

Patients in both groups received standard care for
post-thrombotic syndrome. This included individ-
ualized compression therapy (starting with sized-
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to-fit, knee-high elastic compression stockings
with a pressure of 20 to 30 mm Hg [Medi USA]
for patients who had not previously used compres-
sion stockings) that was adjusted as needed to
encourage adherence to their use; appropriate
anticoagulant therapy that was selected on the
basis of the patient’s risk of DVT recurrence;
guidance on smoking cessation, leg elevation,
exercise, and avoidance of limb trauma; and, for
patients with an open venous ulcer, encourage-
ment to take oral pentoxifylline and to use multi-
layer compression, along with referral to a wound
and ulcer care clinic for comprehensive evidence-
based care.>'**

Endovascular therapy was performed accord-
ing to published guidelines by board-certified
physicians whose credentials were approved by
the trial leadership.>?® Sterile technique, fluoro-
scopic guidance, and either general anesthesia or
moderate sedation were used. The treating phy-
sician chose the access vein, the method of cross-
ing the obstructed veins, and the type of stent
(which was required to be approved or cleared by
the Food and Drug Administration for any indi-
cation, made of nitinol or elgiloy, noncovered,
and >12 mm in diameter). After multiplanar cath-
eter venography and IVUS were performed (as re-
quired), the veins were predilated and stents were
deployed and dilated to at least 12 mm in diam-
eter. Repeat venography and IVUS were performed.
If acute thrombus or obstruction of venous in-
flow was present, standard endovascular methods
were used to optimize flow. Patients received
anticoagulation during endovascular therapy. Af-
ter endovascular therapy, the use of therapeutic
anticoagulants and daily aspirin (at a dose of
81 mg) was recommended for at least 6 months
if the patient had no contraindications to either
treatment.

OUTCOMES AND ASSESSMENTS
The primary outcome was the severity of post-
thrombotic syndrome at 6 months after random-
ization, which was evaluated with the VCSS as-
sessment tool by a clinician who was unaware of
the trial-group assignments.’*" Secondary efficacy
outcomes were patient-reported quality of life, the
severity of post-thrombotic syndrome as assessed
on the Villalta scale, calf volume, and the presence
of open venous ulcers. Safety outcomes were bleed-
ing, symptomatic recurrent venous thromboembo-
lism (VTE), and death.

The VCSS tool is a validated scoring system

that is designed to assess clinical change in pa-
tients with chronic venous diseases. The tool
calculates scores for nine venous manifestations
(eight clinical signs and one symptom) and for
adherence to the use of compression therapy,
each of which is given a score between 0 and 3;
this results in a total score between 0 and 30.
VCSS values, which are reported on a continuous
scale and according to severity categories that
correlate with markers of disease severity, have
been used as a key outcome in post-thrombotic
syndrome investigations.®**2*?” Blinded assess-
ment with the Villalta post-thrombotic syndrome
scale (scores range from 0 to 33) was used as a
secondary measure of severity of post-thrombotic
syndrome.'>!* On both scales, higher scores in-
dicate more severe post-thrombotic syndrome.

Patient-reported quality of life was assessed
at 6 months with the Venous Insufficiency Epi-
demiological and Economic Study Quality of Life
(VEINES-QOL) questionnaire for venous disease—
specific quality of life (scores range from 0 to 100;
a change of 4 to 6 points is considered to be an
important clinical change) and with the Medical
Outcomes Study 36-Item Short-Form Health Sta-
tus Survey (SF-36) for overall quality of life (scores
range from 0 to 100; a change of 2.5 points is
considered to be an important clinical change).?
On both scales, higher scores indicate better qual-
ity of life.

Calf volume was estimated with the use of
the truncated-cone formula on the basis of mea-
surements of calf circumference and length that
were obtained at 6 months by an assessor who
was unaware of the trial-group assignments.?
The presence of an open venous ulcer at 6 months
was also recorded by the assessor.

