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ABSTRACT

Purpose: To compare the thrombolytic efficacy and safety of standard catheter-directed thrombolysis (CDT) and ultrasound (US)-

accelerated thrombolysis (UAT) for the treatment of iliofemoral deep vein thrombosis (DVT).

Materials and Methods: All medical records of patients who underwent CDT or UAT for DVT between June 2004 and October

2011 at a single tertiary care center were reviewed. Target vein patency was graded according to a reporting standard by an

independent interventional radiologist.

Results: CDT was performed in 19 patients and UAT in 64 patients. The baseline parameters and DVT characteristics, including the

duration of symptoms, the location, and the extension did not differ significantly between groups. Both treatment modalities were

associated with a similar substantial resolution of thrombus load (CDT ¼ 89%; interquartile range [IQR], 70%–100%; UAT ¼ 82%;

IQR, 55%–92% (P ¼ .560). No significant differences in the lytic drug infusion rates, the total lytic doses, the total infusion time, and

the use of adjunctive procedures were observed between groups. Major and minor bleeding complications were observed in 8.4% and

4.8% of the patients, with no difference between the treatment groups (P ¼ .709 and P ¼ .918, respectively). During a median

follow-up of 35 months (20–55 months), three deaths and 16 cases of repeated thrombosis were observed. The estimated mean event-

free survival time was longer after CDT (69 mo) compared with UAT (33 mo) (log-rank test P ¼ .310).

Conclusions: The present study failed to prove any substantial clinical benefit provided by UAT with regard to effectiveness or

safety compared with standard CDT. Given the added costs of the US delivery device, prospective randomized data are needed to

justify its widespread use for DVT treatment.

ABBREVIATIONS

CDT = catheter-directed thrombolysis, DVT = deep vein thrombosis, PTS = postthrombotic syndrome, UAT = ultrasound-
accelerated thrombolysis
Deep vein thrombosis (DVT) is a common condition that

affects approximately one in 1,000 persons per year (1).
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DVT is associated with potentially life-threatening com-

plications, including pulmonary embolism and the long-

term sequelae of postthrombotic syndrome (PTS) (2). PTS

has been reported to develop, despite anticoagulation

therapy, in up to two thirds of the subgroup of patients

who experience an iliofemoral DVT (with or without

extension into the inferior vena cava) (3–5). To prevent

this potentially debilitating condition, with its major

medical, social, and economic consequences, multiple

strategies for early thrombus removal have emerged.

Catheter-directed thrombolysis (CDT), in combination with

percutaneous mechanical thrombectomy with or without

stent placement, has become increasingly important

because of its effectiveness in achieving venous patency

and in preventing secondary venous insufficiency (6–8).

Ultrasound-accelerated thrombolysis (UAT) is a novel

modality in which the thrombolytic agent is delivered
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through an infusion pump with the simultaneous applica-

tion of ultrasonic energy to the intraluminal thrombus as

compared with standard CDT in which the fibrinolytic drug

is infused using only a catheter with multiple side holes.

UAT has been shown in vitro to accelerate clot lysis by

increasing the clot permeability and the penetration of the

thrombolytic agent into the thrombus (9). The reported

initial clinical experience suggests that UAT may be a safe

and efficacious treatment for DVT (10,11). A reduced total

infusion time and a greater incidence of complete lysis, as

well as a reduction in bleeding rates compared with

historical data, were reported (10). However, data

directly comparing the thrombolytic efficacy and safety

of CDT and UAT are largely lacking. The aim of the

present study was to directly compare the thrombolytic

efficacy and safety of CDT and UAT for the treatment of

iliofemoral DVT at a single institution.
MATERIALS AND METHODS

Institutional review board approval for this study was

obtained, and the need for patient consent for inclusion

in the study was waived. In accordance with the Health

Insurance Portability and Accountability Act guidelines, a

retrospective review of the electronic medical records

system was performed.

