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Long-term outcome after additional catheter-directed
thrombolysis versus standard treatment for acute
iliofemoral deep vein thrombosis (the CaVenT study):
a randomised controlled trial

Tone Enden, Ylva Haig, Nils-Einar Klew, Carl-Erik Slagsvold, Leiv Sandvik, Waleed Ghanima, Geir Hafsahl, Pal Andre Holme, Lars Olaf Holmen,
Anne Mette Njaastad, Gunnar Sandbaek, Per Morten Sandset, on behalf of the CaVenT Study Group

Summary

Background Conventional anticoagulant treatment for acute deep vein thrombosis (DVT) effectively prevents thrombus
extension and recurrence, but does not dissolve the clot, and many patients develop post-thrombotic syndrome (PTS).
We aimed to examine whether additional treatment with catheter-directed thrombolysis (CDT) using alteplase reduced
development of PTS.

Methods Participants in this open-label, randomised controlled trial were recruited from 20 hospitals in the Norwegian
southeastern health region. Patients aged 18-75 years with a first-time iliofemoral DVT were included within 21 days
from symptom onset. Patients were randomly assigned (1:1) by picking lowest number of sealed envelopes to
conventional treatment alone or additional CDT. Randomisation was stratified for involvement of the pelvic veins
with blocks of six. We assessed two co-primary outcomes: frequency of PTS as assessed by Villalta score at 24 months,
and iliofemoral patency after 6 months. Analyses were by intention to treat. This trial is registered at ClinicalTrials.
gov, NCT00251771.

Findings 209 patients were randomly assigned to treatment groups (108 control, 101 CDT). At completion of 24 months’
follow-up, data for clinical status were available for 189 patients (90%; 99 control, 90 CDT). At 24 months, 37 (41-1%,
95% CI 31-5-51-4) patients allocated additional CDT presented with PTS compared with 55 (55-6%, 95% CI
45-.7-65-0) in the control group (p=0-047). The difference in PTS corresponds to an absolute risk reduction of 14-4%
(95% CI 0-2-27-9), and the number needed to treat was 7 (95% CI 4-502). Iliofemoral patency after 6 months was
reported in 58 patients (65-9%, 95% CI 55-5-75-0) on CDT versus 45 (47-4%, 37-6-57-3) on control (p=0-012).
20 bleeding complications related to CDT included three major and five clinically relevant bleeds.

Interpretation Additional CDT should be considered in patients with a high proximal DVT and low risk of bleeding.

Funding South-Eastern Norway Regional Health Authority; Research Council of Norway; University of Oslo; Oslo
University Hospital.

Introduction compression stockings (class II, 30 mm Hg) reduces the

Acute deep vein thrombosis (DVT) of the lower limbs
occurs in about 1-0 person per 1000 population per year
and is associated with substantial morbidity.! Inter-
national guidelines for antithrombotic therapy form the
basis of adequate treatment.” Although anticoagulation
effectively prevents thrombus extension, pulmonary
embolism, death, and recurrence, many patients develop
venous dysfunction resulting in post-thrombotic syn-
drome (PTS). This syndrome is characterised by pain,
swelling, a sensation of heaviness, oedema, pigmen-
tation, and deterioration of the skin, including venous
ulcers in severe cases.’ PTS is associated with reduced
individual health-related quality of life and a substantially
increased economic burden.**

About 80% of symptomatic DVT of the lower limbs
affects the popliteal and more proximal veins.” After
adequate anticoagulation, nearly half of these patients
develop some degree of PTS.® Daily use of elastic
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risk of PTS by about 50%.* However, even with recom-
mended treatment, around one in four patients is at risk of
a chronically impaired long-term outcome, and improved
treatment to reduce PTS development is greatly needed.
PTS probably evolves from venous obstruction, venous
incompetence caused by inflammatory destruction of the
venous valves in response to the acute thrombotic
occlusion, or both.? A recent systematic review" suggested
that accelerated removal of thrombus material by sys-
temic thrombolysis can prevent vein dysfunction
and PTS, but such treatment was associated with an
unacceptable risk of bleeding. Catheter-directed throm-
bolysis (CDT) is a novel modality in which a catheter is
introduced into the affected vein and advanced through
the thrombotic segment. Multiple side-holes enable
delivery of a thrombolytic agent directly into the clots,
and reduced doses of thrombolytic agents are used.
Several case series have shown effective lysis and
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promising results; however, the net clinical effect and
safety have not been documented in clinical trials. The
Catheter-directed Venous Thrombolysis (CaVenT) study
aimed to evaluate whether additional CDT for acute
iliofemoral vein thrombosis improved long-term out-
comes by reducing the risk of PTS.

Methods

Study design and participants

The CaVenT Study was a Norwegian, multicentre, open-
label, randomised controlled trial of the efficacy and
safety of additional CDT with alteplase in patients with a
first-time acute iliofemoral DVT. Patients aged 18-75 years
with an objectively verified DVT above mid-thigh level
and symptom duration up to 21 days were eligible for
inclusion. Patients were ineligible if an increased risk of
bleeding or other exclusion criteria were present (panel 1).
The study was approved by the Regional Committee for
Medical and Health Research Ethics and the Norwegian
Medicines Agency. Written informed consent was
obtained from all patients. The trial complied with the
Declaration of Helsinki and Good Clinical Practice
including monitoring of data. The trial protocol was
accepted by The Lancet.

