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Product Name Activase (Recombinant Tissue Plasminogen Activator, rt-PA} I Protocol Date: December 2;:";"os I 
 

Tit!e: Acute Venous Thrombosis: Thrombus Removal with Adjunctive Catheter-Directed Thrombolysis (the ATTRACT Trial) 
 

 

Investigator/Sponsor: Suresh Vedantham, fv1.D. institution: Washington University in SL Louis 

 
Primary Determine if the initial adjunctive use of Pharmacomechanical Catheter-Directed Thrombolysis (PCDT) 
in symptomatic patients with acute proximal deep vein thrombosis (DVT) reduces the occurrence of the Post-Thrombotic 

Syndrome (PTS) over 24 months follow-up" 

Secondary Objectives: 1) Compare resolution of acute DVT symptoms; venous disease-specific and general quality of life 
(QOL); safety; and cost-effectiveness betvveen the two treatment arms: 2) !dentify pre-treatment predictors of heightened 
therapeutic response to PCDT via correlation of PTS scores and QOL change scores with demographical variables, DVT 
risk factors symptom duration and anatomic thrombus extent- and 3) Determine if PTS scores and QOL change scores are  1

 

correlated with post-treatment thrombus burden. recurrent DVT, and valvular reflux. 

 
Number of Patients: 692 I 

Arm Treatment:  PCDT with intrathrombus delivery of rt-PA {maximum allovvable total dose 35 mg) into the 
DVT over a period of up to 24 hours, Three methods of initial rt-PA delivery will be used: 1) Trellis-8 Peripheral Infusion 
System - maximum first-session rt-PA dose 25 mg; 2) AngloJet Rheolytic Thrombectomy System - maximum first-session 
rt-PA dose 25 mg; or 3) Catheter-directed rt-PA infusion for up to 24 hours at 0.01 mg/kg/hr (maximum 1.0 mg/hr) via a 
multisidehole infusion catheter. Before and after PCDT, patients \'Viii receive standard DVT therapy as in the Control Arm 

Control Arm Treatment; Initial anticoagulant therapy with unfractionated heparin, enoxaparin, dalteparin, or tinzaparin, for at 

   least 5 days, overlapped with longterm oral warfarin (target !NR 2.0 - 3.0). Elastic compression stockings will be prescribed ' 

Inclusion Criterion: Symptomatic proximal OVT involving the iliac, common femoral, and/or femoral vein. 

Exclusion Criteria: Active bleeding; bleeding diathesis including INR > 1.6 or platelets < 100,000/ml; severe liver 
dysfunction: recent (< 3 months) internal eye surgery, GI bleeding, or hemorrhagic retinopathy; history of stroke or 
intracranial lesion; recent (< 10 days) surgery, CPR, trauma, obstetrical delivery, cataract surgery, or other major invasive 
procedure; pregnancy; active cancer except for non-melanoma primary skin cancers; massive pulmonary embolism; acute 
limb threat from DVT; hemoglobin < 9.0 g/dl; age < 16 years or > 70 years; severe hypertension; allergy to heparin, rt-PA, or 
iodinated contrast; life-expectancy < 2 years: chronic non-ambulatory status; moderate (diabetics) or severe (non-diabetics) 
renal impairment; index DVT symptom duration > 14 days; established PTS or previous symptomatic DVT within the last 2 
years in the Jpsi!ateral leg; recent (< 1 month) symptomatic contra!ateral OVT; IVC filter with associated thrombus; DVT 
extending > 3 cm into the IVC; recent (< 7 days) use of thienopyridine antiplatelet drugs; inability to tolerate the PCDT 
procedure, provide informed consent, or comply with study assessments (e.g. due to cognitive impairment). 

 

' 
Design: NIH-funded, Phase !II, multicenter, randomized, open-label, assessor-blind, parallel two-arm, controlled clinical trial. 

 

Primary Efficacy Outcome: Cumulative incidence of PTS within 24 months after randomization (Villalta PTS Scale). 

Secondary Efficacy Outcomes: Severity of PTS (Villalta PTS Scale, CEAP Clinical Class, Venous Clinical Severity Score); 

disease-specific (VEINES-QOL/Sym measure) and general (SF-36" Version 2) QOL! resolution of presenting DVT symptoms 

{Likert Scale, calf circumference measurements, Villalta PTS Scale); prevalence of valvular reflux and residual thrombus at 1 
year (Duplex ultrasound); degree of clot !ysis with PCDT (venography, Experimental Arm only); and costeffectiveness. 

1   Safety Endpoints: Major bleeding, symptomatic pulmonary embolism, recurrent venous thromboembolism, and death. 

Data Analysis: The Ontario Clinical Oncology Group's Clinical Trials Methodology Group at McMaster University in 
Hamilton, Ontario (Canada) wllJ be the Data Coordinating Center for the study. The primary data analysis will be an intent-to­ 

treat comparison of the cumulative incidence of PTS within the 24 months after randomization. A Fisher's exact test wiH be 
used, testing will be two-sided, and a p value of 0.05 will be considered significant. 

 

 

Trial Duration; 54 months Start Date: February 2009   , Stop Date: March 2013 Publication: Expected 2013 1 

  I  ' 
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1,1 Disease Bai kg  of the Post-Thrombotic :::iv11orom1 e (PTS) 

 
The Post-Thrombotic Syndrome (PTS) is a frequent (25-50%) complication of proximal lower 

extremity deep vein thrombosis (DVT) (1-5), The clinical manifestations of PTS, which include 

chronic limb swelling, pain, heaviness/fatigue, pruritus, paresthesias, venous claudication, stasis 

dermatitis, and/or skin ulceration, cause major hardsh'1p to affected patients (6), The physical 

limitations of patients with PTS are comparable to those of patients with other severe chronic 

medical conditions - many patients are disabled, unable to work, and/or unable to perform 

household duties (7-9), As a result, PTS causes major impairment of quality of life (QOL) - 

patients with PTS have poorer physical functioning, social functioning, general health, and 

health perceptions; and more severe role limitations (7,10-12). Furthermore, PTS has been 

estimated to cause 2 12% of the new U,S. cases of chronic venous disease (>150,000 patients. 

direct medical cost $261 million) and venous ulcer (>20,000 patients, direct medical cost $153 

million) that occur yearly (13), In a recent study of DVT complications following hip replacement 

surgery, the per-patient cost of severe PTS was $3817 in the first year and $1677 in subsequent 

years (14 ). As venous ulcers recur frequently and are estimated to cause 2 million workdays to 

be lost yearly, leading to substantial indirect.costs, these figures probably underestimate the 

total economic burden imposed by PTS upon the U.S. healthcare system (15-18), Hence, the 

disease burden of PTS is of major importance to DVT patients and society at large, 

 
1,2 Importance of Rapid Thrombus  Clearance in Reducing the Risk of Developing PTS 

1,2.1  Pathogenesis of PTS 

 

The continued presence of thrombus within the deep venous system during the initial weeks 

and months after a DVT episode is believed to lead to PTS by two pathways: First, residual 

thrombus  physically blocks venous blood flow (obstruction), Second, thrombosis leads to 

valvular reflux (backwards flow) in the thrornbosed deep veins (via an inflammatory reaction 

which damages the venous valves), and in uninvolved distal deep veins and superficial 

collaterals (due to compensatory dilatation which separates the valve leaflets) (19,20). The 

presence of obstruction and/or valvular reflux produces elevated venous pressures when the 

patient walks or stands upright ("ambulatory venous hypertension") and leads to edema, tissue 

hypoxia and injury, progressive calf pump dysfunction, subcutaneous fibrosis, and skin 

ulceration (21-26). It is therefore logical that rapid elimination of venous thrombus and 
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restoration of unobstructed venous flow (i.e., an ''open vein") should prevent valvular reflux, 

venous obstruction, and ambulatory venous hypertension, and thereby prevent clinical PTS. 

 
1.2.2 Sp,ontarmcms Thrombus Clearance and oeve100 of 

 

Proof-of-concept for this "Open Vein Hypothesis" is provided by several studies of DVT patients 

treated with standard anticoagulant therapy: (A) In a 1993 Duplex ultrasound study of 113 acute 

DVT patients, Meissner et al found that venous segments that developed valvular reflux had 

longer (2.3 - 7.3 times) endogenous clot clearance times than segments that did not (p < 0.04) 

(27). (B) In 1995, Meissner et al found that valvular reflux developed much less frequently in 

veins that remained free from DVT propagation or re-thrombosis (26-35% vs 61-80%, p < 0.005, 

n = 204) (28). (C) In a 2001 study by O'Shaughnessy et al, valvular reflux developed much less 

frequently in vein segments showing rapid clot clearance (15% vs 70%, n = 63) (29). (D) In 

2004, Prandoni et al found that PTS developed more frequently in proximal DVT patients who 

had residual venous thrombus or popliteal valvular reflux at 6-month follow-up (n = 180, 47% vs 

23%, p < 0.01) (26). Hence, even in DVT patients treated with standard medical anticoagulant 

therapy alone, rapid clot clearance correlates with a reduced risk of developing PTS, 

 
1.3 Limitations of Standard DVT Therapy 

 
Standard medical therapy for proximal DVT patients consists of the use of anticoagulant drugs 

(30), Typically, initial treatment with heparin (subcutaneous injections of a low molecular weight 

heparin (LMWH) or intravenous administration of unfractionated heparin (UFH)) is given for 5 

days, overlapped with oral warfarin (a Vitamin K antagonist) which is continued for at least 3 

months. This form of therapy is highly effective in preventing pulmonary embolism (PE). 

 
However, anticoagulant drugs do not actively eliminate thrombus, Instead, they rely upon the 

body's endogenous fibrinolytic system to clear thrombus but this process has major limitations: 

a) it can be overridden by a patient's underlying tendency toward DVT propagation or 

recurrence (1,3,26,28); and b) the process is often incomplete or too slow to prevent permanent 

valvular damage from occurring (27,29). As a consequence,  PTS occurs frequently (25-50%) in 

anticoagulated DVT patients (1-5).  Although daily use of elastic compression stockings (ECS) 

reduced PTS rates in three European single-center trials (3,4,31), PTS still occurred in 25-46% 

of patients who received both anticoagulation and ECS in these studies. Hence, even optimal 

standard DVT therapy does not prevent PTS in a large proportion of cases. 
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1A    Sl!·epto>imise to Reduce PTS 

 
Sv•<tc>1111n DVT thrombolysis refers to venous thrombus dissolution using a fibrinolylic drug 

administered via an intravenous line distant from the affected limb. Systemic DVT thrombolysis 

using streptokinase, a first-generation fibrinolytic drug, was evaluated in a number of 

randomized trials (32). Overall, > 50% clot lysis (by quantitative analysis of venograms) was 

achieved more frequently in patients treated with streptokinase than in patients treated with 

heparin alone (62% vs 17%, p < 0.0001) in these studies. In 1979, Elliot et al found that PTS 

developed less frequently in acute DVT patients treated with streptokinase compared with 

heparin alone after a mean of 19 months follow-up (35% vs 92%, n = 51) (33). In 1982, Arnesen 

et al found that venographic obstruction (56% vs 100%) and PTS (24% vs 67%) were less 

frequent in patients treated with streptokinase compared with anticoagulation alone at a mean of 

65 years follow-up (p < 0.01, n = 42) (34). However, bleeding complications were much more 

frequent in patients treated with streptokinase. For this reason, although streptokinase did 

receive FDA approval for DVT, a NIH Consensus Panel later recommended against its use. 

Still, the streptokinase trials provide important proof-of-concept support for the ability of 

fibrinolytic therapy to eliminate venous thrombus and prevent PTS in acute proximal DVT. 

 

 
 

1.5.1 Background of rt-PA 

 

Activase® (rt-PA, Alteplase, the Study Drug) is a tissue plasminogen activator produced by 

recombinant DNA technology, It is a sterile, purified glycoprotein of 527 amino acids, and is 

synthesized using the complementary  DNA (cDNA) for natural human tissue-type plasminogen 

activator obtained from a human melanoma cell line. The manufacturing process involves 

secretion of the enzyme alteplase into the culture medium by an established mammalian cell 

line (Chinese Hamster Ovary cells) into which the cDNA for alteplase has been genetically 

inserted. Fermentation is carried out in a nutrient medium containing the antibiotic gentamicin 

sulfate, 100 mg/L The presence of the antibiotic is not detectable in the final product Activase® 

is commercially available as a lyophilized powder for reconstitution in 2-mg, 50-mg, and 100-mg 

vials.  In this study, the 50-mg Activase® vials will be used.  Activase® is indicated for use in 

acute myocardial infarction, acute non-hemorrhagic stroke, and acute massive PE in adults. 
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rt-PA 

 
rt-PA is a thrombolytic drug that has the property of fibrin-enhanced conversion of plasminogen 

to plasmin, an active lytic enzyme which degrades fibrin to soluble peptides, rt-PA produces 

limited conversion of plasminogen in the absence of fibrin and is therefore believed to 

preferentially bind to thrombus-adherent fibrin, Theoretical advantages of rt-PA over previous 

thrombolytic drugs are its relatively short half-life and lack of allergenicity, The ability of 

systemically-administered  rt-PA to lyse human DVT is supported by the following indirect (A) 

and direct (B and C) evidence: The established ability of rt-PA to lyse human PE, which 

represents migrated DVT (35-41 );  In a 1990 study of 59 proximal DVT patients, Turpie et al 

found that a 4-hour systemic rt-PA infusion (0.5 mg/kg) achieved <: 50% clot lysis more often 

than heparin alone (58% versus 0%, p = 0,002), with a trend towards reduced PTS in patients 

who had ::: 50% clot lysis (25% vs 56%, p = 0,07) (42), (Cj In a 1990 multicenter randomized 

trial of 64 proximal DVT patients, Goldhaber et al found > 50% clot lysis to be more frequent in 

patients treated with rt-PA (0,05 mg/kg/hr infused for up to 24 hours, maximum dose 150 mg) 

than in patients treated with heparin alone (29% vs 0%, p = 0,04) (43), In this study, > 50% clot 

lysis was far more frequent in patients with non-occlusive thrombi rather than occlusive thrombi 

(59% vs 14%, p < 0,005), supporting the concept that inadequate access of rt-PA to its target 

sites within the thrombus may have contributed to its limited effectiveness (44 ), These studies 

showed that rt-PA is biologically active in lysing human DVT but also strongly suggest that the 

systemic administration route may not reliably achieve a therapeutic rt-PA concentration at its 

target sites within the thrombus, resulting in only modest (29-58%) clot removal efficacy, 

 
1.5.3 Bleeding Complications with Systemically-Admi nistered rt-PA 

 

The bleeding complications observed in studies of systemic rt-PA infusion for the treatment of 

venous thromboembolism  (VTE) are summarized here: (A) In the two randomized controlled 

trials of rt-PA infusion for proximal DVT noted in the preceding section (n = 123), there was one 

non-fatal intracranial bleed (42,43), Two patients had extracranial bleeding (one subcutaneous 

ecchymosis and one hemarthrosis which occurred 10 days after hip surgery). (B) In a study of 

47 patients with PE who were treated with intravenous rt-PA infusion (50 mg over 2 hours), 

there were two non-fatal major bleeds: one hemopericardium in a patient who had undergone 

coronary bypass surgery 8 days before, and one bleed from a pelvic tumor which required 

surgical therapy (35,36), (C) In a randomized controlled trial, 45 patients with acute PE were 

randomized to receive intravenous infusion of either rt-PA (100 mg as a continuous infusion 
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over 2 hours) or urokinase (2000 units/lb/hr bolus followed by 2000 units/lb/hr for 24 hours), Of 

the 22 patients receiving there were no intracranial bleeds but five patients required 

transfusions for bleeding (37),  In a 1988 pilot trial, 34 patients with massive PE were 

randomized to receive rt-PA at 50 mg over 2 hours by either intravenous infusion or pulmonary 

arterial infusion, There were four major non-fatal bleeds, all in patients who had undergone 

recent surgery (45), In a multicenter randomized controlled trial, 87 patients with PE were 

randomized to receive intravenous infusion of either rt-PA (100 mg over 2 hours) or urokinase 

(intravenous infusion of 3 million units over 2 hours with the first 1 million units given over 1O 

minutes). Of the 44 patients receiving rt-PA there were two intracranial bleeds (one fatal) (38), 

In a multicenter randomized controlled trial, 87 patients with PE received rt-PA infusions at 

either 0,6 mg/kg over 15 minutes (maximum 50 mg) or 100 mg over 2 hours (40), There were 

14 major bleeding complications, including two fatal bleeds in the 15-minute infusion group (one 

intracranial bleed and one hemopericardium) and none in the 2-hour infusion group, (G) In two 

studies evaluating risk factors for bleeding with rt-PA infusions for PE, advanced age and 

severe hypertension were associated with increased bleeding complications (46,47), (H) In a 

2002 multicenter randomized trial of patients with submassive PE who received intravenous rt­ 

PA infusion (100 mg over 2 hours) + heparin or heparin alone, there were no intracranial or fatal 

bleeds in the 118 rt-PA recipients (41), Together, these studies show that systemic rt-PA 

infusions are associated with a small but significant risk of serious bleeding in VTE patients, 

 
1.6 Catheter-Directed lnlra!hrombus Thrombolysis (CDT) for DVT 

 
Catheter-directed  intrathrombus thrombolysis (CDT) refers to thrombus removal by 

administration of a fibrinolytic drug directly into the deep vein thrombus via a device/catheter 

which is embedded within the thrombus using imaging guidance (48), CDT is provided as an 

adjunct to standard anticoagulant therapy during the initial treatment of acute proximal DVT,  

CDT is a minimally-invasive procedure that is performed with the patient under conscious 

sedation, Unlike anticoagulant therapy, CDT provides rapid thrombus removal and restoration of 

unobstructed deep venous flow in > 80% of patients with acute proximal DVT and is therefore 

expected to prevent valvular reflux, venous obstruction, and PTS (49), Unlike surgical venous 

thrombectomy, CDT does not require general anesthesia, open surgery, or a prolonged 

recovery period, CDT should be more effective than systemic DVT thrombolysis since it delivers 

the fibrinolytic drug directly into the thrombus and thereby achieves higher local drug 

concentrations (50), By increasing lytic efficacy, CDT is expected to enable successful DVT 

therapy with a lower dose of the fibrinolytic drug, which should reduce bleeding complications, 
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1.6.1 CDT   in Proximal DVT and Urokinase 

 
The ability of CDT to rapidly remove venous thrombus and prevent PTS in proximal DVT 

patients is supported by several studies, but each had significant methodological limitations: 

in a multicenter registry of 473 DVT patients who received CDT using urokinase (mean 7.8 

million units), " 50% clot lysis was observed in 83% of patients and was more frequent in 

patients with acute DVT (87% versus 68% for chronic DVT, p < 0.01) or first-episode DVT ( 86% 

versus 74% for recurrent DVT, p < 0.003) (49). Successful clot lysis was equally frequent in 

patients with acute iliofemoral DVT versus acute isolated femoropopliteal  DVT. In a follow-up 

study, Comerota et al analyzed data from 68 CDT-treated acute iliofemoral DVT patients in this 

registry and found that they had fewer PTS symptoms (p = 0.006), better physical functioning (p 

= 0.046), less stigma of chronic venous insufficiency (p = 0.033), and less health distress (p = 

0.022) at a mean follow-up of 16 months than 30 patients who were treated with anticoagulation 

alone (51). However, these studies were not randomized trials and the quality of life comparison 

was limited by marked age differences in the two cohorts. (B) In 2001, AbuRahma et al 

described a prospective study in which 51 acute iliofemoral DVT patients were permitted to 

choose to receive adjunctive CDT (with urokinase or rt-PA) + anticoagulation or anticoagulation 

alone. The patients treated with CDT had more frequent venous patency at 6 months (83% 

versus 24%, P < 0.0001) and absence of symptoms at 5 years (78% versus 30%, p = 0.0015) 

(52). However, this study was limited by non-randomized design, performance in a single 

center, and small sample size. (C) In 2002, Elsharawy et al described a single-center Egyptian 

randomized trial comparing adjunctive CDT (with streptokinase) versus anticoagulation alone in 

35 patients with acute iliofemoral DVT. At 6 months, patients treated with CDT had a higher rate 

of normal venous function (72% versus 12%, p < 0,001) and less valvular reflux (11% versus 

41%, p = 0.04) as assessed by Duplex ultrasound, photophlethysmography, and air 

plethysmography (53). However, this study was limited by small sample size and performance 

in a single center, and did not evaluate clinically-meaningful outcomes such as PTS and QOL. 
 

1.6.2 Early CDT Studies with Recombinant t-PA 
 

Observational studies have described the use of rt-PA, given by catheter-directed intrathrombus 

infusion, to successfully lyse proximal DVT (54-59). In early experiences, weight-based or non­ 

weight-based rt-PA infusion regimens of 2-5 mg/hr were used.  However, anecdotal reports from 

physicians using these rt-PA regimens suggested that bleeding complications were more frequent 

compared with the previous urokinase experience. In an early study in which intrathrombus rt-PA 
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was administered to 24 proximal DVT patients al 3 mg/hr, major bleeding was observed in 25% of 

patients (54). In a study of 35 patients who received intrathrombus rt-PA infusions at up to 0.04 

mg/kg/hr for peripheral arterial occlusions, major bleeding requiring transfusion occurred in 22% of 

patients (60). In a 653-patient registry of patients treated with intralhrombus rt-PA infusions for 

arterial and venous thrombolysis, the rates of major (22%) and intracranial (2.8%) bleeding were 

substantial (55). For these reasons, an Advisory Panel convened by the Society of lnterventional 

Radiology (SIR) recommended against the use of rt-PA infusions exceeding 2 mg/hr (61,62). 

 
1.6.3 CDT Studies with "Low-Dose" Recombinant t-PA 

 

The use of "low-dose' (:C 2 mg/hr) intrathrombus rt-PA infusions to treat proximal DVT has been 

described in several studies: (A) In a 2001 study by Shortell et al, low-dose rt-PA infusions (2 

mg/hr with a maximum dose of 100 mg) via CDT provided > 50% clot lysis as often (77% versus 

81% , p = NS) and faster (30 hours versus 43 hours) than urokinase (240,000 units/hr for 4 hours 

then 120,000 units/hr) in acute DVT patients (n = 31) (56). (B) In 2003, Sugimoto et al found that 

catheter-directed infusions of low-dose rt-PA (1 mg/hr) and urokinase (120,000 units/hr) had equal 

efficacy (2 50% clot lysis in 88% versus 83%) and safety (major bleeds 4% in both groups) for 

treatment of DVT (n = 54) (57). rt-PA infusions were faster (24 hours versus 33 hours, p = 0.011) 

and less costly ($418 versus $6032, p < 0.0001). (C) In 2004, Grunwald et al found rates of clot 

lysis (97% for rt-PA) and complications (3% for rt-PA) to be comparable for rt-PA (0.5 - 1.0 

mg/hr),  urokinase (mean dose  113,000 units/hr), and reteplase (0.5 - 1.0 unit/hr) in a non­ 

randomized study of 82 DVT patients (58). Drug costs were  lower for  rt-PA ($488) than reteplase 

($1787) or  urokinase ($6577) (p < 0.05).  Based upon these  studies, the SIR subsequently 

recommended  rt-PA dosing of 0.5 - 1.0 mg/hr in its 2006 quality improvement guidelines for 

endovascular  DVT interventions (63). (D) In 2008, Kim et al reported the use of intrathrombus  rt­ 

PA infusions to treat  178 patients with  DVT (59). Successful (> 50%) clot lysis was observed  in 

92% of treated  limbs, with major bleeding  in 4% of  patients. Bleeding complications  were  more 

common in patients ;;, 70 years of age. Notably, there was no intracranial or fatal bleeding in these 

four studies.  Hence, low-dose  rt-PA infusions via CDT have been reasonably safe and have 

produced clot lysis at rates (81-g7%) that have far exceeded those of systemic  rt-PA delivery. 

 
1.6.4 Limitations of Early CDT Methods 

 
 

The above studies support rt-PA's ability to remove acute venous thrombus, resulting in CDT's 

acceptance as a "salvage" treatment for a small minority of patients with particularly severe DVT 
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manifestations. However, these studies also illustrate why the routine first-line use of CDT in 

proximal DVT is controversial. In the above studies, monitoring of the prolonged (30-48 hours) 

infusions needed to achieve clot lysis required intensive care unit (ICU) stays of 1-3 days - the 

use of these precious hospital resources is a major barrier to routine use of CDT. Also, it has been 

hypothesized that the prolonged systemic exposure to rt-PA delivered via traditional CDT may 

have increased the risk of bleeding (11% in the urokinase registry, 2-5% in studies of low- 

dose rt-PA), including the rare catastrophic bleeding events (49). Given the absence of a 

multicenter randomized trial proving that CDT provides a long-term health benefit by preventing 

CDT is not recommended for routine treatment of proximal DVT (30). These concerns have 

prompted the development of methods to minimize systemic exposure to rt-PA during CDT. 

 
1.6.5 Contemporary Performance of CDT 

 
 

In current practice, most endovascular physi(1ans utilize catheter-based percutaneous mechanical 

thrombectomy (PMT) devices to deliver and/or optimally disperse the fibrinolyiic drug within the 

clot. These Pharmacomechani cal CDT (PCDT) methods appear to accelerate clot lysis and 

reduce the rt-PA dose compared with earlier CDT methods, and are therefore believed to optimize 

safety and efficiency. Recently, PCDT using the Trellis Peripheral Infusion System (Bacchus 

Vascular, Santa Clara, CA) and the Angiojet Rheolyiic Thrombectomy System (Possis Medical, 

Minneapolis, MN) has been shown to enable single-session DVT treatment without the need for 

prolonged infusions or ICU admission. While there are no randomized trials, the Table below lists 

recent case series and cohort studies in which single-session PCDT was used for proximal DVT: 

 
 

Study ;;: 50% Clot Lysis Device Single-Session Major Bleeds 

Kasirajan 2003 (64) 75% Trellis 85% 0°/o 

Spencer 2003 (65) 95% Trellis 50% 5% 

McNamara 2003 (66) 100% Trellis 100% 0°/o 

Bush 2004 (67) 74% Angio1et 65% QO/o 

Lin 2006 (68) 81% Angiojet 75% 4% 

Cynamon 2006 (69) 100% Angio1et 79% 8°/o 

Garcia 2007 (70) 82% AngioJet 57% 3% 

O'Sullivan 2007 (71) 96% Trellis 100% QO/o 

Hilleman 2008 (72) 93% Trellis 80% 0% 
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Regarding costs, Lin et al found PCDT to reduce ICU stay (0.6 days vs 2.4 days, p < 0.04) and 

hospital costs ($47,742 vs $85,301 per patient, p < 0.01) compared to stand-alone CDT (68). 

Hilleman et al found reduced drug/device costs ($3697 vs $5473, p "' 0.03) for Trellis PCDT in a 

comparison of data from a manufacturer's registry with previous studies of stand-alone CDT (72). 

 
1.6.6 Current Status of PCDT 

 
 

There remains significant uncertainty and clinical equipoise among physicians regarding the best 

initial treatment for proximal DVT. The American College of Chest Physicians (ACCP) has 

recommended against use of PCDT for DVT other than in exceptional circumstances, and only 

recently acknowledged its potential utility in patients with highly symptomatic DVT that Is not 

causing acute limb threat (30,73). In contrast, the SIR has endorsed PCDT for ambulatory 

patients with extensive acute proximal DVT, low bleeding risk, and long life-expectancy (74). The 

strong possibility of a meaningful benefit to patients, the potential risks and costs of PCDT, and 

the lack of physician consensus on the treatment of proximal DVT provide a compelling scientific 

and ethical rationale for a multicenter randomized trial to evaluate clinical outcomes with PCDT. 
 
 

1.6.7 The ATTRACT Trial 

 

To determine if PCDT should be routinely used to treat proximal DVT, we plan to perform a 

multicenter randomized clinical trial (the [:,cute Venous hrombosis:    hrombus Removal with 

[:,djunctlve   fatheter-Directed hrombolysls Trial) to establish whether PCDT 

prevents PTS and Improves health-related QOL with acceptable safety and costs. If so, this 

finding is expected to catalyze a fundamental change in DVT practice towards routine, first-line 

use of PCDT. If PCDT proves ineffective or insufficiently safe, this finding will reduce or eliminate 

the use of a potentially risky and expensive procedure. The ATTRACT Steering Committee 

includes accomplished DVT researchers who have specialized expertise with PCDT, the conduct 

of multicenter DVT treatment trials, and the evaluation of PTS. The need for this study, which is 

being funded by the National Heart Lung and Blood Institute (NHLBI) under grants 1U01088476- 

01A 1 (Clinical Coordinating Center) and 1U01HL088118-01A1 (Data Coordinating Center) has 

been endorsed by multidisciplinary panels of the SIR Foundation (75), the American Venous 

Forum (76), and the panelists at the May 2006 Surgeon General's DVT Workshop. The ATTRACT 

Trial has been specifically endorsed by the SIR Foundation, the American Venous Forum, and the 

American College of Phlebology. Hence, there Is broad consensus that ATTRACT addresses a 

research question of major importance to patients, physicians, and the U.S. healthcare system. 
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1.7 
 

The rationale for performing the ATTRACT Trial is based upon (a) the major burden of PTS on 

DVT patients and the U S  healthcare system; {b) the association between rapid clot lysis and 

prevention of PTS; {c) the proven ability of rt-PA (the Study Drug) to dissolve venous thrombus in 

proximal DVT; (d) recent advances in PCDT methods which may lower bleeding risk; and (e) the 

major clinical controversy on whether PCDT should be routinely used for first-line DVT therapy. 

 
2  

 
2.1  

 
In symptomatic patients with acute proximal DVT. to determine if initial adjunctive use of PCDT 

(using rt-PA) with optimal standard DVT therapy reduces the occurrence of the Post-Thrombotic 

Syndrome during 24 months of follow-up compared with optimal standard DVT therapy alone. 

 

 
 

• To compare between the two treatment arms: the resolution of acute DVT symptoms; 

rates of major bleeding. symptomatic  PE, recurrent venous thromboembolism. and death; 

venous disease-specific  and general QOL; and cost-effectiveness; 

• To identify pre-treatment predictors of heightened therapeutic response to PCDT via 

correlation of PTS scores and QOL change scores with demographic variables, DVT risk 

factors, symptom duration, and anatomic thrombus extent; and 

• To determine the anatomic/physiologic  conditions needed to prevent PTS via correlation 

of PTS scores and QOL change scores with post-treatment thrombus burden, recurrent 

DVT. and valvular  reflux. 

 
3 STUDY DESIGN 

 

 

This is an NIH-funded, Phase Ill. multicenter, randomized. open-label. assessor-blinded, parallel 

two-arm. controlled clinical triaL 692 subjects with symptomatic proximal DVT that involves the 

iliac, common femoral, and/or femoral vein will be randomized in a 1:1 ratio to receive either 

adjunctive PCDT (with rt-PA) + standard DVT therapy or standard DVT therapy alone. Subjects 

will be enrolled over 2.5 years in 30-50 U.S. Clinical Centers. and followed for 24 months. The 

study will take 4.5 years to complete. Appendix 1 outlines the trial"s organizational structure. 
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4 

 

4,1   Identification 

 
At the Clinical Centers, subjects will be identified by Vascular  Ultrasound Laboratory personnel 

who diagnose DVT, by pharmacy personnel who dispense anticoagulant drugs, by Emergency 

Department physicians and hospital physicians who treat DVT patients, and by the ATTRACT 

investigator physicians. Subjects may also be referred from regional facilities. 

 
4.2 Inclusion  Criterion 

 
Symptomatic proximal DVT involving the iliac, common femoral, and/or femoral vein. 

 

4.3 Exclusion Criteria 

 
Subjects meeting any of these criteria will be excluded (all times are relative to screening date): 

 
1. Age less than 16 years or greater than 70 years. 

 
2. Symptom duration > 14 days for the current DVT episode (i.e. subacute or chronic DVT). 

 
3. Established PTS in the ipsilateral leg, previous symptomatic  DVT episode in the ipsilateral 

leg within the last 2 years, or recent (< 1 month) symptomatic DVT in the contralateral leg. 

4. Presence of IVC filter with associated thrombus (acute or chronic), or DVT known to extend 

> 3 cm into the IVC (if a filter is present, the IVC should be imaged prior to randomization). 

 
5. Limb-threatening circulatory compromise (i.e., phlegmasia cerulea dolens). 

 
6. PE with hemodynamic compromise  (i.e., hypotension). 

 
7. Inability to tolerate PCDT procedure due to severe dyspnea or acute systemic illness. 

 
8. Allergy, hypersensitivity, or thrombocytopenia  from heparin, rt-PA, or iodinated contrast, 

except for mild-moderate contrast allergies for which steroid pre-medication can be used. 

9. Hemoglobin < 9.0 mg/di, INR > 1.6 before warfarin was started, or platelets < 100,000/ml. 

 
10. Moderate renal impairment in diabetic patients (estimated GFR < 60 ml/min) or severe 

renal impairment in non-diabetic patients (estimated GFR < 30 ml/min). 

11. Active bleeding. recent (< 3 mo) GI bleeding, severe liver dysfunction, bleeding diathesis. 

 
12. Recent (< 3 mo) internal eye surgery or hemorrhagic retinopathy; recent (< 10 days) major 

surgery, cataract surgery, trauma, CPR, obstetrical delivery, or other invasive procedure. 
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13. History of stroke or intracranial/intraspinal  bleed, tumor, vascular malformation, aneurysm. 

 
14. Active cancer (metastatic, progressive, or treated within the last 6 months).  Exception: 

patients with non-melanoma  primary skin cancers are eligible to participate in the study. 

15. Severe hypertension on repeated readings (systolic > 180 mmHg or diastolic > 105 mmHg). 

 
16. Pregnant (positive pregnancy test, women of childbearing age must be tested). 

 
17. Recently {< 1 mo) had thrombolysis or is participating in another investigational drug study. 

 
18. Use of clopidogrel, ticlopidine, or other thienopyridine anliplatelet drug in the last 7 days. 

 
19. Life expectancy < 2 years or chronic non-ambulatory status. 

 
20. Inability to provide informed consent or to comply with study assessments (e.g. due to 

cognitive  impairment or geographic distance). 

 

4.4  

 
When a potential subject is identified, the following steps should be taken: 

 

1. The study nurse should confirm that proximal DVT with involvement of the iliac, common 

femoral, and/or femoral vein has been objectively diagnosed, as indicated by: 

a) on ultrasound, a non-compressible or incompletely compressible venous segment in the 

common femoral and/or femoral vein (77): or 

b) on venography  or contrast-enhanced  CT scan, abrupt cutoff of or a constant  

intraluminal filling defect in the iliac, common femoral, and/or femoral vein (78). 

 
2. The study nurse should screen the medical history and laboratory studies to confirm that the 

patient may be eligible - if not. the reason(s) should be recorded in a screening log. When 

a potentially eligible patient is identified, a member of the research team should contact the 

patient's physician to determine whether he/she is willing to enroll the patient   If so, the 

patient's physician should approach the patient first to determine if he/she is willing to be 

contacted by the research team.  If the patient's physician or a research team member 

believes that the patient is cognitively impaired or otherwise unable to provide informed 

consent, the patient should not be invited to participate in the study.  All subjects should be 

able to understand the nature of the research and their participation, appreciate the 

consequences of participation in the study, show the ability to consider alternatives including 

the option of non-participation, and show the ability to make a reasoned choice. 
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3,   If the patient has a history of a mild-moderate allergic reaction to iodinated contrast, the 

n;il:iH1t's physician should be asked if the patient may be treated with PCDT under steroid 

pre-medication, if he/she were randomized to PCDT , If yes, the patient may be enrolled, 

Patients who have had any allergic reaction to iodinated contras! which occurred while 

receiving steroids, or who cannot receive steroid pre-medication, should be excluded, 

 

4,  The study nurse should explain the study to the patient in a non-coercive manner and 

provide him/her with a Study Informed Consent Form to review, sign, and date, A copy 

should be provided to the patient and the original retained by the Clinical Center, For 

subjects < 21 years of age, one parent's consent and the child's assent are required, 

However, permission should be sought from both parents whenever possible, For subjects 

who are not fluent in English, the informed consent process should be conducted in the 

subject's native language, utilizing a qualified translator when appropriate, 

 
5,   Subjects who agree to participate should undergo: 

 

0 A history, physical exam including vital signs, and measurement of height and weight 

• The following blood tests: complete blood count with platelets, PT/INR and PTT, 

creatinine, and human chorionic gonadotropin (HcG) level (in women of childbearing 

potential), To avoid unnecessary venipuncture, the results of blood work performed 

within 3 days prior to randomization may be used, 

• The estimated glomerular filtration rate (eGFR) should be calculated using the 

Modification of Diet in Renal Disease (MDRD) Study formula (79,80). Non-diabetics with 

an eGFR between 30-60 ml/min should be excluded if they cannot receive pre­ 

procedure hydration prior to PCDT (e,g,, due to severe congestive heart failure), 

• Patients with an INR > 1,6 on studies obtained prior to initiation of warfarin must be 

excluded, Patients with an INR > 1,6 may be enrolled provided that administration of 

Vitamin K is expected to bring the INR down to 1,6 or less (Le,, if randomized to PCDT), 

 
6,   Patients who are known to already have an IVC filter should undergo contrast-enhanced  CT 

scan of the abdomen/pelvis  prior to randomization to evaluate for associated thrombus 

(which, if present, would exclude the patient), The physician may also elect to obtain a 

contrast-enhanced CT scan of the abdomen/pelvis to evaluate the cephalad extent of the 

thrombus in patients who are known or suspected (i,e,, based upon swelling of the entire 

lower extremity) to have thrombus in the common femoral vein or above, 
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After eligibility is established and informed consent is obtained, but before randomization, 

subjects should undergo the following baseline assessments (see for details): 

• Self-completion of QOL questionnaires  (SF-36v2, VEINES); 

 
• Seif-rating of baseline leg pain (7-point Likert scale); 

 
• Calf circumference  measurement; 

 
• Administration  of Villalta's PTS Scale; and 

 
• Bilateral lower extremity Duplex ultrasound.  A previous ultrasound may be used if it was 

performed within 3 days prior to randomization, provided that its scope was adequate 

(i.e. the proximal veins of both legs were visualized and the extent of thrombus was 

carefully examined, enabling the Ultrasound Worksheet to be completely filled out). 

 
5 RANDOMIZATION 

 
 

5.1 Timing of Randomization 

 
In general, the patient should be randomized as soon as possible after the baseline evaluation 

is completed. If it is expected that there would be a substantial delay (> 24 hours) between 

randomization and when PCDT could actually be performed if the patient was allocated to 

PCDT, randomization may be deferred until PCDT can be performed within 24 hours. In 

Experimental Arm subjects, PCDT should be performed within 3 days after randomization. 

 

5.2 Stratification 

 
Prior to randomization, subjects will be stratified on two factors: 

 
 

1) Highest anatomic extent of DVT: iliofemoral DVT (DVT that involves the common femoral 

vein and/or iliac vein) versus isolated femoropopliteal DVT (femoral DVT that does not 

involve the common femoral vein or iliac vein), as this may influence PTS rates (11,49,81 ); 

2) Clinical Center: to reduce the potential for confounding due to between-Center differences 

in enrolled subjects or their general management (82), 

 

5.3 Central Automated Randomization 

 
Clinical Center staff will access an automated service (Central Automated  Randomization 
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Service, CARS©, Henderson Research Centre, Hamilton, Canada) at the Data Coordinating 

 

 

Center (DCC) that leads the caller through a series of questions related to the patient's eligibility 

status and stratification category, then provides treatment group allocation. Each Center will be 

given a unique study and Center-specific authorization code to access CARS. The complete 

randomization sequence will be computer-generated by a DCC statistician who is not involved 

with the ATTRACT Trial before the first patient is randomized. 

 
6 TREATMENT DESCRIPTION 

 
 

In this section, a brief description of the treatments that will be administered to ATTRACT 

subjects is provided.  The detailed, step-by-step description of how the treatments should be 

administered to the study sub1ects is provided in Section  7 (Treatment Procedures). 

 

6.1  (All Subjects) 

 
All subjects (in the Experimental and Control Arms) will receive standard anticoagulant therapy 

for DVT ( 30). In each Clinical Center, this will be supervised by a board-certified physician who 

is experienced in managing anticoagulant therapy in DVT and who has been credentialed for 

this study by an expert Medical Therapy Committee (Section  19.3.4). 

 
  Therapy 

 

All subjects in both treatment arms will receive initial anticoagulant therapy for at least 5 days 

with one of the regimens below, as selected by the medical co-investigator ( 30). The LMWH 

doses may be reduced in subjects with renal impairment, per the medical co-investigator. 

 

a)     by subcutaneous injection at 1 mg/kg every 12 hours. 
 

b)  UaJte oa:rin by subcutaneous injection once daily at 200 IU/kg, or twice-daily at 100 IU/kg. 

c)     by subcutaneous injection once daily at 175 anti-Xa IU/kg. 

d) Intravenous UFH. An initial intravenous  bolus of 80 units/kg (maximum allowable dose 

5000 units) will be given to subjects who are not already anticoagulated.   An intravenous 

UFH infusion will be initiated at 18 units/kg/hour or at a rate which has previously been 

shown to correspond to a PTT level within the therapeutic range in that subject  UFH dose 

adjustments will be made per institutional nomogram, using a target PTT that corresponds 

to plasma heparin levels of 0.3 - 0.7 IU/ml anti-Xa activity in that institution. Prior to start-up, 
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each Clinical Center will submit these items for approval by the Medical Therapy Committee: 

(a) Clinical Laboratory Improvement Amendment (CLIA) & College of American Pathologists 

(CAP) certifications; and (b) its nomogram for PTT monitoring and UFH dose adjustments, 

 

 
 

All subjects in both treatment arms will receive long-term anticoagulant therapy with oral 

warfarin at an initial dose of 2,5 - 10 mg/day, with the specific dose selected by the medical co­ 

investigator, The recommended intensity (target INR 2,0 to 3,0) and duration of warfarin therapy 

will be the same for subjects in the two treatment arms, Warfarin will be given for a minimum of 

3 months (30), In subjects with DVT in association with a major reversible risk factor such as 

surgery or plaster cast immobilization within the preceding 6 weeks, warfarin will usually be 

stopped after 3 months, In subjects with unprovoked DVT, indefinite anticoagulant therapy is 

generally recommended, However, subjects with unprovoked DVT may stop anticoagulant 

therapy after 3 to 6 months, or subsequently, if there are risk factors for bleeding, difficulties with 

anticoagulant control, or if it is the subject's preference to stop therapy, The actual duration of 

anticoagulant therapy given and the percent of time spent in the therapeutic range will be 

recorded and compared between the two treatment groups, Subjects in whom therapeutic 

anticoagulation cannot be reliably achieved with warfarin, subjects who develop DVT 

progression despite a therapeutic INR on warfarin, and women who become or are at risk for 

becoming pregnant may be treated with alternative anticoagulant  regimens (e,g, LMWH 

monotherapy) at the medical co-investigator's judgment  Prior to start-up, each Clinical Center 

will submit its warfarin monitoring plan to the Medical Therapy Committee for review/approvaL 
 

Whenever possible, the medical co-investigator should assume primary responsibility for the 

subject's long-term DVT care,  However, for subjects who live far from the Clinical Center, 

warfarin monitoring may be provided by a local physician,  However, in these instances, the 

medical co-investigator  is still responsible to communicate with the local physician to ensure 

that the DVT care being provided is appropriate and consistent with this protocol,  The medical 

co-investigator  is responsible for obtaining records of INR laboratory studies during follow-up, 

and must be notified of any changes to anticoagulant therapy and any planned endovascular 

DVT treatment procedures to ensure that they are consistent with this protocol.  Any such 

changes to therapy must be documented on the Anticoagulation  Status Change Case Report 

Form or the Late Endovascular Procedures Form,  Importantly, the subject must still return to 

the Clinical Center for the scheduled follow-up visits and outcome assessments, 



 

 

 

 
 
 

 
 

 

All subjects will be given sized-to-fit, knee-high, 30-40 mmHg ECS (donated by BSN-Jobst) at 

the 10-day follow-up visit  A new pair will be provided every 6 months_  At each follow-up visit, 

ECS use will be reinforced in a standardized way and compliance will be recorded (3,31)- 

 
6.1.4 Inferior Vena Cava Filters 

 
 

iVC filters will not be routinely placed in ATTRACT subjects_  Per standard medical practice, IVC 

filters (any FDA-approved device) may be placed in subjects who develop contraindications to 

anticoagulant therapy during the study and in subjects who fail anticoagulation (defined as 

symptomatic PE despite therapeutic-level anticoagulation) _   The use of alternative anticoagulant 

regimens (e.g_ LMWH) should be considered before placing IVC filters in subjects with DVT 

progression despite therapeutic-level anticoagulation with warfarin,   In subjects randomized to 

PCDT, pre-procedure placement and post-procedure removal of FDA-approved, retrievable IVG 

filters for peri-procedure PE prevention will be allowed in certain situations (see Section 6,2.5). 

 
6.2 Pharmacomechanical Catheter-Di rected Th  (Experimental Arm Only) 

 
Subjects randomized to the Experimental Arm will receive initial adjunctive PCDT in addition to 

the optimal standard DVT therapy outlined in Section 6, 1. PCDT will be performed by a board­ 

certified endovascular physician who is experienced with thrombolytic therapy for DVT and who 

has been credentialed by an expert Interventions Committee (Section 19_3_ 3)_ 

 

6.2, 1 rt-PA (Activase®, the Study Drug) 

 
6.2.1.1 Drug Formulation and Storage 

 

Activase® is a sterile, white to pale yellow, preservative-free lyophilized powder for intravenous 

administration after reconstitution with sterile water for injection, USP_   Activase® is suppl'led '1n 

50-mg vials containing vacuum.  Activase® should be reconstituted only with sterile water for 

injection, USP, without preservatives.  The resulting preparation is a colorless to pale yellow 

transparent solution containing Activase®  1 mg/ml at a pH of about 7_3 _     Activase® should be 

stored at controlled room temperature ::: 30 degrees Celsius (86 degrees Farenheit), or under 

refrigeration at 2-8 degrees Celsius (36-46 degrees Farenheit), per package insert_ Activase® 

should be protected from excessive exposure to light, and should not be used beyond the vial's 

expiration date.  For details, see the Activase® package insert and Investigator's Brochure_ 

 
 

 
i, )eCE rnht-;' / 3  / DOE 28 \If f}AJ\ll f-1,P-J;/1 



29 

 

 

/\TTR /\C.;T  
 

 

 
6.2.1.2 and Ac1cotmt1abi!lity 

 
Genentech will supply the Activase® to the Clinical Coordinating Center (CCC) at Washington 

University.  At the CCC. the Activase® will be stored per its package insert in the W ashington 

University Core Laboratory for Clinical Studies. from which it will be distributed to the Clinical 

Center pharmacies.  The Activase® will be clearly labeled as being for research purposes only. 

At the CCC. a Drug Inventory Log will be kept to track the receipt and distribution of the drug. 

 
A Clinical Supplies Acknowledgement  Form must be completed by the Clinical Center upon 

receipt of rt·PA.  Damaged supplies will be replaced. A Drug Inventory Log must be kept to 

record all rt·PA dispensed. All partially·used or empty containers should be disposed of at the 

Clinical Center per its standard procedure. Written documentation of what vials were discarded 

and the discard date is mandatory.   Expired or unused rt·PA will be returned to Genentech with 

an Inventory of Returned Clinical Material Form. Copies of forms will be supplied by Genentech. 

 
6.2.2 Overview of Endovascular DVT Treatment Procedures 

 

In clinical practice, endovascular DVT treatment procedures involve 5 distinct "phases" during 

which multiple component endovascular techniques are commonly employed. The use of the 

different PCDT techniques and methods is summarized in Appendices 2 and 3. 

 
Phase 1  Procedure Initiation (Section 7.3.3) involves obtaining catheter access to the deep 

venous system and defining the anatomic extent of the thrombus via venography, 

 
Phase 2  Initial PCDT (Section 7.3.4 and Appendices  4·6) involves the initial intrathrombus 

delivery and dispersion of rt-PA with an FDA·approved drug delivery device/catheter. 

 
After Initial PCDT, the measures that must be taken to achieve an open vein and prevent 

immediate re·thrombosis depend upon the amount and location of residual thrombus and/or 

venous stenosis, which vary widely among subjects. Hence, for Phases 3 and 4. investigators 

will be allowed the flexibility to tailor adjunctive therapy, aimed at eliminating residual thrombus 

and/or venous stenosis, to individual patient circumstances.  pursuant to certain guidelines. 

 
Phase 3  Clean·Up of Residual Thrombus (Section 7.3.5) involves the use of adjunctive 

endovascular techniques that are routinely used by physicians to improve rt·PA 

delivery to the thrombus and to prevent re-thrombosis by optimizing venous flow. 
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Phase 4 Treatment of Venous  Obstruction (Section 7.3.6) involves standard endovascular 

treatment for venous obstructive lesions that can cause re-thrombosis if untreated. 

 
Phase 5 Completion  of PCDT Procedures (Section 7.3.7) involves completion venography, 

vascular sheath removal, and transition to subsequent anticoagulant therapy. 

 
6.2.3 Allowed echniiqu1es for Initial PCDT   of 

 

Given that (a) physicians have different preferences for which FDA-approved catheter/device to 

use to deliver and disperse rt-PA into the thrombus, and are likely to achieve their best results 

using the PCDT method with which they are most comfortable; (b) no single PCDT method has 

been proven superior to another; and (c) the extent of thrombus may be an important factor in 

determining the likelihood of success with single-session PCDT, three different PCDT methods 

will be used in ATTRACT subjects.  The primary data analysis will compare all Experimental 

Arm subjects regardless of which  PCDT method was  used versus all Control Arm subjects. 

The three PCDT techniques are summarized below. As Technique A (Trellis PCDT) and 

Technique B (AngioJet PCDT) are used with the intent of providing complete DVT thrombolysis 

in a single procedure session, all five phases of endovascular therapy should be completed 

during a single procedure session in most of these patients (64-72). In contrast, Technique C 

(Infusion-First PCDT) is a multi-session technique that begins with a traditional rt-PA infusion via 

a multisidehole infusion catheter (83).  Thrombolytic  progress is assessed at subsequent 

procedure sessions, during which Phases 3-5 of endovascular  DVT therapy are completed. 

Hence, endovascular therapy will require 1-3 procedure sessions over 24 hours (maximum). 

 

6.2.3.1 Technique A (Trellis PCDT) 
 

The Trellis-8 Peripheral Infusion System is a multi-lumen catheter with two compliant balloons 

(which, when inflated, isolate a treatment zone) near its distal end and multiple infusion 

sideholes (for intrathrombus rt-PA injection) between the balloons (71,72,84-87). A Dispersion 

Wire oscillates within the catheter to macerate thrombus and disperse the rt-PA within the 

isolated zone.  Aspiration may then be performed through the catheter to remove the rt-PA 

 

Initial rt-PA Dose: 

Maximum Allowed rt-PA Dose: 

Concomitant  Heparin: 

1 mg rt-PA per 3 cm thrombus, minimum 4 mg 

25 mg for the first session, 35 mg total 

Therapeutic-level UFH or LMWH 
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Step-by-step Protocol:  

 
6.2.3.2 
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The AngioJet  Rheolytic Thrombectomy System consists of a drive unit/pump. a single-use pump 

set, and a disposable rheolytic catheter. The system is activated via a foot pedal. The drive 

unit/pump generates high pressure (10,000 psi) pulsatile saline flow that exits the catheter tip 

through retrograde-directed jets. This creates a localized low-pressure zone (Bernoulli effect) 

around the catheter tip to enable clot maceration and evacuation through its effluent lumen. The 

AngioJet works in an isovolumetric manner - the saline infusion rate is in balance with the 

evacuation rate of thrombus particulate debris. Tvvo methods may be used to deliver rt-PA v!a 

the AngioJet. With the "Powerpulse" method, the effluent lumen is occluded with a closed 

stopcock, and the AngioJet  is used in PowerPulse mode to pulse-spray rt·PA into the thrombus 

(67-69, 84,85). Alternately, the rt-PA may be dissolved within the saline infusate and this solution 

infused during use of the AngioJet in aspiration mode ("Rapid Lysis" method) (70). 

 

Initial rt-PA Dose: 

Maximum Allowed  rt-PA Dose: 

Concomitant  Heparin: 

Step-by-step Protocol: 
 
 

6.2.3.3 Technique C (Infusion-First PCDT) 

1 mg per 3 cm thrombus length, minimum 4 mg 

25 mg for the first session, 35 mg total 

Therapeutic-level UFH or LMWH 

See Section  7 and Appendix 5 

 
A multisidehole infusion catheter will be positioned within the thrombus with its infusion segment 

spanning the extent of thrombus (56-63). Use of an endhole-only catheter is not permitted.  A rt· 

PA solution will be continuously infused into the thrombus via the catheter. The subject will be 

monitored in an ICU or stepdown unit and will undergo follow-up venography within 6·24 hours. 

 

Initial rt-PA Infusion: 

Maximum Allowed rt-PA Dose: 

Concomitant Heparin: 

 
 
 

Step·by·step Protocol: 

1.1 mg/kg/hr (maximum 1.0 mg/hr for 24 hours) 

35 mg total (includes initial infusion & later doses) 

LMWH or subtherapeutic  UFH (6·12 units/kg/hr, 

maximum dose 1000 units/hr, target PTT less than 

2 times control (no minimum PTT)) (63,90) 

See Section  7 and Appendix  6 
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The following guidelines should be used to select which PCDT method to use in study subjects: 

 
 

1. Prior to Clinical Center start-up. each Clinical Center must designate Technique A or B 

as the method that will be used in all ATTRACT subjects having PCDT at that Center 

who present with good popliteal vein inflow and no IVC thrombus (68,72). 

2. Technique C should be used in subjects with poor popliteal vein inflow and in those 

found to have thrombus extending > 3 cm into the IVC (i.e. clot extension has occurred 

since the pre-enrollment CT scan or the IVC was not assessed before enrollment). 

 
6.2.5 Allowed Adjunctive Endovascular Techniques 

 
The following adjunctive endovascular techniques may be used, per the guidelines below, as 

they are widely used in standard clinical practice to enhance the delivery of rt-PA into the clot or 

to prevent complications of PCDT (specifically. pulmonary embolism and early re-thrombosis): 

 

1. Retrievable IVC Filters:  Retrievable IVC filters are commonly used by endovascular 

physicians to prevent peri-procedural PE in selected patients undergoing PCDT.  In a large 

prospective registry of proximal DVT patients undergoing infusion CDT (without mechanical 

thrombectomy), symptomatic PE occurred in only 1.3% (4g).  Therefore, IVC filter placement 

is discouraged in patients undergoing Infusion-First PCDT (Technique C),  However, for 

patients being treated with single-session  PCDT (Techniques A and B, which involve more 

clot manipulation). there is sparse data to support or refute the use of IVC filters and limited 

evidence suggests that major PE can occur as a PCDT complication (67.68,87).  Therefore, 

in ATTRACT, the physician may use a FDA-approved retrievable IVC filter at his/her 

discretion if there is IVC and/or iliac vein thrombus and single-session PCDT is being used. 

 

2. Balloon Maceration, Aspiration Thrombectomy,   Rheolytic Thrombectomy,  and Infusion  

CDT: As in routine clinical practice, after initial PCDT the physician may inflate a standard 

angioplasty balloon within any residual thrombus to macerate it and increase its surface 

area in order to enable rt-PA delivery to otherwise-inaccessible  parts of the thrombus (63). 

A standard 7-8 French catheter and/or the AngioJet Rheolytic Thrombectomy  System may 

be used to aspirate residual venous thrombus in order to improve flow and thereby prevent 

the complication of early re-thrombosis.  Additional rt-PA bolus doses (up to 5 mg per 
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session) may be given. If there is still significant obstructing thrombus after the use of these 

measures, the physician may initiate (or for Technique C patients, continue) a continuous rt­ 

PA infusion via a multisidehole infusion catheter at 0.01 mg/kg/hr (maximum allowable dose 

1.0 mg/hr) for a maximum of 12 hcurs for Techniques A and B, orfor a total maximum 

infusion time (including previous infusion) of 24 hours for Technique C.  In all cases, the 

total rt-PA dose given for the entire treatment (all sessions together) may not exceed 35 mg. 

 

 
3.   Balloon Angioplasty  and Stent Placement:  As in routine clinical practice, balloon 

angioplasty and stent placement may be performed to correct areas of venous stenosis or 

obstruction that persist after PCDT since these lesions, when not treated, have been 

associated with high rates of immediate re-thrombosis (49,63,92,93).  These procedures are 

widely considered to represent standard care in pat'lents undergoing PCDT (30,63). 

Although the decision to perform these procedures is left up to the physician, correction of 

lesions which are associated with :"'. 50% venous diameter narrowing, robust filling of 

collaterals on venography, and/or a measured mean pressure gradient exceeding 2 mmHg 

is encouraged.   Per accepted practice, stents may be used in the iliac vein and/or common 

femoral vein.  Stent placement in the femoral or popliteal ve'1n is strongly discouraged.  If 

stents are placed, the use of self-expandable stents with radial flexibility, sized to the vein's 

expected diameter (10-16 mm in most subjects) or 1 mm larger, is recommended (63). 

 

6-2.6 Allowed Concomitant Drug Therapies 
 

During PCDT, subjects will receive anticoagulant therapy with either UFH or LMWH, as selected 

by the endovascular physician (see Section  7.3. 1), For subjects receiving UFH who require 

continuous rt-PA infusions (either for clean-up of residual thrombus after initial use of 

Techniques A or B, or during Technique C), the UFH dose will be reduced to subtherapeutic 

levels as noted in Section 6.2.3.3.  Subjects may continue medications for their other medical 

problems. IIa subject 'is already on warfarin and is randomized to PCDT, the warfarin will be 

discontinued and Vitamin K may be given to bring the INR to 1.6 or below before PCDT. 

 
6.2.7 Prohibited Concomitant Drug Therapies 

 

The use of platelet glycoprotein lib/Illa receptor antagonists (abciximab, tirofiban, eptifibatide) 

and oral thienopyridine anti-platelet drugs during or within 24 hours of PCDT is not permitted. 

The use of aspirin and non-steroidal anti-inflammatory drugs is discouraged while subjects are 
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receiving anticoagulant therapy unless there is a compelling indication. 
 
 

6.2.8 Crossover and Re-Treatment with PCDT 
 
 

Experimental Arm subjects who develop early (< 1 month) re-thrombosis may be re·treated with 

PCDT. Use of PCDT in Control Arm subjects is not permitted unless limb·threatening circulatory 

compromise develops. During follow·up. and particularly within the first 6 months. (i.e. before 

the first formal assessment for the presence of PTS), the use of PCDT and other endovascular 

treatments is strongly discouraged in Control Arm subjects absent a compelling indication. 

 
Subjects in either treatment Arm who require urgent PCDT for limb·threatening circulatory 

compromise will be adjudicated as treatment failures (i.e. severe PTS) in the intention-to·treat 

analysis.  Subjects in either treatment Arm who require endovascular intervention for treatment 

of severe symptomatic venous disease during follow·up (except for Experimental Arm patients 

who are being treated within 1 month after initial PCDT) will be asked to undergo a standardized 

clinical assessment for PTS (Section 8.9) before being treated. If this cannot be done, they will 

be adjudicated as treatment failures (i.e. severe PTS) in the intention·to·treat analysis. 

 
7 TREATMENT  PROCEDURES 

 
 

In this section, a detailed, step·by·step description of how the study treatments should be 

administered to ATTRACT Trial subjects in the Experimental and Control Arms is provided. 

 
7.1 Pre-Randomization Anticoagulant Therapy (Subjects in Both Arms) 

 
As current recommendations are to anticoagulate patients with suspected DVT even before 

diagnostic testing, we expect most enrolled subjects to be anticoagulated before randomization 

(30), Otherwise·eligible DVT patients who are already anticoagulated are still eligible for the 

study if their symptom onset was within 14 days. After enrollment. the patient should be 

anticoagulated with one of the regimens listed in Section 6.1.1. To avoid unnecessary 

transitions, if the patient was already receiving one of these regimens, the physician is 

encouraged to simply continue it. In patients receiving UFH, the physician should ensure that 

dose adjustments are being made based upon serial PTT determinations, per Section 6.1 1. 

 
7,2 Initial Management of Control Arm Subjects 

 
Immediately after randomization, the patient should receive (or continue to receive) initial 



 

 

 

  
 
 
 

anticoagulant therapy via one of the regimens listed in Section 6, 1,1, Warfarin should be initiated 

on the day of randomization (or continued if already started), Control Arm subjects              

shculd be encouraged to ambulate as tolerated and may be treated as outpatients at the 

physician's discretion (4), For inpatients, the timing of hospital discharge is at the discretion of 

the physician, Subjects should have blood drawn at least every second day for INR testing while 

they are receiving UFH or LMWH, and should continue to receive these agents until the INR <' 

2,0 for two consecutive days, The heparin should then be discont'lnued and the subject should 

continue to receive warfarin titrated to an INR of 2,0 3,0, The frequency of INR monitoring 

should be reduced as a stable warfarin dose is established, per the medical co-investigator, with 

a maximum of 4 weeks between successive INR tests (30),  The duration of anticoagulant 

therapy and the use of alternative regimens during follow-up are described in Section  6, 1,2, 

 
7,3 Initial Management of Experimental Arm Subjects 

 
7.3.1 Anticoagul ant Thera:ov in Experimental Arm Subjects 

 

The physician may use UFH or twice-daily LMWH, per Section 6, 1,1, as concomitant therapy 

during PCDT, To minimize the potential for bleeding, the guidelines below should be followed: 

 
1,   Before PCDT:  In subiects who will receive UFH during  PCDT, the dose should be adjusted 

to therapeutic levels by institutional nomogram, per Section  6, 1,1. Before starting PCDT, at 

least one PTT must be available to ensure that the UFH level will not be supra-therapeutic 

at the time of PCDT,  If the subject was recently receiving LMWH, the physician should wait 

until at least 8 hours after the administration of the last twice-daily LMWH dose, or 18 hours 

after the administration of the last once-daily  LMWH dose, before starting PCDT, 

2,   Before PCDT:  In subjects who will receive LMWH during  PCDT, one of the twice-daily 

regimens described in Section  6.1, 1 should be used,  If the subject was recently receiving 

UFH, the physician should wait until at least 3 hours after UFH cessation or until the level is 

shown to be subtherapeutic by a PTT level ::: 1,5 times control, before starting PCDT, 

3,   During use of Techniques A or B, UFH infusions should be targeted to a therapeutic PTT 

level (corresponding to 0,3 to 0,7 IU/ml anti-Xa activity on the institution's heparin assay). 

4,   During continuous rt-PA infusion (either for thrombus clean-up after use of Techniques A or 

B, or during use of Technique C), UFH infusions should be reduced to 6-12 units/kg/hr 

(maximum allowable dose 1000 units/hr) and the PTT maintained at less than 2 times 

control (there is no lower limit for PTT) for that institution, Infusion of UFH directly into the 
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target limb via the sheath is encouraged to ensure the highest heparin concentration in the 

leg veins. Blood should be drawn at least every 6·8 hours for PTT measurement 

5.   Subjects may receive supplemental bolus doses of UFH (up to 50 units/kg) during PCDT at 

physician discretion.   However, particular caution should be exercised in giving additional 

UFH doses to patients who are already therapeutically anticoagulated on UFH or LMWH. 

 

7.3.2  

 

1. Steroid Pre·Medication: In subjects with contrast allergies. steroid pre·medication should be 

started 12-24 hours before PCDT, per the Center's standard practice. A histamine receptor 

antagonist (e.g.. diphenhydramine) should also be given before contrast is administered. 

Both the steroids and the histamine receptor antagonist should be continued throughout the 

period when contrast may be administered (i.e., for multi-session procedures). 

2. Reversal of Elevated INR: In subjects with an INR > 1.6, Vitamin K should be given orally, 

subcutaneously, or by intravenous infusion to bring the INR to 1.6 or below before PCDT. 

3. Pre-procedure Hydration: Subjects should receive pre-procedure hydration as dictated by 

their renal function, overall clinical status, and the physician's standard practice. 

4. IVC Filter Placement: As outlined in Section 6.2.5. in selected subjects a retrievable IVG 

filter may be placed at the endovascular physician's discretion. The filter may be placed per 

the institution's standard practice at any time before PCDT, with these caveats: 

a. An ultrasound-guided jugular vein access should be used if possible.  If the filter is 

placed within 48 hours before PCDT, a venous catheter should be left in place until at 

least 1 hour after the last administration of rt-PA (to avoid puncture site bleeding). 

b. An IVC venogram must be obtained to ensure accurate filter deployment 

c. Non-ionic iodinated contrast should be used to minimize risk to the kidneys. 

d. A retrievable Tulip filter (Cook Inc., Bloomington, IN) should be used. 

e. The filter should be deployed in the infrarenal IVC just below the renal veins. 
 
 

7 .3.3 Phase 1 • Procedure Initiation 

 
PCDT procedures should be initiated using the following accepted endovascular practices (63): 

 
1 The endovascular physician should review the baseline imaging studies, examine the 

affected lower extremity with ultrasound, and determine (a) whether or not there is good 
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popliteal vein inflow (Le., venous flow at the level of the ultrasound-accessible  parts of the 

popliteal vein); and (b) whether or not the thrombus extends into the IVC 

2. The endovascular physician should make an initial determination as to which technique for 

initial PCDT will be used in that subject. per the guidelines in Section 624, and should 

select a venous access site accordingly. The chosen vein should be able to accommodate 

the needed vascular sheath, and ideally should be below the lowest extent of thrombus. 

3. An intravenous line should be placed and conscious sedation initiated with continuous 

monitoring of heart rate. oxygen saturation, blood pressure, and cardiac rhythm. 

4. Sterile technique must be used during all endovascular procedures. 

 
5. Local anesthesia should be injected into the skin over the venous access site(s), 

 
6. Catheter access into the deep venous system should then be obtained - this must be done 

using ultrasound-guided puncture (to prevent inadvertent arterial punctures) of the selected 

lower extremity vein (e.g.. the ipsilateral popliteal vein) or the right internal jugular vein. The 

physician may access additional veins under ultrasound guidance at his/her discretion. The 

use of the contralateral common femoral vein for access is, however, strongly discouraged. 

7. Real-time fluoroscopic   monitoring of catheter/guidewire manipulations should be used. 

 
8. A catheter should be advanced into the venous system and a baseline venogram of the 

proximal veins (popliteal vein through inlrarenal IVC) should be obtained with digital imaging 

and serial hand-injections of 5-10 ml non-ionic iodinated contrast, diluted as needed with 

normal saline. through the catheter at 10-20 cm intervals. Automated power injection is not 

permitted. Note: As the thrombus extent on the baseline venogram is relevant to the study 

data analysis, care should be taken to obtain complete imaging of the thrombus extent, even 

if this requires contrast injections from within non-flowing iliac or femoral venous segments. 

9. The endovascular physician should examine the venogram and confirm that his/her chosen 

PCDT technique is still appropriate per Section  6.2.4 (i.e.. there is no change from pre­ 

treatment studies in the assessment of popliteal vein inflow or the extent of IVC thrombus). 

10. The catheter should be exchanged for a vascular sheath to maintain deep venous access 

and to enable repeat venograms to be performed to monitor thrombolytic progress. 

 

7.3,4 Phase 2 - Performance of Initial PCDT 
 

1. Initial PCDT: The steps in Appendix 4 (for Trellis PCDT), Appendix 5 (for AngioJet PCDT), 
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2,   Treatment  Cessation or Reduction of rt-PA Dose: During PCDT, the physician may reduce 

the rt-PA dose or stop it entirely at his/her discretion if there are safety concerns, If serious 

bleeding occurs at the venous access site (uncontrolled by sheath upsizing or compression), 

rt-PA administration should be stopped, If sheath upsizing and/or compression are effective 

in stopping the bleeding, rt-PA may be re-started at a lower dose, If serious bleeding occurs 

in a distant location, or if a severe or life-threatening reaction occurs, administration of rt-PA 

shculd be permanently stopped, If serious bleeding occurs, infusion of UFH should also be 

stopped and, al physician discretion, protamine and/or cryoprecipitate may be given, 

 

7,3,5 Phase 3 •  of Residual Thrombus 
 

1,   A repeat venogram should be obtained through the sheath or a catheter,  If near-complete 

(> 90%) lysis and good anterograde flow are observed (by visual estimation) with no venous 

stenosis or obstruction, treatment may be stopped at any time thereafter at the physician's 

discretion - in this situation, proceed to Section 7,3,7,  If near-complete (> 90%) lysis is 

observed but there is significant venous stenosis or obstruction, proceed to Section 7,3,6. 

 
2. If residual thrombus is present, the physician may use the following adjunctive measures, To 

minimize the risk of causing PE, these methods should not be used prior to completion of 

initial PCDT (Techniques A and B) or at least 4 hours of rt-PA infusion (Technique C). The 

decision as to which method(s) are used, and the sequence, may be determined by the 

physician to allow maximum flexibility to tailor therapy to individual patient circumstances, 

 
a, Balloon Maceration of the thrombus may be performed as follows:  Advance a standard 

angioplasty balloon catheter (6-10 mm for the femoral vein, 10-12 mm for the common 

femoral vein or iliac vein) over the guidewire into the thrombus,  Inflate the balloon within 

the thrombus under fluoroscopic  guidance using the physician's usual technique,   Deflate 

the balloon,  Repeat these steps as needed with the balloon positioned in different parts 

of the thrombus,  Remove the angioplasty balloon catheter over the guidewire, 

b. Aspiration  thrombectomy  may be performed as follows:  Advance a standard 7-8 French 

catheter over the guidewire to the cephalad aspect of the thrombus,  Attach a large (30- 

60 ml) syringe to the catheter.  Vigorously aspirate with the syringe during withdrawal of 

the catheter through the thrombus - this may be done with the guidewire in place or with 
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the guidewire removed.  Repeat these steps as needed, then remove the catheter. 

 

c Rheolvticl hrombectomy may be performed using the AngioJet in aspiration mode, as 

 5 regarding 

guidewire retraction, infusate volume, and device activation time should be followed. 

d. Additional rt-PA boluses (up to 5 mg rt-PA per session) may be given at the physician's 

discretion,  but the total  rt-PA dose  may  not exceed  35 mg for  all sessions  combined, 

The additional rt-PA may be delivered in the following ways: a) via injection through the 

vascular sheath or a multisidehole catheter; b) in Technique A patients only, via the 

 4, Steps 4-8; or c) in Technique B patients only, via the 

Angiojet (PowerPulse or Rapid Lysis method) as described in Appendix 5, Step 4. 

 
3. Perform a repeat venogram.   If significant residual obstructing thrombus is present, position 

a multisidehole infusion catheter within the thrombus and perform Infusion CDT (rt-PA at 

0.01 mg/kg/hr, maximum dose 1.0 mg/hr) as outlined in Appendix 6.  (For Technique C 

subjects, this will simply represent a continuation of the initial rt-PA infusion.) The rt-PA 

infusion should continue until near-complete (> 90%) thrombolysis  is observed, clinically­ 

overt bleeding becomes evident, or until a maximum of 12 hours (for Technique A or 

Technique B) or 24 hours (for Technique C) of rt-PA infusion has occurred. 

 
4. The steps in Section 7.3.5 may be repeated as needed, but the above limits on rt-PA dose, 

infusion duration, device activation time, and AngioJet infusate volume must be followed. 

 

7,3,6 Phase 4 , Treatment of Obstructive Lesions 

 
1,  At physician discretion, balloon angioplasty and/or stent placement may be performed to 

correct areas of venous stenosis or obstruction, pursuant to the guidelines in Section 6.2.5. 

2.   Venography should be repeated after balloon angioplasty and/or stent placement 
 
 

7.3.1 Phase 5 - Completion of PCDT Procedures 

 

1. The physician should perform a venogram that documents the status of the proximal deep 

veins (popliteal vein through IVC), Note: As the thrombus extent on the final venogram will 

be analyzed as a study outcome, care should be taken to obtain complete imaging of the 

extent of thrombus, even if this requires contrast injection from within non-flowing segments. 
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2. When therapy is completed, the sheath may be removed at !he physician's discretion, but 

no less than 1 hour after the last rt-RA dose or UFH bolus dose was given. Hemostasis 

should be achieved via manual compression. The subject should remain al bedrest with the 

treated leg immobile for 6 hours, after which he/she may ambulate as tolerated. 

3. Therapeutic-level anticoagulation should be resumed within 2 hours after hemostasis is 

obtained. If UFH is used, a bolus dose should not be given. Subjects receiving LMWH 

should continue their previous regimen of scheduled injections. 

4. Wartarin should be initiated on the same day as sheath removal. Wartarin intensity, duration 

of therapy, INR monitoring, overlap with heparin therapy, and hospital discharge should be 

managed in the same way as in the Control Arm (Section 7.2).  However, PCDT subjects 

may not be discharged from the hospital until at least 12 hours after sheath removal. 

5.   For subjects in whom a retrievable IVC filter was placed prior to PCDT, careful attention 

should be paid to ensuring timely removal of the filter.  The filter may be removed at any 

time interval after PCDT that is consistent with safe clinical practice.  In general, removal of 

the filter as soon as possible (e.g. within 3 days) after completion of PCDT is encouraged.   If 

this cannot occur, the subject should be assessed at the 10-day follow-up visit for the ability 

to have the filter removed, and similarly re-assessed at least every 3 weeks thereafter until 

the filter has been removed or 3 months have elapsed since the date of its original insertion. 

There is no need to stop anticoagulation for filter retrieval unless it is supra-therapeutic. The 

retrieval may be performed per the physician's standard practice, but an ultrasound-guided 

jugular vein approach should be usad to avoid inadvertent arterial punctures and trauma to 

the leg veins. Two conditions should be met before filter retrieval: (a) the subject must be 

therapeutically  anticoagulated; and (b) on venography  or contrast-enhanced  CT scan, the 

subject must not have significant (2 25% of the filter's volume) thrombus within the filter or 

within the infrarenal IVC (94,g5). If either condition is not met, the filter should be left in 

place and removed when these criteria are satisfied. The filter should only be left in place 

permanently in the following situations: (a) the patient has a strong indication for long-term 

caval interruption, per the criteria outlined in Section 6.1.4; (b) the filter proves to be difficult 

to remove without extensive catheter manipulation that would risk injury to the caval wall; or 

(c) the filter could not be removed within 3 months after the date of its original insertion. 

 

8 EFFICACY  OUTCOMES 

 
8.1 Primary Efficacy Outcome 
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Post-Thrombotic Syndrome (PTS) defined by the presence of a total score of 5 or greater on the 

Villalta PTS Scale in the leg with the index DVT, or an ulcer in that leg, that occurs at any time 

between the 6-month post-randomization follow-up visit and the 24-month visit (inclusive). 

 

8,2 

 
• PTS occurrence at 6, 12 and 18 months, assessed using Villalta PTS Scale (as above). 

 

• PTS severity at 6, 12, 18 and 24 months, assessed using: 

a) Villalta PTS Scale 

b) Venous Clinical Severity Score (VCSS) 

c) Clinical Class in the Clinical-Etiologic-Anal omic-Pathophysiologic  (CEAP) System 

• Quality of Life (QOL) at 10 days and 1, 6, 12, 18 and 24 months, assessed using: 

a) SF-36v2 measure (general QOL) 

b) VEINES-QOL/Sym  measure (venous disease-specific  QOL). 

• Resolution of leg pain at 10 days and 1 month, assessed using Likert scale scores. 

• Resolution of leg swelling at 10 days and 1 month, assessed using standardized 

measurement of calf circumferences. 

• Degree of clot lysis with PCDT, assessed venographically  (Experimental Arm only). 

• Prevalence of valvular reflux and residual thrombus at 1 year (Duplex ultrasound). 

• Cost-effectiveness, measured in dollars per quality-adjusted life-year (QALY). 
 
 

8.3 Diagnosis of PTS 

 
PTS is a "syndrome" that produces a range of symptoms and clinical signs which differ in 

character and severity among patients (6). There is no "gold standard" criterion test to establish 

the diagnosis of PTS. In fact, correlations between "objective" findings on non-invasive tests and 

clinically important PTS disease have been poor-to-moderate (g6,97). For example, valvular 

reflux is usually present on Duplex ultrasound in patients with PTS, but many patients with reflux 

do not have PTS symptoms, health impairment, or poorer QOL (26,96). As such, the diagnosis 

of PTS should not be based upon imaging or physiological findings alone. In clinical practice, 

PTS is diagnosed using clinical criteria (assessment of symptoms and clinical signs). 

 
8.4 Justification of 24-Month Period for PTS Assessment 

 

We adopted a 24-month follow-up period for assessment of PTS to ensure that we will not miss 

incident PTS cases due to insufficient duration of follow-up. As prospective studies have shown 
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that 83-96% of PTS cases manifest by 2 years (2,3,5,31), we expect to miss very few cases, 

Two years also allows enough time for the more severe PTS manifestations lo develop, 

 
 

 
A number of clinical scales have been developed to standardize the diagnosis of PTS and to 

rate its severity. Because there is no gold standard test for PTS, validation of PTS measures 

has relied upon showing that they correlate with important health outcomes such as quality of 

life, and with known anatomic/physiologic  findings of chronic venous disease. In selecting the 

Villalta PTS Scale as our primary outcome measure, we placed high value upon its proven 

ability to identify subjects with clinically significant PTS after first-episode, proximal DVT. A 

detailed description of the evidence supporting Villalta  PTS Scale is provided in Appendix 7. To 

enhance interpretation of the trial results, we will also use two additional measures which were 

designed to standardize the descriptive classification of chronic venous disease (CEAP 

Classification System) and to grade its severity (Venous Clinical Severity Score). 

 
8,6 The Villalta PTS Scale 

 
The Villalta PTS Scale (Appendix 8) rates the severity of 5 patient-reported symptoms (pain, 

cramps, heaviness, paresthesia, pruritus) and 6 clinician-observed signs (edema, skin 

induration, hyperpigmentation, pain during compression, venous ectasia, redness) of PTS on a 

4-point scale (0 = none, 1 = mild, 2 = moderate, 3 = severe). The points are summed into a total 

score (range 0-33) for each leg (98). Subjects are categorized as having PTS if the total score in 

the leg with the index DVT is 5 or greater, or if an ulcer is present in that leg, at any time  

between the 6-month and the 24-month follow-up visits. Subjects will also be categorized as 

having mild (score 5-9), moderate (score 10-14), or severe PTS (score >15 or leg ulcer). 

 
8,7 Clinical-Etiologic-Anatomic-Pathologic  (CEAP) Classification System 

 
All subjects will have their Basic CEAP Clinical Class assessed for each limb (99, 100). The limb 

will be categorized into one of 8 descriptive "Clinical Classes" based upon the dominant physical 

exam findings observed  (101) (see Appendix  9) 

co = no disease 

C1   =  telangiectasias or reticular veins 

C2   =  varicose veins 

C3  = edema 

C4a =  pigmentation or eczema 
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C4b =  lipodermatosclerosis  or  alrophie  blanche 

C5    =   healed venous  ulcer 

C6   =  active venous ulcer 

 
 

Subjects will be assigned the highest Class for which they have a component sign, and will be 

classified as symptomatic (S) or asymptomatic (A). The ascending severity of the Clinical 

Classes has been shown to correlate with OOL (102,103). In ATTRACT, the Etiologic ("E"). 

Anatomic ("A") and Pathophysiologic ('P') components of the CEAP System will not be used. 

 
 

 
 

The VCSS is a 30-point venous severity scoring system (104-107). Its components were 

derived from selected elements of CEAP (eight clinical signs and one symptom of chronic 

venous disease) that exhibit change over time.  Extra weight was given to signs from the more 

severe (C4-C6) CEAP classes (Appendix 10). Use of the VCSS  should improve our ability to 

distinguish subjects with different severities of PTS and to assess PCDT's cost-effectiveness. 

 
8.9 Administration of PTS Measures 

 
The Villalta PTS Scale will be administered to subjects at baseline and at the 10-day and the 1, 

6, 12, 18, and 24-month follow-up visits.  CEAP and VCSS will be administered to subjects at  

the 6, 12, 18 and 24-month follow-up visits. Prior to initial use, study nurses will complete a 

training and certification session on their proper administration to ensure uniform administration 

across all Clinical Centers.  The examiners must be blinded to the subjects' treatment allocation. 

 
The day before follow-up visits, subjects should receive a telephone reminder to not wear 

compression stockings on the day of the visit, and to not reveal to clinic staff which therapy they 

received (PCDT or no PCDT) and which leg was affected with the DVT.  Subjects should be 

examined in the afternoon (the later the better) to allow the symptoms and signs of PTS to 

manifest   At the time of assessment, the following procedures should be followed: 

 
1. The subject should be unclothed to mid-thigh and seated facing the nurse in a well-lit room. 

 
2. The subject should be asked to rate (absent, mild, moderate, severe) the 5 symptoms on 

the Villalta PTS scale for each leg, and record his/her ratings on the PTS Symptoms Form. 

3. Subsequently, and without access to the subject's rating of symptoms, the nurse should 

assess the clinical signs required for the Villalta, CEAP, and VCSS measures and record 



c;C)f\i11 DC f\ITl/\L 

44 Vl- l)AI I HAl\li 

 

 

 
 
 

the results on the PTS Clinical Signs Form, 

 
4,   The nurse should check that all scales have been filled out correctly and completely before 

the subject leaves, If there are missing items, the nurse should politely ask the subject 

(without coercion) if he/she would like to complete the form, 

 
Measurement scales will be available in English and Spanish, If subjects have difficulty 

completing forms (e,g,, language barrier, visual impairment literacy), blinded study personnel or 

a translator should assist taking care to avoid influencing the subject's responses, 

 
!U0  Health-Related Qualilty of Life 

 
We will assess general and venous disease-specific  QOL at baseline and at the 10-day, 1- 

month, 6-month,  12-month, 18-month and 24-month follow-up visits, 

 
8, 10.1 General QOL 

 
 

General QOL will be measured using the Short-Form Health Survey-36, Version 2 (SF-36v2), a 

validated, widely-used gold standard instrument (108). The SF-36 has been used in other DVT 

studies to complement measures of PTS and venous disease-specific QOL ( 10,12,102,109), 

The SF-36v2 will be available for use in both English and Spanish versions. 

 
8,10,2 Venous Disease-Specific  QOL 

 
 

Venous disease-specific  QOL will be measured using the VEINES-QOL/Sym  measure, a patient 

self-assessment questionnaire ( 110), The instrument consists of 25 question items that 

measure venous symptoms, limitations in daily activities due to venous disease, psychological 

impact of venous disease, and change over the past year, Responses are rated on 2-point to 7- 

point Likert scales of intensity, frequency, or agreement  The VEINES-QOL/Sym  has undergone 

comprehensive  and rigorous psychometric evaluation and is acceptable, reliable, valid, and 

responsive for use as a patient-reported measure of outcome in studies of chronic venous 

disease, including PTS and DVT (109-111),  The VEINES-QOL/Sym  measure will be available 

in the originally validated English version and in a certified Spanish translation, 
 
 

8,10.3 Admi nistration of QOL instruments 
 

 

The SF-36 and VEINES-QOL/Sym will be combined into a single questionnaire that takes 15-20 
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minutes for an average patient to complete 11). Following a standard orientation, the 

subject will complete the questionnaire in a quiet office. The nurse will then check for missing 

data and politely (without coercion) encourage the subject lo respond to all items.  The nurse 

administering the questionnaire must be blinded to the subject's treatment allocation. 

 
           Instruments 

 
QOL data will be scored by blinded DCC personnel using established computer algorithms 

which include imputation of missing data (112,113). Summary scores will be computed for the 

SF-36 Physical (PCS) and Mental (MCS) Component Scales, and for the VEINES-QOL (impact 

of venous disease upon QOL) and VEINES-Sym (symptom severity) summary scales. 

 
8.11  Resolution of Leg Pain and Swelling 

 
To determine if PCDT leads to faster DVT symptom resoluf1on, the severity of leg pain in the 

index leg will be assessed on a 7-point Likert scale at baseline and 10-day and 1-month follow­ 

up.  The subject will be asked to "Please rate the overall intensity of "pain" or "discomfort" that 

you have felt in your leg with the blood clot during the past 24 hours by checking one response 

on the following scale"  (1 = "No pain", 2 = "Very mild pain", 3 = "Mild pain", 4 = "Moderate pain", 

5 = "Severe pain", 6 = "Very severe pain", 7 = "Extremely severe pain").  Likert scales are widely 

validated for pain severity assessment ( 114,115).  The Likert scale, and the accompanying 

instructions. will be available in the originally validated English version and in a certified Spanish 

translation.  Calf circumference  10 cm below the tibial tuberosity will also be measured at 

baseline and 10-day and 1-month follow-up.  At these visits, venous disease symptoms and 

signs will also be assessed using the Villalta PTS Scale.  The study nurse performing these 

assessments must be blinded to the subject's treatment allocation. 