All adult patients who underwent CDT for documented

iliofemoral lower limb DVT (with or without extension

into the inferior vena cava) as a primary treatment at a

single tertiary care medical center between July 2004 and

October 2011 (88 mo) were included. Detailed data,

including demographics, medical history, and baseline

laboratory values, as well as DVT extent, duration, and

symptoms before thrombolysis were obtained. Procedure-

specific data, the hourly infused dose, the total thrombo-

lytic drug dose, and infusion times were recorded. All

venous follow-up imaging (duplex US or venography)

performed no later than February 2012 was reviewed for

target vein patency as described further on. The Social

Security Death Index (http://www.ssdi.rootsweb.com) was

used to determine mortality as of March 2011.
DVT Definitions
According to the classification system for symptom dura-

tion published in the Society of Interventional Radiology

reporting standards for endovascular treatment of lower

extremity DVT (12–14), the symptom duration was defined

as acute (14 d and shorter), subacute (15–28 d), and

chronic (longer than 28 d). Venography was performed in

all patients to determine the extent of thrombosis. The

presence of thrombus before and after lysis in all segments

from the inferior vena cava to the popliteal vein was

recorded by the radiologist who performed the procedure,

and all imaging was reviewed by an independent interven-

tional radiologist. The venograms were reviewed, scored,
and graded for each infusion by using a reporting stan-

dard for venous patency assessment introduced by Me-

wissen (15). As described previously (15), a thrombus

score was calculated for seven venous segments: the

inferior vena cava, the common iliac vein, the external

iliac vein, the common femoral vein, the proximal portion

of the (superficial) femoral vein, the distal portion of

the superficial femoral vein, and the popliteal vein. The

thrombus score was 0 when the vein was patent and

completely free of thrombus, was 1 when nonocclusive

thrombus was present, and was 2 when the vein was

occluded. The total thrombus score before and after lysis

was then calculated by adding the scores of the seven

venous segments before and after thrombolysis. The

difference between the thrombus scores before and after

lysis divided by the score recorded before lysis resulted in

the percentage of thrombolysis achieved, which was then

classified into three groups for analysis: grade I for lysis of

less than 50%, grade II for lysis of 50%–99%, and grade III

for 100% or complete lysis (10,15,16). The degree of

thrombolysis was calculated after completion of treatment,

which included both thrombolytic therapy and any addi-

tional adjunctive procedure such as stent placement for

stenotic lesions uncovered by thrombolysis.
Thrombolysis Techniques
Venous access was obtained based on the standard practice

of each investigator, typically in the vein distal to the

occlusion or with the use of a contralateral femoral

approach. The selection of the thrombolysis catheter

(UniFuse; AngioDynamics, Latham, NY or EndoWave;

EKOS, Bothell, WA) and the thrombolytic agent (rt-PA,

Activase, Genentech, South San Francisco, CA; urokinase,

ImaRx Therapeutics, Tucson, AZ, or tenecteplase,

TNKase, Genentech) and the rate was at the discretion of

the physician who performed the procedure. Technical

details of a typical (US-accelerated) thrombolysis proce-

dure have been published previously (10). Lysis progress

was monitored with repeated venography at varying

intervals determined by the operator. Treatment was

terminated if complete lysis was achieved; otherwise,

thrombolysis was continued until complete lysis was

achieved or no progress in the degree of thrombolysis

between venography studies was observed. After the

thrombus was cleared, adjunctive procedures and/or

surgical therapies, including percutaneous transluminal

angioplasty and stent placement, were performed to treat

any underlying lesions. Patients received thrombolytic

therapy in an intermediate care unit and remained

hospitalized until the condition was stabilized with

anticoagulant therapy. Warfarin administration was

routinely started before hospital discharge and was

recommended to continue in general for at least 6

months, depending on the clinical setting and according

to corresponding guidelines (17).