Randomisation and masking

Patients were randomly assigned to treatment groups at
one of the 20 participating hospitals to conventional
treatment with initial low molecular weight heparin

Panel 1: Inclusion and exclusion criteria

Inclusion criteria

Age 18-75 years

Onset of symptoms within the past 21 days

Objectively verified (by diagnostic imaging) deep vein thrombosis localised in the
upper half of the thigh, the common iliac vein, or the combined iliofemoral segment
Informed consent

Exclusion criteria

Anticoagulant treatment before trial entry for more than the past 7 days
Contraindications to thrombolytic treatment, including bleeding diathesis
Indications for thrombolytic treatment—eg, phlegmasia caerulea dolens or isolated
vena cava thrombosis

Severe anaemia (haemoglobin <80 g/L)

Thrombocytopenia (platelets <80-10°/L)

Severe renal failure (estimated creatinine clearance <30 mL/min)

Severe hypertension—ie, persistent systolic blood pressure higher than 160 mm Hg or
diastolic blood pressure higher than 100 mm Hg

Pregnancy or thrombosis within 7 days postpartum

Less than 14 days postsurgery or post-trauma

History of subarachnoid or intracerebral bleeding

Disease with life expectancy less than 24 months

Drug misuse or mental disease that could interfere with treatment and follow-up
Former ipsilateral proximal deep vein thrombosis

Malignant disease needing chemotherapy

Any thrombolytic treatment within 7 days before trial inclusion

(LMWH) and warfarin followed by warfarin alone with
target intensity international normalised ratio (INR) of
2-0-3-0, or to CDT in addition to conventional treatment.
A random block allocation sequence for each trial site
with stratification for involvement of the pelvic veins
and block size of six was generated with the website
Randomization.com. Local trial investigators were
unaware of the block size and undertook enrolment and
treatment assignment by picking the lowest number of
sealed, opaque, numbered envelopes.

Procedures

DVT of the lower limb was verified by routine ultrasound,
or by venography or CT if ultrasound was inconclusive.
In all patients, anticoagulation was started with sub-
cutaneous LMWH, either with dalteparin (Fragmin,
Pfizer, New York, NY, USA) or enoxaparin (Klexane,
Sanofi, Paris, France), for at least 5 days according to the
guidelines.? Patients allocated CDT did not receive
warfarin initially and were transferred to one of the four
participating interventional centres at Aker, Rikshospitalet,
or Ulleval University Hospitals in Oslo, or the Ostfold
Hospital Trust in Fredrikstad. LMWH was discontinued
for at least 8 h before CDT, and was reintroduced in
combination with warfarin (with target INR 2:0-3-0) 1 h
after completion of the procedure. All patients in both
groups were advised to use knee-high elastic compression
stockings (class II) daily for 24 months.

Details of the CDT procedure have been reported
elsewhere.” A venography done at the start of the pro-
cedure established the topography of the thrombus. After
local anaesthesia, an infusion catheter with multiple
side-holes (Uni*Fuse Infusion Catheter, Angiodynamics,
Latham, NY, USA), or a similar catheter, covering the
thrombosed segments was introduced under ultra-
sonographic guidance, preferentially into the popliteal
vein. 20 mg alteplase (Actilyse, Boehringer-Ingelheim,
Ingelheim am Rhein, Germany) diluted in 500 mL 0-9%
NaCl was given at 0-01 mg/kg per h for maximum 96 h,
and the maximum dose was 20 mg/24 h. Unfractionated
heparin was given simultaneously as a continuous
intravenous infusion and the dose was adjusted to keep
activated partial thromboplastin time (Cephotest, Axis-
Shield, Oslo, Norway) at 1-2-1-7 times higher than the
upper normal limit. Additional antiplatelet treatment
was not given.

Clot burden at start of CDT and during thrombolysis
was assessed daily by venography and graded with a
scoring system.” Use of adjunctive angioplasty and stents
to establish flow and obtain less than 50% residual
stenosis were left to the discretion of the operator. On the
basis of clinical observation and laboratory monitoring,
all adverse events during hospital stay or shortly after
discharge were recorded. Major bleeding was defined as
previously reported.”

There were two co-primary effect variables: iliofemoral
patency after 6 months and frequency of PTS after
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24 months. Short-term patency results have previously
been published in the first 100 patients." Secondary effect
variables included frequency of clinically relevant
bleeding related to CDT, recurrent venous thrombo-
embolism (VTE) during follow-up, PTS at 6 months, and
whether PTS at 24 months was related to immediate
thrombolysis in the CDT group. Recurrent VIE was
registered if objectively verified with routine imaging at
local trial site. Frequency of PTS in patients with
iliofemoral patency after 6 months was a posthoc
secondary endpoint.

Clinical visits at 6 months (within 2 weeks) and
24 months (within 4 weeks) were done by a surgeon and
vascular physiologist (C-ES) with no knowledge of the
patients’ medical history or treatment allocation. The
patients were explicitly told not to reveal treatment
allocation. PTS was diagnosed with the Villalta scale and
patients were classified with PTS if the score was 5 or
more, or if a venous ulcer was present (panel 2).”%* All
patients were screened for thrombophilia before or after
anticoagulation treatment.