 
Arm Only) 

 
Two sets of venograms will be analyzed in each Experimental Arm subject: (a) the baseline 

venogram of the proximal veins (popliteal vein through infrarenal IVC) obtained after initial 

catheter insertion into the venous system and before PCDT; and (b) the final venogram of the 

proximal veins obtained after PCDT and any adjunctive procedures, and before sheath removal. 

The primary goal of the venogram evaluation is to determine the degree of thrombus elimination 

and correlate ii with the likelihood of developing PTS. The venograms will be transmitted to the 

DCC and initially evaluated for overall quality in standardized fashion by blinded Independent 
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Adjudication Committee physicians who are experienced with venogram adjudication in DVT 

trials. Feedback to Clinical Centers will be provided when inadequate exams are identified in 

order to encourage better quality venography in subsequent subjects. Readers will quantity clot 

burden using the components of the Marder score that describe the proximal veins (116). 

 
8.13   Ultrasound :::;ur l:ls;tuay - Valvular  Reflux and Residual Thrombus 

 
A  1-year follow-up bilateral lower extremity venous Duplex ultrasound exam will be performed in 

a consecutive 142-subject subgroup in 7 Clinical Centers. The primary goal of the Ultrasound 

Substudy will be to determine if prevention of valvular reflux and/or venous obstruction from 

residual thrombus represents a primary mechanism underlying any effect of PCDT upon the 

cumulative incidence and severity of PTS. We will assess: (a) the  presence of valvular  reflux 

(flow reversal for 0.5 seconds after standardized distal compression with an automatic cuff 

inflator) in the common femoral. femoral, popliteal, great saphenous, and small saphenous 

veins (117, 118); and (b) the presence of residual thrombus  (incomplete compressibility)  in the 

common femoral, deep femoral, femoral. and popliteal veins (77). Reflux will be evaluated with 

subjects standing and bearing weight on the contralateral limb (see Appendix  12 for ultrasound 

exam protocol). The exams must be performed in standardized fashion by Clinical Center 

sonographers blinded to treatment allocation, recorded in real time on super VHS videotapes or 

digital media, and transmitted to the Ultrasound Core Laboratory.   Blinded Core Lab personnel 

will analyze the exams for overall quality, interpret findings, record them on an Ultrasound Case 

Report Form, and transmit it to the DCC.  At the DCC, reflux and obstruction will be quantified 

from the Case Report Forms by blinded personnel using the Venous Segmental Disease Score 

(VSDS) in which values assigned to the presence of reflux and obstruction in specific lower 

extremity veins are summed to yield a Reflux Score and an Obstruction Score (102,106,107). 

 
9 SAFETY  OUTCOMES 

 

The following safety outcomes will be assessed for each subject over the 24-month period. 

 
o    Major bleeding and minor bleeding 

 

• Need for transfusion 
 

• lntracranial bleeding 
 

• Symptomatic pulmonary embolism 

• Symptomatic recurrent venous thromboembolism 
 

• Mortality 
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9.1 

 
Evaluation of clinically overt bleeding will depend upon the suspected bleeding site. For 

example, subjects with suspected intracranial bleeding will undergo a head CT scan and 

subjects with suspected retroperitoneal bleeding will undergo a CT scan of the abdomen/pelvis. 

Clinically overt bleeding will be classified as 'Major' if it is associated with a fall in the 

hemoglobin level of at least 2.0 g/dl, transfusion of ;, 2 units of red blood or involvement of 

a critical site (e.g., intracranial, intraspinal) (119), Less severe clinically overt bleeding will be 

classified as minor. To distinguish clinically important hemorrhage from hemoglobinuria (which 

is routinely observed in subjects undergoing mechanical thrombectomy),  discoloration of the 

urine during or after mechanical thrombectomy will not by itself be considered to indicate the 

presence of clinically-overt  bleeding. Major bleeding, minor bleeding, need for transfusion, and 

intracranial bleeding will be assessed during the study period and reported. To aid in evaluating 

the relationship of bleeding events to rt-PA administration, they will also be categorized by 

whether they occurred within 3 days after the initiation of PCDT.  Data on complications will be 

captured on the Case Report Forms in a way that enables their outcomes to be categorized 

according to FDA guidelines and SIR reporting standards (48,120). 

 
9.2 Symptomatic Pulmonary Embolism (PE) 

 
When PE is clinically suspected, spiral CT of the pulmonary arteries and/or ventilation-perfusion 

lung scan will be obtained. If there is a new intraluminal filling defect of a segmental or more 

central pulmonary artery or a "high probability" perfusion defect, PE will be diagnosed. PE will 

be excluded if the spiral CT is normal or there are no pertusion defects. If the pertusion scan or 

CT scan is non-diagnostic, bilateral lower extremity ultrasound will be performed and PE will be 

diagnosed if there is new DVT (see next section). Ultrasound will be repeated after 7 :<: 2 days if 

there is no new DVT. Pulmonary angiography may be performed if there are equivocal findings 

and/or serial ultrasound testing is considered unsafe. To distinguish clinically important new PE 

events from minor symptoms of PE events that may have occurred prior to randomization, and 

from the clinical findings of micro-embolization that are commonly observed during thrombo1Y1ic 

therapy (e.g. transient pleuritic chest pain that resolves completely), investigation for PE during 

the first 10 days after enrollment is discouraged (in subjects in both study arms) in the absence 

of more significant clinical findings that suggest a new symptomatic  PE event.  Symptomatic PE 

events will be assessed during the 24-month study period and reported. 

 
9.3 Symptomatic Recurrent DVT 
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To increase the accuracy of diagnosing recurrent DVT, there will be standardized recording of 

!he extent of thrombus (diameters of the common femoral, femoral, and popliteat veins and the 

thrombus'  proximal and distal extent) on the baseline and 1-month follow-up ultrasound exams, 

When recurrent DVT is clinically suspected during follow-up, compression ultrasound of the 

proximal veins (popliteai vein to common femoral vein) will be performed and a Compression 

Ultrasound Worksheet documenting the exam will be transmitted by the Clinical Center to the 

DCC, If there was no DVT on the last ultrasound (or on the last venogram performed during 

follow-up) of the same leg, recurrent DVT will be diagnosed using the same criteria as that of a 

qualifying proximal DVT (Section 4 A ),  if a previous ultrasound or a follow-up venogram is 

available for comparison, recurrent DVT will be diagnosed if one of the following criteria is met: 

(a) there is a new non-compressible common femoral, femoral, or popliteal vein; (b) there is ;, 

10 cm extension of thrombus margin (Le, transition from not fully compressible to normal); or (c) 

there is a 4-mm increase in compressed thrombus diameter at the common femoral, femoral, or 

popliteal vein (77, 119,121-124), If these criteria are not met, DVT will not be diagnosed and the 

ultrasound will be repeated after 7 :': 2 days and judged by the same criteria, If the second test 

is not diagnostic for recurrence, DVT will be excluded, Venography or CT scan can be 

performed if, in the absence of diagnostic findings, clinical suspicion for recurrence is high or the 

ultrasound findings are equivocal, For events which are believed by the Adjudication Committee 

to be likely to represent recurrent DVT, any ultrasound studies obtained will be reviewed by the 

Ultrasound Core Laboratory and compared with the last available ultrasound exam,  Taking into 

account the Ultrasound Core Laboratory's review, the Adjudication Committee will then provide 

a final adjudication of the event  Symptomatic recurrent DVT will be assessed during the 24- 

month study period and reported,  In the Experimental Arm, early (within 1 month) re-thrombosis 

of PCDT-treated vein segments will be distinguished from other recurrent DVT events, 

 
9.4 Death 

 
Cause of death will be determined from hospital and outpatient records, autopsy data, and other 

information, Death will be attributed to PE if it is unexplained and sudden or there is substantive 

supporting evidence, Mortality will be assessed during the 24-month study period and reported, 

 
9,5 Clinical Events Adjudication 

 
Data on suspected clinical events will be reviewed by two blinded adjudicators who are expert 

DCC clinicians with extensive experience in adjudicating clinical events for DVT trials, They will 

interpret data per the Manual of Operations, without knowledge of treatment allocation, If there 
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is disagreement, a second adjudication will occur with three adjudicators to obtain consensus,   If 

consensus is not obtained, two votes will be sufficient to adjudicate the outcome, To further 

blind the adjudicators, unknown to them suspected events from ATTRACT will be interspersed 

with suspected events from other treatment studies being adjudicated at the DCC, 

 
10 

 

As ATTRACT  offers a good opportunity to estimate PCDTs cost-effectiveness, we will compare 

economic outcomes between subjects in the two study arms, If PCDT is found to be efficacious 

and associated with increased costs, we will do a formal cost-effectiveness analysis to estimate 

the incremental cost per quality-adjusted  life year (QALY) gained with PCDT 13), 

 
i0,i Medical Resource Utilization and Costs 

 
Data relating to direct and indirect costs will be collected for each subject For the index 

hospitalization, costs will be estimated using a combination of: (a) procedural resource use data 

for major cost drivers, from which costs will be calculated using standard resource-based 

costing methods; and (b) hospital billing data, which will be converted to costs based on 

department level cost to charge ratios, A similar approach will be used to assess costs 

associated with hospitalizations during follow-up, For other aspects of follow-up medical care, 

we will assess detailed resource utilization at each follow-up clinic visit and apply a variety of 

approaches including the Medicare fee schedule (for outpatient physician services, rehabilitation 

and skilled nursing services) and average wholesale  prices (for medication costs), Indirect costs 

will be estimated from data relating to lost time from work, decreased productivity, and informal 

caregivers' time associated with loss of functional independence, Assessment  of outpatient 

resource utilization and indirect costs will be aided by the use of a "cost diary", which each 

ATTRACT subject will use to record (weekly) outpatient medical encounters, travel time, and out 

of pocket expenses related to their DVT,  Cost diaries will be available in English and Spanish, 

 
10,2 Measurement 

 
Although QOL will be assessed using a variety of disease-specific and generic instruments in 

ATTRACT, for the purposes of economic analysis QOL will be assessed in terms of utility-- a 

measure of an individual's preference for his or her current health state relative to perfect health 

on a 0-1 scale (125), Although in the past, it had been customary to measure utility directly from 

the trial participants using time-tradeoff techniques, there is an emerging consensus that cost- 
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effectiveness analyses designed to inform societal resource allocation should use community­ 

based (rather than patient-based)  preferences (126), For ATTRACT, we will calculate 

preference-based utility scores from the SF-36v2 data being collected as part of the QOL study, 

using a recently-validated U,S,-specific scoring algorithm developed  by Brazier et al (127), This 

method has the advantage of using population-based utility weights that are appropriate to the 

perspective of our analysis (ie, LJ,S, societal weights), 

 
1!L3 Cost-Effectiveness   

 
Although the trial will follow subjects for 24 months, outcomes pertinent to cost-effectiveness may 

continue to evolve well after its conclusion, In particular, we expect the benefits of PCDT to accrue 

over the long term through a reduction in PTS-related morbidity and costs, Hence, a method is 

required for converting the observed trial experience into corresponding lifetime quality-adjusted 

survival and costs for the incremental cost-effectiveness calculations_ Although the use of "within­ 

trial" cost-effectiveness ratios would eliminate the need for extrapolation, such an approach would 

bias our analysis substantially against PCDT given its high up-front cost and the expectation that 

any QOL benefits are likely to be sustained, To extend the trial results beyond the observed time­ 

frame, we will develop a Markov (state-transition) model (128) in which the principal health states 

will describe the long-term complications of DVT as defined by the clinical trial (e,g,, death, PE, 

recurrent DVT, venous ulcer), To the extent possible, data for this model will be based on the 

empiric results of ATTRACT and the published literature _  In addition, the VETO Study, a 5-year 

Canadian study of 387 DVT patients that is collecting detailed clinical, resource use, and cost data 

related to PTS, will serve as a source of long-term cost transition probability and utility inputs for the 

model (81, 129,130), Once the model is developed and validated using the ATTRACT data, we will 

use it to calculate an incremental cost-effectiveness ratio for the more expensive therapy 

(presumably PCDT) compared with the less expensive therapy, and by comparing this ratio with 

those of other medical interventions, determine which strategy is preferred on economic grounds, 

 
 

 
 

See Appendix 14 for a schedule of study procedures and assessments, 

 
11.1 Scheduled Visit  1- Follow-Up Assessment  at 10 Days 

At 10 days ± 3 days after randomization, subjects: 

• rate their leg pain (7-point Likert scale) 
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• have their leg circumference measured 

• undergo assessment using the Villalta PTS Scale 

• complete a QOL questionnaire  (SF-36v2, VEINES-QOL/Sym) 

• are provided sized-lo-fit elastic compression stockings (ECS) 

• have their platelet count obtained to assess for heparin-induced thrombocytopenia  (HIT) 

c have adverse events, thrombotic  and bleeding events, hospitalizations, physician 

anticoagulant  regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present) 
 
 

 
 

At 30 days ± 7 days after randomization, subjects: 

 
• rate their leg pain (7-point Likert scale) 

• have their leg circumference  measured 

• undergo assessment using the Villalta PTS Scale 

• complete a QOL questionnaire  (SF-36v2, VEINES-QOL/Sym) 

• have a bilateral lower extremity Duplex ultrasound exam 

• are queried on their use of ECS, and then ECS use is reinforced 

• have adverse events, thrombotic and bleeding events, hospitalizations, physician visits, 

anticoagulant regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present) 
 

11.3 Scheduled Visit 3 - Follow-Up Assessment at 6 Months 

At 6 months ± 1 month after randomization, subjects: 

• undergo assessment using the Villalta PTS Scale, CEAP and VCSS instruments 

• complete a QOL questionnaire  (SF-36v2, VEINES-QOL/Sym) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have adverse events, thrombotic and bleeding events, hospitalizations, physician visits, 

anticoagulant  regimen, and their cost diary reviewed and recorded 

 
11.4 Scheduled Visit 4 - Follow-Up Assessment at 12 Months 

At 12 months ± 1 month after randomization, subjects: 

• undergo assessment using the Villalta PTS Scale, CEAP and VCSS instruments 
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• complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have adverse events, thrombotic and bleeding events, hospitalizations,  physician visits, 

anticoagulant regimen, and their cost diary reviewed 

• have a bilateral lower extremity Duplex ultrasound exam (if in the Ultrasound Substudy) 
 

11.5 Scheduled Visit 5 - Follow-Uc Assessment at 18 months 

At 18 months ± 1 month after randomization, subjects: 

• undergo assessment using the Villalta PTS Scale, CEAP and VCSS instruments 

• complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have adverse events, thrombotic and bleeding events, hospitalizations,  physician visits, 

anticoagulant regimen, and their cost diary reviewed and recorded 

 
11.6 Scheduled Visit 6 - Follow-Up Assessment al 24 months 

At 24 months ± 2 months after randomization, subjects: 

• undergo assessment using the Villalta PTS Scale, CEAP and VCSS instruments 

• complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have adverse events, thrombotic and bleeding events, hospitalizations, physician visits, 

anticoagulant regimen, and their cost diary reviewed and recorded 

 
11,7  Unscheduled Assessments for Clinical Events During Follow-Up 

 
Subjects should be instructed to urgently contact study personnel or attend an Emergency 

Department if they develop symptoms compatible with recurrent VTE or bleeding, These 

symptoms should be reviewed verbally and also provided to subjects in writing, with relevant 

contact numbers, Procedures to evaluate suspected clinical events are described in Section 9, 

 
12 PLAN FOR MINIMIZING BIAS 

 
 

12.1 Justification for Nol Using a Double-Blind Design 

 
A double-blind design using sham PCDT procedures will not be used since a) it would be 

complex and unlikely to achieve effective blinding; b) it could change the efficacy and safety of 
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standard DVT therapy in the Control Arm by causing puncture site bleeding or symptomatic PE; 

and c) ii would cause patient hardship. 

 
12.2 Central Automated Randomization 

 
The use of a centrally·located automated randomization service using a pre·specified 

randomization schedule with random block sizes prepared by an arms-length statistician will 

ensure effective concealment of treatment allocation. 

 
12.3 Blinded Outcome Assessments 

 
The following explicit precautions must be taken to minimize the possibility that knowledge of 

treatment allocation or baseline subject variables will influence outcome assessments: 

 
l.  Subjects must be asked not to reveal how they were initially treated when they are seen for 

scheduled and unscheduled follow-up  assessments. 

2. Study personnel who perform follow·up assessments must be blinded to subject treatment 

allocation and must be different than study personnel who initially enroll and treat subjects. 

3. Study personnel must not ask subjects about their initial treatment (i.e.. if it included PCDT) 

 
4. The conduct and interpretation of outcome assessments (i.e., specific procedures and 

diagnostic criteria) will be standardized in the study Manual of Operations. 

5. All adjudicators must be blinded to treatment allocation. 
 

Along with effective concealment of allocation, these important precautions will minimize 

diagnostic suspicion bias, ascertainment bias, and interpretation bias ( 131-138). 

 
12.4 Avoidance of Crossover 

 
As described in Section 6.2.8, the use of PCDT in Control Arm subjects is only allowed in 

subjects who develop limb-threatening circulatory compromise despite anticoagulant therapy. If 

a Control Arm subject is judged to require PCDT for acute limb salvage, the Principal 

Investigator should be notified before PCDT is performed to ensure that this decision is 

adequately justified and documented. Subjects who cross over will be analyzed in the treatment 

arm to which they were originally randomized, per the intention-to-treat princ·1ple. 
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12.5 Avoidance of Differential Co-intervention 

 
To minimize the possibility that differing use of standard DVT therapy might influence PTS 

the following precautions must be taken: (a) bilateral below-knee elastic compression stockings 

(30-40 mmHg, the same brand to all subjects in each Center) should be used in all subjects 

(3,31); (b) the recommended intensity (target INR 2.0 to 3.0) and duration of anticoagulant 

therapy should be the same in both treatment groups (Section 6.1.2} (30). Data pertaining to the 

actual duration of anticoagulant therapy given and the percent of time spent in the therapeutic 

range (from INR blood testing) will be compared between the two arms: and (c) criteria for IVC 

filter use during follow-up will be the same in both arms, and data on filter use will be collected. 

 
12.6 Surveillance of Both Treatment Arms 

 
As subjects in both treatment Arms will receive the same standard DVT therapy and follow-up, 

the intensity of surveillance will not differ between them. 

 
12.7    Withdrawal, and Termination 

 
These measures will be taken to promote continued participation of subjects in both Arms: 

a) frequent telephone contact using a standardized schedule: 

b) electronic facilitation of follow-up (Section 14.3): and 

c) reimbursement for travel expenses (Section  18.6.2). 
 
 

Subjects should be encouraged to remain in the study until follow-up  is completed but will be 

informed that they have the right to withdraw from the study at any time without compromise to 

their subsequent care.  Subjects will be terminated from the study if they die or elect to 

withdraw If subjects elect to withdraw, they should be asked for permission for the following: 

a) to be visited in their home by study personnel (if feasible): 

b) to be contacted by telephone; 

c) to have a family member contacted; and 

d)   to have their physicians contacted. 

 
 

13 ASSESSMENT AND REPORTING OF ADVERSE  EVENTS 
 
 

13.1 Definitions 

 

13.1.1 Adverse Events (AE) 
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An  AE  is any  untoward medical occurrence  observed  in a  patient that develops  or worsens from 

baseline status  ·1n association with  use of an adm'in'1stered investigational  intervention,  whether 

considered  intervention-related  or  not.   An AE  can therefore  be any  unfavorable  and  unintended 

sign  (including  an  abnormal  laboratory  finding),  symptom.  or  disease  temporally  associated  with 

the  investigalional  intervention,  whether  or  not considered  related to  the  intervention. 

 
13.1.2 Serious Adverse Events 

 
 

A SAE is any AE that results in one of the following outcomes: 
 

• Death 

• A life-threatening adverse experience 
 

• A persistent or significant disability/incapacity 

• Inpatient hospitalization or prolongation of existing hospitalization 

• Congenital anomaly, birth defect, or cancer in a neonate/infant born to a female subject 

• Pregnancy abortion (accidential, therapeutic, or spontaneous) 
 
 

Medical events that do not strictly fulfill these criteria may be considered SAEs if they seriously 

jeopardize  the subject or require aggressive intervention to prevent one of these outcomes. 

 
13.1.3 Pre-Existing Medical Conditions 

 
 

A pre-existing medical condition is one that is present at the start of the study.  Such conditions 

should be reported in the baseline medical/surgical history.  A pre-existing medical condition 

should be re-assessed during the trial and reported as an AE or SAE only if the frequency, 

severity, or character of the condition worsens significantly or unexpectedly during the study. 

When reporting such events, it is important to convey the concept that the pre-existing condition 

has changed by including applicable descriptors (e.g. "more frequent" headaches). Previously 

scheduled hospitalizations and hospitalizations needed for diagnostic or elective surgical 

procedures for the management of pre-existing medical conditions are not considered AEs. 

 
13.2 Documentation of Adverse Events 

 
AEs should be solicited at all follow-up visits. Subjects should be encouraged to report AEs 

spontaneously or in response to non-directed questioning (e.g. "How has your health been since 

the last visit?"). If it is determined that an AE occurred, the Clinical Center investigator should 

obtain all the information needed to complete the AE Page of the electronic Case Report Form 



/\TTR /\C;T COl\J! IDE!•Hi/•.L 

56 V b I )l\f.11 l!Af\/: 

 

 

 
 
 

(eCRF). All observed or volunteered AEs, regardless of treatment group or suspected causal 

relationshiplo the study drug or protocol-mandated treatment, must be recorded on the AE   

Page ol the eCRF.  The completed AE Page of the eCRF should then be submitted to the Data 

Coordinating Center using the ATTRACT Trial's Web-based electronic data capture system. 

 
  Period 

 
 

 

 
In contrast, SAEs must be solicited at all scheduled follow-up visits. All observed or volunteered 

SAEs occurring from initiation of treatment through 24 months following initiation of treatment, 

regardless of treatment group or suspected causal relationship to the study drug or protocol­ 

mandated treatment, must be recorded on the designated SAE Page of the electronic CRF. The 

procedures that must be followed to expedite reporting of SAEs are detailed in Section 13.4. 

 
The Clinical Center investigator should also report any SAE occurring after a subject has 

completed or discontinued study participation if it was possibly related to prior rt-PA exposure. 

If the investigator should become aware of the development of cancer or a congenital anomaly 

in a subsequently conceived offspring of a female subject, this should be reported as a SAE. 

 
 

 

To improve the quality/precision of AE reporting, investigators should follow these guidelines: 

 
1. Use recognized medical terms.  Avoid the use of colloquialisms  and/or abbreviations. 

 

2. Diagnosis vs Signs/Symptoms:  If known at the time of reporting, a diagnosis should be 

reported instead of individual signs and symptoms (e.g, record only "hepatitis" rather than 

jaundice and elevated transaminases).  However, if the known signs and symptoms cannot 

be medically characterized as a single diagnosis or syndrome at the time of reporting, the 

information that is currently available should be reported. If a diagnosis is subsequently 

established, it should be reported as follow-up information as described in Section 13"5. 

3. A cascade of events (i.e. sequelae) should be identified by the primary, causative event 

The cascade of events can be described in the AE narrative. For example, when recording 

a death, the event or condition that caused or contributed to the fatal outcome should be 

reported as the SAE (death would be the outcome of that SAE). If the cause of death is 
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unknown and cannot be ascertained at the time of reporting, report "Unexplained Death". 

4. Hospitalizations for Medical and Surgical Procedures:  Any AE that results in inpatient 

hospitalization or prolonged of inpatient hospitalization should be reported as a SAE.  If a 

subject is hospitalized to undergo a medical or surgical procedure as a result of an AE, the 

event responsible for the procedure (not the procedure itself) should be reported as the 

SAE.  For example, if a subject is hospitalized to undergo coronary bypass surgery as a 

result of an AE, record the heart condition that necessitated the bypass as the SAE. 

 

13.3    

 
All AEs must be characterized by the following criteria: 

 

13.3.1 Intensity or Severity 
 

The following categories of the intensity of an adverse event should be used: 
 
 

Awareness of a sign or symptom that does not interfere with the patient's usual 

activity or is transient, resolved without treatment and with no sequelae. 

 
Interferes with the patient's usual activity, but he/she is still able to function. 

 
 

Severe  Interrupts a patient's usual daily activity and generally requires a systemic drug 

therapy or other treatment 

 

13.3.2 

 

Each AE should be evaluated as to whether it was expected or unexpected, as follows: 
 
 

Expected  The specificity and severity of the event is consistent with applicable information 

on the study drug (rt-PA) or protocol-related procedures (i.e., risk information in 

the Activase Investigator's Brochure, Instructions for Use, or Section  18.3). 

 
Unexpected The specificity or severity of the event is not consistent with applicable 

information on the study drug (rt-PA) or protocol-related procedures, per the last 

paragraph.  This includes any AE that has not been previously observed. 
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13.3.3 Relatedness 

 
Each AE should be evaluated as to whether it was related to use of rt-PA or other protocol­ 

mandated treatments. as follows: 

Definite An AE is clearly related to the study drug or protocol-mandated treatments. 
 

Probable 
 
 

Possible 

An AE has a strong temporal relationship to use of the study drug or protocol­ 

mandated treatments. and another etiology is significantly less likely 

An AE has a strong temporal relationship to the study drug or protocol-mandated 

treatment and an alternative etiology is equally or less likely. 

Unlikely An AE has little or no temporal relationship to the study drug or protocol­ 

mandated treatment and/or a more likely alternative etiology exists. 

 
Not Related An AE is not related to the study drug or protocol-mandated treatment (there is 

no temporal relationship. or a much more likely alternative etiology exists). 

 

13.3.4 Outcome 
 

The clinical course of all AEs should be followed until a medical outcome is determined 

(resolution. stabilization. or determination that it was unrelated to study participation). If a 

subject becomes pregnant within 90 days of receiving rt-PA. follow-up should be obtained to 

establish the pregnancy's outcome. The clinical outcome of all AEs will be recorded as follows: 

 

Death 

Recovered 

Not Yet  Recovered 

Recovered with Sequelae 

 
 

Patient returned to baseline status. 

Patient did not recover and symptoms/sequelae  continue. 

Patient recovered but with clinical sequelae from the event 

 

13.3.5 Treatment or Action Taken 
 

AEs and SAEs will be categorized by the actions taken in response to the event: 

 
Intervention 

Non-surgical  Treatment 

None 

Surgery or other invasive procedure 

Drug initiation. interruption, dose reduction. or discontinuation 

No action was taken. 
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13.4 
 

The Clinical Center investigators must use the following procedure for reporting SAEs: 
 

1. Report any SAE that occurs within 24 months after treatment initiation to the ATTRACT Trial 

Clinical Coordinating Center (CCC) at the Washington University School of Medicine.  A 

description of the event should be reported on the SAE Page of the eCRF and e-mailed or 

faxed  within  24 hours  of  knowledge  ofthe event  (Monday-Friday)  to: 

 
Colleen Kilbourne-Glynn, CCRP 

ATTRACT Trial Project Manager 

Mallinckrodt Institute of Radiology 

510 S . K ingshighway, Box 8131 

St Louis, MO 63110 

Telephone: (314) 747-2498 

Fax  (314) 747-1944 

E-Mail:   kilboume-glynnc@mir.wustl.edu 
 

 
2. Report the SAE to the Clinical Center's local IRB per its regulations.  If the event causes 

death or  is life-threatening, this must be done within 24 hours of knowledge of the event 

 

3. Electronically transmit the SAE Page of the eCRF to the Data Coordinating Center as usual. 
 

 
4. In reporting SAEs, the investigator should provide any potentially relevant information on 

subject demographics; pre-existing conditions; the event's description; its date/time of onset, 

severity, and treatment; results of diagnostic testing; the duration of sequelae; and outcome  

if known. Information on suspect medications including dose, route of administration, 

frequency, dates, lot number, expiration date, and concomitant medications should be given. 

 

5  Deaths:  Any report of a patient death should be accompanied by a Study Exit Form, a 

statement of the pertinent details, and the death records/certificate and autopsy report (if 

performed).  When reporting a death, the primary event or condition that caused or 

contributed to the fatal outcome should be reported as the SAE (death is the outcome of that 

SAE).  If the cause of death is unknown at the time of reporting, report "Unexplained Death". 

mailto:kilboume-glynnc@mir.wustl.edu
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At the CCC, Dr. Vedantham (the ATTRACT Trial Principal Investigator and IND Holder) will 

review the SAE report and obtain any needed additional clarifications concerning the event by 

direct telephone conversations  and/or e-mail with the Clinical Center investigator(s). The Clinical 

Center investigator's description and categorization of the SAE per the criteria in Section 13.3, 

and any additional relevant information, will then be reviewed at the CCC by the ATTRACT Trial 

Safety Officer.  The Safety Officer will determine if the SAE was properly categorized,  If not, he 

will provide Dr. Vedantham and the Clinical Center investigator with a modified categorization, 

along with a brief written rationale for re-categorizing the SAE.  In nearly all instances, the 

Safety Officer's categorization will be considered the CCC's final categorization of the SAE. 

However, if a Clinical Center investigator continues to believe that a SAE was unexpected or 

possibly, probably, or definitely related to use of rt-PA, then the event will be reported as such. 

 
13.4.1 Fatal or Unexpected SAEs - 7-Day   from IND Holder 

 

Dr. Vedantham, the IND Holder, will notify the FDA of any fatal or life-threatening SAE that is 

assessed by the CCC to be unexpected and possibly, probably, or definitely  related to the use 

of rt-PA.  Such reports will be telephoned, faxed, or e-mailed to (a) the FDA (fax (800) FDA- 

1078); (b) Genentech Drug Safety (Martha Blaney, Medical Monitor, telephone (650) 225-2232, 

fax (650) 225-4630 or (650) 225-5288); (c) the NHLBI Project Officer; (d) the Washington 

University Human Studies Committee; (e) the ATTRACT Trial Steering Committee; and (f) the 

Clinical Center investigators within 7 calendar days of first learning of the event   The Clinical 

Center investigators are then responsible for notifying their respective IRBs of the SAE. 

 
13.4,2 All Unexpected SAEs - 15-Day Written Report from IND Holder 

 
 

As the IND Holder, Dr. Vedantham is the Primary Medical Monitor and is responsible for timely 

submission of the Medwatch 3500a form to the FDA.  Within 15 calendar days after initial 

knowledge of any SAE categorized as unexpected and possibly, probably, or definitely  related 

to use of rt-PA, Dr. Vedantham will send a written IND Safety Report to (a) the FDA (faxed to 

(800) FDA-1078); (b) Genentech Drug Safety; (c) the NHLBI Project Officer; (d) the Washington 

University Human Studies Committee; (e) ATTRACT Steering Committee; and (f) the Clinical 

Center investigators. This Report will include an Analysis of Similar Events, per 21 CFR 312.32. 

The Clinical Center investigators are then responsible for providing this Report to their IRBs. 
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Our flowchart for timely reporting and analysis of SAEs is depicted in the diagram below: 
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We expect that this strategy will allow the identification of serious or systematic hazards in a 

timely fashion, facilitating corrective action and appropriate reporting to regulatory agencies, 

 
Contact numbers for Dr, Vedantham (ATTRACT Trial Principal Investigator, IND Holder, and 

Primary Medical Monitor) and Dr, James R Duncan (ATTRACT Trial Safety Officer) are below: 

 

Clinical Center Investigators notify their IRBs 

Transmit eCRF to DCC 

I I 

E-mail/fax eCRF to CCC 

' 

I 
Notify local IRB if fatal 

or life-threatening 

Periodic Reports 
to DSMB 

I 

 Expedited Reporting 
Any unexpected SAE that is possibly, 

probably, or definitely related I 
I 
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Primary Medical Monitor 

Suresh Vedantham, MD. 

Principal Investigator, ATTRACT Trial 

Mallinckrodt Institute of Radiology 

510 S. Kingshighway, Box 8131 

St M0 63110 

Telephone: (314) 362-2923 

Fax: (314) 362-2276 

E-Mail:  vedanthams@mir.wustLedu 

 

 
 
 
 

ATTRACT  Trial Safety Officer 

James  R. Duncan, MD , PhD. 

Safety Officer, ATTRACT Trial 

Mallinckrodt Institute of Radiology 

510 S. Kingshighway, Box 8131 

St. Louis, MO  63110 

Telephone:  (314) 747-6281 

Fax:  ( 314) 362-2276 

E-Mail:  duncan j@mir.wustl.edu 

 
For questions regarding AE or SAE reporting, the Clinical Center investigators may contact Dr. 

Vedantham or the Genentech Medical Science Liaison (Kathy Harbour, Ph.D., telephone (415) 

218-4623, fax (949) 706-2464) at any time.  Information on all SAEs, any pregnancy that occurs 

within 3 months of rt-PA use in female subjects (including follow-up on the pregnancy's 

outcome), all annual reports to the FDA, the final Clinical Study report, and any literature articles 

that result from the ATTRACT Trial will be copied to the Genentech Medical Science Liaison. 

 
13.5  Follow-Up Information 

Additional information may be added to a previously submitted report and sent to the CCC and 

DCC at any time. Subject identifiers, protocol description and number, a brief AE description, 

and a notation that additional information is being submitted should be included. Occasionally, 

the Principal Investigator may contact the site investigators for additional information, 

clarification, or an update on the current clinical status of subjects for whom AEs were reported. 

 
 

13.6 Adverse Events with rt-PA 

 
 

Adverse events with rt-PA are well-described and consist mainly of bleeding complications, 

including major and intracranial hemorrhage (see Section 1.5, Section 1.6, and Section 18.3). 

The incidence of these complications has been quantified in subjects receiving comparatively 

large rt-PA doses for acute myocardial infarction, stroke, and PE. Any bleeding that is 

attributable to rt-PA is most likely to occur within 24 hours of treatment and is very unlikely to 

occur after 72 hours. Hence, in Experimental Arm subjects, all bleeding events that occur within 

72 hours of PCDT initiation will be attributed to the use of rt-PA 

mailto:vedanthams@mir.wustLedu
mailto:j@mir.wustl.edu
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14   

 
14.1    of Field Personnel and StandardizaUon of Assessments 

14.1,1 Clinical Outcomes 

 

Before starting the study, all study nurses will complete standardized training on the proper 

acquisition and reporting of data. This will be accomplished with: a) the Manual of Operations; 

b) a start-up Investigator's Meeting with hands-on training and practice sessions using the 

measurement scales; c) use of a full color, plasticized graphic visual aid for grading signs of 

PTS using Villalta PTS Scale; d) use of published tables/descriptions that instruct examiners on 

use of Basic CEAP and the VCSS system, and; e) an on-line training module for the electronic 

remote data capture system. Administration of the PTS instruments is detailed in Section 8.9. 

 

14.1.2 Imaging Outcomes (Uitrasonography and Venography) 

 

The following steps will be taken to ensure optimal acquisition and quality, standardization, and 

interpretation of imaging studies: 1) close communication between the Data Coordinating 

Center, Clinical Centers, Ultrasound Core Laboratory, and Clinical Coordinating Center in the 

development of training, operations, and adjudication manuals, aids (including DVDs), and case 

report forms; 2) diligent credentialing of Ultrasound Substudy Center sonographers (they will 

have recognized certifications for trained vascular technologists and significant experience with 

performance of venous Duplex ultrasound exams), vascular ultrasound laboratories 

(accreditation by American College of Radiology or lntersocietal Commission for Accreditation 

of Vascular Laboratories), the endovascular physicians (subspecialty board certification), and 

the Clinical Centers (accredited by the Joint Commission on the Accreditation of Healthcare 

Organizations); 3) use of high quality venous Duplex ultrasound and digital venography; 4) 

training sessions for ultrasonography personnel at the yearly Investigator Meetings; 5) 

certification of individual sonographers by the Ultrasound Core Laboratory based on review of at 

least 2 random venous Duplex ultrasound examinations performed using the ATTRACT  Duplex 

protocol (Appendix  12); 6) independent central interpretation  of ultrasound (Ultrasound Core 

Laboratory) and venogram (DCC) examinations by 2 blinded expert readers, with involvement of 

a third reader to resolve discrepancies; and 7) ongoing quality control feedback to the Clinical 

Centers from the central reading facilities at the DCC and Ultrasound Core Laboratory. 
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14.2 Dala  ltorina and   Control 

 
Subject data will be collected via a remote-entry web·based Clinical Data Entry (CDE) 

application. This system utilizes Microsoft"s ASP.NET AJAX technology as a method of client· 

server communication and uses Microsoft SOL 2003 server as the database engine. All data 

exchange is encrypted using the Secure Sockets Layer (SSL) communication protocol. 

Application level security is a role·based security model. This system incorporates on-line 

controls and validation, and web·based query generation and response options. Where 

appropriate, the database will only accept data within pre-defined ranges, verify that entered 

dates are consistent for individual subjects, force entry of compulsory fields that must be 

completed before subsequent data entry, and cross-reference data to check for internal 

consistency. Entered data that is inconsistent, missing, or erroneous will be flagged for review 

by DCC staff; if these concerns cannot be resolved with certainty within the Web-based sytsem, 

DCC staff will contact the Clinical Center for clarification. As a backup, PDF versions of the 

Case Report Forms will be available on the DCC website, and completed forms can be faxed to 

the DCC. At regular 3-month intervals, the data will be scrutinized using pre-specified and pre­ 

programmed logic rules to detect outlier values and inconsistent data items, These will be 

flagged and checked for validity to ensure that reporting or data entry errors have not occurred. 

This will be repeated one last time at the completion of the study, but before database lock. In 

addition to a daily tape backup, databases will be backed-up weekly onto DVDs that are stored 

in a secure off-site location with restricted access. 

 
14.3 Electronic Facilitation of Follow-Up 

 
The DCC will automatically generate a complete 24·month follow-up schedule for each subject 

that will be sent electronically to the Clinical Center within 48 hours of randomization. There will 

be continuous monitoring of visit completion and the Clinical Centers will be contacted if 

reporting has not occurred within 7 days of a scheduled visit If this does not elicit a response or 

a completed report within 7 days, an electronic reminder will be sent to the Center. If there is no 

completed report within a further 7 days, the Clinical Center research coordinator, Clinical 

Center investigator, and ATTRACT Clinical Coordinating Center will be informed of the reporting 

deficit. This process is expected to achieve timely reporting of nearly all scheduled visits. 
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14.4 Data Confii:Jer1tialit11 
 

14.4.1 At the Data  r:oonii n  

 
L   Personal identifiers (e.g., name, address. telephone numbers) will not be entered in the 

electronic database (this data will be stored in a secure location in the Clinical Centers with 

restricted access) and will be removed from all patient material sent to the DCC for clinical 

outcomes adjudication (e.g,, clinic notes. x-rays), 

L  Clinical Centers will require a complex password to gain access to Web-based documents. 

 
3. The DCC database will be password protected with strong encryption and will incorporate 

various fire walls and isolated networks. 

4. All attempts to access the DCC database will be logged. 

 
5. All data will be destroyed after 25 years. 

 
6. All DCC practices will comply with McMaster Un'1versity and Hamilton Health Sciences joint 

policy "Standard Operating Procedures for Clinical Research". 

 

14.4.2 At the Clinical Centers and Clinical Coordinating Center 

 

Subject data will be kept in a locked office and on password-protected and firewall-protected 

computer systems, and will only be available to the research team.  Different password­ 

protected files will be created and will be linked using the participant's unique identification 

number. Subject names and other personal information will be kept separate from study data. 

Identifier keys will be stored in a separate file which only the site principal investigator and 

his/her designees can access. A list of names of all such study personnel who are approved to 

have such access will be maintained at each Clinical Center. 

 
14.5  Compliance with Laws and Regulations 

 
This study will be conducted in accordance with current FDA Good Clinical Practices, the Health 

Insurance Portability and Accountability Act (HIPAA), and local ethical and legal requirements. 
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15    

 

15.1   Size Calculation 

 
The goal of the ATTRACT Trial is to determine if adjunctive PCDT (Experimental Arm).  

compared with optimal standard DVT therapy alone (Control Arm), reduces the 2-year 

occurrence of PTS in subjects with symptomatic proximal DVT. Based on previous studies (2-5), 

30% of subjects in the Control Arm are expected to have PTS within 24 months of DVT 

diagnosis. Based on the expected success of PCDT at restoring venous patency and reductions 

of PTS that were achieved with thrombolytic therapy in earlier studies (33,34,42,51,52, 139), we 

hypothesize that PCDT will reduce the risk of PTS by at least 33%. Accepting a 5% chance of 

incorrectly concluding that there is a difference in the proportion of subjects with PTS at 24 

months with PCDT (a error=0.05; two-sided), and the requirement that the study has an 80% 

chance (fl error=0.2) of detecting a true difference if PCDT truly reduces PTS by 33%, 311 

sub1ects in each group must be studied (based on the Fisher's exact test). 
 

In recently completed studies of long-term treatment for unprovoked VTE coordinated by the 

DCC, loss to follow-up or death occurred in 2.5% during 2 years follow-up (140), and in 3.4% 

during mean follow-up of 2 A years (141). We therefore expect no more than 5% of randomized 

subjects to be lost to follow-up at 24 months. However, to ensure that statistical power will not 

be compromised, we will assume that as many as 10% of randomized subjects (double the 

maximum expected) will not complete the 24-month assessment   Therefore, we plan to 

randomize 346 subjects to each group, yielding a total study sample size of 692 subjects. 

 
For the secondary analyses, 692 subjects will provide approximately 88% power to detect an 

effect size of 0.25 with continuous outcomes. QOL changes from baseline; This translates into 

the ability to detect a difference of 1.25 in the VEINES-QOL change scores, and 2.5 in the SF- 

36v2 PCS and MCS change scores (change of 4 points is clinically important for all 3 scales). 

PTS severity on Villalta  PTS Scale: A difference as small as 1.25 units can be detected (5 point 

gradations define severity categories) (98, 111). Ultrasound outcomes: Assuming a 50% risk of 

deep venous reflux in the Control Arm and 10% inflation for losses due to withdrawal, death, or 

inadequate exams (rare), 142 subjects will provide 80% power to detect a 50% relative risk 

reduction for this outcome (alpha = 0.05, two-sided).  128 evaluable subjects will provide 80% 

power to detect effect sizes of 0.5 for reflux and obstruction on the continuous VSDS scales. 

 
Regarding safety, we will perform a descriptive analysis of the rates of major bleeding and 
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symptomatic PE in the two study Arms, These events are expected to occur infrequently (2% for 

major bleeding at 10 days and for symptomatic PE at 3 months) in the Control Arm, With 311 

evaluable subjects per arm, if 2% of each group experience an outcome, the 95% confidence 

interval on the difference of 0% will include an absolute decrease or increase of 2 A% , 

 

15,2 

 
The primary efficacy analysis is a comparison of the proportion of subjects in each Arm who 

have developed PTS, defined as a total score of 5 in the limb ipsilateral to the index DVT on 

the Villalta PTS Scale at any time after 6 months, during the 24 months after randomization, A 

Fisher's exact test will be used, All testing will be two-sided, and a p-value of 0.05 or less will be 

considered statistically significant Two data sets will be considered in the analysis: 

 
15,2,1 Full Analysis Set 

 

Adhering to the intention-to-treat principle, the full analysis set will consist of all subjects 

randomized except those who did not have DVT (Le, violated the inclusion criterion), those 

randomized to PCDT but who did not have the procedure performed, and those deemed to be 

not analyzable for that outcome, The Adjudication Committee, without knowledge of treatment 

allocation, will decide if subjects qualify as valid post-randomization exclusions, For subjects 

who died, were lost to follow-up, or withdrew consent (Le, refused to be contacted directly or 

indirectly) before the 24-month PTS assessment, (142, 143), a number of imputation strategies 

(Section  154,2) and a sensitivity analysis will be employed (Section  15A,3), 

 
i5,2.2 Per-Protocol Set 

 

The per-protocol set includes everyone in the full analysis set except for any subjects with the 

following serious protocol violations: ( 1) randomized to PCDT but did not receive endovascular 

therapy: (2) randomized to the Control Arm but had skin puncture for PCDT and/or either 

systemic or local thrombolytic therapy; or (3) randomized to either group and received less than 

4 weeks of anticoagulant therapy (markedly inadequate treatment duration), 

 
15,3  Secondary Analyses 

 
Secondary analyses will be performed using both analysis sets. To account for multiple testing, 

a two-sided p·value of 0,01 or less will be considered statistically significant for all tests (144), 
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15.3.1   

 

The proportion of subjects who develop symptomatic VTE within 24 months period (subdivided 

according to whether the event was within the first 10 days. 11 to 90 days. 91 to 365 days, or 12 

to 24 months) will be compared between the two treatment groups using a Fisher 's exact test 

 
15.3.2 and 

 

The proportion of subjects with major bleeding during the 10 days after randomization, and 

between 11 days and 24 months, will be compared between the two groups using a Fisher's 

exact test. A similar comparison will be undertaken for any bleeding (major or minor). The 

nature of major bleeds (e.g. intracranial, needing surgery or transfusion) will be described. 

Complications will also be described by outcome according to SIR reporting standards (48,120). 
 

15.3.3 Deaths 

 

Overall and cause-specific counts of death will be described in the two treatment groups; the 

overall mortality at 1 month and 24 months will be compared using a Fisher's exact test   In 

addition, Kaplan-Meier curves will be estimated for the two treatment arms. 

 
15.3.4 Disease-Specific Quality of Life 

 

The change in VEINES·QOL and VEINES-Sym  scores from baseline to 24 months will be 

compared between the two groups using a Student's !-test (for each scale, a difference of 4 

points is clinically meaningful). A linear mixed model analysis of the repeated assessments (10 

days and 1, 6, 12, 18 and 24 months) with baseline scores as a covariate will be used to 

investigate the changes over time, and if they differ by treatment arm. 

 
15.3.5 Generic Quality of Life 

 

The change in SF-36v2 PCS and MCS scores from baseline to 24 months will be compared 

between the two groups using a Student's !test A difference of 5 points on each scale is 

considered to be clinically relevant In addition, a linear mixed model analysis of the repeated 

assessments (10 days and 1, 6, 12, 18 and 24 months) with baseline scores as a covariate will 

be used to investigate the changes over time, and if they differ by treatment arm. 
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15.3.6 Sever·itv of Post·Thrombotic Sv11drorr1e 

 
Villalta severity classification (none, mild, moderate, severe) al 24 months will be compared 

between the two arms (4 x 2 table) using an exact Kruskal-Wallis nonparametric test with 

severity as a single ordered factor. In addition, ordinal logistic regression analysis adjusting for 

baseline factors will be performed.  We will also use a linear mixed model for the repeated total 

Villalta scores (assessed at 10 days and 1, 6, 12, 18, and 24 months) with the baseline score 

serving as a covariate, to investigate their response patterns over time, and assess if they differ 

by treatment arm. The CEAP Clinical Class and VCSS scores will be similarly analyzed 

 
15.3.7 Inter-Relationship Between Scales 

 

The relationships between VEINES-QOL, SF-36v2 PCS and MCS scores, Villalta score, CEAP, 

and VCSS will be explored using multivariate methods. 

 
15.3.B Residual Thrombosis after PCDT Correlated with PTS 

 

Among Experimental Arm subjects, the extent of proximal DVT on venography after PCDT will 

be correlated with the presence of PTS at 24 months. For these analyses, extent of residual 

DVT will be considered as a continuous variable (Marder Score of 0 to 24) and PTS will be 

considered both as a continuous variable (Villalta score 0-33), and as a dichotomous variable 

(PTS present or absent). Analysis will include multivariable linear regression for the continuous 

outcome, and logistic regression for the binary outcome, adjusting for baseline variables. 

 
15.3.9 Residual Thrombosis and Valvular Reflux Correlated with PTS 

 

The extent of residual thrombosis (0-10) and venous reflux (0-10), and the total Venous 

Segmental Disease Score (0-20), will be described for the two groups, and will be compared 

(Student's Hes!). These scores (total, and component  parts) will be correlated with the 

presence and severity of PTS at 24 months using the techniques outlined in Section 15.3.8. 

 
15.3.10 Resolution of Acute Symptoms 

 

Mean absolute change in severity of leg pain, measured using a 7-point Likert scale, from 

baseline to 10 days and 1 month after randomization will be compared between the two arms 

using an analysis of co-variance.   Leg circumference (measured and percentage change in leg 
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circumference compared to pretreatment values), at 10 days and 1 month will be compared 

between !he two arms using the Student's Hest  In the PCDT group, the mean change scores 

in leg pain and leg circumference will be correlated with degree of thrombus removal as 

assessed by mean change in Marder scores between pre-PCDT and post-PCDT venograms. 

 

15.3.11 Predictors  

 

Exploratory analysis, using linear regression and logistic regression models, will be performed 

to identify baseline variables associated with reduced PTS. Within the PCDT group, differences 

in endovascular technique will be described and associations with outcomes will be explored. A 

history of previous ipsilateral DVT and any previous DVT will be included as analysis variables. 

 
15.4  Additional Analysis Issues 

 

15.4.1 

 

Stratification at randomization for the extent of DVT and Clinical Center and the standardization 

of the use of standard DVT therapy (Section  12.5) will reduce the potential for confounding. 

However, in addition to the unadjusted analysis described above, an adjusted analysis of the 

study outcomes comparing treatment Arms will be performed using multivariable regression 

analysis (linear regression for continuous outcomes, logistic regression for binary outcomes) 

that controls for the following baseline variables as main effects: age (continuous), gender 

(female vs. male), ethnicity (Hispanic/Latino vs. other), race (American Indian/Alaskan Native. 

Asian, Black, Hawaiian/Pacific Islander vs. White), extent of DVT at presentation (iliofemoral vs. 

femoropopliteal),  symptom severity at presentation, and Clinical Center. 

 
15.4.2  Missing Data 

 

The training of study personnel, the use of electronic Case Report Forms that have been pilot 

tested for clarity, and the precautions noted in Section  14.3 are expected to minimize the 

occurrence of missing data. For subjects missing the 24-month Villalta  PTS assessment, data 

from the 18-month, 12-month, and/or 6-month PTS assessments will be used. If all four 

assessments are missing, the subject is designated as non-analyzable.  If a subject misses a 

visit but can be reached by phone within 1 month of the visit, the five patient-reported symptom 

questions of Villalta PTS Scale will be asked over the phone. From these responses, the total 

(symptoms plus signs) Villalta score will be estimated. From the data in our recently completed 
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study (145), the correlation between the Villalta symptom and total scores was found to be 

extremely high (between 0.85 and 0.90). S'rmllarly, the VEINES and SF-36v2 questionnaires will 

also be administered by phone in the rare situations when the subject is unable to attend clinic. 

 
15.4.3 

 

Because of the possibility that a few subjects may not have any PTS assessment at the 24- 

month visit due to death, withdrawal of consent. or loss to follow-up, we intend to perform a 

simple sensitivity analysis where the unobserved primary outcome is assumed to be an event, 

and again, where it is assumed to be a non-event. For the other outcomes missing al 24 months 

but not at 18, 12, or 6 months, the sensitivity analysis will not use imputation, but assume that 

the outcomes are missing at random in the statistical modeling. 

 
15.4.4  Software 

 

All data checking/manipulation and most of the analysis and graphics will be undertaken using 

SAS (Cary, NC) software. In addition, Cytel's StatXact software will be used for all exact 

nonparametric analysis; the R open-source software will be used for any non-standard statistical 

analysis and to produce plots; the Minitab (State College, PA) statistical and graphics software 

will also be used to produce plots. The latest available versions will be used. 

 
15.5 Interim Analyses and Stopping Guidelines 

 
All relevant data and summaries will be provided to the Data Safety Monitor'r ng Board (DSMB) 

by the DCC (Section  17.4). The DSMB will review the frequency of adverse safety outcomes, 

particularly symptomatic VTE and major bleeding, at intervals that it determines (146, 147). 

Initially, such reviews will be done without knowledge of allocation, but the DSMB can request 

unblinding at any stage. Based on an overall assessment of risk and benefit, the DSMB can 

recommend premature stopping of the study to the Steering Committee at any time. 

 
We do not anticipate early stopping because of superior efficacy of PCDT because: ( 1) the 

primary outcome for efficacy reflects symptoms rather than survival; and (2) it is most 

improbable that evidence of superior efficacy of PCDT of a sufficient size to change clinical 

practice can be obtained without enrollment of nearly the entire planned sample size (148, 149). 



c:c;!\)!ID[r\JT I/\L 

72 

 

 

 
 
 

15.6 Statistical Analysis Plan 

 
A detailed statistical analysis plan will be prepared by the study statistician and submitted to the 

Steering Committee and DSMB for review and approval prior to unblinding and database lock. 

 

16 
 
 

 
 

Before enrollment of the first subject at each Clinical Center, the following documents must be 

on file with the ATTRACT Clinical Coordinating Center at Washington University: 

 
• Original U.S  FDA Form 1572, signed by the site principal investigator. The names of all co- 

investigators at the Clinical Center must also appear on this Form. 

• Current curriculum vitae of the principal investigator and all co-investigators. 

• Current, dated Institutional Review Board (IRB) membership list 

• Written documentation of IRB protocol approval (protocol number/title and approval date) 

and informed consent document (protocol number/title and approval date). 

• A copy of the IRB-approved informed consent document. The informed consent document 

must be reviewed by the study Principal Investigator prior to IRB submission. 

• A copy of the !RB-approved authorization for Protected Health Information (HIPAA 

requirement). This may be integrated into the patient informed consent document. 

• Written documentation of IRB review and approval of any advertising materials that will be 

used for subject recruitment to the study. 

• Current laboratory certification (Clinical Laboratory Improvement Amendments (CUA) and 

the College of American Pathologists [CAP]) of the institution listed on the Form 1572 

• Medical Therapy Committee certification of anticoagulation monitoring plans and medical 

co-investigator  credentials 

• Interventions Committee certification of endovascular co-investigator credentials 

• Ultrasound Core Laboratory certification to perform compression  ultrasound exams 
 
 

16.2  Study Completion 

 
The following data and materials must be on file at the Clinical Coordinating Center at 

Washington University before the study can be considered complete or terminated: 

 
• Laboratory findings, clinical data, and test results from screening through end of follow-up. 
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• Case Report Forms, properly completed. 

g Copies of protocol amendments and IRB approvals, if appropriate. 
 

e Review of final visit checklist 

* Copy of study termination letter sent to the IRB. 

e All regulatory documents (CV for each investigator, U.S  FDA Form 1572 for each Center) 

 
 

 
 

The protocol, informed consent document, and supporting information must be approved by the 

IRB before study initiation. The study will be conducted in accordance with the requirements of 

the FDA, NHLBI, applicable national and local health authorities, and participating institutions' 

IRBs. The Clinical Center principal investigator is responsible for keeping the IRB apprised of 

study progress and protocol changes as deemed appropriate, at a minimum of once a year. The 

Clinical Center principal investigator must also notify his/her IRB of all unexpected SAEs. Some 

IRBs have other AE requirements to which investigators are expected to adhere, Investigators 

must immediately forward to their IRB any written safety update provided by the Principal 

Investigator (i.e. IND Safety Report, safety amendments, updates to the study protocol). 

Changes or additions to the study protocol or informed consent document at a Clinical Center 

must be approved in writing by the ATTRACT Principal Investigator and the Center's !RB. 

 
16.4  Informed Consent 

 
Template informed consent documents will be provided to each site. The final !RB-approved 

document must be provided to the study Principal Investigator, including the protocol version 

and date. The informed consent document must be signed by the subject or his/her legally 

authorized representative before participation in the study. A copy of the informed consent 

document must be provided to the subject or his/her legally authorized representative. If 

applicable, it should be provided in a certified translation of the local language. 

 
Signed consent forms must remain in each subject's study file and be available for verification 

by Clinical Coordinating Center personnel at any time. Documentation of the date informed 

consent was obtained and a notation that a signed copy was given to the subject should be 

recorded, The informed consent process must always be conducted in a non-coercive manner, 

and should be consistent with the FDA regulation 21CFR, Part 50. 
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16.5   
 

Site monitoring visits will be routinely conducted by authorized representatives of the Principal 

Investigator to inspect study data, informed consent forms, subjects'  medical records, and Case 

Report Forms, pursuant to U.S. GCPs and other federal and local regulations. The Clinical 

Center principal investigator will permit authorized representatives of the FDA, NHLBI, 

Washington University, and local health authorities to inspect relevant facilities and records. 

 
16.6 Case Reoort Forms 

 
Web-based electronic CRFs will be provided to the Clinical Centers by the Principal Investigator 

and DCC. All CRFs should be filled out completely by the study coordinator or investigators. 

The CRFs must be reviewed by the site investigator prior to submission to the DCC. CRFs 

should be completed in a neat, legible manner to ensure accurate interpretation of the data. 

 
16.7 Disclosure of Data 

 
Subject information obtained by this study is confidential, and disclosure to parties other than 

those noted here is prohibited. Upon the subject's permission, medical information may be given 

to his/her physician or other medical personnel responsible for his/her welfare. Study data must 

be available for inspection upon request by representatives of the Principal investigator, FDA, 

NHLBI, Washington  University, and other national and local health authorities. 

 
16.8  Retention of Records 

 
FDA regulations require that records and documents pertaining to the conduct of this study and 

the distribution of rt-PA, including CRFs, signed informed consent forms, supporting source 

documentation for values or responses in the CRFs, supporting documentation for AEs, 

laboratory test results, and medication inventory records, must be retained by the investigator 

for at least 2 years after the study ends.  The CCC and DCC reserve the right to secure data 

clarification and additional medical documentation on patients enrolled in this trial.  To avoid 

error, the Clinical Center investigator should contact the Clinical Coordinating Center before 

destroying any records and reports pertaining to the trial to ensure they are no longer needed. 
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The following records should be maintained by the Clinical Center investigator: 
 

Signed Confidentiality  Agreement 

 
Study Protocol and Protocol Amendments 

Signed Clinical Trial Agreement 

FDA Form 1572 

 
IRB Approval Letter, Continuing  Review Approval Letters, and Correspondence 

IRB Membership List 

Curriculum vita and licenses for all investigators and research coordinators 

Site Personnel Signature List 

Financial Disclosure/Conflict-of-Interest  Forms 

Patient Screening & Enrollment Log  

Laboratory Certifications 

Clinical Supplies Acknowledgement  Forms 

Drug Accountability  Logs 

Inventory of Returned Clinical Material Forms 

 
NIH Training Certifications for Responsible Conduct of Research 

 
Certifications from Ultrasound Core Lab, Interventions Committee, Medical Therapy Committee 

Signed Study Informed Consent Forms for each patient 

All completed eCRFs 

 
Supporting source documentation for values or responses in eCRFs 

Supporting source documentation for adverse events 
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17 AND SAFETY  

 
17.1  Role of!he 

 

Dr. Vedantham, the Principal Investigator and IND Holder, will take primary responsibility for 

monitoring patent safety during the Trial: (a) Dr. Vedantham will lead weekly meetings with CCC 

personnel to discuss protocol adherence (and any violations),  review all SAEs, verify that these 

events were appropriately  reported and examined, and institute any needed changes: (b) via bi· 

monthly Operations Committee conference calls and additional communications  as needed, Dr. 

Vedantham will routinely discuss any safety issues with the DCC Chair and Study Chair.  The 

DCC Chair may audit data relevant to subject safety when needed; and (c) on quarterly 

conference calls, Dr. Vedantham will update the Steering Committee on any safety issues. 

 
17.2   of Trial Safety by ATTRACT Study Personnel 

 
As described in Section  9 and Section 13, during the trial the occurrence of study outcome 

events, Adverse Events, and Serious Adverse Events will be documented on dedicated eCRFs 

and forwarded to the DCC on an ongoing basis in a manner consistent with ICH Requirements 

(ICH Harmonized Tripartite Guideline for Good Clinical Practice May 1996; Clarifying Adverse 

Drug Events; a Clinician's Guide to terminology, Documentation, and Reporting: Nebeker et al; 

Ann Intern Med 2004;140:795· 801).  In addition, SAEs will be directly reported by the Clinical 

Center investigators to the Principal Investigator at the CCC, and to their respective IRBs.  As 

detailed in Section 13, SAEs will be carefully reviewed and categorized by an independent 

ATTRACT Safety Officer at the CCC, and reported accordingly to the DCC.  Expedited reporting 

of unexpected SAEs to the FDA, NHLBI Project Officer, Genentech Drug Safety, the 

Washington University Human Studies Committee, the Clinical Center investigators, and the 

Clinical Center IRBs will also occur.  During the trial, the DCC Chair will inform the DSMB Chair 

(see below) of any new relevant safety information.  If there are concerns about the safety or the 

conduct of the study, the Steering Committee Chair will also be informed. 

 
17.3 Protocol Violations 

 
 

The CCC will rapidly and firmly address any protocol violations.   If a protocol violation is 

detected or suspected, the Clinical Center investigators will first be asked to provide an 

explanation. After reviewing the available information, the Principal Investigator will categorize 

protocol violations as either ma jor (eligibility or primary/secondary endpoint determination 
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compromised or indefinite) or minor (data still able to be used for endpoint determination), and 

wUI record and track them for each site.  For minor violations, a letter or e-mail will be sent to the 

site investigator and research assistant notifying them of the violation and asking them to 

explain the violation. If it is evident that the protocol is misunderstood, clarification will be 

provided. Major protocol violations will generate a letter from the Principal Investigator or Study 

Chair to the site investigators and research coordinator, informing them of the violation and 

requesting a written explanation. The ATTRACT Project Manager and, as needed, the Principal 

Investigator will communicate with the Clinical Center personnel to confirm that a process is in 

place to ensure that further protocol violations do not recur.  If a major protocol violation occurs 

twice in any site without justification,  it will be dropped as an enrollment center.  Review of all 

protocol violations will be a standard component of the weekly CCC team meetings (led by Dr. 

Vedantham).   All major protocol violations will also be reviewed by the Operations Committee. 

 

17.4 Establishment of an lncleoende1n! Data Safety  Board (DSMB) 

 
A Data Safety Monitoring Board has been established for the ATTRACT Trial. The DSMB is an 

independent external committee which will act in an advisory capacity to the ATTRACT Principal 

Investigator and Steering Committee to mon'1 tor patient safety and evaluate the intervention's 

efficacy. The DSMB's overall responsibility is to protect the safety of study subjects and to 

provide ongoing, critical, and unbiased evaluation of the progress of the study. 

 
The specific responsibilities of the DSMB, membership qualifications, board process, interim 

reports from the DCC, DSMB reports, and stopping procedures are described in Appendix  15. 

 
The DSMB includes members that have complementary expertise in the areas of clinical venous 

thromboembolism,  endovascular interventions, clinical trials methodology, and biostatistics. 

 
18  POTENTIAL RISKS AND BENEFITS 

 
 

1 Potential Benefits to the Subject 

 
The goals of PCDT are to prevent PTS and preserve health-related quality of life. There is no 

guarantee of benefit to any subject  However, we expect that subjects randomized to PCDT will 

experience a lower rate of PTS, improved QOL, and faster relief of presenting DVT symptoms. 
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18.2 Potential Benefits to so.r.i<>·tv 

 

If PCDT is shown to prevent PTS and improve long·term QOL in the ATTRACT Trial. then this 

procedure may be offered to many more subjects with proximal DVT. enabling them to have 

less PTS symptoms. less interference with dally activities, less work disability, and improved 

QOL. If PCDT Is shown to be cost-effective, society may benefit via preservation or more 

efficient use of healthcare resources. Given our expectation that the state·of·the-art PCDT 

methods used in ATTRACT have a better safety profile than previous endovascular therapy 

methods, the study is expected to show that these important benefits to society can be achievad 

at acceptable risk to a relatively small number of research subjects. 

 
18.3 Potential Risks to the Subject 

 
18.3.1 Risks of Standard DVT  

 

The following are risks of standard DVT therapy, irrespective of study participation: Discomfort 

due to use of elastic compression stockings (likely): transient discomfort/pain (likely). minor 

bruising/bleeding (likely), infection (less likely), or fainting (less likely) due to blood draws for 

warfarin monitoring: transient discomfort/pain (likely) or minor bruising (likely) due to LMWH 

injections; major bleeding needing transfusion (less likely); heparin-induced thrombocytopenia 

(less likely): fatal or intracranial bleeding (rare); malposition/migration of filters or stents (rare). 

 
18.3.2 Risks of Research Procedures Performed on Subjects in Both Arms 

 

Minor local discomfort due to the pressure of the ultrasound transducer on the skin; transient 

discomfort/pain (likely), minor bruising or bleeding (likely), infection (less likely), or fainting (less 

likely) due to an extra blood draw that may be needed for screening; psychological discomfort in 

completing PTS and QOL questionnaires (less likely); inconvenience at having to return for 

follow up visits (likely); loss of confidentiality of medical records or economic data (rare). 

 
18.3.3 Likely Risks of Study Drug or Experimental Therapy (PCDT) Procedures 

 

Anxiety related to undergoing PCDT; discomfort/pain and/or bruising at sites of blood draws. 

intravenous line placements, and/or venous access sites for deep venous catheter placement. 
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Infection or fainting due to intravenous line/catheter placement or additional peripheral blood 

draws needed to monitor therapy; major bleeding requiring transfusion: nausea, vomiting, 

and/or allergic reaction to iodinated contras! or other medications; local discomfort during use of 

thrombectomy  devices, angioplasty, or stent placement; transient bradycardia during use of the 

AngioJet; re-thrombosis of a treated segment which elevates PTS risk; symptomatic  PE, 

 or   

Allergic reaction to rt-PA; severe allergic reaction (e,g, anaphylax'1s) to iodinated contrast or 

other medications: fatal, life-threatening, or intracranial bleeding or stroke; severe internal (e,g, 

gastrointestinal,  re!roperitoneal) bleeding that requires surgical intervention; fatal or life­ 

threatening PE; radiation injury; device-related trauma to vascular structures (i,e, vein wall or 

valves) which elevates the risk of bleeding, re-thrombosis, or PTS; hemolysis resulting in 

excessive blood loss or renal compromise; or other rare or unknown side effects: death, 

 
18,4 Protection of Subjects Against the Risks of Standard DVT Therapy 

 

 
Medical DVT therapy will be supervised by a board-certified physician who is experienced with 

management of anticoagulant therapy in DVT patients and who has been credentialed by an 

expert Medical Therapy Committee, This Committee will also monitor advances in medical DVT 

therapy - if the standard of care changes during the study, this committee may recommend 

protocol changes to the Steering Committee to ensure that subjects continue to receive best 

medical care, Compl'lcations of anticoagulation will be minimized by the use of widely accepted 

UFH and LMWH dosing, diligent laboratory monitoring of UFH and warfarin therapy, and a 

platelet count at 10 days (to identify HIT),  If acute limb-threatening circulatory compromise 

develops during therapy, subjects can be crossed over to receive PCDT, If symptomatic  PE 

occurs despite therapeutic level anticoagulation, subjects will receive IVC filters or alternative 

anticoagulant therapy regimens,  To aid subjects in maintaining compliance with therapy, elastic 

compression stockings will be provided to the patient and replaced at regular intervals, 



CC)f\i r ID[f'JTl/-\L /\TTR/\CT 

8

0 

 

 

 
 
 

18.5 Protection of Subjects An"i''"t the Risks of B!lfillJ!!!:£hl:J:Q£ltQ.w 

 
18.5.1 Before Enrollment 

 

A rigorous screening process will be used to ensure that subjects who are not likely to benefit 

from PCDT or who are at particularly high risk for adverse outcomes are excluded from the 

study (Section 4). This will include confirming the imaging diagnosis of DVT (to ensure that 

patients without DVT are not inadvertently enrolled), performing a detailed history and physical 

examination (to ensure that enrolled subjects truly fulfill all eligibility criteria, are symptomatic, 

and are not severely ill), and carefully reviewing the results of laboratory testing (in particular, 

pregnancy test, hemoglobin level, platelet count, INR level, and estimated glomerular filtration 

rate). If there is hemodynamic compromise from PE, acute limb-threatening circulatory 

compromise, or an intracranial lesion of any kind, he/she will not be enrolled in the study. 

 
18.5.2 During PCDT 

 

PCDT procedures will be performed by a board-certified endovascular specialist who is 

experienced with DVT treatment using PCDT and who has been appropriately credentialed by 

an expert Interventions Committee. Analgesia  and anxiolysis during PCDT procedures will be 

provided through use of conscious sedation, The risks of conscious sedation will be minimized 

by continuous monitoring of heart rate, blood pressure, oxygen saturation, and cardiac rhythm 

during the procedures, Strict sterile technique will be used to prevent infections related to skin 

puncture. Discomfort at the venous access site will be minimized by administration of local 

anesthesia into the overlying skin and tissues. Catheter access into the deep leg veins will be 

performed using ultrasound-guided  puncture to prevent inadvertent arterial punctures with 

subsequent bleeding. Real-time fluoroscopic  monitoring of all catheter/wire manipulations will be 

used to prevent vascular injury. Automated power injections of contrast for venography will not 

be permitted, in order to prevent clot embolization. During PCDT procedures, subjects will 

receive anticoagulation to prevent PE and facilitate clot removal.  To prevent immediate re­ 

thrombosis, standard adjunctive measures to remove thrombus (balloon maceration, aspiration 

thrombectomy, and rheolytic thrombectomy)  and correct venous stenosis (angioplasty, stents) 

may be used at the physician's discretion.  To avoid bleeding, the target PTT for UFH therapy 

during infusion CDT will be less than 2 times control.  If bleeding develops, the physician may 

stop the rt-PA, heparin, and use protamine (to reverse the UFH) or cryoprecipitate if needed. 

The risk of significant contrast reactions will be minimized by study participation criteria that 
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exclude subjects with severe allergic reactions from participating in the study. The risk of 

contrast-related renal dysfunction will be minimized by exclusion of subjects with estimated 

glomerular filtration rate < 60 ml/min (diabetics) or < 30 ml/min (non-diabetics), use of non-ionic 

contrast agents, and appropriate pre-procedure  hydration. Device-related complications, 

primarily stent misplacement, migration, mechanical failure, or vascular  injury, will be diminished 

by meticulous angiographic technique.   Bleeding risks will be minimized by the use of PCDT 

(which reduces the amount of rt-PA derivered to the systemic circulation), by limiting the total 

first-session rt-PA dose to 25 mg, by limiting the total infusion duration to 24 hours, and by 

limiting the total rt-PA dose to a maximum of 35 mg. The risk of PE will be reduced via use of 

retrievable IVC filters in selected subjects deemed to be at high PE risk during PCDT. The risk 

of clinically-significant  hemolysis and bradycardia with the AngioJet will be minimized by 

exclusion of subjects with moderate (diabetics) or severe (non-diabetics) renal dysfunction and 

by limitation of the total device activation time and infusate volume.  A physician will be present 

during all PCDT procedures to monitor the subjects and treat adverse events. 

 

18.5.3 During Follow-Up 

 

Changes in health status will be assessed by the study nurse at each follow-up visit if any 

medical conditions are identified that warrant evaluation, subjects will be encouraged to contact 

their primary physician.  At each visit, the study nurse will encourage the subject to be compliant 

with anticoagulant therapy and compression stockings to minimize the risk of PTS and recurrent 

venous thromboembolism.  Subject comfort with the self-completion of QOL questionnaires will 

be facilitated by ensuring that study nurses are trained in how to administer them properly. The 

subject may choose not to answer any question with which he/she is uncomfortable. 

 
18.5.4 Protection Against Radiation Risks 

 
 

The amount of radiation to which subjects undergoing PCDT are exposed is about 220 mrem. 

Although there is no minimum dose below which radiation injury cannot occur, this amount is 

less than that known to cause a measurable harmful effect. We will minimize subject exposure 

to radiation via tight collimation, use of pulsed fluoroscopy, and judicious image acquisition. 

 
18.5.5 Protection Against Loss of Confidentiality 

 
 

Subject confidentiality will be protected by maintaining all paper records in locked file cabinets in 

locked offices, and all electronic records in password-protected computer files. Any identifying 
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information will be removed from images or other data used in publication or presentations. All 

database information will be stored on computer systems that are located behind an electronic 

firewall, which only permits access to certified users. Access to study data files will be protected 

by password. Strict adherence to HIPAA guidelines for the protection of PHI will be exercised. 

 
The Clinical Center investigators and their staffs will try to reduce, control, and treat any 

complications from this research. Subjects are free to contact the site principal investigator, the 

IRB Chairperson at their site or at Washington University, and/or Dr. Vedantham at any time. 

 

1!!,6  Costs and Com r><>r"' 

 
18.6.i Costs to Subjects 

to Sulbiects 

 

Most of the drugs, tests, and procedures administered are performed as part of routine DVT 

care.   Coverage of these services is subject to the specific coverage requirements of the 

patient's private insurance, and to local and national Medicare coverage policies.  Subjects are 

responsible to pay any costs which are not reimbursed by their insurance carrier, and are also 

responsible for any applicable co-payments required by their respective policies. The study drug 

(rt-PA) and the elastic compression stockings will be donated by their manufacturers at no cost 

to subjects.  In addition, subjects will not be charged for the following costs that are specifically 

related to conduct of the research study: additional research ultrasounds done at baseline, 1- 

month, and 1-year follow-up; or follow-up physical exams and leg circumference measurements. 

 
18.6.2 Compensation of Subjects 

 

Subjects will not be paid for their participation in the ATTRACT TriaL However, they will receive 

up to $100 to compensate them for the time and travel involved in completing the research PTS 

assessments and quality of life questionnaires ($20 per visit starting at 1-month follow-up visit). 

 
18.7  Minors as Research Subjects 

 
Because PTS can cause health impairment in children (150) and a number of studies suggest 

that children ?, 16 years old can be safety treated using adult rt-PA dosing regimens (69,151), 

children ?, 16 years old will be included in ATTRACT. Per DHHS guidelines, for subjects less 

than 21 years of age, we will obtain informed consent from at least one parent and the assent of 

the child subject  However, permission will be sought from both parents when it is possible to 

do so. As for adults, the consent process will take place in a non-coercive manner. 
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19    

 

A study organizational chart, with lists of committee members, appears in Ap>pandi 1, 
 

19,1 Committee 

 
Dr. Samuel L Goldhaber (Study Chair) 

Drs. David Cohen, Anthony Comerota, Heather Gornik, Michael Jaff, Jim Julian, 

Susan Kahn, Clive Kearon, Stephen Kee (SIR Foundation representative), Andrei 

Kindzelski (NHLBI Project Officer), Lawrence Lewis, Elizabeth Mahoney, Timothy 

Murphy, Mahmood Razavi, and Suresh Vedantham (Principal Investigator), 

 
Key Responsibilities: 

J ,   serve as the overall governing and advisory body for all phases of study development, 

execution, analysis, and dissemination of results; 

2.   review study progress, including enrollment, protocol adherence, and trial design; 

,1, identify and invite members to serve on ATTRACT committees; 

4. review and approve all protocols, training materials, eCRFs, and the Manual of Operations; 

5. review monthly reports from the Operations Committee; 

6. provide final approval for ancillary study and publication requests, 
 

Reporting:  The Steering Committee will provide regular updates to the NHLBI.  The Steering 

Committee will teleconference every 3 months and will meet face-to-face on an annual basis. 

 
19,2 Operations Committee 

 
Chair: Dr. Suresh Vedantham (Principal Investigator) 

Members: Ors. Samuel Z, Goldhaber, Clive Kearon, and Timothy Murphy 
 

Key Responsibilities: 

J , provide daily operational oversight for the trial; 

l, monitor operations at the CCC, DCC, and Core Laboratories to ensure proper coordination; 

3,  coordinate development of the Manual of Operations; and 

4.   develop policies for and provide initial review of publication and ancillary study requests. 
 

Reporting:  The Operations Committee will report to the Steering Committee, The Operations 

Committee will teleconference twice each month and will meet face-to-face on an annual basis. 
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Center 
 

Dr, Suresh Vedantham  (Principal lnvestigatcr) 
 
 

Key Responsibilities 

I,  monitor the Clinical Centers and be the stud{s primary communication & coordination hub; 

L  oversee Clinical Center selection, enrollment, quality assurance, subject retention, adverse 

event reporting, regulatory compliance, and protocol adherence at the Clinical Centers; 

3,   manage the financial aspects of the study; 

4,   maintain the study Website; 

5,    produce a monthly newsletter for distribution to the Clinical Centers; 

6,   maintain a 24-7 contact line for the Clinical Center investigators; and 

7,   serve as a repository for study-related communications, 

 
Reporting: The CCC Chair will report to the Operations Committee and will supervise the CCC 

committees below, Each of these committees will report to the CCC Chair on a monthly basis, 

 
19,3,1 Society of ln!erventional Radiology (SIR) Foundation 

Dr, Stephen Kee 

Key Responsibilities: 
 

1,   Maintain an updated database of potential Clinical Centers; 

2,  Work with the Enrollment Committee to increase national awareness of ATTRACT using !he 

SIR Foundation's public relations resources, media contacts, and CME programs; 

3,   Contribute expertise to the Steering Committee; and 

4,   Disseminate the study results when they become available, 
 

Reporting:  The SIR Foundation will report to the CCC chair on a monthly basis, 
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19.3.2 Enrollment Committee 
 

Dr. Lawrence Lewis 

Key Responsibilities: 

1. Assist the Clinical Centers in developing site-specific enrollment plans; 

2. Create and implement a plan tc increase national trial awareness; 

3. Develop written materials for point-of-contact subject recruitment; 

4. Review enrollment statistics monthly, ensure proportionate enrollment of women and 

minorities, periodically assess the characteristics of enrclled subjects to ensure that there is 

reasonable representation of subject subgroups for which different PCDT outcomes might 

be expected (e.g. iliofemoral versus femoropopliteal  DVT, good popliteal vein inflow versus 

poor popliteal vein inflow, etc.), and make recommendations to the Operations Committee 

on how to remedy any identified deficiencies via adjustments in study enrollment protocol. 

 
19.3.3 Interventions Committee 

 

Dr. Mahmood Razavi 

Kev Responsibilities: 

1. Develop the PCDT protocol sections of the Manual of Operations: 

2. Adjudicate PCDT protocol issues; 

3. Credential and train the endovascular  co-investigators: 

4. Monitor endovascular  procedure/device performance during the study; and 

5. Continuously monitor advances in endovascular care of relevance to the study protocol.  

Reporting:  The Interventions Committee Chair will report to the CCC Chair monthly. 
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1 Medical  hernr•v Commi!ee 
 

                Dr. Heather Gornik 

Responsibilities: 

Develop the standard DVT therapy  protocol sections of the Manual of Operations: 

2. Adjudicate standard DVT therapy protocol issues: 

3. Credential and train the medical co-investigators: 

4. Monitor use of standard DVT therapy in study subjects: and 

5. Continuously monitor advances in medical DVT therapy of relevance to the study protocol. 

Reporting:  The Medical Therapy Committee Chair will report to the CCC Chair monthly basis. 

19.3.5 Ultrasound Core Laboratory (VasCore at Massachusetts General Hospital) 

Dr. Michael Jaff 

Responsibilities: 

 
1. Develop the ultrasound protocol sections of the Manual of Operations: 

2. Adjudicate  ultrasound protocol issues; 

3. Credential and train the Vascular  Ultrasound Laboratories and sonographers; 

4. Ensure quality control of ultrasound studies; 

5. Provide central interpretation of ultrasound studies; and 

6. Work closely with the DCC to develop eCRFs and process ultrasound data. 

Reporting:  The Ultrasound Core Laboratory Chair will report to the CCC Chair monthly. 

19.3.6 Clinical Centers 
 

Each ATTRACT Clinical Center has a motivated, multidisciplinary team with an endovascular 

co-investigator (responsible for performing  PCDT), a medical co-investigator  (responsible for 

supervising standard DVT therapy in subjects), an emergency  medicine  physician 

(responsible for identifying potential subjects with DVT), and the Vascular  Ultrasound 

Laboratory Director (responsible for identifying potential subjects with DVT, providing quality 

performance and reporting of ultrasound exams, and working with the Ultrasound Core 

Laboratory to ensure proper data collection). All co-investigators attested in writing to clinical 

equipoise  (that 
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randomization to either treatment is appropriate for subjects who meet the eligibility criteria). 
 
 

 Center - McMaster   

 
Dr. Clive Kearon 

Key Personnel:   Drs. Susan Kahn (Clinical Outcomes Committee Chair), Jim Julian {Lead 

Biostatistician),  Mark Levine (Adjudication Committee Chair) 

 
Responsibilities 

L  contribute methodological and biostatistical expertise; 

2. develop data capture and quality control methods; 

3. develop eCRFs with the CCC and Core Laboratories; 

4,    develop and securely maintain a study database; 

'i.  implement a standardized process that ensures blinded data collection and minimizes bias; 

6. perform blinded adjudication of clinical and venographic  outcomes; 

7. produce and reconcile site data queries; 

8,   generate specific study reports as requested by study leadership and the DSMB; and 

9,   provide oversight over the activities at the Health Economic Core Laboratory. 

 
""""""'"""""' The DCC Chair will reportlo the Operations Committee and will supervise the DCC 

committees and the Health Economic Core Laboratory, as described below. 

 
19.4 ,1 Clinical Outcomes Committee 

Dr. Susan Kahn 

Responsibilities: 

1 contribute expertise on the measurement of PTS and QOL and on scoring of the measures; 

 
2.   oversee the training of study nurses on use of the PTS and QOL measures. 

Reporting:  The Clinical Outcomes Committee Chair will report to the DCC Chair monthly. 

 
19.4.2 Independent Adjudication Committee 

Dr. Mark Levine 

 
Responsibility:   Perform blinded adjudication of clinical and venographic  outcomes. 

Reporting:  The Adjudication Committee Chair will report to the DCC Chair monthly. 
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19.4.3 Health Economic Core  
 

Chair: Dr. David Cohen 

Key Personnel: Dr. Elizabeth Mahoney 

Responsibilities 

1. contribute expertise with health economic analysis to the study design; 

2. integrate economic data collection into the mainstream activities of each Clinical Center; 

3. monitor subject use of cost diaries; 

4. directly collect itemized hospital bills and UB92 summary bills; and 

5. conduct a cost comparison and estimate the incremental cost-effectiveness of the two 

treatment  strategies. 

 
Reporting: The Health Economic Core Laboratory Chair will report to the DCC Chair monthly. 
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Administration and Coordination of the ATTRACT Trial: 

To ensure seamless coordination between the study leadership, CCC, DCC, Core Laboratories, and 

Clinical Centers, the following communications structure will be employed; a) the Steering Committee will 

meet annually and will teleconference every 3 months; b) the Operations Committee will coordinate the 

day-to-day study operations and will teleconference weekly; c) the chairs of the Core Laboratories and 

committees will report to the chairs of the CCC and DCC monthly; d) the chairs of the 3 groups responsible 

for the major data domains (Dr. Kahn - Clinical Outcomes; Dr. Cohen - Health Economic; Dr. Jaff - 

Ultrasound), and other committee chairs as needed, will join Operations Committee calls periodically; e) 

study leadership will meet with Clinical Center personnel at the yearly Investigator Meetings and at routine 

site monitoring visits; and f) Dr. Vedantham will regularly speak with the Clinical Center investigators. 
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* The rt-PA may be delivered via a standard catheter, the vascular sheath, the Trellis (Technique A patients only), or the 

Angiojet (Technique B patients only) _  The total dose for the initial procedure session may not exceed 25 mg_ 

*' The total rt-PA dose for all treatment sessions together may not exceed 35 mg_ 
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* The rt-PA may be delivered via a standard catheter or the vascular sheath. 