http://www.ssdi.rootsweb.com
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Complication Definitions
Bleeding complications were defined according to previous

publications and based on the criteria of the TIMI

(Thrombolysis in Myocardial Infarction) Study Group

(18–20). Major bleeding was defined as a clinically overt

blood loss resulting in a decrease of the hemoglobin level

of more than 3 g/dL, any decrease in the hemoglobin level

of more than 4 g/dL, the transfusion of at least 2 U of

packed red blood cells, or the presence of intracranial or

retroperitoneal hemorrhage. The definition of minor bleed-

ing events included all hematomas that did not meet the

criteria for major bleeding, the transfusion of less than 2 U

of packed red blood cells, or other sites of bleeding not

specified as major (18–20). Repeated thrombosis was

defined by the presence of occlusive thrombus within the

previously treated vein segment as documented by follow-

up imaging (duplex US or venography).

Statistical Analysis
Demographic and clinical parameters were expressed as

mean � standard deviation or median and IQR as appro-

priate. Comparisons between the groups were made with

the w2 test, the unpaired t test, or the Mann Whitney U test

as appropriate. The level of significance was set at P less

than .05 (two-sided) for all analyses. Differences in event-

free survival among the groups were assessed by means of

the log-rank test. Cox regression analysis was used to

determine odds ratios (ORs) and 95% confidence intervals

(95% CI) for baseline/procedure parameters with regard to

repeated thrombosis. Analyses were performed using SPSS,

version 20 software package (IBM Corp, Armonk, NY).
RESULTS

CDT was performed in 19 patients (23%) and UAT in 64

patients (77%) who had iliofemoral lower extremity DVTs

by eight different operators. UAT was more frequently

used in recent years, with UAT used in 66.7% (28/42) of

the patients before 2009 and in 87.8% (36/41) of the

patients after 2009 (P ¼ .022). Baseline parameters are

summarized in Table 1. The patients had a median number

of two risk factors in both treatment groups. Active cancer

and recent immobility were significantly more prevalent

risk factors in the CDT group; otherwise, no differences in

the patients’ characteristics were observed. The DVT

characteristics, including the DVT location, the median

duration since symptom onset, and the DVT extension did

not differ significantly between the CDT and UAT groups.

Table 2 displays the procedure-specific data. Reflecting the

similar extent of thrombus, the median catheter treatment

length was 50 cm in both groups. Independent of the type

of thrombolytic agent used (rtPA, urokinase, or tenecte-

plase), no significant difference in the lytic drug infusion

rate, the total lytic dose, the total infusion time, and the use

of adjunctive procedures was observed. The proportion of

urokinase was higher in the CDT group and the proportion
of TPA was higher in the UAT group (P ¼ .038, respec-

tively), whereas tenecteplase was used equally in both

groups.

Table 3 summarizes the thrombolytic efficacy and safety

of CDT and UAT. Both treatment modalities were

associated with a significant resolution of thrombus

(median 83% thrombus load reduction) and resulted in a

substantial lysis in 89% of the cases. The thrombus score,

the grade of thrombus resolution, and the percentage of

patients with substantial lysis at the first lysis check as well

as at the final assessment did not differ between CDT and

UAT. No association with regard to the operator was

observed. The median inpatient length of stay after

initiation of thrombolysis was 6 days (IQR, 4–9 d) in the

CDT group and 6 days (IQR, 3–8 d) in the UAT group;

P ¼ .331). Bleeding complications were observed in 13.2%

of patients, including seven major and five minor bleeding

episodes, with no difference between the treatment groups.