Statistical analysis
On the basis of existing documentation, we assumed that
the prevalence of PTS after 2 years would be at least 25%
in patients allocated conventional treatment as compared
with less than 10% in those allocated additional CDT." At
a significance level of 5% and a statistical power of 80%
or greater, 200 patients had to be included in the study.
Statistical analyses were by intention to treat” after
exclusion of ineligible patients who had been included by
mistake. On the basis of previous reports stating that
PTS should be diagnosed no earlier than 24 months
(chronic phase), Villalta score from the 6-month clinical
visit (subacute phase) was not carried forward for any
missing 24-month outcome data.” Missing outcome data
because of withdrawal of consent or death from cancer or
other causes not related to CDT or anticoagulation were
assumed to be missing independently of treatment
received and were not included in the analyses. When
comparing dichotomous variables in the two treatment
groups, we used a two-sided uncorrected ¥2 test. When
comparing continuous variables, we used a two-sided
t test, provided that the distributions were sufficiently
close to the normal distribution. Otherwise, a two-sided
Mann-Whitney test was used. SPSS (version 19) was used
for all analyses. Findings with p values less than 0-05
were deemed statistically significant. Complications were
presented as percentages.

Thistrialis registered at ClinicalTrials.gov, NCT00251771,
and the EudraCT number is 2005-004486-42.

Role of the funding sources

The trial was an investigator-initiated trial and a major
collaborative effort among the hospitals of the Norwegian
southeastern health region. The funding bodies had no
role in data collection, analysis, or interpretation of the
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data, the writing of the report, or the decision to submit
for publication. NEK, PMS, TE, and YH had complete
access to the data and had full responsibility for the
decision to submit the report.

Results
During January, 2006, to December, 2009, 209 patients
were recruited from 20 centres within eight hospital

Panel 2: Villalta scale for assessment of post-thrombotic
syndrome (PTS)™*

Five patient-rated venous symptoms

« Pain

» Cramps

» Heaviness

+ Paraesthesia
e Pruritus

Six clinician-rated signs

+ Pretibial oedema

+  Skin induration

» Hyperpigmentation

+ Pain during calf compression
» Venous ectasia

» Redness

Scoring

Each sign or symptom is rated as 0 (none), 1 (mild),

2 (moderate), or 3 (severe), and summed to produce a total
score. A total score of less than 5 indicates no PTS, of 5-14
indicates mild or moderate PTS, and of 15 or more (or
presence of venous ulcer) indicates severe PTS.

209 patients included

v v

101 allocated additional CDT

| | 108 allocated standard treatment

4 withdrew from study before CDT
4 did not meet eligibility criteria

2 with exclusion criteria

2 without inclusion criteria

93 started additional CDT procedure
2 technical failures
1 distal femoral DVT at start of
CDT did not receive alteplase

108 received standard treatment
1 received additional systemic
thrombolysis due to acute PE

2 deceased
1 from cancer

1 withdrew from study follow-up

A 4

| 5deceased
4 from cancer

4 withdrew from study follow-up

A 4

90 included in ITT analysis

| | 99 included in ITT analysis

Figure: Trial profile

CDT=catheter-directed thrombolysis. DVT=deep vein thrombosis. PE=pulmonary embolism. [TT=intention-to-treat.
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trusts of the South-Eastern Norway Regional Health
Authority (figure). During the trial, screening logs were
recorded for 613 patients admitted with VTE at two of
the main study sites, which contributed 61 (29%) of all
209 trial patients (Fredrikstad and Ulleval). The main
reasons for exclusion were DVT below mid-thigh (n=209)
or in other locations (n=77), age older than 75 years
(n=78) or younger than 18 years (n=2), advanced cancer

Additional catheter-directed Standard treatment only
thrombolysis (n=90) (n=99)
Baseline
Age (years) 533(15-7) 50-0(15-8)
Women 32 (36%) 38 (38%)
Duration of symptoms (days) 6-4 (4-4) 6-8 (4-8)
Isolated pelvic deep vein thrombosis* 3(3%) 2 (2%)
lliofemoral deep vein thrombosis* 38 (42%) 34 (34%)
Femoral deep vein thrombosis* 45 (50%) 58 (59%)
Left-sided deep vein thrombosis 54 (60%) 61 (62%)
No risk factor for venous thrombosis 31(34%) 26 (26%)
Transient risk factors for venous thrombosist
Surgery, previous 3 months 15 (17%) 13 (13%)
Trauma, previous 3 months 10 (11%) 15 (15%)
Short-term immobility 20 (22%) 19 (19%)
Infection, previous 6 weeks 6 (7%) 9 (9%)
Pregnancy, previous 3 monthst 5(6%) 3 (3%)
Hormone replacement therapy 4 (4%) 6 (6%)
Oral contraceptive pill 3(3%) 11 (11%)
Permanent risk factors for venous thrombosis
Previous venous thrombosist 9 (10%) 9(9%)
Cancert 3 (3%) 1(1%)
Obesity 9 (10%) 11 (11%)
Inflammatory bowel disease 0 3(3%)
First-degree relative with venous thrombosis 9 (10%) 13 (13%)
Two risk factors for venous thrombosis 26 (29%) 18 (18%)
Three risk factors for venous thrombosis 10 (11%) 14 (14%)
Thrombophilia
Heterozygous F5 rs6025 polymorphism 23 (26%) 22 (22%)
Homozygous F5 rs6025 polymorphism 1(1%) 4 (4%)
F2 rs1799963 polymorphism 6 (7%) 0
Protein C deficiency 1(1%)
Protein S deficiency 5(6%) 4 (4%)
Lupus anticoagulant 4 (4%)
Combined thrombophilia 4 (4%)t 4 (4%)§
At 24 months
Daily wear of compression stockings, class Il 57 (63%) 51(52%)
Recurrent venous thromboembolism 10 (11%) 18 (18%)
Cancer diagnosis 4 (4%) 7 (7%)
Data are mean (SD) or n (%). *Based on routine diagnostic imaging before recruitment (missing n=9). tAny condition
related to increased risk of bleeding, previous ipsilateral proximal deep vein thrombosis, advanced cancer, and being
pregnant are exclusion criteria. $One double heterozygous for the F5 rs6025 (factor V Leiden) and F2 rs1799963
(prothrombin gene 20210G—A) polymorphisms, one combined homozygous F5 rs6025 and heterozygous
F2 rs1799963, one combined homozygous F2 rs1799963 and protein S deficiency, and one combined heterozygous
F5 rs6025 and lupus anticoagulant. §One combined heterozygous F5 rs6025 and protein C deficiency, one combined
heterozygous F5 rs6025 and protein S deficiency, two combined heterozygous F2 rs1799963 and protein S deficiency.
Table 1: Demographic and clinical characteristics