** The total rt·PA dose for all sessions together may not exceed 35 mg, and the infusion time may not exceed 24 hours. 
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1,   Review the initial venogram and estimate the length of the clotted venous segment   For 

patients with ::: 12 cm thrombus, select a Trellis-8 Catheter with a 15 cm treatment zone, 

For patients with > 12 cm thrombus, select a Trellis-8 Catheter with a 30 cm treatment zone, 
 

 
2,   Obtain a rt-PA solution from the pharmacy: 25 mg rt-PA in 25 ml Sterile Water (1 mg/ml), 

 

 
3, Calculate the initial rt-PA dose to be delivered into the thrombus according to the following 

formula: 1 mg per 3 cm thrombus length, with a minimum dose of 4 mg, For patients 

with thrombus exceeding 24 cm, two runs of the Trellis-8 Catheter are needed to optimally 

distribute and disperse the rt-PA within the entire thrombosed venous segment - the initial 

rt-PA dose should be divided proportionally to evenly distribute the drug within the thrombus, 

For example, for a patient with 36 cm of venous thrombus, the total dose would be 12 mg, 

This could be divided evenly between the cephalad (6 mg) and caudal (6 mg) segments, 

 

4,  Prepare the rt-PA solution needed for the first run of the Trellis-8 Catheter as follows: Place 

the rt-PA intended for the first run of the Trellis-8 Catheter into a 10 ml syringe, and dilute to 

a total volume of 10 ml in normal saline, For the 15 cm Trellis-8 Catheter, which is only used 

when the thrombus length is 12 cm or less, this will result in 4 mg rt-PA per run, For the 30 

cm Trellis-8 Catheter, this will typically result in 4-8 mg per run (corresponding to 12-24 cm 

thrombus length), As the total volume to be injected for each run will always be 10 ml, the 

concentration of the injected rt-PA solution will therefore range from OA - 0,8 mg/ml rt-PA 

 

5,   Advance the Trellis-8 Catheter over the guidewire and position its cephalad balloon just 

above the highest extent of the thrombus,   Inflate the cephalad and caudal balloons with 

dilute contrast, taking care not to over-inflate past the radiopaque markers on the Catheter. 

 

6,   Perform a stepped infusion of rt-PA into the thrombus,  First inject 2 ml of rt-PA solution into 

the infusion port of the Trellis-8 Catheter - this will instill 1 ml of the rt-PA solution into the 

thrombus, with an additional 1 ml filling the Catheter lumen, Activate the Dispersion Wire of 

the Trellis-8 for 10 minutes,  During oscillation, inject 1 ml of the rt-PA solution every minute 

(after 9 minutes, inject 1 ml normal saline to clear the Catheter of rt-PA),  Every minute, 

move the translation bar on the Oscillation Drive Unit to disperse the rt-PA within the clot 
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7,   After 10 minutes have passed, reduce the speed of the Dispersion Wire to one-third of ful! 

speed.  De-activate and remove the Dispersion Wire and allow the rt-PA to dwell for an 

additional 5 minutes.  Deflate the caudal balloon.  At the physician's discretion, the rt-PA 

remaining within the isolated treatment zone may be aspirated via a syringe applied to the 

aspiration port of the Trellis-8 Catheter.  Deflate the cephalad balloon. If the initial thrombus 

extent was less than or equal to 24 cm, remove the Trellis-8 Catheter over a guidewire. 

 

8. If the initial thrombus extent exceeded 24 cm, re-position the Trellis-8 caudally to include the 

remaining thrombus and repeat Steps 4-7 above using the rt-PA planned for the second run. 

Remove the Trellis-8 Catheter over a guidewire and repeat the venogram. 

 

g,   If residual thrombus is present, an additional 10-minute run (with 5-minute dwell) of the 

Trellis-8 may be performed in each of the 1-2 treated segments using the method in Steps 

4-8 above (additional rt-PA dose chosen by physician but the rt-PA must be dissolved in 1O 

ml solution and the  physician  may no! exceed !he 25  mg rt-PA dose  limit for!he initial 

PCDT session).  Note: for any single session, the Trellis activation time may not exceed 30 

minutes in a single treatment area or 60 minutes overall for multiple treatment areas. 

 

10. If needed, consult the Trellis Peripheral Infusion System Instructions for Use (package 

insert) for additional clarification on the appropriate use of the Trellis system. 

 

11. See Section 7,3,1 for details on concomitant heparin use during use of Technique A. 
 

 
12. Return to Section 7.3,5. 
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1. Review the initial venogram and estimate the length of the clotted venous segment. 

Prepare an AngioJet DVX Catheter as prompted by the Angiojet Drive Unit. 

 

2. Obtain a rt-PA solution from the pharmacy: 25 mg rt-PA in 25 ml Sterile Water (1 mg/ml). 
 

 
3. Calculate the initial rt-PA dose to be delivered into the thrombus according to the following 

formula:  1 mg per 3 cm thrombus  with a minimum dose of 4 mg.  Assuming  that 

the thrombus length varies between 3-60 cm among different patients. this will result in rt-PA 

doses of 4-20 mg.  For example, for a 36 cm venous segment, the dose would be 12 mg. 

 

4. Deliver rt-PA into the thrombus using either the PowerPulse or Rapid Lysis methods: 
 

 
A   PowerPulse  method:  Prepare the rt-PA solution as follows:   Dilute the planned rt-PA 

dose to a total volume of 50-100 ml (determined by the physician) in normal saline (this 

will result in a rt-PA concentration ranging from 0.04 - 0.40 mg/ml).  Put the AngioJet 

Drive Unit into PowerPuise mode.  Advance the DVX Catheter over the guidewire and 

position it just above the cephalad aspect of the thrombus.  Pulse-spray the rt-PA into 

the thrombus by depressing the foot pedal during slow withdrawal and advancement of 

the DVX Catheter through the thrombus (1 cm every 3 seconds) over the guidewire. 

Allow the rt-PA to dwell within the thrombus for 30 minutes.  Proceed to Step 5. 
 

 
B.  Rapid Lysis method:  Prepare the rt-PA solution as follows:  Dilute the planned rt-PA 

dose to a total volume of 250-500 ml (determined by the physician) in normal saline (this 

will result in a rt-PA concentration ranging from 0.008 - 0.080 mg/ml).  Advance a 

standard hockey-stick shaped guide catheter over the guidewire and position iijust 

above the cephalad extent of the thrombus.  Put the AngioJet Drive Unit into Aspiration 

mode.  Advance the AngioJet DVX Catheter through the guide catheter and position the 

tip of the DVX Catheter just beyond the tip of the guide catheter. Using the rt-PA solution 

as the infusate, activate the DVX Catheter during slow withdrawal and advancement of 

the DVX Catheter and guide catheter (they may be moved as a single unit) through the 

thrombus (about 1 cm every 3 seconds) over the guidewire.   Proceed to Step 5. 
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5,  With the AngioJet Drive Unit in Aspiration Mode, activate the AngioJet to aspirate thrombus 

by depressing the foot pedal during slow withdrawal and advancement of the DVX Catheter 

through the thrombus over the guidewire, To increase access of the DVX Catheter to 

thrombi which are located peripherally within the vein, the use of a standard hockey-stick 

shaped guiding catheter to orient the device during aspiration is encouraged, Perform two 

back-and-forth passes of the DVX Catheter through the thrombus, then remove it 

 

6,   Caution: During the procedure, do not retract the guidewire into the DVX Catheter,  If 

retraction of the guidewire into the DVX Catheter occurs, remove the DVX Catheter and 

guidewire from the patient and back-load the DVX Catheter over the guidewire,  This will 

prevent the wire tip from exiting and binding in the Catheter windows, Also, when using the 

AngioJet in the iliac vein and/or IVG, physicians are encouraged to include rest periods of at 

least 10 seconds after every 30 seconds of device activation time, 

 

7,   The total rt-PA dose for !he initial session may not exceed 25 mg. The AngioJet 

activation time and infusate volume should not exceed 8 minutes and 500 ml, respectively, 

 

8,   If needed, consult the Instructions for Use (package insert) for the AngioJet System and 

DVX Catheter for additional clarification on the appropriate use of the AngioJet and DVX, 

 
9,   See Section 7.3.1for details of concomitant heparin use during use of Technique B, 

10, Return to Section 7.3.5, 
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1.   Review the initial venogram and estimate the length of the clotted venous segment 

Advance a multisidehole catheter into position with its sideholes spanning the thrombus. 

 

2  Obtain the following rt-PA solution from the pharmacy: 10 mg rt-PA in 10 ml Sterile Water for 

Injection, USP, dilutedlo a total volume of 1000 ml in 0.9% normal saline (rt-PA   

concentration 0.01 mg/ml). Infuse through the multisidehole catheter at a rate of 50-100 

ml/hr (corresponding to 0.01 mg/kg/hr, with maximum allowable dose 1.0 mg/hr). For 

patients in whom fluid volume is of concern or in whom an ultrasound infusion catheter is 

selected, the physician may concentrate the rt-PA solution to 0.02 mg/ml - 0.04 mg/ml (10 

mg rt-PA in 250-500 ml total volume, infused at 12.5 - 50 ml/hr). If more than one venous 

access site is used, the rt-PA dose may be split per physician discretion. The physician may 

also utilize the vascular sheath (with or without added sideholes) to infuse part of the rt-PA. 

All infusion catheters should be used per their Instructions for Use (package insert). 

 

3. During infusion CDT, the patient should be placed at bedrest and the affected leg should be 

elevated.   Mechanical compression adjuncts may be used per the physician's standard 

practice.  If UFH is used, it should be infused at subtherapeutic levels (6-12 units/kg/hr, 

maximum allowable dose 1000 units/hr) through the vascular  sheath (preferably) or through 

a peripheral IV (if the sheath is being used to infuse rt-PA), to a target PTT of less than 2 

times control.  The patient should be monitored in an ICU or stepdown unit and peripheral 

blood taken at least every 12 hours for hemoglobin, partial thromboplastin time (PTT), and 

platelet count  A fibrinogen level may be obtained if this is the physician's standard practice. 

 

4. The rt-PA infusion may be halted temporarily or permanently at physician discretion if there 

is evidence of bleeding (see Section 7.3.4), the PTT > 100 seconds, or the fibrinogen level < 

100 mg/di.  When rt-PA is stopped, saline should be infused to maintain catheter patency. 

 

5. After 6-24 hours, the patient should return to the procedure suite.  At each return visit, follow 

the procedures described in Section 7.3.5.  In particular, the use of rheolytic thrombectomy 

is encouraged at the first follow-up visit to speed thrombolysis (see Appendix  5, Steps 5-g)_ 
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Evidence of the Reliability of the Villalta  PTS Scale:  A) In Villalta's study (g8), 100 patients were 

evaluated 6-36 months after venogram-proven DVT,  A physician asked the patient to rate the degree 

to which his/her leg condition interfered with daily life as none, mild, moderate, or severe,  Two other 

physicians independently evaluated the patient, scored the presence of PTS symptoms and signs, 

and summed the results into a total "Villalta score", Receiver-operator curve (ROC) analysis was 

used to select optimal cutoff values for the presence and severity (mild, moderate, severe) of PTS, 

where the criterion standard was interference with the patient's daily life by the condition, Inter­ 

observer agreement was found to be high by the weighted kappa test for PTS signs (0,77), symptoms 

(0,80), total score (0,78), and PTS severity category (0,75).  Interference with the patient's daily life 

(Le, clinically  important  PTS disease burden) was best predicted by the total Villalta  score, The 

sensitivity and specificity of the chosen threshold Villalta score values in discriminating patients with 

PTS from those without PTS, and between different severity categories, were high.  B) In a 50-patient 

substudy to VETO (multicenter DVT cohort study), inter-observer (physician-nurse) reliability 

coefficients for all clinical sign scale components were moderate to high (weighted kappas 0.59 

0.84) and the total Villalta scores showed even stronger correlations (Pearson coefficient 0,88, p < 

.0001) (81). C) In a 125-patient substudy to REVERSE (multicenter VTE cohort study), the total  

Villalta score showed excellent inter-observer reliability (Pearson coefficient 0,86 - 0.91) that 

exceeded that of the composite clinical sign score (0.70 - 0.75) and the individual clinical sign scores 

( 152), Hence, all 3 studies found!he Villalta Scale to have excellent  inter-observer  reliability. 

 

Evidence of the Acceptability  of Villalta's  PTS Scale to DVT Patients and Physicians:  The Villalta 

PTS Scale has been used to identify cases of incident PTS in proximal DVT patients in cross­ 

sectional (10, 153) and cohort studies (1,2,5, 12,81,129,154), single-center trials (3,4, 155,156), and 

multicenter trials (109). It is the only PTS measure to be successfully used in a multicenter 

randomized DVT treatment trial (109).  Evidence that the Villalta Scale is considered to be a valid 

method of measuring PTS by physicians is found in the American College of Chest Physicians' 2008 

guidelines' strong recommendation in favor of use of elastic compression stockings in DVT patients, 

which is based upon proof of PTS prevention '1n studies using the Villalta PTS Scale (3,4,30), 

 

Evidence of the Val idity of Villalta's  PTS Scale - Correlations with Health Impairment (QOL):  The 

construct validity of Villalta's PTS Scale is supported by the demonstration that the total Villalta 

scores have significantly correlated with QOL in three independent study populations:  A) In a small 

(n=41) study ( 10) of outpatients with first-episode proximal DVT, the presence of PTS on Villalta's 
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PTS Scale, PTS severity category by total Villalta score, and the total Villalta score as a continuous 

variable (r = - 0,63) all correlated strongly with poorer venous disease-specific QOL (p < 0,001), In 

145 patients enrolled in the ELATE Trial (a multicenter trial comparing two intensities of warfarin for 

proximal DVT), the presence of PTS on Villalta's PTS Scale correlated strongly with poorer venous 

disease-specific QOL (6,9 points on VEINES-QOL, p < 0,0001) and physical generic QOL (7A points 

on SF-36 Physical Component score, p = 0,0002) (109),     In 359 DVT patients in the VETO Study, 

the presence of PTS on Villalta's  PTS scale independently predicted worsened disease-specific QOL 

(p < 0,001) and, to a lesser degree, generic QOL (p = 0,04) (12), Evidence of discriminant validity is 

seen in the fact that the total Villalta score did not correlate with sex, a variable not expected to relate 

to PTS, In addition, the presence of PTS on Villalta's Scale was shown to be a better predictor of 

clinically important PTS than imaging criteria such as the presence of valvular reflux on Duplex 

ultrasound (96),  Overall, the strong, graded correlations  between !he total Villalta scores and 

venous  disease-specific  QOL in populations of DVT patients  indicate that Villalta's PTS Scale 

measures  a physical condition of  major  health  importance  that  is closely  related to clinically 

important  chronic  venous  disease  (i.e. clinically important  PTS). 

 

Evidence of the Validity  of Villalta's  PTS Scale - Correlations with Venous  Disease Indicators: 

Further evidence that Villalta's  PTS Scale is a valid measure of PTS is derived from its associations 

with  known anatomic/physiologic   findings  of venous  disease:  1) Abnormal   Venograms:   In 100 

patients with lower extremity symptoms who had undergone venography for suspected DVT > 3 

months earlier, Villalta"s PTS Scale successfully distinguished patients who did have DVT (positive 

venograms) from those who did not (negative venograms) (153); 2) Venous  Ultrasound 

Abnormalities:  In proximal DVT patients, the presence of PTS on Villalta's PTS Scale was associated 

with a higher likelihood of Duplex ultrasound venous abnormalities at 6 months (p < 0,001) (26); 3) 

Elevated Ambulatorv Venous Pressures {AVP): In 124 DVT patients, mean AVP increased in graded 

fashion with increasing PTS severity category on Villalta's PTS Scale (29 mmHg for no PTS, 41 

mmHg for mild/moderate PTS, 66 mmHg for severe PTS, p < ,001) (157), 

 

Evidence of the Responsiveness  of Villalta's  PTS Scale to Clinical Change:  Patients who 

reported improvement in generic and venous disease-specific QOL over 4 month-period after a DVT 

episode showed significant reductions in Villalta score during that time (p < 0.001) (12) 

 

Hence, based upon the overall weight of evidence, the Villalta PTS Scale is an excellent method to 

establish the presence of clinically important PTS ( 1-6,12,26,81,96,g8, 109,111,129,152-159), 
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Palient J D:  Patient :'Vlo•noi ram       Date of assessment: l_l_  l_l_I 

dd 111111 yyyy 
 

 

 
Please ask the patient to complete the questions on this page, The nurse 
assessment of clinical signs of PTS must be blind to these responses. 

coordinator performing the 

 
 

In general, how would you rate the following SYMPTOMS in your RIGHT leg? 

(please tick one response for each symptom) 

No or 
 

 Minimal Mild Moderate Severe  
Cramps D D D D 
Itching D D D D 
Pins and needles D D D D RIG HT 
Leg heaviness D D D D  
Pain D D D D  

 

In general, how would you rate the following SYMPTOMS in your LEFT leg' 

(please tick one response for each symptom) 

No or 
Minimal Mild Moderate Severe 

Cramps D D D D 
Itching D D D D 
Pins and needles D D D D 
Leg heaviness D D D D 
Pain D D D D 
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Patient ID: l__!_l_I Patient M<mngra 

 
Date of Assessment: 

dd 

 

l_l_l_l_  i 
n11n yyyy 

Time of  Assessment: l_l__ _ i : AMO PM O 
h 1TI111 

 
 

This form is to be completed by the nurse or study coordinator performing assessment of PTS. Nurse or study 
coordinator must be blind to responses toprevious Symptoms questions. 

 

Nurse or Coordinator's initials: 
 

Rate the following SIGNS on the RIGHT leg (please tick one response for each sign) 
 

 

 
Pretibiai edema 

Skin  induration 

Hyperpigmentation 

Venous ectasia 

Redness 

Pain during calf compression 

No or 

Minimal 

D 
D 
D 
D 
D 
D 

 
Mild 

D 
D 
D 
D 
D 
D 

 
Moderate 

D 
D 
D 
D 
D 
D 

 
Severe 

D 
D 
D RIGHT 

D 
D 
D 

Is an ulcer present? No  D Yes  D 
 

  

 

Rate the following SIGNS on the LEFT leg (please tick one response for each sign) 
 

 No or 
Minimal 

 
Mild 

 
Moderate 

 
Severe 

 

Pretibial edema D  D D 
Skin induration D  D D 
Hyperpigmentation D D D D LEG 
Venous ectasia D D D D  
Redness D D D D  
Pain during calf compression D D D D  

Is an ulcer present? No   D Yes 

Circumference  10 cm below tibial tuberosity cm 



!Jecen1ber ?3, / 008 Vl' IJl\ Nl H A M 

 

 

 

 
 

 
 

 

 
 Revised   

 

 

 

9: 

 

classification of chroni c lower venous disease 
 

C Clinical signs (grade 0-6), supplemented by A for asymptomatic and S for 

symptomatic presentation 

E Etiologic classification (Congenital, Primary, Secondary) 

A    A natomic d istribution  (Superficial, Deep, or Perforator, alone or in combination) 

P Pathophysiologic  dysfonction  (Reflux  or Obstruction,  alone or i n  combination) 

 
 

--c- (Cl i ni cal) classi ficat ion 
 

 

Class 0 

Class l 

Class 2 

Class 3 

Class 4a 

Class 4b 

Class 5 

Class 6 

No visible or palpable signs of venous disease 

Telangiectasies or ret icular veins 

Varicose veins 

Edema 

Skin changes incl uding pign1entation or venous eczen1a 

Skin changes including lipodennatosclerosis 

Healed venous ulceration 

Active venous ulceration 
 

 
classificat ion 

 

Ee (Congenital) 

E,, (Primary) 

Es (Secondary) 

The etiology of the chronic venous disease has been present since birth 

Idiopathic chronic venous disease 

Chronic venous disease with known etiology (e_g _   post-thrombotic) 

   En No venous cause identified   
 

 
 

'-A-- (Anatom ic) classificat ion 
I 

I Superficial veins (A s ) 

I Deep veins (A n ) 

Perforating  veins  (A r) 

I  No  venous  location identified (An)   

"p-- (Pathophysiologic) classification 

 
Reflux (PR ) 

Obstruction  ( Po) 

Both (PRC,) 

No venous pathophysiology seen (Pn) 

 
 

Example:   A patient  with healed  ulcerations  known to he related  to post-thrombotic  syndrome, 

with documented  reflux  and obstruction,  would be classified  as C 5 EsAoPiw - 
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ppe11dix 10 -  
 

Venous Clinicai Severity Score 

Am>eiu = O 

Pain None 

 

 

 

 
Varicose veins* None 

 

 

 

\ienous§ edema None 

 
 

Skin pign1cntation N one, or focal, 

low  intensity 

(tan) 

 

 

 

 

Inflammat ion None 

 

 

 
lnduration N one 

 
= l 

OccasionaL  not 

restricting 

activity  or 

reqmnng 

analgesics 

Few, scattered: 

branch VVs 

with competent 

GS\i/LS\i 

Evening ankle 

edema only 

 
Diffuse, but 

limited in area 

and old (brown) 

 

 

 

 

Mild cellulitis, 

limited or 

marginal area 

around ulcer 

Focal, circum­ 

areolar (<5cm) 

 

Mo•:lerate = 2 

Dail y, moderate 

activity 

limitation. 

occasional 

analgesics 

Multiple: single 

segment 

GSV/LSV 

refl ux 

Afternoon 

edema above 

ankle 

Diffuse over 

gaiter 

distribution 

(lower thi rd) or 

recent 

pigmentation 

(prnple) 

Moderate 

celluli tis. 

involves most 

of gaiter area 

Medial or 

lateral, less than 

lower third 

 

Severe = 3 

Daily, severely limits 

activities, regular use of 
analgesics 

 

 
Extensive: n1ultlsegn1ent 

GSV/LSV reflux 

 

 
Morning edema above 

ankle requiring activity 

change, elevation 

Wider distribution (above 

lower third) and recent 

pign1entation 

 

 

 

 

Severe cellulitis (lower 

third or above) or venous 

eczen1a 

 
Entire lower third or more 

Total no. ulcers3 

Active ulceration. 

duration 

Active ulcer, size 

Compressi ve therapy'\] 

0 

None 

 
None 

Not used or not 

compliant 

2-4 

<3  months >3 months,  < l 

year 

<2cm diameter 2-4cm diameter 

Intermittent use Wears elastic 

of stockings stockings most 

>4 

Not healed > 1 year 

 
>4 cm diameter 

Full compliance stockings 

+ elevation 

 

V''u"'"'""' co1nrnents: 

* To assure differentiation hetween  the C l  and C2 CEAP classes. 'varicose' veins m ust be ::': 4 mm 

diameter to qualify for inclusion  here, Occasional  or mild  edema  and  focal pigmentation  over VYs docs 

not  qualify  for inclusion under  the two subsequent  attributes. 

§Presumes venous origin by characteristic, e.g. brawny (not pitting or spongy) edema, wi th significant 

effect of standing/limb elevation and/or other clinical evidence of venous etiology, i.e. varicose veins, h/o 

DVT. Edema must be regular finding, e.g, daily occuttence. 

3Total number equals active and healed. 

!Sliding scale to adjust for background differences in use of compressive therapy. 
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MONOGRAM    
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Baseline 10 Days 1 Month 6 Months 12 Months 18 Months 24 Months 

I INSTRUCTIONS: i 
j  survey asks health.  [ 
keep track of how you feel and how well you are able to do usual  activities. 
Answer every question by marking the answer as indicated. 

, If you are unsure about how to answer a question, please give the best answer you can. 
 

 

1. In general, would you say your health is : ( check one box) 

Excellent D Very Good D Good D Fair D Poor D 
 

 

2. Compared to one year ago, how would you rate your health in general now? ( check one box) 

 

Much better now than one year ago D Somewhat worse than one year ago  D 

Somewhat better now than one year agoO Much worse now than one year ago D 

About the same as one year ago D 

3. The following items are about activities you might do during a typical day.  Does your health 

      now limit vou in these activities  If so 
' 

how much ? 

(check one box which applies on each line) Yes. Yes. No. not 
Limited a lot Limited a littre Limited at all 

3.1 Vigorous activities, such as running, lifting heavy 

objects, particii:iating in strenuous sports. 

3.2 Moderate activities, such as moving a table, pushing a 

vacuum cleaner. bowlinq or plavinq qolf. 

3.3 Lifting or carrying groceries. 

 
3.4 Climbing several flights of stairs. 

D D D I 

D D D 

D I D D 

D 
I 

D D 
3.5 Climbing one flight of stairs. I 

D D D 
3.6 Bending, kneeling, or stooping. 

D D D 
3.7 Walking more than a mile or 1.6 kilometers. : 

D D D I 
3.8 Walking several blocks. '' 

I 
1  3.9 Walking one block. 

 
3.1O Bathing or dressing yourself. 

D D D I 

D I D D 
p. 1 of 5 
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4,  During the past 4 weeks, have you had any of the following problems with your work or other regular 

daily activities as a result of your physical health? 

(check one box  which applies on each 
line) 

YES NO 

4. i Cut down on the amount of time you spent on work or other activities. D 

4,2 Accomplished less than you would like, 
 

4,3 Were limited in the kind of work or other activities, D D 

4A Had difficulty performing the work or other activities (for example, it took extra effort), D D 

 
 

5,   During the past 4 weeks, have you had any of the following problems with your work or other regular 

daily activities as a result of any emotional  problems (such as feeling depressed or anxious) ? 

(check one box which aoo!ies on each line) YES NO 

5, 1 Cut down on the amount of time you spent on work or other activities, D D 

5,2 Accomplished less than you would like, D 

5,3 Didn't do work or other activities as carefully as usual. D D 
 

 

 

6,  During the past 4 weeks, to what extent has your physical health or emotional problems interfered 

with your normal social activities with family, friends, neighbors, or groups ? 

{check one box  whjch  applies ) 

Not at all D Slightly D Moderately D Quite a bit D Extremely D 
 

 

 

7,  How much bodily pain have you had during the past 4 weeks ? (check  one box whjch  aop!ies ) 

None D Very mild D Mild D Moderate D Severe D Very severe D 
 

 

 

8,  During the past 4 weeks, how much did pain interfere with your normal work 

(including both work outside the home and housework) ? (check one box which aoo!ies ) 

Not at all D A little bit D Moderately D Quite a bit D Extremely D 
 

 

g    These questions are about how you feel and how things have been with you during the past 4 weeks, 

For each question, please give the one answer that comes closest to the way you have been feeling, 

How much of the time during the past 4 weeks ? 

(check one box which aoof jes on each fine} 

 

 

9, 1 Did you feel full of pep ? 

 
9.2 Have you been a very nervous person ? 

 

9,3 Have you felt so down in the dumps that nothing 
could cheer you up ? 

 D D D D  

D D D D D D 

D D D D D D 

 

 
A Good 

 All of Most of Bit of Some of A Little of None of 
the time the time the time the time the time the time 
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AH of 

 

Most of 
A Good 

Bit of 

 

Some of 

 

A litUe of 

 

None of 

the time the time the time the time the ttme the time 

9 A Have you felt calm and peaceful ? D D D D D D 

9.5 Did you have a lot of energy ?  D  D D D 

9.6 Have you felt downhearted and blue ?  D  D   

9. 7 Did you feel worn out ? D D D D D D 

9.8 Have you been a happy person ? D  D D D D 

9.9 Did you feel tired ? 
 D D D D D 

10. .During the past 4 weeks, how much of the time has your physical health or emotional  

problems interfered with your social activities (like visiting with friends, relatives, etc.) ? 

(check one box which aoo/ jes ) 

All of the time D Most of the time D Some of the time D A little of the time D None of the time D 
 

 

11. How TRUE or FALSE is each of the following statements for you ? 
 

(check one box  which aoplies on each line ! Definete!y 

true 

Mostly 

true 
Don't 

know 

Mostly 

fa!se 
Definetely 

false 

11.1 I seem to get sick a little easier than other people. D D D D D 

11.2 I am as healthy as anybody I know. D D D D D 

11.3 I expect my health to get worse. D D D D D 

11.4 My health is excellent. D D D D D 

Next are some questions about your leg problem. 
 

 

 
 

12 During the past 4 weeks, how often have you had any of the following leg problems ? 

Every 
Several About Less than 

(check  one box  which aoolies on each line 
) 

day 
times once once 

a week a week a week 
Never 

12.1 Heavy legs D D D D D 

12.2  Aching legs D D D D D 

12.3 Swelling D D D D 

12.4 Night cramps D D D D D 

12.5 Heat or burning sensation D D D D 0 

12.6 Restless legs D D D D D 

12.7  Throbbing D D D D D 

12.8  Itching D D D D D 

12.9 Tingling sensation (e.g. pins and needles) D D D D D 
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13. .At what time of day is your most intense ?  (check  one) 

On waking At the end of the day D At any time of day D 

During the night D Never D 

 

At mid-day D 

 
 

 

14.Compared to one year ago, how would you rate your 

ivluch better now than one year ago D 
Somewhat better now than one year ago D 

About the same now as one year ago        D 

Somewhat worse now than one year ago D 
Much worse now than one year ago 0 
I did not have any leg problem last year D 

 
 

 

15. The following items are about activities that you might do in a typical day.  Does your l eg problem 
now limit you in these activities ?  If so, how much ? 

 
(check  one box which aoolfes  on each fine 
) 

I do not 
work 

YES, 
Limited 

a Lot 

YES, 
Limited 

a Little 

NO, Not 

Limited 

at AH 

15.1 Daily activities at work. D D D D 
15.2 Daily activities at home (e.g. housework, ironing, doing 

odd job/repairs  around the house, gardening, etc.). 

15.3 Social or leisure activities in which you are standing for 

:ong periods (e.g. parties, weddings, taking public 

transportation, shopping, etc.). 

15.4 Social or leisure activities in vvhich you are .5.i.1.ting for long 

periods (e.g. going to the cinema or the theater, travelling. 

etc.). 

D D D 

 
 

 

16. During the past 4 weeks, have you had any of the following problems with your work or other regular 

daily activities as a  result of your leg problem ? 
 

(check one box which aoolies on each line) 

YES NO 

16.1 Cut down the amount oflime you spent on work or other activities. D D 

16.2 Accomplished less than you would like. D D 

16.3 Were limited in the kind of work or other activities. D D 

16.4 Had difficulty performing the work or other activities (for example , D 
it took extra effort). 

 
 

 

17. During the past 4 weeks, to what extent has your leg problem interfered with your normal social 

activities with family, friends, neighbors or groups ?  (check one) 

Not at all D Slightly D Moderately D Quite a bit D Extremely D 
 

 

18. How much !fillpain have you had during the past 4 weeks ? 

None D Very mild D ivlild D Moderate D 

 

(check one) 

Severe D Very  severe D 

D 

D 

D 

D 

D 

D 
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19.These questions are about how you feel and how things have been with you during the past 4 weeks 
For each question, please give the one answer that comes closest 

to the way you have been feeling.  How much of the time during the past 4 weeks ? 
 

 
 

(check one box which aoplies on each line) 

 
19.1  Have your felt concerned about the 

appearance of your leg(s) ? 
 

19.2 Have you felt irritable ? 

 
19.3 Have you felt a burden to your family 

or friends ? 
 

19.4 Have you been worried about bumping 
into things ? 

 

19.5 Has the appearance of your leg(s) influenced 

your choice of clothing ? 

A Good 

All of 
the time 

Most of 
the time 

Bit of 
the time 

Some of 
the time 

A little of 
the time 

None of 

the time 

D D 

D 

 

D 

 

D 

D 

D 

D 

D 

D D D 
 

D D 

D D D D D D 

D D D D D D 
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This protocol should be uniformly followed to evaluate the proximal lower extremity deep 

veins for DVT, andlo characterize its extent  The exam should include the iliac veins 

from the iliocaval confluence through the popliteal vein to the tibial vein confluence. 

 

Iliac Veins - Compression and color  Doppler: Examination of the iliac veins should be 

conducted in a warm room after an 8-hour fast to minimize overlying bowel gas. The 

patient should be supine with the head slightly elevated to minimize muscular rigidity. 

The transducer frequency should be selected based upon the depth of the vessel.  The 

transducer should be placed at the level of the umbilicus to identify the iliocaval 

confluence in a transverse view.  The sonographer should follow the course of the 

common iliac vein of interest, in gray scale.  The common and external iliac veins should 

be examined for vessel wall motion, compressibility (if possible on some patients and in 

some segments, like the external iliac vein), and the absence or presence of intraluminal 

echoes,  After completing the gray scale evaluation of the iliac veins, the spectral  

Doppler and color Doppler evaluation should commence, from a longitudinal view.  The 

Doppler evaluation of the iliac veins is critical to determine patency since compressibility 

is limited.  The common and external iliac veins should be examined and the waveforms 

documented.    Waveforms should be assessed for spontaneity and respiratory phasicity. 

Color Doppler should be optimized to visualize flow patterns within the iliac veins.  Color 

should not be seen outside the vessel walls as this may overwrite intraluminal echoes 

from thrombus.   Color Doppler images should be recorded to display iliac vein filling. 

 

Lower Extremity Veins - Compression:  Next, the veins within the lower extremity should 

be examined from common femoral vein through the popliteal vein. The transducer 

frequency should be selected based upon the depth of the vessel. The patient should be 

placed in a semi-fowlers position to assist in filling of the deep veins.  The patient should 

be instructed to shift weight to the ipsilateral hip to aid external rotation of the limb with 

the knee slightly flexed.  Attention should be paid to ensuring patient comfort to minimize 

muscular rigidity during external compression with the probe.  The probe should be 
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placed just below the inguinal ligament and a transverse view of the common femoral 

vein (CFV) above the saphenofemoral junct'ron should be obtained.  External pressure 

from the transducer should be applied to coapt/collapse the vessel walls. Release of 

compression should also be carefully observed to confirm that the examiner did not roll 

off the vein during compression.  The sonographer should continue compressions 

moving inferiorly at 1-2 cm increments to the saphenofemoral junction, femoral vein and 

into the popliteal vein.  The entire course of each segment should be compressed.  If 

probe pressure does not completely collapse the vein, increased pressure should be 

used - if the accompanying artery begins to deform then adequate pressure is 

confirmed.  Any area that does not compress must be evaluated from both sagittal and 

transverse views to determine the reason for lack of compression.  Images of the vein 

segments should be documented prior to and during compression. If a vein segment 

does not compress, the gray scale image should be enhanced to identify the absence or 

presence of low level echoes.  If echoes are present where the vein is not compressible, 

the location and extent of the thrombus, the vessel size, and the absence or presence of 

flow should be documented. 

 

Lower Extremity Veins - Pulsed & Color Doppler: From a longitudinal view, the Doppler 

sample volume should be placed within the lumen of the CFV. Flow patterns should be 

assessed from common femoral, femoral, and popliteal veins for spontaneity, respiratory 

phasicity and augmentation. Augmentation may be documented using color Doppler. 

 

Characteristics of a normal venous Doppler signal are: 
 

 
1) Spontaneous: Blood flow present without augmentation maneuvers 

2) Respiratory phasicity: Blood flow velocity changes with respiration or valsalva 

3) Augmentation:  Blood flow velocity increases with distal limb compression 

or with release of proximal limb compression. 

 

Interpretation of Baseline Ultrasound Exams: Exam interpretation will be based on the 

following criteria:  1) compression unequivocally excludes the presence of thrombus; 2) 

when compression is limited, such as in the iliac veins, the diagnosis is weighted more 

heavily on the Doppler waveform findings, symmetry of both common femoral vein 

waveforms, and the presence of color flow (although the absence of color flow by itself 
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does not necessarily indicate DVT), but must be confirmed by venogram or CT scan for 

purposes of evaluating study eligibility, 

A test is negative when: 

 
The vein compresses (vessel walls coapt) when extrinsic pressure is applied; 

The lumen of the vein is echo-free; and 

The venous Spectral Doppler waveforms and color Doppler document normal flow 

patterns and normal color filling 

 

Criteria for diagnosing acute DVT: 

• Non-compressible or incompletely compressible  common femoral vein or femoral 

vein at the site of thrombus or intraluminal echoes 

• Presence of intraluminal echoes, abnormal Doppler waveform, and absence of 

color filling in the iliac vein are suggestive of DVT (for purposes of evaluating 

eligibility, confirmation with venogram or contrast-enhanced  CT scan is needed) 

a Also suggestive: echoes display the following characteristics: echoes disfigure 

during compression; only seen with acute DVT and regular shape and edges, 

• 4 mm increase in compressed thrombus diameter at site of DVT, or :: 10 cm 

increase in thrombus margin compared with prior study 

 

 
 -Year    Follow-Up  Ultrasound  Exams  (142 subjects    in 7 selected  Clinical  Centers): 

Venous valve closure time is assessed to determine the absence or presence of venous 

valvular reflux.  Valve closure time (VCT) is measured from the spectral Doppler 

waveform obtained at designated sites in the deep venous system,  The exam should be 

performed with the patient standing in a warm room, with weight placed on the nonstudy 

limb with the knee of the study limb flexed slightly, Restrictive clothing, belts, shoes, 

stockings, girdles, etc, should be removed. Imaging should be performed using a 5 to 

7,5MHz linear array transducer (lower frequency transducer may be necessary if the 

veins are deeper than 5cm).  Additional equipment should include automated cuff 

inflator/deflator with a 24 cm cuff for the common femoral vein and a 12 cm cuff for the 

popliteal vein,  The 24 cm cuff should be wrapped around the thigh leaving sufficient 

room to place the transducer, The 12 cm cuff should then be placed just below the knee, 

The transducer should first be placed in the groin to obtain a sagittal view of the common 

femoral vein and saphenofemoral junction,   The spectral Doppler and color Doppler 
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settings should be optimized.  The Doppler sample volume should be placed just below 

the level of the saphenofemoral junction.  While insonat°lng the vein, the thigh cuff should 

be rapidly inflated to 80 mmHg ,when flow has ceased for approximately 3 seconds, the 

cuff should be rapidly deflated (over less than 0.3 seconds), The Doppler waveforms 

should be recorded to evaluate for reflux. Significant reflux can also be captured by color 

flow Doppler, and if this is evident it should be documented by obtaining images of the 

flow reversal,  A minimum of two readings should be obtained minimize technical errors. 

For evaluation of reflux at the level of the popliteal vein, the patient should be asked to 

turn around (back facing technologist),  The transducer should be placed in the popliteal 

fossa, and a sagittal view of the popliteal vein should be obtained.  The Doppler sample 

volume should be placed in the popliteal vein below the saphenopopliteal junction. If the 

saphenopopliteal junction  is not visualized, the sample volume should be placed in the 

mid-popliteal vein.  The 12 cm cuff should be rapidly inflated to 100 mmHg while 

recording the Doppler spectral waveforms.  When flow has ceased for approximately 3 

seconds, the cuff should be rapidly deflated (over less than 0.3 seconds),  Reflux should 

be documented by recording the spectral Doppler waveforms.  A minimum of 2 readings 

should be obtained. 

 
 

Criteria for Reflux: reversed flow component ::, 0.5 seconds, 
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As previously noted, there are over 200,000 first episodes of DVT diagnosed each year in the 

U.S., with subsequent development of PTS in 25-50% (1-5). PTS is associated with a 

tremendous burden to patients in terms of physical limitations and poor quality of life, and to 

society in terms of the high cost of treatment and lost productivity due to disability (7-12). 

Consequently, the identification of cost-effective approaches for the treatment of DVT is critical. 

Previous studies have examined costs associated with the initial treatment of and long-term 

complications following DVT. An analysis of data from administrative claims databases for 2 

large U.S. healthcare plans from 1998-2000 reported average costs for incident DVT events not 

involving pulmonary embolism (PE) of $7,712 ± $18,339 (median, $3131), and costs for DVT 

events involving PE of $12, 200 ± $24,038 (median $6678). Over a 21 month follow-up period, 

one in 4 of these patients experienced an average of 1.24 bleed or recurrent VTE events that 

required hospitalization, with associated average costs of $14,957 per event (160). A model­ 

based study of the economic burden of long-term DVT complications following Hip Replacement 

Surgery in the U.S,, based on published estimates of the incidence and prognosis of PTS and 

recurrent VTE, found that the annual per-patient costs of mild-to-moderate PTS was $839 in the 

first year and $341 in subsequent years, annual costs of severe PTS were $3817 in the first 

year and $1677 in subsequent years, and the annual long-term cost of diagnosis and treatment 

of recurrent DVT and PE events were estimated at $3798 and $6404, respectively (14). 

As the management of DVT has evolved from hospitalization for intravenous heparin therapy to 

outpatient treatment with LMWH and use of interventional strategies including stand-alone CDT 

and PCDT, some studies have documented the variable economic impact of different 

management strategies. A study of hospitalized patients with DVT based on 1999-2000 

administrative data from 132 U.S. hospitals found that treatment with LMWH was associated 

with significantly lower total hospitalization costs than treatment with UFH, although UFH was 

used in 67% of admissions (161). Higher total medication costs for LMWH treated patients 

($736 vs. $539) were more than offset by lower overall hospitalization costs (total hospitalization 

costs: $3018 for LMWH versus $3732 for UFH), largely explained by shorter mean length of 

stay (4.4 days vs. 5.8 days). Several additional recent studies have documented that for 

patients with uncomplicated DVT, self-administered LMWH in a homecare setting is associated 

with significantly lower costs and no observed difference in outcome (162-165). 
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Three recent studies comparing costs and outcomes following stand-alone CDT and PCDT 

reported similar clinical outcomes but significantly lower hospitalization costs for PCDT due to 

lower thrombolytic  doses and infusion times and decreased length of stay (68,72, 166). 

By randomizing 692 patients to PCDT + optimal standard DVT therapy versus optimal standard 

DVT therapy alone, ATTRACT offers an ideal opportunity to estimate the cost-effectiveness of 

PCDT for the treatment of acute DVT. The estimation of cost-effectiveness is particularly 

important given the high up-front costs associated with the PCDT procedure and the large 

number of patients. The relative benefit of PCDT with respect to the prevention of PTS, and the 

extent to which the higher upfront costs of the PCDT procedure are offset by downstream cost 

savings associated with avoidance of PTS will be central factors underlying the results of the 

cost-effectiveness study, and its implications for future patient care and health policy. 

Cost-effectiveness analysis is a formal technique for relating costs and medical effectiveness in 

order to maximize the overall health benefits available to society (or to any policy-making unit), 

subject to the constraint of fixed resources. By explicitly quantifying the tradeoffs between health 

care costs and health benefits, cost-effectiveness analysis allows physicians to compare the health 

benefits gained by use of a new treatment to those benefits that could be achieved by alternative 

uses for the same health care resources. The cost-effectiveness ratio is the formal representation 

of this tradeoff and is calculated as the net change in health care costs (measured in dollars) 

associated with the new treatment divided by the net change in medical effectiveness (measured in 

years of life gained or quality-adjusted years of life gained) (167-170). 

 

 
METHODS 

 

1. Overview of the ATTRACT Health Economic Study 
 

The goals of the ATTRACT health economic study are to compare 2-year economic outcomes 

in patients with symptomatic acute proximal DVT randomized to either PCDT + optimal standard 

DVT therapy versus optimal standard DVT therapy alone, and if PCDT is found to be both 

efficacious and associated with increased costs, to carry out a formal cost-effectiveness 

analysis to estimate the incremental cost per quality-adjusted life year gained with PCDT. 
 

2,  Data Collection Overview 
 

The general approach to data collection will be to integrate collection of the economic data as 

much as possible into the mainstream activities of each ATTRACT Clinical Center. For example, 

the medical resource utilization data required for this study will be collected on the standard 
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clinical Case Report Forms. Follow-up medical encounters, resource utilization, and measures 

of indirect costs will also be collected on Case Report Forms using a standardized, structured 

interview at patient follow-up times. Utility measurements will be obtained from the quality of life 

assessment by means of self-administered questionnaires given to each patient at the time of 

the study enrollment and follow-up. Once these data have been entered and cleaned by the 

DCC, they will be transmitted in electronic format to the Health Economic Core   aboratory. 

On the other hand, collection of certain data elements requires additional training and will be 

performed directly by trained personnel from the Health Economic Core   aboratory. For 

example, collection of itemized hospital bills and UB92 summary bills will be performed directly 

by the Core Laboratory. These tasks will be performed centrally since they involve retrospective 

data collection, which is easily accomplished in batched format and requires specialized data 

abstraction skills that are beyond those required of most clinical research coordinators. 

3,  Patient Population 
 

All patients who participate in the ATTRACT trial will be eligible for the Health Economic Study. 
 

4.  Economic Data 
 

Cost data will be collected for each study patient from the point of study intake until the 

completion of the planned 2-year follow-up period. To facilitate analysis from a variety of  

potential perspectives, overall costs will be calculated for three categories: direct medical costs, 

custodial and chronic care costs, and indirect costs. Direct medical costs will include the cost of 

any inpatient care, outpatient care (including outpatient procedures, diagnostic testing, and 

prescription medications), and emergency room visits. Custodial and chronic care costs will 

include the cost of nursing home care, rehabilitation services (inpatient or outpatient), visiting 

nurses, home health aides, and other non-physician health professionals. Indirect medical costs 

will include the cost of care provided by other family members, such as lost wages. As 

recommended by the National Panel on Cost-Effectiveness in Health and Medicine, costs of lost 

work or other earnings on the part of the patient will be tabulated separately, but not included in 

the calculation of medical care costs for the primary cost-effectiveness analysis (171), 

A   Data Collection:  The following specific data will be collected for each randomized patient: 
 

1.   Costs of the index PCDT procedure: operating room or angiographic suite costs, including 

lab time, anesthesia time, recovery room time, equipment costs (guidewires, thrombectomy 

devices, embolus protection devices, guiding catheters, sheaths, and other devices used), 

rt-PA use, adjunctive medication use (including anticoagulants), and the amount and type of 

radiographic contrast required. These data will provide a direct measure of resource 
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utilization for the PCDT procedures and thus allow accurate determination of the cost of 

these procedures using standard, resource-based accounting methods (172). 

2. Measures of global resource utilization for the initial hospitalization and all follow-up 

hospitalizations, including length of stay, number of ICU days, principal diagnosis (ICD-9 

codes), major procedures, complications, and DRG assignment. As described below, 

hospital admissions unrelated to treatment of venous disease or its complications (including 

PE and bleeding) will be identified at trial completion by a clinical events committee that is 

blinded to treatment assignment, and excluded from the economic analysis. 

3. Itemized hospital charges and summary bills (UB-92 forms) for the index hospitalization and 

follow-up hospitalizations for treatment of venous disease or its complications (see below). 

4. Detailed outpatient medications including type of medication and daily dose for all 

medications used for the prevention and treatment of venous disease or its complications, 

including over the counter medications. 

5. Purchase and use of prescription compression stockings, bandages and other devices, 

during each follow-up interval. 

6. Self-reported estimates of medical resource utilization including the number of emergency 

room visits and physician visits during follow-up. In addition, we will obtain patient (or proxy) 

self-report estimates of the number of visits by allied health professionals including visiting 

nurses, home health aides, occupational therapists, and physical therapists during follow-up. 

7. Number and duration of admissions to rehabilitation hospitals, nursing homes, and other 

chronic care facilities. 

Hospitalization-related resource utilization data will be collected at each protocol-mandated 

clinic visit by the local research coordinator using standardized Case Report Forms and source­ 

verified based on review of pertinent medical records. Utilization of other medical services 

including outpatient care, prescription medications, custodial care, and rehabilitation services as 

well as loss of work by the patient and any other caregivers will be assessed by detailed 

questionnaires that will be administered by the local research coordinators at the time of each 

scheduled clinical follow-up. The accurate reporting of health care resource use data will be 

aided by the weekly recording by the patient of medical care resource use in a cost diary, which 

the patient will be instructed to bring to each follow-up visit. This form will also record resource 

use related to indirect costs, including transportation to and from non-protocol mandated 

hospital and doctor's visits, and lost time from work and decreased work productivity. Previous 

experience with such a diary by Dr. Kahn (ATTRACT Steering Committee member) and co- 

 
4 VHJAN l HAIVi 



corv fc llJfcN I IAI 

:>ooa 5 l)ecember VI- 

 

 

 

 
investigators in the Venous Thrombosis Outcomes cohort (VETO) study has demonstrated a 

high level of patient acceptability, and the ability to use ii to derive useful and valid DVT-specific 

resource utilization ( 173). Before study initiation, personnel from the Health Economic Core 

Laboratory will train the Clinical Center personnel in appropriate completion of the data forms. 

B.   Hospital Billing Data: 
 

In addition to detailed health care resource utilization data, we will collect comprehensive 

hospital billing information (itemized hospital charges and UB-92 summary bills) for each study 

participant for the index hospitalization and for any subsequent hospital admissions during the 

follow-up period. Together with cost-lo-charge conversion factors, these hospital bills will be 

used to derive cost estimates for inpatient medical care services that are directly applicable to 

the study population. Hospital billing information will be collected by an experienced research 

assistant at the Health Economic Core Laboratory, working in conjunction with the local  

research coordinators and the Director of Patient Accounts at each participating Clinical Center. 

To assist in collection of billing data, the Health Economic Core Laboratory will generate a 

monthly summary of hospital admissions that will be forwarded directly to the Clinical Center's 

billing department  Prior to enrollment, patients will be asked provide permission to obtain such 

billing records, and all related data will be kept in a secure, confidential database. 

5.  Estimation of Costs 
 

In the U.S. healthcare system, it is possible to collect medical billing information that provides 

detailed and objective summary measures of total medical resource consumption during 

hospital-based care. Because of the distortions present in hospital charges, however, it is 

necessary to convert raw billing data to an estimate of true medical care costs ( 172). A standard 

approach has been developed to do this and is described in detail below. Medical billing data 

have been successfully used as the primary measure of hospital cost in several major 

randomized trials of cardiovascular therapies (174-176). 

An alternative to the use of hospital billing data is the use of Medicare DRG reimbursement 

rates. Although this has the advantage of representing the true "cost" of hospital services to a 

single large payer (Medicare), they have the strong disadvantage of being insensitive to shifts in 

resource use that do not affect DRG assignment, a particularly important limitation for the 

treatments under investigation in ATTRACT, and the reason that we will not use this approach. 

A  Method of Hospital Cost Calculation: Hospitalization costs will be assessed by a combination 

of resource-based costs and hospital billing data (177). Index Procedures - From the detailed 

resource use and procedure duration data recorded for the index procedure, costs will be 
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calculated as the product of resource use and unit cost for each component. Acquisition costs 

for each item will be estimated as the average over several study hospitals_ 

B-  Post-procedure Hospital Care:  Costs for all other aspects of care during the initial 

hospitalization will be estimated based on hospital billing data_ After excluding charges 

associated with the index procedure (for patients randomized to PCDT), post-procedure hospital 

costs will be determined by multiplying the remaining hospital charges by the hospital and cost­ 

center specific cost-to-charge ratio obtained from the hospital's Me61care cost report ( 177)_ For 

patients for whom billing data are unavailable (expected to be < 10%), post-procedural hospital 

costs will be estimated based on a regression model developed from hospital admissions for 

which billing information is available, using multiple imputation_ Multiple imputation techniques 

will be used rather than a single cost coefficient for each resource to preserve patient-to-patient 

variability within the study population_ Costs will be converted to u _s_ dollars corresponding to 

the last year of the trial, using the medical care component of the Consumer Price Index_ 
 

For any rehospitalizations for which standardized hospital billing information cannot be obtained 

(expected to be < 5% of total hospital admissions) or are non-existent (Le_ , admissions to VA 

hospitals, non-U_S _   hospitals, or other U_S. hospitals that do not generate UB-92 summary bills), 

inpatient medical care costs will be estimated based on a regression model derived from the 

hospitalizations for which bills are available, using multiple imputation, as will be done for the 

estimation of post- index procedure hospital costs, described above_ Candidate resources for 

the imputation model would include length of stay, ICU length of stay, in-hospital events and 

complications, and major tests and procedures performed during the admission. 

c_  Elimination of Hospitalization Costs Unrelated to Venous Disease:  Hospital admissions 

unrelated to treatment of venous disease or its complications will be excluded from our 

economic analysis, since any differences in these events are unlikely to be related to the 

treatment strategy _   Thus, their inclusion would only increase the variance of our cost estimates_ 

A clinical events committee blinded to treatment assignment will review each hospital admission 

during the study to determine whether it should be excluded from the economic analysis _ 

 
 

D- Estimation of Other Costs: Costs for professional services (Le_ physician fees for inpatient 

care, procedures, outpatient visits, and testing) will be based on measured resource utilization 

(taken from the medical record and patient self-reports) and national average reimbursements 

(from Medicare Fee Schedule) _ Outpatient care costs will be assigned using the Medicare Fee 

Schedule_ Drug costs will be based on wholesale prices in the Drug Topics Red Book (178)- 
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Costs of home health care, long-term care, and custodial care will be based on average 

Medicare reimbursements for the services provided, Costs of additional home health and 

custodial services not covered by Medicare will be based on average charges, estimated from 

sources such as the U,S, Nursing Home Survey (171), The cost of care provided by family 

members will be estimated as the cost of lost employment required to provide this care, These 

costs will be estimated based on average national wages among persons in the work force, 

All costs will be valued in year 2010 dollars, which is anticipated to be the final year for which 

national average cost data are expected to be available at the completion of the study, Costs 

measured during years other than 2010 will be converted to constant dollars using the 

appropriate component of the Consumer Price Index, Costs will not be discounted for the 

primary cost comparisons, but will be discounted at a rate of 3% per year for the cost­ 

effectiveness analyses (see below) as recommended by the U,S, Public Health Service 

Guidelines on Cost-Effectiveness in Medicine ( 167), 

6, Measurement 
 

For the purposes of cost-effectiveness  analysis, quality of life must be measured in terms of 

"utility", a global rating (on a 0,,1 scale) that reflects an individual's preference for his or her 

current health state relative to perfect health ( 125), Although in the past, it had been customary 

to measure utility directly from the trial participants using time-tradeoff techniques ( 179,180) 

there is an emerging consensus that cost-effectiveness  analyses designed to inform societal 

resource allocation  use community-based  (rather than  patient-based) preferences  ( 181), 

There are several potential techniques for measurement of patient-specific,  population-based 

utility weights within ATTRACT,, These include the Health Utilities Index (HUI), the Quality of 

Well-Being Scale (QWB), the EuroQol (EQ-50), and recently published algorithms that allow 

mapping of the SF-36 or SF-12 to health state utilities (127,182-185), For ATTRACT, our 

preferred approach will be to calculate preference-based utility scores from the SF-36 data  

being collected in the QOL study, using a recently-validated scoring algorithm developed by 

Brazier et al (182), This has the advantage of using population-based utility weights that are 

appropriate to the analy1ic perspective of the analysis (Le,, U,S, societal weights), Although we 

are unaware of previous studies using the SF-36 as a utility measure for this population, the fact 

that the SF-36 has been previously shown to be a valid and responsive measure of health 

status for patients with PTS suggests that it will be appropriate for the ATTRACT population 

(10,12),  As the SF-36 is already being used as the generic health status measure in the trial, 

this will also help to limit the burden to both the patients and the study coordinators, 
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1  Cost Analysis 
 

The primary cost analysis will compare mean cumulative 2-year medical care costs between the 

two treatment groups. Secondary cost comparisons will be performed in an analogous fashion 

at alternative time points, including 1-month after randomization and 1-year after randomization. 
 

Decisions regarding the efficient allocation of resources generally involve consideration of the 

total costs of treating all patients with a specific disease with the treatment in question. In such 

settings, the arithmetic mean, which is the per-person cost of implementing the treatment, is the 

most relevant measure for summarizing and comparing cost (186). Measures of mean cost are 

the most appropriate reflection of the expected value of resource consumption to society - the 

appropriate metric for rational resource allocation. Characteristics of cost distributions can 

complicate the task of the data analyst needing to carry out a formal comparison of mean costs. 

In particular, the distribution of cost data tends to be skewed, with a large proportion of costs at 

the lower end of the distribution and a long right tail. As the appropriateness of many statistical 

tests and models relies on an approximately normal underlying distribution of the data, many 

common tests, such as the two-sample t test for comparison of means, may not be appropriate. 

An alternative method for comparing the average cost of two alternative treatments is through 

application of the non-parametric bootstrap approach to statistical inference (187). The 

bootstrap approach has been advocated as the most appropriate general method for comparing 

arithmetic mean costs as it can be used to draw inferences about the difference in mean costs 

between treatment groups without making any distributional assumptions (188). Confidence 

intervals around all cost estimates and differences in costs between treatment groups for the 

ATTRACT Trial will be derived using the bootstrap approach. 

Few patients should be lost to clinical follow-up during the study. For patients who are lost to 

follow-up, medical care costs beyond the time of last contact will be imputed using multiple 

imputation techniques, where the model includes the previous years' cost for the individual. This 

approach is reasonable as previous studies have found that the best predictor of subsequent 

healthcare resource utilization for a given patient is that patient's previous pattern of utilization. 

2.  Cost-Effectiveness Analysis 
 

A formal cost-effectiveness analysis will be relevant if the clinical trial reveals a significant 

benefit of PCDT in terms of the primary study endpoint and if that benefit comes at additional 

cost. This analysis will use the societal perspective as recommended by the National Panel on 
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Cost-Effectiveness in Health and Medicine ( 167) and will be based, to the extent possible, on the 

empirical data from the trial.  Cost effectiveness will be calculated as: 

Lifetime Cost (PCDT) - Lifetime Cost (optimal standard therapy) 

Effectiveness (PCDT) - Effectiveness (optimal standard therapy) 

where effectiveness is measured in terms of quality-adjusted  life years (QALYs). 
 

A. Derivation of In-trial Quality-ad justed  Life Expectancy: The in-trial contribution to each 

patient's quality-adjusted life expectancy will be estimated by multiplying his/her within-trial 

survival time by the time-weighted average of associated utility weights obtained from the SF- 

36. For example, the utility value assigned for the first 6 months will be the mean of the baseline 

and 6 month utility score; the utility for months 6-12 will be the mean of the 6-month and 12- 

month utility assessments; and so on. 

B. Pro jecting  Beyond the Trial for QAL Ys and Costs:  Although the randomized trial will follow 

patients for 2 years, outcomes pertinent to cost-effectiveness may continue to evolve well after its 

conclusion. In particular, it is anticipated that most patients will remain alive at the trial's conclusion 

and that the benefit of PCDT will accrue over the long term, through a reduction in morbidity and 

costs associated with PTS. Thus, a method is required for converting the observed trial experience 

into corresponding lifetime quality-adjusted survival and cost figures needed for the incremental 

cost-effectiveness calculations. Although the use of "within-trial" cost-effectiveness ratios would 

eliminate the need for extrapolation, this approach would bias our analysis substantially against 

PCDT given its high up-front cost and the expectation that any quality of life benefits are likely to be 

sustained. Moreover, lifetime ratios are necessary for comparison with external benchmarks. 

To extend the trial results beyond the observed time-frame, we will develop a Markov (state­ 

transition) model (189) in which the principal health stales will describe the long-term complications 

of DVT as defined by the clinical trial (e.g,, death, recurrent DVT, venous ulcer, cellulitis, pulmonary 

embolism). This model will be patterned after previous models developed by the EQOL 

investigators to project long-term complications, costs, and life-expectancy in patients with chronic 

coronary disease, acute myocardial infarction, and cerebrovascular disease (190-192). In addition 

to the ATTRACT Trial itself and published literature, a potential source of cost, transition probability 

and utility inputs for the model is long-term follow-up results from the Venous Thrombosis  

Outcomes (VETO) study, a 5 year (2002-2007), multicenter prospective follow-up study of 387 

patients with acute symptomatic DVT that is collecting detailed resource use and costs data 

relating to PTS. We will have full access to the 5 year VETO data through the study's principal 

investigator, Dr. Susan Kahn (ATTRACT Steering Committee member). Although the primary cost 
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data for VETO are applicable to the Canadian health care system, they can be converted to 

approximate U.S. equivalents using Purchasing Power Parities (193). These data will be essential 

to projecting the incremental costs associated with PTS (stratified by severity level) that are critical 

to model the long-term QOL impact of PCDT in preventing late DVT complications. 

C. Incremental Cost-Effectiveness  Analysis:  Once !he estimates of long-term costs and 

OALYs have been obtained for each of treatment arm, an incremental cost-effectiveness 

analysis will be carried out. For this analysis, costs and survival beyond the first year will be 

discounted at 3% per year according to current standards. Bootstrap analysis will be used to 

assess the precision of the cost-effectiveness ratios, and the results of the analysis will be 

presented 

graphically in the cost-effectiveness plane, including percentages of the distribution falling in the 

dominant (clinical benefit at lower costs) and dominated (higher costs but no clinical benefit) 

quadrants. In addition, results from the bootstrap analysis will be presented in the form of cost­ 

effectiveness acceptability curves, which describe the evidence in support of cost-effectiveness 

across a range of cost-effectiveness thresholds (194-197). 

D. Secondary Cost-Effectiveness  Analyses:  In addition to the pre-specified primary cost­ 

effectiveness analyses, we will perform a variety of exploratory secondary analyses. This will 

include subgroup analyses to identify cost-effective strategies for specific types of patients and 

will be based on the pre-specified patient subgroups identified in the clinical protocol. 

E. Sensitivity Analyses:  Extensive and comprehensive sensitivity analyses, including 

probabilistic sensitivity analysis on parameters such as Markov model transition rates, will be 

performed on all key factors in the cost-effectiveness analysis. For factors that are measured 

empirically during the study, such as QOL and costs, analyses will consider not only mean 

values but also values that are one standard-deviation removed from the mean and the 95% 

confidence intervals for the parameters. Less marked variations will also be considered, and 

one-way and two-way thresholds for indifference between the various strategies will be 

determined. We will also consider alternative discount rates ranging from 0-7%. 



 

 

 
 
 
 
 
 
 
 
 
 

 

 
 
 

 

14 - ATTRACT Trial Schedule of Procedures 

 
PreRand PreRand !nitia! Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 

PROCEDURE Screening Baseline Treatment 10 Days 30 Days 6 Months 12 Months 18 Months 24 Months 

Informed Consent  x 

History & Physical x 

Blood Tests x· x.. 

Start Anticoagulation (AC) (X) {X) x 

Rate Leg Pain x x x 

Leg   Circumference x x x 

OOL Ques!1onna1re x x x x x x x 

Dupiex    Ultrasound x x x•H 

Random1za\lon R 

Venograms/PCDT X**** 

Dispense ECS x 

Review Adverse Events x x x x x x 
Review AC, ECS. Cost Diary x x x x x x 

Villalta  PTS  Scale x x x x x x x 
VCSS Scale x x x x 

CEAP Clinical Class x x x x 
CBC \vith platelets. PT!l N R. PTT. creatlnine: a pregnancy test will be obtained only in won1en of chi!d bcming age 

" * Platelet count to assess for HIT 
The !year f()Jlowup Dupkx ultrasound wi ll be obtained only in Ultrasound Substudy patients. 

Venograins i1n1nediately before and after PCDT will be obtained only in Experimental (PCDT) Ann patients.  Patients having PCDT 

may undergo additional blood ksts. and some will have placement and removal of an lVC filteL 
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The Data Safety Monitoring Board (DSMB) will act in an advisory capacity to the NHLBI, the 

ATTRACT Principal Investigator (Dr. Suresh Vedan!ham atlhe Washington University School of 

Medicine in St Louis, MO), and the ATTRACT Steering Committee to monitor patient safety and 

evaluate the efficacy of the intervention being tested (as described in the attached protocol). 

 
DSMB Responsibilities: 

 
The DSMB will meet at periodic (to be determined) intervals during the course of the trial to: 

 
J ,     Provide initial and ongoing  review of the ATTRACT  Trial  research protocol, informed 

consent  documents,  and plans for  data  safety  and  monitoring; 

2. Approve the initiation of the ATTRACT Trial; 

 
3. Evaluate the progress of the trial, including periodic assessments of data quality and 

timeliness, participant recruitment, accrual and retention, participant risk versus benefit, 

performance of the Clinical Centers, and other factors that can affect study outcome; 

4. Consider factors external to the study, such as new scientific or therapeutic developments, 

that may have an impact on the safety of the participants or the ethics of the trial; 

5,   Monitor the safety of the study participants, and report on the safety and progress of the 

trial to the Principal Investigator, Steering Committee, and the NHLBI; and make 

recommendations, as deemed necessary, to protect the safety of the study participants; 

6,  Make recommendations to the NHLBI, the Principal Investigator, and the Steering 

Committee and, if required, to the United States or Canadian regulatory authorities and 

Clinical Center IRBs concerning continuation, termination or other modifications of the trial 

based on the observed adverse and beneficial effects of the treatment under study; 

7,  Conduct interim analyses of safety and efficacy data, with assistance from the DCC 

biostatistician, in accordance with stopping rules which are clearly defined in advance of 

data analysis and have the approval of the DSMB; 

8,   Assist the Principal Investigator, Steering Committee, DCC, and NHLBI by commenting 

upon any problems with study conduct, enrollment, sample size, and/or data collection. 
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9. Maintain the confidentiality of the trial data in its possession and the results of monitoring; 

Membership: 

The DSMB will consist of 5 voting members. Three members will constitute a quorum. The 

members were nominated by Dr. Vedantham (Principal Investigator) after consultation with the 

DCC Chair and Study Chair. and were then approved and appointed by the NHLBI. The voting 

DSMB members are completely independent of the investigators and have no financial, 

scientific, or other conflict of interest with the triaL Collaborators or associates of Dr. 

Vedantham are not eligible to serve on the DSMB.  Written documentation attesting to absence 

of conflict of interest is required from all DSMB members.  Any member who develops a conflict 

of interest during the course of the trial is expected to resign from the DSMB.  The DSMB 

includes members that have complementary expertise in the areas of clinical venous 

thromboembolism,  endovascular  interventions, clinical trials methodology, and biostatistics. 

 
Dr. Gary Raskob, University of Oklahoma, has been selected by the NHLBI to serve as the 

DSMB Chair.  He is responsible for overseeing DSMB meetings and developing the agenda in 

consultation with the NHLBI Project Officer, DCC Chair, and Principal Investigator.  The DSMB 

Chair is the contact person for the DSMB.  The NHLBI Project Officer or a designee will be an 

ex-officio member.  The DCC will provide logistical management and support to the DSMB. 

 
A separate and independent DCC statistician, identified by the DCC Chair, will be unblinded to 

the treatment allocations and will prepare the reports to the DSMB.  This person, who is not 

involved in the design or conduct of the study, and who is held to secrecy, will be available to 

the DSMB at any time. 

 
Board Process: 

 
The first DSMB meeting (face-to-face if possible) will occur before trial initiation to discuss the 

protocol, approve the trial's start, decide on the specific data the DSMB will receive, and 

establish guidelines (including stopping rules) to monitor the study.   Before the meeting, the 

DSMB members will review the protocol with particular attention to the sample size, interim 

analyses, and informed consent documents. Procedures for notifying the DSMB of SAEs will be 

established at that meeting.  Subsequent DSMB meetings will be at intervals of its choosing, but 

no less than twice per year.  At least one meeting per year will be alace-to-face meeting. 
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Scheduled DSMB meetings will be held at the call of the DSMB Chair, with advance approval of 

the NHLBI Project Officer,  A NHLBI representative will be present at every DSMB meeting.  An 

emergency DSMB meeting may be called at any time by the DSMB Chair, DCC Chair, NHLBI 

Project Officer, Study Chair, or Principal Investigator, should questions of patient safety arise. 

The DSMB Chair will keep meeting minutes and maintain a file of all relevant DSMB documents. 

 
 

 

 
 

Meetings will consist of an open session followed by a closed session.  The open session may 

be attended by the Principal Investigator, Study Chair, DCC Chair, NHLBI staff, biostatistician, 

and CCC and DCC staff members.  Issues discussed at open sessions will include overall study 

conduct and progress, subject accrual, protocol compliance, and any problems encountered. 

Patient-specific data and treatment group data should not be presented in the open session. 

 
The closed session will be attended only by voting DSMB members and NHLBI staff.  Others 

may be invited to attend by the DSMB or NHLBI Project Officer.  All treatment group safety and 

efficacy data will be presented at the closed session.  The discussion at the closed session is 

completely confidential. 

 

Interim Data Reports from the DCC to the DSMB: 
 

 

Interim reports will be prepared by a DCC statistician and distributed to the DSMB at least 7 

days prior to its meeting.  These reports will be dated and numbered, and will be provided to the 

DSMB members by express mail or secure e-mail, as the DSMB prefers.  Access to the interim 

data will be limited to as small a group as possible. Interim data reports will consist of two parts: 

 
Part 1 - Open Session Report - provides information on enrollment, baseline characteristics, 

and other general information on study status. Pooled data on compliance, efficacy, and safety 

outcomes may be presented, at the discretion of the DSMB. 

 
Part 2 - Closed Session Report - will contain safely and efficacy data. This report is strictly 

confidential - one copy should be locked away, and all others destroyed immediately after the 

DSMB meeting. The degree of blinding of the study data provided to the DSMB will be at the 

discretion of the DSMB. The default method will be to report data by generic treatment labels 

(e.g. group A and group B) and to include the code break in a sealed envelope. 
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A formal report prepared by the DSMB Chair, containing the date of the DSMB meeting, the 

meeting's format, the attendees, recommendations for study continuation or termination, and 

any suggested modifications of the study, should be sent to the full DSMB within 2 weeks after 

the meeting,  Once approved by the DSMB, the DSMB Chair will forward the formal DSMB 

report to the DCC Chair, Principal Investigator, Study Chair, and NHLBI Project Officer,  The 

Principal Investigator will distribute the formal DSMB recommendation report to the Steering 

Committee and all co-investigators, and will ensure that copies are submitted to each IRS, 

 
Each DSMB report will conclude with one of the following recommendations to the Steering 

Committee, based upon an overall assessment of risk and benefit: a) Continue the trial without 

modification; b) Continue the trial with modification; or c) Stop enrollment in the study,  A 

rationale will be provided for all recommendations,   Should the DSMB decide to issue a 

termination recommendation, a full vote of the DSMB is required, In the event of a split vote, 

majority vote will rule and a minority report will be appended, 

 

The DSMB's recommendation will be reviewed by the ATTRACT  Steering Committee.  The 

ATTRACT Steering Committee will make the final decision as to whether to continue the trial, 

continue with modification, or terminate the trial, and to notify the Clinical Centers accordingly, 

 

Confidentiality of DSMB Proceedings: 

All materials, discussions, and proceedings of the DSMB are completely confidential.   DSMB 

members and other participants in DSMB meetings are expected to maintain confidentiality, 

Each DSMB member will sign a confidentiality agreement prior to the start of the trial. 
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PROTOCOL SYNOPSIS 
 

Product Name: Activase (Recombinant Tissue Plasminogen Activator, rt-PA) Protocol Date: February 14, 2013 

Title: Acute Venous Thrombosis: Thrombus Removal with Adjunctive Catheter-Directed Thrombolysis (the ATTRACT Trial) 

Investigator/Sponsor: Suresh Vedantham, M.D. Institution: Washington University in St. Louis 

Primary Objective: Determine if the initial adjunctive use of Pharmacomechanical Catheter-Directed Thrombolysis (PCDT) 

in symptomatic patients with acute proximal deep vein thrombosis (DVT) reduces the occurrence of the Post-Thrombotic 

Syndrome (PTS) over 24 months follow-up. 

Secondary Objectives: 1) Compare resolution of acute DVT symptoms; venous disease-specific and general quality of life 

(QOL); safety; and cost-effectiveness between the two treatment arms; 2) Identify pre-treatment predictors of heightened 
therapeutic response to PCDT via correlation of PTS scores and QOL change scores with demographical variables, DVT 
risk factors, symptom duration, and anatomic thrombus extent; and 3) Determine if PTS scores and QOL change scores are 
correlated with post-treatment thrombus burden, recurrent DVT, and valvular reflux. 

Number of Patients: 692 Number of Centers: 30-60 

Experimental Arm Treatment: PCDT with intrathrombus delivery of rt-PA (maximum allowable total dose 35 mg) into the 

DVT over a period of up to 30 hours. Three methods of initial rt-PA delivery will be used: 1) Trellis-8 Peripheral Infusion 
System – maximum first-session rt-PA dose 25 mg; 2) AngioJet Rheolytic Thrombectomy System – maximum first-session 
rt-PA dose 25 mg; or 3) Catheter-directed rt-PA infusion for up to 30 hours at 0.01 mg/kg/hr (maximum 1.0 mg/hr) via a 
multisidehole infusion catheter. Before and after PCDT, patients will receive standard DVT therapy as in the Control Arm. 

Control Arm Treatment: Initial anticoagulant therapy with unfractionated heparin, enoxaparin, dalteparin, or tinzaparin, for at 

least 5 days, overlapped with long-term oral warfarin (target INR 2.0 – 3.0). Elastic compression stockings will be prescribed. 

Inclusion Criterion: Symptomatic proximal DVT involving the iliac, common femoral, and/or femoral vein. 

Exclusion Criteria: Active bleeding; bleeding diathesis including INR > 1.6 or platelets < 100,000/ml; severe liver 

dysfunction; recent (< 3 months) internal eye surgery, GI bleeding, or hemorrhagic retinopathy; history of stroke or 
intracranial lesion; recent (< 10 days) surgery, CPR, trauma, obstetrical delivery, cataract surgery, or other major invasive 
procedure; pregnancy; active cancer except for non-melanoma primary skin cancers; massive pulmonary embolism; acute 
limb threat from DVT; hemoglobin < 9.0 g/dl; age < 16 years or > 75 years; severe hypertension; allergy to heparin, rt-PA, or 
iodinated contrast; life-expectancy < 2 years; chronic non-ambulatory status; moderate (diabetics) or severe (non-diabetics) 
renal impairment; index DVT symptom duration > 14 days; established PTS or previous symptomatic DVT within the last 2 
years in the index leg; contralateral symptomatic acute DVT involving the iliac and/or common femoral vein or for which 
thrombolysis is planned for initial DVT therapy; recent (<5 days) use of thienopyridine antiplatelet drugs (except clopidogrel); 
inability to tolerate PCDT, provide informed consent, or comply with study assessments (e.g. due to cognitive impairment). 

 

Design: NIH-funded, Phase III, multicenter, randomized, open-label, assessor-blind, parallel two-arm, controlled clinical trial. 

Primary Efficacy Outcome: Cumulative incidence of PTS within 24 months after randomization (Villalta PTS Scale). 

Secondary Efficacy Outcomes: Severity of PTS (Villalta PTS Scale, CEAP Clinical Class, Venous Clinical Severity Score); 

disease-specific (VEINES-QOL/Sym measure) and general (SF-36, Version 2) QOL; resolution of presenting DVT symptoms 

(Likert Scale, calf circumference measurements, Villalta PTS Scale); prevalence of valvular reflux and residual thrombus at 1 
year (Duplex ultrasound); degree of clot lysis with PCDT (venography, Experimental Arm only); and cost-effectiveness. 

Safety Endpoints: Major bleeding, symptomatic pulmonary embolism, recurrent venous thromboembolism, and death. 

Data Analysis: The Ontario Clinical Oncology Group’s Clinical Trials Methodology Group at McMaster University in 

Hamilton, Ontario (Canada) will be the Data Coordinating Center for the study. The primary data analysis will be an intent-to- 

treat comparison of the cumulative incidence of PTS within the 24 months after randomization. A stratum-adjusted Cochran- 

Mantel-Haenszel test will be used, testing will be two-sided, and a p value of 0.05 will be considered significant. 

Trial Duration: 6.5 years Start Date: November 2009 Stop Date: May 2016 Publication: Expected 2016 
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1 INTRODUCTION AND BACKGROUND 
 
1.1 Disease Background: Impact of the Post-Thrombotic Syndrome (PTS) 

The Post-Thrombotic Syndrome (PTS) is a frequent (25-50%) complication of proximal lower 

extremity deep vein thrombosis (DVT) (1-5). The clinical manifestations of PTS, which include 

chronic limb swelling, pain, heaviness/fatigue, pruritus, paresthesias, venous claudication, stasis 

dermatitis, and/or skin ulceration, cause major hardship to affected patients (6). The physical 

limitations of patients with PTS are comparable to those of patients with other severe chronic 

medical conditions – many patients are disabled, unable to work, and/or unable to perform 

household duties (7-9). As a result, PTS causes major impairment of quality of life (QOL) – 

patients with PTS have poorer physical functioning, social functioning, general health, and  

health perceptions; and more severe role limitations (7,10-12). Furthermore, PTS has been 

estimated to cause ≥ 12% of the new U.S. cases of chronic venous disease (>150,000 patients, 

direct medical cost $261 million) and venous ulcer (>20,000 patients, direct medical cost $153 

million) that occur yearly (13). In a recent study of DVT complications following hip replacement 

surgery, the per-patient cost of severe PTS was $3817 in the first year and $1677 in subsequent 

years (14). As venous ulcers recur frequently and are estimated to cause 2 million workdays to 

be lost yearly, leading to substantial indirect costs, these figures probably underestimate the  

total economic burden imposed by PTS upon the U.S. healthcare system (15-18). Hence, the 

disease burden of PTS is of major importance to DVT patients and society at large. 

1.2 Importance of Rapid Thrombus Clearance in Reducing the Risk of Developing PTS 

1.2.1 Pathogenesis of PTS 

The continued presence of thrombus within the deep venous system during the initial weeks and 

months after a DVT episode is believed to lead to PTS by two pathways: First, residual  

thrombus physically blocks venous blood flow (obstruction). Second, thrombosis leads to 

valvular reflux (backwards flow) in the thrombosed deep veins (via an inflammatory reaction 

which damages the venous valves), and in uninvolved distal deep veins and superficial 

collaterals (due to compensatory dilatation which separates the valve leaflets) (19,20). The 

presence of obstruction and/or valvular reflux produces elevated venous pressures when the 

patient walks or stands upright (“ambulatory venous hypertension”) and leads to edema, tissue 

hypoxia and injury, progressive calf pump dysfunction, subcutaneous fibrosis, and skin 

ulceration (21-26). It is therefore logical that rapid elimination of venous thrombus and  

restoration of unobstructed venous flow (i.e., an “open vein”) should prevent valvular reflux, 

venous obstruction, and ambulatory venous hypertension, and thereby prevent clinical PTS. 
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1.2.2 Spontaneous Thrombus Clearance and Development of PTS 

Proof-of-concept for this “Open Vein Hypothesis” is provided by several studies of DVT patients 

treated with standard anticoagulant therapy: (A) In a 1993 Duplex ultrasound study of 113 acute 

DVT patients, Meissner et al found that venous segments that developed valvular reflux had 

longer (2.3 – 7.3 times) endogenous clot clearance times than segments that did not (p < 0.04) 

(27). (B) In 1995, Meissner et al found that valvular reflux developed much less frequently in 

veins that remained free from DVT propagation or re-thrombosis (26-35% vs 61-80%, p < 0.005, 

n = 204) (28). (C) In a 2001 study by O’Shaughnessy et al, valvular reflux developed much less 

frequently in vein segments showing rapid clot clearance (15% vs 70%, n = 63) (29). (D) In 

2004, Prandoni et al found that PTS developed more frequently in proximal DVT patients who 

had residual venous thrombus or popliteal valvular reflux at 6-month follow-up (n = 180, 47% vs 

23%, p < 0.01) (26). Hence, even in DVT patients treated with standard medical anticoagulant 

therapy alone, rapid clot clearance correlates with a reduced risk of developing PTS. 

1.3 Limitations of Standard DVT Therapy 

Standard medical therapy for proximal DVT patients consists of the use of anticoagulant drugs 

(30). Typically, initial treatment with heparin (subcutaneous injections of a low molecular weight 

heparin (LMWH) or intravenous administration of unfractionated heparin (UFH)) is given for 5 

days, overlapped with oral warfarin (a Vitamin K antagonist) which is continued for at least 3 

months. This form of therapy is highly effective in preventing pulmonary embolism (PE). 

However, anticoagulant drugs do not actively eliminate thrombus. Instead, they rely upon the 

body’s endogenous fibrinolytic system to clear thrombus but this process has major limitations: 

a) it can be overridden by a patient’s underlying tendency toward DVT propagation or 

recurrence (1,3,26,28); and b) the process is often incomplete or too slow to prevent permanent 

valvular damage from occurring (27,29). As a consequence, PTS occurs frequently (25-50%) in 

anticoagulated DVT patients (1-5). Although daily use of elastic compression stockings (ECS) 

reduced PTS rates in three European single-center trials (3,4,31), PTS still occurred in 25-46% 

of patients who received both anticoagulation and ECS in these studies. Hence, even optimal 

standard DVT therapy does not prevent PTS in a large proportion of cases. 

1.4 Ability of Systemic DVT Thrombolysis Using Streptokinase to Reduce PTS 

Systemic DVT thrombolysis refers to venous thrombus dissolution using a fibrinolytic drug 

administered via an intravenous line distant from the affected limb. Systemic DVT thrombolysis 

using streptokinase, a first-generation fibrinolytic drug, was evaluated in a number of 

randomized trials (32). Overall, > 50% clot lysis (by quantitative analysis of venograms) was 
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achieved more frequently in patients treated with streptokinase than in patients treated with 

heparin alone (62% vs 17%, p < 0.0001) in these studies. In 1979, Elliot et al found that PTS 

developed less frequently in acute DVT patients treated with streptokinase compared with 

heparin alone after a mean of 19 months follow-up (35% vs 92%, n = 51) (33). In 1982, Arnesen 

et al found that venographic obstruction (56% vs 100%) and PTS (24% vs 67%) were less 

frequent in patients treated with streptokinase compared with anticoagulation alone at a mean of 

6.5 years follow-up (p < 0.01, n = 42) (34). However, bleeding complications were much more 

frequent in patients treated with streptokinase. For this reason, although streptokinase did 

receive FDA approval for DVT, a NIH Consensus Panel later recommended against its use. Still, 

the streptokinase trials provide important proof-of-concept support for the ability of fibrinolytic 

therapy to eliminate venous thrombus and prevent PTS in acute proximal DVT. 

1.5 Recombinant Tissue Plasminogen Activator (rt-PA) for Systemic DVT Thrombolysis 

1.5.1 Background of rt-PA 

Activase® (rt-PA, Alteplase, the Study Drug) is a tissue plasminogen activator produced by 

recombinant DNA technology. It is a sterile, purified glycoprotein of 527 amino acids, and is 

synthesized using the complementary DNA (cDNA) for natural human tissue-type plasminogen 

activator obtained from a human melanoma cell line. The manufacturing process involves 

secretion of the enzyme alteplase into the culture medium by an established mammalian cell  

line (Chinese Hamster Ovary cells) into which the cDNA for alteplase has been genetically 

inserted. Fermentation is carried out in a nutrient medium containing the antibiotic gentamicin 

sulfate, 100 mg/L. The presence of the antibiotic is not detectable in the final product. Activase® 

is commercially available as a lyophilized powder for reconstitution in 2-mg, 50-mg, and 100-mg 

vials. In this study, the 50-mg Activase® vials will be used. Activase® is indicated for use in 

acute myocardial infarction, acute non-hemorrhagic stroke, and acute massive PE in adults. 

1.5.2 Systemic DVT Thrombolysis with rt-PA 

rt-PA is a thrombolytic drug that has the property of fibrin-enhanced conversion of plasminogen 

to plasmin, an active lytic enzyme which degrades fibrin to soluble peptides. rt-PA produces 

limited conversion of plasminogen in the absence of fibrin and is therefore believed to 

preferentially bind to thrombus-adherent fibrin. Theoretical advantages of rt-PA over previous 

thrombolytic drugs are its relatively short half-life and lack of allergenicity. The ability of 

systemically-administered rt-PA to lyse human DVT is supported by the following indirect (A) 

and direct (B and C) evidence: (A) The established ability of rt-PA to lyse human PE, which 

represents migrated DVT (35-41); (B) In a 1990 study of 59 proximal DVT patients, Turpie et al 



ATTRACT VEDANTHAM 

Version 4.0 16 February 14, 2013 

 

 

 
 

found that a 4-hour systemic rt-PA infusion (0.5 mg/kg) achieved ≥ 50% clot lysis more often 

than heparin alone (58% versus 0%, p = 0.002), with a trend towards reduced PTS in patients 

who had > 50% clot lysis (25% vs 56%, p = 0.07) (42). (C) In a 1990 multicenter randomized 

trial of 64 proximal DVT patients, Goldhaber et al found > 50% clot lysis to be more frequent in 

patients treated with rt-PA (0.05 mg/kg/hr infused for up to 24 hours, maximum dose 150mg) 

than in patients treated with heparin alone (29% vs 0%, p = 0.04) (43). In this study, > 50% clot 

lysis was far more frequent in patients with non-occlusive thrombi rather than occlusive thrombi 

(59% vs 14%, p < 0.005), supporting the concept that inadequate access of rt-PA to its target 

sites within the thrombus may have contributed to its limited effectiveness (44). These studies 

showed that rt-PA is biologically active in lysing human DVT but also strongly suggest that the 

systemic administration route may not reliably achieve a therapeutic rt-PA concentration at its 

target sites within the thrombus, resulting in only modest (29-58%) clot removal efficacy. 