During a median follow-up of 35 months (IQR, 20–55

mo), three deaths and 16 cases of repeated thrombosis of

the treated venous segment were observed. All three

patients who died had a substantial thrombus reduction

during thrombolysis. The deaths occurred 4–5 months after

the index procedure, and although no autopsy was per-

formed, the deaths were unlikely directly related to the

index procedure (two patients had active cancer, and one

patient died of sepsis). The Figure shows the Kaplan-Meier

curves for repeated thrombosis according to the treatment

modality. The estimated mean event-free survival time

was longer after CDT (69 months) compared with UAT

(33 months) but did not reach statistical significance (log-

rank test P ¼ .310). Thrombophilia and the total number of

risk factors were associated with repeated thrombosis in the

Cox regression analysis (OR, 4.6; 95% CI, 1.3–17.1;

P ¼ .021 and OR, 1.8; 95% CI, 1.2–2.7, respectively;

P ¼ .006). The type of lysis catheter was not associated

with repeated thrombosis (OR, 2.0; 95% CI, 0.4–8.9;

P ¼ .368).
DISCUSSION

Compared with the historical data of standard CDT, the

reported initial clinical experience supports UAT as a safe

and efficacious treatment for DVT, and it might be associated

with a greater incidence of complete lysis, shorter lysis times,

and simultaneously lower bleeding rates (10). However, data

directly comparing the effectiveness and safety of CDT and

UAT are lacking. In this retrospective study, the performance

of CDT and UAT to treat iliofemoral DVT was compared for

the first time directly in a single-center setting. We report six

particular findings.

First, CDT and UAT were both associated with a

substantial reduction in the clot burden (Z50% in 89%

of the patients). Second, adjunctive procedures were

necessary in 67.5% of the patients to treat underlying

proximal venous stenosis. Third, the grade and percentage



Table 1 . Baseline Characteristics

Variable All (n ¼ 83) CDT (n ¼ 19) UAT (n ¼ 64) P Value

Age (y) 45 � 19 48 � 19 44 � 19 .31

Male sex, n (%) 31 (37.3) 5 (26.3) 26 (40.6) .20

BMI (kg/cm2) 30.0 � 7.0 32.4 � 10.1 29.3 � 5.8 .38

Hemoglobin value (g/dL) 11.9 � 2.0 11.6 � 2.0 12.0 � 2.1 .26

Thrombocyte count (� 109) 268 � 148 230 � 115 279 � 155 .41

Baseline creatine level (mg/dL) 0.9 � 0.5 0.9 � 0.3 0.9 � 0.6 .96

Baseline creatinine clearance (mL/min) 126 � 69 127 � 53 126 � 73 .21

Stage of chronic kidney disease, n (%) .36

1 (GFR 490 mL/min) 58 (69.9) 14 (73.7) 44 (68.8)

2 (GFR 90–60 mL/min) 16 (19.3) 2 (10.5) 14 (21.9)

3 (GFR 60–30 mL/min) 7 (8.4) 3 (15.8) 4 (6.3)

4 (GFR 30–15 mL/min) 2 (2.4) 0 2 (3.1)

5 (GFR o15 mL/min) 0 0 0

Active cancer (including treatment past 6 mo) 6 (7.2) 4 (21.1) 2 (3.1) .025

Major surgery or trauma within 4 wk 20 (24.1) 2 (10.6) 18 (28.1) .11

Bedridden recently 43 d 7 (8.4) 4 (21.1) 3 (4.7) .024

Positive family history for VTE 6 (7.2) 3 (15.8) 3 (4.7) .10

HRT/oral contraceptive use 9 (10.8) 3 (15.8) 6 (9.4) .43

Cigarette smoking 11 (13.3) 3 (15.8) 8 (12.5) .99

History of thrombophilia 7 (8.4) 1 (5.3) 6 (9.4) .57

Inflammatory bowel disease 4 (4.8) 1 (5.3) 3 (4.7) .92

Pregnancy previous 3 mo 6 (7.2) 1 (5.3) 5 (7.8) .71

History of VTE 44 (53.0) 12 (63.2) 37 (57.8) .11

Number of risk factors, n [IQR] 2 [1–2] 2 [1–2] 1.5 [1–2] .91

Range 0–5 1–5 0–4

Previous DVT at same location 31 (37.3) 10 (52.6) 22 (34.4) .53

DVT symptomatic 82 (98.8) 18 (94.7) 64 (100) .07

Pain/tenderness 76 (91.6) 17 (89.5) 59 (92.2) .71

Limb swelling 81 (97.6) 19 (100) 62 (96.9) .44

Reported symptom duration .16

Acute (r14 d) 68 (81.9) 13 (68.4) 55 (85.9)

