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Summary
Background Early thrombus removal might prevent post-thrombotic syndrome by preserving venous function and 
restoring flow. Previous trials comparing additional catheter-directed thrombolysis to standard treatment showed 
conflicting outcomes. We aimed to assess the benefit of additional ultrasound-accelerated catheter-directed 
thrombolysis for the prevention of post-thrombotic syndrome compared with standard therapy in patients with 
iliofemoral deep-vein thrombosis.

Methods We did a multicentre, randomised, single-blind, allocation-concealed, parallel group, superiority trial in 
15 hospitals in the Netherlands. Patients aged 18–85 years with a first-time acute iliofemoral deep-vein thrombosis 
and symptoms for no more than 14 days were randomly assigned (1:1) to either standard treatment with additional 
ultrasound-accelerated catheter-directed thrombolysis or standard treatment alone. Randomisation was done with a 
web-based automatic programme and a random varying block size (2–12), stratified by age and centre. Standard 
treatment included anticoagulant therapy, compression therapy (knee-high elastic compression stockings; 
30–40 mmHg), and early ambulation. Additional ultrasound-accelerated catheter-directed thrombolysis was done 
with urokinase with a starting bolus of 250 000 international units (IU) in 10 mL NaCl followed by a continuous dose 
of 100 000 IU/h for a maximum of 96 h through the Ekos Endowave-system. Adjunctive percutaneous transluminal 
angioplasty, thrombosuction, or stenting was performed at the discretion of the physician who performed the 
intervention. The primary outcome was the proportion of patients with post-thrombotic syndrome at 12 months 
diagnosed according to the original Villalta criteria—a Villalta-score of at least 5 on two consecutive occasions at least 
3 months apart or the occurrence of venous ulceration—and was assessed in a modified intention-to-treat population 
of all randomly assigned patients who passed screening and started treatment. The safety analysis was assessed in the 
same modified intention-to-treat population. This study is complete and is registered at ClinicalTrials.gov, 
NCT00970619.

Findings Between May 28, 2010, and Sept 18, 2017, 184 patients were randomly assigned to either additional ultrasound-
accelerated catheter-directed thrombolysis (n=91) or standard treatment alone (n=93). Exclusion because of screening 
failure or early withdrawal of informed consent resulted in 77 patients in the intervention group and 75 in the standard 
treatment group starting allocated treatment. Median follow-up was 12·0 months (IQR 6·0–12·0). 12-month post-
thrombotic syndrome occurred in 22 (29%) patients allocated to additional treatment versus 26 (35%) patients receiving 
standard treatment alone (odds ratio 0·75 [95% CI 0·38 to 1·50]; p=0·42). Major bleeding occurred in four (5%) 
patients in the intervention group, with associated neuropraxia or the peroneal nerve in one patient, and no events in 
the standard treatment group. No serious adverse events occurred. None of the four deaths (one [1%] in the intervention 
group vs three [4%] in the standard treatment group) were treatment related.

Interpretation This study showed that additional ultrasound-accelerated catheter-directed thrombolysis does not 
change the risk of post-thrombotic syndrome 1 year after acute iliofemoral deep-vein thrombosis compared with 
standard therapy alone. Although this trial is inconclusive, the outcome suggests the possibility of a moderate 
beneficial effect with additional ultrasound-accelerated catheter-directed thrombolysis. Further research is therefore 
warranted to better understand this outcome in the context of previous trials, preferably by combining the available 
evidence in an individual patient data meta-analysis.

Funding The Netherlands Organisation for Health Research and Development (ZonMw), Maastricht University 
Medical Centre, BTG-Interventional Medicine.
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Introduction
Deep-vein thrombosis is a serious condition with a lifetime 
incidence of 2·5–5·0%,1,2 with persistence of long-term 
complications known as post-thrombotic syndrome in 
40–60% of those affected.3,4 Post-thrombotic syndrome 
negatively impacts quality of life5 and is associated with 
substantial costs.6 Standard treatment of deep-vein 
thrombosis includes immediate anticoagulant therapy to 
prevent thrombus growth and embolisation, as well as 
early mobilisation and compression therapy with the 
potential to reduce residual thrombus burden and the 
onset of post-thrombotic syndrome.7–9 Although effective 
in most patients, this treatment is not sufficient for those 
at the highest risk of post-thrombotic syndrome,9 in 
particular those with iliofemoral thrombosis.3,10,11 Early 
removal of the thrombus might improve long-term 
outcomes in these patients by restoring patency and 
preserving function of the affected vein segments.12,13 
Previous trials comparing additional catheter-directed 
thrombolysis to standard treatment showed conflicting 
outcomes.14–16 Although the CaVenT trial14,15 found an 
absolute risk reduction of 14·4% (95% CI 0·2–27·9) for the 
develop ment of post-thrombotic syndrome with additional 

catheter-directed thrombolysis after iliofemoral deep-vein 
thrombosis, no difference in risk was observed for the 
incidence of post-thrombotic syndrome with additional 
pharmacomechanical thrombolytic treatment in the larger 
ATTRACT trial.16 However, a subanalysis of the ATTRACT 
trial including patients with moderate-to-severe post-
thrombotic syndrome did indicate a risk reduction with 
additional catheter-directed thrombolysis.17 Because 
spontaneous resolution of iliofemoral thrombosis is rare, 
enhancing this natural process through ultrasound-
accelerated catheter-directed thrombolysis might be most 
beneficial in these patients. Here, we present the 
ultrasound-accelerated catheter-directed thrombolysis 
versus anticoagulation (CAVA) trial, in which we aimed to 
assess the efficacy and safety of additional ultrasound-
accelerated catheter-directed thrombolysis for the 
prevention of post-thrombotic syndrome in patients with 
iliofemoral deep-vein thrombosis.

