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Percutaneous catheter-based vacuum-assisted thrombec-

tomy (VAT) has emerged as a viable and safe alternative to

open surgical embolectomy, especially in high-risk patients

with fresh central venous thrombosis.1 Previous catheter-based

approaches for thrombus removal have used techniques such

as aspiration, fragmentation, extraction, or rheolytic thrombec-

tomy. However, they required concomitant use of thrombo-

lytic therapy. The AngioVac system (AngioDynamics,

Latham, NY), which received Food and Drug Administration

approval in 2009, is a vacuum-assisted aspiration thrombec-

tomy device capable of removing a large burden of intravascu-

lar thrombus without the need of thrombolytics. Although the

AngioVac system originally was approved for removal of fresh

thrombus, its use has expanded for retrieval of a variety of

intravascular materials such as infective endocarditis vegeta-

tions, tumor thrombus, catheter- or device-related thrombus,

and intravascular or intracardiac masses.2,3 In a patient popula-

tion that is otherwise at a high risk of morbidity and mortality,

especially with open surgical embolectomy, the overall

reported success rate for removal of right atrial/caval thrombi

with the AngioVac system is approximately 80%.1

In the current issue of the Journal of Cardiothoracic and

Vascular Anesthesia, Lu et al. reported on a retrospective

review involving 20 patients who underwent VAT for central

venous thrombosis with the AngioVac system.4 Although sev-

eral of the reviewed patients were high risk, there were no

major intraoperative adverse events reported other than the

need for vasopressors and blood transfusions during the proce-

dure. Despite that a significant number of patients (55%) had

postoperative complications such as myocardial infarction,

stroke, respiratory failure, pulmonary embolism, liver failure,

and acute kidney injury, the authors reported zero mortality at

30 days.

Being a relatively new technology, there is a limited avail-

ability of safety and efficacy data on VAT with the AngioVac

system. As such, there are no randomized controlled trials
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comparing VAT versus surgical embolectomy versus thrombo-

lytic therapy. Most published reports on VAT are case reports

or case series from single centers, with an average sample size

of 3.4 (range one-14).1 Given that case reports and case series

are placed at the lower end of the hierarchy, there is wide-

spread disagreement about their importance in the medical lit-

erature and whether these contribute to further evidence-based

medicine. Case study research is essentially empirical inquiry

and reporting of novel findings related to disease or interven-

tion in the real-world clinical setting. Despite their lesser

importance than randomized controlled trials, case reports and

case series play an important role in contributing to evidence-

based medicine, especially in the absence of higher-order clini-

cal trials. Moreover, the availability of enough case reports and

case series allows for compilation of data into systematic

reviews or meta-analysis. For an intervention like VAT with

the AngioVac system, it is highly unlikely that a randomized

controlled trial would be possible to compare against surgical

or medical management given the acute nature of the interven-

tion, as well as the heterogeneity of the patient population.

Major limitations of this review included the retrospective

design, with limited numbers in a heterogeneous population,

lacking a control group. Nevertheless, such reviews are worth

recording to document the evolution of medical technology

and to enrich the scientific literature.

In a recent meta-analysis, Hameed et al. reported on out-

comes in patients who underwent VAT for venous thrombosis

with the AngioVac system by compiling data from 101

patients across 30 studies.1 The pooled event rates for success-

ful removal and operative mortality were separated based on

the location of the thrombi. Successful removal was achieved

in 80.5% (CI: 70.0-88.0) of the patients with right atrial/caval

venous thrombi, as opposed to 32.4% (CI: 17.0-52.8) of the

patients with pulmonary emboli.1 The pooled operative mor-

tality was reported as 14.8 (CI: 8.5-24.5) and 32.3 (CI: 15.1-

56.3) for right atrial/caval venous thrombi and pulmonary

emboli, respectively. Based on these findings, the authors sug-

gested that there might be two distinct disease processes in
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patients with central thrombosis. The suboptimal outcomes for

patients treated with VAT for pulmonary emboli may be

related to the limited flexibility of the AngioVac catheter to

reach the lesions, especially in the more distal pulmonary

arteries.