Subacute (15–28 d) 7 (8.4) 3 (15.8) 4 (6.3)

Chronic (428 d) 8 (9.6) 3 (15.8) 5 (7.8)

Duration, d [IQR] 4 [2–7] 5 [2–28] 4 [2–7] .21

DVT location

Lower extremity, left 52 (62.7) 10 (52.6) 42 (65.6) .31

DVT extension .37

IVC-iliac 42 (50.6) 10 (52.6) 32 (50.0)

Iliofemoral 37 (44.6) 7 (36.8) 30 (46.9)

Femoropopliteal 4 (4.8) 2 (10.5) 2 (3.1)

Thrombus score, [IQR] 10 [7–12] 10 [7–13] 10 [7–12] .82

BMI ¼ body mass index, HRT ¼ hormone replacement therapy, DVT ¼ deep vein thrombosis, GFR ¼ glomerular filtration rate (as
calculated with the Cockroft Gault formula), IQR ¼ interquartile range, IVC ¼ inferior vena cava, VTE ¼ venous thromboembolism.
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of thrombus resolution did not differ between CDT and

UAT. Fourth, the duration of lysis and the amount of lytic

agent did not differ between CDT and UAT. Fifth, bleeding

complications were observed in 13.2% of patients, and the

bleeding rates did not differ between CDT and UAT. Sixth,

repeated thrombosis–free survival tends to be longer after

CDT but did not reach statistical significance.

A growing body of evidence suggests that CDT in

combination with anticoagulation for the treatment of
iliofemoral DVT (with or without extension into the

inferior vena cava) is more beneficial than standard antic-

oagulation therapy alone (7,21–23). In a recent meta-

analysis, CDT was associated with a statistically significant

reduction in the risk of PTS (relative risk [RR], 0.19; 95%

CI, 0.07–0.48), venous obstruction (RR, 0.38; 95% CI,

0.18–0.37), and a trend for a reduction in the risk of venous

reflux (RR, 0.39; 95% CI, 0.16–1.00) when compared with

systemic anticoagulation (24). In a recent prospective



Table 2 . Procedure-specific Data

All (n ¼ 83) CDT (n ¼ 19) UAT (n ¼ 64) P Value

Thrombolytic drug

rtPA, n (%) 28 (33.7) 2 (10.5) 26 (40.6)

Starting lytic infusion rate (mg/h) 0.5 (0.4–0.6) 0.3–0.4 0.5 (0.4–0.6) 1.00

Total lytic dose (mg) 12 (8–18.5) 6.0–8.5 12 (8–18) 1.00

Total infusion time (h) 28 (25–41) 42.5 (42–43) 27 (25–38) .48

Urokinase 42 (50.6) 14 (73.7) 28 (43.8)

Starting lytic infusion rate (1� 104 U/h) 8.0 (5.8–10) 7.8 (6.0–10) 8.0 (5.0–10) .91

Total lytic dose (1� 106 U) 1.8 (1.4–2.5) 2.1 (1.6–2.7) 1.7 (1.4–2.4) .10

Total infusion time (h) 26 (22–43) 25 (23–39) 28 (21–44) .16

Tenecteplase 13 (15.7) 3 (15.8) 10 (15.6)