Independent core laboratory readers evaluat-
ed the venograms and IVUS images that were
obtained during the endovascular therapy proce-
dures before and after stenting. The iliac veins
were graded as occluded, partially occluded (250%
obstruction), or patent (<50% obstruction).

Bleeding, symptomatic recurrent VTE, and
deaths were adjudicated in a blinded manner by
an independent committee. Bleeding was consid-
ered to be major if it was overt and prompted a
decrease in the hemoglobin level of at least 2.0 g
per deciliter, led to transfusion of 2 or more units
of packed red cells, or involved a critical site.®®
Diagnosis of symptomatic recurrent VTE required
the presence of new or worsening symptoms and
imaging confirmation.
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STATISTICAL ANALYSIS

The sample size was based on the hypothesis
that there would be no difference between the
groups in the mean VCSS at 6 months. On the
basis of previous trial data from patients with a
high baseline VCSS, we anticipated a 3-point mean
decrease from baseline in the no-endovascular-
therapy group with a standard deviation of 5.4 as
compared with a 5-point mean decrease from
baseline in the endovascular-therapy group with
a standard deviation of 5.4.%* We calculated that
a sample of 155 patients per group would pro-
vide the trial with 90% power to detect a 2-point
mean difference between the groups, at a two-
sided significance level of 0.05. After accounting
for expected loss to follow-up (<5% of the pa-
tients), crossover from no endovascular therapy
to endovascular therapy (<10%), and crossover
from endovascular therapy to no endovascular
therapy (<3%), the target sample size was increased
by 20.6% to 374 patients (187 per group). Although
the minimal clinically important difference in
the VCSS has not been formally established, the
2-point mean difference that we aimed to detect
was half the size of published VCSS score thresh-
olds (4 points apart) that correlate with incremen-
tal gradations in clinical severity.™

In December 2023, an independent commit-
tee at the National Heart, Lung, and Blood Insti-
tute (NHLBI) reviewed the progress of the trial
without having access to trial-group—specific data.
Because the numbers of observed crossovers and
losses to follow-up were lower than expected,
the investigators were instructed by the NHLBI,
with approval from the data and safety monitor-
ing board, to stop accrual in June 2025 or when
a revised sample size of 250 patients was reached,
whichever came first. This approach was esti-
mated to provide the trial with more than 80%
power under unchanged assumptions of the treat-
ment effect and variability.

The modified intention-to-treat population in-
cluded all the patients who had undergone ran-
domization, excluding any patients who did not
meet inclusion criteria (e.g., patients who did not
have moderate or severe post-thrombotic syn-
drome or did not have iliac-vein obstruction). In
the analyses that were performed in the modified
intention-to-treat population, data were analyzed
according to the group to which each patient
was assigned. The main analysis of the primary
outcome — the comparison between the groups
with respect to the mean VCSS score at 6 months

N ENGL J MED 394,23

— was performed in the modified intention-to-
treat population with the use of a linear mixed
model with adjustment for baseline VCSS score,
stratification factors (normal or abnormal com-
mon femoral vein and presence or absence of an
open venous ulcer) as fixed effects, and adjust-
ment for center as a random effect. Missing VCSS
values were imputed with the use of multiple
imputation, including age, sex, body-mass in-
dex (BMI), stratification factors, baseline VCSS,
and Villalta score at 6 months. Sensitivity and
subgroup analyses of the primary outcome are
described in the Supplementary Appendix.