1.5.3 Bleeding Complications with Systemically-Administered rt-PA 

The bleeding complications observed in studies of systemic rt-PA infusion for the treatment of 

venous thromboembolism (VTE) are summarized here: (A) In the two randomized controlled 

trials of rt-PA infusion for proximal DVT noted in the preceding section (n = 123), there was one 

non-fatal intracranial bleed (42,43). Two patients had extracranial bleeding (one subcutaneous 

ecchymosis and one hemarthrosis which occurred 10 days after hip surgery). (B) In a study of  

47 patients with PE who were treated with intravenous rt-PA infusion (50mg over 2 hours), there 

were two non-fatal major bleeds: one hemopericardium in a patient who had undergone  

coronary bypass surgery 8 days before, and one bleed from a pelvic tumor which required 

surgical therapy (35,36). (C) In a randomized controlled trial, 45 patients with acute PE were 

randomized to receive intravenous infusion of either rt-PA (100mg as a continuous infusion over 

2 hours) or urokinase (2000 units/lb/hr bolus followed by 2000 units/lb/hr for 24 hours). Of the 22 

patients receiving rt-PA, there were no intracranial bleeds but five patients required transfusions 

for bleeding (37). (D) In a 1988 pilot trial, 34 patients with massive PE were randomized to 

receive rt-PA at 50mg over 2 hours by either intravenous infusion or pulmonary arterial infusion. 

There were four major non-fatal bleeds, all in patients who had undergone recent surgery (45). 

(E) In a multicenter randomized controlled trial, 87 patients with PE were randomized to receive 

intravenous infusion of either rt-PA (100mg over 2 hours) or urokinase (intravenous infusion of 3 

million units over 2 hours with the first 1 million units given over 10 minutes). Of the 44 patients 

receiving rt-PA, there were two intracranial bleeds (one fatal) (38). (F) In a multicenter 

randomized controlled trial, 87 patients with PE received rt-PA infusions at either 0.6 mg/kg over 

15 minutes (maximum 50mg) or 100mg over 2 hours (40). There were 14 major bleeding 
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complications, including two fatal bleeds in the 15-minute infusion group (one intracranial bleed 

and one hemopericardium) and none in the 2-hour infusion group. (G) In two studies evaluating 

risk factors for bleeding with rt-PA infusions for PE, advanced age and severe hypertension 

were associated with increased bleeding complications (46,47). (H) In a 2002 multicenter 

randomized trial of patients with submassive PE who received intravenous rt- PA infusion (100 

mg over 2 hours) + heparin or heparin alone, there were no intracranial or fatal bleeds in the 

118 rt-PA recipients (41). Together, these studies show that systemic rt-PA infusions are 

associated with a small but significant risk of serious bleeding in VTE patients. 

1.6 Catheter-Directed Intrathrombus Thrombolysis (CDT) for DVT 

Catheter-directed intrathrombus thrombolysis (CDT) refers to thrombus removal by 

administration of a fibrinolytic drug directly into the deep vein thrombus via a device/catheter 

which is embedded within the thrombus using imaging guidance (48). CDT is provided as an 

adjunct to standard anticoagulant therapy during the initial treatment of acute proximal DVT. 

CDT is a minimally-invasive procedure that is performed with the patient under conscious 

sedation. Unlike anticoagulant therapy, CDT provides rapid thrombus removal and restoration of 

unobstructed deep venous flow in > 80% of patients with acute proximal DVT and is therefore 

expected to prevent valvular reflux, venous obstruction, and PTS (49). Unlike surgical venous 

thrombectomy, CDT does not require general anesthesia, open surgery, or a prolonged  

recovery period. CDT should be more effective than systemic DVT thrombolysis since it delivers 

the fibrinolytic drug directly into the thrombus and thereby achieves higher local drug 

concentrations (50). By increasing lytic efficacy, CDT is expected to enable successful DVT 

therapy with a lower dose of the fibrinolytic drug, which should reduce bleeding complications. 

1.6.1 CDT Studies in Proximal DVT Using Streptokinase and Urokinase 

The ability of CDT to rapidly remove venous thrombus and prevent PTS in proximal DVT 

patients is supported by several studies, but each had significant methodological limitations: (A) 

In a multicenter registry of 473 DVT patients who received CDT using urokinase (mean 7.8 

million units), ≥ 50% clot lysis was observed in 83% of patients and was more frequent in 

patients with acute DVT (87% versus 68% for chronic DVT, p < 0.01) or first-episode DVT (86% 

versus 74% for recurrent DVT, p < 0.003) (49). Successful clot lysis was equally frequent in 

patients with acute iliofemoral DVT versus acute isolated femoropopliteal DVT. In a follow-up 

study, Comerota et al analyzed data from 68 CDT-treated acute iliofemoral DVT patients in this 

registry and found that they had fewer PTS symptoms (p = 0.006), better physical functioning (p 

= 0.046), less stigma of chronic venous insufficiency (p = 0.033), and less health distress (p = 
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0.022) at a mean follow-up of 16 months than 30 patients who were treated with anticoagulation 

alone (51). However, these studies were not randomized trials and the quality of life comparison 

was limited by marked age differences in the two cohorts. (B) In 2001, AbuRahma et al 

described a prospective study in which 51 acute iliofemoral DVT patients were permitted to 

choose to receive adjunctive CDT (with urokinase or rt-PA) + anticoagulation or anticoagulation 

alone. The patients treated with CDT had more frequent venous patency at 6 months (83% 

versus 24%, P < 0.0001) and absence of symptoms at 5 years (78% versus 30%, p = 0.0015) 

(52). However, this study was limited by non-randomized design, performance in a single center, 

and small sample size. (C) In 2002, Elsharawy et al described a single-center Egyptian 

randomized trial comparing adjunctive CDT (with streptokinase) versus anticoagulation alone in 

35 patients with acute iliofemoral DVT. At 6 months, patients treated with CDT had a higher rate 

of normal venous function (72% versus 12%, p < 0.001) and less valvular reflux (11% versus 

41%, p = 0.04) as assessed by Duplex ultrasound, photo plethysmography, and air 

plethysmography (53). However, this study was limited by small sample size and performance in 

a single center, and did not evaluate clinically-meaningful outcomes such as PTS and QOL. 

1.6.2 Early CDT Studies with Recombinant t-PA 

Observational studies have described the use of rt-PA, given by catheter-directed intrathrombus 

infusion, to successfully lyse proximal DVT (54-59). In early experiences, weight-based or non- 

weight-based rt-PA infusion regimens of 2-5 mg/hr were used. However, anecdotal reports from 

physicians using these rt-PA regimens suggested that bleeding complications were more frequent 

compared with the previous urokinase experience. In an early study in which intrathrombus rt-PA 

was administered to 24 proximal DVT patients at 3 mg/hr, major bleeding was observed in 25% of 

patients (54). In a study of 35 patients who received intrathrombus rt-PA infusions at up to 0.04 

mg/kg/hr for peripheral arterial occlusions, major bleeding requiring transfusion occurred in 22% of 

patients (60). In a 653-patient registry of patients treated with intrathrombus rt-PA infusions for 

arterial and venous thrombolysis, the rates of major (22%) and intracranial (2.8%) bleeding were 

substantial (55). For these reasons, an Advisory Panel convened by the Society of Interventional 

Radiology (SIR) recommended against the use of rt-PA infusions exceeding 2 mg/hr (61,62). 

1.6.3 CDT Studies with “Low-Dose” Recombinant t-PA 

The use of “low-dose” (≤ 2 mg/hr) intrathrombus rt-PA infusions to treat proximal DVT has been 

described in several studies: (A) In a 2001 study by Shortell et al, low-dose rt-PA infusions (2 

mg/hr with a maximum dose of 100mg) via CDT provided > 50% clot lysis as often (77% versus 

81%, p = NS) and faster (30 hours versus 43 hours) than urokinase (240,000 units/hr for 4 hours 
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then 120,000 units/hr) in acute DVT patients (n = 31) (56). (B) In 2003, Sugimoto et al found that 

catheter-directed infusions of low-dose rt-PA (1 mg/hr) and urokinase (120,000 units/hr) had equal 

efficacy (≥ 50% clot lysis in 88% versus 83%) and safety (major bleeds 4% in both groups) for 

treatment of DVT (n = 54) (57). rt-PA infusions were faster (24 hours versus 33 hours, p = 0.011) 

and less costly ($418 versus $6032, p < 0.0001). (C) In 2004, Grunwald et al found rates of clot 

lysis (97% for rt-PA) and complications (3% for rt-PA) to be comparable for rt-PA (0.5-1.0 mg/hr), 

urokinase (mean dose 113,000 units/hr), and reteplase (0.5-1.0 unit/hr) in a non-randomized study 

of 82 DVT patients (58). Drug costs were lower for rt-PA ($488) than reteplase ($1787) or 

urokinase ($6577) (p < 0.05). Based upon these studies, the SIR subsequently recommended rt- 

PA dosing of 0.5 - 1.0 mg/hr in its 2006 quality improvement guidelines for endovascular DVT 

interventions (63). (D) In 2008, Kim et al reported the use of intrathrombus rt-PA infusions to treat 

178 patients with DVT (59). Successful (> 50%) clot lysis was observed in 92% of treated limbs, 

with major bleeding in 4% of patients. Bleeding complications were more common in patients ≥ 70 

years of age. Notably, there was no intracranial or fatal bleeding in these four studies. Hence, low- 

dose rt-PA infusions via CDT have been reasonably safe and have produced clot lysis at rates (81- 

97%) that have far exceeded those of systemic rt-PA delivery. 

1.6.4 Limitations of Early CDT Methods 

The above studies support rt-PA’s ability to remove acute venous thrombus, resulting in CDT’s 

acceptance as a “salvage” treatment for a small minority of patients with particularly severe DVT 

manifestations. However, these studies also illustrate why the routine first-line use of CDT in 

proximal DVT is controversial. In the above studies, monitoring of the prolonged (30-48 hours) 

infusions needed to achieve clot lysis required intensive care unit (ICU) stays of 1-3 days – the use 

of these precious hospital resources is a major barrier to routine use of CDT. Also, it has been 

hypothesized that the prolonged systemic exposure to rt-PA delivered via traditional CDT may 

have increased the risk of major bleeding (11% in the urokinase registry, 2-5% in studies of low- 

dose rt-PA), including the rare catastrophic bleeding events (49). Given the absence of a 

multicenter randomized trial proving that CDT provides a long-term health benefit by preventing 

PTS, CDT is not recommended for routine treatment of proximal DVT (30). These concerns have 

prompted the development of methods to minimize systemic exposure to rt-PA during CDT. 

1.6.5 Contemporary Performance of CDT 

In current practice, most endovascular physicians utilize catheter-based percutaneous mechanical 

thrombectomy (PMT) devices to deliver and/or optimally disperse the fibrinolytic drug within the 

clot. These Pharmacomechanical CDT (PCDT) methods appear to accelerate clot lysis and 
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reduce the rt-PA dose compared with earlier CDT methods, and are therefore believed to optimize 

safety and efficiency. Recently, PCDT using the Trellis Peripheral Infusion System (Bacchus 

Vascular, Santa Clara, CA) and the Angiojet Rheolytic Thrombectomy System (Possis Medical, 

Minneapolis, MN) has been shown to enable single-session DVT treatment without the need for 

prolonged infusions or ICU admission. While there are no randomized trials, the Table below lists 

recent case series and cohort studies in which single-session PCDT was used for proximal DVT: 

 

Study ≥ 50% Clot Lysis Device Single-Session Major Bleeds 

Kasirajan 2003 (64) 75% Trellis 85% 0% 

Spencer 2003 (65) 95% Trellis 50% 5% 

McNamara 2003 (66) 100% Trellis 100% 0% 

Bush 2004 (67) 74% Angiojet 65% 0% 

Lin 2006 (68) 81% Angiojet 75% 4% 

Cynamon 2006 (69) 100% Angiojet 79% 8% 

Garcia 2007 (70) 82% Angiojet 57% 3% 

O’Sullivan 2007 (71) 96% Trellis 100% 0% 

Hilleman 2008 (72) 93% Trellis 80% 0% 

 

Regarding costs, Lin et al found PCDT to reduce ICU stay (0.6 days vs 2.4 days, p < 0.04) and 

hospital costs ($47,742 vs $85,301 per patient, p < 0.01) compared to stand-alone CDT (68). 

Hilleman et al found reduced drug/device costs ($3697 vs $5473, p = 0.03) for Trellis PCDT in a 

comparison of data from a manufacturer’s registry with previous studies of stand-alone CDT (72). 

1.6.6 Current Status of PCDT 

There remains significant uncertainty and clinical equipoise among physicians regarding the best 

initial treatment for proximal DVT. The American College of Chest Physicians (ACCP) has 

recommended against use of PCDT for DVT other than in exceptional circumstances, and only 

recently acknowledged its potential utility in patients with highly symptomatic DVT that is not 

causing acute limb threat (30,73). In contrast, the SIR has endorsed PCDT for ambulatory patients 

with extensive acute proximal DVT, low bleeding risk, and long life-expectancy (74). The strong 

possibility of a meaningful benefit to patients, the potential risks and costs of PCDT, and the lack of 

physician consensus on the treatment of proximal DVT provide a compelling scientific and ethical 

rationale for a multicenter randomized trial to evaluate clinical outcomes with PCDT. 

1.6.7 The ATTRACT Trial 

To determine if PCDT should be routinely used to treat proximal DVT, we plan to perform a 
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multicenter randomized clinical trial (the Acute Venous Thrombosis: Thrombus Removal with  

Adjunctive Catheter-Directed Thrombolysis [ATTRACT] Trial) to establish whether PCDT prevents 

PTS and improves health-related QOL with acceptable safety and costs. If so, this finding is 

expected to catalyze a fundamental change in DVT practice towards routine, first-line use of  

PCDT. If PCDT proves ineffective or insufficiently safe, this finding will reduce or eliminate the use 

of a potentially risky and expensive procedure. The ATTRACT Steering Committee includes 

accomplished DVT researchers who have specialized expertise with PCDT, the conduct of 

multicenter DVT treatment trials, and the evaluation of PTS. The need for this study, which is being 

funded by the National Heart Lung and Blood Institute (NHLBI) under grants 1U01088476-01A1 

(Clinical Coordinating Center) and 1U01HL088118-01A1 (Data Coordinating Center), has been 

endorsed by multidisciplinary panels of the SIR Foundation (75), the American Venous Forum  

(76), and the panelists at the May 2006 Surgeon General’s DVT Workshop. The ATTRACT Trial 

has been specifically endorsed by the SIR Foundation, the American Venous Forum, and the 

American College of Phlebology. Hence, there is broad consensus that ATTRACT addresses a 

research question of major importance to patients, physicians, and the U.S. healthcare system. 

1.7 Summary of Rationale for the Proposed Study 

The rationale for performing the ATTRACT Trial is based upon (a) the major burden of PTS on 

DVT patients and the U.S. healthcare system; (b) the association between rapid clot lysis and 

prevention of PTS; (c) the proven ability of rt-PA (the Study Drug) to dissolve venous thrombus in 

proximal DVT; (d) recent advances in PCDT methods which may lower bleeding risk; and (e) the 

major clinical controversy on whether PCDT should be routinely used for first-line DVT therapy. 

 

2 STUDY OBJECTIVES 
 
2.1 Primary Objective 

In symptomatic patients with acute proximal DVT, to determine if initial adjunctive use of PCDT 

(using rt-PA) with optimal standard DVT therapy reduces the occurrence of the Post-Thrombotic 

Syndrome during 24 months of follow-up compared with optimal standard DVT therapy alone. 

2.2 Secondary Objectives 

To compare between the two treatment arms: the resolution of acute DVT symptoms; 

rates of major bleeding, symptomatic PE, recurrent venous thromboembolism, and 

death; venous disease-specific and general QOL; and cost-effectiveness; 

To identify pre-treatment predictors of heightened therapeutic response to PCDT via 

correlation of PTS scores and QOL change scores with demographic variables, DVT risk 
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factors, symptom duration, and anatomic thrombus extent; and 

To determine the anatomic/physiologic conditions needed to prevent PTS via correlation 

of PTS scores and QOL change scores with post-treatment thrombus burden, recurrent 

DVT, and valvular reflux. 

 

3 STUDY DESIGN 
 
This is an NIH-funded, Phase III, multicenter, randomized, open-label, assessor-blinded, parallel 

two-arm, controlled clinical trial. 692 subjects with symptomatic proximal DVT that involves the 

iliac, common femoral, and/or femoral vein will be randomized in a 1:1 ratio to receive either 

adjunctive PCDT (with rt-PA) + standard DVT therapy or standard DVT therapy alone. Subjects 

will be enrolled over 4.5 years in 30-60 U.S. Clinical Centers, and followed for 24 months. The 

study will take 6.5 years to complete. Appendix 1 outlines the trial’s organizational structure. 

 

4 SUBJECT SELECTION 
 
4.1 Subject Identification and Index Leg Designation 

At the Clinical Centers, subjects will be identified by Vascular Ultrasound Laboratory personnel 

who diagnose DVT, by pharmacy personnel who dispense anticoagulant drugs, by Emergency 

Department physicians and hospital physicians who treat DVT patients, and by the ATTRACT 

investigator physicians. Subjects may also be referred from regional facilities. 

For patients who present with bilateral DVT, the investigator must designate which lower 

extremity will be considered the “index leg” to be used in the study outcome analyses. In 

general, the index leg should be the leg that would be most likely to prompt the use of PCDT in 

clinical practice. Designation of the index leg must be documented prior to randomization. 

4.2 Inclusion Criterion 

Symptomatic proximal DVT involving the iliac, common femoral, and/or femoral vein. 
 

4.3 Exclusion Criteria 

Subjects meeting any of these criteria will be excluded (all times are relative to screening date): 

1. Age less than 16 years or greater than 75 years. 

2. Symptom duration > 14 days for the DVT episode in the index leg (i.e., non-acute DVT). 

3. In the index leg: established PTS, or previous symptomatic DVT within the last 2 years. 

4. In the contralateral (non-index) leg: symptomatic acute DVT a) involving the iliac and/or 

common femoral vein; or b) for which thrombolysis is planned as part of initial therapy. 
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5. Limb-threatening circulatory compromise. 

6. PE with hemodynamic compromise (i.e., hypotension). 

7. Inability to tolerate PCDT procedure due to severe dyspnea or acute systemic illness. 

8. Allergy, hypersensitivity, or thrombocytopenia from heparin, rt-PA, or iodinated contrast, 

except for mild-moderate contrast allergies for which steroid pre-medication can be used. 

9. Hemoglobin < 9.0 mg/dl, INR > 1.6 before warfarin was started, or platelets < 

100,000/ml. 

10. Moderate renal impairment in diabetic patients (estimated GFR < 60 ml/min) or severe 

renal impairment in non-diabetic patients (estimated GFR < 30 ml/min). 

11. Active bleeding, recent (< 3 mo) GI bleeding, severe liver dysfunction, bleeding diathesis. 

12. Recent (< 3 mo) internal eye surgery or hemorrhagic retinopathy; recent (< 10 days) 

major surgery, cataract surgery, trauma, CPR, obstetrical delivery, or other invasive 

procedure. 

13. History of stroke or intracranial/intraspinal bleed, tumor, vascular malformation, 

aneurysm. 

14. Active cancer (metastatic, progressive, or treated within the last 6 months). Exception: 

patients with non-melanoma primary skin cancers are eligible to participate in the study. 

15. Severe hypertension on repeated readings (systolic > 180mmHg or diastolic > 

105mmHg). 

16. Pregnant (positive pregnancy test, women of childbearing potential must be tested). 

17. Recently (<1 mo) had thrombolysis or is participating in another investigational drug 

study. 

18. Use of a thienopryridine antiplatelet drug (except clopidogrel) in the last 5 days. 

19. Life expectancy < 2 years or chronic non-ambulatory status. 

20. Inability to provide informed consent or to comply with study assessments (e.g. due to 

cognitive impairment or geographic distance). 

4.4 Screening Procedures 

When a potential subject is identified, the following steps should be taken: 

1. The investigator should confirm that proximal DVT with involvement of the iliac, common 

femoral, and/or femoral vein has been objectively diagnosed, as indicated by: 

a) on ultrasound, a non-compressible or incompletely compressible venous segment in 

the common femoral and/or femoral vein (77); or 

b) on venography or contrast-enhanced CT scan, abrupt cutoff of or a constant 

intraluminal filling defect in the iliac, common femoral, and/or femoral vein (78). 
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2. A study staff member should screen the medical history and laboratory studies to confirm 

that the patient may be eligible – if not, the reason(s) should be recorded in a screening 

log. When a potentially eligible patient is identified, a member of the research team should 

contact the patient’s physician to determine whether he/she is willing to enroll the patient. 

If so, the patient’s physician should approach the patient first to determine if he/she is 

willing to be contacted by the research team. If the patient’s physician or a research team 

member believes that the patient is cognitively impaired or otherwise unable to provide 

informed consent, the patient should not be invited to participate in the study. All subjects 

should be able to understand the nature of the research and their participation, appreciate 

the consequences of participation in the study, show the ability to consider alternatives 

including the option of non-participation, and show the ability to make a reasoned choice. 

3. If the patient has a history of a mild-moderate allergic reaction to iodinated contrast, the 

patient’s physician should be asked if the patient may be treated with PCDT under steroid 

pre-medication, if he/she were randomized to PCDT. If yes, the patient may be enrolled. 

Patients who have had any allergic reaction to iodinated contrast which occurred while 

receiving steroids, or who cannot receive steroid pre-medication, should be excluded. 

4. The study staff member should explain the study to the patient in a non-coercive manner 

and provide him/her with a Study Informed Consent Form to review, sign, and date. A 

copy should be provided to the patient and the original retained by the Clinical Center. For 

subjects who are minors, one parent’s written consent and the child’s written assent are 

required. However, permission should be sought from both parents whenever possible. 

For subjects who are not fluent in English, the informed consent process should be 

conducted in the subject’s native language, utilizing a qualified translator when 

appropriate. 

5. Subjects who agree to participate must undergo: 

   A history, physical exam including vital signs, and measurement of height and weight. 

   The following tests: complete blood count with platelets, PT/INR, creatinine, and a blood 

or urine pregnancy test (in women of childbearing potential). To avoid unnecessary 

venipuncture, the results of laboratory tests performed within 3 days prior to 

randomization may be used. The results should be reviewed – if the hemoglobin is < 9.0 

mg/dl, the platelets are < 100,000/ml, or the pregnancy test is positive, the patient should 

be excluded unless the tests are repeated and found to be in the eligible range. 
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   The estimated glomerular filtration rate (eGFR) should be calculated using the 

Modification of Diet in Renal Disease (MDRD) Study formula (79,80). Non-diabetics with 

an eGFR between 30-60 ml/min should be excluded if they cannot receive pre- 

procedure hydration prior to PCDT (e.g., due to severe congestive heart failure). 

   Patients with an INR > 1.6 on studies obtained prior to initiation of warfarin must be 

excluded. Patients with an INR > 1.6 may be enrolled provided that administration of 

Vitamin K is expected to bring the INR down to 1.6 or less (i.e., if randomized to PCDT). 

4.5 Baseline Evaluation 

After eligibility is established and informed consent is obtained, but before randomization, 

subjects should undergo the following baseline assessments (see Section 8 for details): 

   Self-completion of QOL questionnaires (SF-36v2, VEINES); 

   Self-rating of baseline leg pain (7-point Likert scale) (both legs); 

   Calf circumference measurement (both legs); 

   Administration of Villalta’s PTS Scale (both legs); and 

   Venous Duplex ultrasound of the index leg. A previous ultrasound may be used if it was 

performed within 5 days prior to randomization, provided that its scope was adequate 

(i.e. compression of the proximal veins of the leg was clearly documented, enabling entry 

of this information on the Compression Ultrasound Case Report Form). 

   Examination of the contralateral lower extremity is encouraged but optional; if performed, 

the findings should also be entered on the Compression Ultrasound Case Report Form. 

 

5 RANDOMIZATION 
 
5.1 Timing of Randomization 

In general, the patient should be randomized as soon as possible after the baseline evaluation is 

completed. If it is expected that there would be a substantial delay (> 24 hours) between 

randomization and when PCDT could actually be performed if the patient was allocated to  

PCDT, randomization may be deferred until PCDT can be performed within 24 hours. In 

Experimental Arm subjects, PCDT should be performed within 3 days after randomization. 

5.2 Stratification 

Prior to randomization, subjects will be stratified on two factors: 

(1) Highest anatomic extent of DVT: iliofemoral DVT (DVT that involves the common femoral 

vein and/or iliac vein) versus isolated femoropopliteal DVT (femoral DVT that does not 
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involve the common femoral vein or iliac vein), as this may influence PTS rates 

(11,49,81); 

(2) Clinical Center: to reduce the potential for confounding due to between-Center differences 

in enrolled subjects or their general management (82). 

5.3 Central Automated Randomization 

Clinical Center staff will access the web-based Interactive Registration/Randomization System 

(IRIS) at the Data Coordinating Center (DCC) that leads the staff through a series of questions 

related to the patient’s eligibility status and stratification category, then provides treatment group 

allocation. Each Center will be given a unique study and Center-specific authorization code to 

access IRIS. The complete randomization sequence will be computer-generated by a DCC 

statistician who is not involved with the ATTRACT Trial before the first patient is randomized. 

 

6 TREATMENT DESCRIPTION 
 
In this section, a brief description of the treatments that will be administered to ATTRACT 

subjects is provided. The detailed, step-by-step description of how the treatments should be 

administered to the study subjects is provided in Section 7 (Treatment Procedures). 

6.1 Optimal Standard DVT Therapy (All Subjects) 

All subjects (in the Experimental and Control Arms) will receive standard anticoagulant therapy 

for DVT (30). In each Clinical Center, this will be supervised by a board-certified physician who 

is experienced in managing anticoagulant therapy in DVT and who has been credentialed for 

this study by an expert Medical Therapy Committee (Section 19.3.4). 

6.1.1 Initial Anticoagulant Therapy 

All subjects in both treatment arms will receive initial anticoagulant therapy for at least 5 days. 

One of the regimens below should be used, as selected by the medical co-investigator (30). The 

LMWH doses may be reduced in subjects with renal impairment, per the medical co- 

investigator. 

a) Enoxaparin by subcutaneous injection twice-daily at 1 mg/kg, or once-daily at 1.5 mg/kg. 

b) Dalteparin by subcutaneous injection once daily at 200 IU/kg, or twice-daily at 100 IU/kg. 

c) Tinzaparin by subcutaneous injection once daily at 175 anti-Xa IU/kg. 

d) Intravenous UFH. An initial intravenous bolus of 80 units/kg (maximum allowable dose 

5000 units) will be given to subjects who are not already anticoagulated. An intravenous 

UFH infusion will be initiated at 18 units/kg/hour or at a rate which has previously been 

shown to correspond to a PTT level within the therapeutic range in that subject. UFH dose 
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adjustments will be made per institutional nomogram, using a target PTT that corresponds 

to plasma heparin levels of 0.3 – 0.7 IU/ml anti-Xa activity in that institution. Prior to start- 

up, each Clinical Center will submit these items for approval by the Medical Therapy 

Committee: (a) Clinical Laboratory Improvement Amendment (CLIA) & College of 

American Pathologists (CAP) certifications; and (b) nomogram for PTT monitoring and 

UFH dose adjustments. To accommodate differences between hospital anticoagulation 

policies, minor variances from the above parameters may be allowed with approval from 

the Medical Therapy Committee. 

The use of heparin assay measurements of anti-Xa activity (instead of PTT values) to monitor 

heparin therapy and guide dose adjustments is allowed at sites where this is routine practice 

and where the heparin assay is always available. At such sites, an anti-Xa activity level should 

be obtained and documented whenever a PTT value is required by the protocol. 

The use of non-heparin drug regimens for initial anticoagulant therapy (i.e. during the first 5-7 

days after enrollment) is discouraged without a strong justification and approval by the medical 

co-investigator and study Principal Investigator. 

6.1.2 Long-Term Anticoagulant Therapy with Warfarin 

All subjects in both treatment arms will receive long-term anticoagulant therapy. Oral warfarin 

should generally be used at an initial dose of 2.5 - 10 mg/day, with the specific dose selected by 

the medical co- investigator. The recommended intensity (target INR 2.0 to 3.0) and duration of 

warfarin therapy will be the same for subjects in the two treatment arms. Warfarin will be given 

for a minimum of 3 months (30). In subjects with DVT in association with a major reversible risk 

factor such as surgery or plaster cast immobilization within the preceding 6 weeks, warfarin will 

usually be stopped after 3 months. In subjects with unprovoked DVT, indefinite anticoagulant 

therapy is generally recommended. However, subjects with unprovoked DVT may stop 

anticoagulant therapy after 3 to 6 months, or subsequently, if there are risk factors for bleeding, 

difficulties with anticoagulant control, or if it is the subject’s preference to stop therapy. The 

actual duration of anticoagulant therapy given and the percent of time spent in the therapeutic 

range will be recorded and compared between the two treatment groups. During follow-up, 

subjects may be treated with alternative anticoagulant regimens at the medical co-investigator’s 

judgment, using the above guidelines for the duration of anticoagulant therapy. Prior to start-up, 

each Clinical Center will submit its warfarin monitoring plan to the Medical Therapy Committee 

for review/approval. 

Whenever possible, the medical co-investigator should assume primary responsibility for the 
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subject’s long-term DVT care. However, for subjects who live far from the Clinical Center, 

warfarin monitoring may be provided by a local physician. However, in these instances, the 

medical co-investigator is still responsible to communicate with the local physician to ensure 

that the DVT care being provided is appropriate and consistent with this protocol. The 

medical co-investigator is responsible for obtaining records of INR laboratory studies during 

follow-up, and must be notified of any changes to anticoagulant therapy and any planned 

endovascular DVT treatment procedures to ensure that they are consistent with this protocol. 

Any such changes to therapy must be documented on the Anticoagulation Change Case 

Report Form or the Late Endovascular Procedure Case Report Form. Importantly, the subject 

must still return to the Clinical Center for the scheduled follow-up visits and outcome 

assessments. 

6.1.3 Elastic Compression Stockings (ECS) 

All subjects will be given sized-to-fit, knee-high, 30-40 mmHg ECS (donated by BSN-Jobst) at 

the 10-day follow-up visit. A new pair will be provided every 6 months. At each follow-up visit, 

ECS use will be reinforced in a standardized way and compliance will be recorded (3,31). 

6.1.4 Inferior Vena Cava Filters 

IVC filters will not be routinely placed in ATTRACT subjects. Per standard medical practice,  

IVC filters (any FDA-approved device) may be placed in subjects who develop  

contraindications to anticoagulant therapy during the study and in subjects who fail 

anticoagulation (defined as symptomatic PE despite therapeutic-level anticoagulation). The use 

of alternative anticoagulant regimens (e.g. LMWH) should be considered before placing IVC 

filters in subjects with DVT progression despite therapeutic-level anticoagulation with warfarin. 

In subjects randomized to PCDT, pre-procedure placement and post-procedure removal of 

FDA-approved, retrievable IVC filters for peri-procedure PE prevention will be allowed in certain 

situations (see Section 6.2.5). 

6.2 Pharmacomechanical Catheter-Directed Thrombolysis (Experimental Arm Only) 

Subjects randomized to the Experimental Arm will receive initial adjunctive PCDT in addition to 

the optimal standard DVT therapy outlined in Section 6.1. PCDT will be performed by a board- 

certified endovascular physician who is experienced with thrombolytic therapy for DVT and who 

has been credentialed by an expert Interventions Committee (Section 19.3.3). 
 

6.2.1 rt-PA (Activase®, the Study Drug) 

6.2.1.1 Drug Formulation and Storage 

Activase® is a sterile, white to pale yellow, preservative-free lyophilized powder for intravenous 
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administration after reconstitution with sterile water for injection, USP. Activase® is supplied in 

50-mg vials containing vacuum. Activase® should be reconstituted only with sterile water for 

injection, USP, without preservatives. The resulting preparation is a colorless to pale yellow 

transparent solution containing Activase® 1 mg/ml at a pH of about 7.3. Activase® should be 

stored at controlled room temperature < 30 degrees Celsius (86 degrees Farenheit), or under 

refrigeration at 2-8 degrees Celsius (36-46 degrees Farenheit), per package insert. Activase® 

should be protected from excessive exposure to light, and should not be used beyond the vial’s 

expiration date. For details, see the Activase® package insert and Investigator’s Brochure. 

6.2.1.2 Drug Distribution, Labeling, and Accountability 

Genentech will supply the Activase® to the Clinical Coordinating Center (CCC) at Washington 

University. At the CCC, the Activase® will be stored per its package insert in the Washington 

University Core Laboratory for Clinical Studies, from which it will be distributed to the Clinical 

Center pharmacies. The Activase® will be clearly labeled as being for research purposes only. 

At the CCC, a Drug Inventory Log will be kept to track the receipt and distribution of the drug. 

An Investigational Drug Accountability Log entry must be completed by the Clinical Center, and 

faxed to the CCC, each time rt-PA is received, dispensed, or destroyed. Damaged supplies will 

be replaced by the CCC. All expired or unused rt-PA and empty containers at the Clinical Center 

or at the CCC will be disposed of per the institution’s standard drug destruction procedure. 

Written documentation of what vials were discarded, and the date, is mandatory. 
 

6.2.2 Overview of Endovascular DVT Treatment Procedures 

In clinical practice, endovascular DVT treatment procedures involve 5 distinct “phases” during 

which multiple component endovascular techniques are commonly employed. The use of the 

different PCDT techniques and methods is summarized in Appendices 2 and 3. 

Phase 1 Procedure Initiation (Section 7.3.3) involves obtaining catheter access to the deep 

venous system and defining the anatomic extent of the thrombus via venography. 

Phase 2 Initial PCDT (Section 7.3.4 and Appendices 4-6) involves the initial intrathrombus 

delivery and dispersion of rt-PA with an FDA-approved drug delivery device/catheter. 

After Initial PCDT, the measures that must be taken to achieve an open vein and prevent 

immediate re-thrombosis depend upon the amount and location of residual thrombus and/or 

venous stenosis, which vary widely among subjects. Hence, for Phases 3 and 4, investigators 

will be allowed the flexibility to tailor adjunctive therapy, aimed at eliminating residual thrombus 

and/or venous stenosis, to individual patient circumstances, pursuant to certain guidelines. 



ATTRACT VEDANTHAM 

Version 4.0 30 February 14, 2013 

 

 

 
 

Phase 3 Clean-Up of Residual Thrombus (Section 7.3.5) involves the use of adjunctive 

endovascular techniques that are routinely used by physicians to improve rt-PA 

delivery to the thrombus and to prevent re-thrombosis by optimizing venous flow. 

Phase 4 Treatment of Venous Obstruction (Section 7.3.6) involves standard endovascular 

treatment for venous obstructive lesions that can cause re-thrombosis if untreated. 

Phase 5 Completion of PCDT Procedures (Section 7.3.7) involves completion venography, 

vascular sheath removal, and transition to subsequent anticoagulant therapy. 

In patients with bilateral DVT, the non-index leg may not be treated with PCDT as part of the 

initial treatment approach. If thrombolysis is later felt to be necessary to treat the DVT in the 

non-index leg, ATTRACT Study Drug should not be used for the procedure. 

6.2.3 Allowed Techniques for Initial PCDT (Intrathrombus Delivery/Dispersion of rt-PA) 

Given that (a) physicians have different preferences for which FDA-approved catheter/device to 

use to deliver and disperse rt-PA into the thrombus, and are likely to achieve their best results 

using the PCDT method with which they are most comfortable; (b) no single PCDT method has 

been proven superior to another; and (c) the extent of thrombus may be an important factor in 

determining the likelihood of success with single-session PCDT, three different PCDT methods 

will be used in ATTRACT subjects. The primary data analysis will compare all Experimental 

Arm subjects regardless of which PCDT method was used versus all Control Arm subjects. 

The three PCDT techniques are summarized below. As Technique A (Trellis PCDT) and 

Technique B (AngioJet PCDT) are used with the intent of providing complete DVT thrombolysis 

in a single procedure session, all five phases of endovascular therapy should be completed 

during a single procedure session in most of these patients (64-72). In contrast, Technique C 

(Infusion-First PCDT) is a multi-session technique that begins with a traditional rt-PA infusion 

via a multisidehole infusion catheter (83). Thrombolytic progress is assessed at subsequent 

procedure sessions, during which Phases 3-5 of endovascular DVT therapy are completed. 

Hence, endovascular therapy will require 1-4 procedure sessions over 30 hours (maximum). 
 

6.2.3.1 Technique A (Trellis PCDT) 

The Trellis-8 Peripheral Infusion System is a multi-lumen catheter with two compliant balloons 

(which, when inflated, isolate a treatment zone) near its distal end and multiple infusion 

sideholes (for intrathrombus rt-PA injection) between the balloons (71,72,84-87). A Dispersion 

Wire oscillates within the catheter to macerate thrombus and disperse the rt-PA within the 

isolated zone. Aspiration may then be performed through the catheter to remove the rt-PA. 
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Initial rt-PA Dose: 1mg rt-PA per 3-4cm thrombus (which is 0.25 to 0.33mg 

rt-PA per cm thrombus), minimum 4mg 

Maximum Allowed rt-PA Dose: 25mg for the first session, 35mg total 

Concomitant Heparin: Therapeutic-level UFH or LMWH 

Step-by-step Protocol: See Section 7 and Appendix 4 
 

6.2.3.2 Technique B (AngioJet PCDT) 

The AngioJet Rheolytic Thrombectomy System consists of a drive unit/pump, a single-use  

pump set, and a disposable rheolytic catheter. The system is activated via a foot pedal. The 

drive unit/pump generates high pressure (10,000 psi) pulsatile saline flow that exits the catheter 

tip through retrograde-directed jets. This creates a localized low-pressure zone (Bernoulli effect) 

around the catheter tip to enable clot maceration and evacuation through its effluent lumen. The 

AngioJet works in an isovolumetric manner – the saline infusion rate is in balance with the 

evacuation rate of thrombus particulate debris. Two methods may be used to deliver rt-PA via 

the AngioJet. With the “Powerpulse” method, the effluent lumen is occluded with a closed 

stopcock, and the AngioJet is used in PowerPulse mode to pulse-spray rt-PA into the thrombus 

(67-69, 84,85). Alternately, the rt-PA may be dissolved within the saline infusate and this 

solution infused during use of the AngioJet in aspiration mode (“Rapid Lysis” method) (70). 

Initial rt-PA Dose: 1mg rt-PA per 3-4cm thrombus (which is 0.25 to 0.33mg 

rt-PA per cm thrombus), minimum 4mg 

Maximum Allowed rt-PA Dose: 25mg for the first session, 35mg total 

Concomitant Heparin: Therapeutic-level UFH or LMWH 

Step-by-step Protocol: See Section 7 and Appendix 5 
 
 

6.2.3.3 Technique C (Infusion-First PCDT) 

A multisidehole infusion catheter will be positioned within the thrombus with its infusion segment 

spanning the extent of thrombus (56-63). Use of an endhole-only catheter is not permitted. A rt- 

PA solution will be continuously infused into the thrombus via the catheter. The subject will be 

monitored in an ICU or stepdown unit and will undergo follow-up venography within 6-24 hours. 

Initial rt-PA Infusion: 0.01 mg/kg/hr (maximum 1.0 mg/hr for 30 hours) 

Maximum Allowed rt-PA Dose: 35mg total (includes initial infusion & later doses) 

Concomitant Heparin: LMWH or subtherapeutic UFH (6-12 units/kg/hr, 

maximum dose 1000 units/hr, target PTT less than 2 

times control (no minimum PTT)), target anti-Xa activity 
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level less than 0.5 IU/ml anti-Xa (63,90) 

Step-by-step Protocol: See Section 7 and Appendix 6 

6.2.4 Guidelines for the Choice of Initial PCDT Technique 

The following guidelines should be used to select which PCDT method to use in study subjects: 
 

1. Prior to Clinical Center start-up, each Clinical Center must designate Technique A or B as 

the method that will be used in all PCDT Arm subjects at that Center who have good 

popliteal vein inflow (e.g. the caudal-most extent of the thrombus is more than 3cm above   

the caudal end of the popliteal vein) and no IVC thrombus (68,72). To optimize the CCC’s 

ability to troubleshoot issues relating to all techniques, and to allow the Principal Investigator 

to remain impartial, the Washington University site (only) will alternate between Techniques 

A and B at prospectively-defined, 3-month intervals. 

2. Technique C should be used in subjects with poor popliteal vein inflow (e.g. when the 

thrombus involves the entire popliteal vein and/or extends into one or more tibial veins), in 

those found to have thrombus in the IVC (as shown on the pre-PCDT venogram). 

3. The endovascular physician may choose to use the Center’s designated single-session 

PCDT method (Technique A or B) or infusion-first PCDT (Technique C) for all other 

situations (e.g. if the caudal-most extent of thrombus is within the lower popliteal vein). 

6.2.5 Allowed Adjunctive Endovascular Techniques 

The following adjunctive endovascular techniques may be used, per the guidelines below, as 

they are widely used in standard clinical practice to enhance the delivery of rt-PA into the clot or 

to prevent complications of PCDT (specifically, pulmonary embolism and early re-thrombosis): 

1. Retrievable IVC Filters: Retrievable IVC filters are commonly used by endovascular 

physicians to prevent peri-procedural PE in selected patients undergoing PCDT. In a large 

prospective registry of proximal DVT patients undergoing infusion CDT (without mechanical 

thrombectomy), symptomatic PE occurred in only 1.3% (49). Therefore, IVC filter 

placement is discouraged in patients undergoing Infusion-First PCDT (Technique C). 

However, for patients being treated with single-session PCDT (Techniques A and B, which 

involve more clot manipulation), there is sparse data to support or refute the use of IVC 

filters and limited evidence suggests that major PE can occur as a PCDT complication 

(67,68,87). Therefore, in ATTRACT, a retrievable Tulip filter (Cook Inc., Bloomington, IN) 

may be used at physician discretion if there is IVC and/or iliac vein thrombus and single- 

session PCDT is being used. 



ATTRACT VEDANTHAM 

Version 4.0 33 February 14, 2013 

 

 

 
 

2. Balloon Maceration, Aspiration Thrombectomy, Rheolytic Thrombectomy, and Infusion   

CDT: As in routine clinical practice, after initial PCDT the physician may inflate a standard 

angioplasty balloon within any residual thrombus to macerate it and increase its surface 

area in order to enable rt-PA delivery to otherwise-inaccessible parts of the thrombus (63). 

A standard 7-8 French catheter and/or the AngioJet Rheolytic Thrombectomy System may 

be used to aspirate residual venous thrombus in order to improve flow and thereby prevent 

the complication of early re-thrombosis. Additional rt-PA bolus doses (up to 5mg per 

session) may be given. If there is still significant obstructing thrombus after the use of these 

measures, the physician may initiate (or for Technique C patients, continue) a continuous 

rt- PA infusion via a multisidehole infusion catheter at 0.01 mg/kg/hr (maximum allowable 

dose 1.0 mg/hr) for a maximum of 24 hours for Techniques A and B, or for a total maximum 

infusion time (including previous infusion) of 30 hours for Technique C. In all cases, the  

total rt-PA dose given for the entire treatment (all sessions together) may not exceed 35mg. 

3. Balloon Angioplasty and Stent Placement: As in routine clinical practice, balloon 

angioplasty and stent placement may be performed to correct areas of venous stenosis or 

obstruction that persist after PCDT since these lesions, when not treated, have been 

associated with high rates of immediate re-thrombosis (49,63,92,93). These procedures 

are widely considered to represent standard care in patients undergoing PCDT (30,63). 

Although the decision to perform these procedures is left up to the physician, correction of 

lesions which are associated with > 50% venous diameter narrowing, robust filling of 

collaterals on venography, and/or a measured mean pressure gradient exceeding 2 mmHg 

is encouraged. Per accepted practice, stents may be used in the iliac vein, and/or common 

femoral vein. Stent placement in the femoral or popliteal vein is strongly discouraged. If 

stents are placed, the use of self-expandable bare stents with radial flexibility, sized to the 

vein’s expected diameter (usually 10-16 mm) or 1 mm larger, is recommended (63). 

6.2.6 Allowed Concomitant Drug Therapies 

During PCDT, subjects will receive anticoagulant therapy with either UFH or LMWH, as 

selected by the endovascular physician (see Section 7.3.1). For subjects receiving UFH who 

require continuous rt-PA infusions (either for clean-up of residual thrombus after initial use of 

Techniques A or B, or during Technique C), the UFH dose will be reduced to subtherapeutic 

levels as noted in Section 6.2.3.3. Subjects may continue medications for their other medical 

problems. If a subject is already on warfarin and is randomized to PCDT, the warfarin will be 

discontinued and Vitamin K may be given to bring the INR to 1.6 or below before PCDT. 
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6.2.7 Prohibited Concomitant Drug Therapies 

The use of platelet glycoprotein IIb/IIIa receptor antagonists (abciximab, tirofiban, eptifibatide), 

fondaparinux, rivaroxaban, dabigatran, or other oral thrombin inhibitors during or within 24 

hours before or after PCDT is not permitted. The use of aspirin, oral thienopyridine anti- platelet 

drugs, and non-steroidal anti-inflammatory drugs is discouraged while subjects are receiving 

anticoagulant therapy unless there is a compelling indication. 

6.2.8 Crossover, Re-Treatment with PCDT, and Use of Other Endovascular Interventions 

Experimental Arm subjects who develop symptomatic acute re-thrombosis in the iliac, common 

femoral, and/or femoral vein of the treated limb within the first 3 months after randomization   

may be re-treated with PCDT using the methods described in this protocol, if re-treatment would 

be consistent with the physician’s standard practice and the patient’s wishes. To be eligible for 

such re-treatment with PCDT, the patient’s clinical presentation should be consistent with an 

acute re-thrombosis occurring within the last 14 days. Prior to re-treatment, the patient’s clinical 

status should be re-evaluated. Re-treatment with PCDT should not be performed if the patient 

meets any one (or more) of the following Exclusion Criteria (Section 4.3): #6, 7, 8, 9, 10, 11, 

12, 13, 15, 16, 18, or 20. No more than two re-treatments should be performed in any patient. 

Any planned deviation from these guidelines should first be discussed with the Principal 

Investigator. 

In all other situations (i.e. Experimental Arm subjects beyond 3 months after randomization, and 

Control Arm subjects anytime), the use of PCDT is strongly discouraged in the absence of limb- 

threatening circulatory compromise. If a Control Arm subject is judged to require PCDT, the 

Principal Investigator should be notified before PCDT is performed to ensure that this decision  

is adequately justified and documented. During follow-up, the use of other endovascular 

treatments (e.g. iliac vein stent placement as a stand- alone treatment) is strongly discouraged 

in all subjects absent a compelling indication. 

Subjects in either treatment Arm who require endovascular intervention for treatment of severe 

symptomatic venous disease in the index leg during follow-up (except Experimental Arm 

patients being re- treated with PCDT within the first 3 months after randomization) will be asked 

to undergo a standardized clinical assessment for PTS (Section 8.9) before being treated. If the 

intervention is performed more than 6 months post-randomization, then the findings of this 

assessment will be used in evaluating whether the subject has PTS for the final analysis, per the 

guidelines in Sections 15.2 and 15.3.7. If this clinical assessment cannot be done, subjects   

who undergo an endovascular venous intervention in the index leg more than 6 months post- 
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randomization will be adjudicated as having severe PTS at the time that the endovascular 

procedure was performed, per Sections 15.2 and 15.3.7. Subjects who have an endovascular 

procedure during follow-up will continue to be followed and assessed as per the study protocol. 

 

7 TREATMENT PROCEDURES 
 
In this section, a detailed, step-by-step description of how the study treatments should be 

administered to ATTRACT Trial subjects in the Experimental and Control Arms is provided. 

7.1 Pre-Randomization Anticoagulant Therapy (Subjects in Both Arms) 

As current recommendations are to anticoagulate patients with suspected DVT even before 

diagnostic testing, we expect most enrolled subjects to be anticoagulated before randomization 

(30). Otherwise-eligible DVT patients who are already anticoagulated are still eligible for the 

study if their symptom onset was within 14 days. After enrollment, the patient should be 

anticoagulated with one of the regimens listed in Section 6.1.1. To avoid unnecessary 

transitions, if the patient was already receiving one of these regimens, the physician is 

encouraged to simply continue it.  In patients receiving UFH, the physician should ensure that 

dose adjustments are being made per the guidelines in Section 6.1.1. 

7.2 Initial Management of Control Arm Subjects 

Immediately after randomization, the patient should receive (or continue to receive) initial 

anticoagulant therapy via one of the regimens listed in Section 6.1.1. Warfarin should be 

initiated on the day of randomization (or continued if already started). Control Arm subjects 

should be encouraged to ambulate as tolerated and may be treated as outpatients at the 

physician’s discretion (4). For inpatients, the timing of hospital discharge is at the discretion of 

the physician. Subjects should have blood drawn at least every third day for INR testing while 

they are receiving UFH or LMWH and should continue to receive these agents until the INR ≥ 

2.0 on two consecutive draws at least one day apart (if the INR > 3.0, the UFH or LMWH may 

be stopped before the INR is shown to be > 2.0 on a subsequent blood draw). The heparin 

should then be discontinued and the subject should continue to receive warfarin titrated to an 

INR of 2.0 - 3.0. The frequency of INR monitoring should be reduced as a stable warfarin dose 

is established, per the medical co-investigator, with a maximum of 4 weeks between successive 

INR tests (30). The duration of anticoagulant therapy and the use of alternative regimens  

during follow-up are described in Section 6.1.2. 
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7.3 Initial Management of Experimental Arm Subjects 

7.3.1 Anticoagulant Therapy in Experimental Arm Subjects 

The physician may use UFH or twice-daily LMWH, per Section 6.1.1, as concomitant therapy 

during PCDT. To minimize the potential for bleeding, the guidelines below should be followed: 

1. If UFH is being used as the primary anticoagulant drug during PCDT: 
 

Before starting PCDT: The UFH dose should be adjusted to therapeutic levels by 

institutional nomogram. At least one PTT (or anti-Xa activity level on a heparin assay, as 

noted in Section 6.1.1) must be available pre-procedure to ensure that the UFH level will 

not be supra-therapeutic at the time of PCDT. If the physician’s plan is to use UFH as the 

primary anticoagulant drug during PCDT and the subject was recently receiving LMWH, 

the physician should wait until at least 8 hours after the last twice-daily LMWH dose, or 

18 hours after the last once-daily LMWH dose, before starting PCDT. 

During the on-table portion of the PCDT procedure: The UFH dose should be 

targeted to a therapeutic PTT level (corresponding to 0.3 – 0.7 IU/ml anti-Xa activity on 

the site’s heparin assay). Subjects may receive supplemental bolus doses of UFH (up to 

50 units/kg) during PCDT at physician discretion. However, particular caution should be 

exercised in giving additional UFH doses to patients who are already therapeutically 

anticoagulated. 

During continuous rt-PA infusion: The UFH dose should be reduced to 6-12 

units/kg/hr (maximum allowable dose 1000 units/hr) and the PTT maintained at less than 

2 times control (there is no lower limit for PTT), or less than 0.5 IU/ml anti-Xa, for that 

institution. Infusion of UFH directly into the target limb via the sheath is encouraged to 

ensure the highest heparin concentration in the leg veins. Blood should be drawn at least 

every 6-8 hours for measurement of PTT or anti-Xa activity level. 

2. If LMWH is being used as the primary anticoagulant drug during PCDT: 
 

Before starting PCDT: One of the twice-daily regimens described in Section 6.1.1 

should be used. If the patient is already receiving LMWH, the physician should just 

continue the injections according to the currently planned schedule. If the physician plans 

to use LMWH as the primary anticoagulant drug during PCDT and the subject was 

recently receiving UFH, the physician should wait until at least 3 hours after UFH 

cessation or until the level is shown to be subtherapeutic by a PTT level < 1.5 times 

control (or a anti-Xa activity level < 0.3 IU/ml), before starting PCDT. If the patient was 
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not already receiving LMWH but was receiving UFH, the first LMWH dose may be 

administered at physician discretion as long as the UFH level is not supratherapeutic as 

determined by PTT or anti-Xa activity level assay. 

During the on-table portion of the PCDT procedure: Subjects may receive 

supplemental bolus doses of UFH (up to 50 units/kg) during PCDT at physician 

discretion. However, caution should be exercised as these patients are already 

therapeutically anticoagulated. 

During continuous rt-PA infusion: The twice-daily LMWH doses should be given on 

schedule. Additional UFH should not be given, except for very low doses that may be 

present within sheath flush solutions, not to exceed 200 units/hour total to the patient. 

7.3.2 Subject Preparation for PCDT Procedures 

1. Steroid Pre-Medication: In subjects with contrast allergies, steroid pre-medication should 

be started 12-24 hours before PCDT, per the Center’s standard practice. A histamine 

receptor antagonist (e.g., diphenhydramine) should also be given before contrast is 

administered. Both the steroids and the histamine receptor antagonist should be 

continued throughout the period when contrast may be administered (i.e., for multi- 

session procedures). 

2. Reversal of Elevated INR: In subjects with an INR > 1.6, Vitamin K should be given orally, 

subcutaneously, or by intravenous infusion to bring the INR to 1.6 or below before PCDT. 

3. Pre-procedure Hydration: Subjects should receive pre-procedure hydration as dictated by 

their renal function, overall clinical status, and the physician’s standard practice. 

4. IVC Filter Placement: As outlined in Section 6.2.5, in selected subjects a retrievable IVC 

filter may be placed at the endovascular physician’s discretion. The filter may be placed 

per the institution’s standard practice at any time before PCDT, with these caveats: 

a) An ultrasound-guided venous access should be used. If the filter is placed within 48 

hours before PCDT, a venous sheath or catheter should be left in place until at least 

1 hour after the last administration of rt-PA (to avoid puncture site bleeding). 

b) An IVC venogram must be obtained to ensure accurate filter deployment. 

c) Non-ionic iodinated contrast should be used to minimize risk to the kidneys. 

d) A retrievable Tulip filter (Cook Inc., Bloomington, IN) should be used. 

e) The filter should be deployed in the infrarenal IVC, if possible. 
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7.3.3 Phase 1 - Procedure Initiation 

PCDT procedures should be initiated using the following accepted endovascular practices (63): 

1. The endovascular physician should review the baseline imaging studies, examine the 

affected lower extremity with ultrasound, and select a primary venous access site. 

2. An intravenous line should be placed and conscious sedation initiated with continuous   

monitoring of heart rate, oxygen saturation, blood pressure, and cardiac rhythm. 

3. Sterile technique must be used during all endovascular procedures. 

4. Local anesthesia should be injected into the skin over the venous access site(s). 

5. Catheter access into the deep venous system should then be obtained – this must be 

done using ultrasound-guided puncture (to prevent inadvertent arterial punctures) of the 

selected lower extremity vein (e.g., the ipsilateral popliteal vein) or the right internal 

jugular vein. The physician may access additional veins under ultrasound guidance at 

his/her discretion. The physician is strongly encouraged to choose a venous access 

strategy that will enable direct treatment of any popliteal and/or below-knee thrombus 

that is needed to ensure adequate inflow into the proximal veins. The use of the 

contralateral common femoral vein for access is, however, strongly discouraged. The 

use of the femoral vein in the mid-thigh is prohibited. 

6. Real-time fluoroscopic monitoring of catheter/guidewire manipulations should be used. 

7. A catheter should be advanced into the venous system and a baseline venogram of the 

proximal veins (popliteal vein through infrarenal IVC) should be obtained with digital 

imaging and serial hand-injections of 5-10 ml non-ionic iodinated contrast, diluted as 

needed with normal saline, through the catheter at 10-20 cm intervals. Automated power 

injection is not permitted. Note: As the thrombus extent on the baseline venogram is 

relevant to the study data analysis, care should be taken to obtain complete imaging of 

the thrombus extent, even if this requires contrast injections from within non-flowing iliac 

or femoral venous segments. 

8. The endovascular physician should examine the venogram. Based upon the presence 

or absence of good popliteal vein inflow and IVC thrombus, the physician should follow 

the guidelines provided in Section 6.2.4 to determine which PCDT technique must be 

used. 

9. The catheter should be exchanged for a vascular sheath to maintain deep venous 

access and to enable repeat venograms to be performed to monitor thrombolytic 

progress. 
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7.3.4 Phase 2 - Performance of Initial PCDT 

1. Initial PCDT: The steps in Appendix 4 (for Trellis PCDT), Appendix 5 (for AngioJet 

PCDT), or Appendix 6 (for Infusion-First PCDT) should then be followed to deliver rt-PA 

into the thrombus. After completion of those steps, proceed to the steps in Section 7.3.5 

below. 

2. Treatment Cessation or Reduction of rt-PA Dose: During PCDT, the physician may 

reduce the rt-PA dose or stop it entirely at his/her discretion if there are safety concerns. 

If serious bleeding occurs at the venous access site (uncontrolled by sheath upsizing or 

compression), rt-PA administration should be stopped. If sheath upsizing and/or 

compression are effective in stopping the bleeding, rt-PA may be re-started at a lower 

dose. If serious bleeding occurs in a distant location, or if a severe or life-threatening 

reaction occurs, administration of rt-PA should be permanently stopped. If serious 

bleeding occurs, infusion of UFH should also be stopped and, at physician discretion, 

protamine and/or cryoprecipitate may be given. 

7.3.5 Phase 3 - Clean-Up of Residual Thrombus 

1. A repeat venogram should be obtained through the sheath or a catheter. If near- 

complete (> 90%) lysis and good anterograde flow are observed (by visual estimation) 

with no venous stenosis or obstruction, treatment may be stopped at any time thereafter 

at the physician’s discretion – in this situation, proceed to Section 7.3.7. If near-complete 

(> 90%) lysis is observed but there is significant venous stenosis or obstruction, proceed 

to Section 7.3.6. 

2. If residual thrombus is present, the physician may use the following adjunctive 

measures. To minimize the risk of causing PE, these methods should not be used prior 

to completion of initial PCDT (Techniques A and B) or at least 4 hours of rt-PA infusion 

(Technique C). The decision as to which method(s) are used, and the sequence, may be 

determined by the physician to allow maximum flexibility to tailor therapy to individual 

patient circumstances. 

a) Balloon Maceration of the thrombus may be performed as follows: Advance a 

standard angioplasty balloon catheter (6-10 mm for the femoral vein, 10-12 mm for 

the common femoral vein or iliac vein) over the guidewire into the thrombus.  

Inflate the balloon within the thrombus under fluoroscopic guidance using the 

physician’s usual technique. Deflate the balloon. Repeat these steps as needed 

with the balloon positioned in different parts of the thrombus. Remove the 
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angioplasty balloon catheter over the guidewire. 
 

b) Aspiration thrombectomy may be performed as follows: Advance a standard 7-8 

French catheter over the guidewire to the cephalad aspect of the thrombus. 

Attach a large (30- 60 ml) syringe to the catheter. Vigorously aspirate with the 

syringe during withdrawal of the catheter through the thrombus – this may be 

done with the guidewire in place or with the guidewire removed. Repeat these 

steps as needed, then remove the catheter. 

c) Rheolytic thrombectomy may be performed using the AngioJet in aspiration mode, 

as described in Appendix 5, Steps 5-9. The precautions cited in Appendix 5 

regarding guidewire retraction, infusate volume, and device activation time should 

be followed. 

d) Additional rt-PA boluses (up to 5 mg rt-PA per session) may be given at the 

physician’s discretion, but the total rt-PA dose may not exceed 35mg for all 

sessions combined. The additional rt-PA may be delivered in the following ways: 

(1) via injection through the vascular sheath or a multisidehole catheter; (2) in 

Technique A patients only, via the Trellis as described in Appendix 4, Steps 4-8; or 

(3) in Technique B patients only, via the Angiojet (PowerPulse or Rapid Lysis 

method) as described in Appendix 5, Step 4. 

3. Perform a repeat venogram. If significant residual obstructing thrombus is present, 

position a multisidehole infusion catheter within the thrombus and perform Infusion CDT 

(rt-PA at 0.01 mg/kg/hr, maximum dose 1.0 mg/hr) as outlined in Appendix 6. (For 

Technique C subjects, this will simply represent a continuation of the initial rt-PA 

infusion.) The rt-PA infusion should continue until near-complete (> 90%) thrombolysis 

is observed, clinically-overt bleeding becomes evident, or until a maximum of 24 hours  

(for Technique A or Technique B) or 30 hours total (for Technique C) of rt-PA infusion 

has occurred. 

4. The steps in Section 7.3.5 may be repeated as needed, but the above limits on rt-PA 

dose, infusion duration, device activation time, and AngioJet infusate volume must be 

followed. 

7.3.6 Phase 4 - Treatment of Obstructive Lesions 

1. At physician discretion, balloon angioplasty and/or stent placement may be performed 

to correct areas of venous stenosis or obstruction, pursuant to the guidelines in 
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Section 6.2.5. 
 

2. Venography should be repeated after balloon angioplasty and/or stent placement. 
 

7.3.7 Phase 5 - Completion of PCDT Procedures 

1. The physician should perform a venogram that documents the status of the proximal 

deep veins (popliteal vein through IVC). Note: As the thrombus extent on the final 

venogram will be analyzed as a study outcome, care should be taken to obtain complete 

imaging of the extent of thrombus, even if this requires contrast injection from within non- 

flowing segments. 

2. When therapy is completed, the sheath may be removed at the physician’s discretion, 

but no less than 1 hour after the last rt-PA dose or UFH bolus dose was given. 

Hemostasis should be achieved via manual compression. The subject should remain at 

bedrest with the treated leg immobile for 6 hours, after which he/she may ambulate as 

tolerated. 

3. Therapeutic-level anticoagulation should be resumed within 2 hours after hemostasis is 

obtained. If UFH is used, a bolus dose should not be given. Subjects receiving LMWH 

should continue their previous regimen of scheduled injections. 

4. Warfarin should be initiated on the same day as sheath removal. Warfarin intensity, 

duration of therapy, INR monitoring, overlap with heparin therapy, and hospital discharge 

should be managed in the same way as in the Control Arm (Section 7.2). However, 

PCDT subjects may not be discharged from the hospital until at least 12 hours after 

sheath removal. 

5. For subjects in whom a retrievable IVC filter was placed prior to PCDT, careful attention 

should be paid to ensuring timely removal of the filter. The filter may be removed at any 

time interval after PCDT that is consistent with safe clinical practice. In general, removal 

of the filter as soon as possible (e.g. within 3 days) after completion of PCDT is 

encouraged. If this cannot occur, the subject should be assessed at the 10-day follow-up 

visit for the ability to have the filter removed, and similarly re-assessed at least every 3 

weeks thereafter until the filter has been removed or 3 months have elapsed since the 

date of its original insertion. There is no need to stop anticoagulation for filter retrieval 

unless it is supra-therapeutic. The retrieval may be performed per the physician’s 

standard practice, but an ultrasound-guided jugular vein approach should be used to 

avoid inadvertent arterial punctures and trauma to the leg veins. Two conditions should 

be met before filter retrieval: (a) the subject must be therapeutically anticoagulated; and 
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(b) on venography or contrast-enhanced CT scan, the subject must not have significant 

thrombus within the filter (≥ 25% of the filter’s volume) or within the IVC below the filter 

(94,95). If either condition is not met, the filter should be left in place and removed when 

these criteria are satisfied. The filter should only be left in place permanently in the 

following situations: (a) the patient has a strong indication for long-term caval  

interruption, per the criteria outlined in Section 6.1.4; (b) the filter proves to be difficult to 

remove without extensive catheter manipulation that would risk injury to the caval wall; or 

(c) the filter could not be removed within 3 months after the date of its original insertion. 

 
8 EFFICACY OUTCOMES 

 
8.1 Primary Efficacy Outcome 

Post-Thrombotic Syndrome (PTS) defined by the presence of a total score of 5 or greater on 

the Villalta PTS Scale in the leg with the index DVT, or an ulcer in that leg, that occurs at any 

time between the 6-month post-randomization follow-up visit and the 24-month visit (inclusive). 

8.2 Secondary Efficacy Outcomes 

   PTS occurrence at 6, 12 and 18 months, assessed using Villalta PTS Scale (as 

above). 

   Major non-PTS treatment failure during 24 months (see Section 15.3.7 for definition) 

   Composite of PTS occurrence + major non-PTS treatment failure during 24 months 

   PTS severity at 6, 12, 18 and 24 months, assessed using: 

a) Villalta PTS Scale 

b) Venous Clinical Severity Score (VCSS) 

c) Clinical Class in the Clinical-Etiologic-Anatomic-Pathophysiologic (CEAP) System. 

   Quality of Life (QOL) at 1, 6, 12, 18 and 24 months, assessed using: 

a) SF-36v2 measure (general QOL) 

b) VEINES-QOL/Sym measure (venous disease-specific QOL). 

   Resolution of leg pain at 10 days and 1 month, assessed using Likert scale scores. 

   Resolution of leg swelling at 10 days and 1 month, assessed using standardized 

measurement of calf circumferences. 

   Degree of clot lysis with PCDT, assessed venographically (Experimental Arm only). 

   Prevalence of valvular reflux and residual thrombus at 1 year (Duplex ultrasound). 

Cost-effectiveness, measured in dollars per quality-adjusted life-year (QALY). 
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8.3 Diagnosis of PTS 

PTS is a “syndrome” that produces a range of symptoms and clinical signs which differ in 

character and severity among patients (6). There is no “gold standard” criterion test to establish 

the diagnosis of PTS. In fact, correlations between “objective” findings on non-invasive tests 

and clinically important PTS disease have been poor-to-moderate (96,97). For example, 

valvular reflux is usually present on Duplex ultrasound in patients with PTS, but many patients 

with reflux do not have PTS symptoms, health impairment, or poorer QOL (26,96). As such, the 

diagnosis of PTS should not be based upon imaging or physiological findings alone. In clinical 

practice, PTS is diagnosed using clinical criteria (assessment of symptoms and clinical signs). 

8.4 Justification of 24-Month Period for PTS Assessment 

We adopted a 24-month follow-up period for assessment of PTS to ensure that we will not miss 

incident PTS cases due to insufficient duration of follow-up. As prospective studies have shown 

that 83-96% of PTS cases manifest by 2 years (2,3,5,31), we expect to miss very few cases. 

Two years also allows enough time for the more severe PTS manifestations to develop. 
 

8.5 Selection of PTS Measures 

A number of clinical scales have been developed to standardize the diagnosis of PTS and to 

rate its severity. Because there is no gold standard test for PTS, validation of PTS measures 

has relied upon showing that they correlate with important health outcomes such as quality of 

life, and with known anatomic/physiologic findings of chronic venous disease. In selecting the 

Villalta PTS Scale as our primary outcome measure, we placed high value upon its proven 

ability to identify subjects with clinically significant PTS after first-episode, proximal DVT. A 

detailed description of the evidence supporting Villalta PTS Scale is provided in Appendix 7. 

To enhance interpretation of the trial results, we will also use two additional measures which 

were designed to standardize the descriptive classification of chronic venous disease (CEAP 

Classification System) and to grade its severity (Venous Clinical Severity Score). 

8.6 The Villalta PTS Scale 

The Villalta PTS Scale (Appendix 8) rates the severity of 5 patient-reported symptoms (pain, 

cramps, heaviness, paresthesia, pruritus) and 6 clinician-observed signs (edema, skin 

induration, hyperpigmentation, pain during compression, venous ectasia, redness) of PTS on a 

4-point scale (0=none, 1=mild, 2=moderate, 3=severe). The points are summed into a total 

score (range 0-33) for each leg (98). Subjects are categorized as having PTS if the total score 

in the leg with the index DVT is 5 or greater, or if an ulcer is present in that leg, at any time 

between the 6-month and the 24-month follow-up visits (see Section 6.2.8 and Section 15.2 for 
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circumstances in which PTS may be diagnosed before the 6-month follow-up visit in subjects 

who undergo unscheduled endovascular procedures). Subjects will also be categorized as 

having mild (score 5-9), moderate (score 10-14), or severe PTS (score >15 or leg ulcer). 

8.7 Clinical-Etiologic-Anatomic-Pathologic (CEAP) Classification System 

All subjects will have their Basic CEAP Clinical Class assessed for each limb (99,100). The limb 

will be categorized into one of 8 descriptive “Clinical Classes” based upon the dominant  

physical exam findings observed (101) (see Appendix 9): 

C0 =  no disease 
C1 =  telangiectasias or reticular veins 
C2 =  varicose veins 
C3 =  edema 
C4a =  pigmentation or eczema 
C4b =  lipodermatosclerosis or atrophie blanche 
C5 =  healed venous ulcer 
C6 =  active venous ulcer 

Subjects will be assigned the highest Class for which they have a component sign, and will be 

classified as symptomatic (S) or asymptomatic (A). The ascending severity of the Clinical 

Classes has been shown to correlate with QOL (102,103). In ATTRACT, the Etiologic (“E”), 

Anatomic (“A”) and Pathophysiologic (“P”) components of the CEAP System will not be used. 

8.8 Venous Clinical Severity Score (VCSS) 

The VCSS is a 30-point venous severity scoring system (104-107). Its components were 

derived from selected elements of CEAP (eight clinical signs and one symptom of chronic 

venous disease) that exhibit change over time. Extra weight was given to signs from the more 

severe (C4–C6) CEAP classes (Appendix 10). Use of the VCSS should improve our ability to 

distinguish subjects with different severities of PTS and to assess PCDT’s cost-effectiveness. 

8.9 Administration of PTS Measures 

The Villalta PTS Scale will be administered to subjects at baseline and at the 10-day and the 1, 

6, 12, 18, and 24-month follow-up visits. CEAP and VCSS will be administered to subjects at the 

6, 12, 18 and 24-month follow-up visits. Prior to initial use, examining clinicians will complete 

training and certification on their proper administration to ensure uniform administration across 

all Clinical Centers. The examiners must be blinded to the subjects’ treatment allocation. 

The day before follow-up visits, subjects should receive a telephone reminder to not wear 

compression stockings on the day of the visit, and to not reveal to clinic staff which therapy they 

received (PCDT or no PCDT) and which leg was affected with the DVT. Subjects should be 

examined in the afternoon (the later the better) to allow the symptoms and signs of PTS to 
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manifest. At the time of assessment, the following procedures should be followed: 
 

1. The subject should be asked to rate (absent, mild, moderate, severe) the 5 symptoms on 

the Villalta PTS scale for each leg, record his/her ratings on the Villalta PTS Symptoms 

Form, and also complete the QOL Questionnaire (see below) and Leg Pain Severity Form. 

2. The subject should be brought to a well-lit examining room. The subject’s legs should be 

unclothed and he/she should be seated facing the blinded clinician (nurse or physician). 

3. Subsequently, and without access to the subject’s rating of symptoms, the blinded clinician 

should assess the clinical signs required for Villalta, CEAP, and VCSS measures; measure 

the leg circumference; and record these results on the respective Case Report Forms. 

4. The blinded clinician should check that all scales have been filled out correctly and 

completely before the subject leaves. If there are missing items, the blinded clinician should 

ask the subject (without coercion) if he/she would like to complete the form. 

Measurement scales will be available in English and Spanish. If subjects have difficulty 

completing forms (e.g., language barrier, visual impairment, literacy), blinded study personnel or 

a translator should assist, taking care to avoid influencing the subject’s responses. 

8.10 Health-Related Quality of Life (QOL) 

We will assess general and venous disease-specific QOL at baseline and at the 1-month, 6- 

month, 12-month, 18-month and 24-month follow-up visits. 

8.10.1 General QOL 

General QOL will be measured using the Short-Form Health Survey-36, Version 2 (SF-36v2), a 

validated, widely-used gold standard instrument (108). The SF-36 has been used in other DVT 

studies to complement measures of PTS and venous disease-specific QOL (10,12,102,109). 

The SF-36v2 will be available for use in both English and Spanish versions. 
 

8.10.2 Venous Disease-Specific QOL 

Venous disease-specific QOL will be measured using the VEINES-QOL/Sym measure, a patient 

self-assessment questionnaire (110). The instrument consists of 25 question items that measure 

venous symptoms, limitations in daily activities due to venous disease, psychological impact of 

venous disease, and change over the past year. Responses are rated on 2-point to 7- point 

Likert scales of intensity, frequency, or agreement. The VEINES-QOL/Sym has undergone 

comprehensive and rigorous psychometric evaluation and is acceptable, reliable, valid, and 

responsive for use as a patient-reported measure of outcome in studies of chronic venous 
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disease, including PTS and DVT (109-111). The VEINES-QOL/Sym measure will be available 

in the originally validated English version and in a certified Spanish translation. 

8.10.3 Administration of QOL Instruments 

The SF-36 and VEINES-QOL/Sym will be combined into a single questionnaire that takes 15-20 

minutes for an average patient to complete (Appendix 11). Following a standard orientation, the 

subject will complete the questionnaire in a quiet office. The study nurse will then check for 

missing data and politely (without coercion) encourage the subject to respond to all items. The 

nurse administering the questionnaire must be blinded to the subject’s treatment allocation. 

8.10.4 Scoring of QOL Instruments 

QOL data will be scored by blinded DCC personnel using established computer algorithms 

which include imputation of missing data (112,113). Summary scores will be computed for the 

SF-36 Physical (PCS) and Mental (MCS) Component Scales, and for the VEINES-QOL (impact 

of venous disease upon QOL) and VEINES-Sym (symptom severity) summary scales. 

8.11 Resolution of Leg Pain and Swelling 

To determine if PCDT leads to faster DVT symptom resolution, the severity of pain in each leg 

will be assessed on a 7-point Likert scale at baseline and 10-day and 1-month follow-up. The 

subject will be asked to “Please rate the overall intensity of “pain” or “discomfort” that you have 

felt in your leg during the past 24 hours by checking one response on the following scale” (1 = 

No pain, 2 = Very mild pain, 3 = Mild pain, 4 = Moderate pain, 5 = Severe pain, 6 = Very severe 

pain, 7 = Extremely severe pain). Likert scales are widely validated for pain severity assessment 

(114,115). The Likert scale and accompanying instructions will be available in the originally 

validated English version and in a certified Spanish translation. Calf circumference 10cm below 

the tibial tuberosity will also be measured at baseline and 10-day and 1-month follow-up. At 

these visits, venous symptoms and signs will also be assessed using the Villalta PTS Scale. 

The clinician performing these assessments must be blinded to subject treatment allocation. 
 

8.12 Venographic Thrombus Extent (Experimental Arm Only) 

Two sets of venograms will be analyzed in each Experimental Arm subject: (a) the baseline 

venogram of the proximal veins (popliteal vein through infrarenal IVC) obtained after initial 

catheter insertion into the venous system and before PCDT; and (b) the final venogram of the 

proximal veins obtained after PCDT and any adjunctive procedures, and before sheath removal. 

The primary goal of the venogram evaluation is to determine the degree of thrombus elimination 

and correlate it with the likelihood of developing PTS. The venograms will be transmitted to the 

DCC and initially evaluated for overall quality in standardized fashion by blinded Independent 
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Adjudication Committee physicians who are experienced with venogram adjudication in DVT 

trials. Feedback to Clinical Centers will be provided when inadequate exams are identified in 

order to encourage better quality venography in subsequent subjects. Readers will quantify clot 

burden using the components of the Marder score that describe the proximal veins (116). 

8.13 Ultrasound Substudy - Valvular Reflux and Residual Thrombus 

A 1-year follow-up venous Duplex ultrasound of the index leg will be performed in a consecutive 

142-subject subgroup in 7 Clinical Centers. The primary goal of the Ultrasound Substudy will be 

to determine if prevention of valvular reflux and/or venous obstruction from residual thrombus 

represents a primary mechanism underlying any effect of PCDT upon the cumulative incidence 

and severity of PTS. We will assess: (a) the presence of valvular reflux (flow reversal for > 0.5 

seconds after standardized distal compression with an automatic cuff inflator) in the common 

femoral, deep femoral, femoral, popliteal, great saphenous, and small saphenous veins 

(117,118); and (b) the presence of residual thrombus (assessed in the leg veins mainly by 

incomplete compressibility) in the iliac, common femoral, deep femoral, femoral, popliteal, and 

great saphenous veins (77). Reflux will be evaluated with subjects standing and bearing weight 

on the contralateral limb (see Appendix 12 for recommended ultrasound exam protocol). The 

exams must be performed in standardized fashion by Clinical Center sonographers blinded to 

treatment allocation, recorded in real time on super VHS videotapes or digital media, and 

transmitted to the Ultrasound Core Laboratory.  Blinded Core Lab personnel will analyze the 

exams for overall quality, interpret findings, record them on an Ultrasound Case Report Form 

(CRF), and transmit it to the DCC. At the DCC, reflux and obstruction will be quantified from the 

CRFs by blinded personnel using the Venous Segmental Disease Score (VSDS) in which values 

assigned to the presence of reflux and obstruction in specific lower extremity veins are summed 

to yield a Reflux Score and an Obstruction Score (102,106,107). 

 

9 SAFETY OUTCOMES 
 
The following safety outcomes will be assessed for each subject over the 24-month period. 

 

   Major bleeding and minor bleeding 

   Need for transfusion 

   Intracranial bleeding 

   Symptomatic pulmonary embolism 

   Symptomatic recurrent venous thromboembolism 

   Mortality 
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9.1 Bleeding 

Evaluation of clinically overt bleeding will depend upon the suspected bleeding site. For  

example, subjects with suspected intracranial bleeding will undergo a head CT scan and 

subjects with suspected retroperitoneal bleeding will undergo a CT scan of the abdomen/pelvis. 

Clinically overt bleeding will be classified as “Major” if it is associated with a fall in the 

hemoglobin level of at least 2.0 g/dl, transfusion of ≥ 2 units of red blood cells, or involvement of 

a critical site (e.g. intracranial, intraspinal) (119). Less severe clinically overt bleeding will be 

classified as minor. To distinguish clinically important hemorrhage from hemoglobinuria (which is 

routinely observed in subjects undergoing mechanical thrombectomy), discoloration of the urine 

during or after mechanical thrombectomy will not by itself be considered to indicate the presence 

of clinically-overt bleeding. Major bleeding, minor bleeding, need for transfusion, and intracranial 

bleeding will be assessed during the study period and reported. To aid in evaluating the 

relationship of bleeding events to rt-PA administration, they will also be categorized by whether 

they occurred within 3 days after the initiation of PCDT. Data on complications will be captured 

on the Case Report Forms in a way that enables their outcomes to be categorized according to 

FDA guidelines and SIR reporting standards (48,120). 

9.2 Symptomatic Pulmonary Embolism (PE) 

When PE is clinically suspected, spiral CT of the pulmonary arteries and/or ventilation-perfusion 

lung scan will be obtained. If there is a new intraluminal filling defect of a segmental or more 

central pulmonary artery or a "high probability" perfusion defect, PE will be diagnosed. PE will 

be excluded if the spiral CT is normal or there are no perfusion defects. If the perfusion scan or 

CT scan is non-diagnostic, bilateral lower extremity ultrasound will be performed and PE will be 

diagnosed if there is new DVT (see next section). Ultrasound will be repeated after 7 + 2 days if 

there is no new DVT. Pulmonary angiography may be performed if there are equivocal findings 

and/or serial ultrasound testing is considered unsafe. To distinguish clinically important new PE 

events from minor symptoms of PE events that may have occurred prior to randomization, and 

from the clinical findings of micro-embolization that are commonly observed during thrombolytic 

therapy (e.g. transient pleuritic chest pain that resolves completely), investigation for PE during 

the first 10 days after enrollment is discouraged (in subjects in both study arms) in the absence 

of more significant clinical findings that suggest a new symptomatic PE event. Symptomatic PE 

events will be assessed during the 24-month study period and reported. 

9.3 Symptomatic Recurrent DVT 

To increase the accuracy of diagnosing recurrent DVT, there will be standardized recording of 
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the extent of thrombus (diameters of the common femoral vein and popliteal vein and the 

thrombus’ proximal and distal extent) on the baseline (strongly recommended when the exam is 

performed locally) and 1-month follow-up (this information is required) ultrasound exams. When 

recurrent DVT is clinically suspected during follow-up, compression ultrasound of the proximal 

veins (popliteal vein to common femoral vein) will be performed and a Compression Ultrasound 

CRF documenting the exam will be transmitted by the Clinical Center to the DCC. If there was 

no DVT on the last ultrasound (or on the last venogram performed during follow-up) of the same 

leg, recurrent DVT will be diagnosed using the same criteria as that of a qualifying proximal  

DVT (Section 4.4). If a previous ultrasound or a follow-up venogram is available for comparison, 

recurrent DVT will be diagnosed if one of the following criteria is met: (a) there is a new non- 

compressible common femoral, femoral, or popliteal vein; (b) there is ≥ 10cm extension of 

thrombus margin (i.e. transition from not fully compressible to normal); or (c) there is a 4-mm 

increase in compressed thrombus diameter at the common femoral vein or popliteal vein 

(77,119,121-124). If these criteria are not met, DVT will not be diagnosed and, if there is still 

uncertainty about the presence of recurrent DVT (e.g. moderate or high clinical suspicion for 

recurrent DVT; non-diagnostic findings on ultrasound), the ultrasound should be repeated after 7 

+ 2 days, and judged by the same criteria. If the second test is not diagnostic for recurrence, 

DVT will be excluded. Venography or CT scan can be performed if, in the absence of diagnostic 

findings, clinical suspicion for recurrence is high or the ultrasound findings are equivocal. If the 

Clinical Center interpreted the study as either negative (no evidence of new DVT), or positive  

for DVT in a limb with no previous DVT, the Adjudication Committee will review the clinical 

information and Compression Ultrasound CRF and provide a final adjudication of the event. If 

the Clinical Center interpreted the study as positive for new DVT in a limb with previous 

documented DVT, or if there is difficulty with interpretation, the recent and last previous 

ultrasound studies will be reviewed by the Ultrasound Core Laboratory. Taking into account the 

Ultrasound Core Laboratory’s review along with the clinical information and Compression 

Ultrasound CRF, the Adjudication Committee will then provide a final adjudication of the event. 

Symptomatic recurrent DVT will be assessed during the 24-month study period and reported. 

In the PCDT Arm, early (within 1 month) re-thrombosis of PCDT-treated vein segments will be 

distinguished from other recurrent DVT events. 

9.4 Death 

Cause of death will be determined from hospital and outpatient records, autopsy data, and other 

information. Death will be attributed to PE if it is unexplained and sudden or there is substantive 

supporting evidence. Mortality will be assessed during the 24-month study period and reported. 
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9.5 Clinical Events Adjudication 

Data on suspected clinical events will be reviewed by two blinded adjudicators who are expert 

DCC clinicians with extensive experience in adjudicating clinical events for DVT trials. They will 

interpret data per the study adjudication manual, without knowledge of treatment allocation. If 

there is disagreement, a second adjudication will occur with three adjudicators to obtain 

consensus. If consensus is not obtained, two votes will be sufficient to adjudicate the outcome. 

To further blind the adjudicators, unknown to them suspected events from ATTRACT will be 

interspersed with suspected events from other treatment studies being adjudicated at the DCC. 

 

10 HEALTH ECONOMIC OUTCOMES 
 
As ATTRACT offers a good opportunity to estimate PCDT’s cost-effectiveness, we will compare 

economic outcomes between subjects in the two study arms. If PCDT is found to be efficacious 

and associated with increased costs, we will do a formal cost-effectiveness analysis to estimate 

the incremental cost per quality-adjusted life year (QALY) gained with PCDT (Appendix 13). 

10.1 Medical Resource Utilization and Costs 

Data relating to direct and indirect costs will be collected for each subject. For the index 

hospitalization, costs will be estimated using a combination of: (a) procedural resource use data 

for major cost drivers, from which costs will be calculated using standard resource-based 

costing methods; and (b) hospital billing data, which will be converted to costs based on 

department level cost to charge ratios. A similar approach will be used to assess costs 

associated with hospitalizations during follow-up. For other aspects of follow-up medical care, 

we will assess detailed resource utilization at each follow-up clinic visit and apply a variety of 

approaches including the Medicare fee schedule (for outpatient physician services, rehabilitation 

and skilled nursing services) and average wholesale prices (for medication costs).           

Indirect costs will be estimated from data relating to lost time from work, decreased productivity, 

and informal caregivers’ time associated with loss of functional independence. Assessment of 

outpatient resource utilization and indirect costs will be aided by the use of a “cost diary”, which 

each ATTRACT subject will use to record (weekly) outpatient medical encounters, travel time, 

and out of pocket expenses related to their DVT. Cost diaries will be available in English and 

Spanish. 

10.2 Utility Measurement 

Although QOL will be assessed using a variety of disease-specific and generic instruments in 

ATTRACT, for the purposes of economic analysis QOL will be assessed in terms of utility-- a 
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measure of an individual’s preference for his or her current health state relative to perfect health 

on a 0-1 scale (125). Although in the past, it had been customary to measure utility directly from 

the trial participants using time-tradeoff techniques, there is an emerging consensus that cost- 

effectiveness analyses designed to inform societal resource allocation should use community- 

based (rather than patient-based) preferences (126). For ATTRACT, we will calculate 

preference-based utility scores from the SF-36v2 data being collected as part of the QOL study, 

using a recently-validated U.S.-specific scoring algorithm developed by Brazier et al (127). This 

method has the advantage of using population-based utility weights that are appropriate to the 

perspective of our analysis (i.e. U.S. societal weights). 