Starting lytic dose rate (mg/h) 0.5 (0.4–0.7) 0.3–0.5 0.5 (0.4–0.8) 1.00

Total lytic dose (mg) 8 (6–11) 6.0–8.0 8 (6–11) 1.00

Total infusion time (h) 21 (16–33) 21 (19–38) 21 (15–31) 1.00

Catheter treatment length (cm) 50 (40–50) 50 (30–50) 50 (40–50) .07

Overall infusion time (h) 26 (21–41) 25 (22–39) 27 (21–27) .39

Adjunctive procedures, n (%) 56 (67.5) 12 (63.2) 44 (68.8) .42

PTA alone 3 (3.6) 0 (0) 3 (4.7)

Stent placement (þ PTA) 31 (37.3) 8 (42.1) 23 (35.9)

Mechanical thrombectomy (þ PTA) 9 (10.8) 4 (21.1) 7 (11.0)

CDT ¼ catheter-directed thrombolysis, UAT ¼ ultrasound-accelerated thrombolysis.

Table 3 . Procedure Outcome

Variable All (n ¼ 83) CDT (n ¼ 19) UAT (n ¼ 64) P Value

Thrombus score at lysis start 10 (7–12) 10 (7–13) 10 (7–12) .823

Thrombus score at first lysis checkn 3 (1–6) 3 (1–6) 3 (1–6) .574

Thrombus score at lysis stop† 2 (2–3) 2 (1–4) 2 (1–4) .658

Grade of lysis at first lysis checkn .557

Grade I (o50%) 21 (25.3) 4 (21.1) 17 (26.6)

Grade II (50%–99%) 47 (56.6) 10 (52.6) 37 (57.8)

Grade III (complete lysis) 15 (18.1) 5 (26.3) 10 (15.6)

Percent thrombus resolution 71 (46–91) 78 (50–100) 71 (40–89) .269

Substantial lysis (Z 50%) 62 (74.7) 15 (78.9) 47 (73.4) .628

Grade of lysis at lysis stop† .410

Grade I (o50%) 9 (10.8) 2 (10.5) 7 (10.9)

Grade II (50%–99%) 53 (63.9) 10 (52.6) 43 (67.2)

Grade III (complete lysis) 21 (25.3) 7 (36.8) 14 (21.9)

Percent thrombus resolution 83 (60–100) 89 (70–100) 82 (55–92) .560

Substantial lysis (Z 50%) 74 (89.2) 17 (89.5) 57 (89.1) .960

Bleeding complications

Major bleeding 7 (8.4) 2 (10.5) 5 (7.8) .709

Minor bleeding 4 (4.8) 1 (5.3) 3 (4.7) .918

CDT ¼ catheter-directed thrombolysis, IQR ¼ interquartile range, UAT ¼ ultrasound-accelerated thrombolysis.
n Median (IQR) lysis duration 23 (20–26) h.
† Median (IQR) lysis duration 26 (21–41) h.
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randomized study in 209 patients reported by Enden et al

(7), catheter-directed thrombolysis was associated with

a 14.4% absolute risk reduction in the development of

PTS when compared with anticoagulation therapy alone.

Because the incidence of adjunctive venous stenting was

low in this trial (15%), an accompanying editorial suggests
that the benefit of CDT might have been even higher if the

underlying venous stenosis was addressed more defini-

tively (such stenoses are reported in up to 80% of patients

referred for catheter-directed treatment of iliofemoral

DVT) (25). Accordingly, the rate of adjunctive pro-

cedures in our study was substantially higher (67.5%)



Figure. Kaplan-Meier curves of the repeated thrombosis–free
survival after standard catheter-directed thrombolysis (CDT)
(n ¼ 19) or ultrasound-accelerated thrombolysis (UAT)
(n ¼ 64) for the treatment of iliofemoral deep vein thrombosis.
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and comparable to other multicenter CDT reports (10). The

high incidence of adjunctive procedures not only

contributed to the high technical success rate and venous

patency achieved in our study but also might have

diminished any potential (small) benefit of UAT.

