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Venous

The goals for treatment of acute deep venous thrombosis (DVT) have 
expanded as the understanding of the pathophysiology behind venous 
thromboembolism has evolved. There are four generally accepted goals 
for the treatment of lower extremity DVT. Those goals are to diminish the 
severity and duration of acute lower extremity symptoms, prevent 
pulmonary embolism, minimise the risk of recurrent venous thrombosis, 
and (prevent post-thrombotic syndrome (PTS). One argument against 
treating all DVT aggressively is the associated risk of major bleeding and 
common practice relies heavily on the use of thrombolytic agents, 
anticoagulation medications and procedures requiring endovascular 
access. Notwithstanding, the most recent multicentre randomised 
controlled trials (RCTs) regarding acute DVT intervention (ATTRACT, 
CaVenT, CAVA) all found weak effects from endovascular thrombus 
removal. Fortunately, the vascular community has witnessed a rapid 
refinement of endovascular devices and thrombotic therapy that reduce 
bleeding risk by requiring little to no adjunct thrombolysis. Such a 
monumental change calls into question the modern-day applicability of 
conclusions from previous foundational – and at times conflicting – 
vascular research that weighed the risks of bleeding against the benefits 
of acute intervention.

By the mechanism of action, conventional anticoagulation works to 
prevent further propagation of thrombus. Patients with acute DVT who are 
treated solely with anticoagulation, therefore rely on their innate 
fibrinolytic pathways to dissolve the clot if vein patency is to be re-

established. Such resolution can be slow and, in many cases, the entirety 
of the residual vein thrombosis (RVT) never completely dissipates.

DVT that is unsuccessfully treated can lead to venous reflux and venous 
hypertension that builds with time. The resultant venous hypertension 
then causes increased capillary bed pressures which cause inflammatory 
oedema and endothelial remodelling. When these physiological changes 
produce symptoms, PTS is diagnosed. PTS typically manifests as pain, 
swelling and skin changes of various degrees of severity from mild to 
severely debilitating. One survey of patients suffering from PTS reported 
quality of life measurements comparable to those reported by patients 
with chronic angina, heart failure and many cancers.1 Certain patient 
characteristics increase the risk of developing PTS (Table 1).

The prevention of PTS has been a focus of recent research, with conflicting 
evidence regarding its management. In the past, therapy centred around 
external venous compression; however, one RCT showed that DVT 
patients who wear elastic compression stockings daily after a proximal 
DVT showed no improvement in PTS.2 Furthermore, a meta-analysis of 
674 reports suggested that the current body of evidence for compression 
therapy was limited and further studies of compression stockings to 
prevent PTS were needed.3

The purpose of this review is to outline the evolution in acute DVT 
management which now encompasses better patient selection, care 
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pathways for earlier endovascular management and catheter 
thrombectomy technology that is more efficient and often requires 
minimal or no adjunctive thrombolytic medication.

Open Vein Hypothesis
It has long been hypothesised that rapid restoration of venous outflow by 
early thrombus removal can prevent valvular reflux and complications of 
PTS. The clinical importance of RVT as a determinant for the risk of 
developing PTS has borne out in clinical research for many years.4 Despite 
this knowledge, the burden of major bleeding risk has dissuaded many 
physicians from aggressively treating acute DVT as, until recently, 
systemic thrombolysis has been the only non-surgical option to achieve 
‘open vein’ status.

The treatment of lower extremity DVT is typically stratified initially by the 
location as found on the presenting conventional duplex ultrasound. This 
stratification is commonly iliofemoral DVT (IF-DVT), femoropopliteal DVT 
and isolated calf DVT. The notion of ascending versus descending DVT is 
not part of this stricter anatomical imaging stratification. Skilled technicians 
can use modern point of care ultrasound to detect RVT with extremely high 
sensitivity and specificity and essentially no risk to the patient (Figure 1). 
Duplex ultrasound studies have found that conventional anticoagulation of 
distal infrapopliteal DVT is efficacious, but when the culprit anatomy is 

more proximal, such as with IF-DVT, the recanalisation rates on a venous 
duplex at 6 months are less robust and have higher rates of RVT (Table 2).5 
Hypothetically, if patients with IF-DVT received early interventions for 
thrombus removal and patients with more distal DVT were monitored on 
anticoagulation alone, RVT would be minimised and fewer patients would 
suffer moderate-to-severe PTS.