10.3 Cost-Effectiveness Analysis 

Although the trial will follow subjects for 24 months, outcomes pertinent to cost-effectiveness may 

continue to evolve well after its conclusion. In particular, we expect the benefits of PCDT to accrue 

over the long term through a reduction in PTS-related morbidity and costs. Hence, a method is 

required for converting the observed trial experience into corresponding lifetime quality-adjusted 

survival and costs for the incremental cost-effectiveness calculations. Although the use of “within- 

trial” cost-effectiveness ratios would eliminate the need for extrapolation, such an approach would 

bias our analysis substantially against PCDT given its high up-front cost and the expectation that 

any QOL benefits are likely to be sustained. To extend the trial results beyond the observed time- 

frame, we will develop a Markov (state-transition) model (128) in which the principal health states 

will describe the long-term complications of DVT as defined by the clinical trial (e.g., death, PE, 

recurrent DVT, venous ulcer). To the extent possible, data for this model will be based on the 

empiric results of ATTRACT and the published literature. In addition, the VETO Study, a 5-year 

Canadian study of 387 DVT patients that is collecting detailed clinical, resource use, and cost data 

related to PTS, will serve as a source of long-term cost transition probability and utility inputs for 

the model (81,129,130). Once the model is developed and validated using the ATTRACT data, we 

will use it to calculate an incremental cost-effectiveness ratio for the more expensive therapy 

(presumably PCDT) compared with the less expensive therapy, and by comparing this ratio with 

those of other medical interventions, determine which strategy is preferred on economic grounds. 

 

11 FOLLOW-UP SCHEDULE 
 
See Appendix 14 for a schedule of study procedures and assessments. 

 

11.1 Scheduled Visit 1 – Follow-Up Assessment at 10 Days 

At 10 days ± 3 days after randomization, subjects: 
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   rate their leg pain (7-point Likert scale) (both legs) 

   have their leg circumference measured (both 

legs) 

   undergo assessment using the Villalta PTS Scale (both legs) 

   are provided sized-to-fit elastic compression stockings (ECS) 

   have their platelet count obtained to assess for heparin-induced thrombocytopenia (HIT) 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician 
visits, anticoagulant regimen, and their cost diary reviewed and recorded 

are re-assessed for removal of a retrievable IVC filter (if one is present) 
 

11.2 Scheduled Visit 2 – Follow-Up Assessment at 1 Month 
 

At 30 days ± 7 days after randomization, subjects: 

   rate their leg pain (7-point Likert scale) (both legs) 

   have their leg circumference measured (both 

legs) 

   undergo assessment using the Villalta PTS Scale (both legs) 

   complete a QOL questionnaire (SF-36v2, VEINES-

QOL/Sym)    have a bilateral lower extremity Duplex ultrasound 

exam 

   are queried on their use of ECS, and then ECS use is reinforced 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician visits, 
anticoagulant regimen, and their cost diary reviewed and recorded 

   are re-assessed for removal of a retrievable IVC filter (if one is present) 

11.3 Scheduled Visit 3 – Follow-Up Assessment at 6 Months 
 

At 6 months ± 1 month after randomization, subjects: 

   undergo assessment using Villalta PTS Scale, CEAP and VCSS instruments (both legs) 

   complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

   are queried on their use of ECS, and then ECS use is reinforced 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician visits, 
anticoagulant regimen, and their cost diary reviewed and recorded (Note: per Section 
13.5, non-serious adverse events that started > 30 days after randomization (and > 30 
days after a subsequent use of rt-PA, if applicable) should not be reported to the DCC) 

 

11.4 Scheduled Visit 4 – Follow-Up Assessment at 12 Months 
 

At 12 months ± 1 month after randomization, subjects: 

   undergo assessment using Villalta PTS Scale, CEAP and VCSS instruments (both legs) 
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   are queried on their use of ECS, and then ECS use is reinforced 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician  
visits, anticoagulant regimen, and their cost diary reviewed and recorded (Note: per 
Section 13.5, non-serious adverse events that started > 30 days after randomization 
(and > 30 days after a subsequent use of rt-PA, if applicable) should not be reported to 
the DCC) 

have a lower extremity Duplex ultrasound of the index leg (if in the Ultrasound Substudy) 
 

11.5 Scheduled Visit 5 – Follow-Up Assessment at 18 months 
 

At 18 months ± 1 month after randomization, subjects: 

   undergo assessment using Villalta PTS Scale, CEAP and VCSS instruments (both legs) 

   complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

   are queried on their use of ECS, and then ECS use is reinforced 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician 
visits, anticoagulant regimen, and their cost diary reviewed and recorded (Note: per 
Section 13.5, non-serious adverse events that started > 30 days after randomization 
(and > 30 days after a subsequent use of rt-PA, if applicable) should not be reported to 
the DCC) 

 

11.6 Scheduled Visit 6 – Follow-Up Assessment at 24 months 
 

At 24 months ± 2 months after randomization, subjects: 

   undergo assessment using Villalta PTS Scale, CEAP and VCSS instruments (both legs) 

   complete a QOL questionnaire (SF-36v2, VEINES-QOL/Sym) 

   are queried on their use of ECS, and then ECS use is reinforced 

   have adverse events, thrombotic and bleeding events, hospitalizations, physician 
visits, anticoagulant regimen, and their cost diary reviewed and recorded (Note: per 
Section 13.5, non-serious adverse events that started > 30 days after randomization 
(and > 30 days after a subsequent use of rt-PA, if applicable) should not be reported to 
the DCC) 

 

11.7 Unscheduled Assessments for Clinical Events during Follow-Up 
 

Subjects should be instructed to urgently contact study personnel or attend an Emergency 

Department if they develop symptoms compatible with recurrent VTE or bleeding. These 

symptoms should be reviewed verbally and also provided to subjects in writing, with relevant 

contact numbers. Procedures to evaluate suspected clinical events are described in Section 9. 
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12 PLAN FOR MINIMIZING BIAS 
 
12.1 Justification for Not Using a Double-Blind Design 

A double-blind design using sham PCDT procedures will not be used since a) it would be 

complex and unlikely to achieve effective blinding; b) it could change the efficacy and safety of 

standard DVT therapy in the Control Arm by causing puncture site bleeding or symptomatic PE; 

and c) it would cause patient hardship. 

12.2 Central Automated Randomization 

The use of a centrally-located automated randomization service using a pre-specified 

randomization schedule with random block sizes prepared by an arms-length statistician will 

ensure effective concealment of treatment allocation. 

12.3 Blinded Outcome Assessments 

The following explicit precautions must be taken to minimize the possibility that knowledge of 

treatment allocation or baseline subject variables will influence outcome assessments: 

1. Subjects must be asked not to reveal how they were initially treated when they are seen for 

scheduled and unscheduled follow-up assessments. 

2. Study personnel who perform follow-up assessments must be blinded to subject treatment 

allocation and must be different than study personnel who initially enroll and treat subjects. 

3. Study personnel must not ask subjects about their initial treatment (i.e., if it included PCDT) 
 

4. The conduct and interpretation of outcome assessments (i.e., specific procedures and 

diagnostic criteria) will be standardized in the study Manual of Procedures. 

5. All adjudicators must be blinded to treatment allocation. 
 

Along with effective concealment of allocation, these important precautions will minimize 

diagnostic suspicion bias, ascertainment bias, and interpretation bias (131-138). 

12.4 Avoidance of Crossover 

As described in Section 6.2.8, the use of PCDT in Control Arm subjects is strongly discouraged 

in the absence of limb-threatening circulatory compromise despite anticoagulant therapy. If a 

Control Arm subject is judged to require PCDT, the Principal Investigator should be notified 

before PCDT is performed to ensure that this decision is adequately justified and documented. 

Subjects who crossover will be analyzed in the treatment arm to which they were originally 

randomized, per the intention-to-treat principle. 
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12.5 Avoidance of Differential Co-intervention 

To minimize the possibility that differing use of standard DVT therapy might influence PTS rates, 

the following precautions must be taken: (a) bilateral below-knee elastic compression stockings 

(30-40 mmHg, the same brand to all subjects in each Center) should be used in all subjects 

(3,31); (b) the recommended intensity (target INR 2.0 to 3.0) and duration of anticoagulant 

therapy should be the same in both treatment groups (Section 6.1.2) (30). Data pertaining to the 

actual duration of anticoagulant therapy given and the percent of time spent in the therapeutic 

range (from INR blood testing) will be compared between the two arms; and (c) criteria for IVC 

filter use during follow-up will be the same in both arms, and data on filter use will be collected. 

12.6 Equal Surveillance of Both Treatment Arms 

As subjects in both treatment Arms will receive the same standard DVT therapy and follow-up, 

the intensity of surveillance will not differ between them. 

12.7 Subject Retention, Withdrawal, and Termination 

These measures will be taken to promote continued participation of subjects in both Arms: 

a) frequent telephone contact using a standardized schedule; 

b) electronic facilitation of follow-up (Section 14.3); and 

c) reimbursement for travel expenses (Section 18.6.2). 
 

Subjects should be encouraged to remain in the study until follow-up is completed but will be 

informed that they have the right to withdraw from the study at any time without compromise to 

their subsequent care. Subjects will be terminated from the study if they die or elect to withdraw. 

If subjects elect to withdraw, they should be asked for permission for the following: 

a) to be visited in their home by study personnel (if feasible); 

b) to be contacted by telephone; 

c) to have their physicians contacted. 

 
13 REPORTING OF ADVERSE EVENTS AND UNANTICIPATED PROBLEMS 

 
13.1 Definitions 

13.1.1 Adverse Event (AE) 

An Adverse Event is any untoward medical occurrence observed in a patient that develops or 

worsens from baseline status in association with a subject’s participation in the research, 

whether considered research-related or not. An AE can therefore be any unfavorable and 

unintended sign (including an abnormal laboratory finding), symptom, or disease temporally 
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associated with the research, whether or not considered related to the research. 
 

13.1.2 Serious Adverse Event (SAE) 

A Serious Adverse Event is any AE that results in one of the following outcomes: 

   Death 

   A life-threatening adverse experience 

   A persistent or significant disability/incapacity 

   Inpatient hospitalization or prolongation of existing hospitalization 

   Congenital anomaly, birth defect, or cancer in a neonate/infant born to a female subject 

   Pregnancy abortion (accidental, therapeutic, or spontaneous) 

Medical events that do not strictly fulfill these criteria may be considered SAEs if they seriously 

jeopardize the subject or require aggressive intervention to prevent one of these outcomes. 

13.1.3 Unanticipated Problem (UP) 

An Unanticipated Problem is defined as being any incident, experience, or outcome that meets  

all of the following criteria: 1) it is unexpected (in terms of nature, severity, or frequency) given 

the research procedures that are described in the protocol-related documents, such as the 

IRB- approved research protocol and informed consent document, and the characteristics of the 

subject population being studied; 2) it is related or possibly related to participation in the 

research (meaning that there is a reasonable possibility that the incident, experience, or 

outcome may have been caused by the procedures involved in the research; and 3) it suggests 

that the research places subjects or others at a greater risk of harm (including physical, 

psychological, economic, or social harm) than was previously known or recognized (note: per 

OHRP guidelines, any AE that is serious (i.e. a SAE), unexpected, and related or possibly 

related to participation in the research automatically meets this third criterion. 

13.2 General AE Recording and Reporting Guidelines 

13.2.1 Documentation of Adverse Events 

AEs should be solicited at all follow-up visits. Subjects should be encouraged to report AEs 

spontaneously or in response to non-directed questioning (e.g. “How has your health been 

since the last visit?”). If it is determined that an AE occurred, the Clinical Center investigator 

should determine if the event fulfills the criteria below for required reporting of the AE to the 

DCC. If so, obtain all the information needed to complete the electronic Adverse Events CRF. 

All reportable AEs must be recorded on the Adverse Events CRF and submitted to the DCC 

using the ATTRACT Trial’s Web-based electronic data capture system. The required reporting 
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periods for SAEs and non-serious AEs are specified in protocol Sections 13.4 and 13.5, 

respectively. 

13.2.2 Routine Occurrences in DVT Patients 

The following occurrences that commonly arise as a result of DVT and its routine clinical care 

should not be reported as AEs: a) fluctuations in INR and PTT values, unless associated with a 

bleeding episode (which would be reported as the AE), medical treatment (e.g. Vitamin K 

administration), or permanent discontinuation of the Study Drug; b) lower extremity symptoms 

(e.g. leg pain, swelling, fatigue, heaviness) that are clearly due to the initial DVT episode or PTS 

and that do not merit investigation for recurrent DVT in the physician’s judgment (if ultrasound, 

D-dimer, or other testing/imaging is performed to evaluate for recurrent DVT, the event should 

be reported as an AE); and c) hospitalizations for the sole purpose of enabling provision of 

anticoagulant therapy or patient education in the administration of anticoagulant therapy. 

13.2.3 Pre-Existing Medical Conditions 

A pre-existing medical condition is one that is present at the start of the study. Such conditions 

should be reported in the baseline medical/surgical history. A pre-existing medical condition 

should be re-assessed during the trial and reported as an AE or SAE only if the frequency, 

severity, or character of the condition worsens significantly or unexpectedly during the study. 

When reporting such events, it is important to convey the concept that the pre-existing condition 

has changed by including applicable descriptors (e.g. “more frequent” headaches). Previously 

scheduled hospitalizations and hospitalizations needed for diagnostic or elective surgical 

procedures for the management of pre-existing medical conditions are not considered AEs. 

13.2.4 Specific Reporting Guidelines 

To improve the quality/precision of AE reporting, investigators should follow these guidelines: 

1. Use recognized medical terms. Avoid the use of colloquialisms and/or abbreviations. 
 

2. Diagnosis vs. Signs/Symptoms: If known at the time of reporting, a diagnosis should be 

reported instead of individual signs and symptoms (e.g. record only “hepatitis” rather than 

jaundice and elevated transaminases). However, if the known signs and symptoms cannot 

be medically characterized as a single diagnosis or syndrome at the time of reporting, the 

information that is currently available should be reported. If a diagnosis is subsequently 

established, it should be reported as follow-up information as described in Section 13.5. 

3. A cascade of events (i.e. sequelae) should be identified by the primary, causative event. 

For SAEs, the event cascade can be detailed on the CRF. For example, when recording a 
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death, the event or condition that caused or contributed to the fatal outcome should be 

reported as the SAE (death would be the outcome of that SAE). If the cause of death is 

unknown and cannot be ascertained at the time of reporting, report “Unexplained Death”. 

4. Hospitalizations for Medical and Surgical Procedures: Any AE that results in inpatient 

hospitalization or prolonged of inpatient hospitalization should be reported as a SAE. If a 

subject is hospitalized to undergo a medical or surgical procedure as a result of an AE, the 

event responsible for the procedure (not the procedure itself) should be reported as the 

SAE. For example, if a subject is hospitalized to undergo coronary bypass surgery as a 

result of an AE, record the heart condition that necessitated the bypass as the SAE. 

13.2.5 Follow-Up Information 

Additional information may be added to a previously submitted report and sent to the CCC and 

DCC at any time. Subject identifiers, protocol description and number, a brief AE description, 

and a notation that additional information is being submitted should be included. Occasionally, 

the Principal Investigator may contact the site investigators for additional information, 

clarification, or an update on the current clinical status of subjects for whom AEs were reported. 

13.3 Categorization of Adverse Events 

All AEs must be characterized by the following criteria: 
 

13.3.1 Intensity or Severity 

The following categories of the intensity of an adverse event should be used: 

Mild Awareness of a sign or symptom that does not interfere with the patient’s 

usual activity or is transient, resolved without treatment and with no sequelae. 

Moderate Interferes with the patient’s usual activity, but he/she is still able to function. 
 

Severe Interrupts a patient’s usual daily activity and generally requires a systemic drug 

therapy or other treatment 

13.3.2 Expectedness 

Each AE should be evaluated as to whether it was expected or unexpected. An unexpected AE 

is defined as any AE the nature, severity, or frequency of which is not consistent with either: 

1) the known or foreseeable risk of AEs associated with the procedures involved in the 

research that are described in (a) the protocol-related documents, such as the IRB- 

approved research protocol (e.g. Section 18.3 of this protocol), any applicable investigator 

brochure, and the current IRB-approved informed consent document; and b) other relevant 
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sources of information, such as product labeling and package inserts; or 
 

2) the expected natural progression of any underlying disease, disorder, or condition of the 

subject(s) experiencing the AE and the subject’s predisposing risk factor profile for the AE. 

AEs that do not meet the above criteria of an unexpected AE should be graded as expected. 
 

13.3.3 Relatedness to Participation in the Research Study (per OHRP Guidelines) 

Each AE should be evaluated as to whether it was related or possibly related to participation in 

the research study (meaning that there is a reasonable possibility that the AE may have been 

caused by the procedures involved in the research). AEs determined to be solely caused by an 

underlying disease, disorder, or condition of the subject; or other circumstances unrelated to the 

research should be categorized as being not related to participation in the research. 

13.3.4 Relatedness to Use of the Study Drug (for FDA Reporting) 

Each AE should also be evaluated as to whether it was related to use of the study drug (rt-PA): 

Definite An AE is clearly related to use of the study drug (rt-PA). 

Probable An AE has a strong temporal relationship to use of the study drug (rt-PA), 

and another etiology is significantly less likely 

Possible An AE has a strong temporal relationship to use of the study drug (rt-PA), and 

an alternative etiology is equally or less likely. 

Unlikely An AE has little or no temporal relationship to use of the study drug (rt-PA), 

and/or a more likely alternative etiology exists. 

Not Related An AE is not related to use of the study drug (rt-PA) (no temporal relationship, or 

a much more likely alternative etiology exists). 

Adverse events with rt-PA are well-described and consist mainly of bleeding complications, 

including major and intracranial hemorrhage (see Section 1.5, Section 1.6, and Section 18.3). 

The incidence of these complications has been quantified in subjects receiving comparatively 

large rt-PA doses for acute myocardial infarction, stroke, and PE. Any bleeding that is 

attributable to rt-PA is most likely to occur within 24 hours of treatment and is very unlikely to 

occur after 72 hours. Hence, in Experimental Arm subjects, all bleeding events that occur within 

72 hours of PCDT initiation will be attributed to the use of rt-PA. 

13.3.5 Outcome 

The clinical course of all AEs should be followed until a medical outcome is determined 

(resolution, stabilization, or determination that it was unrelated to study participation). If a 
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subject becomes pregnant within 90 days of receiving rt-PA, follow-up should be obtained to 

establish the pregnancy’s outcome. The clinical outcome of all AEs will be recorded as follows: 

Death 

Recovered Patient returned to baseline status. 

Not Yet Recovered Patient did not recover and symptoms/sequelae continue. 

Recovered with Sequelae Patient recovered but with clinical sequelae from the event. 

13.3.6 Treatment or Action Taken 

AEs and SAEs will be categorized by the actions taken in response to the event: 

Intervention Surgery or other invasive procedure 

Non-surgical Treatment Drug initiation, interruption, dose reduction, or 

discontinuation 

None No action was taken. 
 

13.4  Reporting Requirements for Serious Adverse Events 

All observed or volunteered SAEs occurring from randomization through 24 months following 

randomization, regardless of treatment group or suspected causal relationship to the research 

study, must be recorded on the designated Serious Adverse Event CRF and submitted to the 

DCC. The Clinical Center investigator should also report any SAE occurring after a subject has 

completed or discontinued study participation if it was possibly related to prior rt-PA exposure. 

If the investigator should become aware of the development of cancer or congenital anomaly in 

a subsequently conceived offspring of a female subject, this should be reported as a SAE. The 

Clinical Center investigators must use the following procedure for reporting SAEs: 

1. Report any SAE that occurs within 24 months after randomization to the ATTRACT Trial 

Clinical Coordinating Center (CCC) at the Washington University School of Medicine. A 

description of the event should be reported on the electronic Serious Adverse Event CRF 

and e-mailed or faxed within 24 hours of knowledge of the event (Monday-Friday) to: 

Suresh Vedantham, M.D. 

Principal Investigator, ATTRACT Trial 

Mallinckrodt Institute of Radiology 

510 S. Kingshighway, Box 8131 

St. Louis, MO 63110 

Telephone: (314) 362-2923 

Fax: (314) 747-1944 
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E-Mail:  vedanthams@mir.wustl.edu 
 

2. Report the SAE to the Clinical Center’s local IRB per its regulations. If the event causes 

death or is life-threatening, this must be done within 24 hours of knowledge of the event. 

3. Electronically transmit the Serious Adverse Event CRF to the Data Coordinating Center. 
 

4. In reporting SAEs, the investigator should provide any potentially relevant information on 

subject demographics; pre-existing conditions; the event’s description; its date/time of onset, 

severity, and treatment; results of diagnostic testing; the duration of sequelae; and outcome 

if known. Information on suspect medications including dose, route of administration, 

frequency, dates, lot number, expiration date, and concomitant medications should be given. 

5. Deaths: Any report of a patient death should be accompanied by a Death CRF, a Follow-Up 

CRF, an End of Study CRF, an Adverse Event CRF, a Serious Adverse Event CRF, a 

statement of the pertinent details, and the death records/certificate and autopsy report (if 

performed). When reporting a death, the primary event or condition that caused or 

contributed to the fatal outcome should be reported as the SAE (death is the outcome of that 

SAE). If the cause of death is unknown at the time of reporting, report “Unexplained Death”. 

At the CCC, Dr. Vedantham (the ATTRACT Trial Principal Investigator and IND Holder) will 

review the SAE report and obtain any needed additional clarifications concerning the event by 

direct telephone conversations and/or e-mail with the Clinical Center investigator(s). The Clinical 

Center investigator’s description and categorization of the SAE per the criteria in Section 13.3, 

and any additional relevant information, will then be reviewed at the CCC by the ATTRACT Trial 

Safety Officer. The Safety Officer will determine if the SAE was properly categorized. If not, he 

will provide Dr. Vedantham and the Clinical Center investigator with a modified categorization, 

along with a brief written rationale for re-categorizing the SAE. In nearly all instances, the Safety 

Officer’s categorization will be considered the CCC’s final categorization of the SAE. However, if 

a Clinical Center investigator continues to believe that a SAE was unexpected or possibly, 

probably, or definitely related to use of rt-PA, then the event will be reported as such. 

13.4.1 Expedited Reporting of SAE that are Unanticipated Problems 

The CCC will evaluate each SAE to determine if it fulfills the criteria for being a UP (see Section 

13.1.3). Dr. Vedantham (Principal Investigator and IND Holder) will notify the NHLBI Project 

Officer; the DSMB Executive Secretary; the Washington University Human Research Protection 

Office; the FDA (fax (800) FDA-1078); Genentech Drug Safety (telephone (650) 225-2232, fax 

(650) 225-4630 or (650) 225-5288); the ATTRACT Steering Committee, and the Clinical Center 

mailto:vedanthams@mir.wustl.edu
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investigators of any SAE that is a UP within 7 calendar days of first learning of the event. The 

Clinical Center investigators are then responsible for notifying their respective IRBs of the UP. 

13.4.2 IND Safety Reports 

Dr. Vedantham is the Primary Medical Monitor and is responsible for timely submission of the 

Medwatch 3500a form to the FDA. Within 15 calendar days after initial knowledge of any SAE 

categorized as unexpected and possibly, probably or definitely related to the use of rt-PA, Dr. 

Vedantham will send a written IND Safety Report to (a) the FDA (faxed to (800) FDA-1078); (b) 

Genentech Drug Safety fax (650) 225-4630 or (650) 225-5288); (c) the NHLBI Project Officer; 

(d) the Washington University Human Research Protection Office; (e) the DSMB Executive 

Secretary; (f) the ATTRACT Steering Committee; and (g) the Clinical Center investigators. This 

Report will include an Analysis of Similar Events, per 21 CFR 312.32. The Clinical Center 

investigators are then responsible for providing this Report to their IRBs. 

We expect that this strategy will allow the identification of serious or systematic hazards in a 

timely fashion, facilitating corrective action and appropriate reporting to regulatory agencies. 

Contact numbers for Dr. Vedantham (ATTRACT Trial Principal Investigator, IND Holder, and 

Primary Medical Monitor) and Dr. James R. Duncan (ATTRACT Trial Safety Officer) are below: 

Primary Medical Monitor ATTRACT Trial Safety Officer 
 

Suresh Vedantham, M.D. James R. Duncan, M.D., Ph.D. 

Principal Investigator, ATTRACT Trial Safety Officer, ATTRACT Trial 

Mallinckrodt Institute of Radiology Mallinckrodt Institute of Radiology 

510 S. Kingshighway, Box 8131 510 S. Kingshighway, Box 8131 

St. Louis, MO 63110 St. Louis, MO 63110 

Telephone: (314) 362-2923 Telephone:  (314) 747-6281 

Fax: (314) 362-2276 Fax: (314) 362-2276 

E-Mail: vedanthams@mir.wustl.edu E-Mail:  duncanj@mir.wustl.edu 
 

For questions regarding AE or SAE reporting, the Clinical Center investigators may contact Dr. 

Vedantham or the Genentech Medical Science Liaison (Kathy Harbour, Ph.D., telephone (415) 

218-4623, fax (949) 706-2464) at any time. Information on all SAEs, any pregnancy that occurs 

within 3 months of rt-PA use in female subjects (including follow-up on the pregnancy’s 

outcome), all annual reports to the FDA, the final Clinical Study report, and any literature  

articles that result from the ATTRACT Trial will be copied to the Genentech Medical Science 

Liaison. 

mailto:vedanthams@mir.wustl.edu
mailto:duncanj@mir.wustl.edu
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13.5 Reporting Requirements for Non-Serious AEs 

All non-serious AEs that occur from randomization through 30 days after randomization, or that 

occur within 30 days after a PCDT procedure that is performed at any time during the follow-up 

period, must be reported to the DCC on the Adverse Events CRF. Note: if recurrent VTE or 

bleeding occurs beyond 30 days but the event does not meet the Section 13.1.1 criteria for a 

SAE, the event should not be reported to the DCC as an AE. However, the event must still be 

reported to the DCC as a possible outcome event - a Suspected VTE or Suspected Bleeding 

CRF would need to be submitted to the DCC along with any relevant source documentation. 

13.6 Reporting Requirements for Unanticipated Problems that are not SAEs 

Any UP (whether or not it causes an AE) should be reported to Dr. Vedantham by e-mail or fax 

within 24 hours of knowledge of the event or problem (Monday-Friday), and should also be 

reported to the site’s local IRB per its regulations. For further information on UP reporting, 

please see the policy at http://www.hhs.gov/ohrp/policy/AdvEvntGuid.htm or Appendix 15. 

The CCC will report any UP along with a description of any corrective action planned or taken in 

response to the UP to the NHLBI Project Officer, the DSMB Executive Secretary, the FDA, the 

Washington University Human Research Protection Office, the ATTRACT Steering Committee, 

Genentech Drug Safety, and the Clinical Center investigators within 30 calendar days (or within 

7 calendar days if the UP is fatal, life-threatening, or serious). The Clinical Center investigators 

are then responsible to notify their local IRBs of any UP of which they are notified by the CCC. 

 

14 DATA REPORTING, PROCESSING AND QUALITY CONTROL 
 
14.1 Training of Field Personnel and Standardization of Assessments 

14.1.1 Clinical Outcomes 

Before starting the study, all study nurses will complete standardized training on the proper 

acquisition and reporting of data. This will be accomplished with: a) the Manual of Procedures; 

b) a start-up Investigator’s Meeting with hands-on training and practice sessions using the 

measurement scales; c) use of a full color, plasticized graphic visual aid for grading signs of 

PTS using Villalta PTS Scale; d) use of published tables/descriptions that instruct examiners on 

use of Basic CEAP and the VCSS system, and; e) an on-line training module for the electronic 

remote data capture system. Administration of the PTS instruments is detailed in Section 8.9. 

14.1.2 Imaging Outcomes (Ultrasonography and Venography) 

The following steps will be taken to ensure optimal acquisition and quality, standardization, and 

interpretation of imaging studies: 1) close communication between the Data Coordinating 

https://mirmail.wustl.edu/owa/redir.aspx?C=b919a3e06ebf45518aaabaa25741e9aa&amp;amp%3BURL=http%3a%2f%2fwww.hhs.gov%2fohrp%2fpolicy%2fAdvEvntGuid.htm
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Center, Clinical Centers, Ultrasound Core Laboratory, and Clinical Coordinating Center in the 

development of training, operations, and adjudication manuals, aids (including DVDs), and case 

report forms; 2) diligent credentialing of Ultrasound Substudy Center sonographers (they will 

have recognized certifications for trained vascular technologists and significant experience with 

performance of venous Duplex ultrasound exams), vascular ultrasound laboratories 

(accreditation by American College of Radiology or Intersocietal Commission for Accreditation  

of Vascular Laboratories), the endovascular physicians (subspecialty board certification), and 

the Clinical Centers (accredited by the Joint Commission on the Accreditation of Healthcare 

Organizations); 3) use of high quality venous Duplex ultrasound and digital venography; 4) 

training sessions for ultrasonography personnel at the yearly Investigator Meetings; 5) 

certification of individual sonographers by the Ultrasound Core Laboratory based on review of  

at least 2 random venous Duplex ultrasound examinations performed using the ATTRACT 

Duplex protocol (Appendix 12); 6) independent central interpretation of ultrasound (Ultrasound 

Core Laboratory) and venogram (DCC) examinations by 2 blinded expert readers, with 

involvement of a third reader to resolve discrepancies; and 7) ongoing quality control feedback 

to the Clinical Centers from the central reading facilities at the DCC and Ultrasound Core 

Laboratory. 

14.2 Data Acquisition, Monitoring and Quality Control 

Subject data will be collected via a remote-entry web-based Electronic Data Capture (EDC) 

application. This system utilizes Microsoft’s ASP.NET AJAX technology as a method of client- 

server communication and uses Microsoft SQL 2008 R2  server as the database engine. All 

data exchange is encrypted using the Secure Sockets Layer (SSL) communication protocol. 

Application level security is a role-based security model. This system incorporates on-line 

controls and validation, and web-based query generation and response options. Where 

appropriate, the database will only accept data within pre-defined ranges, verify that entered 

dates are consistent for individual subjects, force entry of compulsory fields that must be 

completed before subsequent data entry, and cross-reference data to check for internal 

consistency. Entered data that is inconsistent, missing, or erroneous will be flagged for review 

by DCC staff; if these concerns cannot be resolved with certainty within the Web-based system, 

DCC staff will contact the Clinical Center for clarification. As a backup, PDF versions of the 

Case Report Forms will be available on the study website, and completed forms can be faxed  

to the DCC. At regular intervals, the data will be scrutinized using pre-specified and pre- 

programmed logic rules to detect outlier values and inconsistent data items. These will be 

flagged and checked for validity to ensure that reporting or data entry errors have not occurred. 
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This will be repeated one last time at the completion of the study, but before database lock. In 

addition to a daily tape backup, databases will be backed-up weekly onto DVDs that are stored 

in a secure off-site location with restricted access. 

14.3 Electronic Facilitation of Follow-Up 

The DCC will automatically generate a complete 24-month follow-up schedule for each subject 

that will be accessible to the Clinical Center within 2 business days of randomization. There will 

be continuous monitoring of visit completion and the Clinical Centers will be contacted if 

reporting has not occurred within 7 days of a scheduled visit. If this does not elicit a response or 

a completed report within 7 days, an electronic reminder will be sent to the Center. If there is no 

completed report within a further 7 days, the Clinical Center research coordinator, Clinical 

Center investigator, and ATTRACT Clinical Coordinating Center will be informed of the  

reporting deficit. This process is expected to achieve timely reporting of nearly all scheduled 

visits. 

14.4 Data Confidentiality 

14.4.1 At the Data Coordinating Center 

1. Personal identifiers (e.g., name, address, telephone numbers) will not be entered in the 

electronic database (this data will be stored in a secure location in the Clinical Centers 

with restricted access) and will be removed from all patient material sent to the DCC for 

clinical outcomes adjudication (e.g., clinic notes, x-rays).  Centers that are unable to de- 

identify imaging exams may submit the exams provided that doing so is consistent with 

the signed informed consent form and HIPAA Authorization approved by the local IRB. 

2. Clinical Centers will require a complex password to gain access to Web-based 

documents. 

3. The DCC database will be password protected with strong encryption and will incorporate 

various fire walls and isolated networks. 

4. All attempts to access the DCC database will be logged. 

5. All data will be destroyed after 25 years. 

6. All DCC practices will comply with McMaster University and Hamilton Health Sciences 

joint policy “Standard Operating Procedures for Clinical Research” and applicable OCOG 

SOPs related to DCC activities. 

14.4.2 At the Clinical Centers, Clinical Coordinating Center, and Core Laboratories 

Subject data will be kept in a locked office and on password-protected and firewall-protected 

computer systems, and will only be available to the research team. Different password- 
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protected files will be created and will be linked using the participant’s unique identification 

number. Subject names and other personal information will be kept separate from study data. 

Identifier keys will be stored in separate files which only the site principal investigator and 

authorized personnel at the site, CCC, or core laboratory can access. A list of names of all 

personnel who are approved to have such access will be maintained at each Clinical Center. 

14.5  Compliance with Laws and Regulations 

This study will be conducted in accordance with current FDA Good Clinical Practices, the Health 

Insurance Portability and Accountability Act (HIPAA), and local ethical and legal requirements. 

 

15 STATISTICAL METHODS 
 
15.1 Sample Size Calculation 

The goal of the ATTRACT Trial is to determine if adjunctive PCDT (Experimental Arm), 

compared with optimal standard DVT therapy alone (Control Arm), reduces the 2-year 

occurrence of PTS in subjects with symptomatic proximal DVT. Based on previous studies (2-5), 

30% of subjects in the Control Arm are expected to have PTS within 24 months of DVT 

diagnosis. Based on the expected success of PCDT at restoring venous patency and reductions 

of PTS that were achieved with thrombolytic therapy in earlier studies (33,34,42,51,52,139), we 

hypothesize that PCDT will reduce the risk of PTS by at least 33%. Accepting a 5% chance of 

incorrectly concluding that there is a difference in the proportion of subjects with PTS at 24 

months with PCDT (α error=0.05; two-sided), and the requirement that the study has an 80% 

chance (β error=0.2) of detecting a true difference if PCDT truly reduces PTS by 33%, 311 

subjects in each group must be studied (based on the Fisher’s exact test). 

In recently completed studies of long-term treatment for unprovoked VTE coordinated by the 

DCC, loss to follow-up or death occurred in 2.5% during 2 years follow-up (140), and in 3.4% 

during mean follow-up of 2.4 years (141). We therefore expect no more than 5% of randomized 

subjects to be lost to follow-up at 24 months. However, to ensure that statistical power will not be 

compromised, we will assume that as many as 10% of randomized subjects (double the 

maximum expected) will not complete the 24-month assessment. Therefore, we plan to 

randomize 346 subjects to each group, yielding a total study sample size of 692 subjects. 

For the secondary analyses, 692 subjects will provide approximately 88% power to detect an 

effect size of 0.25 with continuous outcomes. QOL changes from baseline: This translates into 

the ability to detect a difference of 1.25 in the VEINES-QOL change scores, and 2.5 in the SF- 

36v2 PCS and MCS change scores (change of 4 points is clinically important for all 3 scales). 
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PTS severity on Villalta PTS Scale: A difference as small as 1.25 units can be detected (5-point 

gradations define severity categories) (98, 111). Ultrasound outcomes: Assuming a 50% risk of 

deep venous reflux in the Control Arm and 10% inflation for losses due to withdrawal, death, or 

inadequate exams (rare), 142 subjects will provide 80% power to detect a 50% relative risk 

reduction for this outcome (alpha = 0.05, two-sided). 128 evaluable subjects will provide 80% 

power to detect effect sizes of 0.5 for reflux and obstruction on the continuous VSDS scales. 

Regarding safety, we will perform a descriptive analysis of the rates of major bleeding and 

symptomatic PE in the two study Arms. These events are expected to occur infrequently (2% for 

major bleeding at 10 days and for symptomatic PE at 3 months) in the Control Arm. With 311 

evaluable subjects per arm, if 2% of each group experiences an outcome, the 95% confidence 

interval on the difference of 0% will include an absolute decrease or increase of 2.4%. 

15.2 Primary Analysis 

The primary efficacy analysis is a comparison of the proportion of subjects in each Arm who 

have developed PTS, defined as a total score of > 5 in the limb ipsilateral to the index DVT on 

the Villalta PTS Scale (or an ulcer) at the 6-month follow-up visit, or subsequently during the 24 

months after randomization. A stratum-adjusted Cochran-Mantel-Haenszel test will be used. All 

testing will be two-sided, and a p-value of 0.05 or less will be considered statistically significant. 

Subjects will also be counted as having PTS if they underwent an unplanned endovascular 

intervention (PCDT or another intervention) for the treatment of severe symptomatic venous 

disease in the index leg more than 6 months after randomization and either a) they had a total 

score of > 5 on the Villalta PTS Scale that was performed immediately preceding that 

intervention, or an ulcer; or b) the Villalta PTS Scale was not performed at that time. 

Irrespective of any subsequent post-randomization intervention, all patients will be counted in 

the treatment arm to which they were originally randomized, per the intention-to-treat principle. 

Two data sets will be considered: 
 

15.2.1 Modified Full Analysis Set 

The modified full analysis set will consist of all subjects randomized except those who did not 

have DVT (i.e. violated the inclusion criterion) and those deemed to be not analyzable for that 

outcome. The Adjudication Committee, without knowledge of treatment allocation, will decide if 

subjects qualify as valid post-randomization exclusions. For subjects who died, were lost to 

follow-up, or withdrew consent (i.e. refused to be contacted directly or indirectly) before the 24- 
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month PTS assessment, (142,143), a number of imputation strategies (Section 15.4.2) will be 

employed in the sensitivity analysis. 

15.2.2 Per-Protocol Set 

The per-protocol set includes everyone in the modified full analysis set except for any subjects 

who meet either of the following criteria: (1) randomized to PCDT but did not have skin puncture 

for endovascular DVT therapy during the first 7 days post-randomization; or (2) randomized to 

the Control Arm but had skin puncture for PCDT or endovascular DVT therapy, and/or either 

systemic or local thrombolytic therapy, during the first 7 days post-randomization. 

15.3 Secondary Analyses 
 

Secondary analyses will be performed using both analysis sets. To account for multiple testing, 

a two-sided p-value of 0.01 or less will be considered statistically significant for all tests (144). 

15.3.1 Symptomatic Venous Thromboembolism 
 

The proportion of subjects who develop symptomatic VTE within 24 months post-randomization 

(subdivided according to whether the event was within the first 10 days, 11 to 30 days, 31 to 90 

days, or 91 days to 24 months) will be compared between the two treatment groups using a 

stratum-adjusted Cochran-Mantel-Haenszel test. 

15.3.2 Major and Any Bleeding 

The proportion of subjects with major bleeding during the 10 days after randomization, and 

between 11 days and 24 months, will be compared between the two groups using a stratum- 

adjusted Cochran-Mantel-Haenszel test. A similar comparison will be undertaken for any 

bleeding (major or minor). The nature of major bleeds (e.g. intracranial, needing surgery or 

transfusion) will be described. Complications will also be described by outcome according to SIR 

reporting standards (48,120). 

15.3.3 Deaths 

Overall and cause-specific counts of death will be described in the two treatment groups; the 

overall mortality at 1 month and 24 months will be compared using a stratum-adjusted Cochran- 

Mantel-Haenszel test. In addition, Kaplan-Meier curves will be estimated for the two treatment 

arms. 

15.3.4 Disease-Specific Quality of Life 

The change in VEINES-QOL and VEINES-Sym scores from baseline to 24 months will be 

compared between the two groups using a Student’s t-test (for each scale, a difference of 4 
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points is clinically meaningful). A linear mixed model analysis of the repeated assessments (at 1, 

6, 12, 18 and 24 months) with baseline scores as a covariate will be used to investigate the 

changes over time, and if they differ by treatment arm. 

15.3.5 Generic Quality of Life 

The change in SF-36v2 PCS and MCS scores from baseline to 24 months will be compared 

between the two groups using a Student’s t-test. A difference of 5 points on each scale is 

considered to be clinically relevant. In addition, a linear mixed model analysis of the repeated 

assessments (at 1, 6, 12, 18 and 24 months) with baseline scores as a covariate will be used to 

investigate the changes over time, and if they differ by treatment arm. 

15.3.6 Severity of Post-Thrombotic Syndrome 

Villalta severity classification (none, mild, moderate, severe) at 24 months will be compared 

between the two arms (4 x 2 table) using an exact Kruskal-Wallis nonparametric test with 

severity as a single ordered factor. In addition, ordinal logistic regression analysis adjusting for 

baseline factors will be performed. We will also use a linear mixed model for the repeated total 

Villalta scores (assessed at 10 days and 1, 6, 12, 18, and 24 months) with the baseline score 

serving as a covariate, to investigate their response patterns over time, and assess if they differ 

by treatment arm.  In addition, the proportion of patients with either moderate or severe PTS will 

be compared between the two treatment groups using a stratum-adjusted Cochran-Mantel- 

Haenszel test. The CEAP Clinical Class and VCSS scores will be similarly analyzed. 

15.3.7 Major Non-PTS Treatment Failure and Composite Outcome 

The proportion of subjects who experience a major non-PTS treatment failure, defined as 

meeting one or more of the following criteria, will be reported for the two treatment arms: 

(1) the subject undergoes an unplanned endovascular or surgical intervention for the 

treatment of severe symptomatic venous disease in the index leg within the first 6 months 

after randomization (excluding PCDT Arm patients who undergo repeat PCDT within the 

first 3 months after randomization, and Control Arm patients whose intervention occurs 

within 7 days post-randomization and was not prompted by acute limb-threatening 

circulatory compromise); 

(2) the subject undergoes an amputation in the index leg anytime within 24 months after 

randomization; and/or 

(3) the subject develops venous gangrene in the index leg within the first 6 months after 

randomization. 
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The composite sum of the proportions of subjects who either develop PTS or experience a 

major non-PTS treatment failure during 24 months of follow-up will be compared between the 

two treatment arms using a stratum-adjusted Cochran-Mantel-Haenszel test. 

15.3.8 Inter-Relationship between Scales 

The relationships between VEINES-QOL, SF-36v2 PCS and MCS scores, Villalta score, CEAP, 

and VCSS will be explored using multivariate methods. 

15.3.9 Residual Thrombosis after PCDT Correlated with PTS 

Among Experimental Arm subjects, the extent of proximal DVT on venography after PCDT will 

be correlated with the presence of PTS at 24 months. For these analyses, extent of residual 

DVT will be considered as a continuous variable (Marder Score of 0 to 24) and PTS will be 

considered both as a continuous variable (Villalta score 0-33), and as a dichotomous variable 

(PTS present or absent). Analysis will include multivariable linear regression for the continuous 

outcome, and logistic regression for the binary outcome, adjusting for baseline variables. 

15.3.10 Residual Thrombosis and Valvular Reflux Correlated with PTS 

The extent of residual thrombosis (0-10) and venous reflux (0-10), and the total Venous 

Segmental Disease Score (0-20), will be described for the two groups, and will be compared 

(Student’s t-test). These scores (total, and component parts) will be correlated with the presence 

and severity of PTS at 24 months using the techniques outlined in Section 15.3.8. 

15.3.11 Resolution of Acute Symptoms 

Mean absolute change in severity of leg pain, measured using a 7-point Likert scale, from 

baseline to 10 days and 1 month after randomization will be compared between the two arms 

using an analysis of co-variance. Leg circumference (measured and percentage change in leg 

circumference compared to pretreatment values), at 10 days and 1 month will be compared 

between the two arms using the Student’s t-test. In the PCDT group, the mean change scores 

in leg pain and leg circumference will be correlated with degree of thrombus removal as 

assessed by mean change in Marder scores between pre-PCDT and post-PCDT venograms. 

15.3.12 Predictors of Therapeutic Response 

Exploratory analysis, using linear regression and logistic regression models, will be performed to 

identify baseline variables associated with reduced PTS. Within the PCDT group, differences in 

endovascular technique will be described and associations with outcomes will be explored. A 

history of previous ipsilateral DVT and any previous DVT will be included as analysis variables. 
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15.4 Additional Analysis Issues 

15.4.1 Confounding 

Stratification at randomization for the extent of DVT and Clinical Center and the standardization 

of the use of standard DVT therapy (Section 12.5) will reduce the potential for confounding. 

However, in addition to the unadjusted analysis described above, an adjusted analysis of the 

study outcomes comparing treatment Arms will be performed using multivariable regression 

analysis (linear regression for continuous outcomes, logistic regression for binary outcomes) that 

controls for the following baseline variables as main effects: age (continuous), gender (female  

vs. male), ethnicity (Hispanic/Latino vs. other), race (American Indian/Alaskan Native, Asian, 

Black, Hawaiian/Pacific Islander vs. White), body-mass index, employment status, previous 

ipsilateral DVT, inpatient (yes, no), duration of leg symptoms, extent of DVT at presentation 

(iliofemoral vs. femoropopliteal), symptom severity at presentation, and Clinical Center. 

15.4.2 Missing Data 

The training of study personnel, the use of electronic Case Report Forms that have been pilot 

tested for clarity, and the precautions noted in Section 14.3 are expected to minimize the 

occurrence of missing data. If a subject misses a visit but can be reached by phone within 1 

month of the visit, the five patient-reported symptom questions of Villalta PTS Scale will be 

asked over the phone. From these responses, the total (symptoms plus signs) Villalta score will 

be estimated using a simple imputation algorithm. The same algorithm will be used for other 

situations in which the Villalta PTS assessment is only partially completed. From the data in our 

recently completed study (145), the correlation between the Villalta symptom and total scores 

was found to be extremely high (between 0.85 and 0.90). Similarly, the VEINES and SF-36v2 

questionnaires will also be administered by phone in the rare situations when the subject is 

unable to attend clinic.  For missed visits, the total Villalta score, the SF-36 component scores, 

and the VEINES Sym and QOL component scores will be estimated using multiple imputation 

(MI) methods, but only for the sensitivity analysis.  For all other outcomes, no missing data 

imputation will be undertaken. For missing baseline data items that serve as covariates, 

iterative methods such as the Markov Chain Monte Carlo (MCMC) method will be employed to 

solve this problem. The possibility of non-ignorable missing outcomes will be investigated in 

exploratory analyses. 

15.4.3 Software 

All data checking/manipulation and most of the analysis and graphics will be undertaken using 

SAS (Cary, NC) software. In addition, Cytel’s StatXact software will be used for all exact 
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nonparametric analysis; the R open-source software will be used for any non-standard statistical 

analysis and to produce plots; the Minitab (State College, PA) statistical and graphics software 

will also be used to produce plots. The latest available versions will be used. 

15.5 Interim Analyses and Stopping Guidelines 

All relevant data and summaries will be provided to the Data Safety Monitoring Board (DSMB) 

by the DCC (Section 17.4). The DSMB will review the frequency of adverse safety outcomes, 

particularly symptomatic VTE and major bleeding, at intervals that it determines (146,147). 

Initially, such reviews will be done without knowledge of allocation, but the DSMB can request 

unblinding at any stage. Based on an overall assessment of risk and benefit, the DSMB can 

recommend premature stopping of the study to the NHLBI at any time. 

We do not anticipate early stopping because of superior efficacy of PCDT because: (1) the 

primary outcome for efficacy reflects symptoms rather than survival; and (2) it is most 

improbable that evidence of superior efficacy of PCDT of a sufficient size to change clinical 

practice can be obtained without enrollment of nearly the entire planned sample size (148,149). 

15.6 Statistical Analysis Plan 

A detailed statistical analysis plan will be prepared by the study statistician and submitted to the 

Steering Committee and DSMB for review and approval prior to unblinding and database lock. 

 

16 INVESTIGATOR RESPONSIBILITIES 
 
16.1 Study Initiation 

Before enrollment of the first subject at each Clinical Center, the following documents must be 

on file with the ATTRACT Clinical Coordinating Center at Washington University: 

   Original U.S. FDA Form 1572, signed by the site principal investigator. The names of 

all co-investigators at the Clinical Center must also appear on this Form. 

   Current curriculum vitae of the principal investigator and all co-investigators. 

   Current, dated Institutional Review Board (IRB) membership list. 

   Written documentation of IRB protocol approval (protocol number/title and approval date) 

and informed consent document (protocol number/title and approval date). 

   A copy of the IRB-approved informed consent document. The informed consent 

document must be reviewed by the study Principal Investigator prior to IRB 

submission. 

A copy of the IRB-approved authorization for Protected Health Information (HIPAA 
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requirement). This may be integrated into the patient informed consent document. 

   Written documentation of IRB review and approval of any advertising materials that 

will be used for subject recruitment to the study. 

   Current laboratory certification (Clinical Laboratory Improvement Amendments (CLIA) 

and the College of American Pathologists [CAP]) of the institution listed on the Form 

1572 

   Medical Therapy Committee certification of anticoagulation monitoring plans and 

medical co-investigator credentials 

   Interventions Committee certification of endovascular co-investigator credentials 

Ultrasound Core Laboratory certification to perform compression ultrasound exams 

16.2 Study Completion 

The following data and materials must be on file at the Clinical Coordinating Center at 

Washington University before the study can be considered complete or terminated: 

   Laboratory findings, clinical data and test results from screening through end of follow- 

up. 

   Case Report Forms, properly completed. 

   Copies of protocol amendments and IRB approvals, if appropriate. 

   Review of final visit checklist. 

   Copy of study termination letter sent to the IRB. 

   All regulatory documents (CV for each investigator, U.S. FDA Form 1572 for each 

Center) 

16.3 Institutional Review Board Approval 

The protocol, informed consent document, and supporting information must be approved by the 

IRB before study initiation. The study will be conducted in accordance with the requirements of 

the FDA, NHLBI, applicable national and local health authorities, and participating institutions’ 

IRBs. The Clinical Center principal investigator is responsible for keeping the IRB apprised of 

study progress and protocol changes as deemed appropriate, at a minimum of once a year. 

The Clinical Center principal investigator must also notify his/her IRB of all unexpected SAEs. 

Some IRBs have other AE requirements to which investigators are expected to adhere. 

Investigators must immediately forward to their IRB any written safety update provided by the 

Principal Investigator (i.e. IND Safety Report, safety amendments, updates to the study 

protocol). 
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Changes or additions to the study protocol or informed consent document at a Clinical Center 

must be approved in writing by the ATTRACT Principal Investigator and the Center’s IRB. 

16.4 Informed Consent 

Template informed consent documents will be provided to each site. The final IRB-approved 

document must be provided to the study Principal Investigator, including the protocol version 

and date. The informed consent document must be signed by the subject or his/her legally 

authorized representative before participation in the study. A copy of the informed consent 

document must be provided to the subject or his/her legally authorized representative. If 

applicable, it should be provided in a certified translation of the local language. 

Signed consent forms must remain in each subject’s study file and be available for verification 

by Clinical Coordinating Center personnel at any time. Documentation of the date informed 

consent was obtained and a notation that a signed copy was given to the subject should be 

recorded. The informed consent process must always be conducted in a non-coercive manner, 

and should be consistent with the FDA regulation 21CFR, Part 50. 

16.5 Study Monitoring Requirements 

Site monitoring visits will be routinely conducted by authorized representatives of the Principal 

Investigator to inspect study data, informed consent forms, subjects’ medical records, and Case 

Report Forms, pursuant to U.S. GCPs and other federal and local regulations. The Clinical 

Center principal investigator will permit authorized representatives of the FDA, NHLBI, 

Washington University, and local health authorities to inspect relevant facilities and records. 

16.6 Case Report Forms 

Web-based electronic CRFs will be provided to the Clinical Centers by the Principal Investigator 

and DCC. All CRFs should be filled out completely by the study coordinator or investigators. The 

CRFs must be reviewed by the site investigator prior to submission to the DCC. CRFs should be 

completed in a neat, legible manner to ensure accurate interpretation of the data. 

16.7 Disclosure of Data 

Subject information obtained by this study is confidential, and disclosure to parties other than 

those noted here is prohibited. Upon the subject’s permission, medical information may be given 

to his/her physician or other medical personnel responsible for his/her welfare. Study data must 

be available for inspection upon request by representatives of the Principal Investigator, FDA, 

NHLBI, Washington University, and other national and local health authorities. 
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16.8 Retention of Records 

U.S. Department of Health and Human Services (DHHS) Regulations (45 CFR 46.115) mandate 

that IRB records of the study must be retained for at least 3 years after study completion. In 

addition, FDA regulations require that records and documents pertaining to the conduct of this 

study and the distribution of rt-PA, including CRFs, signed informed consent forms, supporting 

source documentation for values or responses in the CRFs, supporting documentation for AEs, 

laboratory test results, and medication inventory records, must be retained by the investigator  

for at least 2 years after the study ends. The CCC and DCC reserve the right to secure data 

clarification and additional medical documentation on patients enrolled in this trial. To avoid 

error, the Clinical Center investigator should contact the Clinical Coordinating Center before 

destroying any records and reports pertaining to the trial to ensure they are no longer needed. 

The following records should be maintained by the Clinical Center investigator: 

   Signed Confidentiality Agreement 

   Study Protocol and Protocol Amendments 

   Signed Clinical Trial Agreement 

   FDA Form 1572 and Investigational Drug Accountability Logs 

   IRB Approval Letter, Continuing Review Approval Letters, and Correspondence 

   IRB Membership List 

   Curriculum vita and licenses for all investigators and research coordinators 

   Site Personnel Signature List 

   Financial Disclosure/Conflict-of-Interest Forms 

   Patient Screening & Enrollment Log 

   Laboratory Certifications 

   NIH Training Certifications for Responsible Conduct of Research 

   Certifications from Ultrasound Core Lab, Interventions Committee, Medical Therapy 

Committee 

   Signed Study Informed Consent Forms for each patient 

   All completed eCRFs 

   Supporting source documentation for values or responses in eCRFs 

Supporting source documentation for adverse events 
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17 DATA AND SAFETY MONITORING PLAN 
 
17.1 Role of the Principal Investigator 

Dr. Vedantham, the Principal Investigator and IND Holder, will take primary responsibility for 

monitoring patent safety during the Trial: (a) Dr. Vedantham will lead weekly meetings with CCC 

personnel to discuss protocol adherence (and any violations), review all SAEs, verify that these 

events were appropriately reported and examined, and institute any needed changes; (b) via bi- 

monthly Operations Committee conference calls and additional communications as needed, Dr. 

Vedantham will routinely discuss any safety issues with the DCC Chair and Study Chair. The 

DCC Chair may audit data relevant to subject safety when needed; and (c) on quarterly 

conference calls, Dr. Vedantham will update the Steering Committee on any safety issues. 

17.2 Monitoring of Trial Safety by ATTRACT Study Personnel 

As described in Section 9 and Section 13, during the trial the occurrence of study outcome 

events, Adverse Events, and Serious Adverse Events will be documented on dedicated eCRFs 

and forwarded to the DCC on an ongoing basis in a manner consistent with ICH Requirements 

(ICH Harmonized Tripartite Guideline for Good Clinical Practice May 1996; Clarifying Adverse 

Drug Events; a Clinician’s Guide to terminology, Documentation, and Reporting; Nebeker et al; 

Ann Intern Med 2004;140:795-801).  In addition, SAEs will be directly reported by the Clinical 

Center investigators to the Principal Investigator at the CCC, and to their respective IRBs. As 

detailed in Section 13, SAEs will be carefully reviewed and categorized by an independent 

ATTRACT Safety Officer at the CCC, and reported accordingly to the DCC. Expedited reporting 

of unexpected SAEs to the FDA, NHLBI Project Officer, Genentech Drug Safety, the 

Washington University Human Studies Committee, the Clinical Center investigators, and the 

Clinical Center IRBs will also occur. During the trial, the DCC Chair will inform the DSMB Chair 

(see below) of any new relevant safety information. If there are concerns about the safety or the 

conduct of the study, the Steering Committee Chair will also be informed. 

17.3 Protocol Violations 

Site investigators should notify the CCC of suspected protocol violations within 24 hours of 

becoming aware of them (Monday-Friday). The CCC will rapidly and firmly address any protocol 

violations. If a protocol violation is detected or suspected, the Clinical Center investigators will 

first be asked to provide an explanation. After reviewing the available information, the Principal 

Investigator will categorize protocol violations as either major (eligibility or primary/secondary 

endpoint determination compromised or indefinite, or potential for causing substantial patient 

harm) or minor (data still able to be used for endpoint determination), and will record and track 
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them for each site. For minor violations, a letter or e-mail will be sent to the site investigator and 

research assistant notifying them of the violation and asking them to explain the violation. If it is 

evident that the protocol is misunderstood, clarification will be provided. Major protocol violations 

will generate a letter from the Principal Investigator or Study Chair to the site investigators and 

research coordinator, informing them of the violation and requesting a written explanation. The 

ATTRACT Project Manager and, as needed, the Principal Investigator will communicate with the 

Clinical Center personnel to confirm that a process is in place to ensure that further protocol 

violations do not recur. If a major protocol violation occurs twice in any site without justification,  

it will be dropped as an enrollment center. Review of all protocol violations will be a standard 

component of the weekly CCC team meetings (led by Dr. Vedantham). All major protocol 

violations will also be reviewed by the Operations Committee. 

17.4 Establishment of an Independent Data Safety Monitoring Board (DSMB) 

A Data Safety Monitoring Board has been established for the ATTRACT Trial. The DSMB, an 

independent external committee which will monitor patient safety and evaluate the intervention’s 

efficacy, will report to the NHLBI. The DSMB’s overall responsibility is to protect the safety of 

study subjects and to provide ongoing, critical, and unbiased evaluation of the study’s progress. 

The specific responsibilities of the DSMB, membership qualifications, board process, interim 

reports from the DCC, DSMB reports, and stopping procedures are described in the DSMB 

Charter, per the NHLBI’s Policy for Data and Safety Monitoring. 

The DSMB includes members that have complementary expertise in the areas of clinical venous 

thromboembolism, endovascular interventions, clinical trials methodology, and biostatistics. 

 

18 POTENTIAL RISKS AND BENEFITS 
 
18.1 Potential Benefits to the Subject 

The goals of PCDT are to prevent PTS and preserve health-related quality of life. There is no 

guarantee of benefit to any subject. However, we expect that subjects randomized to PCDT will 

experience a lower rate of PTS, improved QOL, and faster relief of presenting DVT symptoms. 

18.2 Potential Benefits to Society 

If PCDT is shown to prevent PTS and improve long-term QOL in the ATTRACT Trial, then this 

procedure may be offered to many more subjects with proximal DVT, enabling them to have less 

PTS symptoms, less interference with daily activities, less work disability, and improved QOL. If 

PCDT is shown to be cost-effective, society may benefit via preservation or more efficient use of 
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healthcare resources. Given our expectation that the state-of-the-art PCDT methods used in 

ATTRACT have a better safety profile than previous endovascular therapy methods, the study is 

expected to show that these important benefits to society can be achieved at acceptable risk to a 

relatively small number of research subjects. 

18.3 Potential Risks to the Subject 

18.3.1 Risks of Standard DVT Therapy 

The following are risks of standard DVT therapy, irrespective of study participation: Discomfort 

due to use of elastic compression stockings (likely); transient discomfort/pain (likely), minor 

bruising/bleeding (likely), infection (less likely), or fainting (less likely) due to blood draws for 

warfarin monitoring; transient discomfort/pain (likely) or minor bruising (likely) due to LMWH 

injections; major bleeding needing transfusion (less likely); heparin-induced thrombocytopenia 

(less likely); fatal or intracranial bleeding (rare); malposition / migration of filters or stents (rare). 

18.3.2 Risks of Research Procedures Performed on Subjects in Both Arms 

Minor local discomfort due to the pressure of the ultrasound transducer on the skin; transient 

discomfort/pain (likely), minor bruising or bleeding (likely), infection (less likely), or fainting (less 

likely) due to an extra blood draw that may be needed for screening; psychological discomfort in 

completing PTS and QOL questionnaires (less likely); inconvenience at having to return for 

follow-up visits (likely); loss of confidentiality of medical records or economic data (rare). 

18.3.3 Likely Risks of Study Drug or Experimental Therapy (PCDT) Procedures 

Anxiety related to undergoing PCDT; discomfort/pain and/or bruising at sites of blood draws, 

intravenous line placements, and/or venous access sites for deep venous catheter placement. 

18.3.4 Less Likely Risks of Study Drug or Experimental Therapy (PCDT) Procedures 

Infection or fainting due to intravenous line/catheter placement or additional peripheral blood 

draws needed to monitor therapy; major bleeding requiring transfusion; nausea, vomiting, and/or 

allergic reaction to iodinated contrast or other medications; local discomfort during use of 

thrombectomy devices, angioplasty, or stent placement; transient bradycardia during use of the 

AngioJet; re-thrombosis of a treated segment which elevates PTS risk; symptomatic PE. 

18.3.5 Rare Risks of Study Drug or Experimental Therapy (PCDT) Procedures 

Allergic reaction to rt-PA; severe allergic reaction (e.g. anaphylaxis) to iodinated contrast or 

other medications; fatal, life-threatening, or intracranial bleeding or stroke; severe internal (e.g. 

gastrointestinal, retroperitoneal) bleeding that requires surgical intervention; fatal or life- 

threatening PE; radiation injury; device-related trauma to vascular structures (i.e. vein wall or 
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valves) which elevates the risk of bleeding, re-thrombosis, or PTS; hemolysis resulting in 

excessive blood loss or renal compromise; or other rare or unknown side effects; death. 

18.4 Protection of Subjects against the Risks of Standard DVT Therapy 

Medical DVT therapy will be supervised by a board-certified physician who is experienced with 

management of anticoagulant therapy in DVT patients and who has been credentialed by an 

expert Medical Therapy Committee. This Committee will also monitor advances in medical DVT 

therapy – if the standard of care changes during the study, this committee may recommend 

protocol changes to the Steering Committee to ensure that subjects continue to receive best 

medical care. Complications of anticoagulation will be minimized by the use of widely accepted 

UFH and LMWH dosing, diligent laboratory monitoring of UFH and warfarin therapy, and a 

platelet count at 10 days (to identify HIT). If acute limb-threatening circulatory compromise 

develops during therapy, subjects can be crossed over to receive PCDT. If symptomatic PE 

occurs despite therapeutic level anticoagulation, subjects will receive IVC filters or alternative 

anticoagulant therapy regimens. To aid subjects in maintaining compliance with therapy, elastic 

compression stockings will be provided to the patient and replaced at regular intervals. 

18.5 Protection of Subjects against the Risks of Research Procedures 

18.5.1 Before Enrollment 

A rigorous screening process will be used to ensure that subjects who are not likely to benefit 

from PCDT or who are at particularly high risk for adverse outcomes are excluded from the 

study (Section 4). This will include confirming the imaging diagnosis of DVT (to ensure that 

patients without DVT are not inadvertently enrolled), performing a detailed history and physical 

examination (to ensure that enrolled subjects truly fulfill all eligibility criteria, are symptomatic, 

and are not severely ill), and carefully reviewing the results of laboratory testing (in particular, 

pregnancy test, hemoglobin level, platelet count, INR level, and estimated glomerular filtration 

rate). If there is hemodynamic compromise from PE, acute limb-threatening circulatory 

compromise, or an intracranial lesion of any kind, he/she will not be enrolled in the study. 

18.5.2 During PCDT 

PCDT procedures will be performed by a board-certified endovascular specialist who is 

experienced with DVT treatment using PCDT and who has been appropriately credentialed by 

an expert Interventions Committee. Analgesia and anxiolysis during PCDT procedures will be 

provided through use of conscious sedation. The risks of conscious sedation will be minimized 

by continuous monitoring of heart rate, blood pressure, oxygen saturation, and cardiac rhythm 

during the procedures. Strict sterile technique will be used to prevent infections related to skin 
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puncture. Discomfort at the venous access site will be minimized by administration of local 

anesthesia into the overlying skin and tissues. Catheter access into the deep leg veins will be 

performed using ultrasound-guided puncture to prevent inadvertent arterial punctures with 

subsequent bleeding. Real-time fluoroscopic monitoring of all catheter/wire manipulations will be 

used to prevent vascular injury. Automated power injections of contrast for venography will not 

be permitted, in order to prevent clot embolization. During PCDT procedures, subjects will 

receive anticoagulation to prevent PE and facilitate clot removal. To prevent immediate re- 

thrombosis, standard adjunctive measures to remove thrombus (balloon maceration, aspiration 

thrombectomy, and rheolytic thrombectomy) and correct venous stenosis (angioplasty, stents) 

may be used at the physician’s discretion. To avoid bleeding, the target PTT for UFH therapy 

during infusion CDT will be less than 2 times control. If bleeding develops, the physician may 

stop the rt-PA, heparin, and use protamine (to reverse the UFH) or cryoprecipitate if needed. 

The risk of significant contrast reactions will be minimized by study participation criteria that 

exclude subjects with severe allergic reactions from participating in the study. The risk of 

contrast-related renal dysfunction will be minimized by exclusion of subjects with estimated 

glomerular filtration rate < 60 ml/min (diabetics) or < 30 ml/min (non-diabetics), use of non-ionic 

contrast agents, and appropriate pre-procedure hydration. Device-related complications, 

primarily stent misplacement, migration, mechanical failure, or vascular injury, will be diminished 

by meticulous angiographic technique. Bleeding risks will be minimized by the use of PCDT 

(which reduces the amount of rt-PA delivered to the systemic circulation), by limiting the total 

first-session rt-PA dose to 25mg, by limiting the total infusion duration to 30 hours, and by  

limiting the total rt-PA dose to a maximum of 35mg. The risk of PE will be reduced via use of 

retrievable IVC filters in selected subjects deemed to be at high PE risk during PCDT. The risk of 

clinically-significant hemolysis and bradycardia with the AngioJet will be minimized by exclusion 

of subjects with moderate (diabetics) or severe (non-diabetics) renal dysfunction and by  

limitation of the total device activation time and infusate volume. A physician will be present 

during all PCDT procedures to monitor the subjects and treat adverse events. 

18.5.3 During Follow-Up 

Changes in health status will be assessed by the study nurse at each follow-up visit – if any 

medical conditions are identified that warrant evaluation, subjects will be encouraged to contact 

their primary physician. At each visit, the study nurse will encourage the subject to be compliant 

with anticoagulant therapy and compression stockings to minimize the risk of PTS and recurrent 

venous thromboembolism. Subject comfort with the self-completion of QOL questionnaires will 
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be facilitated by ensuring that study nurses are trained in how to administer them properly. The 

subject may choose not to answer any question with which he/she is uncomfortable. 

18.5.4 Protection against Radiation Risks 

The amount of radiation to which subjects undergoing PCDT are exposed is about 650 mrem, 

which is approximately 13% of the maximum allowable annual effective dose for a radiation 

worker. We will minimize subject exposure to radiation via tight collimation, use of pulsed 

fluoroscopy, and judicious image acquisition. 

18.5.5 Protection against Loss of Confidentiality 

Subject confidentiality will be protected by maintaining all paper records in locked file cabinets in 

locked offices, and all electronic records in password-protected computer files. Any identifying 

information will be removed from images or other data used in publication or presentations. All 

database information will be stored on computer systems that are located behind an electronic 

firewall, which only permits access to certified users. Access to study data files will be protected 

by password. Strict adherence to HIPAA guidelines for the protection of PHI will be exercised. 

The Clinical Center investigators and their staffs will try to reduce, control, and treat any 

complications from this research. Subjects are free to contact the site principal investigator, the 

IRB Chairperson at their site or at Washington University, and/or Dr. Vedantham at any time. 

18.6 Costs and Compensation to Subjects 

18.6.1 Costs to Subjects 

Most of the drugs, tests, and procedures administered are performed as part of routine DVT 

care. Coverage of these services is subject to the specific coverage requirements of the patient’s 

private insurance, and to local and national Medicare coverage policies. Subjects are 

responsible to pay any costs which are not reimbursed by their insurance carrier, and are also 

responsible for any applicable co-payments required by their respective policies. The study drug 

(rt-PA) and the elastic compression stockings will be donated by their manufacturers at no cost 

to subjects.  In addition, subjects will not be charged for the following costs that are specifically 

related to conduct of the research study: additional research ultrasounds done at baseline, 1- 

month, and 1-year follow-up; or follow-up physical exams and leg circumference measurements. 

18.6.2 Compensation of Subjects 

Subjects will not be paid for their participation in the ATTRACT Trial. However, they will receive 

up to $100 to compensate them for the time and travel involved in completing the research PTS 

assessments and quality of life questionnaires ($20 per visit starting at 1-month follow-up visit). 
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18.7  Minors as Research Subjects 

Because PTS can cause health impairment in children (150) and a number of studies suggest 

that children > 16 years old can be safety treated using adult rt-PA dosing regimens (69,151), 

children > 16 years old will be included in ATTRACT. Per DHHS guidelines, for subjects who are 

minors, we will obtain written informed consent from at least one parent and the written assent of 

the child subject. However, permission will be sought from both parents when it is possible to do 

so. As for adults, the consent process will take place in a non-coercive manner. 

 

19 STUDY COMMITTEES AND ORGANIZATION 
 
A study organizational chart, with lists of committee members, appears in Appendix 1. 

 

19.1 Steering Committee 
 

Chair: Dr. Samuel Z. Goldhaber (Study Chair) 
 

Members: Drs. David Cohen, Anthony Comerota, Heather Gornik, Michael Jaff, Jim Julian, 

Susan Kahn, Clive Kearon, Stephen Kee (SIR Foundation representative), Andrei 

Kindzelski (NHLBI Project Officer), Lawrence Lewis, Elizabeth Magnuson, Timothy 

Murphy, Mahmood Razavi and Suresh Vedantham (Principal Investigator). 

Key Responsibilities: 

1. serve as the overall governing and advisory body for all phases of study 

development, execution, analysis, and dissemination of results; 

2. review study progress, including enrollment, protocol adherence, and trial design; 

3. identify and invite members to serve on ATTRACT committees; 

4. review and approve all protocols, training materials, eCRFs, and the Manual of Operations; 

5. review monthly reports from the Operations Committee; 

6. provide final approval for ancillary study and publication requests. 
 

Reporting: 

The Steering Committee will provide regular updates to the NHLBI. The Steering Committee will 

teleconference every 3 months and will meet face-to-face on an annual basis. 

19.2 Operations Committee 
 

Chair: Dr. Suresh Vedantham (Principal Investigator) 
 

Members: Drs. Samuel Z. Goldhaber, Clive Kearon and Timothy Murphy 
 

Key Responsibilities: 
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1. provide daily operational oversight for the trial; 

2. monitor operations at the CCC, DCC, and Core Laboratories to ensure proper coordination; 

3. coordinate development of the Manual of Operations; and 

4. develop policies for and provide initial review of publication and ancillary study requests. 

Reporting: 

The Operations Committee will report to the Steering Committee. The Operations Committee will 

teleconference twice each month and will meet face-to-face on an annual basis. 

19.3 Clinical Coordinating Center (Washington University) 
 

Chair: Dr. Suresh Vedantham (Principal Investigator) 

Key Responsibilities: 

1. monitor the Clinical Centers and be the study’s primary communication & coordination hub; 

2. oversee Clinical Center selection, enrollment, quality assurance, subject retention, adverse 

event reporting, regulatory compliance, and protocol adherence at the Clinical Centers; 

3. manage the financial aspects of the study; 

4. maintain the study Website; 

5. produce a monthly newsletter for distribution to the Clinical Centers; 

6. maintain a 24-7 contact line for the Clinical Center investigators; and 

7. serve as a repository for study-related communications. 

Reporting: 

The CCC Chair will report to the Operations Committee and will supervise the CCC committees 

below. Each of these committees will report to the CCC Chair on a monthly basis. 

19.3.1 Society of Interventional Radiology (SIR) Foundation 
 

Chair: Dr. Stephen Kee 

Key Responsibilities: 

1. Maintain an updated database of potential Clinical Centers; 

2. Work with the Enrollment Committee to increase national awareness of ATTRACT using the 

SIR Foundation’s public relations resources, media contacts, and CME programs; 

3. Contribute expertise to the Steering Committee; and 

4. Disseminate the study results when they become available. 

Reporting: 

The SIR Foundation will report to the CCC chair on a monthly basis. 
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19.3.2 Enrollment Committee 
 

Chair: Dr. Suresh Vedantham 

Key Responsibilities: 

1. Assist the Clinical Centers in developing site-specific enrollment plans; 

2. Create and implement a plan to increase national trial awareness; 

3. Develop written materials for point-of-contact subject recruitment; 

4. Review enrollment statistics monthly, ensure proportionate enrollment of women and 

minorities, periodically assess the characteristics of enrolled subjects to ensure that there 

is reasonable representation of subject subgroups for which different PCDT outcomes 

might be expected (e.g. iliofemoral versus femoropopliteal DVT, good popliteal vein inflow 

versus poor popliteal vein inflow, etc.), and make recommendations to the Operations 

Committee on how to remedy any identified deficiencies via adjustments in study 

enrollment protocol. 

19.3.3 Interventions Committee 
 

Chair: Dr. Mahmood Razavi 

Key Responsibilities: 

1. Develop the PCDT protocol sections of the Manual of Operations; 

2. Adjudicate PCDT protocol issues; 

3. Credential and train the endovascular co-investigators; 

4. Monitor endovascular procedure/device performance during the study; and 

5. Continuously monitor advances in endovascular care of relevance to the study protocol. 

Reporting: 

The Interventions Committee Chair will report to the CCC Chair monthly. 
 

19.3.4 Medical Therapy Committee 
 

Chair: Dr. Heather Gornik 

Responsibilities: 

1. Develop the standard DVT therapy protocol sections of the Manual of Operations; 

2. Adjudicate standard DVT therapy protocol issues; 

3. Credential and train the medical co-investigators; 

4. Monitor use of standard DVT therapy in study subjects; and 

5. Continuously monitor advances in medical DVT therapy of relevance to the study protocol. 

Reporting: 

The Medical Therapy Committee Chair will report to the CCC Chair monthly basis. 
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19.3.5 Ultrasound Core Laboratory (VasCore at Massachusetts General Hospital) 

Chair: Dr. Michael Jaff 

Responsibilities: 

1. Develop the ultrasound protocol sections of the Manual of Operations; 

2. Adjudicate ultrasound protocol issues; 

3. Credential and train the Vascular Ultrasound Laboratories and sonographers; 

4. Ensure quality control of ultrasound studies; 

5. Provide central interpretation of ultrasound studies; and 

6. Work closely with the DCC to develop eCRFs and process ultrasound data. 

Reporting: 

The Ultrasound Core Laboratory Chair will report to the CCC Chair monthly. 
 

19.3.6 Clinical Centers 
 

Each ATTRACT Clinical Center has a motivated, multidisciplinary team with an endovascular 

co-investigator (responsible for performing PCDT), a medical co-investigator (responsible for 

supervising standard DVT therapy in subjects), an emergency medicine physician (responsible 

for identifying potential subjects with DVT), and the Vascular Ultrasound Laboratory Director 

(responsible for identifying potential subjects with DVT, providing quality performance and 

reporting of ultrasound exams, and working with the Ultrasound Core Laboratory to ensure 

proper data collection). All co-investigators attested in writing to clinical equipoise (that 

randomization to either treatment is appropriate for subjects who meet the eligibility criteria). 

19.4  Data Coordinating Center (Ontario Clinical Oncology Group, McMaster University) 
 

Chair: Dr. Clive Kearon 

Key Personnel:  Drs. Susan Kahn (Clinical Outcomes Committee Chair), Jim Julian (Lead 

Biostatistician), Mark Levine (Adjudication Committee Chair) 

Responsibilities: 

1. contribute methodological and biostatistical expertise; 

2. develop data capture and quality control methods; 

3. develop eCRFs with the CCC and Core Laboratories; 

4. develop and securely maintain a study database; 

5. implement a standardized process that ensures blinded data collection and minimizes bias; 

6. perform blinded adjudication of clinical and venographic outcomes; 

7. produce and reconcile site data queries; 

8. generate specific study reports as requested by study leadership and the DSMB; and 
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9. provide oversight over the activities at the Health Economic Core Laboratory. 

Reporting: 

The DCC Chair will report to the Operations Committee and will supervise the DCC committees 

and the Health Economic Core Laboratory, as described below. 

19.4.1 Clinical Outcomes Committee 
 

Chair: Dr. Susan Kahn 

Responsibilities: 

1. contribute expertise on the measurement of PTS and QOL and on scoring of the measures; 

2. oversee the training of study nurses on use of the PTS and QOL measures. 

Reporting: 

The Clinical Outcomes Committee Chair will report to the DCC Chair monthly. 
 

19.4.2 Independent Adjudication Committee 
 

Chair: Dr. Mark Levine 

Responsibility: 

Perform blinded adjudication of clinical and venographic outcomes. 

Reporting: 

The Adjudication Committee Chair will report to the DCC Chair monthly. 
 

19.4.3 Health Economics Core Laboratory 
 

Chair: Dr. David Cohen 

Key Personnel: Dr. Elizabeth Magnuson 

 

Responsibilities: 

1. contribute expertise with health economic analysis to the study design; 

2. integrate economic data collection into the mainstream activities of each Clinical Center; 

3. monitor subject use of cost diaries; 

4. directly collect itemized hospital bills and UB92 summary bills; and 

5. conduct a cost comparison and estimate the incremental cost-effectiveness of the 

two treatment strategies. 

Reporting: 

The Health Economic Core Laboratory Chair will report to the DCC Chair monthly. 
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ATTRACT Trial: LEADERSHIP and COMMUNICATIONS 

National Heart Lung and Blood Institute: 

Andrei Kindzelski, M.D., Ph.D. (NHLBI Project Officer) 
 

Steering Committee: 

Samuel Z. Goldhaber, M.D. (Chair) 

David Cohen, M.D. 

Anthony Comerota, M.D. 

Heather Gornik, M.D. 

Michael Jaff, D.O. 

Jim Julian, M.Math. 

Susan Kahn, M.D. 

Clive Kearon, M.D., Ph.D (Chair, Data Coordinating Center) 

Stephen Kee, M.D. (SIR Foundation Representative)  

Andrei Kindzelski, M.D. (NHLBI Project Officer) 

Lawrence Lewis, M.D. 

Elizabeth Magnuson, Ph.D. 
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Suresh Vedantham, M.D. (Principal Investigator) 

 
Operations Committee: 

Suresh Vedantham, M.D. (Chair) 

Samuel Z. Goldhaber, M.D. 

Clive Kearon, M.D., Ph.D. 

Timothy Murphy, M.D. 

 

Administration and Coordination of the ATTRACT Trial: 

To ensure seamless coordination between the study leadership, CCC, DCC, Core Laboratories, 

and Clinical Centers, the following communications structure will be employed: a) the Steering 

Committee will meet annually and will teleconference every 3 months; b) the Operations 

Committee will coordinate the day-to-day study operations and will teleconference weekly; c) the 

chairs of the Core Laboratories and committees will report to the chairs of the CCC and DCC 

monthly; d) the chairs of the 3 groups responsible for the major data domains (Dr. Kahn – 

Clinical Outcomes; Dr. Cohen – Health Economic; Dr. Jaff – Ultrasound), and other committee 

chairs as needed, will join Operations Committee calls periodically; e) study leadership will meet 

with Clinical Center personnel at the yearly Investigator Meetings and at routine site monitoring 

visits; and f) Dr. Vedantham will regularly speak with the Clinical Center investigators. 
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Appendix 2: Flow Chart – Single-Session PCDT 
 

 

* The rt-PA may be delivered via a standard catheter, the sheath, the Trellis (Technique A patients only), or the Angiojet 

(Technique B patients only). The total dose for the initial procedure session may not exceed 25mg. The total rt-PA 

infusion time (not counting periods when the rt-PA infusion is turned off) cannot exceed 24 hours. 

** The total rt-PA dose for all treatment sessions together may not exceed 35mg. 

If not, see Appendix 3 

Trellis Sites Angiojet Sites 

LMWH or 
Full Dose UFH 
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Appendix 3: Flow Chart – Infusion-First PCDT 
 

 

 
 

 
* The rt-PA may be delivered via a standard catheter or  the vascular  sheath. 

** The total rt-PA dose for all sessions together may not exceed 35mg.  The total rt-PA infusion time for the entire 

treatment (not counting periods when  the continuous rt-PA infusion is turned off) may not exceed 30 hours. 

If not, see Appendix 2 
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Appendix 4: Protocol for Trellis PCDT (Technique A) 
 
1. Review the initial venogram and estimate the length of the clotted venous segment.  For 

patients with < 12cm thrombus, select a Trellis-8 Catheter with a 15cm treatment zone. For 

patients with > 12cm thrombus, select a Trellis-8 Catheter with a 30cm treatment zone. 

2. Obtain an rt-PA solution from the pharmacy: 25mg rt-PA in 25ml Sterile Water (1 mg/ml). 
 

3. Calculate the initial rt-PA dose to be delivered into the thrombus according to the following 

formula: 1mg per 3-4cm thrombus length (which equals 0.25 - 0.33mg rt-PA per cm 

thrombus length), with a minimum dose of 4mg. For patients with thrombus exceeding 

24cm, two runs of the Trellis-8 Catheter are needed to optimally distribute and disperse the 

rt-PA within the entire thrombosed venous segment – the initial rt-PA dose should be 

divided proportionally to evenly distribute the drug within the thrombus. For example, for a 

patient with 36cm of venous thrombus, if the physician chooses to use rt-PA at 1mg per 

3cm thrombus length, the total dose would be 12mg. This could be divided evenly  

between the cephalad (6mg) and caudal (6mg) segments. 

4. Prepare the rt-PA solution needed for the first run of the Trellis-8 Catheter as follows: Place 

the rt-PA intended for the first run of the Trellis-8 Catheter into a 10ml syringe, and dilute to 

a total volume of 10ml in normal saline. For the 15cm Trellis-8 Catheter, which is only used 

when the thrombus length is 12cm or less, this will result in 4mg rt-PA per run. For the 

30cm Trellis-8 Catheter, this will typically result in 3-8mg per run (corresponding to 12 - 

24cm thrombus length). As the total volume to be injected for each run will always be 10ml, 

the concentration of the injected rt-PA solution will therefore range from 0.3 - 0.8 mg/ml rt- 

PA. 

5. Advance the Trellis-8 Catheter over the guidewire and position its cephalad balloon just 

above the highest extent of the thrombus.  Inflate the cephalad and caudal balloons with 

dilute contrast, taking care not to over-inflate past the radiopaque markers on the Catheter. 

6. Perform a stepped infusion of rt-PA into the thrombus. First inject 2ml of rt-PA solution into 

the infusion port of the Trellis-8 Catheter – this will instill 1ml of the rt-PA solution into the 

thrombus, with an additional 1ml filling the Catheter lumen. Activate the Dispersion Wire of 

the Trellis-8 for 10 minutes. During oscillation, inject 1ml of the rt-PA solution every minute 

(after 9 minutes, inject 1ml normal saline to clear the Catheter of rt-PA). Every minute, 

move the translation bar on the Oscillation Drive Unit to disperse the rt-PA within the clot. 
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7. After 10 minutes have passed, reduce the speed of the Dispersion Wire to one-third of full 

speed. De-activate and remove the Dispersion Wire and allow the rt-PA to dwell for an 

additional 5 minutes. Deflate the caudal balloon. At the physician’s discretion, the rt-PA 

remaining within the isolated treatment zone may be aspirated via a syringe applied to the 

aspiration port of the Trellis-8 Catheter. Deflate the cephalad balloon. If the initial thrombus 

extent was less than or equal to 24cm, remove the Trellis-8 Catheter over a guidewire. 

8. If the initial thrombus extent exceeded 24cm, re-position the Trellis-8 caudally to include 

the remaining thrombus and repeat Steps 4-7 above using the rt-PA planned for the 

second run. Remove the Trellis-8 Catheter over a guidewire and repeat the venogram. 

9. If residual thrombus is present, an additional 10-minute run (with 5-minute dwell) of the 

Trellis-8 may be performed in each of the 1-2 treated segments using the method in Steps 

4-8 above (additional rt-PA dose chosen by physician but the rt-PA must be dissolved in 10 

ml solution and the physician may not exceed the 25mg rt-PA dose limit for the initial 

PCDT session). Note: for any single session, the Trellis activation time may not exceed 30 

minutes in a single treatment area or 60 minutes overall for multiple treatment areas. 

10. If needed, consult the Trellis Peripheral Infusion System Instructions for Use (package 

insert) for additional clarification on the appropriate use of the Trellis system. 