In vitro data indicate that the low-frequency US facil-

itates thrombus lysis by making more plasminogen recep-

tor sites available for the lytic agent to act (9). However,

this ability should translate into better real-life clinical

outcomes to justify the use of the technology, given the

added costs of the US delivery system. CDT and UAT

were both very effective treatment options for early clot

removal, as indicated by an overall median thrombus

reduction of 83% and the substantial lysis (Z50%)

achieved in more than 89% of our cohort. The presented

data, although limited by the small sample size and

retrospective nature, indicate that UAT does not seem to

provide a substantial benefit over CDT alone in this clinical

setting. As in the studied cohort, the routine schedule in the

angiography laboratory often leads to ‘‘overnight’’ lysis,

and routine lysis checks to assess for early complete

lysis—eg, every 6–8 hours (especially during the night)—

are rarely performed in clinical practice. Thus, the real time

to complete lysis cannot be determined in our study.

However, the observation that the thrombus reduction at

the first lysis check (after 26 h) was similar between CDT

and UAT (with similar ongoing thrombus resolution when

thrombolysis was prolonged) may indicate that the increase

in the number of plasminogen activator sites made avail-

able by UAT is not large enough to substantially increase

thrombus resolution or to accelerate thrombolysis in a
clinically meaningful fashion (eg, to 8 h to enable ‘‘same-

day’’ thrombolysis).

Major and minor bleeding complications, most often at

the puncture site, were reported in 11% and 16%, respec-

tively, of 473 patients enrolled in a multicenter registry of

CDT (15). Although not directly comparable to these

historical data because of the slightly different bleeding

definitions and techniques used, the observed bleeding

complications in our trial tended to be lower (major

8.4%, minor 4.8%), which might in part be a result of

the implementation of US-guided vascular access as a

standard. Again, bleeding complications were similar

between CDT and UAT in our cohort and did not support

any substantial benefit of UAT with regard to safety. Given

the retrospective nature of this analysis, several uncon-

trolled confounders may have influenced these results.

Nevertheless, the baseline patient and thrombus character-

istics were similar across the treatment groups and argue

against a selection bias. Because of the radiopaque markers

on the US device, no real blinding of the interventional

radiologist who reviewed the venograms was possible.

Although we cannot completely exclude a reader bias, we

assigned an independent interventional radiologist (not

involved in the patient treatment, with no conflict of

interest) to review the imaging to ensure an unbiased

reading. Several different lytic agents were used, reflecting

operators’ preferences and the lack of a clear standard in

the literature. Because of the small sample size, we cannot

exclude the possibility that UAT may be more effective

with a specific lytic agent, eg, rtPA, and we did not assess

for PTS and the quality of life during follow-up, which are

two important DVT outcomes. However, short- and long-

term data including the repeated thrombosis rate showed no

clear advantage of UAT. Remarkably, despite the wide-

spread use of UAT in clinical practice worldwide, no

randomized controlled trial has proved the superiority of

this promising technique compared with standard CDT.

The results of the BERNUTIFUL-Trial (BERN Ultrasound-

enhanced Thrombolysis for Ilio-Femoral Deep Vein Throm-

bosis versUs Standard Catheter Directed thromboLysis Trial,

ClinicalTrials.gov Identifier NCT01482273), a small rando-

mized controlled trial in Switzerland, are therefore eagerly

awaited to close this gap. As the management of health

care–related cost becomes more scrutinized, the added

initial expense of UAT will have to translate into superior

clinical outcomes and probably lower long-term costs if it

is to remain a reasonable option in the treatment of DVT. It

should be further noted that this study does not address the

thrombolytic efficacy of UAT in arterial thrombolysis, and

hence our observations and comments are limited to its use

in DVT.

In summary, the present study failed to prove any

substantial clinical benefit provided by UAT with regard to

effectiveness or safety compared with standard CDT. Given

the added costs of the US delivery device, prospective,

randomized data are needed to justify its widespread use in

clinical practice for the treatment of DVT.
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