Methods
Study design and participants
The CAVA trial was a multicentre, randomised, single-
blind, allocation-concealed, parallel group, superiority 

Research in context

Evidence before this study
We performed a systematic review in January, 2010. Therefore, 
we searched MEDLINE, PubMed, the ISRCTN controlled trials 
database, the UK National Health Service Centre for Reviews and 
Dissemination database, ClinicalTrials.gov, the Health Services 
Research Projects in progress (HSRProj), and Cordis database for 
randomised controlled trials referencing “post thrombotic 
syndrome” OR “post phlebitic syndrome” AND “catheter 
directed thrombolysis”. We found two publications of small, 
randomised controlled trials reporting on short-term results 
after catheter-directed thrombolysis in patients after an event of 
acute deep-vein thrombosis. One study by Elsharawy and 
colleagues (35 patients) assessed additional catheter-directed 
thrombolysis versus standard anticoagulation therapy. 
At 6 months, the proportion of patients with patency was 
72% (13 of 18) in patients treated with thrombolysis and 
12% (two of 17) in those with standard therapy (p<0·001). 
The other study, by Enden and colleagues, reported on the 
short-term results for the first 103 patients from the CaVenT 
trial allocated to either additional catheter-directed 
thrombolysis or standard treatment alone. At 6 months, 
the proportion of patients with iliofemoral patency was 
64% (32 of 50) in the intervention group versus 36% (19 of 53) 
in the standard treatment group, corresponding to an absolute 
risk reduction of 28% (95% CI 9·7–46·7; p=0·004). While our 
study was ongoing, the CaVenT trial (209 patients) reported its 
long-term results, and a difference in post-thrombotic 
syndrome corresponding to an absolute risk reduction of 14·4% 
(95% CI 0·2–27·9) was observed in patients with iliofemoral 
deep-vein thrombosis treated with catheter-directed 

thrombolysis and adjunctive stenting versus standard 
anticoagulant treatment alone. More recently, the ATTRACT trial 
(692 patients) results were published, and no difference was 
observed in the proportion of patients with post-thrombotic 
syndrome between treatment groups (157 [47%] of 336 in the 
thrombolysis group and 171 [48%] of 355 in the control group; 
with a risk ratio of 0·96 [95% CI 0·82–1·11]; p=0·56).

Added value of this study
Our trial only included patients with iliofemoral thrombosis; 
patients perceived at the highest risk of post-thrombotic 
syndrome and anticipated to gain the most from the 
intervention. Contrary to the expectations, the results of the 
CAVA trial show that even in the population at highest risk of 
post-thrombotic syndrome, early reperfusion with 
catheter-directed thrombolysis did not reduce the incidence 
of post-thrombotic syndrome. This highlights the need for 
reconsideration of this strategy, including patient selection, 
and intervention methods.

Implications of all the available evidence
The overall evidence is heterogeneous due to differences in 
populations, interventions, and definitions of the outcome and 
therefore, efforts should be made to match up the underlying 
risks to facilitate comparisons. Evidence suggests that 
catheter-directed thrombolysis as it is currently performed is not 
optimal for the prevention of post-thrombotic syndrome after 
an acute iliofemoral deep-vein thrombosis. However, individual 
patient data meta-analysis might provide a better and more 
accurate estimate of the effectiveness of this treatment.
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trial done in 15 hospitals throughout the Netherlands 
(appendix p 2). Six centres were inter ventional centres 
thereby responsible for doing the thrombolysis and 
eventual adjunctive interventions. Details on the trial 
design are provided in the protocol (appendix (pp 23–89).

Eligible patients aged 18–85 years had an objectively 
documented first-time iliofemoral deep-vein thrombosis 
(ie, complete or partial thrombosis of the common 
femoral vein or more cranial vein segments) with acute 
symptoms for no longer than 14 days, a life expectancy of 
more than 6 months, and no previous thrombus in the 
affected limb. Exclusion criteria were pre-existent signs 
of venous insufficiency (CEAP classification C3 or 
higher);18 history of gastrointestinal bleeding, cerebro-
vascular accident, or CNS disease within 1 year; severe 
hypertension (systolic blood pressure >180 mmHg or 
diastolic blood pressure >100 mmHg); active malignancy 
(metastatic, progressive, or treated within the previous 
6 months); increased alanine transaminase levels 
(more than three times the upper limit of normal 
[34 international units (IU)/L for women and 45 IU/L for 
men]); renal failure (estimated glomerular filtration rate 
<30 mL/min); major surgery within 6 weeks; pregnancy; 
or impaired mobility.18

This trial was approved by the review boards of all 
participating centres. Patients were recruited at the 
emergency room or outpatient clinic of the participating 
centres and written informed consent was obtained 
before randomisation.

Randomisation and masking
Before study participation, diagnosis of acute iliofemoral 
deep-vein thrombosis was done in all participating 
centres by compression ultrasound. After obtaining in-
formed consent, individual patients were randomly 
allocated in a 1:1 ratio to the intervention group receiving 
additional ultrasound-accelerated catheter-directed 
thrombolysis (including standard treatment and 
adjunctive procedures) or to the standard treatment 
group. The study coordinator at Maastricht University 
Medical Centre conducted the randomisation procedure. 
A web-based randomisation programme (TENALEA, 
ALEA version release 2.2) was used with a random 
variable block size (2–12), and randomisation was 
stratified for participating centre and age in three strata 
(18–50 years, 51–70 years, and 71–85 years). The allocated 
treatment was communicated to the patient by the 
central study coordinator performing the randomisation. 
Patients received standard treatment for deep-vein 
thrombosis at their local hospital and were asked not to 
disclose their allocation during visits with their treating 
physician or (local) study personnel. Treating physicians 
were informed of the patient’s participation in the study, 
but not on the treatment allocation.