34

(n=45), previous ipsilateral proximal DVT (n=25),
substance misuse (n=22), symptom duration greater
than 21 days (n=21), unwillingness to participate (n=15),
anticoagulation for longer than 7 days (n=7), bleeding
tendency (n=4), and other causes including pregnancy,
psychiatric problems, Down’s syndrome, or other serious
illnesses (n=53). Table 1 shows the demographic and
clinical characteristics of the 189 patients included in the
present analysis. Mean age was 51-5 years (SD 15-8) and
70 (37%) participants were female. Mean duration of
symptoms was 6-6 days (SD 4-6). Most baseline demo-
graphic and clinical characteristics were fairly equally
distributed between the groups.

Compliance with trial treatment was assessed. One
patient in the control group received additional systemic
thrombolysis on the day after recruitment because of
concomitant severe pulmonary embolism. One patient
allocated CDT did not receive thrombolysis at the
operator’s discretion because venography at initiation of
the procedure showed acute DVT only in the distal
femoral vein. Two patients received CDT for 6 days at the
operators’ discretion; both resulted in complete lysis
without complications. At 6 months follow-up, the
proportion of patients still on oral anticoagulation with
INR within the therapeutic range (2-0-3-0) was 61-1%
(95% CI 50-0-71-5) in the CDT group and 52-6%
(95% CI 41-6-63-5) in the control group (n=148). Corres-
pondingly, at 24 months (n=52), 65-4% (95% CI
46-2-80-6) in the CDT group were within therapeutic
range versus 50-0% (95% CI 32-1-67-9) of those on
control. At 6 months’ follow-up, 70 of 89 patients (78-7%,
95% CI 69-1-85-9) in the CDT group reported daily use
of elastic compression stockings compared with 68 of
99 patients (68-7%, 95% CI 59-0-77-0) in the control
group; at 24 months, these proportions were 57 of
90 patients (63-3%, 95% CI 53-3-72-6) versus 51 of
99 patients (51-5%, 95% CI 41-2-61-2).

Mean duration of CDT was 2-4 days (SD 1-1). 43 patients
had complete thrombolysis with CDT, and 37 had
successful partial (50-99%) lysis. Ten patients had unsuc-
cessful (<50%) lysis including two technical failures and
two ended early because of bleeding complications.
Adjunctive endovascular treatment was given in
39 patients; 23 received balloon angioplasty, 15 received
venous stents, and thrombus aspiration (AngioJet,
MEDRAD, Warrendale, PA, USA) combined with vena
cava filter was used in one patient with thrombus up to
the renal veins judged as potentially life-threatening.

Table 2 shows the long-term and short-term primary
outcomes. The absolute risk reduction of the long-term
endpoint PTS at 24 months’ follow-up in the patients
allocated CDT compared with the control group was
14-4% (95% CI 0-2-27-9), and the number needed to
treat was 7 (95% CI 4-502). Severe PTS was detected in
one patient on control treatment, and none of the patients
presented with venous ulcers. The absolute gain in the
short-term endpoint iliofemoral patency after 6 months
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(n=183) was 18-5% (95% CI 4-2-31-8) in the CDT group
compared with control.

At 6 months’ follow-up there was no difference in PTS
as assessed with the Villalta scale between the two
treatment groups (table 2). In patients with iliofemoral
patency at 6 months (both treatment groups), the
frequency of PTS after 24 months was 38 of 103 patients
(36-9%, 95% CI 28-2-46-5) compared with 49 of
80 patients with insufficient recanalisation (61-3%,
95% CI 50-3-71-2), corresponding to an absolute risk
reduction of 24-4% (95% CI 9-8-37-6; p=0-001). In the
CDT group, the frequency of PTS did not differ between
unsuccessful, partial, or complete lysis, and the
distribution of percent lysis was the same in patients
with and without PTS (data not shown). A per-protocol
analysis, excluding three patients in the CDT group who
did not receive alteplase and one patient allocated control
who received systemic alteplase, resulted in an absolute
risk reduction of 17-0% (95% CI 2-6-30-5, p=0-021),
with a number needed to treat of 6.

20 bleeding complications related to CDT were
reported; three were classified as major and five as
clinically relevant. The major bleeding events included
one abdominal wall haematoma necessitating blood
transfusion, one compartment syndrome of the calf
needing surgery, and one inguinal puncture site
haematoma. There were no deaths, pulmonary
embolisms, or cerebral haemorrhages related to CDT.
Four patients had non-bleeding complications related to
CDT including two patients with transient peripheral
neurological deficits of the treated limb, one patient with
local infection at the puncture site, and one patient who
had recently undergone abdominal surgery complicated
with ileus, intestinal resection, and septicaemia, who
developed possible vertebral osteomyelitis shortly after
discharge. There were no bleeding complications in
patients allocated control during the same period. During
follow-up, 28 patients had recurrent VTE and 11 were
diagnosed with cancer; there was no difference between
the groups (p>0-05; table 1).