The analysis of scores on the VEINES-QOL
questionnaire was performed with the use of the
Bland system with an approach that was similar
to that used for the analysis of the VCSS, with ad-
justment for baseline quality of life score, stratifi-
cation factors, age, sex, and BMI (with multiple
imputation that also incorporated baseline VCSS
and baseline valvular reflux).>® Scores on the SF-36
were calculated with standard algorithms; the
physical component summary scores of the SF-36
were analyzed with the same approach as that
used for the VEINES-QOL scores (with multiple
imputation that also included baseline VCSS and
employment status).>® The mean calf volume,
which was adjusted for baseline volume, was com-
pared between the groups with methods that were
similar to those used for the primary outcome
(with multiple imputation that also included age,
sex, BMI, stratification factors, and baseline val-
vular reflux). Villalta scores, which were adjust-
ed for baseline score and stratification factors,
were summarized with means and 95% confi-
dence intervals (with multiple imputation that
also included age, sex, BMI, baseline VCSS, and
baseline valvular reflux). The percentage of pa-
tients with active ulceration (persistent or new)
was compared between the groups with the
Cochrane—Mantel-Haenszel test with adjustment
for common femoral vein status (normal or ab-
normal) and the presence or absence of an open
venous ulcer.

Safety outcomes were summarized according
to incidence and were compared between the
groups with the Cochrane-Mantel-Haenszel test
with adjustment for common femoral vein status
(normal or abnormal) and the presence or absence
of an open venous ulcer. Risk ratios and corre-
sponding 95% confidence intervals and P values
were calculated.

The main analysis of the VCSS at 6 months
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was tested at a two-sided significance level of
0.05. To account for multiple comparisons, the
mean VEINES-QOL score and the mean SF-36
physical component summary score were tested
at an alpha level of 0.05 in hierarchical fashion.
The difference between the groups in the mean
VEINES-QOL score was tested first, and the dif-
ference between the groups in the mean SF-36
physical component summary score was tested
only if the P value for the between-group differ-
ence in the mean VEINES-QOL score was less than
0.05. No multiplicity adjustments were made for
calf volume, the presence or absence of an open
venous ulcer, or safety outcomes.

RESULTS

PATIENT CHARACTERISTICS
From July 2018 through June 2025, a total of 225
patients underwent randomization: 113 to the

endovascular-therapy group and 112 to the no-
endovascular-therapy group (Fig. 1). One patient
who had been assigned to receive endovascular
therapy was withdrawn by the institutional re-
view board and excluded from analysis by the
adjudication committee after the patient was
found not to have imaging-confirmed iliac-vein
obstruction. The demographic and clinical char-
acteristics of the trial groups were similar at
baseline (Table 1). The enrolled population was
similar to the general U.S. population of patients
with moderate or severe post-thrombotic syndrome
(Table S11 in the Supplementary Appendix).

PROTOCOL ADHERENCE, TREATMENTS,

AND FOLLOW-UP

The use of compression therapy was similar in the
two groups (Table 2 and Table S7). The percentage
of patients who used antithrombotic medications
was higher in the endovascular-therapy group

4427 Patients were assessed for eligibility

4202 Were excluded

Y

3927 Did not meet eligibility criteria
275 Declined to participate

225 Underwent randomization

113 Were assigned to receive endovascular
therapy plus standard care
102 Received endovascular therapy
10 Did not receive endovascular therapy
4 Crossed over to receive standard
care alone
6 Withdrew before receiving endovas-
cular therapy
1 Was incorrectly enrolled

112 Were assigned to receive standard care alone
111 Received standard care
1 Did not receive standard care owing to
crossing over to receive endovascular
therapy

100 Completed 6-mo assessment
12 Did not complete 6-mo assessment
6 Withdrew
1 Died (crossover patient)
5 Were lost to follow-up

104 Completed 6-mo assessment
8 Did not complete 6-mo assessment
1 Had incorrect leg assessed
7 Were lost to follow-up

112 Were included in the modified intention-to-treat
population for the main analysis

112 Were included in the modified intention-to-treat
population for the main analysis

Figure 1. Enrollment, Randomization, and Follow-up through 6 Months.