The coordinating researcher at Maastricht University 
Medical Centre responsible for collecting, maintaining, 
and analysing the data was masked to assignment.

Procedures
Patients in both treatment groups received initial and 
long-term anticoagulation therapy according to inter-
national guidelines,7 with vitamin K antagonists (aceno-
coumarol or phenprocoumon), direct oral anti coagulants 
(rivaroxaban, apixaban, and dabigatran), or low-molecular-
weight heparin.

Custom-fitted knee-high elastic compression stockings 
(30–40 mmHg pressure) initiated within 24 h after deep-
vein thrombosis diagnosis with replacement every 
6 months were prescribed to all patients. Patients were 
instructed to use compression stockings during waking 
hours of every day for a minimum of 24 months after the 
deep-vein thrombosis.

Thrombolytic intervention had to be started no later 
than 21 days after the onset of symptoms at one of 
the six intervention centres. The interventions were 
performed using urokinase (Medacinase, Lamepro, 
Netherlands) in combination with the Ekos Endowave-
system (EKOS Corporation, Bothell, WA, USA). This 
system consists of an intelligent drug delivery catheter 
with a microsonic core containing multiple high-
frequency (2 MHz) ultrasound transducers. A detailed 
description of the thrombolysis protocol is provided in 
the appendix (pp 7–9). A total bolus dose of 250 000 IU 
urokinase in 10 mL NaCl was administered directly after 
placement of the thrombolysis catheter followed by a 
total of 100 000 IU/h through continuous infusion 
during the inter vention. Simultaneously, a therapeutic 
dose of heparin (a total of 1000 IU/h) was administered 
through the sheath to prevent new thrombus formation. 
During thrombolysis, which had a maximum duration 
of 96 h, the patient was confined to bed. During the 
intervention, standard anticoagulation treatment would 
be stopped and patients would receive therapeutic doses 
of low-molecular-weight heparin to prevent further 
thrombosis. When the intervention was stopped, 
patients would be restarted on their regular anti-
coagulant drugs 1 h after removal of the sheath. 
Coagulation status was assessed every 6 h to inform 
decisions on dose adjustment, dose interruption, or 
treatment termination. Daily venography was per-
formed to assess progress of thrombolysis. Interventions 
were terminated in the following cases: successful 
treatment (defined as a regained patency of ≥90%); no 
change in patency after 48 h; persisting activated partial 
thromboplastin time longer than 80 s; fibrinogen less 
than 8 mm in FIBTEM (appendix p 9); plasma fibrinogen 
less than 1·8 g/L; or when the maximum duration of 
thrombolytic treatment was reached. Adjunctive proce-
dures (eg, thrombosuction, percutaneous transluminal 
angioplasty, stenting, endo phlebectomy, or creating an 
arteriovenous fistula, or any combination of these) were 
at the discretion of the physician performing the inter-
vention; however, they were advocated in the case of 
compression syndromes or a persistent venous lumen 
reduction of more than 50%. Stenting, which was done 

See Online for appendix
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in the intervention group only, was done using dedicated 
venous stents.

In the case of bilateral deep-vein thrombosis, the leg 
with the most cranial localisation was considered to be the 
index leg. In patients with bilateral thrombosis, additional 
ultrasound-accelerated catheter-directed thrombolysis was 
performed in both legs.

A detailed overview of study assessments and study 
visits is provided in the appendix (pp 4–5). Assessment of 
trial outcomes was stipulated in the outpatient clinic at 
3, 6, and 12 months. If venous stenting was done, 
additional study visits to the intervention centre were 
planned 2 weeks and 6 weeks after the intervention, 
solely to assess stent patency. The follow-up visit at 
baseline and the 12-month follow-up visit were done at 
one of the six intervention centres nearest to the patients’ 
home to collect additional imaging data (magnetic 
resonance venography, extended duplex ultrasound, and 
air plethysmography if available). The lower extremity 
thrombosis (LET) classification was used to classify the 
extent of the thrombosis (LET class I defined as isolated 
calf vein thrombosis; LET class II as femoropopliteal 
thrombosis; LET class III as common femoral vein or 
iliac vein thrombosis, or both; and LET class IV as 
inferior cava vein thrombosis).11

The 3-month and 6-month study visits did not require 
any advanced imaging assessments or interventions. 
Therefore, at these visits, assessment of the Villalta score,19 
severity of complaints, the adherence to compression and 
anticoagulation therapy, and administration of quality-of-
life question naires could be done at all participating 
centres.

Textual and full-colour visual aids for standardised 
scoring of the objective Villalta items were provided to 
all participating centres.20 The different Villalta items 
were scored on a 4-point scale (0–3) with a total item 
score of 33. With higher scores indicating a higher 
severity of post-thrombotic morbidity, ranging from 
mild (5–9), moderate (10–14), to severe (≥15 or venous 
ulceration).19,20 The severity of post-thrombotic syndrome 
was also quantified using the venous clinical severity 
score (0–30),21 which was assessed at baseline and 
12-month follow-up.

Adherence to compression therapy was based on 
patient-reported estimates of the number of days per week 
that compression stockings were used; this information 
was translated into percentage of adherence.

The occurrence of adverse events (ie, major bleeding, 
recurrent [non-stent] deep-vein thrombosis, in-stent 
thrombosis, pulmonary embolism, or death) was 
recorded when encountered. Serious adverse events, 
defined as any untoward medical event resulting in 
death, life-threatening events, (prolonged) hospitalisation, 
persistent or significant disability or incapacity, a 
congenital anomaly or birth defect, or any unforeseen 
adverse outcomes, were also registered and reported to 
the adjudication committee (appendix p 43).