11. See Section 7.3.1 for details on concomitant heparin use during use of Technique A. 
 

12. Return to Section 7.3.5. Please note that Technique A patients may receive no more than 

24 hours of rt-PA infusion after the initial PCDT session. 
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Appendix 5: Protocol for AngioJet PCDT (Technique B) 

 
1. Review the initial venogram and estimate the length of the clotted venous segment. 

Prepare an AngioJet DVX or Solent Proxi Catheter as prompted by the Angiojet Drive 

Unit. 

2. Obtain an rt-PA solution from the pharmacy: 25mg rt-PA in 25 ml Sterile Water (1 mg/ml). 
 

3. Calculate the initial rt-PA dose to be delivered into the thrombus according to the following 

formula: 1mg per 3 - 4cm thrombus length (which equals 0.25 - 0.33mg rt-PA per cm 

thrombus length), with a minimum dose of 4mg. Assuming that the thrombus length 

varies between 3 - 60cm among different patients, this will result in rt-PA doses of 4 - 

20mg. For example, for a 36cm venous segment, if the physician chooses to use 1mg per 

3cm thrombus length, the dose would be 12mg. 

4. Deliver rt-PA into the thrombus using either the PowerPulse or Rapid Lysis methods: 
 

5. PowerPulse method: Prepare the rt-PA solution as follows: Dilute the planned rt-PA dose 

to a total volume of 50 - 100ml (determined by the physician) in normal saline (this will 

result in a rt-PA concentration ranging from 0.04 - 0.40 mg/ml). Put the AngioJet Drive 

Unit into PowerPulse mode. Advance the AngioJet Catheter over the guidewire and 

position it just above the cephalad aspect of the thrombus. Pulse-spray the rt-PA into the 

thrombus by depressing the foot pedal during slow withdrawal and advancement of the 

AngioJet Catheter through the thrombus (1cm every 3 seconds) over the wire. Allow the 

rt-PA to dwell within the thrombus for 30 minutes. Proceed to Step 5. 

6. Rapid Lysis method: Prepare the rt-PA solution as follows: Dilute the planned rt-PA dose 

to a total volume of 250-500ml (determined by the physician) in normal saline (this will 

result in a rt-PA concentration ranging from 0.008 - 0.080 mg/ml). Advance a standard 

hockey-stick shaped guide catheter over the guidewire and position it just above the 

cephalad extent of the thrombus. Put the AngioJet Drive Unit into Aspiration mode. 

Advance the AngioJet Catheter through the guide catheter and position the tip of the 

AngioJet Catheter just beyond the tip of the guide catheter. Using the rt-PA solution as the 

infusate, activate the AngioJet Catheter during slow withdrawal and advancement of the 

AngioJet Catheter and guide catheter (they may be moved as a single unit) through the 

thrombus (about 1cm every 3 seconds) over the wire. Proceed to Step 5. 

7. With the AngioJet Drive Unit in Aspiration Mode, activate the AngioJet to aspirate 
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thrombus by depressing the foot pedal during slow withdrawal and advancement of the 

AngioJet Catheter through the thrombus over the guidewire. To increase access of the 

AngioJet Catheter to thrombi located peripherally within the vein, the use of a standard 

hockey-stick shaped guiding catheter to orient the device during aspiration is encouraged. 

Perform two back-and-forth passes of the AngioJet Catheter through the thrombus, then 

remove it. 

8. Caution: During the procedure, if using a DVX Catheter, do not retract the guidewire into 

the DVX Catheter. If retraction of the guidewire into the DVX Catheter occurs, remove the 

DVX Catheter and guidewire from the patient and back-load the DVX Catheter over the 

guidewire. This will prevent the wire tip from exiting and binding in the Catheter windows. 

Also, when using the AngioJet in the iliac vein and/or IVC, physicians are encouraged to 

include rest periods of at least 10 seconds after every 30 seconds of device activation 

time. 

9. The total rt-PA dose for the initial session may not exceed 25mg. The AngioJet 

activation time and infusate volume should not exceed 8 minutes and 500ml, respectively. 

10. If needed, consult the Instructions for Use (package insert) for the AngioJet System, DVX 

Catheter, and/or Solent Proxi Catheter for additional clarification on their appropriate use. 

11. See Section 7.3.1 for details of concomitant heparin use during use of Technique B. 
 

12. Return to Section 7.3.5. Please note that Technique B patients may receive no more than 

24 hours of rt-PA infusion after the initial PCDT session. 
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Appendix 6: Protocol for Infusion-First PCDT (Technique C) 
 
1. Review the initial venogram and estimate the length of the clotted venous segment. Advance 

a multisidehole catheter into position with its sideholes spanning the thrombus. 

2. Obtain the following rt-PA solution from the pharmacy: 10mg rt-PA in 10 ml Sterile Water for 

Injection, USP, diluted to a total volume of 1000 ml in 0.9% normal saline (rt-PA 

concentration 0.01 mg/ml). Infuse through the multisidehole catheter at a rate of 50-100  

ml/hr (corresponding to 0.01 mg/kg/hr, with maximum allowable dose 1.0 mg/hr). For  

patients in whom fluid volume is of concern or in whom an ultrasound infusion catheter is 

selected, the physician may concentrate the rt-PA solution to 0.02 mg/ml - 0.04 mg/ml (10mg 

rt-PA in 250-500 ml total volume, infused at 12.5 - 50 ml/hr). If more than one venous access 

site is used, the rt-PA dose may be split per physician discretion. The physician may        

also utilize the vascular sheath (with or without added sideholes) to infuse part of the rt-PA. 

All infusion catheters should be used per their Instructions for Use (package insert). 

3. During infusion CDT, the patient should be placed at bedrest and the affected leg should be 

elevated. Mechanical compression adjuncts may be used per the physician’s standard 

practice. If UFH is used, it should be infused at subtherapeutic levels (6-12 units/kg/hr, 

maximum allowable dose 1000 units/hr) through the vascular sheath (preferably) or through 

a peripheral IV (if the sheath is being used to infuse rt-PA), to a target PTT of less than 2 

times control. The patient should be monitored in an ICU or stepdown unit and peripheral 

blood taken at least every 12 hours for hemoglobin, partial thromboplastin time (PTT), and 

platelet count. A fibrinogen level may be obtained if this is the physician’s standard practice. 

4. The rt-PA infusion may be halted temporarily or permanently at physician discretion if there 

is evidence of bleeding (see Section 7.3.4), the PTT > 100 seconds, or the fibrinogen level < 

100 mg/dl. When rt-PA is stopped, saline should be infused to maintain catheter patency. 

5. After 6-24 hours, the patient should return to the procedure suite. At each return visit, follow 

the procedures described in Section 7.3.5. In particular, the use of rheolytic thrombectomy 

is encouraged at the first follow-up visit to speed thrombolysis (see Appendix 5, Steps 5-9). 

6. Technique C patients may receive no more than 30 hours of rt-PA infusion. 
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Appendix 7: Justification for Using the Villalta PTS Scale 
 
Evidence of the Reliability of the Villalta PTS Scale 

 

A. In Villalta’s study (98), 100 patients were evaluated 6-36 months after venogram-proven 

DVT. A physician asked the patient to rate the degree to which his/her leg condition 

interfered with daily life as none, mild, moderate, or severe. Two other physicians 

independently evaluated the patient, scored the presence of PTS symptoms and signs, and 

summed the results into a total “Villalta score”. Receiver-operator curve (ROC) analysis was 

used to select optimal cutoff values for the presence and severity (mild, moderate, severe) 

of PTS, where the criterion standard was interference with the patient’s daily life by the 

condition. Inter- observer agreement was found to be high by the weighted kappa test for 

PTS signs (0.77), symptoms (0.80), total score (0.78), and PTS severity category (0.75). 

Interference with the patient’s daily life (i.e. clinically important PTS disease burden) was   

best predicted by the total Villalta score. The sensitivity and specificity of the chosen 

threshold Villalta score values in discriminating patients with PTS from those without PTS, 

and between different severity categories, were high. 

B. In a 50-patient substudy to VETO (multicenter DVT cohort study), inter-observer (physician- 

nurse) reliability coefficients for all clinical sign scale components were moderate to high 

(weighted kappas 0.59 - 0.84) and the total Villalta score showed even stronger correlations 

(Pearson coefficient 0.88, p < 0.0001) (81). 

C. In a 125-patient substudy to REVERSE (multicenter VTE cohort study), the total Villalta   

score showed excellent inter-observer reliability (Pearson coefficient 0.86 – 0.91) that 

exceeded that of the composite clinical sign score (0.70 - 0.75) and the individual clinical 

sign scores (152). 

Hence, all 3 studies found the Villalta Scale to have excellent inter-observer reliability. 
 

Evidence of the Acceptability of the Villalta PTS Scale to DVT Patients and Physicians 
 

The Villalta PTS Scale has been used to identify cases of incident PTS in proximal DVT 

patients in cross- sectional (10,153) and cohort studies (1,2,5,12,81,129,154), single-center 

trials (3,4,155,156), and multicenter trials (109). It is the only PTS measure to be successfully 

used in a multicenter randomized DVT treatment trial (109). Evidence that the Villalta Scale is 

considered to be a valid method of measuring PTS by physicians is found in the American 

College of Chest Physicians’ 2008 guidelines’ strong recommendation in favor of use of elastic 

compression stockings in DVT patients, which is based upon proof of PTS prevention in studies 

using the Villalta PTS Scale (3,4,30). 
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Evidence of the Validity of the Villalta PTS Scale: Correlation with Health Impairment 

(QOL) 

The construct validity of Villalta’s PTS Scale is supported by the demonstration that the total 

Villalta scores have significantly correlated with QOL in three independent study populations: 

A. In a small (n=41) study (10) of outpatients with first-episode proximal DVT, the presence of 

PTS on Villalta’s PTS Scale, PTS severity category by total Villalta score, and the total 

Villalta score as a continuous variable (r = - 0.63) all correlated strongly with poorer venous 

disease-specific QOL (p < 0.001). 

B. In 145 patients enrolled in the ELATE Trial (a multicenter trial comparing two intensities of 

warfarin for proximal DVT), the presence of PTS on Villalta’s PTS Scale correlated strongly 

with poorer venous disease-specific QOL (6.9 points on VEINES-QOL, p < 0.0001) and 

physical generic QOL (7.4 points on SF-36 Physical Component score, p = 0.0002) (109). 

C. In 359 DVT patients in the VETO Study, the presence of PTS on Villalta’s PTS scale 

independently predicted worsened disease-specific QOL (p < 0.001) and, to a lesser  

degree, generic QOL (p = 0.04) (12). Evidence of discriminant validity is seen in the fact that 

the total Villalta score did not correlate with sex, a variable not expected to relate to PTS. In 

addition, the presence of PTS on Villalta’s Scale was shown to be a better predictor of 

clinically important PTS than imaging criteria such as the presence of valvular reflux on 

Duplex ultrasound (96). Overall, the strong, graded correlations between the total Villalta 

scores and venous disease-specific QOL in populations of DVT patients indicate that 

Villalta’s PTS Scale measures a physical condition of major health importance that is closely 

related to clinically important chronic venous disease (i.e. clinically important PTS). 

Evidence of the Validity of the Villalta PTS Scale: Correlations with Venous Disease   

Indicators 

Further evidence that Villalta’s PTS Scale is a valid measure of PTS is derived from its 

associations with known anatomic/physiologic findings of venous disease: 1) Abnormal 

Venograms: In 100 patients with lower extremity symptoms who had undergone venography for 

suspected DVT > 3 months earlier, Villalta’s PTS Scale successfully distinguished patients who 

did have DVT (positive venograms) from those who did not (negative venograms) (153); 2) 

Venous Ultrasound Abnormalities: In proximal DVT patients, the presence of PTS on Villalta’s 

PTS Scale was associated with a higher likelihood of Duplex ultrasound venous abnormalities 

at 6 months (p < 0.001) (26); 3) Elevated Ambulatory Venous Pressures (AVP): In 124 DVT 

patients, mean AVP increased in graded fashion with increasing PTS severity category on 
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Villalta’s PTS Scale (29 mmHg for no PTS, 41 mmHg for mild/moderate PTS, 66 mmHg for 

severe PTS, p < .001) (157). 

Evidence of the Responsiveness of the Villalta PTS Scale to Clinical Change 
 

Patients who reported improvement in generic and venous disease-specific QOL over 4 month- 

period after a DVT episode showed significant reductions in Villalta score during that time (p < 

0.001)(12). Hence, based upon the overall weight of evidence, the Villalta PTS Scale is an 

excellent method to establish the presence of clinically important PTS (1-6,12,26,81,96,98,109, 

111,129,152-159). 
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Appendix 8: Villalta Questionnaire 
 

Assessment of Symptoms of PTS (Villalta) 
 

Patient ID: XXX Date of assessment: dd/mmm/yyyy 
 

SYMPTOMS (complete for both legs): 
 

Please ask the patient to complete the questions on this page. The nurse or physician performing the 

assessment of clinical signs of PTS must be blind to these responses. 
 

Q.1 In general, how would you rate the following SYMPTOMS in your RIGHT leg? (please check one 
response for each symptom) 

No or 

Minimal Mild Moderate Severe 

 

Cramps 
 

Itching 
 

Pins and needles RIGHT LEG 

Leg heaviness 
 

Pain 
 

Q.2 In general, how would you rate the following SYMPTOMS in your LEFT leg? (please check one 
response for each symptom) 

No or 

Minimal Mild Moderate Severe 

 

Cramps 
 

Itching 
 

Pins and needles LEFT LEG 

Leg heaviness 
 

Pain 
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Appendix 8: Villalta Questionnaire (cont’d) 

Assessment of Clinical Signs of PTS (Villalta) 
 

Patient ID: XXXX Date of Assessment: dd/mmm/yyyy Time of Assessment: hh:mm AM PM 

 

SIGNS (complete for both legs): 

This form is to be completed by the nurse or physician performing assessment of PTS. Nurse or 

physician must be blind to responses to previous Symptoms questions. 
 

Q.1 Rate the following SIGNS on the RIGHT leg (please check one response for each sign) 
 

No or 

Minimal Mild Moderate Severe 
 

Pretibial edema 
 

Skin induration 
 

Hyperpigmentation RIGHT LEG 

Venous ectasia 
 

Redness 
 

Pain during calf compression 
 

Is an ulcer present? No Yes 
 

Circumference 10 cm below tibial tuberosity _ _ cm 
 

Q.2 Rate the following SIGNS on the LEFT leg (please check one response for each sign) 
 

No or 

Minimal Mild Moderate Severe 
 

Pretibial edema 
 

Skin induration 
 

Hyperpigmentation LEFT LEG 

Venous ectasia 
 

Redness 
 

Pain during calf compression 
 

Is an ulcer present? No Yes 
 

Circumference 10 cm below tibial tuberosity _ _ cm 
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Appendix 9: Revised CEAP Classification of Chronic Venous Disease 
 

C Clinical signs (grade 0-6) supplemented by A for asymptomatic and S for symptomatic 

presentation 

E Etiologic classification (Congenital, Primary, Secondary) 

A Anatomic distribution (Superficial, Deep, or Perforator, alone or in combination) 

P Pathophysiologic dysfunction (Reflux or Obstruction, alone or in combination) 

 
C (Clinical) Classification 

 

 

Class 0 No visible or palpable signs of venous disease 

Class 1 Telangiectasies or reticular veins 

Class 2 Varicose veins 

Class 3 Edema 

Class 4a Skin changes including pigmentation or venous eczema 

Class 4b Skin changes including lipodermatosclerosis 

Class 5 Healed venous ulceration 

Class 6 Active venous ulceration 

E (Etiological) Classification 
 

 

Ec (Congenital) The etiology of the chronic venous disease has been present since birth 

EP (Primary) Idiopathic chronic venous disease 

Es (Secondary) Chronic venous disease with known etiology (e.g. post-thrombotic) 

En No venous cause identified 

 

  
 

Example: 

A patient with healed ulcerations known to be related to post-thrombotic syndrome, with 

documented reflux and obstruction, would be classified as C5ESADPRO. 

P (Pathophysiological) Classification 
 

Reflux (PR) 

Obstruction (PO) 

Both (PRO) 

No venous pathophysiology seen (PN) 

A (Anatomical) Classification 
 

Superficial veins (AS) 
Deep veins (AD) 
Perforating veins (AP) 

No venous location identified (An) 
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Appendix 10: Venous Clinical Severity Score 
 

Attribute Absent = 0 Mild = 1 Moderate = 2 Severe = 3 

Pain None Occasional pain or Daily pain or Daily pain or discomfort 
or other discomfort (i.e.  discomfort (i.e. discomfort (i.e. (limits most regular 

aching, heaviness, fatigue,  not restricting interfering with daily activities) 

soreness, burning)  regular daily but not preventing  
  activity) regular daily  
   activities)  

Varicose veins None Few, scattered: Multiple: confined Multiple: involves calf 
Must be > 3 mm to qualify  (i.e. isolated to calf or thigh and thigh 

  branch VVs or   
  clusters), includes   
  corona   
  phlebectatica   

Venous edema None Limited to foot Extends above Extends to knee or above 
Presumes venous origin  and ankle area ankle but below  
(i.e. not brawny, not pitting or   knee  
spongy edema and relieved     
by elevation)     

Skin pigmentation None or Limited to Diffuse over Wider distribution 
Presumes venous origin focal perimalleolar lower third of above lower third of 
Does not include focal  area calf calf 

pigmentation over varicose     
veins or pigmentation due to     
other chronic diseases (i.e.     
vasculitis purpura)     

Inflammation None Limited to Diffuse over Wider distribution 
More than just recent  perimalleolar lower third of above lower third of 
pigmentation (i.e. erythema,  area calf calf 

cellulites, eczema, dermatitis)     

Induration None Limited to Diffuse over Wider distribution 
Presumes venous origin of  perimalleolar lower third of above lower third of 
secondary skin and  area calf calf 

subcutaneous changes (i.e.     
chronic edema with fibrosis,     
hypodermitis)     

Number of active ulcers 0 1 2 > 3 

Active ulcers: duration 
(longest active) 

 
None 

 
< 3 months 

 
> 3 mo, < 1 year 

 
Not healed for >1 year 

Active ulcers: size 

(largest active) 
N/A < 2 cm diameter 2-6 cm diameter > 6 cm diameter 
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Appendix 11: Quality of Life Questionnaire 
 

SF-36 and VEINES 
 

 

 

 

This survey asks for your views about your health. This information will help keep track of how 

you feel and how well you are able to do your usual activities. 

 

For each of the following questions, please mark an in the one box that best describes your 
answer. 

 

1. In general, would you say your health is: 

 

 
 

     
 

1 2 3 4 5 

 

 

 

 

2. Compared to one year ago, how would you rate your health in general now? 
 

 
 

     
 

1 2 3 4 5 

Much better 

now than one 

year ago 

Somewhat 

better now 

than one year 

ago 

About the 

same as one 

year ago 

Somewhat  
Much worse 

worse now     
now than one 

than one year 
year ago

 

ago 

Excellent Very good Good Fair Poor 
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3. The following questions are about activities you might do during a typical day. Does your   

health now limit you in these activities?  If so, how much? 
 

 
 

a   Vigorous activities, such as running, lifting 

heavy objects, participating in strenuous 

sports   ......................................................................... 1 ..................... 2 .............................................. 3 

b   Moderate activities, such as moving a table, 

pushing a vacuum cleaner, bowling, or 

playing golf.................................................................. 1 ..................... 2 .............................................. 3 

c   Lifting or carrying groceries......................................... 1 ..................... 2 .............................................. 3 

d  Climbing several flights of stairs .................................. 1 ..................... 2 .............................................. 3 

e  Climbing one flight of stairs ......................................... 1 ..................... 2 .............................................. 3 

f Bending, kneeling, or stooping...................................... 1 ..................... 2 .............................................. 3 

g Walking more than a mile ............................................. 1 ..................... 2 .............................................. 3 

h Walking several hundred yards ..................................... 1 ..................... 2 .............................................. 3 

i Walking one hundred yards ........................................... 1 ..................... 2 .............................................. 3 

j Bathing or dressing yourself.......................................... 1 ..................... 2 .............................................. 3 

Yes, 

limited 

a lot 

Yes, 

limited 

a little 

No, not 

limited 

at all 
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4. During the past 4 weeks, how much of the time have you had any of the following problems 

with your work or other regular daily activities as a result of your physical health? 
 

 

a  Cut down on the amount of time you spent 
 

on work or other activities ............................................... 1 ........... 2.......... 3 ........... 4........... 5 

 

b   Accomplished less than you would like .......................... 

 

1 ........... 

 

2.......... 

 

3 ........... 

 

4........... 

 

 
5 

c   Were limited in the kind of work or other 

activities ......................................................................... 

 

1 ........... 

 

2.......... 

 

3 ........... 

 

4........... 

 

 

 

5 

d   Had difficulty performing the work or other 

activities (for example, it took extra effort) ................... 

 
1 ........... 

 
2.......... 

 
3 ........... 

 
4........... 

 

 
 

5 

 

 

 

5. During the past 4 weeks, how much of the time have you had any of the following problems 

with your work or other regular daily activities as a result of any emotional problems (such 

as feeling depressed or anxious)? 
 

 
 

a  Cut down on the amount of time you spent 
 

on work or other activities............................................ 1 .......... 2 .......... 3 ........... 4 .......... 5 

 

b   Accomplished less than you would like ....................... 

 

1 .......... 

 

2 .......... 

 

3 ........... 

 

4 .......... 

 

 

5 

c   Did work or other activities less carefully 

than usual...................................................................... 

 

1 .......... 

 

2 .......... 

 

3 ........... 

 

4 .......... 

 

 

 

5 

All of the   Most of Some of  A little of  None of 

time the time the time the time the time 

All of the   Most of Some of  A little of  None of 

time the time the time the time the time 
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6. During the past 4 weeks, to what extent has your physical health or emotional problems 

interfered with your normal social activities with family, friends, neighbors, or groups? 
 
 

 
 

1 2 3 4 5 

 

 

 

 

 

 

 

 

 

 

7. How much bodily pain have you had during the past 4 weeks? 
 

 

 
 

1 2 3 4 5 6 

 

 

 

 

 

 

 

 

 

 
 

8. During the past 4 weeks, how much did pain interfere with your normal work (including 

both work outside the home and housework)? 
 

 

 
 

     
 

1 2 3 4 5 

Not at all A little bit Moderately Quite a bit Extremely 

None Very mild Mild Moderate Severe Very Severe 

Not at all Slightly Moderately Quite a bit Extremely 
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9. These questions are about how you feel and how things have been with you during the past 4   

weeks. For each question, please give the one answer that comes closest to the way you have 
been feeling.  How much of the time during the past 4 weeks... 

 
 

 
 
 

 
a Did you feel full of life?............................................. 1 ........... 2 ........... 3 ........... 4 ........... 

 
5 

 

b Have you been very nervous? .................................... 1 ........... 2 ........... 3 ........... 4 ........... 
 

5 

 
 

c Have you felt so down in the dumps 

that nothing could cheer you up? ............................... 

 
 

1 ........... 

 
 

2 ........... 

 
 

3 ........... 

 
 

4 ........... 

 

 

 

 

5 

 
d Have you felt calm and peaceful? .............................. 1 ........... 2 ........... 3 ........... 4 ........... 

 
5 

 

e Did you have a lot of energy? .................................... 1 ........... 2 ........... 3 ........... 4 ........... 
 

5 

 

f Have you felt downhearted and 

depressed? .................................................................. 

 

1 ........... 

 

2 ........... 

 

3 ........... 

 

4 ........... 

 

 

 

5 

 
g Did you feel worn out?............................................... 1 ........... 2 ........... 3 ........... 4 ........... 

 
5 

 
 

h Have you been happy? ............................................... 1 ........... 2 ........... 3 ........... 4 ........... 

 
 

5 

 
 

I Did you feel tired?...................................................... 1 ........... 2 ........... 3 ........... 4 ........... 

 
 

5 

All of the Most of Some of   A little of None of 

time the time the time the time the time 
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10. During the past 4 weeks, how much of the time has your physical health or emotional   

problems interfered with your social activities (like visiting friends, relatives, etc.)? 
 

 

 
 

     
 
 

1 2 3 4 5 

 

 

 

 

 

11. How TRUE or FALSE is each of the following statements for you? 
 

 

 
 

a    I seem to get sick a little easier 
 

than other people ......................................... 1 .............. 2 ............ 3 ............. 4.............. 5 

b    I am as healthy as anybody I know ............. 1 .............. 2 ............ 3 ............. 4.............. 
 

5 

 

c    I expect my health to get worse................... 
 

1 .............. 
 

2 ............ 
 

3 ............. 
 

4.............. 

 

 
5 

 

d    My health is excellent ................................. 
 

1 .............. 
 

2 ............ 
 

3 ............. 
 

4.............. 

 

 
5 

Definitely Mostly 

true true 

Don't 

know 

Mostly Definitely 

false false 

All of the 

time 

Most of the 

time 

Some of the 

time 

A little of the 

time 

None of the 

time 
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12. During the past 4 weeks, how often have you had any of the following leg problems? 
 

 

 

(Check one box on each line) 
 

 

 
 
a Heavy legs...................................................... 1 .............. 2 .............. 3 .............. 4.............. 

 
5 

 

b Aching legs .................................................... 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

c Swelling ......................................................... 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

d Night cramps .................................................. 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

e Heat or burning sensation............................... 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

f Restless legs ................................................... 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

g Throbbing....................................................... 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

h Itching ............................................................ 1 .............. 2 .............. 3 .............. 4.............. 
 

5 

 

i Tingling sensation (e.g. pins and 

needles) ......................................................... 

 

1 .............. 

 

2 .............. 

 

3 .............. 

 

4.............. 

 

 

 

5 

 
 

13. At what time of day is your leg problem most intense? 

(Check one) 

 
On waking At mid-day At the end of During the At any time of Never 

  the day night day  
 

      
 
 

1 2 3 4 5 6 

You have had a venous thrombosis. We are interested in finding out more about the effects of your 

leg problem on your daily activities, both at home and at work. 

Every Several 

times a 

week 

About Less than 

once a 

week 

Never 

day once a 

week 
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14. Compared to one year ago, how would you rate your leg problem in general now?  (Check 

one) 
 
 

 
 

      
 
 

1 2 3 4 5 6 

 

 

 

 

 

15. The following items are about activities that you might do in a typical day.  Does your leg   

problem now limit you in these activities?  If so, how much? 
 

 

 
 

(Check one box on each line) 
I do 

not work 
 

 
 

a     Daily activities at work............................................ 0 .................. 1............... 2 .................................... 3 

b     Daily activities at home (e.g. housework, 

ironing, doing odd jobs repairs around the 

house, gardening, etc.)....................................................................... 1............... 2 .................................... 3 

c     Social or leisure activities in which you are 

standing for long periods (e.g. parties, weddings, 

taking public transportation, shopping, etc.) .................................... 1............... 2 .................................... 3 

d     Social or leisure activities in which you are 

sitting for long periods (e.g. going to the cinema 

or the theater, travelling, etc.) ........................................................... 1............... 2 .................................... 3 

Much better 

now than one 

year ago 

Somewhat 

better now 

than one year 

ago 

About the 

same now as 

one year ago 

Somewhat 
Much worse 

worse now    
now than one 

than one year 
year ago

 

ago 

I did not have 

any leg 

problem last 

year 

Yes, 

limited 

a lot 

Yes, 

limited 

a little 

No, not 

limited 

at all 
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16. During the past 4 weeks, have you had any of the following problems with your work or other 

regular daily activities as a result of your leg problem? 
 

 

(Check one box on each line) 
 

 

a  Cut down the amount of time you spent on work or other 

activities......................................................................................... 
 

b  Accomplished less than you would like ....................................... 
 

1 

 
2 

c  Were limited in the kind of work or other activities ..................... 

 

 

1 

 

 

2 

d  Had difficulty performing the work or other activities (for 

example, it took extra effort) ......................................................... 

 

 

 

1 

 

 

 

2 

 

 

 

17. During the past 4 weeks, to what extent has your leg problem interfered with your normal 

social activities with family, friends, neighbors or groups? (Check one) 
 
 

 
 

     
 
 

1 2 3 4 5 

 

 

 

 

 

18. How much leg pain have you had during the past 4 weeks? (Check one) 
 
 

 
 

      
 
 

1 2 3 4 5 6 

None Very mild Mild Moderate Severe Very severe 

Not at all Slightly Moderately Quite a bit Extremely 

Yes No 

1 2 
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19. These questions are about how you feel and how things have been with you during the past 
4 weeks as a result of your leg problem. For each question, please give the one answer that 
comes closest to the way you have been feeling. How much of the time during the past 4   

weeks... 
 

 

(Check one box on each line) 
 

 

 

      
 
 

a Have you felt concerned about the 
 

appearance of your leg(s)?........................... 1............ 2 ........... 3........... 4 ........... 5 .......... 6 

b Have you felt irritable? ................................ 1............ 2 ........... 3........... 4 ........... 5 .......... 

 

 
6 

c Have you felt a burden to your 

family or friends?......................................... 

 

1............ 

 

2 ........... 

 

3........... 

 

4 ........... 

 

5 .......... 

 

 

 

6 

d Have you been worried about 

bumping into things? ................................... 

 
1............ 

 
2 ........... 

 
3........... 

 
4 ........... 

 
5 .......... 

 

 

 
6 

e Has the appearance of your leg(s) 

influenced your choice of clothing?............. 

 

1............ 

 

2 ........... 

 

3........... 

 

4 ........... 

 

5 .......... 

 

 

 

6 

 
 

 

 

All 

 

Most 

 

A good 

 

Some 

 

A little 

 

None 

of the of the bit of of the of the of the 

time time the time time time time 
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Appendix 12: Venous Duplex Scan Procedure 
 
Baseline Ultrasound Exams (692 subjects): 

 

This protocol is strongly recommended to evaluate the proximal lower extremity deep veins for 

DVT, and to characterize its extent. The exam should ideally include the iliac veins from 

iliocaval confluence through the popliteal vein to the tibial vein confluence. 

Iliac Veins – Compression and Color Doppler: Examination of the iliac veins should be 

conducted in a warm room after an 8-hour fast to minimize overlying bowel gas. The patient 

should be supine with the head slightly elevated to minimize muscular rigidity. The transducer 

frequency should be selected based upon the depth of the vessel. The transducer should be 

placed at the level of the umbilicus to identify the iliocaval confluence in a transverse view. The 

sonographer should follow the course of the common iliac vein of interest, in gray scale. The 

common and external iliac veins should be examined for vessel wall motion, compressibility (if 

possible on some patients and in some segments, like the external iliac vein), and the absence 

or presence of intraluminal echoes. After completing the gray scale evaluation of the iliac veins, 

the spectral Doppler and color Doppler evaluation should commence, from a longitudinal view. 

The Doppler evaluation of the iliac veins is critical to determine patency since compressibility is 

limited. The common and external iliac veins should be examined and the waveforms 

documented. Waveforms should be assessed for spontaneity and respiratory phasicity. Color 

Doppler should be optimized to visualize flow patterns within the iliac veins. Color should not be 

seen outside the vessel walls as this may overwrite intraluminal echoes from thrombus. Color 

Doppler images should be recorded to display iliac vein filling. 

Lower Extremity Veins - Compression: Next, the veins within the lower extremity should be 

examined from common femoral vein through the popliteal vein. The transducer frequency 

should be selected based upon the depth of the vessel. The patient should be placed in a semi- 

fowlers position to assist in filling of the deep veins. The patient should be instructed to shift 

weight to the ipsilateral hip to aid external rotation of the limb with the knee slightly flexed. 

Attention should be paid to ensuring patient comfort to minimize muscular rigidity during external 

compression with the probe. The probe should be placed just below the inguinal ligament and a 

transverse view of the common femoral vein (CFV) above the saphenofemoral junction should 

be obtained. External pressure from the transducer should be applied to coapt/collapse the 

vessel walls. Release of compression should also be carefully observed to confirm that the 

examiner did not roll off the vein during compression. The sonographer should continue 

compressions moving inferiorly at 1 - 2cm increments to the saphenofemoral junction, femoral 
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vein and into the popliteal vein. The entire course of each segment should be compressed. If 

probe pressure does not completely collapse the vein, increased pressure should be used – if 

the accompanying artery begins to deform then adequate pressure is confirmed. Any area that 

does not compress must be evaluated from both sagittal and transverse views to determine the 

reason for lack of compression.  Images of the vein segments should be documented prior to 

and during compression. If a vein segment does not compress, the gray scale image should be 

enhanced to identify the absence or presence of low level echoes. If echoes are present where 

the vein is not compressible, the location and extent of the thrombus, the vessel size, and the 

absence or presence of flow should be documented. 

Lower Extremity Veins – Pulsed & Color Doppler: From a longitudinal view, the Doppler sample 

volume should be placed within the lumen of the CFV. Flow patterns should be assessed from 

common femoral, femoral, and popliteal veins for spontaneity, respiratory phasicity and 

augmentation. Augmentation may be documented using color Doppler. 

Characteristics of a normal venous Doppler signal are: 
 

1. Spontaneous: Blood flow present without augmentation maneuvers 

2. Respiratory phasicity: Blood flow velocity changes with respiration or valsalva 

3. Augmentation: Blood flow velocity increases with distal limb compression or with release of 

proximal limb compression. 

Interpretation of Baseline Ultrasound Exams: Exam interpretation will be based on the following 

criteria: 1) compression unequivocally excludes the presence of thrombus; 2) when compression 

is limited, such as in the iliac veins, the diagnosis is weighted more heavily on the Doppler 

waveform findings, symmetry of both common femoral vein waveforms, and the presence of 

color flow (although the absence of color flow by itself does not necessarily indicate DVT), but 

must be confirmed by venogram or CT scan for purposes of evaluating study eligibility. 

A test is negative when: 

1. The vein compresses (vessel walls coapt) when extrinsic pressure is applied; 

2. The lumen of the vein is echo-free; and 

3. The venous Spectral Doppler waveforms and color Doppler document normal flow patterns 

and normal color filling 

Criteria for diagnosing acute DVT: 

   Non-compressible or incompletely compressible common femoral vein or femoral vein at the 

site of thrombus or intraluminal echoes 
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   Presence of intraluminal echoes, abnormal Doppler waveform, and absence of color filling in 

the iliac vein are suggestive of DVT (for purposes of evaluating eligibility, confirmation with 

venogram or contrast-enhanced CT scan is needed) 

   Also suggestive: echoes display the following characteristics: echoes disfigure during 

compression; only seen with acute DVT and regular shape and edges. 

   4mm increase in compressed thrombus diameter at site of DVT, or > 10cm increase in 

thrombus margin compared with prior study 

1-Year Follow-Up Ultrasound Exams (142 subjects in 7 selected Clinical Centers): 
 

Venous valve closure time is assessed to determine the absence or presence of venous valvular 

reflux. Valve closure time (VCT) is measured from the spectral Doppler waveform obtained at 

designated sites in the deep venous system. The exam should be performed with the patient 

standing in a warm room, with weight placed on the non-study limb with the knee of the study 

limb flexed slightly. Restrictive clothing, belts, shoes, stockings, girdles, etc. should be removed. 

Imaging should be performed using a 5 to 7.5MHz linear array transducer (lower frequency 

transducer may be necessary if the veins are deeper than 5cm). Additional equipment should 

include automated cuff inflator/deflator with a 24cm cuff for the common femoral vein and a  

12cm cuff for the popliteal vein. The 24cm cuff should be wrapped around the thigh leaving 

sufficient room to place the transducer. The 12cm cuff should then be placed just below the 

knee. 

The transducer should first be placed in the groin to obtain a sagittal view of the common 

femoral vein and saphenofemoral junction. The spectral Doppler and color Doppler settings 

should be optimized. The Doppler sample volume should be placed just below the level of the 

saphenofemoral junction. While insonating the vein, the thigh cuff should be rapidly inflated to 

80 mmHg - when flow has ceased for approximately 3 seconds, the cuff should be rapidly 

deflated (over less than 0.3 seconds). The Doppler waveforms should be recorded to evaluate 

for reflux. Significant reflux can also be captured by color flow Doppler, and if this is evident it 

should be documented by obtaining images of the flow reversal. A minimum of two readings 

should be obtained minimize technical errors. 

For evaluation of reflux at the level of the popliteal vein, the patient should be asked to turn 

around (back facing technologist). The transducer should be placed in the popliteal fossa, and a 

sagittal view of the popliteal vein should be obtained. The Doppler sample volume should be 

placed in the popliteal vein below the saphenopopliteal junction. If the saphenopopliteal junction 

is not visualized, the sample volume should be placed in the mid-popliteal vein. The 12 cm cuff 
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should be rapidly inflated to 100 mmHg while recording the Doppler spectral waveforms. When 

flow has ceased for approximately 3 seconds, the cuff should be rapidly deflated (over less than 

0.3 seconds). Reflux should be documented by recording the spectral Doppler waveforms. A 

minimum of 2 readings should be obtained. 

Criteria for Reflux: reversed flow component > 0.5 seconds. 
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Appendix 13: Health Economic Study 
 
BACKGROUND AND RATIONALE 

 

As previously noted, there are over 200,000 first episodes of DVT diagnosed each year in the 

U.S., with subsequent development of PTS in 25-50% (1-5). PTS is associated with a 

tremendous burden to patients in terms of physical limitations and poor quality of life, and to 

society in terms of the high cost of treatment and lost productivity due to disability (7-12). 

Consequently, the identification of cost-effective approaches for the treatment of DVT is critical. 

Previous studies have examined costs associated with the initial treatment of and long-term 

complications following DVT. An analysis of data from administrative claims databases for 2 

large U.S. healthcare plans from 1998-2000 reported average costs for incident DVT events not 

involving pulmonary embolism (PE) of $7,712 ± $18,339 (median, $3131), and costs for DVT 

events involving PE of $12,200 ± $24,038 (median $6678). Over a 21 month follow-up period, 

one in 4 of these patients experienced an average of 1.24 bleed or recurrent VTE events that 

required hospitalization, with associated average costs of $14,957 per event (160). A model- 

based study of the economic burden of long-term DVT complications following Hip Replacement 

Surgery in the U.S., based on published estimates of the incidence and prognosis of PTS and 

recurrent VTE, found that the annual per-patient costs of mild-to-moderate PTS was $839 in the 

first year and $341 in subsequent years, annual costs of severe PTS were $3817 in the first year 

and $1677 in subsequent years, and the annual long-term cost of diagnosis and treatment of 

recurrent DVT and PE events were estimated at $3798 and $6404, respectively (14). 

As the management of DVT has evolved from hospitalization for intravenous heparin therapy to 

outpatient treatment with LMWH and use of interventional strategies including stand-alone CDT 

and PCDT, some studies have documented the variable economic impact of different 

management strategies. A study of hospitalized patients with DVT based on 1999-2000 

administrative data from 132 U.S. hospitals found that treatment with LMWH was associated  

with significantly lower total hospitalization costs than treatment with UFH, although UFH was 

used in 67% of admissions (161). Higher total medication costs for LMWH treated patients ($736 

vs. $539) were more than offset by lower overall hospitalization costs (total hospitalization   

costs: $3018 for LMWH versus $3732 for UFH), largely explained by shorter mean length of stay 

(4.4 days vs. 5.8 days). Several additional recent studies have documented that for patients with 

uncomplicated DVT, self-administered LMWH in a homecare setting is associated with 

significantly lower costs and no observed difference in outcome (162-165). 

Three recent studies comparing costs and outcomes following stand-alone CDT and PCDT 
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reported similar clinical outcomes but significantly lower hospitalization costs for PCDT due to 

lower thrombolytic doses and infusion times and decreased length of stay (68,72,166). 

By randomizing 692 patients to PCDT + optimal standard DVT therapy versus optimal standard 

DVT therapy alone, ATTRACT offers an ideal opportunity to estimate the cost-effectiveness of 

PCDT for the treatment of acute DVT. The estimation of cost-effectiveness is particularly 

important given the high up-front costs associated with the PCDT procedure and the large 

number of patients. The relative benefit of PCDT with respect to the prevention of PTS, and the 

extent to which the higher upfront costs of the PCDT procedure are offset by downstream cost 

savings associated with avoidance of PTS will be central factors underlying the results of the 

cost-effectiveness study, and its implications for future patient care and health policy. 

Cost-effectiveness analysis is a formal technique for relating costs and medical effectiveness in 

order to maximize the overall health benefits available to society (or to any policy-making unit), 

subject to the constraint of fixed resources. By explicitly quantifying the tradeoffs between health 

care costs and health benefits, cost-effectiveness analysis allows physicians to compare the health 

benefits gained by use of a new treatment to those benefits that could be achieved by alternative 

uses for the same health care resources. The cost-effectiveness ratio is the formal representation 

of this tradeoff and is calculated as the net change in health care costs (measured in dollars) 

associated with the new treatment divided by the net change in medical effectiveness (measured in 

years of life gained or quality-adjusted years of life gained) (167-170). 

 
METHODS 

 

1. Overview of the ATTRACT Health Economic Study 
 

The goals of the ATTRACT health economic study are to compare 2-year economic outcomes in 

patients with symptomatic acute proximal DVT randomized to either PCDT + optimal standard 

DVT therapy versus optimal standard DVT therapy alone, and if PCDT is found to be both 

efficacious and associated with increased costs, to carry out a formal cost-effectiveness analysis 

to estimate the incremental cost per quality-adjusted life year gained with PCDT. 

 
2. Data Collection Overview 

 

The general approach to data collection will be to integrate collection of the economic data as 

much as possible into the mainstream activities of each ATTRACT Clinical Center. For example, 

the medical resource utilization data required for this study will be collected on the standard 

clinical Case Report Forms. Follow-up medical encounters, resource utilization, and measures 
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of indirect costs will also be collected on Case Report Forms using a standardized, structured 

interview at patient follow-up times. Utility measurements will be obtained from the quality of life 

assessment by means of self-administered questionnaires given to each patient at the time of 

the study enrollment and follow-up. Once these data have been entered and cleaned by the 

DCC, they will be transmitted in electronic format to the Health Economic Core Laboratory. 

On the other hand, collection of certain data elements requires additional training and will be 

performed directly by trained personnel from the Health Economic Core Laboratory. For 

example, collection of itemized hospital bills and UB92 summary bills will be performed directly 

by the Core Laboratory. These tasks will be performed centrally since they involve retrospective 

data collection, which is easily accomplished in batched format and requires specialized data 

abstraction skills that are beyond those required of most clinical research coordinators. 

3. Patient Population 
 

All patients who participate in the ATTRACT trial will be eligible for the Health Economic Study. 
 

4. Economic Data 
 

Cost data will be collected for each study patient from the point of study intake until the 

completion of the planned 2-year follow-up period. To facilitate analysis from a variety of 

potential perspectives, overall costs will be calculated for three categories: direct medical costs, 

custodial and chronic care costs, and indirect costs. Direct medical costs will include the cost of 

any inpatient care, outpatient care (including outpatient procedures, diagnostic testing, and 

prescription medications), and emergency room visits. Custodial and chronic care costs will 

include the cost of nursing home care, rehabilitation services (inpatient or outpatient), visiting 

nurses, home health aides, and other non-physician health professionals. Indirect medical costs 

will include the cost of care provided by other family members, such as lost wages. As 

recommended by the National Panel on Cost-Effectiveness in Health and Medicine, costs of lost 

work or other earnings on the part of the patient will be tabulated separately, but not included in 

the calculation of medical care costs for the primary cost-effectiveness analysis (171). 

 
A.Data Collection: The following specific data will be collected for each randomized patient: 

 

1. Costs of the index PCDT procedure: operating room or angiographic suite costs, including 

lab time, anesthesia time, recovery room time, equipment costs (guidewires, thrombectomy 

devices, embolus protection devices, guiding catheters, sheaths, and other devices used), rt- 

PA use, adjunctive medication use (including anticoagulants), and the amount and type of 
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radiographic contrast required. These data will provide a direct measure of resource 

utilization for the PCDT procedures and thus allow accurate determination of the cost of 

these procedures using standard, resource-based accounting methods (172). 

2. Measures of global resource utilization for the initial hospitalization and all follow-up 

hospitalizations, including length of stay, number of ICU days, principal diagnosis (ICD-9 

codes), major procedures, complications, and DRG assignment. As described below, 

hospital admissions unrelated to treatment of venous disease or its complications (including 

PE and bleeding) will be identified at trial completion by a clinical events committee that is 

blinded to treatment assignment, and excluded from the economic analysis. 

3. Itemized hospital charges and summary bills (UB-92 forms) for the index hospitalization and 

follow-up hospitalizations for treatment of venous disease or its complications (see below). 

4. Detailed outpatient medications including type of medication and daily dose for all 

medications used for the prevention and treatment of venous disease or its complications, 

including over the counter medications. 

5. Purchase and use of prescription compression stockings, bandages and other devices, 

during each follow-up interval. 

6. Self-reported estimates of medical resource utilization including the number of emergency 

room visits and physician visits during follow-up. In addition, we will obtain patient (or proxy) 

self-report estimates of the number of visits by allied health professionals including visiting 

nurses, home health aides, occupational therapists, and physical therapists during follow-up. 

7. Number and duration of admissions to rehabilitation hospitals, nursing homes, and other 

chronic care facilities. 

Hospitalization-related resource utilization data will be collected at each protocol-mandated clinic 

visit by the local research coordinator using standardized Case Report Forms and source- 

verified based on review of pertinent medical records. Utilization of other medical services 

including outpatient care, prescription medications, custodial care, and rehabilitation services as 

well as loss of work by the patient and any other caregivers will be assessed by detailed 

questionnaires that will be administered by the local research coordinators at the time of each 

scheduled clinical follow-up. The accurate reporting of health care resource use data will be 

aided by the weekly recording by the patient of medical care resource use in a cost diary, which 

the patient will be instructed to bring to each follow-up visit. This form will also record resource 

use related to indirect costs, including transportation to and from non-protocol mandated hospital 
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and doctor’s visits, and lost time from work and decreased work productivity. Previous 

experience with such a diary by Dr. Kahn (ATTRACT Steering Committee member) and co- 

investigators in the Venous Thrombosis Outcomes cohort (VETO) study has demonstrated a 

high level of patient acceptability, and the ability to use it to derive useful and valid DVT-specific 

resource utilization (173). Before study initiation, personnel from the Health Economic Core 

Laboratory will train the Clinical Center personnel in appropriate completion of the data forms. 

B.Hospital Billing Data: 

In addition to detailed health care resource utilization data, we will collect comprehensive hospital 

billing information (itemized hospital charges and UB-92 summary bills) for each study  

participant for the index hospitalization and for any subsequent hospital admissions during the 

follow-up period. Together with cost-to-charge conversion factors, these hospital bills will be used 

to derive cost estimates for inpatient medical care services that are directly applicable to          

the study population. Hospital billing information will be collected by an experienced research 

assistant at the Health Economic Core Laboratory, working in conjunction with the local research 

coordinators and the Director of Patient Accounts at each participating Clinical Center. To assist 

in collection of billing data, the Health Economic Core Laboratory will generate a monthly 

summary of hospital admissions that will be forwarded directly to the Clinical Center’s billing 

department. Prior to enrollment, patients will be asked provide permission to obtain such billing 

records, and all related data will be kept in a secure, confidential database. 

5. Estimation of Costs 
 

In the U.S. healthcare system, it is possible to collect medical billing information that provides 

detailed and objective summary measures of total medical resource consumption during 

hospital-based care. Because of the distortions present in hospital charges, however, it is 

necessary to convert raw billing data to an estimate of true medical care costs (172). A standard 

approach has been developed to do this and is described in detail below. Medical billing data 

have been successfully used as the primary measure of hospital cost in several major 

randomized trials of cardiovascular therapies (174-176). 

An alternative to the use of hospital billing data is the use of Medicare DRG reimbursement 

rates. Although this has the advantage of representing the true “cost” of hospital services to a 

single large payer (Medicare), they have the strong disadvantage of being insensitive to shifts in 

resource use that do not affect DRG assignment, a particularly important limitation for the 

treatments under investigation in ATTRACT, and the reason that we will not use this approach. 

A. Method of Hospital Cost Calculation: Hospitalization costs will be assessed by a combination 
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of resource-based costs and hospital billing data (177).  Index Procedures - From the detailed 

resource use and procedure duration data recorded for the index procedure, costs will be 

calculated as the product of resource use and unit cost for each component. Acquisition costs 

for each item will be estimated as the average over several study hospitals. 

B. Post-procedure Hospital Care: Costs for all other aspects of care during the initial 

hospitalization will be estimated based on hospital billing data. After excluding charges 

associated with the index procedure (for patients randomized to PCDT), post-procedure hospital 

costs will be determined by multiplying the remaining hospital charges by the hospital and cost- 

center specific cost-to-charge ratio obtained from the hospital’s Medicare cost report (177). For 

patients for whom billing data are unavailable (expected to be < 10%), post-procedural hospital 

costs will be estimated based on a regression model developed from hospital admissions for 

which billing information is available, using multiple imputation. Multiple imputation techniques 

will be used rather than a single cost coefficient for each resource to preserve patient-to-patient 

variability within the study population. Costs will be converted to U.S. dollars corresponding to 

the last year of the trial, using the medical care component of the Consumer Price Index. 

For any rehospitalizations for which standardized hospital billing information cannot be obtained 

(expected to be < 5% of total hospital admissions) or are non-existent (i.e., admissions to VA 

hospitals, non-U.S. hospitals, or other U.S. hospitals that do not generate UB-92 summary bills), 

inpatient medical care costs will be estimated based on a regression model derived from the 

hospitalizations for which bills are available, using multiple imputation, as will be done for the 

estimation of post- index procedure hospital costs, described above. Candidate resources for 

the imputation model would include length of stay, ICU length of stay, in-hospital events and 

complications, and major tests and procedures performed during the admission. 

C. Elimination of Hospitalization Costs Unrelated to Venous Disease: Hospital admissions 

unrelated to treatment of venous disease or its complications will be excluded from our 

economic analysis, since any differences in these events are unlikely to be related to the 

treatment strategy. Thus, their inclusion would only increase the variance of our cost estimates. 

A clinical events committee blinded to treatment assignment will review each hospital admission 

during the study to determine whether it should be excluded from the economic analysis. 

D. Estimation of Other Costs: Costs for professional services (i.e. physician fees for inpatient 

care, procedures, outpatient visits, and testing) will be based on measured resource utilization 

(taken from the medical record and patient self-reports) and national average reimbursements 

(from Medicare Fee Schedule). Outpatient care costs will be assigned using the Medicare Fee 



ATTRACT VEDANTHAM 

Version 4.0 138 February 14, 2013 

 

 

 
 

Schedule. Drug costs will be based on wholesale prices in the Drug Topics Red Book (178). 
 

Costs of home health care, long-term care, and custodial care will be based on average 

Medicare reimbursements for the services provided. Costs of additional home health and 

custodial services not covered by Medicare will be based on average charges, estimated from 

sources such as the U.S. Nursing Home Survey (171). The cost of care provided by family 

members will be estimated as the cost of lost employment required to provide this care. These 

costs will be estimated based on average national wages among persons in the work force. 

All costs will be valued in year 2010 dollars, which is anticipated to be the final year for which 

national average cost data are expected to be available at the completion of the study. Costs 

measured during years other than 2010 will be converted to constant dollars using the 

appropriate component of the Consumer Price Index. Costs will not be discounted for the 

primary cost comparisons, but will be discounted at a rate of 3% per year for the cost- 

effectiveness analyses (see below) as recommended by the U.S. Public Health Service 

Guidelines on Cost-Effectiveness in Medicine (167). 

6. Utility Measurement 
 

For the purposes of cost-effectiveness analysis, quality of life must be measured in terms of 

“utility”, a global rating (on a 0-1 scale) that reflects an individual’s preference for his or her 

current health state relative to perfect health (125). Although in the past, it had been customary 

to measure utility directly from the trial participants using time-tradeoff techniques (179,180) 

there is an emerging consensus that cost-effectiveness analyses designed to inform societal 

resource allocation use community-based (rather than patient-based) preferences (181). 

There are several potential techniques for measurement of patient-specific, population-based 

utility weights within ATTRACT. These include the Health Utilities Index (HUI), the Quality of 

Well-Being Scale (QWB), the EuroQol (EQ-5D), and recently published algorithms that allow 

mapping of the SF-36 or SF-12 to health state utilities (127,182-185). For ATTRACT, our 

preferred approach will be to calculate preference-based utility scores from the SF-36 data being 

collected in the QOL study, using a recently-validated scoring algorithm developed by Brazier et 

al (182). This has the advantage of using population-based utility weights that are appropriate to 

the analytic perspective of the analysis (i.e., U.S. societal weights). Although we are unaware of 

previous studies using the SF-36 as a utility measure for this population, the fact that the SF-36 

has been previously shown to be a valid and responsive measure of health status for patients 

with PTS suggests that it will be appropriate for the ATTRACT population (10,12). As the SF-36 

is already being used as the generic health status measure in the trial, this will also help to limit 
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the burden to both the patients and the study coordinators. 
 

AN ALYTIC PLAN AND STATISTICAL METHODS 
 

1. Cost Analysis 
 

The primary cost analysis will compare mean cumulative 2-year medical care costs between the 

two treatment groups. Secondary cost comparisons will be performed in an analogous fashion at 

alternative time points, including 1-month after randomization and 1-year after randomization. 

Decisions regarding the efficient allocation of resources generally involve consideration of the 

total costs of treating all patients with a specific disease with the treatment in question. In such 

settings, the arithmetic mean, which is the per-person cost of implementing the treatment, is the 

most relevant measure for summarizing and comparing cost (186). Measures of mean cost are 

the most appropriate reflection of the expected value of resource consumption to society — the 

appropriate metric for rational resource allocation. Characteristics of cost distributions can 

complicate the task of the data analyst needing to carry out a formal comparison of mean costs. 

In particular, the distribution of cost data tends to be skewed, with a large proportion of costs at 

the lower end of the distribution and a long right tail. As the appropriateness of many statistical 

tests and models relies on an approximately normal underlying distribution of the data, many 

common tests, such as the two-sample t test for comparison of means, may not be appropriate. 

An alternative method for comparing the average cost of two alternative treatments is through 

application of the non-parametric bootstrap approach to statistical inference (187). The bootstrap 

approach has been advocated as the most appropriate general method for comparing   

arithmetic mean costs as it can be used to draw inferences about the difference in mean costs 

between treatment groups without making any distributional assumptions (188). Confidence 

intervals around all cost estimates and differences in costs between treatment groups for the 

ATTRACT Trial will be derived using the bootstrap approach. Few patients should be lost to 

clinical follow-up during the study. For patients who are lost to follow-up, medical care costs 

beyond the time of last contact will be imputed using multiple imputation techniques, where the 

model includes the previous years’ cost for the individual. This approach is reasonable as 

previous studies have found that the best predictor of subsequent healthcare resource utilization 

for a given patient is that patient’s previous pattern of utilization. 

2. Cost-Effectiveness Analysis 
 

A formal cost-effectiveness analysis will be relevant if the clinical trial reveals a significant 

benefit of PCDT in terms of the primary study endpoint and if that benefit comes at additional 

cost. This analysis will use the societal perspective as recommended by the National Panel on 
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Cost-Effectiveness in Health and Medicine (167) and will be based, to the extent possible, on the 

empirical data from the trial. Cost effectiveness will be calculated as: 

 

Lifetime Cost (PCDT) – Lifetime Cost (optimal standard therapy) 

Effectiveness (PCDT) – Effectiveness (optimal standard therapy) 

where effectiveness is measured in terms of quality-adjusted life years (QALYs). 
 

A. Derivation of In-trial Quality-adjusted Life Expectancy: The in-trial contribution to each 

patient’s quality-adjusted life expectancy will be estimated by multiplying his/her within-trial 

survival time by the time-weighted average of associated utility weights obtained from the SF- 

36. For example, the utility value assigned for the first 6 months will be the mean of the baseline 

and 6 month utility score; the utility for months 6-12 will be the mean of the 6-month and 12- 

month utility assessments; and so on. 

B. Projecting Beyond the Trial for QALYs and Costs:  Although the randomized trial will follow 

patients for 2 years, outcomes pertinent to cost-effectiveness may continue to evolve well after its 

conclusion. In particular, it is anticipated that most patients will remain alive at the trial’s conclusion 

and that the benefit of PCDT will accrue over the long term, through a reduction in morbidity and 

costs associated with PTS. Thus, a method is required for converting the observed trial experience 

into corresponding lifetime quality-adjusted survival and cost figures needed for the incremental 

cost-effectiveness calculations. Although the use of “within-trial” cost-effectiveness ratios would 

eliminate the need for extrapolation, this approach would bias our analysis substantially against 

PCDT given its high up-front cost and the expectation that any quality of life benefits are likely to be 

sustained. Moreover, lifetime ratios are necessary for comparison with external benchmarks. 

To extend the trial results beyond the observed time-frame, we will develop a Markov (state- 

transition) model (189) in which the principal health states will describe the long-term complications 

of DVT as defined by the clinical trial (e.g., death, recurrent DVT, venous ulcer, cellulitis, pulmonary 

embolism). This model will be patterned after previous models developed by the EQOL 

investigators to project long-term complications, costs, and life-expectancy in patients with chronic 

coronary disease, acute myocardial infarction, and cerebrovascular disease (190-192). In addition  

to the ATTRACT Trial itself and published literature, a potential source of cost, transition probability 

and utility inputs for the model is long-term follow-up results from the Venous Thrombosis  

Outcomes (VETO) study, a 5 year (2002-2007), multicenter prospective follow-up study of 387 

patients with acute symptomatic DVT that is collecting detailed resource use and costs data relating 

to PTS. We will have full access to the 5 year VETO data through the study’s principal investigator, 

Dr. Susan Kahn (ATTRACT Steering Committee member). Although the primary cost data for 
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VETO are applicable to the Canadian health care system, they can be converted to approximate 

U.S. equivalents using Purchasing Power Parities (193). These data will be essential to projecting 

the incremental costs associated with PTS (stratified by severity level) that are critical to model the 

long-term QOL impact of PCDT in preventing late DVT complications. 

C. Incremental Cost-Effectiveness Analysis: Once the estimates of long-term costs and 

QALYs have been obtained for each of treatment arm, an incremental cost-effectiveness 

analysis will be carried out. For this analysis, costs and survival beyond the first year will be 

discounted at 3% per year according to current standards. Bootstrap analysis will be used to 

assess the precision of the cost-effectiveness ratios, and the results of the analysis will be 

presented graphically in  the cost-effectiveness plane, including percentages of the distribution 

falling in the dominant (clinical benefit at lower costs) and dominated (higher costs but no clinical 

benefit) quadrants. In addition, results from the bootstrap analysis will be presented in the form 

of cost- effectiveness acceptability curves, which describe the evidence in support of cost-

effectiveness across a range of cost-effectiveness thresholds (194-197). 

D. Secondary Cost-Effectiveness Analyses: In addition to the pre-specified primary cost- 

effectiveness analyses, we will perform a variety of exploratory secondary analyses. This will 

include subgroup analyses to identify cost-effective strategies for specific types of patients and 

will be based on the pre-specified patient subgroups identified in the clinical protocol. 

E. Sensitivity Analyses: Extensive and comprehensive sensitivity analyses, including 

probabilistic sensitivity analysis on parameters such as Markov model transition rates, will be 

performed on all key factors in the cost-effectiveness analysis. For factors that are measured 

empirically during the study, such as QOL and costs, analyses will consider not only mean 

values but also values that are one standard-deviation removed from the mean and the 95% 

confidence intervals for the parameters. Less marked variations will also be considered, and 

one-way and two-way thresholds for indifference between the various strategies will be 

determined. We will also consider alternative discount rates ranging from 0-7%. 
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Appendix 14: Study Procedures and Assessments 
 

 

PROCEDURE 
Pre

 
Rand 

Screening 

Pre 
Rand 

Baseline  Rand 

 

Initial 
Tmt 

Visit 1 

10 days 
±3 days 

Visit 2 

30 days 
±7 days 

Visit 3 

6 mo 
±1 mo 

Visit 4 

12 mo 
±1 mo 

Visit 5 

18 mo 
±1 mo 

Visit 6 

24 mo 
±2 mo 

 

Informed Consent X          

History & Physical X 
 

Blood Tests 
X

(1)    
X

(2)      

Start AC in both arms X X X 
 

Rate Leg Pain (3)  X   X X     

Measure Leg Circumference (3) X X X 
 

QOL Questionnaire (SF-36, VEINES)  X    X X X X X 

Duplex Ultrasound X X X
(4)

 
 

Randomization   R        

PCDT/venograms - PCDT arm only X
(5)

 
 

Dispense ECS     X      

Record/report on-serious AEs X X 
 

Record/report serious AEs     X X X X X X 

Review AC, ECS, Cost Diary X X X X X X 
 

Villalta PTS Scale (3)  X   X X X X X X 

VCSS Scale (3) X X X X 
 

CEAP Clinical Class (3)       X X X X 
 

(1) CBC with platelets, PT/INR, creatinine; a pregnancy test will be obtained only in women of childbearing potential. 
(2) Platelet count to assess for HIT 
(3) Assess both legs. NOTE: For bilateral DVT, designate the “index leg” prior to randomization. 
(4) The 12-month follow-up Duplex ultrasound will be obtained only in Ultrasound Substudy patients. 
(5) Venograms performed immediately before and after PCDT will be obtained only in the Experimental (PCDT) arm patients. 

Abbreviations: QOL quality of life; AE adverse event; ECS elastic compression stockings; AC anticoagulation; PCDT 
pharmacomechanical catheter-directed intrathrombus thrombolysis. 
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Appendix 15: Unanticipated Problems 

From “Adverse Event and Unanticipated Problem Reporting Policy” NHLBI 2/2/09 
 

 



 

 

 

SUMMARY OF ATTRACT TRIAL PROTOCOL CHANGES 

January 10, 2017 (no changes since December 9, 2016 version) 

 
Below is a summary of the evolution of the clinical study protocol for the ATTRACT Trial.  In total, 

four protocol versions were used in study patients.  All three protocol amendments were completed 

during the enrollment period which ended more than 2 years prior to locking of the study database. 

 

 
Original Protocol - Version  1.0 (dated December 23, 2008) 

 
Protocol Version  1.0 was approved by the FDA on October 3, 2008 and by Washington University's 

!RB on January 14, 2009.  The first amendment was submitted prior to enrollment of the first patient, 

but the lag time to gaining site IRB approvals led to Protocol Version 1.0 being used in I 4 patients. 

 

 
Protocol Version 2.0 (dated November ll, 2009, Wash U ! RB-approved on December 10, 2009) 

 
A total of 129 patients were enrolled on Protocol Version 2.0.  Significant changes from VI to V2: 

 
I .   The DSMB Chm1er was modified (Appendix 15) per the template for NHLBI-appointed  DSMBs.  In 

Section I 5.5, we clarified that the DSMB reports to the NHLBI, not to our Steering Committee. 

 
2. We eliminated the J O-day quality oflife (QOL) assessment, since the validated measures queried 

QOL "during the last 4 weeks" (Sections 8.2, 8.10, I I.I , 15.3.4, 15.3.5, and Appendix  14). 

 

3. We clarified that the assesments for post-thrombotic syndrome (PTS), the primary outcome, must be 

done by a blinded clinician with a physician or nursing background (Sections 8.9, 8.11, Appendix 8). 

 
4. We clarified that PCDT Arm patients may be re-treated (up to twice) if they developed symptomatic 

acute recurrent DVT within 3 months post-randomization and had no major contraindications. 

 
5. Ultrasound (US) Exams - Realizing that some aspects of how US was required in the original 

protocol would not be practical to implement across our sites, we: A) eliminated the requirement for 

a bilateral US exam at baseline, and allowed an already-performed unilateral exam as the baseline 

US as long as it was done within the last 5 days and adequately documented compression of the 

proximal veins (Section 4.5); b) required that the baseline US results be reviewed by a physician­ 

investigator (to protect against inappropriate enrollment) (Section 4.4); c) clarified that documenting 

thrombus extent is required for the I -month follow-up US (scheduled electively with protocol-aware 

sonographer) (Section 9.3), but only strongly recommended for the baseline US (done by any 

sonographer available when the patient presented); d) clarified that we expect residual vein diameter 

to be measured for the common femoral and popliteal veins, but not the femoral vein (as reproducing 

this measurement in the same location would be impractical) (Section 9.3). We also made use of the 

Protocol-specified  compression US technique strongly recommended  (Section 8.13, Appendix 12) 

since the sites had minor differences in technique that would be impossible to hannonize for the 

compression US exams which were done by any sonographer available when the patient presented. 



 

 

6. PCDT Technique - Realizing that physicians have different preferences for the delivery of PCDT in 

that were within the bounds of acceptable practice, we: A) modified the allowed initial rt-PA dose 

for single-session PCDT from 0.33 mg/cm-thrombus to 0.25 - 0.33 mg/cm-thrombus (Sections 6.2, 

Appendices 4 and 5); B) extended the allowed 11-PA infusion duration to 24 hours (from 12) after 

attempted single-session PCDT and to 30 hours (from 24) for infusion-first PCDT; C) included the 

possibility that up to 4 procedure sessions (from 3) may be needed (Sections 6.2.3, 6.2.5, 7.3.5, 

18.5.2, Appendices 2-6); D) clarified that infusion-first PCDT must be used when IVC thrombus is 

present (Section 6.2.4); and E) clarified that the physician may select the venous access site(s) to be 

used for endovascular procedures, except for the femoral vein in the mid-thigh since it is not readily 

compressible in the event of bleeding (Sections 7.3.2 and 7.3.3).  We also clarified that when stents 

are used, selection of bare (non-covered, non-grafted) stents is recommended (Section 6.2.5). 

 

7. We clarified that since some patients have their "6-month" visit after only 5+ months (since this visit 

window occurs at 6 months ± 1 month after randomization), our primary analysis will count the 

outcome assessments done at that visit, even if technically completed before 6 months (Section 15.2) 

 

 
Protocol Version 3.0 (dated January 23, 2011, Wash U ! RB-approved on February 23, 2011) 

 
A total of 317 patients were enrolled on Protocol Version 3.0  Significant changes from V2 to V3: 

 
1 .    Study Eligibility Criteria (Section 4.3) - A) we extended the upper age limit to 75 years (from 70); 

B) we removed  the need  to exclude many patients  with lVC thrombosis  or bilateral  DVT, clarified 

that the non-index  limb may not be initially treated with PCDT, and clarified that the  I -year reflux 

US is unilateral;  C) to avoid excluding patients with a discolored  extremity  and intact perfusion,  we 

removed  "phlegmasia  cerulea dolens" (but  did not  change our exclusion  of patients  with acute limb 

threat);  D) we harmonized  the protocol  to require a negative pregnancy  test in women  of 

childbearing "potential" (not "age"); E) we removed the exclusion of patients receiving clopidogreL 

 
2. Treatments - A) we added once-daily enoxaparin as an acceptable first-line anticoagulation regimen 

(Section 6.1.1); B) we reduced the mandated INR testing during initial DVT therapy to at least every 

3 days (from 2 days) (Section 7.2); C) we clarified heparin dosing during PCDT (Section 7.3.1); D) 

we allowed use of the new Solent Proxi Angiojet Catheter (Appendix 5; E) we allowed the use of 

anti-Factor-Xa assays in lieu of PTTs for heparin monitoring (Sections 6.1.1, 6.2.3.3, 7.1, 7.3.3). 

 
3. Regulatory Repo11ing - A) we adopted the OHRP' s definitions of an Adverse Event (AE) and of the 

'·expectedness" of an AE (as opposed to the FDA's) (Section 13.1.1 and 13.3.2); B) we specified the 

required repm1ing of Unanticipated Problems (Sections 13.1.3 and 13.6, Appendix  15); C) we 

modified the AE "relatedness" assessment to meet criteria for OHRP and FDA (Sections 13.3.3 and 

13.3.4); D) we eliminated the requirement to count as AEs non-therapeutic INRs that do not need 

treatment, expected symptoms of DVT and PTS that are already addressed by the study outcome 

assessments, and hospitalizations solely to obtain patients access to anticoagulation or related 

education (Section 13.2.2); E) we reduced the period of required rep011ing of non-serious AEs to 30 

days post-randomization (Sections 13.4, 13.6, 11.3, 11.4, 11.5, and 11.6). 

 
4. At NHLBI request, DSMB Charter was removed from Protocol and kept separately (Section 17.4). 



 

 

Protocol Version 4.0 (dated Febrnarv 1 4, 2013, Wasb U ! RB-approved on February 28, 2013) 

 
A total of 232 patients were enrolled on Protocol Version 4.0. Significant changes from V3 to V4 are 

listed, and reflect the careful thought involved in creating our Statistical Analysis Plan in 2012-2013: 

 
1. New Anticoagulant Drugs - During the enrollment period, we became aware that some physicians 

considered the protocol"s use of warfarin as the only acceptable oral anticoagulant as a reason to 

discourage patient participation in the study.  To address this issue, and also to enhance the study"s 

applicability to contemporary DVT practice, we amended Protocol Sections 6.1.1 and 6.1.2) to allow 

the use of rivaroxaban and other FDA-approved  anticoagulant regimens.  However, we retained the 

prohibition (Section 6.2.7) on using new oral anticoagulants within 24 hours of thrombolysis. 

 
2. Consistency on Crossovers - We always intended to rely on the blinded assessments of Villalta Scale 

scores between the 6- and 24-month follow-up visits to assess the study' s primary outcome (PTS). 

However, the previous protocol said that Control Arm patients who later undergo PCDT would be 

automatically adjudicated as having severe PTS.  This statement was very problematic since: A) it 

implied that Control Arm patients who insist on receiving PCDT soon after randomization (simply 

because they were unhappy with the outcome of randomization) would be counted as having severe 

PTS; and B) it seemed to confer upon the site investigators the ability to decide, unilaterally and 

arbitrarily, that a patient has met the primary endpoint of PTS when this may not be justified (e.g. by 

performing PCDT for indications such as symptom progression in the acute phase), which was never 

intended.  In discussing this issue, we also realized that there may be patients who exhibit a clear 

failure of initial DVT therapy (e.g. development of acute limb threat with subsequent amputation) 

but who do not meet our definition of PTS (which requires an evaluable limb at the 6-month follow­ 

up visit).  We did not believe it would be appropriate to count such patients as having PTS, but we 

did believe that such occurrences should be transparently reported as important initial DVT  

treatment failures.  Hence: 1) In Protocol Section 6.2.8, we deleted the sentence that states that 

crossovers will be automatically counted as severe PTS in the intention-to-treat  analysis; 2) In 

Section 15.2, we clarified how PTS will be counted in various situations; and 3) We also (Sections 

8.2 and 15.3.7) defined two new secondary efficacy outcomes:  a) "major non-PTS treatment 

failure"; and b) a composite outcome (PTS + major non-PTS treatment failure) that will enable us to 

compare the overall proportions of patients in each mm who had a poor clinical efficacy outcome. 

 

3. Data Analysis - A) Since randomization is stratified by anatomic thrombus extent and Clinical 

Center, we modified the analysis to utilize stratum-adjusted testing rather than the Fisher's Exact test 

to compare the proportions of patients with PTS, recurrent VTE, bleeding, death, and the composite 

outcome of PTS + major non-PTS treatment failure (Protocol Sections 15.2 and 15.3); B) In  

grouping symptomatic recurrent VTE events, we substituted a division at 30 days (to be consistent 

with Protocol Section 9.3 where we state that post-PCDT re-thrombosis within the first 30 days will 

be separately tracked) for the previous division at 365 days (Section 15.3.1); C) We added a 

comparison of the proportions of patients who develop "moderate or severe PTS"; D) We used the 

correct term "modified full analysis set" for "full analysis set" and more clearly indicated that 

imputation will be employed in the sensitivity analysis (Section 15.2.1); E) We better summarized 

our overall approach to managing missing data from missed visits and partially completed Villalta 

Scales (Section 15.4.2); and F) We hannonized the covariates to be used in our adjusted analysis 

with our Statistical Analysis Plan (Section 15.1). 
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1 INTRODUCTION 

1.1 Overview 

To determine if PCDT should be routinely used to treat proximal DVT,we are performing a 

multicenter randomized clinical trial (ATTRACT) to establish whether PCDT prevents PTS and 

improves health-related QOL with acceptable safety and costs. If so, this finding is expected to 

catalyze a fundamental change in DVT practice towards routine, first-line use of PCDT. If PCDT 

proves ineffective or insufficiently safe, this finding will reduce or eliminate the use of a 

potentially risky and expensive procedure. There is broad consensus that ATTRACT addresses 

a research question of major importance to patients, physicians, and the U.S. healthcare 

system. 
 

2 STUDY OBJECTIVES AND OUTCOMES 

2.1 Study Objectives 

In symptomatic patients with acute proximal DVT, the primary objective of this trial is to 

determine if initial adjunctive use of PCDT (using rt-PA) with optimal standard DVT therapy 

reduces the occurrence of the Post-Thrombotic Syndrome during 24 months of follow-up 

compared with optimal standard DVT therapy alone. 

 

Secondary objectives include the following: 
 

• To compare between the two treatment arms:the resolution of acute DVT symptoms; 

rates of major bleeding, symptomatic PE, recurrent venous thromboembol ism,and death; 

venous disease-specific and general QOL; and cost-effectiveness; 

• To identify pre-treatment predictors of heightened therapeutic response to PCDT via 

correlation of PTS scores and QOL change scores with demographic variables, DVT risk 

factors, symptom duration, and anatomic thrombus extent; and 

• To determine the anatomic/physiologic conditions needed to prevent PTS via correlation 

of PTS scores and QOL change scores with post-treatment thrombus burden, recurrent 

DVT, and valvular reflux. 

 

2.2 Efficacy Outcomes 
 

2.2.1 Primary Efficacy Outcome 

Post-Thrombotic Syndrome (PTS} defined by the presence of a total score of 5 or greater on the 

Villalta PTS Scale (signs plus symptoms) in the leg with the index DVT, or an ulcer in that leg, 

that occurs at any time between the 6-month post randomization follow-up visit and the 24- 

month visit (inclusive) is the primary efficacy outcome. See section 2.2.3 for details. 

 

2.2.2 Secondary  Efficacy Outcomes 

1) PTS occurrence at 6, 12 and 18 months assessed using Villalta PTS Scale. 
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2) Major Non-PTS Treatment Failure 

3) Composite Treatment Failure (PTS occurrence or Major Non-PTS Treatment Failure) 

4) PTS severity at 6, 12, 18 and 24 months assessed using the: 

a) Villalta PTS Scale score (PTS Score and PTS Class) 

b) Venous Clinical Severity Score (VCSS Score) 

c) Clinical-Etiologic-Anatomic-Pathophysiologic System (CEAP Clinical Class). 

5) Quality of Life (QOL) at 1, 6, 12, 18 and 24 months assessed using: 

a) SF-36 questionnaire (general QOL component scores: MCS, PCS) 

b) VEINES questionnaire (symptoms VEINES/SYM and QOL VEINES/QOL). 

6) Resolution of Leg Pain Severity at 10 days and 1 month assessed using a Likert scale. 

7) Resolution of Leg Swelling at 10 days and 1 month assessed using calf circumference 

measurements. 

8) Degree of clot lysis with PCDT, assessed venographically (Experimental Arm only) 

9) Prevalence of valvular reflux and residual thrombus at 1year (Duplex ultrasound) 
 

2.2.3 PTS-Related Outcomes 

The Villalta PTS Scale scores the severity of 5 patient-reported symptoms (pain, cramps, 

heaviness, paresthesia, pruritus) and 6 clinician/nurse-observed signs (pretibial edema, skin 

induration, hyperpigmentation, venous ectasia, redness, pain during calf compression) of PTS 

on a 4-point scale (O=none, 1=mild,2=moderate , 3=severe) for each leg. The clinician or nurse 

performing the Villalta PTS signs assessment must be blinded to subject treatment allocation. 

 

The points are summed into a PTS Total Score ranging from 0 to 33 for each leg. If the clinician 

determines that the patient has a venous ulcer in the leg being assessed and the summed score 

is less than 15, then a score of 15 is assigned. Subjects are categorized as having PTS if the 

total score in the leg with the index DVT is 5 or greater at any time between the 6-month and the 

24-month follow-up visits. 

 

Subjects will also be categorized as having mild (score 5-9), moderate (score  10-14), or severe 

PTS (score <!:15) at each assessment. This will be referred to as the "PTS Class". 

 

2.2.4 Major Non-PTS Treatment Failure Outcome 

A major treatment failure that is not PTS is defined as an event meeting one or more of the 

following criteria during the 24 months post randomization: 

(1) the subject undergoes an unplanned endovascular or surgical intervention for the treatment 

of severe symptomatic venous disease in the index leg within the first 6 months after 

randomization (excluding PCDT Arm patients who undergo repeat PCDT within the first 3 

months after randomization, and Control Arm patients whose intervention occurs within 7 

days after randomization and was not prompted by acute limb-threatening circulatory 

compromise); 



Statistical Analysis Plan: ATTRACT 

SAP version 1.7:ATTRACT 04 Sep 2013 Page 9 of 42 

 

 

 

 
(2) the subject undergoes an amputation in the index leg anytime within 24 months after 

randomization; or 

(3) the subject develops venous gangrene in the index leg within the first 6 months after 

randomization. 

 

2.2.5 Composite Treatment Failure Outcome 

A composite treatment failure over the 24 months post randomization is declared for a subject 

who either develops PTS or experiences a major non-PTS treatment failure. 

 

2.2.6 CEAP Clinical Class Outcome 

All subjects will have their basic CEAP Clinical Class assessed for each limb (Eklof, 2004; 

Kahn, 2004a; Kahn, 2004b) . In ATTRACT, the Etiologic (E), Anatomic (A) and Pathophysiologic 

(P) components of the CEAP System will not be used. The limb will be categorized into one of 8 

descriptive "Clinical Classes" based upon the dominant physical exam findings observed: 

CO = no visible or palpable signs of venous disease 

C1 = telangiectasia or reticular veins 

C2 = varicose veins 

C3 = edema 

C4a = skin changes including pigmentation or eczema 

C4b = skin changes including lipodermatosclerosis 

C5 = healed venous ulcer 

C6 = active venous ulcer 

Subjects will be assigned the highest Class for which they have a component sign, and will be 

classified as symptomatic (S) or asymptomatic (A). The ascending severity of the CEAP Clinical 

Class has been shown to correlate with QOL. 

 

2.2.7 VCSS Score Outcome 

The VCSS is a venous severity scoring system derived from selected elements of CEAP 

classification (Rutherford, 2000;  Meissner, 2002; Kakkos,2003;  Ricci 2003). It scores 8 clinical 

signs  (varicose veins, venous  edema, skin pigmentation, inflammation,  induration, and number, 

duration and size of active ulcers) and one symptom of chronic venous disease (pain) on a 

scale of O=absent, 1=mild, moderate=2, severe=3, that exhibits change over time. Extra weight 

was given to signs from the more severe (C4-C6) CEAP classes. The VCSS Score is sum of 

these 9 ratings that range from 0 to 27 (a higher score is worse). Use of the VCSS should 

improve our ability to distinguish subjects with different severities of PTS and to assess PCDT's 

cost-effectiveness. A tenth item that grades the extent of use of compression therapy is present 

in the VCSS measure and is sometimes used; however, since the use of compression stockings 

is standardized in ATIRACT patients, the study's VCSS assessment excludes that item. 

 

2.2.8 QOL-Related Outcomes (SF-36 and VEINES) 

We will assess generic and venous disease-specific quality of life at baseline and at the 1- 

month, 6-month, 12-month, 18-month and 24-month follow-up visits. Generic QOL will be 

measured using the Short-Form Health Survey-36 Version 2 (SF-36v2), a validated,widely­ 

used gold standard instrument (Ware, 2007) . The SF-36 has been used in other DVT studies to 
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complement measures of PTS and venous disease-specific  QOL. The SF-36 is available for use 

in both English and Spanish versions. 

 

Venous disease-specific symptoms and QOL will be measured using the VEINES instrument, a 

patient self-assessment questionnaire. It consists of 25 question items that measure venous 

symptoms, limitations in daily activities due to venous disease, psychological impact of venous 

disease, and change over the past year. Responses are rated on 2-point to 7-point Likert scales 

of intensity, frequency, or agreement. The VEINES tool has undergone comprehensive and 

rigorous psychometric evaluation and is acceptable, reliable, valid, and responsive for use as a 

patient-reported measure of outcome in studies of chronic venous disease, including PTS and 

DVT (Lamping, 2003; Kahn, 2006) . VEINES is available in the originally validated English 

version and in a certified Spanish translation. 

 

Scoring for the QOL outcomes will be performed by a blinded DCC statistician using established 

computer algorithms which include imputation of missing data. For the SF-36, summary scores 

(normalized to the US population; 0-100 scale; mean=50, standard deviation, SD=10) will be 

computed for the Physical (PCS) and Mental (MCS) Component Scales. Similarly for the 

VEINES, summary scores (normalized to the study cohort; 0-100 scale; mean=50; SD=10) will 

be calculated for the symptom severity (VEINES/Sym based on 10 questions) and for overall 

QOL as a result of venous disease (VEINES/QOL based on all 25 questions). Standard scoring 

algorithms for the SF-36 and VEINES instruments will be used. 

 

2.2.9 Resolution of Leg Pain and Swelling Outcomes 

To determine if PCDT leads to faster DVT symptom resolution, the severity of pain in each leg 

will be assessed on a 7-point Likert scale at baseline and 10-day and 1-month follow-up.The 

subject will be asked to "Please rate the overall intensity of "pain" or "discomfort" that you have 

felt in your leg during the past 24 hours by checking one response on the following scale" (1=No 

pain, 2=Very mild pain, 3=Mild pain, 4=Moderate pain, 5=Severe pain, 6=Very severe pain, 

?=Extremely severe pain). That is, Leg Pain Severity is measured on a 1 to 7 scale (higher 

being worse). Likert scales are widely validated for pain severity assessment. The Likert scale 

and accompanying instructions will be available in the originally validated English version and in 

a certified Spanish translation. 

 

At baseline, 10 days and 1 month after randomization, blinded clinicians will assess Leg 

Swelling by measuring calf circumference (in centimeters) at 1Ocm below the tibial tuberosity in 

both legs. At these visits, venous symptoms and signs will also be assessed using the Villalta 

PTS Scale. Villalta assessments at baseline provides an estimate of symptom severity at the 

time of randomization,while the assessments at 10 days and 1 month will provide additional 

data for modeling the patterns of PTS severity over time. 

 

2.2.10 Degree of Resolution of Thrombus with PCDT 

 
Two sets of venograms will be analyzed in each Experimental Arm subject: (a) the baseline 

venogram of the proximal veins (popliteal vein through infrarenal IVC) obtained after initial 

catheter insertion into the venous system and before PCDT; and (b) the final venogram of the 

proximal veins obtained after PCDT and any adjunctive procedures, and before sheath removal. 
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Blinded Independent Adjudication Committee physicians who are experienced with venogram 

adjudication in DVT trials will, in standardized fashion , evaluate the exams for overall quality 

and quantify clot burden using the components of the Marder score that describe the proximal 

veins. The degree of thrombus elimination (% change in pre-PCDT and post-PCDT Marder 

score) will be described as mean and STD, and the amount of residual thrombus (absolute post­ 

PCDT Marder score) will be correlated with the subsequent development of PTS. 

 

2.2.11 Ultrasound Substudy - Valvular Reflux and Residual Thrombus 

A 1-year follow-up venous Duplex ultrasound of the index leg will be performed in a consecutive 

142-subject subgroup in 7 Clinical Centers. The primary goal of the Ultrasound Substudy is to 

determine if preservation of venous valvular function through prevention of valvular reflux 

and/or venous obstruction due to residual thrombus represents a primary mechanism underlying 

any effect of PCDT upon the cumulative incidence and severity of PTS.We will assess: (a) the  

presence of valvular reflux (flow reversal for 0.5 seconds after standardized distal 

compression with an automatic cuff inflator) in each of the following veins: the common femoral , 

deep femoral, femoral, popliteal, great saphenous, and small saphenous veins; and (b) the  

presence of residual thrombus (assessed in the leg veins mainly by incomplete compressibility) 

in the each of the following veins: external iliac (when visible), common femoral , deep femoral, 

femoral , popliteal,and great saphenous veins. The exams are performed in standardized 

fashion by Clinical Center sonographers blinded to treatment allocation, recorded in real time on 

super VHS videotapes or digital media, and transmitted to the Ultrasound Core Laboratory. 

Blinded Core Lab personnel will analyze the exams for overall quality, interpret findings, record 

them on an Ultrasound Case Report Form (CRF), and transmit the findings to the DCC. At the 

DCC, reflux and obstruction will be quantified from the CRFs by blinded personnel using the 

Venous Segmental Disease Score (VSDS) in which values assigned to the presence of reflux 

and obstruction in specific lower extremity veins are added to yield both a Reflux Score and an 

Obstruction Score. The Reflux Score and the Obstruction Score will be correlated with the 

development of PTS. 

