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Abstract: The AngioVac suction cannula and circuit were
designed for the percutaneous removal of soft thrombus and
emboli in procedures requiring extracorporeal circulatory sup-
port. We describe a modification of the AngioVac suction catheter
and cardiopulmonary bypass (CPB) circuit to effectively remove
thrombus while maintaining the ability to rapidly initiate full
CPBs during a medical crisis. This article will discuss the design

concepts of the modified circuit as well as procedural protocols
and considerations. The design modifications of incorporating an
oxygenator, reservoir, and bridge allow for an increased flexibility
that allows adaption to veno-venous extracorporeal membrane ox-
ygenation or full CPB support when required for oxygenation or
hemodynamic support. Keywords: suction embolectomy, cardiopul-
monary bypass, AngioVac. J Extra Corpor Technol. 2017;49:299-303

The AngioVac suction catheter and perfusion system
(AngioDynamics, Inc., Latham, NY) is indicated for the
removal of intravascular fresh thrombus or embolus. The
most common indication for use is the treatment of acute
venous thromboembolic disease, although other reported
applications include the removal of right atrial tumors,
foreign bodies, and right-sided cardiac valve vegetations
(1-10). Standard surgical therapy for thrombectomy or
valvular debridement requires sternotomy and full car-
diopulmonary bypass (CPB). Less invasive techniques may
be advantageous in critically ill or unstable patients in
whom a surgical approach may be associated with signifi-
cant morbidity or mortality (1,7).

The AngioVac cannula and perfusion system is a rela-
tively new method first used for percutaneous thrombec-
tomy in 2009. Currently, approved by the Food and Drug
Administration for the removal of soft thrombi and emboli,
the AngioVac device does not require fragmentation of
thrombi, thus reducing the risk of embolization (11). The
removal of whole intact thrombus and soft tissue vegeta-
tions is accomplished by a large bore aspiration cannula
attached to an extracorporeal circuit with filter and
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subsequent venous reinfusion catheter (2,12). The tradi-
tional AngioVac circuit does not include a reservoir or
oxygenator. We have adapted the AngioVac system to
include a modified CPB circuit to allow for simple and rapid
conversion to either veno-venous ECMO or full CPB,
which may be particularly beneficial for patients with ve-
nous thromboembolic disease. This article describes our
modifications of the circuit and initial clinical experience.

PERFUSION CONCEPTS AND CIRCUIT
MODIFICATIONS

Circuit Development

Our prototype for a modified CPB circuit was set up on
the Medtronic Performer (Medtronic Inc., Minneapolis,
MN) CPB bypass machine. The prototype included a tra-
ditional CPB circuit with Affinity Fusion cardiotomy and
an oxygenator (Medtronic Inc.) with an integrated arterial
filter and a Medtronic Affinity centrifugal pump. The
modified CPB differs from the conventional AngioVac
circuit (AngioDynamics, Inc) in that it uses a full CPB
circuit on the Medtronic Performer bypass machine with
reservoir and oxygenator rather than a standalone cen-
trifugal pump. The traditional CPB circuit was modified by
adding a 3/8th inch piece of polyvinylchloride tubing from
the venous line just before the centrifugal pump. This
additional tubing functions as a bypass line around the
reservoir. Within this piece of tubing, a bubble trap was
incorporated to catch any thrombus suctioned from the
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AngioVac cannula. A second modification included a by-
pass line around the bubble trap for the easy addition of
a second bubble trap in the event the first bubble trap fills
with thrombus. We also incorporated a bridge from the
patient inflow line to the venous line. This bridge is used for
priming the circuit and allows the perfusionist to pump to
the field for a wet connection at the AngioVac cannula and
reinfusion cannula.

The circuit has a 1/2 inch venous line and 3/8 inch inflow
line. The durometer of venous line had to be increased
from INT 68 on the traditional CPB circuit to INT 71 on the
modified circuit because of high suction values causing
tubing collapse. A 1/2 inch venous line was chosen over
a 3/8th inch line for the modified circuit to prevent the
need for high vacuum in the instance where full CPB
support is required. The tubing durometer was tested in
a laboratory setting using .9% sodium chloride by increasing
the flow up to 7000 mL/min and observing no tubing collapse
or change in venous pressure. No additional vacuum was
applied to the closed circuit mimicking the clinical procedure
in which suction is solely generated from the centrifugal head.
The 3/8-inch patient inflow line is able to connect directly to
the 19 French reinfusion cannula. There is a two-step process
to connect the 1/2 inch pump tubing to the AngioVac cannula.
First, a 1/2 X 3/8 straight connector is attached at the sterile
field to the 1/2 inch venous line. Next, the toughy port with 3/8
inch tubing must be cut from the AngioVac circuit and at-
tached to the 1/2 X 3/8 straight connector. The venous line is
now able to connect to the AngioVac cannula. The complete
circuit setup is shown in Figure 1.