Quality of life was assessed based on scoring from the 
general health-related quality of life short form-36 (SF36; 
version 2),22 and EuroQol5D (EQ5D)23 questionnaires, the 
venous disease-specific VEINES-QOL instrument24–26 
(original relative summary score [T score] and intrinsic 
score; appendix pp 10–11), and the pain disability index 
(PDI).27 More details on how quality of life was scored are 
in the appendix (pp 10–11).

Outcomes
The primary outcome was the proportion of patients with 
post-thrombotic syndrome at 12 months after the acute 
event (a Villalta-score of ≥5 on two occasions at least 
3 months apart with the first assessment at least 3 months 
after the event or the presence of venous ulceration; 
appendix p 10).19 

We also assessed the proportion of patients with post-
thrombotic syndrome according to the International 
Society of Thrombosis and Haemostasis (ISTH) consen-
sus scoring method (a Villalta score ≥5 or venous 
ulceration at the 6-month visit or later) was assessed.20 
Compared with this method, the original scoring method 
used for the primary outcome is more conservative in 
diagnosing post-thrombotic syndrome. 

The main safety outcome was major bleeding 
(appendix p 11), which was defined as a bleeding 
associated with a fall in haemoglobin of at least 2 g/dL 
(about 1·24 mmol/L), a need for transfusion of two or 
more units of packed red blood cells or whole blood, 
symptomatic in a critical area or organ (intracranial, 
intraspinal, intraocular, retro peritoneal, intra-articular, 
pericardial, or intra muscular), or contributing to the 
death of the patient.28

Secondary outcomes of recurrent venous thrombo-
embolism (objectified deep-vein thrombosis involving a 
new venous segment or a previously involved venous 
segment for which symptomatic and imaging improve-
ment had been obtained in a patient with at least one 
previous episode of deep-vein thrombosis); pulmonary 
embolism (spiral CT showing an intravascular migration 
of a venous thrombus to the pulmonary arterial cir-
culation); in-stent thrombosis (objectified deep-vein 
thrombosis involving stented vein segments); and death 
during follow-up were all assessed by an independent 
adjudication committee. Health-related quality of life was 
also a secondary outcome.

Data on the proportion of post-thrombotic syndrome 
during follow-up later than 12 months, data on clot lysis, 
patency, and valve function, and measurements of 
markers of coagulation and inflammation will be 
published in separate manuscripts.

Statistical analysis
The study was designed to show that additional 
ultrasound-accelerated catheter-directed thrombolysis 
was superior to standard therapy alone for the prevention 
of the post-thrombotic syndrome. Given the invasiveness 
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of the procedure and the associated bleeding risks, we 
postulated that an outcome reduction of 17% (equivalent 
to an odds ratio [OR] of 0·26) resulting in a risk of 8% for 
the incidence of post-thrombotic syndrome in patients 
receiving additional ultrasound-accelerated catheter-
directed thrombolysis instead of the previously reported 
25%,29,30 would be worth the risk posed by the intervention. 
170 patients (85 per treatment group) were required for 
the trial to have 80% power at a two-sided type 1 error 
rate of 5%. To compensate for a 5% loss of patients 
during follow-up, 180 patients were to be included.

A prespecified interim analysis by the data safety 
moni toring board was planned to consider early 
termination of the trial for safety reasons at 6 months 
after the start of the study to compare the occurrence of 
major bleeding events between the two groups 
(appendix p 44).

The primary outcome analysis was a modified intention-
to-treat analysis including all patients who were randomly 
assigned, except those who did not pass screening and 
patients who immediately withdrew consent before start 
of allocated treatment (appendix p 12). Additionally, a per-
protocol analysis was done analysing data of all patients 
that completed the treatment and follow-up as assigned. 
For the primary outcome, the proportions of patients with 
post-thrombotic were compared with χ² analysis, and 
associated ORs and corresponding 95% CIs were 
calculated using StatPages and Open Source Epidem-
iologic Statistics for Public Health (OpenEpi). Addi-
tionally, we used the Kaplan-Meier method to calculate 
the cumulative incidence of post-thrombotic syndrome at 
12 months adjusted for centre to compare incidences 
between the two treatment groups. Loss to follow-up, 
withdrawals, and deaths were censored at the last 
available date. Hazard ratios (HRs) and their 
corresponding 95% CIs were calculated using Cox 
proportional hazard models, stratified for centre and 
adjusted for age, sex, clinical presentation of the 
thrombotic event (idiopathic or provoked), and extent of 
the index thrombosis at ultrasound using the LET 
classification.11,31 Descriptive analyses were used to assess 
patient characteristics, risk factors for venous thrombo-
embolism, the severity of post-thrombotic syn drome, 
adherence to therapy, treatment characteristics, the 
proportion of recurrent venous thromboembolism (deep-
vein thrombosis of the leg and pulmonary embolism), in-
stent-thrombosis, the proportion of major bleeding, and 
death. The safety analysis accounted for repeated events 
but not for differential follow-up. Safety was assessed in 
the modified intention-to-treat population of all patients 
who started the intervention. We applied a mixed-design 
analysis of variance to test for differences between the 
two treatment groups and to assess changes over time by 
comparing repeated outcome measures for quality of life 
scores at different timepoints during follow-up. A 
significance level of 0·05 (two-sided) or less was 
considered significant, in the case of multiple testing, 

adjusted significance levels based on the Bonferroni’s 
correction were used. If 5% or more of data were missing, 
imputation would be performed.

All analyses were done using SPSS, version 24. The 
study is registered at ClinicalTrials.gov (NCT00970619).

Role of the funding source
The funders of this study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final 
responsibility for the decision to submit for publication.