With this hypothesis in mind, a search for literature specifically assessing 
adverse outcomes associated with patients that had RVT after DVT 
identified seven peer-reviewed studies, comprising data from more than 
3,000 patients. The data from those studies produced a pattern of three 
clinically relevant outcomes (Table 3). RVT after DVT was repeatedly 
associated with recurrent venous thromboembolism (VTE) (HR 2.2 and 
2.4; OR 3.9 and 21.3).2,6–8 The presence of RVT after DVT was predictive of 
developing PTS (OR 2.17) and patients with RVT suffered more severe PTS 
symptoms (mean Villalta PTS severity score 7.1 versus 2.2).3,9,10 One recent 
study identified RVT as the single most powerful predictor of venous stent 
failure (HR 7.4).10 Beyond these seven studies, there are two others – 
CaVenT and ATTRACT – with seemingly contradictory conclusions that 
should be further analysed side by side.

CaVenT
The CaVenT study randomised 209 patients from 20 hospitals in Norway 
who presented with a first-time acute DVT that was either femoral or 
iliofemoral.11 The intention was to treat one arm of patients with catheter-
directed thrombolysis (CDT) in addition to standard anticoagulation, treat 
the other arm with anticoagulation-based treatment alone and follow the 
clinical outcomes to see if thrombolysis reduced the risk of PTS. At 24 
months, patients in the CDT arm experienced an absolute risk reduction 
for having PTS of 14.4% compared to conventional anticoagulation alone. 
Long-term follow-up results of the CaVenT trial showed this same absolute 
risk reduction increase to 28% after 5 years (42.5% versus 70.8%). 
Collecting such enduring data dropped the already low number needed 
to treat from seven to four.12 As qualification of PTS for these patients, 
83.8% of cases in the CDT arm and 77.8% of the cases in the standard 
treatment arm were mild (Villalta score 5–9). Differences in quality of life 
(QOL) indices measured did not reach statistical significance.

Regarding the open vein hypothesis, the CaVenT study found that 
iliofemoral vein patency after 6 months was more often present in the 
CDT group and patency after 24 months correlated with residual thrombus 
burden after completing CDT treatment. Interestingly, regarding the 
effects on PTS itself, the end-of-procedure venogram result (i.e. the 
amount of residual thrombus) did not correlate with either 2-year PTS 
(binary) or with the continuous 2-year Villalta scores. The CaVenT study 
therefore, does suggest that maintenance of an open vein may best 
correlate with improved late clinical outcomes rather than early thrombus 
removal.

ATTRACT 
The ATTRACT trial was an RCT designed to evaluate pharmacomechanical 
catheter-directed thrombolysis (PCDT) as a method for the prevention of 
PTS in patients with proximal DVT.13 The first arm underwent a PCDT 
protocol in addition to conventional anticoagulation. The control arm 
received conventional anticoagulation only. The protocol used three 
different catheter modalities and all patients in the intervention arm were 
given catheter-directed tissue plasminogen activator (tPA) as the 
thrombolytic agent. The primary efficacy outcome was the development 
of PTS, defined as a score of 5 or greater on the Villalta PTS scale or 
venous ulceration at any time from the 6-month post-randomisation 

Table 1: Patient Characteristics Associated with 
Increased Risk of Developing Post-thrombotic 
Syndrome Following Deep Vein Thrombosis

PTS Risk Factors
Proximal (iliofemoral) DVT

Presenting with symptomatic DVT at time of diagnosis

History of venous insufficiency or prior ipsilateral DVT

Residual thrombus months following diagnosis

Inadequate anticoagulation following diagnosis

Elderly age

Obesity

DVT = deep vein thrombosis; PTS = post-thrombotic syndrome.

Figure 1: Ultrasound Imaging of 
a Left External Iliac Vein

Arrow points to chronic thrombotic material. The grey debris represents residual vein thrombosis 
(RVT) and the darkest portion represents the patent portion of the vein. The presence of significant 
RVT on follow-up imaging in this patient increases the risk of recurrent venous thromboembolism 
and developing post-thrombotic syndrome that is more severe than those of the average patient 
without RVT. 
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follow-up visit to the 24-month visit. Over 24 months, investigators were 
unable to detect any statistically significant relative risk reduction of PTS 
between the two trial arms. Of the patients, 47% that received PCDT and 
48% of non-PCDT patients met the primary outcome (ARR <0.01; RRR 
0.02, 95% CI [0.82–1.11]; p=0.56).