 

2.3 Safety Outcomes 

The following safety outcomes will be assessed for each subject over the 24-month study period: 

• Bleeding (Major, Minor, Need for Transfusion, lntracranial Bleeding) 

• Symptomatic Pulmonary Embolism (PE) 

• Symptomatic Recurrent Deep Vein Thrombosis (DVT) 

• Death 

 
2.3.1 Bleeding-Related Outcomes 

Evaluation of clinically overt bleeding will depend upon the suspected bleeding site. For 

example, subjects with suspected intracranial bleeding will undergo a head CT scan and 

subjects with suspected retroperitoneal bleeding will undergo a CT scan of the abdomen/pelvis. 

Clinically overt bleeding will be classified as "major"if it is associated with a fall in the 

hemoglobin level of at least 2.0 g/dl, transfusion of 2 units of red blood cells, or involvement of 

a critical site (e.g., intracranial, intraspinal). Less severe clinically overt bleeding will be 

classified as minor. To distinguish clinically important hemorrhage from hemoglobinuria (which 
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is routinely observed in subjects undergoing mechanical thrombectomy), discoloration of the 

urine during or after mechanical thrombectomy will not by itself be considered to indicate the 

presence of clinically-overt bleeding. Major bleeding, minor bleeding, need for transfusion,and 

intracranial bleeding will be assessed during the study period and reported. To aid in evaluating 

the relationship of bleeding events to rt-PA administration, they will also be categorized by 

whether they occurred within 3 days after the initiation of PCDT. Data on complications will be 

captured on the Case Report Forms in a way that enables their outcomes to be categorized 

according to FDA guidelines and SIR reporting standards. 

 

2.3.2 Symptomatic PE Outcome 

When PE is clinically suspected, spiral CT of the pulmonary arteries and/or ventilation-perfusion 

lung scan will be obtained. If there is a new intraluminal filling defect of a segmental or more 

central pulmonary artery or a "high probability" perfusion defect, PE will be diagnosed. PE will 

be excluded if the spiral CT is normal or there are no perfusion defects .If the perfusion scan or 

CT scan is non-diagnostic , bilateral lower extremity ultrasound will be performed and PE will be 

diagnosed if there is new DVT (see next section) . Ultrasound will be repeated after 7 ± 2 days if 

there is no new DVT. Pulmonary angiography may be performed if there are equivocal findings 

and/or serial ultrasound testing is considered unsafe. To distinguish clinically important new PE 

events from minor symptoms of PE events that may have occurred prior to randomization, and 

from the clinical findings of micro-embolization that are commonly observed during thrombolytic 

therapy (e.g. transient pleuritic chest pain that resolves completely), investigation for PE during 

the first 10 days after enrollment is discouraged (in subjects in both study arms) in the absence 

of more significant clinical findings that suggest a new symptomatic PE event. Symptomatic PE 

events will be assessed during the 24-month study period and reported. 

 

2.3.3 Symptomatic DVT Outcome 

To increase the accuracy of diagnosing recurrent DVT, there will be standardized recording of 

the extent of thrombus (diameters of the common femoral vein and popliteal vein and the 

thrombus' proximal and distal extent) on the baseline (strongly recommended when the exam is 

performed locally) and 1-month follow-up (this information is required) ultrasound exams. When 

recurrent DVT is clinically suspected during follow-up, compression ultrasound of the proximal 

veins (popliteal vein to common femoral vein) will be performed and a Compression Ultrasound 

CRF documenting the exam will be transmitted by the Clinical Center to the DCC. If there was 

no DVT on the last ultrasound (or on the last venogram performed during follow-up) of the same 

leg, recurrent DVT will be diagnosed using the same criteria as that of a qualifying proximal DVT 

(Section 4.4). If a previous ultrasound or a follow-up venogram is available for comparison, 

recurrent DVT will be diagnosed if one of the following criteria is met: (a) there is a new non­ 

compressible common femoral, femoral, or popliteal vein; (b) there is 10cm extension of 

thrombus margin (i.e. transition from not fully compressible to normal); or (c) there is a 4-mm 

increase in compressed thrombus diameter at the common femoral vein or popliteal vein. 

 

If these criteria are not met, DVT will not be diagnosed and, if there is still uncertainty about the 

presence of recurrent DVT (e.g. moderate or high clinical suspicion for recurrent DVT; non­ 

diagnostic findings on ultrasound), the ultrasound should be repeated after 7 ± 2 days, and 
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judged by the same criteria. If the second test is not diagnostic for recurrence, DVT will be 

excluded. 

 

Venography or CT scan can be performed if, in the absence of diagnostic findings,clinical 

suspicion for recurrence is high or the ultrasound findings are equivocal. If the Clinical Center 

interpreted the study as either negative (no evidence of new DVT), or positive for DVT in a limb 

with no previous DVT,the Adjudication Committee will review the clinical information and 

Compression Ultrasound CRF and provide a final adjudication of the event. If the Clinical Center 

interpreted the study as positive for new DVT in a limb with previous documented DVT, or if 

there is difficulty with interpretation, the recent and last previous ultrasound studies will be 

reviewed by the Ultrasound Core Laboratory. Taking into account the Ultrasound Core 

Laboratory's review along with the clinical information and Compression Ultrasound CRF, the 

Adjudication Committee will then provide a final adjudication of the event. Symptomatic 

recurrent DVT will be assessed during the 24-month study period and reported. 

 
In the PCDT arm, early (within 1 month) re-thrombosis of PCDT-treated vein segments will be 

distinguished from other recurrent DVT events, and these episodes of re-thrombosis will be 

further classified as either: a) consisting solely of re-thrombosis of veins that were thrombosed 

on the pre-PCDT imaging studies; or b) involving thrombosis of new vein segments that were 

not previously thrombosed . 

 

2.3.4 Death Outcome 

Cause of death will be determined from hospital and outpatient records, autopsy data and other 

information. Death will be attributed to PE if it is unexplained and sudden or there is substantive 

supporting evidence. Mortality will be assessed during the 24-month study period and reported. 

 

2.3.5 Adjudication of Clinical Events 

Data on suspected clinical events (Bleeding, PE, DVT and Death) will be reviewed by two 

blinded adjudicators who are expert DCC clinicians with extensive experience in adjudicating 

clinical events for DVT trials. They will interpret data per the study adjudication manual, without 

knowledge of treatment allocation. If there is disagreement, a second adjudication will occur 

with three adjudicators to obtain consensus. If consensus is not obtained, two votes will be 

sufficient to adjudicate the outcome. To further blind the adjudicators, unknown to them 

suspected events from ATTRACT will be interspersed with suspected events from other 

treatment studies being adjudicated at the DCC. 

 

2.4 Health Economic Outcomes 

As ATIRACT offers a good opportunity to estimate PCDT's cost-effectiveness,we will compare 

economic outcomes between subjects in the two study arms. If PCDT is found to be efficacious 

and associated with increased costs, we will do a formal cost-effectiveness analysis to estimate 

the incremental cost per quality-adjusted life year (QALY) gained with PCDT. See Appendix 1 

for details. 
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2.4.1 Medical Resource Utilization and Costs 

Data relating to direct and indirect costs will be collected for each subject. For the index 

hospitalization, costs will be estimated using a combination of:(a) procedural resource use data 

for major cost drivers , from which costs will be calculated using standard resource-based 

costing methods; and (b) hospital billing data, which will be converted to costs based on 

department level cost to charge ratios. A similar approach will be used to assess costs 

associated with hospitalizations during follow-up. For other aspects of follow-up medical care, 

we will assess detailed resource utilization at each follow-up clinic visit and apply a variety of 

approaches including the Medicare fee schedule (for outpatient physician services, rehabilitation 

and skilled nursing services) and average wholesale prices (for medication costs). Indirect costs 

will be estimated from data relating to lost time from work,decreased productivity, and informal 

caregivers' time associated with loss of functional independence. 

 

2.4.2 Utility  Measurement 

Although QOL will be assessed using a variety of disease-specific and generic instruments in 

ATTRACT , for the purposes of economic analysis QOL will be assessed in terms of utility , a 

measure of an individual's preference for his or her current health state relative to perfect health 

on a 0-1 scale.Although in the past, it had been customary to measure utility directly from the 

trial participants using time-tradeoff techniques, there is an emerging consensus that cost­ 

effectiveness analyses designed to inform societal resource allocation should use community­ 

based (rather than patient-based) preferences. For ATTRACT, we will calculate preference­ 

based utility scores from the SF-36 data being collected as part of the QOL study, using a 

recently-validated U.S.-specific scoring algorithm developed by Brazier et al. This method has 

the advantage of using population-based utility weights that are appropriate to the perspective 

of our analysis (i.e. U.S. societal weights). 
 

2.4.3 Cost-Effectiveness  Analysis 

Although the trial will follow subjects for 24 months, outcomes pertinent to cost-effectiveness 

may continue to evolve well after its conclusion. In particular, we expect the benefits of PCDT to 

accrue over the long term through a reduction in PTS-related morbidity and costs.Hence, a 

method is required for converting the observed trial experience into corresponding lifetime 

quality-adjusted survival and costs for the incremental cost-effectiveness calculations. Although 

the use of "within- trial" cost-effectiveness ratios would eliminate the need for extrapolation, 

such an approach would bias our analysis substantially against PCDT given its high up-front 

cost and the expectation that any QOL benefits are likely to be sustained. To extend the trial 

results beyond the observed time- frame, we will develop a Markov (state-transition) model in 

which the principal health states will describe the long-term complications of DVT as defined by 

the clinical trial (e.g., death, PE, recurrent DVT, venous ulcer). To the extent possible, data for 

this model will be based on the empiric results of ATTRACT and the published literature. In 

addition, the VETO Study, a 5-year Canadian study of 387 DVT patients that is collecting 

detailed clinical, resource use. and cost data related to PTS, will serve as a source of long-term 

cost transition probability and utility inputs for the model. Once the model is developed and 

validated using the ATTRACT data, we will use it to calculate an incremental cost-effectiveness 

ratio for the more expensive therapy (presumably PCDT} compared with the less expensive 
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therapy, and by comparing this ratio with those of other medical interventions, determine which 

strategy is preferred on economic grounds. 

 
3 STUDY   METHOD S 

 

3.1 General Study Design and Plan 

This is an NIH-funded, Phase Ill, multicenter, randomized, open-label, assessor-blinded, parallel 

two-arm trial where 692 subjects with symptomatic proximal DVT that involves the iliac, 

common femoral, and/or femoral vein will be randomized in a 1:1 ratio to receive either 

adjunctive PCDT (with rt-PA) + standard DVT therapy or standard DVT therapy alone. Subjects 

will be enrolled in 30-60 U.S. Clinical Centers, and followed for a maximum of 24 months. 
 

3.2 Inclusion-Exclusion Criteria and General Study Population 

At the Clinical Centers, subjects will be identified by Vascular Ultrasound Laboratory personnel 

who diagnose DVT, by pharmacy personnel who dispense anticoagulant drugs, by Emergency 

Department physicians and hospital physicians who treat DVT patients, and by the ATTRACT 

investigator physicians. Subjects may also be referred from regional facilities. 
 

For patients who present with bilateral DVT, the investigator must designate which lower 

extremity will be considered the "index leg" to be used in the study outcome analyses. In 

general, the index leg should be the leg that would be most likely to prompt the use of PCDT in 

clinical practice. Designation of the index leg must be documented prior to randomization. 
 

Inclusion Criterion 

All subjects must have symptomatic proximal DVT involving the iliac, common femoral or 

femoral vein (or any combination). 
 

Exclusion Criteria 

Subjects meeting any of these criteria will be excluded (NOTE: all times are relative to 

screening date): 

(1) Age less than 16 years or greater than 75 years. 

(2) Symptom duration >14 days for the DVT episode in the index leg (i.e. non-acute DVT). 

(3) In the index leg: established PTS or previous symptomatic DVT within the last 2 years. 

(4) In the contralateral (non-index) leg: symptomatic acute DVT a) involving the iliac and/or 
common femoral vein; or b) for which thrombolysis is planned as part of initial therapy. 

(5) Limb-threatening circulatory compromise. 

(6) PE with hemodynamic compromise (i.e., hypotension). 

(7) Inability to tolerate PCDT due to severe dyspnea or acute systemic illness. 

(8) Allergy, hypersensitivity, or thrombocytopeni a from heparin, rt-PA, or iodinated contrast, 
except for mild-moderate contrast allergies for which steroid pre-medication can be used. 

(9) Hemoglobin < 9.0 mg/di, INR > 1.6 before warfarin was started, or platelets < 100,000/ml. 
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(10) Moderate renal impairment in diabetic patients (estimated GFR < 60 ml/min) or severe 

renal impairment in non-diabetic patients (estimated GFR < 30 ml/min). 

(11) Active bleeding, recent (< 3m) GI bleeding, severe liver dysfunction, bleeding diathesis. 

(12) Recent (< 3m) internal eye surgery or hemorrhagic retinopathy; recent (< 10 days) major 

surgery, cataract surgery , trauma, CPR, obstetr ical delivery, or other invasive procedure. 

(13) History of stroke or intracranial/intraspinal bleed, tumor, vascular malformation, aneurysm. 

(14) Active cancer (metastatic, progressive, or treated within the last 6 months).Exception: 

patients with non-melanoma primary skin cancers are eligible to participate in the study. 

(15) Severe hypertension on repeat readings (systolic >180 or diastolic >105 mmHg). 

(16) Pregnant (positive test, women of childbearing potential must be tested). 

(17) Recently (< 1m) had thrombolysis or is participating in another investigational drug study. 

(18) Use of a thienopryridine antiplatelet drug (except clopidogrel) in the last 5 days. 

(19) Life expectancy < 2 years or chronic non-ambulatory status. 

(20) Inability to provide informed consent or to comply with study assessments (e.g. due to 

cognitive impairment or geographic distance). 
 

3.3 Randomization, Stratification and Blinding 

In general, the patient should be randomized as soon as possible after the baseline evaluation 

is completed. If it is expected that there would be a substantial delay (> 24 hours) between 

randomization and when PCDT could actually be performed if the patient was allocated to 

PCDT, randomization may be deferred until PCDT can be performed within 24 hours. In 

Experimental arm subjects, PCDT should be performed within 3 days after randomization. 

 

Prior to randomization , subjects will be stratified on two factors :Highest Anatomic Extent of 

DVT (lliofemoral DVT vs. Isolated femoropopl iteal DVT) and Clinical Center. 

Clinical Center staff access the web-based Interactive Registration and Randomization System 

(IRIS) at the Data Coordinating Center (DCC) that leads the staff through a series of questions 

related to the patient's eligibility status and stratification category, and then provides treatment 

group allocation. Each center is given a unique study and center-specific authorization code to 

access IRIS. The complete randomization sequence was computer-generated by a DCC 

statistician who is not involved with the ATTRACT Trial before the first patient was randomized. 

Allocations are balanced within blocks of size 4. 

 

Although this is an open label trial, every attempt will be made to blind all assessors and 

adjudicators. At the DCC, all staff with the exception of the DSMB reporting statistician will be 

blinded to patient allocation during the trial and unblinded only after database lock . 

 

3.4 Study Procedures, Timing and Variables 

This section and the table below provide a summary of the study procedures,the timing and the 

associated data that will be collected. 

 

Baseline Evaluation (prior to Randomization} 

After eligibility is established and informed consent is obtained,but before randomization, 
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subjects should undergo all of the following baseline assessments: 

• Self-completion of QOL questionnaires (SF-36,VEINES); 

• Self-rating of baseline leg pain (7-point Likert scale) (both legs); 

• Calf circumference measurement (both legs); 

• Administration of the Villalta PTS Scale (both legs); and 

• Venous  Duplex ultrasound of the index leg; a previous ultrasound may be used if it was 

performed within 5 days prior to randomization, provided that its scope was adequate. 

Randomization (Day 0) 

Patients should be randomized as soon as possible after the baseline evaluation is completed. 

If it is expected that there would be a substantial delay (> 24 hours) between randomization and 

when PCDT could actually be performed if the patient was allocated to PCDT, randomization 

may be deferred until PCDT can be performed within 24 hours. In Experimental arm subjects, 

PCDT should be performed within 3 days after randomization. 

 

Scheduled Visit 1 (10 Days) 

At 10 days ± 3 days after randomization, subjects: 

• rate their leg pain (7-point Likert scale) (both legs) 

• have their leg circumference measured (both legs) 

• undergo assessment using the Villalta PTS Scale (both legs) 

• are provided sized-to-fit elastic compression stockings (ECS) 

• have their platelet count obtained to assess for HIT 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present) 

 
Scheduled Visit 2 (1 Month) 

At 30 days ± 7 days after randomization,subjects: 

• rate their leg pain (7-point Likert scale) (both legs) 

• have their leg circumference measured (both legs) 

• undergo assessment using the Villalta PTS Scale (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• have a bilateral lower extremity Duplex ultrasound exam 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present) 

 
Scheduled Visit 3 (6 Months) 

At 6 months ± 1 month after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 
regimen, and their cost diary reviewed and recorded 
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Scheduled Visit 4 (12 Months) 

At 12 months ± 1 month after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

• have a lower extremity Duplex ultrasound of the index leg (if participating in the Ultrasound 

Substudy) 

 
Scheduled Visit 5 (18 months) 

At 18 months ± 1month after randomization , subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

 
Scheduled Visit 6 (24 months) 

At 24 months ± 2 months after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 
regimen, and their cost diary reviewed and recorded 

 
Unscheduled Assessments  for Clinical Events during Follow-Up 

Subjects should be instructed to urgently contact study personnel or attend an Emergency 

Department if they develop symptoms compatible with recurrent VTE or bleeding. These 

symptoms should be reviewed verbally and also provided to subjects in writing, with relevant 
contact numbers. 
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Schedule of Procedures 
 

 

Pre Pre Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 

PROCEDURE Rand Rand 

Screening  Baseline 

Informed Consent x 
History & Physical x 

 

Blood Tests x(1J x(2J  

Start AC in both arms x x x  

Rate Leg Pain(3) x x x 

Measure Leg Circumference (3) 

QOL Questionnaire (SF-36, VEINES) 

x 
x 

x x 
x x 

 
x 

 

x 
 

x 

Duplex Ultrasound x x x(4J 

Randomization R 
 

PCDT/venograms • PCDT arm only 

Dispense ECS 

 x(s) 

x 

  

Record/report on-serious AEs  x x 

Record/report serious AEs  x x x x x x 

Review AC,ECS,Cost Diary  x x x x x x 

Villalta PTS Scale (3) 

VCSS Scale (3) 

x x x x 
x 

x 
x 

x 
x 

x 
x 

CEAP Clinical Class (3)    x x x x 

(1) CBC with platelets, PT/INR,creatinine; a pregnancy test will be obtained only in women of childbearing potential. 

(2) Platelet count to assess for HIT 

(3) Assess both legs. NOTE:For bilateral DVT, designate the "index leg" prior to randomization . 

(4) The 12-month follow-up Duplex ultrasound will be obtained only in Ultrasound Substudy subjects . 

(S) Venograms will be performed immediately before and after PCDT only in Experimental arm (PCDT) subjects. 
 

Abbreviations:QOL quality of life;AE adverse event; ECS elastic compression stockings; AC anticoagulation; PCDT 
pharmacomechanical  catheter-directed  intrathrombus  thrombolysis. 

 Initial 10 days 30 days 6 mo 12 mo 18 mo 24 mo 
Rand Tmt ±3 days ±7 days ±1 mo ±1mo ±1 mo ±2 mo 
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4 SAMPLE SIZE 

The goal of the ATTRACT Trial is to determine if adjunctive PCDT (Experimental arm), 

compared with optimal standard DVT therapy alone (Control arm), reduces the occurrence of 

PTS in subjects with symptomatic proximal DVT between 6 months and 2 years (inclusive) of 

DVT diagnosis. Based on previous studies, 30% of subjects on standard anticoagulant therapy 

(i.e. the Control arm) are expected to develop PTS within 24 months of DVT diagnosis. Based 

on the expected success of PCDT at restoring venous patency and reductions of PTS that were 

achieved with thrombolytic therapy in earlier studies, we hypothesize that PCDT will reduce the 

risk of PTS by at least 33%. Accepting a 5% chance of incorrectly concluding that there is a 

difference in the proportion of subjects with PTS at 24 months with PCDT (a error=0 .05; two­ 

sided} , and the requirement that the study has an 80% chance ( error=0 .2) of detecting a true 

difference if PCDT truly reduces PTS by 33%, 311subjects in each group must be studied 

(based on the Fisher's exact test) . 

 

In recently completed studies of long-term treatment for unprovoked VTE coordinated by the 

DCC, loss to follow-up or death occurred in 2.5% during 2 years follow-up and in 3.4% during 

mean follow-up of 2.4 years. We therefore expect no more than 5% of randomized subjects to 

be lost to follow-up at 24 months. However, to ensure that statistical power will not be 

compromised , we will assume that as many as 10% of randomized subjects (double the 

maximum expected) will not complete the 24-month assessment. Therefore , we plan to 

randomize 346 subjects to each group, yielding a total study sample size of 692 subjects. 

 

For the secondary analyses , 692 subjects will provide approximately 88% power to detect an 

effect size of 0.25 with continuous outcomes . QOL changes from baseline: This translates into 

the ability to detect a difference of 1.25 in the VEINES-QOL change scores and 2.5 in the SF-36 

v2 PCS and MCS change scores (change of 4 points is clinically important for all 3 scales). PTS 

severity on Villalta PTS Scale: A difference as small as 1.25 units can be detected (5-point 

gradations define severity categories). Ultrasound outcomes: Assuming a 50% risk of deep 

venous reflux in the control arm and 10% inflation for losses due to withdrawal , death, or 

inadequate exams (rare), 142 subjects will provide 80% power to detect a 50% relative risk 

reduction for this outcome (alpha=0.05, two-sided) . Similarly, 128 evaluable subjects will 

provide 80% power to detect effect sizes of 0.5 for reflux and obstruction on the continuous 

VSDS scales. 

 

Regarding safety, we will perform a descriptive analysis of the rates of major bleeding and 

symptomatic PE in the two study arms. These events are expected to occur infrequently (2% for 

major bleeding at 1O days and for symptomatic PE at 3 months) in the Control arm. With 311 

evaluable subjects per arm, if 2% of each group experiences an outcome, the 95% confidence 

interval on the difference of 0% will include an absolute decrease or increase of 2.4%. 

 

No provision for sample size adjustment was included in the original protocol. However, at the 

DSMB's request, given the recent results from 2 completed trials with similar populations 

(CAVENT, Lancet 2012;SOX, presented at ASH 2012), and the emerging results of ATTRACT 

for both treatment groups combined, we are currently re-evaluating the study sample size. 
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5 GENER AL CONSIDER ATIONS 

5.1 Timing of Analyses 

The final analysis in the ATTRACT study will be initiated approximately 6-8 weeks after the final 

follow-up visit of last active patient enrolled in the trial. This timeframe should allow for adequate 

data cleaning and data locking prior to unblinding. 

 

5.2 Analysis Populations 
 

5.2.1 Modified Full Analysis Set 

The full analysis set will consist of all subjects randomized except those who, based on a review 

of pre-randomization assessments , did not have DVT (i.e. violated the inclusion criterion) and 

those deemed to be not analyzable for that outcome. The Adjudication Committee, without 

knowledge of treatment allocation, will decide if subjects qualify as valid post-randomization 

exclusions. The exact process for determining exclusions used by this committee will be 

documented prior to breaking the blind along with any predefined reasons for eliminating a 

subject from a particular population. Subjects will be included in their allocated treatment group 

regardless of the treatment that they actually received, per the intention-to-treat principle. 

 

For subjects who (1) died, (2) were lost to follow-up, or (3) withdrew consent (i.e. refused to be 

contacted directly or indirectly) before the 24-month PTS assessment, a number of imputation 

strategies will be employed in the sensitivity analysis. 

 

5.2.2 Per-Protocol Set 

The per-protocol set includes everyone in the modified full analysis set excluding any subjects 

who meet any of the following criteria: (1) randomized to the PCDT arm but did not have skin 

puncture for endovascular DVT therapy during the first 7 days post-randomization; or (2) 

randomized to the Control arm but had skin puncture for PCDT or endovascular DVT therapy , 

or had any thrombolytic therapy (local or systemic), during the first 7 days post randomization. 

 

5.3 Covariates 

Stratification at randomization included the extent of DVT (iliofemoral, femoropopl iteal) and 

Clinical Center. These will be used for all stratum-adjusted analysis. In addition to stratum 

adjustment, more extensive covariate-adjusted analyses of the study outcomes comparing 

treatment arms will be performed using multivariable regression analysis (linear regression for 

continuous outcomes, logistic regression for binary outcomes) that controls for the following 

baseline variables that may influence specific outcomes , as main effects: 

• Age (continuous) 

• Sex (female, male) 

• Ethnicity: Hispanic/Latino (yes, no) 

• Race (African-American, white, other) 

• BMI, kg/m
2 

(continuous) 

• Employment Status (employed, homemaker, not employed) 

• Previous lpsilateral DVT (yes, no) 
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• Inpatient (yes, no) 

• Symptom Severity: Villalta Score (continuous) 

• Duration of leg symptoms , weeks (continuous) 

• Extent of DVT (iliofemoral, femoropopliteal) * 

• Pseudo-Center (see section 5.6) 

* Although patients were stratified on the highest anatomic extent of DVT (iliofemoral DVT vs. 

isolated femoropopliteal DVT), there is a possibility that some were categorized in error at the 

time of randomization. This covariate captures the extent of DVT that was reported on the 

baseline form. For the covariate-adjusted modeling, this variable will be used instead of the 

stratum variable. 

Note that for all proposed statistical modeling, the strategies of Harrell (2001) will be employed. 

For continuous predictor variables that are candidates for inclusion in the model, the form of the 

relationship (i.e., linear, non-linear) with the outcome under study is pre-determined before 

entering into the model, and all predictors that show promise will be forced into the final model 

without removal. The discriminating ability of the models will be described by the concordance 

index (i.e. c-index) . 

 

5.4 Subgroups 

Although the use of subgroup analyses to assess quantitative and qualitative differences in 

treatment effects (for the primary efficacy outcome) was not included in the original protocol, we 

are planning to consider the following a priori baseline factors expressed as categorical 

variables: 

• Age, years {<65, 65+) 

• Sex (male, female) 

• Ethnicity: Hispanic (yes, no) 

• Race (African-American,White, other) 

• BMI, kg/m
2 

{<25, 25 to 29, 2:30) 

• Duration of leg symptoms , weeks {<1, 1+) 

• Extent of index DVT (iliofemoral, femoropopl iteal) 

• Extent of index DVT (popliteal vein:involved, not involved) 

• Previous DVT (ipsilateral leg, contralateral leg or none) 

• Side of index DVT (right, left) 

• DVT within 6 weeks of a temporary risk factor (yes, no) 

• Symptom Severity: based on Villalta score at baseline (0-4, 5-9, 10-14, 2:15) 

• Predominant PCDT Technique (A: Trellis, 8: Angiojet);see section 5.6. 

Analyses for each subgroup will be based on a logistic model with both treatment and sub-group 

as covariates. Risk ratios (RRs) and 99% Cls derived from the models will be used to create a 

forest plot. A second model will be fit with a first-order treatment by subgroup interaction. The 

p-value derived from the interaction terms will be shown on the plot. Since the interaction tests 

have low power, the focus will be on clinical significance . 
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5.5 Dealing with Missing Data 

It is inevitable that a few subjects will be missing one or more baseline data items, and some will 

miss visits. In the latter case, unless interviewed by phone, we will not have the scheduled PTS 

assessment along with no SF-36 or VEINES outcome scores. Some of these missed visits will 

be intermittent (i.e. isolated with completion of a subsequent visit), whereas others will be due to 

death, withdrawal of consent, or permanent loss to follow-up. For situations where the Villalta 

PTS questionnaire is only partially completed, we will use a simple imputation algorithm 

described below (section 5.5.1). For partially-completed SF-36 and VEINES assessments, we 

will use the standard imputation algorithms. For missed visits, the total Villalta score, the SF-36 

component scores and the VEINES Sym and QOL component scores will be estimated using 

multiple imputation (Ml) methods (section 5.5.2), but only for the sensitivity analysis. For all 

other outcomes , no missing data imputation will be undertaken. For missing baseline data items 

that serve as covariates, iterative methods such as the Markov Chain Monte Carlo method will 

be employed to solve this problem.The possibility of non-ignorable missing outcomes will be 

investigated in the exploratory analysis. 

 

5.5.1 Imputation of Missing Responses on Villalta Questionnaire 

If any responses to the PTS Villalta questionnaire are missing, then imputation will be performed 

according to the following (note: calculated means are rounded to one decimal place): 

1. If responses are missing for ALL 5 Symptoms and ALL 6 Signs at a given visit, the overall 

Villalta score is considered missing (i.e. assigned the missing value code). However, these 

missing scores may be imputed using Ml methods (see section 5.5.2). 

2. If SOME of the Symptom responses are missing, each of those items is assigned the mean 

of the available Symptom responses. 

3. ff SOME of the Sign responses are missing, each of those items is assigned the mean of the 

available Sign responses. 

4. If ALL Symptom responses are missing: (a) if ALL Sign responses are present, each 

Symptom response is imputed as the mean of the 6 Sign scores, or (b) if SOME of the Sign 

responses are missing, each Symptom response is imputed as the mean of the available 

Sign responses. 

5. ff ALL Sign responses are missing: (a) if ALL Symptom responses are present, each Sign 

response is imputed as the mean of the 5 Symptom scores, (b) if SOME of the Symptom 

responses are missing, each Sign response is imputed as the mean of the available 

Symptom responses. 

6. If the Venous Ulcer question is not answered, we will assume a "no" response. 

 
5.5.2 Multiple Imputation Strategy 

In general, we will assume a Missing At Random (MAR) missing data mechanism for all 

likelihood-based modeling. As mentioned above, for sensitivity analyses only, we will use Ml 

methods for the SF-36, VEINES and Villalta scores that were completely missed during folfow­ 

up (except for deceased subjects). The following auxiliary variables will assist in the imputation 

phase of this procedure: 

Variables to include i n models to impute SF-36 (MCS and PCS) scores : age (continuous), sex, 

race, BMI (continuous) and all available SF-36 scores from previous visits. 
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Variables to i nclude i n models to i mpute total Villalta scores: age, sex, BMI, extent of index 

DVT, contralateral Villalta score when available (a surrogate for pre-existing varicose veins), 

and all available Villalta scores from previous visits. 

 

Variables to i nclude i n models to impute VEI NES (Sym and QOL) scores: age, sex, BMI, extent 

of index DVT and all available VEINES scores from previous visits. 

 

Imputation models will be used separately for each treatment group. SAS procedures Ml, 

MIANALYZE, GENMOD and MIXED will be used. 

 

5.6 Multi-Center Studies 

With between 50 to 60 U.S. clinical centers randomizing patients in ATTRACT, and 

randomization being performed within centers, there will be some centers with a small number 

of enrolled patients (i.e. less than 10) and, consequently, it will be difficult to include "clinical 

center" as a covariate in the statistical models. To circumvent this problem, we will reclassify 

centers in 2 ways: 

(1) By dominant single-session PCDT technique (A: Trellis, B: AngioJet). Although most centers 

fall clearly into one group or the other, the highest enrolling center uses technique A for two 

quarters of each year and technique B for the other two quarters . This center will be 

subdivided into two "sub-centers" according to when technique A and B are being 

performed. The PCDT technique is an important covariate and it will also be used in the 

sub-group analysis. 

(2) By number of patients enrolled. Centers that enroll more than 7 patients will remain as is, 

but those centers enrolling 7 or less patients will be grouped together. We refer to this 

classification as Pseudo-Center; it will be used in the modeling, but will not be considered in 

the sub-group analysis. 
 

5.7 Multiple Testing 

For the primary efficacy outcome, PTS, testing will be two-sided,and a p-value of 0.05 or less 

will be considered statistically significant. Similarly, for all supportive analyses for this outcome, 

since the issue is consistency, we will adhere to the same definition. 

 

For secondary outcomes, a two-sided p-value of 0.01 or less will be considered statistically 

significant for all tests. 

For the sub-group analyses, to account for multiple testing, 99% confidence intervals will be 

calculated for each sub-group. For interaction tests, the actual p-value will be presented. 

 
6 SUMM AR Y OF STUDY DATA 

 

6.1 Subject Disposition 

A summary table segregated by treatment arm will display the number of subjects: 

• who were randomized 
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• who provided baseline data 

• who terminated the study prematurely, by reason (withdrew consent , death, other) 

• who crossed over (see definition below) from their allocated treatment to the other arm 

• who underwent a late endovascular procedure for the treatment of severe symptomatic 

venous disease in the index leg (the specific procedures and time will be described). 

In addition,we will report the number of subjects who participated in the visits scheduled for 10 

days, 1 month, 6 months, 12 months, 18 months and 24 months. 

 

These will also be summarized in a CONSORT diagram. 

 
6.1.1 Crossover Definition 

Subjects randomized to the Control Arm will be considered to have crossed over if they have 

skin puncture for PCDT or other endovascular DVT therapy, or if they receive any systemic or 

local thrombolytic therapy, within the first 7 days post-randomization. 

 

Subjects randomized to the PCDT Arm will be considered to have crossed over if they do not 

have skin puncture for PCDT or any other endovascular DVT therapy within 7 days post­ 

randomization. 

 

6.2 Major Protocol Deviations 

In ATTRACT , a protocol deviation is categorized as MAJOR if associated with "eligibility or 

primary/secondary endpoint determination compromised , or potential for causing substantial 

patient harm" (Section 17.3 of study protocol). We will summarize the major deviations by 

treatment arm, describe each one and report on any safety outcomes that occurred in these 

patients during the first 10 days post randomization. 

 

6.3 Demographic and Baseline Variables 

Baseline characteristics will be included in the analysis report, and they will be segregated by 

treatment arm (including number of subjects per arm). Continuous variables will be summarized 

using the mean, SD, minimum, median and maximum. Categorical variables will be summarized 

by counts and percentages within categories. 

Continuous Variables: 

• Age at Enrollment (years) 

• Systolic Blood Pressure (mmHg) 

• Diastolic Blood Pressure (mmHg) 

• Height (cm) 

• Weight (kg) 

• BMI (kg/m
2

 

• Number of previous DVT/PE episodes 

• Duration of leg symptoms (weeks) 

• Hemoglobin 

• Platelet count 

• Creatinine 
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• Estimated glomerular filtration rate 

• Days on anticoagulation for index DVT (prior to randomization) 

Categorical Variables (levels): 

• Sex (male, female) 

• Ethnicity: Hispanic/Latino (yes, no) 

• Race (African-American, White, other) 

• Employment Status (employed, homemaker, not employed/disabled, other) 

• Hypertension (yes, no) 

• Diabetes (yes, no) 

• High Cholesterol (yes, no) 

• COPD (yes, no) 

• Angina/Ml (yes, no) 

• Congestive Heart Failure (yes, no) 

• BMI Class (<25, 25 to <30, 30 kg/m2
) 

• Side of index DVT (left, right) 

• Extent of DVT (lliofemoral DVT, Isolated Femoropopliteal DVT) 

• Previous DVT/PE (ipsilateral leg, contralateral leg, none) 

• If DVT within 6 weeks of a temporary risk factor 

• Patient was an inpatient or an outpatient 

• Number with PE diagnosed with a diagnostic test 

• Number with symptoms of PE and diagnosed with a diagnostic test 

• Number with ASA within 7 days prior 

• Number with JVC filter (by reason for insertion:for index DVT or prior indication) 

Missing baseline data will be flagged and explained in footnotes, and will not be included in the 

percentage calculations. 

6.4 Treatment  Compliance 

The following treatment variables will be described for subjects in each treatment arm: 

(1) The numbers of days during which subjects received anticoagulant therapy prior to 

randomization, expressed as means, SDs, minimums, medians and maximums; 

(2) The number and proportion of subjects who received UFH, LMWH, fondaparinux , 

rivaroxaban, or other anticoagulant alone or in combination as initial DVT therapy, 

respectively (pre-randomization and post-randomization together); 

(3) The number and proportion of subjects who received UFH, LMWH or fondaparinux 

initially with subsequent transition to warfarin monotherapy ; 

(4) In subjects receiving warfarin, the number of days post-randomization to when UFH, 

LMWH or fondaparinux was discontinued for subjects in each treatment arm, expressed 

as means, SDs, minimums, medians and maximums; 

(5) The number of days post-randomization when all anticoagulants were first permanently 

stopped for subjects in each treatment arm, expressed as means, SDs, minimums, 

medians and maximums; 
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(6) The number and proportion of subjects who were receiving the following anticoagulant 

medications at the 10-day, 30-day, 6-month, 12-month, 18-month and 24-month follow­ 

up visits: warfarin, UFH, LMWH,fondaparinux, rivaroxaban, aspirin, clopidogrel; 

(7) The number and proportion of subjects who were receiving the following types of 

analgesic medications on a daily or weekly basis at the 10-day, 30-day, 6-month, 12- 

month, 18-month, and 24-month follow-up visits: narcotics, NSAIDs, non-prescription 

drugs; 

(8) For all subjects taking warfarin, we will calculate the percentage of time in the 

therapeutic range using the time-specific INRs for each treatment group, expressed as 

means, SDs, minimums, medians and maximums; 

(9) The number and proportion of subjects who used elastic compression stockings for 3 or 

more days a week vs.less than 3 days per week. 

For subjects in the PCDT Arm, the following treatment variables will be described: 

(1) the number and proportion of subjects who were treated with PCDT technique A 

(Trellis), technique B (AngioJet), and technique C (Infusion-First), respectively ; 

(2) the number and proportion of subjects who completed treatment in a single procedure 

session with technique A and technique B, respectively; 

(3) the total dose of study drug (rt-PA) that was given for PCDT, overall and for each of the 

three PCDT techniques, expressed as means, SDs, minimums, medians and 

maximums; 

(4) the total treatment time (defined as the number of hours from start to end of rt-PA 

administration) , overall and for each of the three PCDT techniques, expressed as 

means,SDs, minimums, medians and maximums; 

(5) the number and proportion of subjects who had residual thrombus addressed with 

balloon maceration, aspiration thrombectomy , and rheolytic thrombectomy, respectively; 

(6) the number and proportion of subjects who had treatment of obstructive lesions with 

angioplasty, stent placement , or both, and the treated vessels; 

(7) the number of subjects in whom PCDT was stopped prematurely, and the reasons why; 

(8) the number and proportion of subjects in whom UFH or LMWH was used as the primary 

anticoagulant during PCDT; and 

(9) the number and proportion of subjects in whom an IVC filter was placed before PCDT, 

the number and proportion who had the filter subsequently removed, and the dwell time 

in days (expressed as means, SDs, minimums, medians and maximums). 

 
7 EFFICACY  ANALYSES 

All efficacy variables will be summarized by treatment group. For continuous variables, we will 

report: n, mean, SD, minimum, median and maximum. For categorical outcome variables, we 

will report:number per level and percent of the total. 
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7.1 Primary Efficacy Analysis 

The primary efficacy analysis is a comparison of the proportion of subjects in each arm who 

have developed PTS (defined as a total score of 5 or more in the limb ipsilateral to the index 

DVT on the Villalta PTS Scale, or an ulcer in that limb) at the 6-month follow-up visit, or 

subsequently during the 24 months after randomization. For the primary efficacy analysis, a 

Cochran-Mantel-Haenszel (CMH) test (Cochran, 1954; Mantel & Haenszel, 1959) will be used 

adjusting for the pre-randomization stratification of extent of DVT (lliofemoral DVT vs. Isolated 

femoropopliteal DVT) and pseudo-center (section 5.6). The modified full analysis set will be 

used. All testing will be two-sided, and a p-value of 0.05 or less will be considered statistically 

significant. No imputation will be used. The summary effect measure will be described by the 

percent reduction in the RR; that is, 100x(1-RR) and its associated 95% confidence interval 

(based on the Greenland & Robins (1985) variance estimator of log RR). 

 

Subjects will also be counted as having PTS in the primary efficacy analysis and other analyses 

if they underwent an unplanned endovascular intervention (PCDT or another intervention) for 

the treatment of severe symptomatic venous disease in the index leg more than 6 months after 

randomization, and either a) they had a total score of 5 or more on the Villalta PTS Scale that 

was performed immediately preceding that intervention, or an ulcer; or b) the Villalta PTS Scale 

was not performed at that time . 

 

7.2 Primary Efficacy Supportive Analysis 

We will undertake the following supportive analyses for the PTS outcome: 
 

(1) Repeat the primary efficacy analysis with the Per Protocol set. 

(2) Logistic regression modeling by treatment (PCDT vs. Control) adjusting for the following 

baseline covariates: age (continuous), sex, BMI (continuous), leg symptom duration 

(continuous), extent of DVT (iliofemoral, femoropopliteal), previous ipsilateral DVT (yes, 

no), Villalta score (continuous), inpatient (yes,no) and pseudo-center. 

(3) Sensitivity analysis using Ml (section 5.5.2) for the modeling described in (2). 

(4) An analysis of sub-groups (section 5.4). 

 

7.3 Secondary Efficacy Analyses 

For the major non-PTS treatment failure outcome, the PTS-related outcomes (PTS by visit, PTS 

Class, PTS Score), VCSS Score, CEAP Clinical Class, QOL measures (MCS, PCS, 

VEINES/SYM, VEINES/QOL), Leg Pain Severity and Leg Swelling outcomes, all analyses will 

be performed using both the modified full analysis set and the per protocol set. 

 

7.3.1 Major Non-PTS Treatment Failure 

The proportion of subjects who experience a major non-PTS treatment failure will be reported 

for the two treatment arms and compared using a stratum-adjusted CMH test. 

 

7.3.2 Composite Treatment Failure 
 

The proportion of subjects who experience a composite failure will be compared between the 

two treatment arms using a stratum-adjusted CMH test. 
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7.3.3 PTS by Visit 

Since PTS could be declared at any visit from 6 months to 24 months, we will summarize the 6- 

month PTS incidence and cumulative incidence by visit for each treatment arm with 

corresponding 95% Cls,describe the pattern over time using Kaplan-Meier curves, and 

compare the groups using a stratum-adjusted log-rank test. 

 

7.3.4 PTS Severity (PTS Class and PTS Score) 

The PTS Class (none, mild, moderate, severe) based on the highest Villalta score observed for 

each subject between 6 months and 24 months inclusive will be compared between the two 

arms (PCDT vs. Control) using an exact Kruskal-Wallis nonparametric test for the 4 x 2 table 

with severity as a single ordered factor. In addition, we will construct a graphical display similar 

to what Kahn et al (2008) presented for the VETO study showing the transition of patient PTS 

classes over time. The proportion of patients with either moderate or severe PTS will be 

compared between the two treatments groups using a stratum-adjusted CMH test. 

 

For the PTS Score, we will use linear mixed models with polynomial functions  over time (based 

on actual visit dates) for the repeated total Villalta scores (assessed at 6 time points: 10 days 

and 1,6, 12, 18 and 24 months post randomization) with the baseline PTS score serving as an 

additional covariate to treatment (PCDT vs. Control), and adjusted for the extent of DVT 

(iliofemoral vs. femoropopliteal),  age (continuous), sex (female vs. male), BMI (continuous), 

symptom severity and pseudo-center. We will investigate the response patterns over time, and 

assess if they differ by treatment  arm. 

 

7.3.5 VCSS Score 

The VCSS continuous scores in the treatment arms will be compared in the context of a 

repeated measures mixed model with treatment, visit (equally-spaced at 6m, 12m, 18m, 24m) 

and stratum variables (extent of DVT, pseudo-center) as factors .A treatment by time interaction 

will be used in the model. No missing data imputation will be performed. 

 

7.3.6 CEAP Clinical Class 

The CEAP clinical class is an 8-level ordered categorical outcome variable that is assessed at 

the 6-month through 24-month visits.We will provide a concise table of the proportion of 

subjects in each clinical class for each treatment group at each of the 4 visits. 

 

In addition, we will create a binary outcome called CEAP Severity (severe = C4a, C4b, C5, C6; 

not severe = CO, C1, C2, C3) for each subject at visits, and use a repeated measures general 

linear mixed model with treatment, visit (equally-spaced at 6m, 12m, 18m, 24m) and stratum 

variables (extent of DVT, pseudo-center) as factors . A treatment by time interaction will be used 

in the model. No missing data imputation will be performed. 

 

7.3.7 Disease-Specific QOL (VEINES) 

The change in VEINES/QOL and VEINES/Sym scores from baseline to 24 months will be 

compared between the two groups using multiple linear regression models after adjusting for 
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the stratification variables, extent of DVT and pseudo-center. For each scale (i.e. Sym and 

QOL}, a difference of 4 points is considered to be clinically meaningful. 

 

A supportive analysis for the VEINES scores will use linear mixed models with polynomial 

functions over time (based on actual visit dates) for the repeated assessments at 5 follow-up 

times (1, 6, 12, 18 and 24 months), with  baseline VEINES scores and age (continuous), sex, 

BMI (continuous), extent of DVT  and pseudo-center as covariates to investigate the changes 

over time, and if they differ by treatment arm. A sensitivity analysis will use Ml for the missed 

VEINES scores as described in section 5.5.2 . 

 

7.3.8 Generic QOL (SF-36) 

The change in SF-36 PCS and MCS scores from baseline to 24 months will be compared 

between the two treatment groups using multiple linear regression after adjusting for stratum 

factors, extent of DVT (iliofemoral vs. femoropopliteal) and pseudo-center. A difference of 5 

points on each scale is considered to be clinically relevant. In addition, a linear mixed model 

analysis (as described above) of the repeated assessments at 1, 6, 12, 18 and 24 months, with 

baseline PCS/MCS scores and age (continuous),sex, race, BMI (continuous),extent of DVT 

and pseudo-center as covariates will be used to investigate the changes over time, and if they 

differ by treatment arm. A sensitivity analysis will use Ml for the missed VEINES scores as 

described in section 5.5.2. 

 

7.3.9 Leg Pain and Calf Swelling 

Mean absolute change in severity of leg pain in the index leg, measured using a 7-point Likert 

scale, from baseline to 10 days and from baseline to 1 month after randomization will be 

compared between the two arms using multiple linear regression adjusting for the stratification 

variables, extent of DVT (iliofemoral vs. femoropopliteal ) and pseudo-center. 

 

Similarly, leg circumference in the index leg (measured and percentage change in leg 

circumference compared to baseline values), at 10 days and at 1 month will be compared 

between the two arms using multiple linear regression adjusting for the stratification variables, 

extent of DVT (iliofemoral vs . femoropopl iteal) and pseudo-center. 

 

7.3.10 Residual Thrombus after PCDT Correlated with PTS 

 
Among Experimental Arm subjects, the extent of proximal DVT on venography after PCDT will 

be correlated with the presence of PTS at 24 months. For these analyses , extent of residual 

DVT will be considered as a continuous variable (Marder Score of 0 to 24) and PTS will be 

considered both as a continuous variable (Villalta score 0-33), and as a dichotomous variable 

(PTS present or absent) . Analysis will include multivariable linear regression for the continuous 

outcome, and logistic regression for the binary outcome, adjusting for baseline variables. 

 

7.3.11 Residual Thrombus and Valvular Reflux Correlated with PTS 

 
The extent of residual thrombosis (0-10) and venous reflux (0-10), and the total Venous 

Segmental Disease Score (0-20), will be described for the two groups, and will be compared 
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(Student's t-test). These scores (total, and component parts) will be correlated with the presence 

and severity of PTS at 24 months using the techniques outlined in Protocol Section 15.3.8. 

 

7.4  Exploratory Efficacy Analyses 

Exploratory analysis, using linear regression and logistic regression models, will be performed 

to identify other baseline variables associated with reduced PTS. Within the PCDT group, 

differences in endovascular technique will be described and associations with outcomes will be 

explored. 

 

If there is substantial missingness with the Villalta scores between the 6-month and 24-month 

visits inclusive, we will also consider pattern mixture models to assess whether the missing at 

random assumption is suspect (Fairclough, 1998; Fairclough, 2010). 

 
8 SAFETY AN ALY SES 

The safety outcomes are essentially all binary variables. They will be summarized by incidence 

proportions where the numerators are the number of patients with that outcome event and the 

denominators are the number in that group, usually the treatment group. The modified full 

analysis set will be used. Unless otherwise mentioned, treatment groups will be compared using 

a stratum-adjusted CMH test and a two-sided p-value of 0.05 or less will be considered to be 

statistically significant. The summary effect measure will be the RR along with the 

corresponding 95% Cl. 
 

8.1 Major and Any Bleeding 

The proportion of subjects with major bleeding during the 10 days after randomization, and 

between 11 days and 24 months, will be compared between the two groups . A similar 

comparison will be undertaken for any bleeding (major or minor). The nature of major bleeds 

(e.g. intracranial, needing surgery or transfusion, time of occurrence relative to randomization 

and PCDT, if applicable) will be described. Complications will also be described by outcome 

according to SIR reporting standards . 

 

8.2 Symptomatic VTE 

The proportion of subjects who develop symptomatic VTE within 24 months period will be 

compared between the two treatment groups. In addition, Kaplan-Meier curves will be estimated 

for the two treatment arms.We will also report and compare the treatment results according to 

whether the VTE events occurred within days 0 to 10, 11 to 30, 31 to 90, or between 91 and 730 

days post randomization. 

 

8.3  Death 

Overall and cause-specific  counts of death will be described in the two treatment groups; the 

overall mortality during the first month and during the 24 months on-study will be compared.  In 

addition, Kaplan-Meier curves will be estimated and plotted for the two treatment arms. 
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8.4 Adverse Events 

Adverse events (AEs) in ATTRACT are qualified by type (a text-based descriptor) , seriousness 

(no, yes), severity (mild, moderate, severe) ,relation to treatment (not related, doubtful, possible, 

probable, definitely related), related to study drug (same as above), related to study (same as 

above) and expectedness (no, yes). Although additional information is available, especially for 

serious AEs (SAEs), they will not be included in our analysis. Subjects can report multiple AEs 

for the same event, and at various times during follow-up . 

 

We plan to tabulate AEs by treatment group (counts, proportions) according to the following: 

• Total AEs : number of events (subjects) with an AE during the study 

• Severe AEs: number of events (subjects) for worst severity during the study 

• Related* AEs by exposure (i.e. study drug or study participation): - number of events 

(subjects) with an AE 

* Possibly, probably or definitely related 
 

While the AEs will be presented as summarized above, we will not perform direct statistical 

comparisons of the proportions of AEs in the two treatment arms. 

While it is possible to group the AEs by System Organ Class (SOC) using the MedDRA® 

dictionary, it was not part of the original protocol. However, it was undertaken by the ATTRACT 

DCC to satisfy the requirements of the annual reporting to the FDA. We plan to include a table 

presenting the AE events by SOC. 

 
9 REPORTING  CONVENTIONS 

 
P-values larger or equal to 0.001 will be reported with 2 significant digits but never more than 3 

decimal places. P-values less than 0.001 will be reported as p<0.001. The mean, SD and any 

other statistics, other than quantiles, will be reported to one decimal place greater than the 

original data. Quantiles, such as median, or minimum and maximum will use the same number 

of decimal places as the original data. Estimated parameters, not on the same scale as raw 

observations (e.g. regression coefficients) will be reported to 3 significant figures. 

 
10 TECHNIC AL  DETAILS 

All data checking/manipulation and most of the analysis and graphics will be undertaken using 

SAS (Cary, NC) software. In addition, StatXact (Cytel, Boston, MA) software will be used for all 

exact nonparametric analysis; the R open-source software will be used for any non-standard 

statistical analysis and to produce plots; the Minitab (State College, PA) statistical and graphics 

software will also be used to produce plots. The latest available versions of the software will be 

used. 
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11 SUMMAR Y  OF CHANGE S TO THE  PROTO COL 

The statistical sections contained in this SAP will supersede similar sections that appear in the 

currently active protocol. We anticipate that only minor changes may be made to the SAP in 

future, but the SAP will be locked at the same time as the study database . 
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APPENDIX   1 : HEALTH   ECONOMIC S  STUDY 

BACKGROUND AND RATIONALE 

As previously noted, there are over 200,000 first episodes of DVT diagnosed each year in the 

U.S., with subsequent development of PTS in 25-50%. PTS is associated with a tremendous 

burden to patients in terms of physical limitations and poor quality of life, and to society in terms 

of the high cost of treatment and lost productivity due to disability. Consequently, the 

identification of cost-effective approaches for the treatment of DVT is critical. Previous studies 

have examined costs associated with the initial treatment of and long-term complications 

following DVT. An analysis of data from administrative claims databases for 2 large U.S. 

healthcare plans from 1998-2000 reported average costs for incident DVT events not involving 

pulmonary embolism (PE) of $7,712 ± $18,339 (median, $3131), and costs for DVT events 

involving PE of $12,200 ± $24,038 (median $6678). Over a 21 month follow-up period, one in 4 

of these patients experienced an average of 1.24 bleed or recurrent VTE events that required 

hospitalization, with associated average costs of $14,957 per event (Bullano  MF, 2005). A 

model- based study of the economic burden of long-term DVT complications following Hip 

Replacement Surgery in the U.S., based on published estimates of the incidence and prognosis 

of PTS and recurrent VTE, found that the annual per-patient costs of mild-to-moderate PTS was 

$839 in the first year and $341 in subsequent years, annual costs of severe PTS were $3817 in 

the first year and $1677 in subsequent years, and the annual long-term cost of diagnosis and 

treatment of recurrent DVT and PE events were estimated at $3798 and $6404, respectively 

(Caprini JA, 2003). 

 

As the management of DVT has evolved from hospitalization for intravenous heparin therapy to 

outpatient treatment with LMW H and use of interventional strategies including stand-alone CDT 

and PCDT, some studies have documented the variable economic impact of different 

management strategies. A study of hospitalized patients with DVT based on 1999-2000 

administrative data from 132 U.S. hospitals found that treatment with LMWH was associated 

with significantly lower total hospitalization costs than treatment with UFH, although UFH was 

used in 67% of admissions (Knight KK, 2005). Higher total medication costs for LMWH treated 

patients ($736 vs. $539) were more than offset by lower overall hospitalization costs (total 

hospitalization costs:$3018 for LMWH versus $3732 for UFH), largely explained by shorter 

mean length of stay (4.4 days vs. 5.8 days). Several additional recent studies have documented 

that for patients with uncomplicated DVT, self-administered LMWH in a homecare setting is 

associated with significantly lower costs and no observed difference in outcome (Lapidus L, 

2002; Lee M, 2004; O'Brien JA, 2002; Rodger MA, 2003). 

 

Three recent studies comparing costs and outcomes following stand-alone CDT and PCDT 

reported similar clinical outcomes but significantly lower hospitalization costs for PCDT due to 

lower thrombolytic doses and infusion times and decreased length of stay (Lin PH, 2006; 

Hilleman DE, 2008; Kim HS, 2006) . 

 

By randomizing 692 patients to PCDT + optimal standard DVT therapy versus optimal standard 

DVT therapy alone, ATTRACT offers an ideal opportunity to estimate the cost-effectiveness of 

PCDT for the treatment of acute DVT.The estimation of cost-effectiveness is particularly 
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important given the high up-front costs associated with the PCDT procedure and the large 

number of patients. The relative benefit of PCDT with respect to the prevention of PTS, and the 

extent to which the higher upfront costs of the PCDT procedure are offset by downstream cost 

savings associated with avoidance of PTS will be central factors underlying the results of the 

cost-effectiveness study, and its implications for future patient care and health policy. 

 

Cost-effectiveness analysis is a formal technique for relating costs and medical effectiveness in 

order to maximize the overall health benefits available to society (or to any policy-making unit), 

subject to the constraint of fixed resources. By explicitly quantifying the trade-offs between health 

care costs and health benefits, cost-effectiveness analysis allows physicians to compare the health 

benefits gained by use of a new treatment to those benefits that could be achieved by alternative 

uses for the same health care resources. The cost-effectiveness ratio is the formal representation 

 

of this trade-off and is calculated as the net change in health care costs (measured in dollars) 

associated with the new treatment divided by the net change in medical effectiveness (measured in 

years of life gained or quality-adjusted years of life gained) (Gold MR, 1996; Russell LB, 1996; 

Siegel JE, 1996). 

 

METHODS 
 

1.  Overview of the ATTRACT Health Economic Study 

The goals of the ATTRACT  health economic study are to compare 2-year economic outcomes in 

patients with symptomatic acute proximal DVT randomized to either PCDT + optimal standard 

DVT therapy versus optimal standard DVT therapy alone, and if PCDT is found to be both 

efficacious and associated with increased costs, to carry out a formal cost-effectiveness analysis 

to estimate the incremental cost per quality-adjusted  life year gained with PCDT. 

 

2. Data Collection Overview 

The general approach to data collection will be to integrate collection of the economic data as 

much as possible into the mainstream activities of each ATTRACT Clinical Center. For example, 

the medical resource utilization data required for this study will be collected on the standard 

clinical Case Report Forms. Follow-up medical encounters, resource utilization, and measures 

of indirect costs will also be collected on Case Report Forms using a standardized, structured 

interview at patient follow-up times. Utility measurements will be obtained from the quality of life 

assessment by means of self-administered questionnaires given to each patient at the time of 

the study enrollment and follow-up. Once these data have been entered and cleaned by the 

DCC, they will be transmitted in electronic format to the Health Economic Core Laboratory. 

 

On the other hand, collection of certain data elements requires additional training and will be 

performed directly by trained personnel from the Health Economic Core Laboratory. For 

example, collection of itemized hospital bills and UB92 summary bills will be performed directly 

by the Core Laboratory. These tasks will be performed centrally since they involve retrospective 

data collection, which is easily accomplished in batched format and requires specialized data 

abstraction skills that are beyond those required of most clinical research coordinators . 

 

3. Patient Population 
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All patients who participate in the ATTRACT trial will be eligible for the Health Economic Study. 

 
4. Economic Data 

Cost data will be collected for each study patient from the point of study intake until the 

completion of the planned 2-year follow-up period. To facilitate analysis from a variety of 

potential perspectives, overall costs will be calculated for three categories: direct medical costs, 

custodial and chronic care costs, and indirect costs. Direct medical costs will include the cost of 

any inpatient care, outpatient care (including outpatient procedures, diagnostic testing, and 

prescription medications), and emergency room visits. Custodial and chronic care costs will 

include the cost of nursing home care, rehabilitation services (inpatient or outpatient), visiting 

nurses,home health aides, and other non-physician health professionals. Indirect medical costs 

will include the cost of care provided by other family members, such as lost wages . As 

recommended by the National Panel on Cost-Effectiveness in Health and Medicine, costs of lost 

work or other earnings on the part of the patient will be tabulated separately, but not included in 

the calculation of medical care costs for the primary cost-effectiveness analysis (Luce BR, 

1996). 

 

A. Data Collection:The following specific data will be collected for each randomized patient: 

(1) Costs of the index PCDT procedure: operating room or angiographic suite costs, including 

lab time, anesthesia time, recovery room time, equipment costs (guidewires, thrombectomy 

devices, embolus protection devices, guiding catheters, sheaths , and other devices used), 

rt-PA use, adjunctive medication use (including anticoagulants), and the amount and type of 

radiographic contrast required. These data will provide a direct measure of resource 

utilization for the PCDT procedures and thus allow accurate determination of the cost of 

these procedures using standard, resource-based accounting methods (Finkler SA, 1982). 

(2) Measures of global resource utilization for the initial hospitalization and all follow-up 

hospitalizations, including length of stay, number of ICU days, principal diagnosis (ICD-9 

codes), major procedures, complications, and DRG assignment. As described below, 

hospital admissions unrelated to treatment of venous disease or its complications (including 

PE and bleeding) will be identified at trial completion by a clinical events committee that is 

blinded to treatment assignment, and excluded from the economic analysis. 

(3) Itemized hospital charges and summary bills (UB-92 forms) for the index hospitalization and 

follow-up hospitalizations for treatment of venous disease or its complications (see below). 

(4) Detailed outpatient medications including type of medication and daily dose for all 

medications used for the prevention and treatment of venous disease or its complications, 

including over the counter medications. 

(5) Purchase and use of prescription compression stockings, bandages and other devices, 

during each follow-up interval. 

(6) Self-reported estimates of medical resource utilization including the number of emergency 

room visits and physician visits during follow-up. In addition, we will obtain patient (or proxy) 

self-report estimates of the number of visits by allied health professionals including visiting 

nurses, home health aides, occupational therapists, and physical therapists during follow-up. 
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(7) Number and duration of admissions to rehabilitation hospitals, nursing homes, and other 

chronic care facilities. 

Hospitalization-related resource utilization data will be collected at each protocol-mandated clinic 

visit by the local research coordinator using standardized Case Report Forms and source­ 

verified based on review of pertinent medical records. Utilization of other medical services 

including outpatient care, prescription medications, custodial care, and rehabilitation services as 

well as loss of work by the patient and any other caregivers will be assessed by detailed 

questionnaires that will be administered by the local research coordinators at the time of each 

scheduled clinical follow-up. Before study initiation, personnel from the Health Economic Core 

Laboratory will train the Clinical Center personnel in appropriate completion of the data forms. 

 

B. Hospital Billing Data: In addition to detailed health care resource utilization data, we will 

collect comprehensive hospital billing information (itemized hospital charges and UB-92 

summary bills) for each study participant for the index hospitalization and for any subsequent 

hospital admissions during the follow-up period. Together with cost-to-charge conversion 

factors, these hospital bills will be used to derive cost estimates for inpatient medical care 

services that are directly applicable to the study population. Hospital billing information will be 

collected by an experienced research assistant at the Health Economic Core Laboratory, 

working in conjunction with the local research coordinators and the Director of Patient Accounts 

at each participating Clinical Center. To assist in collection of billing data , the Health Economic 

Core Laboratory will generate a monthly summary of hospital admissions that will be forwarded 

directly to the Clinical Center's billing department. Prior to enrollment , patients will be asked 

provide permission to obtain such billing records, and all related data will be kept in a secure, 

confidential database. 

 

5. Estimation of Costs 

 
In the U.S. healthcare system, it is possible to collect medical billing information that provides 

detailed and objective summary measures of total medical resource consumption during 

hospital-based care. Because of the distortions present in hospital charges, however, it is 

necessary to convert raw billing data to an estimate of true medical care costs (Finkler SA, 

1982). A standard approach has been developed to do this and is described in detail below. 

Medical billing data have been successfully used as the primary measure of hospital cost in 

several major randomized trials of cardiovascular therapies (Hlatky MA, 1997; Weintraub WS, 

1995; Mark DB, 2006). 

 

An alternative to the use of hospital billing data is the use of Medicare DRG reimbursement 

rates. Although this has the advantage of representing the true "cost" of hospital services to a 

single large payer (Medicare), they have the strong disadvantage of being insensitive to shifts in 

resource use that do not affect DRG assignment, a particularly important limitation for the 

treatments under investigation in ATIRACT, and the reason that we will not use this approach. 

 

A. Method of Hospital Cost Calculation: Hospitalization costs will be assessed by a combination of 

resource-based costs and hospital billing data (Taira DA, 2003). Index Procedures - From the 

detailed resource use and procedure duration data recorded for the index procedure, costs will 
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be calculated as the product of resource use and unit cost for each component. Acquisition 

costs for each item will be estimated as the average over several study hospitals. 

 

B. Post-procedure Hospital Care: Costs for all other aspects of care during the initial 

hospitalization will be estimated based on hospital billing data. After excluding charges 

associated with the index procedure (for patients randomized to PCDT), post-procedure hospital 

costs will be determined by multiplying the remaining hospital charges by the hospital and cost­ 

center specific cost-to-charge ratio obtained from the hospital's Medicare cost report (Taira DA, 

2003). For patients for whom billing data are unavailable (expected to be < 10%), post­ 

procedural hospital costs will be estimated based on a regression model developed from 

hospital admissions for which billing information is available. Costs will be converted to U.S. 

dollars corresponding to the last year of the trial, using the medical care component of the 

Consumer Price Index. 

 

For any rehospitalizations for which standardized hospital billing information cannot be obtained 

(expected to be < 5% of total hospital admissions) or are non-existent (i.e., admissions to VA 

hospitals, non-U.S. hospitals, or other U.S. hospitals that do not generate UB-92 summary bills), 

inpatient medical care costs will be estimated based on a regression model derived from the 

hospitalizations for which bills are available, as will be done for the estimation of post- index 

procedure hospital costs, described above. Candidate predictors for the imputation model would 

include length of stay, ICU length of stay, in-hospital events and complications, and major tests 

and procedures performed during the admission. 

 

C. Elimination of Hospitalization Costs Unrelated to Venous Disease: Hospital admissions 

unrelated to treatment of venous disease or its complications will be excluded from our 

economic analysis, since any differences in these events are unlikely to be related to the 

treatment strategy. Thus,their inclusion would only increase the variance of our cost estimates. 

A clinical events committee blinded to treatment assignment will review each hospital admission 

during the study to determine whether it should be excluded from the economic analysis. 

 

D. Estimation of Other Costs: Costs for professional services  (i.e.  physician fees for  inpatient 

care, procedures, outpatient visits, and testing) will be based on measured resource utilization 

(taken from the medical record and patient self-reports) and national average reimbursements 

(from Medicare Fee Schedule). Outpatient care costs will be assigned using the Medicare Fee 

Schedule. Drug costs will be based on wholesale  prices in the Drug Topics Red Book (1998). 

 

Costs of home health care, long-term care, and custodial care will be based on average 

Medicare reimbursements for the services provided. Costs of additional home health and 

custodial services not covered by Medicare will be based on average charges, estimated from 

sources such as the U.S. Nursing Home Survey (Luce BR, 1996). The cost of care provided by 

family members will be estimated as the cost of lost employment required to provide this care. 

These costs will be estimated based on average national wages among persons in the work 

force. 

 

All costs will be valued in U.S. dollars for the most recent year for which national average cost 

data are available, at the completion of the study. Costs measured during other years will be 
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converted to constant dollars using the appropriate component of the Consumer Price Index. 

Costs will not be discounted for the primary cost comparisons, but will be discounted at a rate of 

3% per year for the cost- effectiveness analyses (see below) as recommended by the U.S. 

Public Health Service Guidelines on Cost-Effectiveness  in Medicine (Gold MR, 1996). 

 

6. Utility Measurement 

 
For the purposes of cost-effectiveness  analysis, quality of life must be measured in terms of 

"utility", a global rating (on a 0-1 scale) that reflects an individual's preference for his or her 

current health state relative to perfect health (Weinstein MC, 1977). Although in the past, it had 

been customary to measure utility directly from the trial participants using time-trade-off 

techniques (Gore JM, 1995; Oldridge N, 1993) there is an emerging consensus that cost­ 

effectiveness analyses designed to inform societal resource allocation use community-based 

(rather than patient-based) preferences (Gold MR, 1996). 

 

There are several potential techniques for measurement of patient-specific , population-based 

utility weights within ATTRACT . These include the Health Utilities Index (HUI), the Quality of 

Well-Being Scale (QWB), the EuroQol (EQ-50), and recently published algorithms that allow 

mapping of the SF-36 or SF-12 to health state utilities (Brazier J, 2002; Brazier JE, 2004; 

Torrance GW, 1996; Fryback DG, 1997; Johannesson M, 1999). For ATTRACT, our preferred 

approach will be to calculate preference-based  utility scores from the SF-36 data being collected 

in the QOL study,  using a recently-validated  scoring algorithm developed by Brazier et al 

(Brazier JE, 2004). This has the advantage of using population-based utility weights that are 

appropriate to the analytic perspective of the analysis (i.e., U.S. societal weights). Although we 

are unaware of previous studies using the SF-36 as a utility measure for this population, the fact 

that the SF-36 has been previously shown to be a valid and responsive measure of health status 

for patients with PTS suggests that it will be appropriate for the ATTRACT population (Kahn SR, 

2002; Kahn SR, 2005). As the SF-36 is already being used as the generic health status measure 

in the trial, this will also help to limit the burden to both the patients and the study coordinators. 

 

ANALYTIC  PLAN AND STATISTICAL METHODS 

 
1. Cost Analysis 

 
The primary cost analysis will compare mean cumulative 2-year medical care costs between the 

two treatment groups. Secondary cost comparisons will be performed in an analogous fashion at 

alternative time points, including 1-month after randomization and 1-year after randomization. 

Decisions regarding the efficient allocation of resources generally involve consideration of the 

total costs of treating all patients with a specific disease with the treatment in question. In such 

settings, the arithmetic mean,which is the per-person cost of implementing the treatment , is the 

most relevant measure for summarizing and comparing cost (Barber JA, 2000). Measures of 

mean cost are the most appropriate reflection of the expected value of resource consumption to 

society, the appropriate metric for rational resource allocation. Characteristics of cost 

distributions can complicate the task of the data analyst needing to carry out a formal 

comparison of mean costs. In particular, the distribution of cost data tends to be skewed, with a 

large proportion of costs at the lower end of the distribution and a long right tail. As the 
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appropriateness of many statistical tests and models relies on an approximately normal 

underlying distribution of the data, many common tests, such as the two-sample t test for 

comparison of means, may not be appropriate. An alternative method for comparing the average 

cost of two alternative treatments is through application of the non-parametric bootstrap 

approach to statistical inference (Efron B, 1993). The bootstrap approach has been advocated 

as the most appropriate general method for comparing arithmetic mean costs as it can be used 

to draw inferences about the difference in mean costs between treatment groups without making 

any distributional assumptions (Briggs AH, 1997). Confidence intervals around all cost estimates 

and differences in costs between treatment groups for the ATTRACT Trial will be derived using 

the bootstrap approach. Few patients should be lost to clinical follow-up during the study. For 

patients who are lost to follow-up , medical care costs beyond the time of last contact will be 

imputed using multiple imputation techniques, where the model includes the previous years' cost 

for the individual. This approach is reasonable as previous studies have found that the best 

predictor of subsequent healthcare resource utilization for a given patient is that patient's 

previous pattern of utilization. 

 

2. Cost-Effectiveness  Analysis 

 
A formal cost-effectiveness analysis will be relevant if the clinical trial reveals a significant 

benefit of PCDT in terms of the primary study endpoint and if that benefit comes at additional 

cost. This analysis will use the societal perspective as recommended by the National Panel on 

Cost-Effectiveness in Health and Medicine (Gold MR, 1996) and will be based, to the extent 

possible, on the empirical data from the trial. Cost effectiveness will be calculated as: 

 

Lifetime Cost (PCDT) - Lifetime Cost (optimal standard therapy} 

Effectiveness (PCDT) - Effectiveness (optimal standard therapy) 

 

Where effectiveness is measured in terms of quality-adjusted fife years (QALYs). 

 
A. Derivation of In-trial Quality-adjusted Life Expectancy: The in-trial contribution to each 

patient's quality-adjusted fife expectancy will be estimated by multiplying his/her within-trial 

survival time by the time-weighted average of associated utility weights obtained from the SF- 

36. For example, the utility value assigned for the first 6 months will be the mean of the baseline 

and 6 month utility score; the utility for months 6-12 will be the mean of the 6-month and 12- 

month utility assessments;  and so on. 

 

B. Projecting Beyond the Trial for QALYs and Costs: Although the randomized trial will follow 

patients for 2 years, outcomes pertinent to cost-effectiveness may continue to evolve well after its 

conclusion. In particular,it is anticipated that most patients will remain alive at the trial's conclusion 

and that the benefit of PCDT will accrue over the long term, through a reduction in morbidity and 

costs associated with PTS. Thus, a method is required for converting the observed trial experience 

into corresponding lifetime quality-adjusted survival and cost figures needed for the incremental 

cost-effectiveness calculations. Although the use of "within-trial" cost-effectiveness ratios would 

eliminate the need for extrapolation ,this approach would bias our analysis substantially against 

PCDT given its high up-front cost and the expectation that any quality of fife benefits are likely to be 

sustained. Moreover, lifetime ratios are necessary for comparison with external benchmarks. 
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To extend the trial results beyond the observed time-frame, we will develop a Markov (state­ 

transition) model (Beck JR, 1983) in which the principal health states will describe the long-term 

complications of DVT as defined by the clinical trial (e.g., death, recurrent DVT, venous ulcer, 

cellulitis, pulmonary embolism) .This model will be patterned after previous models developed by 

the EQOL investigators to project long-term complications ,costs, and life-expectancy in patients 

with chronic coronary disease, acute myocardial infarction, and cerebrovascular disease (Cohen 

DJ, 1993; Kuntz KM, 1996; Kuntz KM and Kent KC, 1996). In addition to the ATTRACT Trial itself 

and published literature, a potential source of cost, transition probability and utility inputs for the 

model is long-term follow-up results from the Venous Thrombosis Outcomes (VETO) study, a 5 

year (2002-2007) ,multi-center prospective follow-up study of 387 patients with acute symptomatic 

DVT that is collecting detailed resource use and costs data relating to PTS. We will have full 

access to the 5 year VETO data through the study's principal investigator, Dr. Susan Kahn 

(ATTRACT Steering Committee member). Although the primary cost data for VETO are applicable 

to the Canadian health care system, they can be converted to approximate U.S. equivalents using 

Purchasing Power Parities (Wordsworth S, 2005). These data will be essential to projecting the 

incremental costs associated with PTS (stratified by severity level) that are critical to model the 

long-term QOL impact of PCDT in preventing late DVT complications. 

 

C. Incremental Cost-Effectiveness Analysis: Once the estimates of long-term costs and QALYs 

have been obtained for each of treatment arm, an incremental cost-effectiveness analysis will be 

carried out. For this analysis, costs and survival beyond the first year will be discounted at 3% 

per year according to current standards . Bootstrap analysis will be used to assess the precision 

of the cost-effectiveness ratios, and the results of the analysis will be presented graphically in 

the cost-effectiveness plane, including percentages of the distribution falling in the dominant 

(clinical benefit at lower costs) and dominated (higher costs but no clinical benefit) quadrants. In 

addition, results from the bootstrap analysis will be presented in the form of cost- effectiveness 

acceptability curves, which describe the evidence in support of cost-effectiveness across a 

range of cost-effectiveness thresholds (Hunink MG, 1998; Manning WG, 1996 ; O'Brien BJ,  

1994; Stinnett AA, 1998). 

 

D. Secondary  Cost-Effectiveness Analyses: In addition to the pre-specified primary cost­ 

effectiveness analyses, we will perform a variety of exploratory secondary analyses. This will 

include subgroup analyses to identify cost-effective strategies for specific types of patients and 

will be based on the pre-specified patient subgroups  identified in the clinical protocol. 

 

E. Sensitivity Analyses: Extensive and comprehensive sensitivity analyses, including 

probabilistic sensitivity analysis on parameters such as Markov model transition probabilities, 

will be performed on all key factors in the cost-effectiveness analysis. For factors that are 

measured empirically during the study, such as QOL and costs, analyses will consider not only 

mean values but also values that are one standard-deviation removed from the mean and the 

95% confidence intervals for the parameters.Less marked variations will also be considered, 

and one-way and two-way thresholds for indifference between the various strategies will be 

determined.We will also consider alternative discount rates ranging from 0-7%. 
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1 INTRODUCTION 

1.1 Overview 

To determine if PCDT should be routinely used to treat proximal DVT , we are performing a 

multicenter randomized clinical trial (ATTRACT) to establish whether PCDT prevents PTS and 

improves health-related QOL with acceptable safety and costs. If so, this finding is expected to 

catalyze a fundamental change in DVT practice towards routine, first-line use of PCDT.If PCDT 

proves ineffective or insufficiently safe, this finding will reduce or eliminate the use of a 

potentially risky and expensive procedure. There is broad consensus that ATTRACT addresses 

a research question of major importance to patients, physicians, and the U.S. healthcare 

system. 

 

2 STUDY  OBJE CTIVES AND  OUTCOMES 

2.1 Study Objectives 

In symptomatic patients with acute proximal DVT, the primary objective of this trial is to 

determine if initial adjunctive use of PCDT (using rt-PA) with optimal standard DVT therapy 

reduces the occurrence of the Post-Thrombotic Syndrome during 24 months of follow-up 

compared with optimal standard DVT therapy alone. 

 

Secondary objectives include the following: 
 

• To compare between the two treatment arms: the resolution of acute DVT symptoms; 

rates of major bleeding, symptomatic PE, recurrent venous thromboembolism, and death; 

venous disease-specific and general QOL; and cost-effectiveness; 

• To identify pre-treatment predictors of heightened therapeutic response to PCDT via 

correlation of PTS scores and QOL change scores with demographic variables, DVT risk 

factors , symptom duration, and anatomic thrombus extent; and 

• To determine the anatomic/physiologic conditions needed to prevent PTS via correlation 

of PTS scores and QOL change scores with post-treatment thrombus burden, recurrent 

DVT, and valvular reflux. 

 

2.2 Efficacy Outcomes 
 

2.2.1 Primary Efficacy Outcome 

Post-Thrombotic Syndrome (PTS) defined by the presence of a total score of 5 or greater on the 

Villalta PTS Scale (signs plus symptoms) in the leg with the index DVT , or an ulcer in that leg, 

that occurs at any time between the 6-month post randomization follow-up visit and the 24- 

month visit (inclusive) is the primary efficacy outcome. See section 2.2.3 for details. 

 

2.2.2 Secondary Efficacy Outcomes 

1) PTS occurrence at 6, 12 and 18 months assessed using Villalta PTS Scale. 
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2) Major Non-PTS Treatment Failure 

3) Composite Treatment Failure (PTS occurrence or Major Non-PTS Treatment Failure) 

4) PTS severity at 6, 12, 18 and 24 months assessed using the: 

a) Villalta PTS Scale score (PTS Score and PTS Class) 

b) Venous Clinical Severity Score (VCSS Score) 

c) Clinical-Etiologic-Anatomic-Pathophysiologic System (CEAP Clinical Class). 

5) Quality of Life (QOL) at 1, 6, 12, 18 and 24 months assessed using: 

a) SF-36 questionnaire (general QOL component scores: MCS, PCS) 

b) VEINES questionnaire (symptoms VEINES/SYM and QOL VEINES/QOL). 

6) Resolution of Leg Pain Severity at 10 days and 1 month assessed using a Likert scale. 

7) Resolution of Leg Swelling at 10 days and 1 month assessed using calf circumference 

measurements. 

8) Degree of clot lysis with PCDT, assessed venographically (Experimental Arm only) 

9) Prevalence of valvular reflux and residual thrombus at 1 year (Duplex ultrasound) 

 

2.2.3 PTS-Related  Outcomes 

The Villalta PTS Scale scores the severity of 5 patient-reported symptoms (pain, cramps, 

heaviness, paresthesia, pruritus) and 6 clinician/nurse-observed signs (pretibial edema, skin 

induration, hyperpigmentation, venous ectasia, redness, pain during calf compression) of PTS 

on a 4-point scale (O=none, 1=mild, 2=moderate , 3=severe) for each leg. The clinician or nurse 

performing the Villalta PTS signs assessment must be blinded to subject treatment allocation. 

 

The points are summed into a PTS Total Score ranging from 0 to 33 for each leg. If the clinician 

determines that the patient has a venous ulcer in the leg being assessed and the summed score 

is less than 15, then a score of 15 is assigned. Subjects are categorized as having PTS if the 

total score in the leg with the index DVT is 5 or greater at any time between the 6-month and the 

24-month follow-up visits. 

 

Subjects will also be categorized as having mild (score 5-9), moderate (score  10-14), or severe 

PTS (score C!'.1 5) at each assessment. This will be referred to as the "PTS Class". 

 

2.2.4 Major Non-PTS Treatment Failure Outcome 

A major treatment failure that is not PTS is defined as an event meeting one or more of the 

follow ing criteria during the 24 months post randomization: 

(1) the subject undergoes an unplanned endovascular or surgical intervention for the treatment 

of severe symptomatic venous disease in the index leg within the first 6 months after 

randomization (excluding PCDT Arm patients who undergo repeat PCDT within the first 3 

months after randomization, and Control Arm patients whose intervention occurs within 7 

days after randomization and was not prompted by acute limb-threatening circulatory 

compromise; see Appendix 2 for details); 
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(2) the subject undergoes an amputation in the index leg anytime within 24 months after 

randomization; or 

(3) the subject develops venous gangrene in the index leg within the first 6 months after 

randomization. 

 

2.2.5 Composite Treatment Failure Outcome 

A composite treatment failure over the 24 months post randomization is declared for a subject 

who either develops PTS or experiences a major non-PTS treatment failure. 

2.2.6 CEAP Clinical Class Outcome 

All subjects will have their basic CEAP Clinical Class assessed for each limb (Eklof, 2004; 

Kahn, 2004a; Kahn, 2004b). In ATIRACT, the Etiologic (E), Anatomic (A) and Pathophysiologic 

(P) components of the CEAP System will not be used. The limb will be categorized into one of 8 

descriptive "Clinical Classes" based upon the dominant physical exam findings observed: 

CO = no visible or palpable signs of venous disease 

C1 = telangiectasia or reticular veins 

C2 = varicose veins 

C3 = edema 

C4a = skin changes including pigmentation or eczema 

C4b = skin changes including lipodermatosclerosis 

C5 = healed venous ulcer 

C6 = active venous ulcer 

Subjects will be assigned the highest Class for which they have a component sign, and will be 

classified as symptomatic (S) or asymptomatic (A). The ascending severity of the CEAP Clinical 

Class has been shown to correlate with QOL. 

2.2.7 VCSS Score Outcome 

The VCSS is a venous severity scoring system derived from selected elements of CEAP 

classification (Rutherford, 2000; Meissner, 2002; Kakkos, 2003; Ricci 2003). It scores 8 clinical 

signs (varicose veins, venous edema, skin pigmentation, inflammation, induration,and number, 

duration and size of active ulcers) and one symptom of chronic venous disease (pain) on a 

scale of O=absent, 1=mild, moderate=2, severe=3,that exhibits change over time. Extra weight 

was given to signs from the more severe (C4-C6) CEAP classes.The VCSS Score is sum of 

these 9 ratings that range from 0 to 27 (a higher score is worse). Use of the VCSS should 

improve our ability to distinguish subjects with different severities of PTS and to assess PCDT's 

cost-effectiveness . A tenth item that grades the extent of use of compression therapy is present 

in the VCSS measure and is sometimes used; however,since the use of compression stockings 

is standardized in ATIRACT patients, the study's VCSS assessment excludes that item. 

 

2.2.8 QOL-Related Outcomes (SF-36 and VEINES) 

We will assess generic and venous disease-specific quality of life at baseline and at the 1- 

month, 6-month, 12-month , 18-month and 24-month follow-up visits. Generic QOL will be 

measured using the Short-Form Health Survey-36 Version 2 (SF-36v2), a validated, widely­ 

used gold standard instrument (Ware, 2007).The SF-36 has been used in other DVT studies to 
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complement measures of PTS and venous disease-specific QOL. The SF-36 is available for use 

in both English and Spanish versions. 

 

Venous disease-specific symptoms and QOL will be measured using the VEINES instrument , a 

patient self-assessment questionnaire.It consists of 25 question items that measure venous 

symptoms, limitations in daily activities due to venous disease, psychological impact of venous 

disease, and change over the past year. Responses are rated on 2-point to ?-point Likert scales 

of intensity, frequency, or agreement. The VEINES tool has undergone comprehensive and 

rigorous psychometric evaluation and is acceptable, reliable,valid, and responsive for use as a 

patient-reported measure of outcome in studies of chronic venous disease, including PTS and 

DVT (Lamping, 2003; Kahn, 2006). VEINES is available in the originally validated English 

version and in a certified Spanish translation. 

 

Scoring for the QOL outcomes will be performed by a blinded DCC statistician using established 

computer algorithms which include imputation of missing data. For the SF-36, summary scores 

(normalized to the US population; 0-100 scale; mean=50 ,standard deviation, SD=10) will be 

computed for the Physical (PCS) and Mental (MCS) Component Scales.Similarly, for the 

VEINES, summary scores (normalized to the study cohort; 0-100 scale; mean=50; SD=10) will 

be calculated for the symptom severity (VEINES/Sym based on 10 questions) and for overall 

QOL as a result of venous disease (VEINES/QOL based on all 25 questions). Standard scoring 

algorithms for the SF-36 and VEINES instruments will be used. 