Results
Based on the results of the 6-month interim analysis on 
Nov 1, 2010, the data safety monitoring board recom-
mended that patient recruitment should continue to 

Figure 1: Trial profile
Eight of the screening failures were due to an incorrectly established location of the index thrombus on the 
diagnostic compression ultrasound. In all analyses, loss to follow-up or deaths were censored when encountered.

184 patients were enrolled

91 were randomly assigned to additional ultrasound-
 accelerated catheter-directed thrombolysis 

14 patients did not start assigned 
  treatment
 6 screen failures
 8 withdrew

18 patients did not start assigned 
  treatment
 4 screen failures
 14 withdrew

93 were randomly assigned to standard treatment 
 only

77 started assigned treatment 
 (modified intention-to-treat population)

 1 lost to follow-up

 3 died

75 started assigned treatment 
 (modified intention-to-treat population) 

77 participated at 3-month follow-up 

 1 lost to follow-up

74 participated at 3-month follow-up 

76 participated at 6-month follow-up 

 1 lost to follow-up
 1 died

74 participated at 6-month follow-up 

14 did not attend all three follow-up
 visits

74 participated at 12-month follow-up  

16 did not attend all three follow-up
 visits

71 participated at 12-month follow-up 

58 included in the per-protocol analysis 57 included in the per-protocol analysis
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complete the originally planned sample size of 
180 patients. Between May 28, 2010, and Sept 18, 2017, 
184 patients were randomly assigned to standard treatment 
with additional ultrasound-accelerated catheter-directed 

thrombolysis (91 patients), or standard treatment only 
(93 patients; figure 1). Before start of assigned treatment, 
ten patients were excluded because they did not meet 
inclusion criteria (ie, they were misclassified during 
screening; six in the intervention group and four in the 
standard treatment group) and 22 patients withdrew 
informed consent (18 at the day of random isation, 
six patients from the intervention group vs 12 from the 
standard treatment group, and two from each treatment 
group within 2 days of randomisation; appendix p 12). 
Despite providing careful and thorough information 
before inclusion, various reasons led to withdrawal of 
informed consent directly after random isation. Ten of the 
withdrawals in the standard treatment group were because 
of unwillingness of the patient to participate in additional 
study assessments while being allocated standard care. 
Withdrawal of informed consent led to termination of 
further follow-up. Specification of reasons for exclusion 
and withdrawal before start of allocated treatment are in 
the appendix (p 12). The modified intention-to-treat 
analysis comprised 152 patients. Treatment groups were 
similar regarding observed baseline characteristics and 
anticoagulant treatment (table 1). Median age was 
52·0 years (IQR 38·0–66·5) with equal representation of 
both sexes (77 [51%] men and 75 [49%] women) and 
median symptom duration at inclusion was 6·0 days 
(3·0–10·3). The prevalence of risk factors was similar 
between groups.

Median follow-up was 12·0 months (IQR 6·0–12·0). At 
12 months, the primary modified intention-to-treat 
analysis showed that post-thrombotic syndrome occurred 
in 22 (29%) of 77 patients who received additional 
ultrasound-accelerated catheter-directed thrombolysis 
and in 26 (35%) of 75 patients receiving standard 
treatment (OR 0·75 [95% CI 0·38 to 1·50], p=0·42; 
figure 2, table 2) The absolute difference was –6·1% 
(95% CI –21·6 to 9·8). The severity of post-thrombotic 
syndrome in the intervention group compared with the 
standard treatment group was mild (Villalta score 5–9; 
ten [13%] in the intervention group vs ten [13%] in the 
standard treatment group, p=0·95), moderate (Villalta 
score 10–14; 11 [14%] vs 12 [16%], p=0·77), or severe 
(Villalta score ≥15 or venous ulceration; one [1%] vs four 
[5%], p=0·21) and did not differ significantly between 
treatment groups (table 2). The cumulative incidence of 
post-thrombotic syndrome at 12 months was 22 (29%) of 
77 for additional ultrasound-accelerated catheter-directed 
thrombolysis and 26 (35%) of 75 for the standard 
treatment group (hazard ratio [HR] adjusted for centre 
0·76 [95% CI 0·43 to 1·35]). Post-thrombotic syndrome 
was diagnosed at 6 months in 13 (17%) patients in the 
intervention group and 19 (25%) in the standard 
treatment group, with another nine (12%) and seven (9%) 
patients diagnosed at 12-month follow-up. The HRs and 
95% CIs stratified for centre and adjusted for age, sex, 
clinical presentation of the acute thrombosis, and extent 
of the thrombus for the intervention group versus the 

Additional 
thrombolysis 
group (n=77)

Standard 
treatment 
group (n=75)

Age

Median, years 49·0  
(37·5–67·0)

52·0  
(38·0–65·0)

<40 years 23 (30%) 20 (27%)

40–65 years 33 (43%) 38 (51%)

>65 years 21 (27%) 17 (23%)

Sex

Female 38 (49%) 37 (49%)

Male 39 (51%) 38 (51%)

Body-mass index

Mean, kg/m² 28·0 (5·6) 27·4 (4·1)

<25·0 kg/m² 24 (31%) 22 (29%)

25·0–30·0 kg/m² 31 (40%) 33 (44%)

≥30·0 kg/m² 19 (25%) 15 (20%)

Unknown 3 (4%) 5 (7%)

Provoked deep venous thrombosis* 40 (52%) 32 (43%)

Risk factors

One 32 (42%) 22 (29%)

More than one 8 (10%) 10 (13%)

Surgery in the previous 2 months 9 (12%) 10 (13%)

Trauma in the previous 2 months 4 (5%) 4 (5%)