A summary of the number of patients who met each inclusion and exclusion criterion is provided in Table S2. The
main analysis of the primary outcome in the intention-to-treat population included multiple imputation.
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Table 1. Characteristics of the Patients at Baseline.*

Characteristics
Age —yr
Female sex — no. (%)
Race — no. (%)

White

Black

Other

Data missing
Hispanic or Latino ethnic group — no. (%)
Body-mass indexi:
Index post-thrombotic syndrome in left leg — no. (%)
CEAP clinical class — no. (%)§

C2o0rC3

C4

(&)

c6
Normal common femoral vein — no. (%)
VCSS¥**
VEINES-QOL scoref
Calf circumference — cm
Receipt of any anticoagulant medication — no. (%)
Receipt of any antiplatelet medication — no. (%)
Use of any compression therapy — no. (%)

Valvular reflux, any vein — no. (%)

Endovascular Therapy No Endovascular Therapy

(N=112) (N=112)
56.1+12.7 54.4:14.2
52 (46.4) 54 (48.2)
73 (65.2) 78 (69.6)
31 (27.7) 23 (20.5)
2 (1.8) 3(2.7)
6(5.4) 8 (7.1)
12 (10.7) 15 (13.4)
35.0+8.3 353183
5 (67.0) 81 (72.3)
5 (22.3)9 22 (19.6)
1(45.5)] (51 8)
9 (17.0) 6 (14.3)
7 (15.2) 6 (14.3)
40 (35.7) 45 (40.2)
12,5543 12.3x43
38.9+20.9 39.6+24.1
43.9+8.3 433+6.0
90 (80.4) 94 (83.9)
29 (25.9) 0(17.9)
94 (83.9) 3 (74.1)
88 (78.6) 2 (82.1)

Plus—minus values are means +SD. Percentages may not total 100 because of rounding.

T Race and ethnic group were reported by site personnel.

I Body-mass index is the weight in kilograms divided by the square of the height in meters.

§  The clinical, etiologic, anatomical, and pathophysiological (CEAP) classification system ranges from CO to C6, with
higher classes associated with more severe clinical features of venous disease.

9 Two patients were originally categorized as CO and subsequently corrected to C3 because the edema subscore on the

Venous Clinical Severity Score (VCSS) tool is nonzero.

| One patient was originally categorized as C2 and subsequently corrected to C4 because the pigmentation subscore

on the VCSS tool is nonzero.

** VCSS total scores range from 0 to 30, with higher scores indicating more severe post-thrombotic syndrome.
TT Scores on the venous disease—specific Venous Insufficiency Epidemiological and Economic Study Quiality of Life
(VEINES-QOL) questionnaire range from 0 to 100, with higher scores indicating better quality of life.

than in the no-endovascular-therapy group, par-
ticularly with respect to antiplatelet agents (71.3%
vs. 21.0%).

In the endovascular-therapy group, patients
received endovascular therapy at a median of 16
days (interquartile range, 9 to 28) after random-
ization. Stent deployment was successful in 98 of
102 patients (96.1%). In 4 patients, the obstructed
veins could not be crossed. On IVUS and venog-
raphy, complete or partial iliac-vein obstruction

was present in 101 of 101 patients (100%) at the
start of endovascular therapy procedures and in
14 of 101 patients (13.9%) at the end of these
procedures. Complete occlusion was present in
52 of 101 patients (51.5%) at the start of the
procedures and in 5 of 101 patients (5.0%) at the
end of the procedures.

During the 6 months after randomization,
1 patient assigned to the no-endovascular-therapy
group received endovascular therapy, and 4 pa-
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Table 2. Treatments after Randomization.