The modified CPB differs from the conventional
AngioVac circuit in that it uses a full CPB circuit on the
Medtronic Performer bypass machine with reservoir and
oxygenator rather than a standalone centrifugal pump.

Procedural Considerations

The circuit is primed using 1.5 L of Isolyte multi-
electrolyte solution (Braun Medical Inc., Bethlehem,
PA) through the bridge until the lines are passed off from
the sterile field and patient inflow and venous lines are
connected. At this point, the A-V loop can be primed,
clamped, and cut at the sterile field. After the circuit has
been primed, all shunts circulating back to the reservoir
must be closed including the manifold, hemoconcentrator,
and the oxygenator purge line to prevent blood from en-
tering the reservoir once flow is initiated. The hemo-
concentrator and ancillary lines are not depicted in the
diagram as they are not used during the AngioVac pro-
cedure. In addition, there should be a clamp placed be-
tween the venous line and the bubble trap.

Before initiation of suction, anticoagulation with
unfractionated heparin is used to achieve a target activated
clotting time (ACT) greater than 480 seconds higher
than the recommended ACT of 250 with the traditional
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AngioVac circuit due to the addition of an inline oxy-
genator. Once the ACT is confirmed, antegrade autologous
priming can be accomplished by draining the venous line
back to the reservoir and allowing the venous line to
passively fill with patient blood. At this point, the reservoir
should be completely clamped out of the circuit, and the
bridge should be clamped. The AngioVac suction is initi-
ated by the perfusionist removing the clamp from the inflow
and venous line and opening the clamp to the bubble trap.
This clamp placement provides a closed circuit allowing the
centrifugal pump to provide the necessary suction for
thrombus removal without the use of additional vacuum.
Blood should be flowing from the AngioVac catheter,
through the bubble trap via the venous line, through the
centrifugal pump to the oxygenator, and then back into the
patient via the reinfusion cannula. The perfusionist can
manipulate the flow to increase or decrease suction with the
direction of the surgeon or cardiologist. During some
AngioVac procedures, the position of the suction catheter
may need to be manipulated. Rather than turning off the
pump, the inflow and venous lines can be clamped and the
bridge can be opened to recirculate through the circuit to
prevent stagnant blood. Once the thrombus has been sulffi-
ciently removed, the perfusionist will clamp the inflow and
venous lines. Using the volume in the reservoir, the perfu-
sionist can displace the blood volume in the patient inflow line
and venous line to prevent blood loss to the circuit.

Emergent Conversion to Veno-Venous ECMO or CPB

A great advantage to using a modified bypass circuit with
the AngioVac cannula is the potential to convert to veno-
venous extracorporeal membrane oxygenation (ECMO) or
full CPB support using the same circuit, depending on the
clinical situation. The in-line oxygenator in the modified
CPB circuit allows for the treatment of patients with severe
hypoxia with veno-venous ECMO through the established
internal jugular and femoral venous catheters. This ECMO
technique is for temporary extracorporeal oxygenation
support. If long-term ECMO support is desired the patient
will need to be transferred to a dedicated ECMO circuit. If
full CPB is needed because of clot migration or other
clinical emergency causing hemodynamic instability, the 19
French reinfusion cannula may be moved from the femoral
vein to the femoral artery. Initiating full bypass support is
accomplished by temporarily stopping the flow to the pa-
tient, clamping out the bubble trap, and opening the clamps
surrounding the reservoir.

CLINICAL EXPERIENCE

Technical Considerations
All cases where the AngioVac system was used in our
hospital are included in this report (April 2014 to February
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Figure 1. Modified circuit for suction embolectomy.