Pregnancy or childbirth in the 
previous 3 months

9 (12%) 5 (7%)

Hormone replacement therapy 2 (3%) 0

Oral contraceptives 9 (12%) 13 (17%)

Previous contralateral deep vein 
thrombosis

9 (12%) 5 (7%)

Previous pulmonary embolism 3 (4%) 5 (7%)

Active malignancy† 4 (5%) 1 (1%)

Thrombus location

Left 54 (70%) 55 (73%)

Right 21 (27%) 17 (23%)

Bilateral 2 (3%) 3 (4%)

Duration of symptoms at 
inclusion, days

6·0 (3·0–11·0) 7·0 (3·0–10·0)

Anticoagulant therapy at inclusion

Vitamin K antagonists 62 (81%) 63 (84%)

Direct oral anticoagulants 12 (16%) 6 (8%)

Low-molecular-weight heparin 1 (1%) 0

Unknown 2 (3%) 6 (8%)

Data are n (%), mean (SD), or median (IQR). *Acute deep-vein thrombosis is 
considered idiopathic or unprovoked in the absence of the following risk factors: 
surgery in the previous 2 months, trauma in the previous 2 months, pregnancy or 
childbirth in the previous 3 months, use of hormone replacement therapy, use of 
oral contraceptives, and active malignancy. †Active malignancy is defined as a 
current metastatic or progressive cancer diagnosis or having received cancer 
treatment within the previous 6 months.

Table 1: Baseline characteristics of the modified intention-to-treat 
population
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standard treatment group were 0·80 (0·44–1·45) with the 
original Villalta scoring and 0·93 (0·55–1·56) with the 
ISTH-consensus scoring method. Similar results were 
found in the per-protocol analysis (appendix p 16).

Major bleeding occurred solely in the intervention 
group (in four [5%] of 77 patients), most within 10 days 
after start of treatment (median 5·5 days [0·8–12·5]). 
No intracranial or intraspinal bleeds occurred; however, 
in one patient the major bleeding resulted in 
neuropraxia of the peroneal nerve. All events were 
related to the assigned thrombolytic treatment and 
required additional medical intervention. None of the 
four deaths, of which one (1%) occurred in the 
intervention group and three (4%) in the standard 
treatment group, were related to the instituted treatment 
or procedure. 

During follow-up, a total of 24 thrombotic events 
occurred in 20 patients: 14 (18%) of 77 patients from the 
intervention group had a total of 17 events (five recurrent 
[non-stent] deep-vein thromboses in five [6%] patients 
and 12 in-stent thromboses in ten [13%] patients) versus 
six (8%) of 75 patients  from the standard treat ment 
group who had seven events (five recurrent [non-stent] 
deep-vein thromboses in four [5%] patients and two 
pulmonary emboli in two [3%] patients). All of the 
thrombotic events (in-stent or non-stent) involved the 
index leg (table 3, appendix p 15). In the intervention 
group, all recurrent (non-stent) thrombotic events 
occurred while patients were on anticoagulant 
treatment, whereas in the standard treatment group, all 
patients were off anticoagulant treatment at the time of 
recurrence. In-stent thrombosis, which occurred solely 
in the intervention group because patients from the 
standard treatment group did not undergo venous 
stenting, occurred 12 times in ten patients (13%). 
Four of these occurred within 2 weeks after the primary 
inter vention. Repeated thrombolysis was initiated in 
six (60%) of ten patients and was combined with 
adjunctive endo vascular procedures in two of these 
patients and hybrid procedures (a combination of 
surgical and endovascular) in three patients. Two of 
these patients had a second event of in-stent thrombosis, 
after which lifelong conservative anticoagulation 
therapy was initiated. No serious adverse events 
occurred.

Allocated treatment was monitored and is summarised 
in the appendix (pp 13–14). Incidences of accidental un-
masking were not recorded. In three (4%) of 77 patients 
assigned to the intervention group, the procedure was 
not performed. In all other patients in the intervention 
group, thrombolysis was started at a median of 10·0 days 
(IQR 6·8–15·0) after onset of symptoms and was 
continued for a median of 2·0 days (1·0–3·0). Treatment 
was terminated early in 22 (30%) of the 74 patients who 
received thrombolytic treatment: in 19 patients because 
no progress in thrombus resolution was seen, in two 
patients because of a persisting low fibrinogen level, and 

one patient no longer wished to continue with 
thrombolysis. Adjunctive procedures were done in 
42 (55%) of 77 patients, including venous stenting in 
35 patients. Stenting involved the common iliac vein in 
29 patients and stenting caudal to the iliofemoral 
ligament was only done in three patients.

Adherence to compression therapy of more than 80% 
of days at 12-month follow-up was seen in 49 (66%) of 
74 patients in the intervention group and 51 (72%) 
of 71 patients receiving standard treatment. Few patients 
refrained from compression therapy: 12 (16%) in the 
intervention group and 11 (15%) in the standard 
treatment group. In the intervention group, 63 (82%) of 
77 had adherence of more than 80% of days at 3 months 
and 61 (80%) of 76 had more than 80% adherence at 
6 months compared with the control group, in which 
60 (81%) of 74 at 3 months and 61 (82%) of 74 at 6 months 
had more than 80% adherence. In the intervention 
group, 75 (97%) of 77 patients at 3 months, 73 (96%) of 
76 at 6 months, and 36 (49%) of 74 at 12 months were 
using anticoagulant therapy, compared with 69 (93%) of 
74 patients at 3 months, 66 (89%) of 74 at 6 months, 
and 43 (61%) of 71 patients at 12 months in the standard 
treatment group.