Treatment
Current treatments at 6 mo — no./total no. (%)
Any anticoagulant medication
Any antiplatelet medication
Any compression therapy
Pentoxifylline
Any other venoactive medication
Any analgesic medication
Any superficial vein treatment in previous 6 months — no

Index endovascular therapy procedure

— no./total no. (%)t

Mean no. of stents per patient (range)

Maximum stent diameter — mm

Minimum stent diameter — mm

Inferior vena cava stented — no./total no. (%)

Common iliac vein stented — no./total no. (%)

External iliac vein stented — no./total no. (%)

Common femoral vein stented — no./total no. (%)

Femoral vein stented — no./total no. (%)t

Additional thrombolysis or thrombectomy — no. /total
Type of stent placed — no.i:

Abre (Medtronic)

S.M.A.R.T. (Cordis)

Venovo (Becton Dickinson)

Vici (Boston Scientific)

Wallstent (Boston Scientific)

Zilver Vena (Cook Medical)

Unknown

Index endovascular therapy procedure started — no./total no. (%)*

Index endovascular therapy procedure with successful stent placement

Endovascular Therapy

102/112 (91.1)
98/102 (96.1)

2.1 (1.0-7.0)
15.4+2.0
14.0+2.0

19/102 (18.

84/102

78/102

51/102
1/102
3/102

(18.6)
(82.4)
(76.5)
(50.0)
(1.0)
no. (%) 2.9)

81
13
53
12
28
22

3

No Endovascular Therapy

(N=112) (N=112)
95/101 (94.1) 87/105 (82.9
72/101 (71.3) 22/105 (21.0
93/99 (93.9) 97/103 (94.2
1/101 (1.0) 5/105 (4.8)
5/101 (5.0) 107105 (9.5)
26/101 (25.7) 28/105 (26.7)
Jtotal no. (%) 6/112 (5.4) 0/112 (0.0)

* Data for the endovascular therapy procedure that was performed in the patient who crossed over from the no-endovascular-therapy group

to the endovascular-therapy group are not included.

T The denominator is the number of patients in whom an index endovascular therapy procedure was started.

i Patients could be included in more than one category.

tients assigned to the endovascular-therapy group
did not receive endovascular therapy (Fig. 1).
Among these crossover patients, 1 patient in
the endovascular-therapy group died before the
6-month assessment. Additional patients did not
complete the 6-month assessment owing to loss
to follow-up (12 patients), withdrawal (6 patients),
or assessment of the incorrect leg (1 patient, who
was excluded by the adjudication committee).

N ENGL ) MED 394,23

SEVERITY OF POST-THROMBOTIC SYNDROME

The severity of post-thrombotic syndrome at 6
months as assessed with the VCSS tool (the pri-
mary outcome) was significantly lower in the en-
dovascular-therapy group than in the no-endovas-
cular-therapy group (mean [+SD] VCSS, 8.1£5.1 vs.
10.044.9; adjusted difference, —2.0 points; 95%
confidence interval [CI], —=3.2 to —0.8; P=0.001)
(Table 3). Similar results were seen in the sensi-
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tivity analyses and across prespecified subgroups
(Table S8 and Fig. S1). Point estimates of Villalta
scores at 6 months also appeared to be lower in
the endovascular-therapy group than in the no-
endovascular-therapy group. Figure 2 shows the
distribution of patients across the established VCSS
and Villalta severity score categories at baseline
and at 6 months.

SECONDARY EFFICACY OUTCOMES

At 6 months, the mean VEINES-QOL score was
62.8+24.6 in the endovascular-therapy group as
compared with 48.6+26.7 in the no-endovascular-
therapy group (adjusted difference, 14.5 points;
95% CI, 9.5 to 19.4; P<0.001) (Table 3). The mean
SE-36 physical component summary score was
56.0+16.4 with endovascular therapy and 49.9+17.1
with no endovascular therapy (adjusted difference,
6.1 points; 95% CI, 2.8 to 9.3; P<0.001). The mean
calf volume appeared to be similar in the two
groups (2442.1 cm? in the endovascular-therapy
group and 2392.2 cm? in the no-endovascular-
therapy group), as did the percentage of patients
with open venous ulcers (8.9% in the endovascular-
therapy group and 9.8% in the no-endovascular-
therapy group).