Discussion

This randomised trial was the first to show a clinically
significant reduction in PTS after additional CDT
compared with conventional treatment alone. The abso-
lute risk reduction was 14-4% and treatment of seven
patients was needed to prevent one PTS, but CDT entailed
a small additional risk of bleeding. We believe that this
effectis clinically relevant and is a significantimprovement
in the prevention of PTS after severe DVT (panel 3).

The frequency of PTS in our study was slightly higher
than in some reports, and this finding might relate to
several aspects.*” Unlike studies that enrolled patients
with any proximal DVT, patients in this trial all had a
high proximal DVT. More proximal thrombus extension
is associated with worse Villalta score over time and
higher risk of developing PTS.** However, since PTS

www.thelancet.com Vol 379 January 7, 2012

syndrome at 6 months§

Additional catheter-directed Standard treatment only p value*
thrombolysis (n=90) (n=99)
n % (95% Cl) n % (95% Cl)
Post-thrombotic 37 41-1% (31-5-51-4) 55 55-6% (45-7-65-0) 0047
syndrome at 24 monthst
lliofemoral patency at 58 65-9% (55-5-75-0) 45 47-4% (37-6-57-3) 0-012
6 monthsti
Post-thrombotic 27 30-3% (21-8-40-5) 32 32:2% (23-9-42-1) 077

Post-thrombotic syndrome defined as Villalta score of 5 points or higher. *¥* test. tCo-primary outcomes. fFive
patients had inconclusive patency assessments and one was lost to follow-up at 6 months. §Secondary outcome.

Table 2: Short-term and long-term outcomes

can occur after popliteal and distal femoral DVT, all
proximal DVT might benefit from additional CDT, but
this notion needs further investigation.*® The duration of
the thrombotic occlusion is likely to play a part in valve
destruction and the recanalisation process, and thereby
in the development of PTS. Although up to 21 days of
symptoms was allowed before treatment in this trial, the
mean symptom duration of 6-6 days (SD 4-6) was well
within the 14 days used in other studies. Patients in both
groups reported decreasing use of compression treatment
during follow-up. This factor might have contributed to
development of PTS.** Finally, several previous studies
used non-standardised clinical scales for the assessment
of PTS, thus making comparisons less feasible.”?**

More standardised measures are likely in future studies
because the Villalta scale has recently been further
validated and generally recommended.'*** These recom-
mendations were published after the implementation of
our study, and the standardised approach for assessment
was not included in the original validation of the scale.
The CaVenT study mainly adhered to these recent recom-
mendations. However, the endpoint evaluator was not
masked to in which leg the DVT had occurred, the clinical
visits took place during normal work hours and not only
in the afternoon, and the patients wore elastic compression
stockings when attending the clinical visit. The timing of
the visits and the use of stockings might have reduced
swelling and vein dilatation.” Finally, although the Villalta
scale is apparently becoming a reference standard for
assessment of PTS, areas identified within the scale’s
reliability and responsiveness need further research.”
Despite the fairly high frequency of PTS overall, severe
PTS occurred in only one patient. Hence, the effect of
CDT on severe PTS remains unclear.

We undertook a per-protocol analysis excluding patients
in the CDT group who did not receive alteplase and a
patient allocated control who received systemic alteplase.
The absolute risk reduction was 17-0%, with a number
needed to treat of 6. This analysis excluded two patients
with technical failures and is probably a less representative
sample than that in the intention-to-treat analysis, since
some anatomical and pathophysiological variations will
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Panel 3: Research in context

Systematic review

A Cochrane review published in 2004 concluded that “Thrombolysis appears to offer
advantages in terms of reducing post-thrombotic syndrome and maintaining venous
patency after deep vein thrombosis”."® The systematic search was repeated in November,
2007, but no other studies were added, and the meta-analysis and conclusion remained
unchanged. Among the 12 studies included, two reported long-term outcomes—

ie, post-thrombotic syndrome. Both trials used systemic thrombolysis and there was no
validated assessment of outcome.?? One study using catheter-directed thrombolysis did
not include evaluation of clinically relevant outcomes.” We did a Medline search of
publications up to October, 2011, with no language restrictions, using the search terms
"venous thrombosis”, “thrombolytic therapy”, and “randomised controlled trial”. Trials
examining thrombolysis versus anticoagulation for acute deep vein thrombosis with
assessment of long-term clinically relevant outcomes—ie, the post-thrombotic syndrome
after 24 months—were considered. No recent trials fulfilling these criteria were found.

|

Interpretation

This randomised controlled trial was the first to evaluate the clinically relevant efficacy of
additional catheter-directed thrombolysis in patients with iliofemoral deep vein
thrombosis. Additional thrombolytic treatment reduced post-thrombotic syndrome
compared with anticoagulation alone, but was associated with a small additional risk of
bleeding. By contrast with systemic thrombolytic treatment, this bleeding risk seems
acceptable, and the effect size was in line with results for systemic treatment. Our findings
support recent guidelines and catheter-directed thrombolysis should be considered in
patients with high proximal deep vein thrombosis and low risk of bleeding.2 The
completion of an ongoing trial (NCT00790335) will give further evidence.

not be feasible for CDT; in our case, one patient with

agenesis of the inferior caval vein.