The complete quality of life data from baseline until 
month 12 for both treatment groups is in the appendix 
(p 17). Change between baseline and 12 months in general 
health-related quality of life measures (SF36 and 
EQ5D) and disease-specific quality-of-life measures 

Figure 2: Cumulative incidence of post-thrombotic syndrome
Tick marks show censored patients. *One censored patient (death) had already developed post-thrombotic 
syndrome and was registered as such.
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(VEINES-QOL/sym T and intrinsic scores) were similar 
between treatment groups (appendix p 17). Except for the 
VEINES-QOL/sym T score (p=0·71), all quality of life 
measurements significantly increased over time (p<0·04).

Discussion
Our study did not show a benefit from additional ultra-
sound-accelerated catheter-directed thrombolysis over 
standard treatment for the prevention of post-thrombotic 
syndrome 1 year after acute iliofemoral deep-vein 
thrombosis. Results were consistent in the modified 
intention-to-treat and per-protocol analyses and did not 
depend on predefined patient characteristics.

A non-significant absolute difference of –6·1% was 
associated with additional ultrasound-accelerated catheter-
directed thrombolysis versus standard treatment. This 
difference is far less than the anticipated –17% difference.

Additionally, our results as presented according to the 
ISTH definition are in concordance with the main results 
of the ATTRACT trial,16 both showing a more modest non-
significant risk reduction than our primary analysis using 
the original Villalta scoring and thus unable to confirm 
the outcomes of the CaVenT trial,14 which demonstrated 
an absolute risk reduction of 14·4% for the development 
of post-thrombotic syndrome with additional catheter-
directed thrombolysis.

We observed a significantly higher incidence of 
recurrent thrombotic events in the additional ultrasound-
accelerated catheter-directed thrombolysis group because 
of the occurrence of in-stent-thromboses. Furthermore, 
even though without severe consequences, major bleeding 
occurred solely in the intervention group. Moreover, 
additional ultrasound-accelerated catheter-directed throm-
bolysis did not significantly affect quality of life: both the 
generic as well as disease-specific patient-reported health-
related quality of life scores showed a similar improvement 
in both groups during follow-up.

Outcomes might have been influenced by differences 
in study design or selected study populations. The 
number of patients in our trial was lower than in the 
ATTRACT trial16 but similar to the number in the CaVenT 
trial.14 However, our number of patients with iliofemoral 
deep-vein throm bosis was about twice as high as in the 
CaVenT-trial. Thrombus location can influence the risk 
of developing post-thrombotic syndrome10,11 as well as the 
efficacy of thrombolytic treatment.13 The CAVA trial 
included patients with iliofemoral thrombosis only, 
providing a more homo geneous study population, which 
was considered an important advantage over the CaVenT 
trial. However, contrary to our expectations, this 
homogeneous selection of high-risk patients did not 
result in greater benefit for the patients. To that effect, 
the ATTRACT trial also did not show unequivocally 
better results in patients with iliofemoral thromboses 
than those with isolated femoropopliteal thromboses, 
which are clinically less severe or less therapy resistant. 
Moreover, a subanalysis involving exclusively patients 
with iliofemoral thromboses showed no preventive effect 
of catheter-directed thrombolysis on the development of 
any (mild to severe) post-thrombotic syndrome. However, 
the intervention did result in less severe post-thrombotic 
complaints and higher quality of life after 24 months.17 

Additional 
thrombolysis 
group (n=77)

Standard 
treatment 
group (n=75)

Difference between 
treatment groups 
(95% CI)

Odds ratio (95%CI)

Primary outcome*

Post-thrombotic syndrome 
12 months after deep-vein 
thrombosis assessed by 
Villalta’s criteria

22 (29%) 26 (35%) –6·1% (–21·6 to 9·8) 0·75 (0·38 to 1·50)

None (<5) 55 (71%) 49 (65%) 6·0% (–9·8 to 21·6) 1·33 (0·67 to 2·63)

Mild (5–9) 10 (13%) 10 (13%) –0·3% (–10·8 to 11·5) 0·97 (0·38 to 2·49)

Moderate (10–14) 11 (14%) 12 (16%) –1·7% (–13·5 to 10·4) 0·88 (0·36 to 2·13)

Severe (≥15) 1 (1%) 4 (5%) –4·0% (–6·5 to 2·5) 0·23 (0·03 to 2·14)

Additional outcomes*

Mean Villalta score at 
12 months19

4·0 (3·2) 4·9 (4·2) –0·8 (–2·1 to 0·4) ··

Post-thrombotic syndrome 
according to the ISTH Villalta 
scoring 12 months after 
deep-vein thrombosis20

32 (42%) 33 (44%) –2·4% (–14·4 to 19·2) 0·91 (0·48 to 1·72)

None (<5) 45 (58%) 42 (56%) 2·4% (–14·4 to 19·2) 1·11 (0·58 to 2·10)

Mild (5–9) 20 (26%) 14 (19%) 7·3% (–20·6 to 7·1) 1·53 (0·71 to 3·31)

Moderate (10–14) 11 (14%) 15 (20%) –5·7% (–7·3 to 17·6) 0·67 (0·28 to 1·56)

Severe (≥15) 1 (1%) 4 (5%) –4·0% (–2·5 to 6·5) 0·23 (0·03 to 2·14)

Mean venous clinical severity 
score at 12 months21

4·2 (2·5) 4·8 (2·7) –0·7 (–1·6 to 0·2) ··

Ulceration at any follow-up 
assessment

0 4 (5%) –5·4% (–1·9 to 7·9) 0·10 (0·01 to 1·94)

Data are n (%) or mean (SD). None of the comparisons in this table showed a statistically significant difference 
between groups. ISTH=International Society of Thrombosis and Haemostasis. *In the case of bilateral deep-vein 
thrombosis, the least favourable Villalta scores were used. 