SAFETY OUTCOMES
Bleeding (major and nonmajor) was more com-
mon in the endovascular-therapy group than in
the no-endovascular-therapy group (in 11.6% vs.
3.6% of the patients), a finding that was driven
mainly by nonmajor bleeding (in 9.8% vs. 2.7%)
(Table 3). Major bleeding was uncommon (occur-
ring in four patients in the endovascular-therapy
group and in one patient in the no-endovascular-
therapy group) and included three patients with
gastrointestinal bleeding and two patients with
intraarticular bleeding. All the episodes of major
bleeding in the endovascular-therapy group oc-
curred more than 90 days after the endovascular
therapy procedure. No episodes of bleeding were
fatal or led to open surgical therapy (Table S3).
Both the incidence of symptomatic recurrent
VTE and the incidence of death were similar in
the two groups. One patient died from unknown
causes at 5 months; the patient had been assigned
to the endovascular-therapy group but did not
receive endovascular therapy owing to personal
choice and unrelated life events. Procedure-related
serious adverse events included stent deformation
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in one patient, which was corrected during the
procedure with balloon angioplasty, and groin
pain resulting in hospitalization in one patient
(Table S4).

DISCUSSION

In this trial, a strategy of endovascular iliac-vein
stenting that included additional antithrombotic
therapy resulted in less severe post-thrombotic
syndrome and better venous disease—specific and
overall health-related quality of life at 6 months
than standard care alone in patients with mod-
erate or severe post-thrombotic syndrome and
iliac-vein obstruction. The mean changes in the
VCSS and Villalta scores associated with the use
of endovascular therapy align with the results
seen in prospective, single-group studies.®% A
2018 single-center, double-blind, randomized, con-
trolled trial involving 51 patients in Brazil showed
more improvement in VCSS and SF-36 scores after
iliac-vein stenting than a sham procedure.® A 2023
single-center, open-label, randomized, controlled
trial that was conducted in Europe and involved
63 patients showed greater improvement in VCSS,
VEINES-QOL, and Villalta scores with the addi-
tion of iliac-vein stenting than with best medical
therapy alone.’

The C-TRACT trial confirms these findings in
a larger trial with broad multisite involvement,
precautions against bias, and a focus on post-
thrombotic syndrome (as opposed to mixed venous
disease, which was evaluated in earlier trials). Al-
though the observed difference between the groups
in the mean VCSS is of modest size, many of the
patients’ scores shifted to lower severity catego-
ries on the post-thrombotic syndrome scales over
a 6-month period, a finding that was indicative of
reduced life interference from venous disease.!*
The 14.5-point between-group difference in venous
disease—specific quality of life exceeds the change
reported with catheter intervention in patients with
acute iliofemoral DVT, and the 6.1-point difference
in the SF-36 physical component summary score
compares favorably with the differences reported
for beneficial interventions in patients with other
procedures, such as transcatheter aortic-valve
replacement and catheter intervention for acute
iliofemoral DVT.*** These findings highlight the
value of iliac-vein outflow after DVT, which is in
alignment with the open-vein hypothesis.*
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Table 3. Outcomes.*
Endovascular Therapy No Endovascular Therapy Adjusted Difference or
Outcome (N=112) (N=112) Risk Ratio (95% CI)} P Value
Continuous:
Primary outcome
VCSS§ 8.1+5.1 10.0+4.9 -2.0 (-3.2t0-0.8) 0.001
Secondary outcomes
VEINES-QOL score€| 62.8+24.6 48.6+26.7 14.5 (9.5 to0 19.4) <0.001
SF-36 physical component summary 56.0+16.4 49.9+17.1 6.1 (2.8t09.3) <0.001
score|
Villalta score** 8.2+5.7 12.3+6.4 -4.1 (-5.5t0-2.7) —
Calf volume — cm’7 2442.1+907.0 2392.2+849.6 -21.6 (-152.0to 108.7) —
Binary
Secondary outcome
Open venous ulcer — no. (%) 10 (8.9) 11 (9.8) 0.84 (0.42 to 1.71) —
New ulcer 4(3.6) 1(0.9) — —
Persistent ulcer 6 (5.4) 10 (8.9) — —
Safety outcomes
Symptomatic recurrent VTE — no. (%) 3(2.7) 4 (3.6) 0.76 (0.17 to 3.28) =
Stent thrombosis and other proxi- 3(2.7) 0 — —
mal DVT
Stent thrombosis only 1(0.9) 0 — —
Other proximal DVT only 0 4 (3.6) — —
Symptomatic pulmonary embo- 0 1 (0.9) — —
lism
All bleeding — no. (%) 13 (11.6) 4(3.6) 3.22 (1.07 to0 9.69) 0.03
Major bleeding 4(3.6) 1(0.9) 4.01 (0.46 to 34.97) —
Nonmajor bleeding 11 (9.8) 3(2.7) 3.64 (1.02 to 12.93) —
Death — no. (%) 1(0.9) 0 — —

