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Abstract
OBJECTIVES: To test the effectiveness of Rheolytic Thrombectomy (RT) and distal protection balloon wires when used
synergistically in an in vitro model. BACKGROUND: Although effective, currently available technologies may not be
individually ideal for fresh clots removal. METHODS: Fourteen, fresh blood samples were placed in 14 plastic tubes and
left to clot for 6 h. A Percusurge Guardwire balloon was inflated distal to the clot and aspiration was performed using RT in
seven tubes and manual aspiration (MA) with the Export catheter in seven tubes. The residual clot in each tube was dried
and weighed. Both aspiration systems were advanced over the Guardwire. RESULTS: During RT, none of the protection
balloons ruptured and no retrograde clot embolization were observed. MA was most effective when the Export catheter tip
was not in direct contact with the clot. The residual clot mass post RT was significantly less than post MA (9.7¡2.2 versus
59.2¡45.9, P50.01). CONCLUSION: RT is compatible with Distal Protection Balloon Wires and results in more
complete clot removal than manual aspiration with the export catheter. Although manual aspiration results in a large
variation in extraction efficacy, it is most effective when direct catheter-clot contact is kept to a minimum.
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Introduction

Although percutaneous coronary intervention (PCI)

using balloon angioplasty and stent implantation has

been shown to be superior to thrombolytic therapy

in the restoration of effective coronary blood flow in

acute myocardial infarction (AMI) (1,2), it is still

associated with a high rate of morbidity (3). The

presence of angiographic thrombus is associated

with an increased rate of distal embolization, no

reflow and mortality following PCI (4,5). Several

devices have been used to prevent distal emboliza-

tion during PCI for AMI including the Angiojet

rheolytic thrombectomy (Possis Medical, Inc.,

Minneapolis, MN) a thrombus removal catheter.

High velocity saline solution jets are used to create a

localized low-pressure zone in the distal catheter tip

(Bernouille effect) resulting in clot maceration and

removal through an exhaust lumen (6–9). This

device has been used in patients being treated

for AMI and in those with thrombotic lesions

(10,11).

Another device, the Percusurge GuardWire

(Medtronic, Inc., Minneapolis, MN) is a distal

protection balloon mounted upon a 0.014 inch

coronary guide-wire that allows for PCI of saphe-

nous vein graft lesions during balloon inflation. The

debris generated during PCI can be retrieved using

manual aspiration with the Export catheter (12).

Although both devices seem to be effective in

thrombotic lesions, they have limitations when used

individually (10). The combination of Angiojet and

distal embolic protection with the GuardWire has

been described in the treatment of diseased saphe-

nous vein grafts (13,14) but not in AMI. The

purpose of this study was to assess the compatibility

and efficacy of the combination of those two devices

using a fresh thrombus in vitro model simulating

AMI lesions.
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Methods

Fourteen, 1 cc fresh blood samples were collected

from a single donor and placed separately into 14

plastic tubes with a 3 mm inner diameter. One

donor was used for the blood samples to allow for a

similar pretreatment clot mass in all 14 samples. All

samples were left to clot for approximately 6 h.

Moreover, all tubes were mounted on a board

(Figure 1). One end of the tube was closed with a

stopcock and the other fitted with a Touy-Bohrst

system. Percusurge GuardWires were advanced

through the thrombus and the distal protection

balloon inflated to 5 mm. Aspiration passes were

performed using the Export catheter in seven

samples and Angiojet rheolytic thrombectomy in

the remaining seven samples for a total 45 s

aspiration per sample. Using a ruler mounted on

the board, all catheters were advanced over the

Guard-wire starting 10 mm proximal to the throm-

bus at a 10 mm per second advancement rate.

Following each aspiration run, the residual clot was

flushed from each tube onto pre-weighed filter

papers and the samples left to air-dry overnight.

The mass of residual clot, in milligrams was

calculated as the difference between the weight of

the filter paper carrying the sample and their

baseline weight. Filter paper weighing was per-

formed using a high fidelity Metler balance. All

aspiration runs were filmed and stored on digital

tape for detailed off-line qualitative analysis.

Results

Qualitative observations

Of the seven runs with manual aspiration, three

retrieved a small amount of clot but further

thrombus removal stopped despite continuous nega-

tive aspiration. The bulky thrombus appeared to

have sealed the catheter entry site thus preventing

further clot retrieval. This phenomenon appeared to

occur especially when the aspiration catheter was in

direct contact with the thrombus. In none of the

seven rheolytic thrombectomy samples did we

observe clot sealing of the entry site. No retrograde

embolization proximal to the catheter was observed

and none of the distal protection balloon ruptured.