The inherent possibilities of bias from an open-label
design cannot be excluded. The patients’ expectations
might have affected their compliance and reporting of
symptoms. Since some of the items of the Villalta scale
are patient-reported symptoms, reporting bias cannot be
ruled out. Although apparently slightly better in the CDT
group than in the control group, compliance for use of
neither anticoagulation nor elastic compression stockings
differed significantly between the treatment groups. In
our view, a masked study is not an option because placebo-
control of this invasive procedure would be unethical and
highly resource-demanding. Two other aspects distin-
guishing the CDT group from control and possibly
leading to a selection bias were identified during imple-
mentation of the study. First, routine questioning after
randomisation in the angiography laboratory revealed
four patients who were not eligible for study participation,
suggesting suboptimum quality of study enrolment that
was not likely to be detected in the control group. Second,
four patients withdrew consent while waiting for initiation
of thrombolysis, suggesting reluctance towards invasive
treatment and extended hospital stay and emphasising
the importance of valid and sufficient patient information.
Finally, risk of selection bias could have been further
reduced by randomisation of block size rather than a

constant length of six.

Patency, often assessed within the first 6 months of
follow-up, has been used as a surrogate outcome in
studies of venous thrombolysis despite no clear-cut
definition or convincing documentation as a predictor of
long-term outcome.”® We have previously reported an
effect of CDT on patency using a rigorous definition of
iliofemoral venous patency.” The present findings with
PTS less frequently encountered in patients who had
regained iliofemoral patency after 6 months compared
with patients with insufficient recanalisation support a
relation between this surrogate outcome and a clinical
endpoint. However, venous patency after 6 months
cannot replace a clinically relevant outcome measure and
trials should aim for long-term clinical follow-up."* This
was also demonstrated by the Villalta scores at 6 months,
in which roughly 30% of patients in both treatment
groups scored 5 or more, suggesting persistent subacute
post-thrombotic symptoms preceding a stable clinical
phase when PTS can finally be assessed.”

When bleeding events without clinical relevance were
excluded, our bleeding complication rate of 9% was
similar to previous reports.*?* Most of the relevant
bleeding events were related to the puncture site and are
likely to have been caused by multiple punctures during
establishment of popliteal vein access. This finding
emphasises the importance of securing one venous
puncture only. No bleeding complications led to a per-
manently impaired outcome, supporting the previous
suggestion that complication rates are acceptable and
less frequent with newer CDT approaches compared
with early reports.?” Our results give further support to
this suggestion, but the bleeding risk should still be kept
in mind during selection of patients for CDT.

A Cochrane review including 12 studies of variable
quality and only one of CDT has concluded that venous
thrombolysis “appears to offer advantages”.” For two
more recent randomised trials only 6 months’ follow-up
has been reported, and these results have so far
contributed the only existing evidence from randomised
trials for the efficacy of CDT (panel 3).*#* Among the
11 studies of systemic thrombolysis only two reported
long-term PTS, and this outcome was assessed with two
different non-validated clinical scales. The combined
total population was only 101 patients. PTS occurred in
29 of 61 patients in the thrombolysis group versus 26 of
40 patients in the control group, which is in line with our
results. Additionally, several case series of variable sizes
suggest that additional CDT is feasible, safe, and efficient
for clot removal.>*** However, to compare the efficacy of
CDT across these studies, most of which have no control
group, is problematic. Follow-up has been variable and
outcomes including patency and PTS have been assessed
with various methods and definitions. Case series
suggesting very efficient CDT are likely to represent
highly selected patient populations—eg, low age and
exclusion of patients with occluded popliteal vein.*
However, technical differences including administration
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and dosing of the thrombolytic agent might also
contribute to differences across studies.

We regard our study population to be representative
and the CDT procedure to be applicable in a clinical
setting for three reasons: (1) patients were recruited in a
routine clinical setting; (2) trial sites consisted of local,
regional, and university hospitals; and (3) almost all the
exclusion criteria were related to potentially increased
complication risks. Finally, on the basis of screening logs
from two main trial sites, 10% of patients presenting with
acute VTE were recruited with few eligible patients
declining to participate.

With respect to technical procedural aspects, more
aggressive endovascular treatment, including adjunctive
pharmacomechanical techniques and higher doses of
thrombolytic agent and heparin, is likely to accelerate
and increase lysis and to reduce treatment time. These
changes could lead to additional improvements in
patency and long-term clinical outcome, but might also
carry increased risks. Results of the ongoing ATTRACT
study (NCT00790335) will add to evidence by assessing
three pharmacomechanical approaches, including
increased alteplase doses. However, reduced treatment
time with CDT techniques similar to ours has been
reported.” To restore continuous venous flow, the use of
a stent or stents in iliac vein and balloon angioplasty in
the femoropopliteal vein segment has been suggested.*
This proposal is based on scarce documentation, and
adjunctive endovascular treatment (and stents in
particular) was not aggressively used in our study and
might have modified the outcome in the CDT group.**

Because extensive DVT is associated with increased
risk of PTS development, comparison of patients with
and without pelvic vein involvement would have been
interesting. However, venography done during the CDT
procedure revealed pelvic DVT in some patients in whom
routine ultrasound imaging at baseline had shown only
femoral DVT, suggesting that the diagnostic quality for
thrombus extension was poor (data not shown). Only
patients in the CDT group received venography, hence
the baseline imaging of patients in the control group
could not be reassessed.