2017). A total of seventeen patients were treated. Pro-
cedures were performed under general anesthesia in the
hybrid catheterization laboratory by the Heart Team,
which included personnel from interventional cardiology,
cardiac surgery, and cardiac perfusion. Fluoroscopy and
transesophageal echocardiographic guidance were used
in all cases. Anticoagulation with unfractionated hepa-
rin was used to achieve a target ACT of >250 seconds
or >480 seconds for full CPB. Percutaneous access was
achieved in both common femoral veins and the right in-
ternal jugular vein. Continuous arterial pressure was
monitored with a radial artery catheter. The aspiration
venous access sites (either the right internal jugular vein or
the right common femoral vein) were successively dilated
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A. AngioVac Catheter
B. Bubble Trap
C. Centrifugal Pump

D. Oxygenator
E. 19 Fr Return Cannula

F. Reservoir

to allow a 26-F Gore DrySeal sheath (W.L. Gore &
Associates, Flagstaff, AZ) over a .035-inch Amplatz
(Boston Scientific, Marlborough, MA) or .035-inch
Lunderquist (Cook, Inc., Bloomington, IN) guide wire.
Before insertion through the DrySeal sheath, the 19-F
AngioVac cannula was shaped using a heat gun to
create a J-shaped tip to enhance steerability. The cannula
was inserted through the sheath over the Amplatz or
Lunderquist wire to the area of pathology under fluoro-
scopic and transesophageal echocardiography guidance.
Once the AngioVac circuit was established, flow
through the extracorporeal circuit was initiated and slowly
increased to a maximum rate of 4 L/min while actively
monitoring hemodynamics. Once the flow was established,
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Table 1. Procedural outcomes.

Total (n = 17)

Conventional Circuit (n = 11) Modified Circuit (n = 6)

Average pre-op hemoglobin (mg/dL) 10.67 = 3.04 11.61 = 3.26 8.95 = 1.65
Average post-op hemoglobin (mg/dL) 9.50 = 2.59 10.44 = 2.53 7.78 = 1.78
Average change in hemoglobin —-1.17 = 2.02 —-1.17 = 1.48 =117 £ 2.94
Pre-op transfusion 53%

Intraoperative transfusion 47%

Post-op transfusion 35%

Average fluoroscopy time (min) 36 =26

Average perfusion time (min) 58 + 64

the suction cannula was oriented toward the area of veg- SUMMARY

etation or thrombus. Blood and foreign material were
captured with the suction catheter and returned through
the venovenous nonoxygenating bypass circuit, allowing
for filtration of blood before return into the venous cir-
culation through the reinfusion cannula (13). As in any
case, hemodynamic stability during the angiovac proce-
dure requires collaboration with the anesthesia team
and perfusion team. Volume shifts are usually minimal as
little volume is lost during sheath placement. Vasoactive
medications and volume supplementation while on the
angiovac system are given and managed by the anesthesia
staff.

Patient Outcomes

Sixteen patients underwent vegetation debulking or
thrombectomy using the AngioVac catheter system,
of which twelve were performed on the conventional
AngioVac circuit and six on the modified CPB circuit.
Indications for use included the presence of atrial or
caval thrombus (6/16, 37.5%) and tricuspid and pul-
monic valve vegetations (10/16, 62.5%). Technical success
was achieved in 15/16 patients, as defined by the un-
eventful placement of cannulae and successful use of the
AngioVac suction catheter with the capture of clot or
vegetative material within the suction canister filter and
uncomplicated decannulation. In one patient with pul-
monary artery clot, hemodynamic instability occurred
while attempting to maneuver the catheter into the right
ventricular outflow tract, resulting in perforation and in-
jury to the right ventricular free wall. In this patient,
conversion to ECMO allowed stabilization while me-
dian sternotomy could be performed for definitive repair.
There were no periprocedural deaths. Patient outcomes
and postoperative complications are summarized in Table 1.
The use of the modified CPB circuit with oxygenator did
not alter the change in hemoglobin when compared with
the conventional AngioVac circuit. The average length
of stay was 12 = 11 days with no inhospital or 30-day
mortality.
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The AngioVac suction cannula and extracorporeal cir-
cuit allow for a less invasive technique for the removal of
soft tissue thrombus and embolus compared with surgical
approach. Through our experience using the AngioVac
suction catheter on 16 patients, we found increased safety
and flexibility by incorporating a modified CPB circuit to
our procedural protocol. With the addition of a cardiotomy,
oxygenator, and bridge to the conventional AngioVac
extracorporeal circuit, we have the ability to rapidly initiate
veno-venous ECMO or full CPB support. It is unnecessary
to have a second circuit available to convert to oxygenated
support, thus increasing simplicity during the rapid onset of
hemodynamic instability.
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