A

Plus—minus values are means +SD. DVT denotes deep-vein thrombosis, and VTE venous thromboembolism.

Adjusted differences in the mean scores, with 95% confidence intervals, were calculated for the continuous outcomes, and risk ratios with
95% confidence intervals were calculated for the binary outcomes.

Analysis results for all the continuous outcomes were derived from multiply imputed datasets, with missing values imputed with the use
of multiple-imputation methods. Outcome summaries of means and standard deviations were pooled across multiply imputed datasets
by averaging group-specific means and within-imputation variances. The analyses of VCSS values, Villalta scores, and calf volume were
adjusted for baseline value and stratification factors (normal or abnormal common femoral vein and the presence or absence of an open
venous ulcer). The analyses of VEINES-QOL scores and Medical Outcomes Study 36-ltem Short Form Health Survey (SF-36) physical
component summary scores were adjusted for baseline quality-of-life score, stratification factors, age, sex, and body-mass index (BMI).
Center has been treated as a random effect in all the models.

The multiple-imputation model included age, sex, BMI, stratification factors, baseline VCSS, and Villalta score at 6 months.

The multiple-imputation model included baseline quality-of-life score, stratification factors, age, sex, BMI, baseline VCSS, and baseline val-
vular reflux.

The SF-36 includes a physical component summary score. Scores range from 0 to 100, with higher scores indicating better quality of life.
The multiple-imputation model included baseline quality-of-life score, stratification factors, age, sex, BMI, baseline VCSS, and employment
status.

* The Villalta scale is an assessment of five patient-reported symptoms and six venous-disease signs, which were reported by clinicians who

were unaware of the trial-group assignments; a leg with an ulcer was assigned a minimum score of 15 points. Total scores range from
0 to 33, with higher scores indicating more severe post-thrombotic syndrome. The multiple-imputation model included baseline Villalta
score, stratification factors, age, sex, BMI, baseline VCSS, and baseline valvular reflux.

" Calf volume was calculated with the use of the formula for a truncated cone. The multiple-imputation model included baseline volume,
stratification factors, age, sex, BMI, and baseline valvular reflux.
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The high use of compression therapy, antico-
agulation, and on-label venous stents should in-
crease confidence that contemporary post-throm-
botic syndrome care was provided, although
higher use of antithrombotic therapy was seen in
the endovascular-therapy group. Enhanced anti-
thrombotic therapy to promote stent patency is
common in real-world care with endovascular
therapy and was integrated into the protocol,
which resulted in the combined use of antiplate-
let and anticoagulant medications in most of the
patients in the endovascular-therapy group. Al-
though most of the episodes of bleeding were
nonmajor and occurred months after endovascu-
lar therapy, an increased risk of bleeding associ-
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Figure 2. Categorical Distribution of VCSS
and Villalta Scores.