The absolute reduction in PTS of 14-4% in our study
corresponded with the 15% estimate used in the sample
size calculation in our protocol. We eventually reached
the target sample size, but because of loss to follow-up
and handling of missing data as described, the final
study population was closer to the critical limit for
detection of a clinical effect, and the effect estimate was
imprecise. This issue emphasises the need for additional
and more robust evidence in upcoming trials. Another
limitation of our study is possible local differences,
since four interventional centres did the intervention.
Although CDT was established as a treatment option in
all the centres before trial initiation, one regional centre
with accordingly more procedures might have done
better overall.
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In conclusion, additional CDT improved the clinically
relevant long-term outcome after iliofemoral DVT by
reducing PTS compared with conventional treatment
with anticoagulation and elastic compression stockings
alone. This improvement was at a cost of a small
additional risk of bleeding, emphasising the importance
of patient selection and securely performed invasive
procedures. Our findings are promising and supplement
the scarce and weak documentation on prevention of
PTS. We believe that our result is an important
contribution to the evidence base for treatment of severe
DVT and should be taken into account when clinical
guidelines are revised.

Contributors

All authors contributed to the design and implementation of the study,
the collection of data (except LS), and critical review of the report. TE was
trial manager, analysed the data, wrote the first draft, and coordinated the
writing of the report. YH analysed the data, co-managed the trial, and
co-wrote the initial drafts. N-EK and PMS had the original idea and design
of the study and obtained the main funding. LS was trial statistician.

Conflicts of interest
We declare that we have no conflicts of interest.

Acknowledgments

The sponsor of the trial was Oslo University Hospital. We thank all
patients who participated in the trial and the many collaborators at the
participating centres. The study was financially supported by grants
from the Research Council of Norway (running costs, grant 175465/
V50), the South-Eastern Norway Health Authority (fellowship to TE),
the University of Oslo (fellowship to TE), and Oslo University
Hospital Ulleval.

The CaVenT Study Group

Trial steering committee P M Sandset, N E Klgw, T Enden, Y Haig,

C E Slagsvold, L Sandvik, W Ghanima, G Hafsahl, P A Holme,

L O Holmen, A M Njaastad, G Sandbak.

Safety committee U Abildgaard, F Brosstad.

Institutions: trial sites (with numbers of patients and names of principal
investigators) Oslo University Hospital (Aker: 9, A M Njaastad, Ulleval:
44, T Enden), Akershus University Hospital (27, W Aasebg, H Tran,

N Schulz, D E Nilssen), @stfold Hospital Trust (Fredrikstad:

17, W Ghanima; Moss: 3, O Hagen), Innlandet Hospital Trust (Elverum:
6, M Kalbakken, A L Schulz; Gjevik: 6, T O Isaksen, P O Vandvik;
Hamar: 3, @ Bukten; Lillehammer: 8, S Donkor, G K Bekken,

KM Soldal), Telemark Hospital Trust (Notodden: 1, A G Holtan, T Baisa;
Skien: 10, E Miiller), Vestfold Hospital (3, E Nyquist), Vestre Viken
Hospital Trust (Beerum: 4, S Ulimoen; Drammen: 12, ] Dalgaard;
Kongsberg: 2, L Klevstul; Ringerike: 6, V Steenberg), Serlandet Hospital
(Arendal: 2, Y Benestad; Kristiansand: 9, ] Rolke), Lovisenberg Diakonale
Hospital (11, H Risstad, H Pihlstrem, ] Asvall, S Bjgrkhaug),
Diakonhjemmet hospital (6, T Holm, M Myrstad, H Lona).
Interventional centres (with numbers of CDT procedures and names of
principal interventional radiologists) Oslo University Hospital (Aker:

14, G Sandbaek; Rikshospitalet: 22, G Hafsahl; Ulleval: 43, N E Klow),
@stfold Hospital Trust (Fredrikstad: 11, L O Holmen).

References

1 White RH. The epidemiology of venous thromboembolism.
Circulation 2003; 107: 1-4-1-8.

2 Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE,
Comerota AJ. Antithrombotic therapy for venous thromboembolic
disease: American College of Chest Physicians evidence-based
clinical practice guidelines, 8th edn. Chest 2008; 133: 454S-545S.

3 Kahn SR. The post-thrombotic syndrome: progress and pitfalls.
Br ] Haematol 2006; 134: 357-65.

4 Guanella R, Ducruet T, Johri M, et al. Economic burden and cost
determinants of deep vein thrombosis during two years following
diagnosis: a prospective evaluation. J Thromb Haemost 2011;
published online Sept 22. DOI:10.1111/j.1538-7836.2011.04516.x.

37



Articles

38

10

11

12

13

14

15

16

17

18

19

Bergqvist D, Jendteg S, Johansen L, Persson U, Odegaard K. Cost of
long-term complications of deep venous thrombosis of the lower
extremities: an analysis of a defined patient population in Sweden.
Ann Intern Med 1997; 126: 454-57.

Kahn SR, Hirsch A, Shrier I. Effect of postthrombotic syndrome
on health-related quality of life after deep venous thrombosis.

Arch Intern Med 2002; 162: 1144-48.

Kearon C. Natural history of venous thromboembolism. Circulation
2003; 107: 1-22-1-30.

Prandoni P, Lensing AW, Prins MH, et al. Below-knee elastic
compression stockings to prevent the post-thrombotic syndrome:

a randomized, controlled trial. Ann Intern Med 2004; 141: 249-56.
Brandjes DP, Buller HR, Heijboer H, et al. Randomised trial of
effect of compression stockings in patients with symptomatic
proximal-vein thrombosis. Lancet 1997; 349: 759-62.

Watson LI, Armon MP. Thrombolysis for acute deep vein
thrombosis. Cochrane Database Syst Rev 2004; 4: CD002783.