The ATTRACT study did find that PCDT reduced PTS severity and improved 
venous QOL in the subgroup of IF-DVT patients.14 For the IF-DVT subgroup, 
symptom severity scores were higher (worse), and venous disease-specific 
QOL scores were lower (worse) in patients with greater post-PCDT thrombus 
volume over 1 and 24 months, with the difference reaching statistical 
significance for the 24-month Villalta PTS severity score (p=0.0098).15

The ATTRACT investigators deserve congratulations on executing this 
important body of work. However, the field of venous intervention has 
gained considerable experience and improvement in technology since 
ATTRACT was initiated in 2009. Therefore, the nearly 50% rate of PTS – 
found not only in the ATTRACT trial but also in VETO, CaVenT, and CAVA – 
is not satisfactory.11,16,18 Clinicians and industry partners are actively working 
on procedural and technological advances.

Technological Advancements
There has been an ongoing effort to improve the efficacy of stand-alone 
CDT in reducing thrombus burden in acute IF-DVT. One such development 
is ultrasound-assisted catheter-directed thrombolysis (USAT), combining 
CDT with a catheter system that uses high-frequency, low-power 
ultrasound.18 According to in vitro studies, ultrasound causes reversible 
disaggregation of uncrosslinked fibrin fibres, which when combined with 
ultrasound pressure waves increases the thrombus penetration of 
thrombolytic drugs.19–21 Unfortunately, the clinical benefit of these USAT 
devices remains uncertain.

When CDT was compared with USAT for the treatment of patients with 
acute IF-DVT in the BERNUTIFUL trial, no statistically significant difference 
in PTS symptoms or thrombus load reduction was found between the two 
treatment groups.22 In addition, the CAVA trial, a multicentre RCT that 
compared USAT in addition to standard therapy against standard therapy 
alone in patients with acute IF-DVT found no benefits to USAT in terms of 
PTS or QOL at 1-year follow-up.17

Over the past few years, there have been substantial advances in catheter-
based thrombectomy devices which allow for more efficient and faster 
treatment times as well as reducing or even eliminating a need for adjunctive 
thrombolytic medications. These newer thrombectomy devices are the 
focus of current studies and will hopefully be found to have a positive 
impact on reducing RVT which should decrease the incidence of PTS.

In addition, advances in the care pathway of the lower extremity DVT 
patient have led to more thoughtful pre-procedural planning. Advanced 
imaging such as MR venography (MRV) or CT venography (CTV) are non-
invasive but provide vast amounts of data to contextualise DVTs. Their use 
prior to intervention can characterise the presence of extrinsic 
compression, better assess the overall thrombus burden, and identify 
important concomitant pathologies such as tumours or masses. Having 
those data before attempting endovascular intervention allows for a more 
tailored approach which helps drive efficiency and device selection.

The use of intravascular ultrasound (IVUS) to guide venous intervention is 
an especially important advancement as highlighted by the VIDIO trial 
which compared the diagnostic efficacy of multiplanar venography 

combined with IVUS against venography alone for iliofemoral vein 
obstruction.23 Results demonstrated that the addition of IVUS improved 
predictive imaging accuracy and guided decision-making for the treatment 
of iliofemoral venous lesions. In fact, in this series, IVUS changed the 
treatment plan by the type of therapy in 60 of 100 patients and determined 
the need for venous stenting in 50 of 100 patients. The VIDIO trial 
concluded that without IVUS, iliofemoral vein occlusive disease would 
have been undertreated in the majority of patients studied.

There is a common thread from the CAVA and CaVenT studies and the IF-
DVT patients of the ATTRACT trial, which inspires hope for a future in 
which it is possible to predict which patients will benefit most from early 
thrombus removal and the patients at greatest risk of developing PTS 
could receive the most advanced therapies giving them the greatest 
chance of lasting vein patency without PTS symptoms.