 

2.2.9 Resolution of Leg Pain and Swelling Outcomes 

To determine if PCDT leads to faster DVT symptom resolution, the severity of pain in each leg 

will be assessed on a ?-point Likert scale at baseline and 10-day and 1-month follow-up. The 

subject will be asked to "Please rate the overall intensity of "pain" or "discomfort" that you have 

felt in your leg during the past 24 hours by checking one response on the following scale" (1=No 

pain, 2=Very mild pain, 3=Mild pain,4=Moderate pain, 5=Severe pain, 6=Very severe pain, 

?=Extremely severe pain). That is, Leg Pain Severity is measured on a 1to 7 scale (higher 

being worse) . Likert scales are widely validated for pain severity assessment. The Likert scale 

and accompanying instructions will be available in the originally validated English version and in 

a certified Spanish translation. 

 

At baseline, 1O days and 1 month after randomization, blinded clinicians will assess Leg 

Swelling by measuring calf circumference (in centimeters) at 10cm below the tibial tuberosity in 

both legs. At these visits, venous symptoms and signs will also be assessed using the Villalta 

PTS Scale. Villalta assessments at baseline provides an estimate of symptom severity at the 

time of randomization, while the assessments at 10 days and 1 month will provide additional 

data for modeling the patterns of PTS severity over time. 

 

2.2.10 Degree of Resolution of Thrombus with PCDT 

 
Two sets of venograms will be analyzed in each Experimental Arm subject: (a) the baseline 

venogram of the proximal veins (popliteal vein through infrarenal IVC) obtained after initial 

catheter insertion into the venous system and before PCDT; and (b) the final venogram of the 

proximal veins obtained after PCDT and any adjunctive procedures, and before sheath removal. 
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Blinded Independent Adjudication Committee physicians who are experienced with venogram 

adjudication in DVT trials will, in standardized fashion, evaluate the exams for overall quality 

and quantify clot burden using the components of the Marder score that describe the proximal 

veins. The degree of thrombus elimination (% change in pre-PCDT and post-PCDT Marder 

score) will be described as mean and STD,and the amount of residual thrombus (absolute post­ 

PCDT Marder score) will be correlated with the subsequent development of PTS. 

 

2.2.11 Ultrasound Substudy - Valvular Reflux and Residual Thrombus 

A 1-year follow-up venous Duplex ultrasound of the index leg will be performed in a consecutive 

142-subject subgroup in 7 Clinical Centers. The primary goal of the Ultrasound Substudy is to 

determine if preservation of venous valvular function through prevention of valvular reflux 

and/or venous obstruction due to residual thrombus represents a primary mechanism underlying 

any effect of PCDT upon the cumulative incidence and severity of PTS.We will assess:(a) the 

presence of valvular reflux (flow reversal for 0.5 seconds after standardized distal 

compression with an automatic cuff inflator) in each of the following veins:the common femoral , 

deep femoral, femoral, popliteal,great saphenous, and small saphenous veins; and (b) the  

presence of residual thrombus (assessed in the leg veins mainly by incomplete compressibility) 

in the each of the following veins:external iliac (when visible), common femoral, deep femoral, 

femoral, popliteal, and great saphenous veins. The exams are performed in standardized 

fashion by Clinical Center sonographers blinded to treatment allocation, recorded in real time on 

super VHS videotapes or digital media,and transmitted to the Ultrasound Core Laboratory. 

Blinded Core Lab personnel will analyze the exams for overall quality, interpret findings, record 

them on an Ultrasound Case Report Form (CRF), and transmit the findings to the DCC.At the 

DCC, reflux and obstruction will be quantified from the CRFs by blinded personnel using the 

Venous Segmental Disease Score (VSDS) in which values assigned to the presence of reflux 

and obstruction in specific lower extremity veins are added to yield both a Reflux Score and an 

Obstruction Score. The Reflux Score and the Obstruction Score will be correlated with the 

development of PTS. 

 

2.3 Safety Outcomes 

The following safety outcomes will be assessed for each subject over the 24-month study period: 

• Bleeding (Major, Minor, Need for Transfusion, lntracranial Bleeding) 

• Symptomatic Pulmonary Embolism (PE) 

• Symptomatic Recurrent Deep Vein Thrombosis (DVT) 

• Death 
 

2.3.1 Bleeding-Related  Outcomes 

Evaluation of clinically overt bleeding will depend upon the suspected bleeding site. For 

example, subjects with suspected intracranial bleeding will undergo a head CT scan and 

subjects with suspected retroperitoneat bleeding will undergo a CT scan of the abdomen/pelvis. 

Clinically overt bleeding will be classified as "major"if it is associated with a fall in the 

hemoglobin level of at least 2.0 g/dl, transfusion of 2 units of red blood cells, or involvement of 

a critical site (e.g., intracranial, intraspinal). Less severe clinically overt bleeding will be 

classified as minor. To distinguish clinically important hemorrhage from hemoglobinuria (which 
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is routinely observed in subjects undergoing mechanical thrombectomy) , discoloration of the 

urine during or after mechanical thrombectomy will not by itself be considered to indicate the 

presence of clinically-overt bleeding. Major bleeding, minor bleeding, need for transfusion, and 

intracranial bleeding will be assessed during the study period and reported. To aid in evaluating 

the relationship of bleeding events to rt-PA administration, they will also be categorized by 

whether they occurred within 3 days after the initiation of PCDT. Data on complications will be 

captured on the Case Report Forms in a way that enables their outcomes to be categorized 

according to FDA guidelines and SIR reporting standards. 

 

2.3.2 Symptomatic PE Outcome 

When PE is clinically suspected,spiral CT of the pulmonary arteries and/or ventilation-perfusion 

lung scan will be obtained. If there is a new intraluminal filling defect of a segmental or more 

central pulmonary artery or a "high probability" perfusion defect, PE will be diagnosed. PE will 

be excluded if the spiral CT is normal or there are no perfusion defects . If the perfusion scan or 

CT scan is non-diagnostic, bilateral lower extremity ultrasound will be performed and PE will be 

diagnosed if there is new DVT (see next section). Ultrasound will be repeated after 7 ± 2 days if 

there is no new DVT. Pulmonary angiography may be performed if there are equivocal findings 

and/or serial ultrasound testing is considered unsafe.To distinguish clinically important new PE 

events from minor symptoms of PE events that may have occurred prior to randomization, and 

from the clinical findings of micro-embolization that are commonly observed during thrombolytic 

therapy (e.g. transient pleuritic chest pain that resolves completely), investigation for PE during 

the first 10 days after enrollment is discouraged (in subjects in both study arms) in the absence 

of more significant clinical findings that suggest a new symptomatic PE event. Symptomatic PE 

events will be assessed during the 24-month study period and reported. 

 

2.3.3 Symptomatic DVT Outcome 

To increase the accuracy of diagnosing recurrent DVT, there will be standardized recording of 

the extent of thrombus (diameters of the common femoral vein and popliteal vein and the 

thrombus ' proximal and distal extent) on the baseline (strongly recommended when the exam is 

performed locally) and 1-month follow-up (this information is required) ultrasound exams.When 

recurrent DVT is clinically suspected during follow-up, compression ultrasound of the proximal 

veins (popliteal vein to common femoral vein) will be performed and a Compression Ultrasound 

CRF documenting the exam will be transmitted by the Clinical Center to the DCC.If there was 

no DVT on the last ultrasound (or on the last venogram performed during follow-up) of the same 

leg, recurrent DVT will be diagnosed using the same criteria as that of a qualifying proximal DVT 

(Section 4.4). If a previous ultrasound or a follow-up venogram is available for comparison, 

recurrent DVT will be diagnosed if one of the following criteria is met: (a) there is a new non­ 

compressible common femoral,femoral, or popliteal vein;(b) there is 1Ocm extension of 

thrombus margin (i.e. transition from not fully compressible to normal); or (c) there is a 4-mm 

increase in compressed thrombus diameter at the common femoral vein or popliteal vein. 

 

If these criteria are not met, DVT will not be diagnosed and, if there is still uncertainty about the 

presence of recurrent DVT (e.g. moderate or high clinical suspicion for recurrent DVT; non­ 

diagnostic findings on ultrasound), the ultrasound should be repeated after 7 ± 2 days, and 
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judged by the same criteria. If the second test is not diagnostic for recurrence, DVT will be 

excluded. 

 

Venography or CT scan can be performed if, in the absence of diagnostic findings, clinical 

suspicion for recurrence is high or the ultrasound findings are equivocal. If the Clinical Center 

interpreted the study as either negative (no evidence of new DVT), or positive for DVT in a limb 

with no previous DVT,the Adjudication Committee will review the clinical information and 

Compression Ultrasound CRF and provide a final adjudication of the event. If the Clinical Center 

interpreted the study as positive for new DVT in a limb with previous documented DVT,or if 

there is difficulty with interpretation, the recent and last previous ultrasound studies will be 

reviewed by the Ultrasound Core Laboratory. Taking into account the Ultrasound Core 

Laboratory's review along with the clinical information and Compression Ultrasound CRF, the 

Adjudication Committee will then provide a final adjudication of the event. Symptomatic 

recurrent DVT will be assessed during the 24-month study period and reported. 

 
In the PCDT arm, early (within 1 month) re-thrombosis of PCDT-treated vein segments will be 

distinguished from other recurrent DVT events, and these episodes of re-thrombosis will be 

further classified as either : a) consisting solely of re-thrombosis of veins that were thrombosed 

on the pre-PCDT imaging studies; or b) involving thrombosis of new vein segments that were 

not previously thrombosed. 

 

2.3.4 Death Outcome 

Cause of death will be determined from hospital and outpatient records, autopsy data and other 

information. Death will be attributed to PE if it is unexplained and sudden or there is substantive 

supporting evidence. Mortality will be assessed during the 24-month study period and reported. 

 

2.3.5 Adjudication of Clinical Events 

Data on suspected clinical events (Bleeding, PE, DVT and Death) will be reviewed by two 

blinded adjudicators who are expert DCC clinicians with extensive experience in adjudicating 

clinical events for DVT trials. They will interpret data per the study adjudication manual, without 

knowledge of treatment allocation . If there is disagreement, a second adjudication will occur 

with three adjudicators to obtain consensus. If consensus is not obtained, two votes will be 

sufficient to adjudicate the outcome.To further blind the adjudicators, unknown to them 

suspected events from ATTRACT will be interspersed with suspected events from other 

treatment studies being adjudicated at the DCC. 

 

2.4 Health Economic Outcomes 

As ATTRACT offers a good opportunity to estimate PCDT's cost-effectiveness, we will compare 

economic outcomes between subjects in the two study arms. If PCDT is found to be efficacious 

and associated with increased costs, we will do a formal cost-effectiveness analysis to estimate 

the incremental cost per quality-adjusted life year (QALY) gained with PCDT. See Appendix 1 

for details. 
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2.4.1 Medical Resource Utilization and Costs 

Data relating to direct and indirect costs will be collected for each subject. For the index 

hospitalization, costs will be estimated using a combination of:(a) procedural resource use data 

for major cost drivers, from which costs will be calculated using standard resource-based 

costing methods; and (b) hospital billing data,which will be converted to costs based on 

department level cost to charge ratios. A similar approach will be used to assess costs 

associated with hospitalizations during follow-up.For other aspects of follow-up medical care, 

we will assess detailed resource utilization at each follow-up clinic visit and apply a variety of 

approaches including the Medicare fee schedule (for outpatient physician services, rehabilitation 

and skilled nursing services) and average wholesale prices (for medication costs). Indirect costs 

will be estimated from data relating to Jost time from work, decreased productivity,and informal 

caregivers' time associated with loss of functional independence. 

 

2.4.2 Utility Measurement 

Although QOL will be assessed using a variety of disease-specific and generic instruments in 

ATTRACT, for the purposes of economic analysis QOL will be assessed in terms of utility, a 

measure of an individual's preference for his or her current health state relative to perfect health 

on a 0-1 scale.Although in the past, it had been customary to measure utility directly from the 

trial participants using time-tradeoff techniques, there is an emerging consensus that cost­ 

effectiveness analyses designed to inform societal resource allocation should use community­ 

based (rather than patient-based) preferences. For ATTRACT, we will calculate preference­ 

based utility scores from the SF-36 data being collected as part of the QOL study, using a 

recently-validated U.S.-specific scoring algorithm developed by Brazier et al. This method has 

the advantage of using population-based utility weights that are appropriate to the perspective 

of our analysis (i.e. U.S. societal weights). 
 

2.4.3 Cost-Effectiveness  Analysis 

Although the trial will follow subjects for 24 months, outcomes pertinent to cost-effectiveness 

may continue to evolve well after its conclusion. In particular, we expect the benefits of PCDT to 

accrue over the long term through a reduction in PTS-related morbidity and costs. Hence, a 

method is required for converting the observed trial experience into corresponding lifetime 

quality-adjusted survival and costs for the incremental cost-effectiveness calculations. Although 

the use of "within- trial" cost-effectiveness ratios would eliminate the need for extrapolation, 

such an approach would bias our analysis substantially against PCDT given its high up-front 

cost and the expectation that any QOL benefits are likely to be sustained. To extend the trial 

results beyond the observed time- frame,we will develop a Markov (state-transition) model in 

which the principal health states will describe the long-term complications of DVT as defined by 

the clinical trial (e.g., death, PE, recurrent DVT, venous ulcer).To the extent possible, data for 

this model will be based on the empiric results of ATTRACT and the published literature . In 

addition, the VETO Study, a 5-year Canadian study of 387 DVT patients that is collecting 

detailed clinical, resource use, and cost data related to PTS, will serve as a source of long-term 

cost transition probability and utility inputs for the model. Once the model is developed and 

validated using the ATTRACT data, we will use it to calculate an incremental cost-effectiveness 

ratio for the more expensive therapy (presumably PCDT) compared with the less expensive 
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therapy , and by comparing this ratio with those of other medical interventions, determine which 

strategy is preferred on economic grounds . 

 

3 STUDY   METHOD S 

 
3.1 General Study Design and Plan 

This is an NIH-funded, Phase Ill, multicenter, randomized, open-label, assessor-blinded, parallel 

two-arm trial where 692 subjects with symptomatic proximal DVT that involves the iliac, 

common femoral, and/or femoral vein will be randomized in a 1:1 ratio to receive either 

adjunctive PCDT (with rt-PA) + standard DVT therapy or standard DVT therapy alone. Subjects 

will be enrolled in 30-60 U.S. Clinical Centers, and followed for a maximum of 24 months. 

 

3.2 Inclusion-Exclusion Criteria and General Study Population 

At the Clinical Centers, subjects will be identified by Vascular Ultrasound Laboratory personnel 

who diagnose DVT, by pharmacy personnel who dispense anticoagulant drugs,by Emergency 

Department physicians and hospital physicians who treat DVT patients, and by the ATTRACT 

investigator physicians. Subjects may also be referred from regional facilities. 

 

For patients who present with bilateral DVT, the investigator must designate which lower 

extremity will be considered the "index leg" to be used in the study outcome analyses. In 

general, the index leg should be the leg that would be most likely to prompt the use of PCDT in 

clinical practice. Designation of the index leg must be documented prior to randomization. 

Inclusion Criterion 

All subjects must have symptomatic proximal DVT involving the iliac, common femoral or 

femoral vein (or any combination). 

 

Exclusion Criteria 

Subjects meeting any of these criteria will be excluded (NOTE: all times are relative to 

screening date): 

(1) Age fess than 16 years or greater than 75 years. 

(2) Symptom duration >14 days for the DVT episode in the index leg (i.e. non-acute DVT). 

(3) Jn the index leg: established PTS or previous symptomatic DVT within the fast 2 years. 

(4) In the contrafateral (non-index) leg:symptomatic acute DVT a) involving the iliac and/or 

common femoral vein; or b) for which thrombolysis is planned as part of initial therapy. 

(5) Limb-threatening circulatory compromise. 

(6) PE with hemodynamic compromise (i.e., hypotension). 

(7) Inability to tolerate PCDT due to severe dyspnea or acute systemic illness. 

(8) Allergy, hypersensitivity, or thrombocytopenia from heparin, rt-PA, or iodinated contrast, 

except for mild-moderate contrast allergies for which steroid pre-medication can be used. 

(9) Hemoglobin < 9.0 mg/di, INR > 1.6 before warfarin was started, or platelets < 100,000/ml. 
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(10) Moderate renal impairment in diabetic patients (estimated GFR < 60 ml/min) or severe 

renal impairment in non-diabetic patients (estimated GFR < 30 ml/min). 

(11) Active bleeding,recent (< 3m) GI bleeding, severe liver dysfunction, bleeding diathesis. 

(12) Recent (< 3m) internal eye surgery or hemorrhagic retinopathy; recent (< 10 days) major 

surgery, cataract surgery, trauma, CPR, obstetrical delivery, or other invasive procedure. 

(13) History of stroke or intracranial/intraspinal bleed, tumor, vascular malformation, aneurysm. 

(14) Active cancer (metastatic, progressive, or treated within the last 6 months).Exception : 

patients with non-melanoma primary skin cancers are eligible to participate in the study. 

(15) Severe hypertension on repeat readings (systolic >180 or diastolic >105 mmHg). 

(16) Pregnant (positive test,women of childbearing potential must be tested). 

(17) Recently (< 1m) had thrombolysis or is participating in another investigational drug study. 

(18) Use of a thienopryridine antiplatelet drug (except clopidogrel) in the last 5 days. 

(19) Life expectancy < 2 years or chronic non-ambulatory status. 

(20) Inability to provide informed consent or to comply with study assessments (e.g. due to 

cognitive impairment or geographic distance). 

3.3  Randomization, Stratification and Blinding 

In general, the patient should be randomized as soon as possible after the baseline evaluation 

is completed. If it is expected that there would be a substantial delay (> 24 hours) between 

randomization and when PCDT could actually be performed if the patient was allocated to 

PCDT, randomization may be deferred until PCDT can be performed within 24 hours. In 

Experimental arm subjects, PCDT should be performed within 3 days after randomization. 

 

Prior to randomization, subjects will be stratified on two factors: Highest Anatomic Extent of 

DVT (lliofemoral DVT vs. Isolated femoropopl iteal DVT) and Clinical Center. 

Clinical Center staff access the web-based Interactive Registration and Randomization System 

(IRIS) at the Data Coordinating Center (DCC) that leads the staff through a series of questions 

related to the patient's eligibility status and stratification category, and then provides treatment 

group allocation. Each center is given a unique study and center-specific authorization code to 

access IRIS.The complete randomization sequence was computer-generated by a DCC 

statistician who is not involved with the ATIRACT Trial before the first patient was randomized. 

Allocations are balanced within blocks of size 4. 

 

Although this is an open label trial, every attempt will be made to blind all assessors and 

adjudicators. At the DCC, all staff with the exception of the DSMB reporting statistician will be 

blinded to patient allocation during the trial and unblinded only after database lock. 

 

3.4 Study Procedures, Timing and Variables 

This section and the table below provide a summary of the study procedures, the timing and the 

associated data that will be collected. 

 

Baseline Evaluation (prior to Randomization) 

After eligibility is established and informed consent is obtained, but before randomization, 
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subjects should undergo all of the following baseline assessments: 

• Self-completion of QOL questionnaires (SF-36, VEINES); 

• Self-rating of baseline leg pain (7-point Likert scale) (both legs); 

• Calf circumference measurement (both legs}; 

• Administration of the Villalta PTS Scale (both legs); and 

• Venous Duplex ultrasound of the index leg;a previous ultrasound may be used if it was 

performed within 5 days prior to randomization, provided that its scope was adequate. 

Randomization (Day 0) 

Patients should be randomized as soon as possible after the baseline evaluation is completed. 

If it is expected that there would be a substantial delay (> 24 hours} between randomization and 

when PCDT could actually be performed if the patient was allocated to PCDT, randomization 

may be deferred until PCDT can be performed within 24 hours. In Experimental arm subjects, 

PCDT should be performed within 3 days after randomization. 

 

Scheduled Visit 1 (10 Days) 

At 10 days ± 3 days after randomization, subjects: 

• rate their leg pain (7-point Likert scale} (both legs) 

• have their leg circumference measured (both legs) 

• undergo assessment using the Villalta PTS Scale (both legs) 

• are provided sized-to-fit elastic compression stockings (ECS) 

• have their platelet count obtained to assess for HIT 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present} 

 
Scheduled Visit 2 (1 Month) 

At 30 days ± 7 days after randomization, subjects: 

• rate their leg pain (7-point Likert scale} (both legs) 

• have their leg circumference measured (both legs) 

• undergo assessment using the Villalta PTS Scale (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• have a bilateral lower extremity Duplex ultrasound exam 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

• are re-assessed for removal of a retrievable IVC filter (if one is present) 

 
Scheduled Visit 3 (6 Months) 

At 6 months ± 1 month after randomization,subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES} 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 
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Scheduled Visit 4 (12 Months) 

At 12 months ± 1 month after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 
regimen, and their cost diary reviewed and recorded 

• have a lower extremity Duplex ultrasound of the index leg (if participating in the Ultrasound 

Substudy) 

 
Scheduled Visit 5 (18 months) 

At 18 months ± 1 month after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS,and then ECS use is reinforced 

• have AEs, thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

 
Scheduled Visit 6 (24 months) 

At 24 months ± 2 months after randomization, subjects: 

• undergo assessment using Villalta PTS Scale, CEAP and VCSS (both legs) 

• complete QOL questionnaires (SF-36, VEINES) 

• are queried on their use of ECS, and then ECS use is reinforced 

• have AEs , thrombotic and bleeding events, hospitalizations, physician visits, anticoagulant 

regimen, and their cost diary reviewed and recorded 

 
Unscheduled Assessments for Clinical Events during Follow-Up 

Subjects should be instructed to urgently contact study personnel or attend an Emergency 

Department if they develop symptoms compatible with recurrent VTE or bleeding. These 

symptoms should be reviewed verbally and also provided to subjects in writing, with relevant 

contact numbers. 
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Schedule of Procedures 
 

 

Pre Pre Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 
PROCEDURE 

Rand Rand Initial  10 days  30 days 6 mo 12mo 18 mo 24 mo 
Screening Baseline Rand Tmt ±3 days ±7 days ±1mo ±1 mo ±1 mo ±2mo 

lnfonned Consent x 
History & Physical x 
Blood Tests x(1l x(2J 

Start AC In both arms x x x 

Rate Leg Pain (3) x x x 
Measure Leg Circumference (3) x x x 
QOL Questionna ire (SF-36, VEINES) x x x x x x 

Duplex Ultrasound x x x(4) 

Randomization R 
 

PCDT/venograms • PCDT arm only 

Dispense ECS 

 x(s) 

x 

  

x 
 

x 
 

x 

 

Record/report on-serious AEs  x x    

Record/report serious AEs  x x x x x x 
Review AC,ECS,Cost Diary  x x x x x x 
Villalta PTS Scale(3) x x x x x x x 
VCSS Scale (3)    x x x x 
CEAP Clinical Class (3)    x x x x 

(1) CBC with platelets, PT/INR,creatinine;a pregnancy test will be obtained only in women of childbearing potential. 

(2) Platelet count to assess for HIT 

(3) Assess both legs.NOTE: For bilateral DVT, designate the "index leg" prior to randomization. 

(4) The 12-month follow-up Duplex ultrasound will be obtained only in Ultrasound Substudy subjects. 

(S) Venograms will be performed immediately before and after PCDT only in Experimental ann (PCDT) subjects . 

 

Abbreviations: QOL quality of life;AE adverse event; ECS elastic compression stockings ;AC anticoagulation; PCDT 
pharmacomechanical catheter-directed intrathrombus  thrombolysis . 
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4 SAMPLE SIZE 

The goal of the ATTRACT Trial is to determine if adjunctive PCDT (Experimental arm), 

compared with optimal standard DVT therapy alone (Control arm), reduces the occurrence of 

PTS in subjects with symptomatic proximal DVT between 6 months and 2 years (inclusive) of 

DVT diagnosis. Based on previous studies, 30% of subjects on standard anticoagulant therapy 

(i.e. the Control arm) are expected to develop PTS within 24 months of DVT diagnosis. Based 

on the expected success of PCDT at restoring venous patency and reductions of PTS that were 

achieved with thrombolytic therapy in earlier studies, we hypothesize that PCDT will reduce the 

risk of PTS by at least 33%. Accepting a 5% chance of incorrectly concluding that there is a 

difference in the proportion of subjects with PTS at 24 months with PCDT (a error=0.05; two­ 

sided), and the requirement that the study has an 80% chance (13 error=0 .2) of detecting a true 

difference if PCDT truly reduces PTS by 33%, 311 subjects in each group must be studied 

(based on the Fisher's exact test). 

 

In recently completed studies of long-term treatment for unprovoked VTE coordinated by the 

DCC, loss to follow-up or death occurred in 2.5% during 2 years follow-up and in 3.4% during 

mean follow-up of 2.4 years. We therefore expect no more than 5% of randomized subjects to 

be lost to follow-up at 24 months. However, to ensure that statistical power will not be 

compromised, we will assume that as many as 10% of randomized subjects (double the 

maximum expected) will not complete the 24-month assessment. Therefore, we plan to 

randomize 346 subjects to each group, yielding a total study sample size of 692 subjects. 

 

For the secondary analyses, 692 subjects will provide approximately 88% power to detect an 

effect size of 0.25 with continuous outcomes. QOL changes from baseline: This translates into 

the ability to detect a difference of 1.25 in the VEINES-QOL change scores and 2.5 in the SF-36 

v2 PCS and MCS change scores {change of 4 points is clinically important for all 3 scales). PTS 

severity on Villalta PTS Scale: A difference as small as 1.25 units can be detected (5-point 

gradations define severity categories). Ultrasound outcomes: Assuming a 50% risk of deep 

venous reflux in the control arm and 10% inflation for losses due to withdrawal , death, or 

inadequate exams (rare), 142 subjects will provide 80% power to detect a 50% relative risk 

reduction for this outcome (alpha=0.05,two-sided). Similarly, 128 evaluable subjects will 

provide 80% power to detect effect sizes of 0.5 for reflux and obstruction on the continuous 

VSDS scales. 

 

Regarding safety, we will perform a descriptive analysis of the rates of major bleeding and 

symptomatic PE in the two study arms. These events are expected to occur infrequently (2% for 

major bleeding at 10 days and for symptomatic PE at 3 months) in the Control arm. With 311 

evaluable subjects per arm, if 2% of each group experiences an outcome, the 95% confidence 

interval on the difference of 0% will include an absolute decrease or increase of 2.4%. 

 

No provision for sample size re-assessment was included in the original protocol. However, 

given the results from 2 completed trials in similar populations (Enden, 2012; SOX, presented at 

ASH 2012), the DSMB asked for a review in August 2012. The sample size calculation was re­ 

evaluated and, in early 2013 , the Steering Committee concluded that no changes were needed. 



SAP version 2.0: ATTRACT 09 Jan 2017 Page 21 of 45 

Statistical Analysis Plan:ATTRACT 
 

 

 
 
 

5 GENER AL CONSIDER ATIONS 

5.1 Timing of Analyses 

The final analysis in the ATTRACT study will be initiated approximately 6-8 weeks after the final 

follow-up visit of last active patient enrolled in the trial. This timeframe should allow for adequate 

data cleaning and data locking prior to unblinding. 

 

5.2 Analysis Populations 
 

5.2.1 Modified Full Analysis Set 

The full analysis set will consist of all subjects randomized except those who, based on a review 

of pre-randomization assessments, did not have DVT (i.e. violated the inclusion criterion). The 

Adjudication Committee, without knowledge of treatment allocation, will decide if subjects qualify 

as valid post-randomization exclusions. The exact process for determining exclusions used by 

this committee will be documented prior to breaking the blind along with any predefined reasons 

for eliminating a subject from a particular population. Subjects will be included in their allocated 

treatment group regardless of the treatment that they actually received,per the intention-to-treat 

principle. 

 

For subjects who (1) died, (2) were lost to follow-up, or (3) withdrew consent (i.e. refused to be 

contacted directly or indirectly) before the 24-month PTS assessment, a number of imputation 

strategies will be employed in the sensitivity analysis. 

5.2.2 Per-Protocol Set 

The per-protocol set includes everyone in the modified full analysis set excluding any subjects 

who meet any of the following criteria:(1) randomized to the PCDT arm but did not have skin 

puncture for endovascular DVT therapy during the first 7 days post-randomization; or (2) 

randomized to the Control arm but had skin puncture for PCDT or endovascular DVT therapy, 

or had any thrombolytic therapy (local or systemic), during the first 7 days post randomization. 

 

5.3 Covariates 

Stratification at randomization included the extent of DVT (iliofemoral, femoropopliteal) and 

Clinical Center. These will be used for all stratum-adjusted analysis. In addition to stratum 

adjustment, more extensive covariate-adjusted analyses of the study outcomes comparing 

treatment arms will be performed using multivariable regression analysis (linear regression for 

continuous outcomes, logistic regression for binary outcomes) that controls for the following 

baseline variables that may influence specific outcomes, as main effects: 

• Age (continuous) 

• Sex (female, male) 

• Ethnicity: Hispanic/Latino (yes, no) 

• Race (African-American,white, other) 

• BMI, kg/m2 (continuous) 

• Employment Status (employed, homemaker, not employed) 

• Previous lpsilateral DVT (yes, no) 
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• Inpatient (yes, no) 

• Symptom Severity: Villalta Score (continuous) 

• Duration of leg symptoms, weeks (continuous) 

• Extent of DVT (iliofemoral, femoropopl iteal) * 

• Pseudo-Center (see section 5.6) 

* Although patients were stratified on the highest anatomic extent of DVT (iliofemoral DVT vs. 

isolated femoropopliteal DVT), there is a possibility that some were categorized in error at the 

time of randomization.This covariate captures the extent of DVT that was reported on the 

baseline form. For the covariate-adjusted modeling, this variable will be used instead of the 

stratum variable. 

Note that for all proposed statistical modeling, the strategies of Harrell (2001) will be employed. 

For continuous predictor variables that are candidates for inclusion in the model, the form of the 

relationship (i.e., linear, non-linear) with the outcome under study is pre-determined before 

entering into the model, and all predictors that show promise will be forced into the final model 

without removal. The discriminating ability of the models will be described by the concordance 

index  (i.e.c-index). 
 

5.4 Subgroups 

Although the use of subgroup analyses to assess quantitative and qualitative differences in 

treatment effects (for the primary efficacy outcome) was not included in the original protocol, we 

are planning to consider the following a priori baseline factors expressed as categorical 

variables: 

• Age, years (<65, 65+) 

• Sex (male, female) 

• Ethnicity: Hispanic (yes, no) 

• Race (African-American, White, other) 

• BMI, kg/m2 (<25,25 to 29, 30) 

• Duration of leg symptoms, weeks (<1, 1+) 

• Extent of index DVT (iliofemoral, femoropoplite al) 

• Extent of index DVT (popliteal vein: involved, not involved) 

• Previous DVT (ipsilateral leg, contralateral leg or none) 

• Side of index DVT (right, left) 

• DVT within 6 weeks of a temporary risk factor (yes, no) 

• Symptom Severity: based on Villalta score at baseline (0-4, 5-9, 10-14,  15) 

• Predominant PCDT Technique (A: Trellis, B: Angiojet); see section 5.6. 

Analyses for each subgroup will be based on a logistic model with both treatment and sub-group 

as covariates. Risk ratios (RRs) and 99% Cls derived from the models will be used to create a 

forest plot. A second model will be fit with a first-order treatment by subgroup interaction . The 

p-value derived from the interaction terms will be shown on the plot. Since the interaction tests 

have low power, the focus will be on clinical significance. 
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5.5 Dealing with Missing Data 

It is inevitable that a few subjects will be missing one or more baseline data items, and some will 

miss visits. In the latter case, unless interviewed by phone, we will not have the scheduled PTS 

assessment along with no SF-36 or VEINES outcome scores. Some of these missed visits will 

be intermittent (i.e. isolated with completion of a subsequent visit), whereas others will be due to 

death, withdrawal of consent, or permanent loss to follow-up . For situations where the Villalta 

PTS questionnaire is only partially completed , we will use a simple imputation algorithm 

described below (section 5.5.1). For partially-completed SF-36 and VEINES assessments, we 

will use the standard imputation algorithms. For missed Villalta and QOL assessments, we will 

undertake a sensitivity analysis using multiple imputation (Ml) (see section 5.5.2). For all other 

outcomes , no missing data imputation will be undertaken. For missing baseline data items that 

serve as covariates, other Ml-related methods (e.g. multivariate imputation by chained 

equations with predictive mean matching [MICE-PMM] will be employed. 
 

5.5.1 Imputation of Missing Responses on Villalta Questionnaire 

If any responses to the PTS Villalta questionnaire are missing, then imputation will be performed 

according to the following (note: calculated means are rounded to one decimal place): 

1. If responses are missing for ALL 5 Symptoms and ALL 6 Signs at a given visit, the overall 

Villalta score is considered missing (i.e. assigned the missing value code).However, these 

missing scores may be imputed using Ml methods (see section 5.5.2). 

2. If SOME of the Symptom responses are missing, each of those items is assigned the mean 

of the available Symptom responses. 

3. If SOME of the Sign responses are missing, each of those items is assigned the mean of the 

available Sign responses. 

4. If ALL Symptom responses are missing: (a) if ALL Sign responses are present, each 

Symptom response is imputed as the mean of the 6 Sign scores, or (b) if SOME of the Sign 

responses are missing, each Symptom response is imputed as the mean of the available 

Sign responses. 

5. If ALL Sign responses are missing:(a) if ALL Symptom responses are present, each Sign 

response is imputed as the mean of the 5 Symptom scores, (b) if SOME of the Symptom 

responses are missing, each Sign response is imputed as the mean of the available 

Symptom responses. 

6. If the Venous Ulcer question is not answered, we will assume a "no" response. 

 

5.5.2 Sensitivity Analys is using Multiple Imputation 

In general, we will assume a Missing At Random (MAR) missing data mechanism for all 

likelihood-based modeling. In addition, we will employ multiple imputation (Ml) methods, 

separately for each treatment group, using SAS procedures Ml, MIANALYZE, GENMOD and 

MIXED. 

For missed Villalta assessments (during the 6-month to 24-month period) where the patient has 

not been classified as having PTS, we will impute PTS (yes or no) depending on whether all or 

some of the assessments are missing: 
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a) If all 4 (i.e. 6m, 12m, 18m, 24m) assessments are missing, we will use Ml to impute the PTS 

outcome with the following auxiliary variables: age, sex, BMI, extent of index DVT, and the 

Villalta scores at baseline, 10 days and 30 days; 

b) If 1, 2 or 3 of the 4 assessments are missing, we will use Ml with the following auxiliary 

variables: age, sex, BMI, extent of index DVT, the Villalta scores at baseline, 10 days and 

30 days, and the maximum Villalta score observed at the actual assessments (6m and 

beyond). 

Because of the impact of the differing ranges of the continuous Villalta score on determining 

PTS (i.e. a range of 5-33 for PTS vs. 0-4 for no PTS} at each visit, it was considered more 

appropriate to focus on imputation of the primary outcome of PTS alone as opposed to the 

scores at each assessment. 

We will use Ml methods for the SF-36 and VEINES that were completely missed during follow­ 

up (except for deceased subjects) .The following auxiliary variables will assist in the imputation 

phase of this procedure: 

SF-36 (MCS and PCS) scores: age (continuous), sex, race, BMI (continuous) and all available 

SF-36 scores from previous visits. 

 

VEI NES (Sym and QOL) scores : age (continuous), sex, BMI, extent of index DVT and all 

available VEINES scores from previous visits. 

 

The possibility of non-ignorable missing outcomes will be investigated in the exploratory 

analysis. 

 

5.6 Multi-Center Studies 

With between 50 to 60 U.S. clinical centers randomizing patients in ATTRACT, and 

randomization being performed within centers, there will be some centers with a small number 

of enrolled patients (i.e.less than 10) and, consequently , it will be difficult to include "clinical 

center'' as a covariate in the statistical models. To circumvent this problem, we will reclassify 

centers in 2 ways: 

(1) By dominant single-session PCDT technique (A: Trellis, B:AngioJet). Although most centers 

fall clearly into one group or the other, the highest enrolling center uses technique A for two 

quarters of each year and technique B for the other two quarters.This center will be 

subdivided into two "sub-centers" according to when technique A and B are being 

performed.The PCDT technique is an important covariate and it will also be used in the 

sub-group analysis. 

(2) By number of patients enrolled. Centers that enroll more than 7 patients will remain as is, 

but those centers enrolling 7 or less patients will be grouped together. We refer to this 

classification as Pseudo-Center; it will be used in the modeling, but will not be considered in 

the sub-group analysis. 
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5.7 Multiple Testing 

For the primary efficacy outcome, PTS, testing will be two-sided, and a p-value of 0.05 or less 

will be considered statistically significant. Similarly, for all supportive analyses for this outcome, 

since the issue is consistency, we will adhere to the same definition. 

 

For secondary outcomes, a two-sided p-value of 0.01 or less will be considered statistically 

significant for all tests. 

For the sub-group analyses, to account for multiple testing, 99% confidence intervals will be 

calculated for each sub-group . For interaction tests , the actual p-value will be presented. 

 
6 SUMM ARY OF STUDY DATA 

 

6.1 Subject Disposition 

A summary table segregated by treatment arm will display the number of subjects: 

• who were randomized 

• who provided baseline data 

• who terminated the study prematurely, by reason {withdrew consent, death, other) 

• who crossed over (see definition below) from their allocated treatment to the other arm 

• who underwent a late endovascular procedure for the treatment of severe symptomatic 

venous disease in the index leg (the specific procedures and time will be described). 

In addition, we will report the number of subjects who participated in the visits scheduled for 10 

days, 1 month,6 months, 12 months, 18 months and 24 months. 

 

These will also be summarized in a CONSORT diagram. 
 

6.1.1  Crossover Definition 

Subjects randomized to the Control Arm will be considered to have crossed over if they have 

skin puncture for PCDT or other endovascular DVT therapy , or if they receive any systemic or 

local thrombolytic therapy, within the first 7 days post-randomization. 

 

Subjects randomized to the PCDT Arm will be considered to have crossed over if they do not 

have skin puncture for PCDT or any other endovascular DVT therapy within the first 7 days 

post-randomization. 

 

6.2 Major Protocol Deviations 

In ATTRACT , a protocol deviation is categorized as MAJOR if associated with "eligibility or 

primary/secondary endpoint determination compromised, or potential for causing substantial 

patient harm" (Section 17.3 of study protocol). We will summarize the major deviations by 

treatment arm, describe each one and report on any safety outcomes that occurred in these 

patients during the first 10 days post randomization. 
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6.3 Demographic and Baseline Variables 

Baseline characteristics will be included in the analysis report, and they will be segregated by 

treatment arm (including number of subjects per arm). Continuous variables will be summarized 

using the mean, SD, minimum, median and maximum. Categorical variables will be summarized 

by counts and percentages within categories. 

Continuous  Variables: 

• Age at Enrollment (years) 

• Systolic Blood Pressure (mmHg) 

• Diastolic Blood Pressure (mmHg) 

• Height (cm) 

• Weight (kg) 

• BMI (kg/m2
) 

• Number of previous DVT/PE episodes 

• Duration of leg symptoms (weeks) 

• Hemoglobin 

• Platelet count 

• Creatinine 

• Estimated glomerular filtration rate 

• Days on anticoagulation for index DVT (prior to randomization) 

Categorical Variables (levels): 

• Sex (male, female) 

• Ethnicity: Hispanic/Latino (yes, no) 

• Race (African-American, White, other) 

• Employment Status (employed, homemaker, not employed/disabled, other) 

• Hypertension (yes, no) 

• Diabetes (yes, no) 

• High Cholesterol (yes, no) 

• COPD (yes, no) 

• Angina/Ml (yes, no) 

• Congestive Heart Failure (yes, no) 

• BMI Class (<25, 25 to <30, ;::3Q kg/m2
) 

• Side of index DVT (left, right) 

• Extent of DVT (lliofemoral DVT, Isolated Femoropopliteal DVT) 

• Previous DVT/PE (ipsilateral leg, contralateral leg, none) 

• If DVT within 6 weeks of a temporary risk factor 

• Patient was an inpatient or an outpatient 

• Number with PE diagnosed with a diagnostic test 

• Number with symptoms of PE and diagnosed with a diagnostic test 

• Number with ASA within 7 days prior 

• Number with IVC filter (by reason for insertion:for index DVT or prior indication) 

Missing baseline data will be flagged and explained in footnotes , and will not be included in the 

percentage calculations. 
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6.4 Treatment Compliance 

The following treatment variables will be described for subjects in each treatment arm: 

(1) The numbers of days during which subjects received anticoagulant therapy prior to 

randomization,expressed as means, SOs, minimums, medians and maximums; 

(2) The number and proportion of subjects who received UFH, LMWH, fondaparinux , 

rivaroxaban, or other anticoagulant alone or in combination as initial DVT therapy, 

respectively (pre-randomization and post-randomization together); 

(3) The number and proportion of subjects who received UFH, LMWH or fondaparinux 

initially with subsequent transition to warfarin monotherapy; 

(4) In subjects receiving warfarin, the number of days post-randomization to when UFH, 

LMWH or fondaparinux was discontinued for subjects in each treatment arm, expressed 

as means, SOs, minimums, medians and maximums; 

(5) The number of days post-randomization when all anticoagulants were first permanently 

stopped for subjects in each treatment arm,expressed as means, SOs, minimums, 

medians and maximums; 

(6) The number and proportion of subjects who were receiving the following anticoagulant 

medications at the 10-day, 30-day, 6-month, 12-month, 18-month and 24-month follow­ 

up visits: warfarin, UFH, LMWH, fondaparinux , rivaroxaban, aspirin, clopidogrel; 

(7) The number and proportion of subjects who were receiving the following types of 

analgesic medications on a daily or weekly basis at the 10-day, 30-day,6-month, 12- 

month, 18-month, and 24-month follow-up visits :narcotics, NSAIOs, non-prescription 

drugs; 

(8) For all subjects taking warfarin, we will calculate the percentage of time in the 

therapeutic range using the time-specific INRs for each treatment group, expressed as 

means, SDs, minimums, medians and maximums; 

(9) The number and proportion of subjects who used elastic compression stockings for 3 or 

more days a week vs. less than 3 days per week. 

For subjects in the PCDT Arm, the following treatment variables will be described: 

(1) the number and proportion of subjects who were treated with PCOT technique A 

(Trellis), technique B (AngioJet) , and technique C (Infusion-First), respectively; 

(2) the number and proportion of subjects who completed treatment in a single procedure 

session with technique A and technique B, respectively; 

(3) the total dose of study drug (rt-PA) that was given for PCOT, overall and for each of the 

three PCOT techniques, expressed as means, SOs, minimums, medians and 

maximums; 

(4) the total treatment time (defined as the number of hours from start to end of rt-PA 

administration), overall and for each of the three PCOT techniques, expressed as 

means, SOs, minimums, medians and maximums; 
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(5) the number and proportion of subjects who had residual thrombus addressed with 

balloon maceration, aspiration thrombectomy, and rheolytic thrombectomy, respectively; 

(6) the number and proportion of subjects who had treatment of obstructive lesions with 

angioplasty, stent placement, or both, and the treated vessels; 

(7) the number of subjects in whom PCDT was stopped prematurely, and the reasons why; 

(8) the number and proportion of subjects in whom UFH or LMWH was used as the primary 

anticoagulant during PCDT; and 

(9) the number and proportion of subjects in whom an IVC filter was placed before PCDT, 

the number and proportion who had the filter subsequently removed, and the dwell time 

in days (expressed as means, SDs,minimums, medians and maximums). 

 

7 EFFICACY ANALY SES 

All efficacy variables will be summarized by treatment group. For continuous variables, we will 

report: n, mean, SD, minimum, median and maximum. For categorical outcome variables, we 

will report: number per level and percent of the total. 

 

7.1 Primary Efficacy Analysis 

The primary efficacy analysis is a comparison of the proportion of subjects in each arm who 

have developed PTS (defined as a total score of 5 or more in the limb ipsilateral to the index 

DVT on the Villalta PTS Scale, or an ulcer in that limb) at the 6-month follow-up visit, or 

subsequently during the 24 months after randomization. For the primary efficacy analysis, a 

Cochran-Mantel-Haenszel (CMH) test (Cochran, 1954; Mantel & Haenszel, 1959) will be used 

adjusting for the pre-randomization stratification of extent of DVT (lliofemoral DVT vs. Isolated 

femoropopliteal DVT) and pseudo-center (section 5.6). The modified full analysis set will be 

used. All testing will be two-sided, and a p-value of 0.05 or less will be considered statistically 

significant. No imputation will be used. The summary effect measure will be described by the 

percent reduction in the RR; that is, 100 x (1-RR) and its associated 95% confidence interval 

(based on the Greenland & Robins (1985) variance estimator of log RR). 

 

Subjects will also be counted as having PTS in the primary efficacy analysis and other analyses 

if they underwent an unplanned endovascular intervention (PCDT or another intervention) for 

the treatment of severe symptomatic venous disease in the index leg more than 6 months after 

randomization, and either a) they had a total score of 5 or more on the Villalta PTS Scale that 

was performed immediately preceding that intervention, or an ulcer; or b) the Villalta PTS Scale 

was not performed at that time. See Appendix 2 for details (added for clarification). 

7.2 Primary Efficacy Supportive Analysis 

We will undertake the following supportive analyses for the PTS outcome: 
 

(1) Repeat the primary efficacy analysis with the Per Protocol set. 

(2) Logistic regression modeling by treatment (PCDT vs. Control) adjusting for the following 

baseline covariates: age (continuous), sex, BMI (continuous), leg symptom duration 
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(continuous), extent of DVT (iliofemoral, femoropopliteal), previous ipsilateral DVT (yes, 

no), Villalta score (continuous), inpatient (yes, no) and pseudo-center . 

(3) Sensitivity analysis using Ml (section 5.5.2) for the modeling described in (2). 

(4) An analysis of sub-groups (section 5.4). 
 

7.3 Secondary Efficacy Analyses 

For the major non-PTS treatment failure outcome, the PTS-related outcomes (PTS by visit, PTS 

Class, PTS Score), VCSS Score, CEAP Clinical Class, QOL measures (MCS, PCS, 

VEINES/SYM, VEINES/QOL}, Leg Pain Severity and Leg Swelling outcomes, all analyses will 

be performed using both the modified full analysis set and the per protocol set. 

 

7.3.1 Major Non-PTS Treatment Failure 

The proportion of subjects who experience a major non-PTS treatment failure will be reported 

for the two treatment arms and compared using a stratum-adjusted CMH test. 

 

7.3.2 Composite Treatment Failure 

The proportion of subjects who experience a composite failure will be compared between the 

two treatment arms using a stratum-adjusted CMH test. 

 

7.3.3 PTS by Visit 

Since PTS (i.e. Villalta score 5 or venous ulcer) could be declared at any visit from 6 months 

to 24 months, we will, for each treatment arm: 

 

a) calculate the PTS incidence proportions at each visit (i.e. the proportion of subjects 

assessed by the Villalta scale who have PTS at each visit), and 

b) calculate the cumulative PTS proportion up to and including that visit (i.e. the proportion of 

subjects allocated to each treatment arm who have been labelled as having PTS at the 

current visit or at any previous visits), and 

c) compare treatment groups at each visit by calculating the difference in cumulative PTS 

proportion estimates along with the correspo nding 95% Cls (using the modified Wilson 

method). 

 

Although a time-to-event analysis (i.e.time to first classification of PTS based on a Villalta total 

score of 5 or more) was considered initially, after careful consideration, we decided against this 

approach for 2 related reasons: 

 

1) Because PTS is only assessed at discrete visit times (6, 12, 18, 24 months) based on 

responses to a brief questionnaire, this is clearly interval-censored data and appropriate 

statistical methods would need to be employed; 

2) However, since there are only 4 times at which PTS could be declared, the coarseness of 

the "event times" would provide little or no extra information beyond the descriptive 

approach described above. 
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7.3.4 PTS Severity (PTS Class and PTS Score) 

The PTS Class (none, mild, moderate, severe) based on the highest Villalta score observed for 

each subject between 6 months and 24 months inclusive will be compared between the two 

arms (PCDT vs. Control) using an exact Kruskal-Wallis nonparametric test for the 4 x 2 table 

with severity  as a single ordered factor.In addition, we will construct a graphical display similar 

to what Kahn et al (2008) presented for the VETO study showing the transition of patient PTS 

classes over time. The proportion of patients with either moderate or severe PTS will be 

compared between the two treatments groups using a stratum-adjusted  CMH test. 

For the PTS Score, we will use linear mixed models with polynomial functions over time (based 

on actual visit dates) for the repeated total Villalta scores (assessed at 6 time points: 10 days 

and 1, 6, 12, 18 and 24 months post randomization) with the baseline PTS score serving as an 

additional covariate to treatment (PCDT vs. Control), and adjusted for the extent of DVT 

(iliofemoral vs.femoropopliteal), age (continuous), sex (female vs. male), BMI (continuous), 

symptom severity and pseudo-center . We will investigate the response patterns over time, and 

assess if they differ by treatment arm. 

 

7.3.5 VCSS Score 

The VCSS continuous scores in the treatment arms will be compared in the context of a 

repeated measures mixed model with treatment , visit (equally-spaced at 6m, 12m, 18m, 24m) 

and stratum variables (extent of DVT, pseudo-center) as factors. A treatment by time interaction 

will be used in the model. No missing data imputation will be performed. 

7.3.6 CEAP Clinical Class 

The CEAP clinical class is an 8-level ordered categorical outcome variable that is assessed at 

the 6-month through 24-month visits. We will provide a concise table of the proportion of 

subjects in each clinical class for each treatment group at each of the 4 visits. 

 

In addition, we will create a binary outcome called CEAP Severity (severe = C4a, C4b, C5, C6; 

not severe = CO, C1, C2,C3) for each subject at visits, and use a repeated measures general 

linear mixed model with treatment , visit (equally-spaced at 6m, 12m, 18m, 24m) and stratum 

variables (extent of DVT, pseudo-center) as factors. A treatment by time interaction will be used 

in the model. No missing data imputation will be performed. 

 

7.3.7 Disease-Specific QOL (VEINES) 

The change in VEINES/QOL and VEINES/Sym scores from baseline to 24 months will be 

compared between the two groups using multiple linear regression models after adjusting for 

the stratification variables, extent of DVT and pseudo-center. For each scale (i.e. Sym and 

QOL), a difference of 4 points is considered to be clinically meaningful. 

 

A supportive analysis for the VEINES scores will use linear mixed models with polynomial 

functions over time (based on actual visit dates) for the repeated assessments at 5 follow-up 

times (1, 6, 12, 18 and 24 months), with baseline VEINES scores and age (continuous), sex, 

BMI (continuous), extent of DVT and pseudo-center as covariates to investigate the changes 
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over time, and if they differ by treatment arm. A sensitivity analysis will use Ml for the missed 

VEINES scores as described in section 5.5.2. 

 

7.3.8 Generic QOL (SF-36) 

The change in SF-36 PCS and MCS scores from baseline to 24 months will be compared 

between the two treatment groups using multiple linear regression after adjusting for stratum 

factors, extent of DVT (iliofemoral vs.femoropopl iteal) and pseudo-center. A difference of 5 

points on each scale is considered to be clinically relevant. Jn addition, a linear mixed model 

analysis (as described above) of the repeated assessments at 1, 6, 12, 18 and 24 months, with 

baseline PCS/MCS scores and age (continuous), sex, race, BMI (continuous),extent of DVT 

and pseudo-center as covariates will be used to investigate the changes over time, and if they 

differ by treatment arm. A sensitivity analysis will use Ml for the missed VEINES scores as 

described in section 5.5.2. 

7.3.9 Leg Pain and Calf Swelling 

Mean absolute change in severity of leg pain in the index leg, measured using a 7-point Likert 

scale, from baseline to 10 days and from baseline to 1 month after randomization will be 

compared between the two arms using multiple linear regression adjusting for the stratification 

variables, extent of DVT (iliofemoral vs. femoropopliteal ) and pseudo-center. 

 

Similarly, leg circumference in the index leg (measured and percentage change in leg 

circumference compared to baseline values), at 10 days and at 1 month will be compared 

between the two arms using multiple linear regression adjusting for the stratification variables, 

extent of DVT {iliofemoral vs. femoropopliteal ) and pseudo-center. 

 

7.3.10 Residual Thrombus after PCDT Correlated with PTS 

 
Among Experimental Arm subjects, the extent of proximal DVT on venography after PCDT will 

be correlated with the presence of PTS at 24 months. For these analyses, extent of residual 

DVT will be considered as a continuous variable (Marder Score of 0 to 24) and PTS will be 

considered both as a continuous variable (Villalta score 0-33),and as a dichotomous variable 

(PTS present or absent). Analysis will include multivariable linear regression for the continuous 

outcome, and logistic regression for the binary outcome, adjusting for baseline variables. 

 

7.3.11 Residual Thrombus and Valvular Reflux Correlated with PTS 

 
The extent of residual thrombosis (0-10) and venous reflux (0-10), and the total Venous 

Segmental Disease Score (0-20), will be described for the two groups, and will be compared 

(Student's t-test).These scores (total,and component parts) will be correlated with the presence 

and severity of PTS at 24 months using the techniques outlined in Protocol Secti on 15 .3 .8. 

 

7.4  Exploratory Efficacy Analyses 

Exploratory analysis, using linear regression and logistic regression models, will be performed 

to identify other baseline variables associated with reduced PTS. Within the PCDT group, 
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differences in endovascular technique will be described and associations with outcomes will be 

explored. 

 

If there is substantial missingness with the Villalta scores between the 6-month and 24-month 

visits inclusive, we will also consider pattern mixture models to assess whether the missing at 

random assumption is suspect (Fairclough, 1998; Fairclough, 2010). 

 
8 SAFETY ANALY SES 

The safety outcomes are essentially all binary variables. They will be summarized by incidence 

proportions where the numerators are the number of patients with that outcome event and the 

denominators are the number in that group, usually the treatment group. The modified full 

analysis set will be used. Unless otherwise mentioned,treatment groups will be compared using 

a stratum-adjusted CMH test and a two-sided p-value of 0.05 or less will be considered to be 

statistically significant. The summary effect measure will be the RR along with the 

corresponding 95% Cl. 

 

8.1 Major and Any Bleeding 

The proportion of subjects with major bleeding during the 10 days after randomization, and 

between 11days and 24 months, will be compared between the two groups.A similar 

comparison will be undertaken for any bleeding (major or minor). The nature of major bleeds 

(e.g. intracranial, needing surgery or transfusion, time of occurrence relative to randomization 

and PCDT, if applicable) will be described. Complications will also be described by outcome 

according to SIR reporting standards. 

 

8.2 Symptomatic VTE 

The proportion of subjects who develop symptomatic VTE within 24 months period will be 

compared between the two treatment groups. In addition, Kaplan-Meier curves will be estimated 

for the two treatment arms. We will also report and compare the treatment results according to 

whether the VTE events occurred within days 0 to 10, 11 to 30, 31 to 90, or between 91 and 730 

days post randomization. 

8.3  Death 

Overall and cause-specific counts of death will be described in the two treatment groups; the 

overall mortality during the first 10 days and during the 24 months on-study will be compared. In 

addition, Kaplan-Meier curves will be estimated and plotted for the two treatment arms. 

 

8.4 Adverse Events 

Adverse events (AEs) in ATTRACT are qualified by type (a text-based descriptor) , seriousness 

(no, yes),severity (mild, moderate, severe), relation to treatment (not related, doubtful, possible, 

probable,definitely related), related to study drug (same as above), related to study (same as 

above) and expectedness (no, yes). Although additional information is available, especially for 

serious AEs (SAEs), they will not be included in our analysis. Subjects can report multiple AEs 

for the same event, and at various times during follow-up. 
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We plan to tabulate AEs by treatment group (counts, proportions) according to the following: 

• Total AEs: number of events (subjects) with an AE during the study 

• Severe AEs: number of events (subjects) for worst severity during the study 

• Related* AEs by exposure (i.e. study drug or study participation):- number of events 

(subjects) with an AE 

* Possibly, probably or definitely related 
 

While the AEs will be presented as summarized above, we will not perform direct statistical 

comparisons of the proportions of AEs in the two treatment arms. 

While it is possible to group the AEs by System Organ Class (SOC) using the MedDRA® 

dictionary, it was not part of the original protocol. However, it was undertaken by the ATTRACT 

DCC to satisfy the requirements of the annual reporting to the FDA. We plan to include a table 

presenting the AE events by SOC. 

 
9 REPORTING  CONVENTIONS 

 
P-values larger or equal to 0.001 will be reported with 2 significant digits but never more than 3 

decimal places. P-values less than 0.001 will be reported as p<0.001.The mean, SD and any 

other statistics, other than quantiles, will be reported to one decimal place greater than the 

original data . Quantiles, such as median, or minimum and maximum will use the same number 

of decimal places as the original data.Estimated parameters, not on the same scale as raw 

observations (e.g. regression coefficients) will be reported to 3 significant figures. 

 
10 TECHNICAL DETAILS 

All data checking/manipulation and most of the analysis and graphics will be undertaken using 

SAS (Cary, NC) software. In addition, StatXact (Cytel, Boston, MA) software will be used for all 

exact nonparametric analysis; the R open-source software will be used for any non-standard 

statistical analysis and to produce plots; the Minitab (State College, PA) statistical and graphics 

software will also be used to produce plots. The latest available versions of the software will be 

used. 

 
11 SUMMARY OF CHANGES TO THE PROTOCOL 

The statistical sections contained in this SAP will supersede similar sections that appear in the 

currently active protocol. We anticipate that only minor changes may be made to the SAP in 

future, but the SAP will be locked at the same time as the study database. 
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APPENDIX  1 : HEALTH  ECONOMICS  STUDY 

 
BACKGROUND AND RATIONALE 

As previously noted,there are over 200,000 first episodes of DVT diagnosed each year in the 

U.S.,with subsequent development of PTS in 25-50%. PTS is associated with a tremendous 

burden to patients in terms of physical limitations and poor quality of life, and to society in terms 

of the high cost of treatment and lost productivity due to disability. Consequently , the 

identification of cost-effective approaches for the treatment of DVT is critical. Previous studies 

have examined costs associated with the initial treatment of and long-term complications 

following DVT. An analysis of data from administrative claims databases for 2 large U.S. 

healthcare plans from 1998-2000 reported average costs for incident DVT events not involving 

pulmonary embolism (PE) of $7,712 ± $18,339 (median, $3131), and costs for DVT events 

involving PE of $12,200 ± $24,038 (median $6678). Over a 21-month follow-up period, one in 4 

of these patients experienced an average of 1.24 bleed or recurrent VTE events that required 

hospitalization, with associated average costs of $14,957 per event (Bullano MF, 2005). A 

model- based study of the economic burden of long-term DVT complications following Hip 

Replacement Surgery in the U.S., based on published estimates of the incidence and prognosis 

of PTS and recurrent VTE,found that the annual per-patient costs of mild-to-moderate PTS was 

$839 in the first year and $341 in subsequent years, annual costs of severe PTS were $3817 in 

the first year and $1677 in subsequent years, and the annual long-term cost of diagnosis and 

treatment of recurrent DVT and PE events were estimated at $3798 and $6404, respectively 

(Caprini JA, 2003). 

 

As the management of DVT has evolved from hospitalization for intravenous heparin therapy to 

outpatient treatment with LMWH and use of interventional strategies including stand-alone CDT 

and PCDT, some studies have documented the variable economic impact of different 

management strategies.A study of hospitalized patients with DVT based on 1999-2000 

administrative data from 132 U.S.hospitals found that treatment with LMWH was associated 

with significantly lower total hospitalization costs than treatment with UFH, although UFH was 

used in 67% of admissions (Knight KK, 2005) . Higher total medication costs for LMWH treated 

patients ($736 vs. $539) were more than offset by lower overall hospitalization costs (total 

hospitalization costs:$3018 for LMWH versus $3732 for UFH), largely explained by shorter 

mean length of stay (4.4 days vs. 5.8 days). Several additional recent studies have documented 

that for patients with uncomplicated DVT, self-administered LMWH in a homecare setting is 

associated with significantly lower costs and no observed difference in outcome (Lapidus L, 

2002; Lee M, 2004; O'Brien JA, 2002; Rodger MA, 2003). 

 

Three recent studies comparing costs and outcomes following stand-alone CDT and PCDT 

reported similar clinical outcomes but significantly lower hospitalization costs for PCDT due to 

lower thrombolytic doses and infusion times and decreased length of stay (Lin PH, 2006; 

Hilleman DE,2008; Kim HS, 2006) . 

 

By randomizing 692 patients to PCDT + optimal standard DVT therapy versus optimal standard 

DVT therapy alone, ATTRACT offers an ideal opportunity to estimate the cost-effectiveness of 
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PCDT for the treatment of acute DVT.The estimation of cost-effectiveness is particularly 

important given the high up-front costs associated with the PCDT procedure and the large 

number of patients. The relative benefit of PCDT with respect to the prevention of PTS, and the 

extent to which the higher upfront costs of the PCDT procedure are offset by downstream cost 

savings associated with avoidance of PTS will be central factors underlying the results of the 

cost-effectiveness study, and its implications for future patient care and health policy. 

 

Cost-effectiveness analysis is a formal technique for relating costs and medical effectiveness in 

order to maximize the overall health benefits available to society (or to any policy-making unit), 

subject to the constraint of fixed resources.By explicitly quantifying the trade-offs between health 

care costs and health benefits, cost-effectiveness analysis allows physicians to compare the health 

benefits gained by use of a new treatment to those benefits that could be achieved by alternative 

uses for the same health care resources.The cost-effectiveness ratio is the formal representation 

 

of this trade-off and is calculated as the net change in health care costs (measured in dollars) 

associated with the new treatment divided by the net change in medical effectiveness (measured in 

years of life gained or quality-adjusted years of life gained) (Gold MR, 1996; Russell LB, 1996; 

Siegel JE, 1996). 

METHODS 

1. Overview of the ATIRACT Health Economic Study 

The goals of the ATTRACT health economic study are to compare 2-year economic outcomes in 

patients with symptomatic acute proximal DVT randomized to either PCDT + optimal standard 

DVT therapy versus optimal standard DVT therapy alone, and if PCDT is found to be both 

efficacious and associated with increased costs, to carry out a formal cost-effectiveness analysis 

to estimate the incremental cost per quality-adjusted life year gained with PCDT. 

2. Data Collection Overview 

The general approach to data collection will be to integrate collection of the economic data as 

much as possible into the mainstream activities of each ATTRACT Clinical Center. For example, 

the medical resource utilization data required for this study will be collected on the standard 

clinical Case Report Forms. Follow-up medical encounters, resource utilization, and measures 

of indirect costs will also be collected on Case Report Forms using a standardized, structured 

interview at patient follow-up times. Utility measurements will be obtained from the quality of life 

assessment by means of self-administered questionnaires given to each patient at the time of 

the study enrollment and follow-up. Once these data have been entered and cleaned by the 

DCC, they will be transmitted in electronic format to the Health Economic Core Laboratory. 

 

On the other hand, collection of certain data elements requires additional training and will be 

performed directly by trained personnel from the Health Economic Core Laboratory. For 

example, collection of itemized hospital bills and UB92 summary bills will be performed directly 

by the Core Laboratory. These tasks will be performed centrally since they involve retrospective 

data collection, which is easily accomplished in batched format and requires specialized data 

abstraction skills that are beyond those required of most clinical research coordinators. 
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3. Patient Population 

All patients who participate in the ATTRACT trial will be eligible for the Health Economic Study. 

 

4. Economic Data 

Cost data will be collected for each study patient from the point of study intake until the 

completion of the planned 2-year follow-up period. To facilitate analysis from a variety of 

potential perspectives, overall costs will be calculated for three categories: direct medical costs, 

custodial and chronic care costs, and indirect costs. Direct medical costs will include the cost of 

any inpatient care, outpatient care (including outpatient procedures, diagnostic testing, and 

prescription medications), and emergency room visits. Custodial and chronic care costs will 

include the cost of nursing home care, rehabilitation services (inpatient or outpatient), visiting 

nurses, home health aides, and other non-physician health professionals. Indirect medical costs 

will include the cost of care provided by other family members, such as lost wages. As 

recommended by the National Panel on Cost-Effectiveness in Health and Medicine, costs of lost 

work or other earnings on the part of the patient will be tabulated separately, but not included in 

the calculation of medical care costs for the primary cost-effectiveness analysis (Luce BR, 

1996). 

A. Data Collection: The following specific data will be collected for each randomized patient: 

(1) Costs of the index PCDT procedure: operating room or angiographic suite costs, including 

lab time, anesthesia time, recovery room time, equipment costs (guidewires, thrombectomy 

devices, embolus protection devices, guiding catheters, sheaths, and other devices used), 

rt-PA use, adjunctive medication use (including anticoagulants), and the amount and type of 

radiographic contrast required. These data will provide a direct measure of resource 

utilization for the PCDT procedures and thus allow accurate determination of the cost of 

these procedures using standard, resource-based accounting methods (Finkler SA, 1982). 

(2) Measures of global resource utilization for the initial hospitalization and all follow-up 

hospitalizations, including length of stay, number of ICU days , principal diagnosis (ICD-9 

codes),major procedures, complications, and DRG assignment. As described below, 

hospital admissions unrelated to treatment of venous disease or its complications (including 

PE and bleeding) will be identified at trial completion by a clinical events committee that is 

blinded to treatment assignment, and excluded from the economic analysis. 

(3) Itemized hospital charges and summary bills (UB-92 forms) for the index hospitalization and 

follow-up hospitalizations for treatment of venous disease or its complications (see below). 

(4) Detailed outpatient medications including type of medication and daily dose for all 

medications used for the prevention and treatment of venous disease or its complications , 

including over the counter medications. 

(5) Purchase and use of prescription compression stockings, bandages and other devices, 

during each follow-up interval. 

(6) Self-reported estimates of medical resource utilization including the number of emergency 

room visits and physician visits during follow-up . In addition, we will obtain patient (or proxy) 

self-report estimates of the number of visits by allied health professionals including visiting 
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nurses, home health aides, occupational therapists, and physical therapists during follow-up. 

(7) Number and duration of admissions to rehabilitation hospitals, nursing homes, and other 

chronic care facilities . 

Hospitalization-related resource utilization data will be collected at each protocol-mandated clinic 

visit by the local research coordinator using standardized Case Report Forms and source­ 

verified based on review of pertinent medical records. Utilization of other medical services 

including outpatient care, prescription medications, custodial care, and rehabilitation services as 

well as loss of work by the patient and any other caregivers will be assessed by detailed 

questionnaires that will be administered by the local research coordinators at the time of each 

scheduled clinical follow-up. Before study initiation, personnel from the Health Economic Core 

Laboratory will train the Clinical Center personnel in appropriate completion of the data forms. 

B.Hospital Billing Data: In addition to detailed health care resource utilization data,we will 

collect comprehensive hospital billing information (itemized hospital charges and UB-92 

summary bills) for each study participant for the index hospitalization and for any subsequent 

hospital admissions during the follow-up period. Together with cost-to-charge conversion 

factors, these hospital bills will be used to derive cost estimates for inpatient medical care 

services that are directly applicable to the study population. Hospital billing information will be 

collected by an experienced research assistant at the Health Economic Core Laboratory, 

working in conjunction with the local research coordinators and the Director of Patient Accounts 

at each participating Clinical Center. To assist in collection of billing data, the Health Economic 

Core Laboratory will generate a monthly summary of hospital admissions that will be forwarded 

directly to the Clinical Center's billing department. Prior to enrollment, patients will be asked 

provide permission to obtain such billing records,and all related data will be kept in a secure, 

confidential database. 

5. Estimation of Costs 

In the U.S. healthcare system, it is possible to collect medical billing information that provides 

detailed and objective summary measures of total medical resource consumption during 

hospital-based care. Because of the distortions present in hospital charges, however, it is 

necessary to convert raw billing data to an estimate of true medical care costs (Finkler SA, 

1982). A standard approach has been developed to do this and is described in detail below. 

Medical billing data have been successfully used as the primary measure of hospital cost in 

several major randomized trials of cardiovascular therapies {Hlatky MA, 1997;Weintraub WS, 

1995; Mark DB, 2006). 

An alternative to the use of hospital billing data is the use of Medicare DRG reimbursement 

rates. Although this has the advantage of representing the true "cost" of hospital services to a 

single large payer (Medicare), they have the strong disadvantage of being insensitive to shifts in 

resource use that do not affect DRG assignment. a particularly important limitation for the 

treatments under investigation in ATTRACT, and the reason that we will not use this approach. 

A. Method of Hospital Cost Calculation: Hospitalization costs will be assessed by a combination 

of resource-based costs and hospital billing data {Taira DA, 2003). Index Procedures - From the 

detailed resource use and procedure duration data recorded for the index procedure, costs will 
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be calculated as the product of resource use and unit cost for each component. Acquisition 

costs for each item will be estimated as the average over several study hospitals. 

B. Post-procedure Hospital Care: Costs for all other aspects of care during the initial 

hospitalization will be estimated based on hospital billing data. After excluding charges 

associated with the index procedure (for patients randomized to PCDT), post-procedure hospital 

costs will be determined by multiplying the remaining hospital charges by the hospital and cost­ 

center specific cost-to-charge ratio obtained from the hospital's Medicare cost report (Taira DA, 

2003). For patients for whom billing data are unavailable (expected to be < 10%), post­ 

procedural hospital costs will be estimated based on a regression model developed from 

hospital admissions for which billing information is available. Costs will be converted to U.S. 

dollars corresponding to the last year of the trial, using the medical care component of the 

Consumer Price Index. 

For any rehospitalizations for which standardized hospital billing information cannot be obtained 

(expected to be < 5% of total hospital admissions) or are non-existent (i.e., admissions to VA 

hospitals, non-U.S. hospitals,or other U.S. hospitals that do not generate UB-92 summary bills), 

inpatient medical care costs will be estimated based on a regression model derived from the 

hospitalizations for which bills are available, using multiple imputation, as will be done for the 

estimation of post- index procedure hospital costs, described above. Candidate resources for 

the imputation model would include length of stay, ICU length of stay, in-hospital events and 

complications, and major tests and procedures performed during the admission. 

 Elimination of Hospitalization Costs Unrelated to Venous Disease: Hospital admissions 

unrelated to treatment of venous disease or its complications will be excluded from our 

economic analysis, since any differences in these events are unlikely to be related to the 

treatment strategy. Thus, their inclusion would only increase the variance of our cost estimates. 

A clinical events committee blinded to treatment assignment will review each hospital admission 

during the study to determine whether it should be excluded from the economic analysis. 

D. Estimation of Other Costs: Costs for professional services (i.e. physician fees for inpatient 

care, procedures, outpatient visits, and testing) will be based on measured resource utilization 

(taken from the medical record and patient self-reports) and national average reimbursements 

(from Medicare Fee Schedule). Outpatient care costs will be assigned using the Medicare Fee 

Schedule. Drug costs will be based on wholesale prices in the Drug Topics Red Book (1998). 

Costs of home health care, long-term care, and custodial care will be based on average 

Medicare reimbursements for the services provided. Costs of additional home health and 

custodial services not covered by Medicare will be based on average charges, estimated from 

sources such as the U.S. Nursing Home Survey (Luce BR, 1996). The cost of care provided by 

family members will be estimated as the cost of lost employment required to provide this care. 

These costs will be estimated based on average national wages among persons in the work 

force. 

All costs will be valued in U.S.dollars for the most recent year for which national average cost 

data are available, at the completion of the study. Costs measured during other years will be 

converted to constant dollars using the appropriate component of the Consumer Price Index. 

Costs will not be discounted for the primary cost comparisons, but will be discounted at a rate of 
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3% per year for the cost- effectiveness analyses (see below) as recommended by the U.S. 

Public Health Service Guidelines on Cost-Effectiveness in Medicine (Gold MR, 1996). 

6. Utility Measurement 

For the purposes of cost-effectiveness analysis,quality of life must be measured in terms of 

"utility", a global rating (on a 0-1 scale) that reflects an individual's preference for his or her 

current health state relative to perfect health (Weinstein MC, 1977). Although in the past, it had 

been customary to measure utility directly from the trial participants using time-trade-off 

techniques (Gore JM, 1995; Oldridge N, 1993) there is an emerging consensus that cost­ 

effectiveness analyses designed to inform societal resource allocation use community-based 

(rather than patient-based) preferences (Gold MR, 1996) . 

There are several potential techniques for measurement of patient-specific, population-based 

utility weights within ATTRACT .These include the Health Utilities Index (HUI), the Quality of 

Well-Being Scale (QWB), the EuroQol (EQ-50), and recently published algorithms that allow 

mapping of the SF-36 or SF-12 to health state utilities (Brazier J, 2002; Brazier JE, 2004; 

Torrance GW, 1996; Fryback DG, 1997; Johannesson M, 1999). For ATTRACT, our preferred 

approach will be to calculate preference-based  utility scores from the SF-36 data being collected 

in the QOL study, using a recently-validated scoring algorithm developed  by Brazier et al 

(Brazier JE, 2004). This has the advantage of using population-based  utility weights that are 

appropriate to the analytic perspective of the analysis (i.e., U.S. societal weights). Although we 

are unaware of previous studies using the SF-36 as a utility measure for this population, the fact 

that the SF-36 has been previously shown to be a valid and responsive measure of health status 

for patients with PTS suggests that it will be appropriate for the ATTRACT population (Kahn SR, 

2002;Kahn SR,2005). As the SF-36 is already being used as the generic health status measure 

in the trial, this will also help to limit the burden to both the patients and the study coordinators. 

ANALYTIC PLAN AND STATISTI CAL METHODS 

1. Cost Analysis 

The primary cost analysis will compare mean cumulative 2-year medical care costs between the 

two treatment groups. Secondary cost comparisons will be performed in an analogous fashion at 

alternative time points, including 1-month after randomization and 1-year after randomization. 

Decisions regarding the efficient allocation of resources generally involve consideration of the 

total costs of treating all patients with a specific disease with the treatment in question. In such 

settings, the arithmetic mean, which is the per-person cost of implementing the treatment, is the 

most relevant measure for summarizing and comparing cost (Barber JA, 2000). Measures of 

mean cost are the most appropriate reflection of the expected value of resource consumption to 

society, the appropriate metric for rational resource allocation. Characteristics of cost 

distributions can complicate the task of the data analyst needing to carry out a formal 

comparison of mean costs. In particular, the distribution of cost data tends to be skewed, with a 

large proportion of costs at the lower end of the distribution and a long right tail. As the 

appropriateness of many statistical tests and models relies on an approximately normal 

underlying distribution of the data, many common tests, such as the two-sample t test for 

comparison of means, may not be appropriate. An alternative method for comparing the average 

cost of two alternative treatments is through application of the non-parametric bootstrap 
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approach to statistical inference (Efron B, 1993). The bootstrap approach has been advocated 

as the most appropriate general method for comparing arithmetic mean costs as it can be used 

to draw inferences about the difference in mean costs between treatment groups without making 

any distributional assumptions (Briggs AH, 1997). Confidence intervals around all cost estimates 

and differences in costs between treatment groups for the ATTRACT Trial will be derived using 

the bootstrap approach.Few patients should be lost to clinical follow-up during the study. For 

patients who are lost to follow-up, medical care costs beyond the time of last contact will be 

imputed using multiple imputation techniques, where the model includes the previous years' cost 

for the individual. This approach is reasonable as previous studies have found that the best 

predictor of subsequent healthcare resource utilization for a given patient is that patient's 

previous pattern of utilization. 

2. Cost-Effectiveness Analysis 

A formal cost-effectiveness analysis will be relevant if the clinical trial reveals a significant 

benefit of PCDT in terms of the primary study endpoint and if that benefit comes at additional 

cost. This analysis will use the societal perspective as recommended by the National Panel on 

Cost-Effectiveness in Health and Medicine (Gold MR, 1996) and will be based, to the extent 

possible, on the empirical data from the trial. Cost effectiveness will be calculated as: 

Lifetime Cost (PCDT) - Lifetime Cost (optimal standard therapy) 

Effectiveness (PCDT) - Effectiveness (optimal standard therapy) 

Where effectiveness is measured in terms of quality-adjusted life years (QALYs) . 

A. Derivation of In-trial Quali ty-adjusted Life Expectancy: The in-trial contribution to each 

patient's quality-adjusted life expectancy will be estimated by multiplying his/her within-trial 

survival time by the time-weighted average of associated utility weights obtained from the SF- 

36. For example, the utility value assigned for the first 6 months will be the mean of the baseline 

and 6 month utility score; the utility for months 6-12 will be the mean of the 6-month and 12- 

month utility assessments; and so on. 

B. Projecting Beyond the Trial for QALYs and Costs: Although the randomized trial will follow 

patients for 2 years, outcomes pertinent to cost-effectiveness may continue to evolve well after its 

conclusion. In particular, it is anticipated that most patients will remain alive at the trial's conclusion 

and that the benefit of PCDT will accrue over the long term, through a reduction in morbidity and 

costs associated with PTS. Thus, a method is required for converting the observed trial experience 

into corresponding lifetime quality-adjusted survival and cost figures needed for the incremental 

cost-effectiveness calculations.Although the use of "within-trial" cost-effectiveness ratios would 

eliminate the need for extrapolation, this approach would bias our analysis substantially against 

PCDT given its high up-front cost and the expectation that any quality of life benefits are likely to be 

sustained. Moreover, lifetime ratios are necessary for comparison with external benchmarks. 

To extend the trial results beyond the observed time-frame, we will develop a Markov (state­ 

transition) model (Beck JR, 1983) in which the principal health states will describe the long-term 

complications of DVT as defined by the clinical trial (e.g.,death, recurrent DVT, venous ulcer, 

cellulitis, pulmonary embolism).This model will be patterned after previous models developed by 

the EQOL investigators to project long-term complications, costs, and life-expectancy in patients 

with chronic coronary disease, acute myocardial infarction, and cerebrovascular disease (Cohen 
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OJ, 1993; Kuntz KM, 1996; Kuntz KM and Kent KC, 1996). In addition to the ATTRACT Trial itself 

and published literature, a potential source of cost, transition probability and utility inputs for the 

model is long-term follow-up results from the Venous Thrombosis Outcomes (VETO) study, a 5 

year (2002-2007), multi-center prospective follow-up study of 387 patients with acute symptomatic 

DVT that is collecting detailed resource use and costs data relating to PTS. We will have full 

access to the 5 year VETO data through the study's principal investigator, Dr. Susan Kahn 

(ATTRACT Steering Committee member). Although the primary cost data for VETO are applicable 

to the Canadian health care system, they can be converted to approximate U.S. equivalents using 

Purchasing Power Parities (Wordsworth S, 2005).These data will be essential to projecting the 

incremental costs associated with PTS (stratified by severity level) that are critical to model the 

long-term QOL impact of PCDT in preventing late DVT complications. 

C. Incremental Cost-Effectiveness Analysis: Once the estimates of long-term costs and QALYs 

have been obtained for each of treatment arm, an incremental cost-effectiveness analysis will be 

carried out. For this analysis, costs and survival beyond the first year will be discounted at 3% 

per year according to current standards.  Bootstrap analysis will be used to assess the precision 

of the cost-effectiveness ratios, and the results of the analysis will be presented graphically in 

the cost-effectiveness plane, including percentages of the distribution falling in the dominant 

(clinical benefit at lower costs) and dominated (higher costs but no clinical benefit) quadrants. In 

addition, results from the bootstrap analysis will be presented in the form of cost- effectiveness 

acceptability curves, which describe the evidence in support of cost-effectiveness across a 

range of cost-effectiveness thresholds (Hunink MG, 1998; Manning WG, 1996; O'Brien BJ, 

1994; Stinnett AA, 1998). 

D. Secondary Cost-Effectiveness Analyses : In addition to the pre-specified primary cost­ 

effectiveness analyses, we will perform a variety of exploratory secondary analyses. This will 

include subgroup analyses to identify cost-effective strategies for specific types of patients and 

will be based on the pre-specified patient subgroups identified in the clinical protocol. 

 Sensitivity Analyses: Extensive and comprehensive sensitivity analyses, including 

probabilistic sensitivity analysis on parameters such as Markov model transition rates,will be 

performed on all key factors in the cost-effectiveness analysis. For factors that are measured 

empirically during the study, such as QOL and costs, analyses will consider not only mean 

values but also values that are one standard-deviation removed from the mean and the 95% 

confidence intervals for the parameters. Less marked variations will also be considered, and 

one-way and two-way thresholds for indifference between the various strategies will be 

determined.We will also consider alternative discount rates ranging from 0-7%. 
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APPE NDIX 2: ADJUDICATI ON OF LATE ENDOVASCULAR PROCEDURES 

 
Note: Decision logic to determine if a late endovascular procedure (LEP) is assessed as 

an outcome event or not. This Appendix was added to clarify the approach. 

1. Did patient have a LEP? That is,was a LEP CRF completed? 

If NO, adjudicate per standard study process. 

If YES, continue to #2. 

2. Was the LEP classified as "Endovascular Therapy" (item 2a on LEP CRF)? 

If NO, adjudicate per standard study process. 

If YES, continue to #3. 

 
3. Was the LEP performed in the index leg? 

If NO, adjudicate per standard study process. 

If YES, continue to #4. 

4. Was the LEP performed to treat venous disease? 

If NO, adjudicate per standard study process. 

If YES, continue to #5. 

 
5. Was the LEP performed after the earlier of (a) the 6-month follow-up visit,or 

(b) 6 months post randomization? 

If YES, continue to #6 (possible severe PTS). 

If NO, skip to #8 (possible major non-PTS treatment failure). 
 

 
'LEP started beyond the 6-month visit or beyond 6 months post 

randomization: 
 

6. Does the patient have a Villalta 5 on any assessment (scheduled or 

unscheduled) at or beyond the 6-month follow-up visit, or beyond 6 months 

post randomization? 

If YES, adjudicate as severe PTS (score as Villalta = 15). 

If NO, continue to #7 . 
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7. Did the patient have a Villalta assessed within 4 weeks before the LEP date? 

If NO, adjudicate as severe PTS (score as Villalta = 15). 

If YES, adjudicate per standard study process using this assessment along with all 

the others. 

 

 

'LEP started before the 6-month visit and before 6 months post 

randomization: 

8. Was the LEP performed for the treatment of acute limb-threatening circulatory 

compromise? 

If YES, adjudicate as major non-PTS treatment failure. 

If NO, proceed to #9 (PCDT Arm patient) or #10 (Control Arm patient). 

9. PCDT Arm patient: Was LEP started within 3 months post randomization? 

If YES, adjudicate per standard study process. 

If NO, adjudicate as major non-PTS treatment failure. 

 
10. Control Arm patient:Was LEP date within the first week post randomization? 

If YES , adjudicate per standard study process. 

If NO, adjudicate as major non-PTS treatment failure. 



 

 

SUMMARY OF CHANGES TO ATTRACT STATISTICAL ANALYSIS PLAN 

January 9, 2017 

 
On January 9, 2017, the ATTRACT Steering Committe approved some minor 

modifications and clarifications to the study's Statistical Analysis Plan (SAP). This was 

done prior to database lock.  The revisions are highlighted in the revised SAP. 

 

 
Original SAP - Version 1.7 (dated September 4, 2013) 

 
SAP Version 1.7 was approved by the ATTRACT Steering Committee on September 4, 

2013, and until recently was the only approved version. 

 

 
SAP Version  2.0 (dated January 9, 2017) 

 
In preparing for data analysis (prior to database lock), the study biostatisticians 

proposed the following changes to the SAP, which were subsequently approved by the 

Steering Committee on January 9, 2017. 

 
1. Section 2.2.4, Section 7.1 and NEW Appendix 2:  we clarified the specific decision 

algorithm which will be used to adjudicate clinical outcomes (post-thrombotic 

syndrome [PTS] and major non-PTS treatment failure) in patients who underwent a 

late endovascular  procedure during follow-up. 

 
2. Section 3.4 (Schedule of Procedures Table): We have corrected the Table to 

show that in addition to providing study patients with elastic compression stockings 

at the 10-day visit, the stockings were replaced every 6 months, per the protocol. 

 
3. Section 4: Because the original text referred to ongoing discussions about possibly 

modifying the study sample size (using the word "currently"), we have changed the 

wording to clarify that although it was considered, the sample size was not changed. 

 
4. Section 5.5 and Section 5.5.2:  we clarified how the sensitivity analysis will be 

performed for the PTS primary outcome. Multiple imputation (Ml) will be used to 

address missing data in determining the primary outcome of the study (i.e. 

cumulative occurrence of PTS between 6 and 24 months), but will not be used to 

impute scores for each assessment time-point. 

 
5. Section 7.3.3:  recognizing that the PTS assessments every 6 months constitute 

interval-censored data, we eliminated the time-to-event analysis that we had 

originally planned in favor of a more appropriate method of comparing the 

cumulative proportions of patients with PTS at each visit. 

 
6. Section 8.3: to achieve consistency with our reporting of early safety outcomes 

(bleeding, VTE) at 10 days, we modified the reporting for early deaths to 1O days. 