This case series in the current issue by Lu et al. reported an

overall success rate of 70% for thrombus retrieval with the

AngioVac system.4 These authors, however, did not provide

outcomes data based on the location of the thrombus. Their

high success rate likely was related to the fact that most throm-

botic process involved the inferior vena cava, right atrium, or

right ventricle, with only two patients with pulmonary emboli.

Moreover, outcomes are also likely to be affected by thrombus

burden, which also was not reported in this case series.

Although VAT with the AngioVac system is a minimally

invasive interventional technique that obviates the need for

open surgical removal of a central venous thrombus, there is a

potential for device-related complications (Table 1). Some of

the complications reported in prior case series include access-

related vascular injury at cannula insertion site, distal emboliza-

tion of thrombus, and damage to intracardiac structures, espe-

cially right-sided valves and free wall of the right ventricle.5

The rigid profile of the device and its limited flexibility likely

contribute to the risk, especially when the cannula has to be

advanced across the right ventricular outflow tract past the pul-

monic valve. Given the associated risk, it is important that the

cannula tip be monitored carefully, either with transesophageal

echocardiography or fluoroscopy, especially during advance-

ment or repositioning. In the case series by Lu et al., the authors

did not mention the frequency of imaging guidance; however,

no device-related complications were reported.4

Although venovenous bypass generally is tolerated well dur-

ing thrombus evacuation with the AngioVac system, there is a

potential for recirculation of blood, especially when the Angio-

Vac cannula is in the pulmonary arteries and the return cannula

is in the right atrium. This is especially problematic in patients

with pre-existing right ventricular dysfunction or in patients

with significant tricuspid regurgitation in whom the additional

recirculated blood further worsens the right ventricular func-

tion, resulting in hypotension. This can be managed with limit-

ing aspiration to fewer than 60-second intervals at lower pump

flows between 1 and 3 L/min.6
Table 1

Complications Related to the AngioVac System

Access-related vascular injury

Air embolism

Arrhythmias

Bleeding

Device fracture/balloon rupture

Distal embolization of thrombus

Infections

Pulmonary infarction

Vascular thrombosis

Valvular injury (tricuspid or pulmonic)

Ventricular perforation
Lu et al. recommended the use of general anesthesia for

patients undergoing VAT with the AngioVac system to pro-

vide a motionless field for safe manipulation of the cannulae

and to maintain adequate oxygenation in the event of distal

embolization into the pulmonary circulation.4 General anesthe-

sia also allows for invasive monitoring, which often is required

for these patients, including monitoring with transesophageal

echocardiography. Almost all of the cases or case series in the

literature that specified the type of anesthetic employed

reported the use of general anesthesia for patients undergoing

VAT with the AngioVac system.5 Although general anesthesia

is likely to be the choice for most patients undergoing Angio-

Vac, monitored anesthesia care could be considered in patients

who are otherwise hemodynamically stable and have adequate

oxygenation and ventilation.

As with most previously published case reports and case

series related to the extraction of venous thrombus with the

AngioVac system, the case series by Lu et al. had several limi-

tations.4 Specifically, the sample size was relatively small, the

data were collected retrospectively with no comparison cohort,

and the study was conducted at a single center. Therefore, the

findings may not be generalizable to different populations or

other centers. Nonetheless, as pointed out by the authors, this

was the largest series reporting on the outcomes related to

evacuation of intravascular and intracardiac masses for a broad

array of indications with the AngioVac system. Therefore, this

is an important addition to the existing body of literature.

In the landscape of minimally invasive medical device tech-

nology, several developments (such as robotics, endovascular

stenting, sensor technology, etc.) have taken place in the last

couple of decades. The AngioVac system is yet another addition

to the array of minimally invasive devices that currently are indi-

cated for high-risk patients who are otherwise poor candidates

for open surgical embolectomy. These advancements are best

described as “disruptive innovations,” a term coined by Clayton

Christensen, a professor at the Harvard Business School. Disrup-

tive innovation initially captures the low end of an established

market, only to eventually replace an existing product and cap-

ture a much larger share. For instance, the AngioVac system ini-

tially was meant for removal of fresh thrombus, but its use has

expanded for retrieval of a variety of other intravascular materi-

als. Despite the lack of large prospective data on outcomes, the

use of the AngioVac system continues to expand. It is likely that

further refinements in the AngioVac technology, along with pro-

cedural modifications, will allow an expansion of its use for

unrelated, novel indications.
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