CLEAR-DVT
In an effort to build on the findings from studies such as CaVenT and 
ATTRACT, the CLEAR-DVT study (NCT03901872) was designed to 
demonstrate that contemporary venous intervention in the right patient 
population would result in an open vein and dramatically decrease PTS in 
patients with acute IF-DVT.

The CLEAR-DVT investigators started with a small prospective pilot study 
with no control group as a proof of principle study in patients with acute 
IF-DVT. It was funded by Boston Scientific and sponsored by Guy’s and St 
Thomas’ Hospital in London, England. The results gathered by the CLEAR-
DVT cohort pilot study would then be used to power and plan a formal 
RCT of modern venous intervention for patients with acute IF-DVT.

The phase 1 cohort of CLEAR-DVT was a prospective pilot study with no 
control group comprising 35 patients (39% male, 61% female; average 
age 48 years, range 22–73 years) with acute IF-DVT and symptom onset 
of 14 days or less. The average Villalta score prior to intervention was 10 
(range 4–19). All patients underwent pharmacomechanical thrombolysis 
(PMT) in the form of the 8F Zelante AngioJet catheter using a dose of 
thrombolytic that was standard of care for each investigational site. The 
use of IVUS was mandated in all patients and venous stenting was 
performed for any patients with >50% cross-sectional area reduction. All 
patients received standardised post-procedural anticoagulation. Follow 
up of the first 23 patients at 6 months post procedure demonstrated an 
average Villalta score of 2; 96% of patients had no PTS at all (4% had mild 
PTS and none had a Villalta score >5). All patients will be followed for 
1 year for the Villalta score as well as a 6-minute walk test, venous clinical 
severity score and QOL scores.

The importance of early complete thrombus removal was suggested by 
the findings in the clear-DVT pilot cohort that demonstrated a dramatic 
reduction in PTS in patients with acute IF-DVT undergoing IVUS-guided 

Table 2: Recanalisation Rates via Colour 
Duplex Venous Ultrasound

Location 3 Months 6 Months
Calf only 8/8 (100%) 8/8 (100%)

Calf/popliteal 4/6 (67%) 6/6 (100%)

Femoropopliteal 9/17 (53%) 13/17 (76%)

Iliofemoral 1/5 (20%) 1/5 (20%)

Source: Rosfors et al. 1997.5
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contemporary venous intervention (Table 4). Certainly, these findings 
need to be validated in a formal RCT of contemporary venous intervention 
using lytic- and non-lytic based therapies against best medical therapy.

Conclusion
The field of venous intervention is dynamic. We now have mechanical 
thrombectomy catheters that remove thrombus efficiently without the 
need for adjunctive thrombolytics. Such technology will certainly make 
venous intervention safer with less bleeding complications. These 
devices will likely be effective at reducing RVT as they are known to be 
able to clear all or most of the thrombus acutely in a single setting. 
Additionally, dedicated venous stents that are engineered and purpose-
built for vein anatomy will be an incredibly positive addition to our 
treatment options.

It is encouraging that the field of venous intervention has made major 
advances in selecting the right patient population to treat acute lower 
extremity DVT, how to perform a high-quality venous intervention with 
IVUS guidance, and now has catheter thrombectomy systems that reduce 
and even eliminate the need for thrombolysis in the majority of acute IF-
DVT patients. Altogether these innovations will hopefully provide 
momentum to continue evolving procedures that are even safer and more 
effective. In so doing, the treatable patient population will continue to 

expand by including more and more patients with contraindications to 
thrombolysis.

In conclusion, complete early thrombus resolution in patients with acute 
IF-DVT will reduce RVT and hopefully translate to less PTS in high-risk 
patient populations. Treatment pathways with this specific objective will 
positively impact the prognosis and quality of life of patients with acute 
lower extremity DVT. 

Table 3: Literature Review of Residual Vein Thrombosis Associations with Adverse Outcomes

Study Patients (n)
Treatment 
Modality

Patients with 
RVT (%)

Follow-up 
Interval

RVT 
Threshold
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AC = anticoagulation; CDT = catheter-directed thrombolysis; n/s = not specified; PMT = pharmacomechanical thrombolysis; PTS = post-thrombotic syndrome; VTE = venous thromboembolism. 
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Age, mean (range) 48 (22–73)

PTS assessment
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