No difficulty was observed in advancing the rheolytic

thrombectomy catheter over the guide wire.

Quantitative results

The findings indicated that residual clot mass after

rheolytic thrombectomy was significantly less than

that after manual aspiration with the export

catheter (9.7¡2.2 versus 59.2¡45.9 mg, Pv0.01)

(Table I).

Discussion

This in vitro study demonstrated that rheolytic

thrombectomy is compatible with balloon distal

protection wires and results in a more efficient

thrombus extraction then manual aspiration using

the Export catheter. This is primarily due to the

mechanism by which rheolytic thrombectomy aspi-

rates debris. This system depends on high velocity

saline solution jets that are used to create a localized

low-pressure zone in the distal catheter tip resulting

in clot maceration and removal through an exhaust

lumen. As a result, large clot masses can be

macerated into smaller particles that can be more

easily evacuated. In contrast, manual aspiration does

not macerate thrombus and cannot efficiently

aspirate the bulky clot and, therefore, further

aspiration of the thrombus may be blocked. This

phenomenon is magnified if the catheter tip was in

direct contact with the thrombus. Such an observa-

tion is supported by the presence of a large standard

deviation for the mean residual thrombus observed

in the manual aspiration group.

One of the potential safety concerns of the

combined rheolytic thrombectomy and distal bal-

loon protection wires is that the initial forward fluid

jet upon thrombectomy activation could cause

turbulence. In a closed system created by the distal

protection balloon this can result in retrograde

embolization of some of the debris into the aorta

prior to them being aspirated into the catheter. This

event could potentially result in systemic emboliza-

tion. Using careful playback of recorded videos we

could not observe any such retrograde embolization

of any thrombotic material. Another potential safety

concern of the application of combination devices is

the effect of the turbulence induced by rheolytic

thrombectomy on the integrity of the protection

balloon. In this experiment, no balloon ruptures

were observed. In all aspiration runs, the catheter tip

was kept at least 2 cm proximal to the protection

balloon.

Figure 1. In vitro setup, showing a plastic, 3 mm tube containing

a clotted 1 cc blood sample, with a Percusurge distal protection

balloon inflated to 5 mm in diameter and an Angiojet catheter tip

being advanced over the shaft of the GuardWire.
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Clinical implications:

This in vitro experiment shows that rheolytic

thrombectomy when combined with distal balloon

protection is effective in the removal of fresh

thrombus. This strategy is attractive in lesions with

evidence of significant clot burden such as in

patients presenting with AMI and unstable angina.

Distal embolization during unprotected PCI for

AMI is common (5) and is associated with a high

30-day mortality rate (3–5). Silva et al (1) evaluated

70 patients with AMI and angiographically evident

thrombus. TIMI grade 3 flow was achieved in

79.4% of the patients after rheolytic thrombectomy

and increased to 87.7% after final treatment with

balloons and stents. However, in 7.4% of the

patients, there was a worsening of the flow when

final treatment with balloons and stents was per-

formed. This suggests that rheolytic thrombectomy

only partially removes athero-thrombi, which may

still embolize after adjunctive balloon angioplasty or

stent implantation. This suggests that adjunctive

distal protection has a role in providing added

clinical benefits.

Although initial reports (15,16) for the use of

embolic distal protection as an adjunct to PCI were

favorable, a recently presented randomized trial

(Distal Embolic Protection During Primary

Angioplasty In Acute Myocardial Infarction-

EMERALD) failed to demonstrate an improvement

in clinical outcomes compared with no protection.

This may be attributed to several factors: GuardWire

device failure, prolonged procedure time related to

device preparation, which could be deleterious

during ongoing myocardial necrosis and ischemia,

inability to protect proximal side-branches and sub-

optimal manual aspiration with the export catheter

as we demonstrated in this study.

Patients with ongoing AMI and angiographic

evidence of thrombus can benefit from a strategy

that combines rheolytic thrombectomy and embolic

distal protection. The Angiojet catheter can be

initially advanced over a regular coronary wire

rapidly establishing blood flow and thus reducing

the thrombus burden to allow for better visualization

of an adequate landing zone for the distal protection

balloon. Following final lesion dilatation or stent

implantation with distal protection, additional rheo-

lytic thrombectomy performed while advancing the

Angiojet catheter over the GuardWire shaft can

more effectively remove any residual athero-thrombi

generated prior to deflation of the distal protection

balloon.

Based on these findings, it is clear that a

randomized clinical trial using a combination of

rheolytic thrombectomy and balloon embolic distal

protection is warranted to discern the efficacy of

these two approaches.
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