Table 2: Efficacy outcomes

Additional 
thrombolysis 
group (n=77)

Standard 
treatment 
group (n=75)

Difference between 
treatment groups 
(95% CI)

Odds ratio (95% CI)

Primary outcome

Major bleeding*27 4 (5%) 0 5·2% (–0·4 to 2·7) 9·25 (0·49 to 174·7)

Secondary outcomes

Pulmonary embolism 0 2 (3%) –2·6% (–7·1 to 1·8) 0·19 (0·01 to 4·02)

Recurrent (non-stent) 
deep-vein thrombosis†

5 (6%) 4 (5%) 1·2% (–6·3 to 8·7) 1·23 (0·32 to 4·78)

In-stent thrombosis‡ 10 (13%) ·· ·· ··

Death 1 (1%) 3 (4%) –2·7% (–7·8 to 2·4) 0·32 (0·03 to 3·11)

Data are n (%). None of the comparisons in this table showed a statistically significant difference between groups. 
*Bleeding was associated with neuropraxia of the peroneal nerve. †In the standard treatment group, four patients 
developed a recurrent deep-vein thrombosis, of which one had two separate events; after the first event, which 
occurred when the patient had no anticoagulant treatment, treatment was reinstalled using direct oral anticoagulants; 
the second event developed despite anticoagulant treatment; thrombolysis was attempted, however it was 
unsuccessful; anticoagulant therapy will be continued indefinitely. ‡Of the ten patients who developed an 
in-stent-thrombosis, two patients encountered two separate events; in both cases, the second event was treated 
conservatively by lifelong continuation of anticoagulant therapy.

Table 3: Safety outcomes
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Both trials used catheter-directed thrombolysis with a 
mechanical component, which could potentially have 
induced vein wall damage, thereby blurring the effects of 
thrombolysis. However, this confusion is unlikely given 
the results of a study by Engelberger and colleagues32 that 
showed no difference in post-thrombotic syndrome 
incidence whether the mechanical component of the 
Ekos Endowave-system was activated during thrombolytic 
treatment or not. Also, the ATTRACT trial,16 which 
assessed multiple different thrombolytic treatment 
strategies, did not report any differential effect on out-
comes related to the use of different treatment modalities. 
In our study, patients who received additional ultrasound-
accelerated catheter-directed throm bolysis had treatment 
according to a single protocol used in all centres. 
Adjunctive procedures (mainly percutaneous trans-
luminal angioplasty and venous stenting), were com-
plicated by a high proportion of in-stent thromboses. 
This high proportion might have affected the clinical 
outcomes because recurrent thrombosis is one of the 
main risk factors for the development of post-thrombotic 
syndrome.29,33

The 12-month follow-up of this trial was shorter than 
the follow-up in the other two trials. Previous studies, 
including the ATTRACT trial, suggest that although 
post-thrombotic syndrome can still develop years after 
the acute event, it usually occurs within the first 
year.10,16,29,33,34 Since the CaVenT trial14 did not show a 
difference in incidence of post-thrombotic syndrome 
until 24 months, a longer follow-up theoretically might 
have led to different results.4

Our study has several limitations. Stringent inclusion 
criteria were used that resulted in a lengthy period of 
recruitment and could affect the generalisability of the 
results. For example, the use of direct oral anticoagulants 
was introduced during the inclusion period. Multiple 
patients withdrew informed consent immediately after 
randomisation because of disappointment when allocated 
to standard treatment only, which reduced our sample 
size, and although it did not result in a numerical 
misbalance between the treatment groups, it might have 
resulted in imbalance of prognostic factors. The higher-
than-expected proportion of patients with post-thrombotic 
syndrome in the standard treatment group might also 
have negatively affected the power of the trial. However, 
in patients that did receive assigned treatment, few were 
lost to follow-up during the trial. In addition, both 
treatment groups showed high compliance with 
compression therapy, maybe because in the Netherlands 
the use of compression stockings is more commonly 
accepted and is officially part of treatment than in most 
other European or North American countries, which 
might have rendered standard treatment as comparative 
treatment relatively successful.

The perceived advantage of selecting a homogenous 
population of patients with iliofemoral thrombosis might 
have turned out to be a disadvantage for the outcomes of 

our study, as these types of thromboses might be more 
treatment resistant. Whether this treat ment resistance is 
associated with the location of the thrombosis resulting 
in impaired venous outflow or with characteristics of the 
clot is uncertain.35 Further more, catheter-based inter-
vention protocols encourage physicians to apply addi-
tional procedures, including stent placement, intro ducing 
an extra risk factor for in-stent-thrombosis. Stents are not 
sufficiently equipped to reduce clot formation and new 
generations of stents might be required. Additionally, no 
robust evidence supports a particular anticoagulant 
regimen to prevent in-stent-thrombosis.36 Thus, a multi-
disciplinary approach is probably needed to solve the 
remaining problems, including better selection of 
patients, optimisation of treatment protocols, improve-
ment of the quality of the reperfusion process, assessment 
of the need for stenting, and enhancement of the quality 
of stent materials as well as optimisation of the (post-
inter ventional) antithrombotic policy. These problems 
need to be addressed in concert in order to make further 
steps towards successful reper fusion therapy in venous 
throm bosis.

In conclusion, this study showed that additional 
ultrasound-accelerated catheter-directed thrombolysis 
does not change the risk of post-thrombotic syndrome 
1 year after an acute iliofemoral deep-vein thrombosis 
compared with standard therapy alone. Although this 
trial is inconclusive, the outcome suggests the possibility 
of a moderate effect. Further research is therefore 
warranted to better understand our results in the context 
of previous trials, preferably by combining the available 
evidence in an individual patient data meta-analysis.
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