Panel A shows the distribution of patients at baseline
and at the 6-month follow-up according to the three
established severity categories for post-thrombotic
syndrome scores on the Venous Clinical Severity Score
(VCSS) assessment tool: no or minimal post-throm-
botic syndrome (0 to 3), mild or moderate post-throm-
botic syndrome (4 to 7),*’ and severe post-thrombotic
syndrome (=8).1* The VCSS total score ranges from

0 to 30, with higher scores indicating more severe
post-thrombotic syndrome. Baseline VCSS values were
missing for 2 patients (1.8%) in the no-endovascular-
therapy group. Panel B shows the distribution of pa-
tients at baseline and at the 6-month follow-up accord-
ing to the four established severity categories on the
Villalta post-thrombotic syndrome scale: no post-
thrombotic syndrome (0 to 4), mild post-thrombotic
syndrome (5 to 9),”° moderate post-thrombotic syn-
drome (10 to 14),'%!* and severe post-thrombotic syn-
drome (=15).12%¢ The Villalta scale is an assessment of
five patient-reported symptoms and six venous-dis-
ease signs, which were reported by clinicians who were
unaware of the trial-group assignments; a leg with an
ulcer was assigned a minimum score of 15 points.
Total scores on the Villalta scale range from 0 to 33,
with higher scores indicating more severe post-throm-
botic syndrome. Baseline Villalta scores were missing
for 1 patient (0.9%) in the endovascular-therapy group
and for 2 patients (1.8%) in the no-endovascular-therapy
group. Patients entered the trial with moderate or se-
vere post-thrombotic syndrome, but over a period of
6 months, many of the patients’ scores shifted to less
severe categories, especially in the endovascular-thera-

py (EVT) group.

ated with enhanced antithrombotic therapy is a
clinical trade-off of adopting a stent placement
strategy.

This trial has limitations. First, to enable qual-
ity standard care for post-thrombotic syndrome
and reflect real-world practice, the protocol pro-
vided guidance but allowed local physician—
directed care. Variability in the care that was deliv-
ered could have affected outcomes, including the
higher use of antithrombotic medications and
superficial vein treatments in the endovascular-
therapy group than in the no-endovascular-therapy
group and the higher use of venoactive medica-
tions in the no-endovascular-therapy group. Sec-
ond, the C-TRACT trial included facilities of vari-
ous sizes, but these findings may not apply to
endovascular therapy performed by less experi-
enced operators. Third, follow-up beyond 6 months
is needed to characterize the extended risk—benefit
ratio of endovascular therapy, elucidate relation-
ships between anatomical and clinical outcomes,
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and further explore the use of endovascular ther-
apy in patients with venous ulcers.

A fourth limitation is that the target sample
size was reduced after reassessment indicated
that our initial assumptions were overly conser-
vative; final enrollment reached 90% of the re-
vised target. Although the C-TRACT trial was
substantially larger than previous randomized,
controlled trials in which venous stents were
evaluated, the reduced sample size decreased the
precision of the treatment-effect estimates. This
could have led to overestimation of benefit and
underdetection of rare adverse events. Fifth, in
an open-label trial, patient-reported quality of
life is susceptible to expectation or performance
bias. However, bias was minimized in this trial
by blinded assessment of the scores on the VCSS
tool, which includes mostly objective clinical signs
that can be evaluated as opposed to subjectively
reported symptoms. VCSS assessment was stan-
dardized through required assessor training and
provision of the published scoring rubric.”

In this trial involving patients with moderate
or severe post-thrombotic syndrome and iliac-vein
obstruction, the addition of endovascular therapy
to standard care for post-thrombotic syndrome
resulted in less severe post-thrombotic syndrome
and better health-related quality of life than stan-
dard care alone over a period of 6 months but led
to a higher risk of bleeding.
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