Enden T, Sandvik L, Klow NE, et al. Catheter-directed venous
thrombolysis in acute iliofemoral vein thrombosis-the CaVenT
Study: rationale and design of a multicenter, randomized, controlled,
clinical trial (NCT00251771). Am Heart ] 2007; 154: 808-14.
Mewissen MW, Seabrook GR, Meissner MH, Cynamon J,
Labropoulos N, Haughton SH. Catheter-directed thrombolysis

for lower extremity deep venous thrombosis: report of a national
multicenter registry. Radiology 1999; 211: 39-49.

The Matisse Investigators. Subcutaneous fondaparinux versus
intravenous unfractionated heparin in the initial treatment of
pulmonary embolism. N Engl | Med 2003; 349: 1695-702.

Enden T, Klow NE, Sandvik L, et al. Catheter-directed thrombolysis
vs. anticoagulant therapy alone in deep vein thrombosis: results of
an open randomized, controlled trial reporting on short-term
patency. | Thromb Haemost 2009; 7: 1268-75.

Villalta S, Bagatella P, Piccioli A, Lensing AW, Prins MH, Prandoni P.
Assessment of validity and reproducibility of a clinical scale for the
postthrombotic syndrome. Haemostasis 1994; 24 (suppl 1): 157.

Kahn SR, Partsch H, Vedantham S, Prandoni P, Kearon C.
Definition of post-thrombotic syndrome of the leg for use in clinical
investigations: a recommendation for standardization.

J Thromb Haemost 2009; 7: 879-83.

Hollis S, Campbell F. What is meant by intention to treat analysis?
Survey of published randomised controlled trials. BMJ 1999;

319: 670-74.

Kahn SR, Ginsberg JS. Relationship between deep venous
thrombosis and the postthrombotic syndrome. Arch Intern Med
2004; 164: 17-26.

Ghanima W, Kleven IW, Enden T, et al. Recurrent venous
thrombosis, post-thrombotic syndrome and quality of life after
catheter-directed thrombolysis in severe proximal deep vein
thrombosis. | Thromb Haemost 2011; 9: 1261-63.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Kahn SR, Shrier I, Julian JA, et al. Determinants and time course of
the postthrombotic syndrome after acute deep venous thrombosis.
Ann Intern Med 2008; 149: 698-707.

Stain M, Schonauer V, Minar E, et al. The post-thrombotic
syndrome: risk factors and impact on the course of thrombotic
disease. J Thromb Haemost 2005; 3: 2671-76.

Arnesen H, Hoiseth A, Ly B. Streptokinase of heparin in the
treatment of deep vein thrombosis. Follow-up results of a
prospective study. Acta Med Scand 1982; 211: 65-68.

Schweizer J, Elix H, Altmann E, Hellner G, Forkmann L.
Comparative results of thrombolysis treatment with rt-PA and
urokinase: a pilot study. Vasa 1998; 27: 167-71.

Vedantham S, Grassi CJ, Ferral H, et al. Reporting standards for
endovascular treatment of lower extremity deep vein thrombosis.

J Vasc Interv Radiol 2006; 17: 417-34.

Kahn SR. Measurement properties of the Villalta scale to define
and classify the severity of the post-thrombotic syndrome.

J Thromb Haemost 2009; 7: 884-88.

Grunwald MR, Hofmann LV. Catheter-directed thrombolysis for the
treatment of symptomatic deep vein thrombosis. Circulation 2004;
109: e10.

Sharifi M, Mehdipour M, Bay C, Smith G, Sharifi ]. Endovenous
therapy for deep venous thrombosis: the TORPEDO trial.

Catheter Cardiovasc Interv 2010; 76: 316-25.

Elsharawy M, Elzayat E. Early results of thrombolysis vs
anticoagulation in iliofemoral venous thrombosis. A randomised
clinical trial. Eur ] Vasc Endovasc Surg 2002; 24: 209-14.

Ly B, Njaastad AM, Sandbaek G, Solstrand R, Rosales A,

Slagsvold CE. [Catheter-directed thrombolysis of iliofemoral venous
thrombosis]. Tidsskr Nor Laegeforen 2004; 124: 478-80 (in Norwegian).
Broholm R, Sillesen H, Damsgaard MT, et al. Postthrombotic
syndrome and quality of life in patients with iliofemoral venous
thrombosis treated with catheter-directed thrombolysis. J Vasc Surg
2011; published online July 28. DOI:10.1016/j.jvs.2011.06.021.
Grunwald MR, Hofmann LV. Comparison of urokinase, alteplase,
and reteplase for catheter-directed thrombolysis of deep venous
thrombosis. J Vasc Interv Radiol 2004; 15: 347-52.

Vedantham S. Quality improvement guidelines for the treatment
of lower extremity deep vein thrombosis with use of endovascular
thrombus removal. | Vasc Interv Radiol 2006; 17: 435-47.

Chung JW, Yoon CJ, Jung SI, et al. Acute iliofemoral deep vein
thrombosis: evaluation of underlying anatomic abnormalities by
spiral CT venography. J Vasc Interv Radiol 2004; 15: 249-56.

Kwak HS, Han YM, Lee YS, Jin GY, Chung GH. Stents in common
iliac vein obstruction with acute ipsilateral deep venous thrombosis:
early and late results. J Vasc Interv Radiol 2005; 16: 815-22.

www.thelancet.com Vol 379 January 7, 2012



	Long-term outcome after additional catheter-directed thrombolysis versus standard treatment for acute iliofemoral deep vein thrombosis (the CaVenT study): a randomised controlled trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Statistical analysis
	Role of the funding sources

	Results
	Discussion
	Acknowledgments
	References


