16 2005 949AN

NC 1740 P 2

Laborazory
Investigation

Biswajit Kar, MD

Reynolds M. Delgada HI, MD

Andrew B. Civitello, MD
Pranav Layalka, MD
David Paniagua, MD

R. Davld Fish, MD
Matthew D. Forrester, BS
Daniel Masar

Branislav Radovanzevic, MD

Key werds:! Aortic vafve
stenosisbiveiopathelogy/

therapy; heart assist device,

percutaneous; heart vahe
prosthesis implantation/
ingtrumentation/methods;
prospective studies, risk
factors; sheep

From: Departments

of Cardiology and
Cardiopulmonary
Transplantation, Texas
Haart Instifute at 8t Lukes
£piscapal Hospitsl,
Houston, Texas 77030

Authors DF sntf RDF
have 5 financial interest in
Endofuminal Techpology
Aesearch, Miami, Florids,
which makas the haart
valves used in this study,

Address for reprints;
Rovnolds M. Dalgada i,
MD, 6624 Fannin, Suite
2780, Housion, TX 77030

E-mgll! rdelgadoBoo!.net

© 2005 by the Texas Heart®
Institute, Houston

Teocas Meare Dastitste Jr wariial

Temporary Support with
TandemHeart® pVAD
during Percutaneous
Aortic Valve Replacement

in an Animal Model
Rationale and Methodology

urgical aortic valve replacement is the preferred treatrent for aortic steno-

sis.! However, hemodynamic instabiliry, heart failure, or comorbid condi-

rions can leave patients at wo high a risk of surgical complicatons. When
surgery is not an oprion, aortic balloon velvuloplasty may be used ro produce tem-
porary clinical improvement.? One disadvantage of balloon valwleplasty Is thac
the rate of restenosis within months after the procedure rermains unacceprably
high.?

%lplacement heart valves that can be percutaneously implanted to treat aortic
valvular disesse are being developed in order to minimize complicarions iy high-
risk patients. These percuraneous heart valves (PHVs) have been studied precling-
cally** but have only recently been used in hraman beings. In 2000, Banhoeffer
and colleagues’ reported the st clinical implantation of 2 PHV of any type. They
deployed 1 bioprostheric pulmonary valve made from a bovine jugular vein. The
parient was a 12-ycar-old boy who hiad stenosis and insufficiency of a right ventsi-
cle-to-pulmonary artery graft conduit.” In 2002, Cribier and associates® reported
the 1st antegrade porentancous replacernent of an aotiic valve in a human being.
The valve was made of bovine pericardium mounted within a stainless-steel bal-
loon-expandable stent.* More recently, chis same group reported 5 implantations of
a similar valve made of equine pericardium (Fercuraneous Valve Technologies Inc;
Fort Lee, NI), in pariencs for whom surgery was not an option.” The authors sue-
cessfully and accurarely deployed the PHV in 5 out of 6 patients. The lone excep-
1o had 2 torn aoptic valve leafier resuiting from a previous balloon valvuloplasty:
which reportedly prohibited secure valve placement. The remaining 5 parients
demonstrated inunedizte clinical improvement. Three of them survived for 18, 4,
and 2 weels, before dying of noncardiac complications; the ather 2 were clinically
stable when the paper was wrirten” Human clinical trials of the Cribier acrtic pros-
thesis are expected to begin soon in the United States. Paniagua and coworkers,"
in the eurrent issue of this journal, report the Ist case of percuraneous retrograde
implantarion of their soriic valve in a human being, performed in April 2003. Ear-
lier this year, Hanzel and colleagues® reported a similar case of percutaneous im-
plantarion of an zortie valve in a human petient, which wook place in August 2003.

Notwirhseanding the successful deployment seex in this simall serfes of parients,
percutaneous aortic valve replacement still poses a significant risk. Implanting the
yalve within the aortic orifice requires that the systemic circulation be transientdly
disrupted for as long as it takes 1o deploy the device. The danger of this was illus-
trated in October 2004 when, during a live wlecast from 2 European center, a pa-
tient undergoing the procedure died. In addirion, interrupring coronary blood
flow in patients who are already hemodynamically compromised gready increases
the tisk of arrhythmia 2nd actre hemodynamic decompensarion.

Because the time of circulatory interruption must be minimized, valve deploy-
ment must be done very quickly. This time limitation may, however, compromise
the operators abilicy o properly place the valve, Improper placement invoduces a
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number of potential complicarions. Becauss the coro-
nary ostla arc neatby, imprecise ‘ofth’o&ﬁpit: placemerte
may obstruct coronary blood fliw.% A valye that is in-
completely secured within the aoriie orifice may be-
come dislodged, or the seal berween the valve-stent
and the aortic annulus may become incomperent and
result in paravalvular regurgiration.®

In addition, blood being ejectad from the left ver-
tricle through the aortic valve may dislodge the PHV.
To avoid this, some have used a transseptal antegrade
approach o allow delivery of the valve in the same di-
rection as the blood flow.® However, this approach
requircs aceessing the left atrium through a manssepral
puncrire, which is considerably move difficulr than
approaching the aortic valve in retrograde fashion.
The transseptal approach raises the possibility of left
arrial rupture and residual atrfal sepral defect afrer im-
plantation. Moreover, a wire must be passed through
the mitral valve and the left ventricle before the aordce
valve can be reached. Traction on this wire could in-
terfore with the movement of the anterior leafler of
the mitral valve, resulring in severe mitral regurgira-
tion and hemodynamic collapse.” Displacement of the
PHV wirthin the left venuicular ouflow tract might
also interfers with the movernent of the ancerior Jeaf-
ler.

Mechanical cireularory support may: reduce the risk
of these complications and facilitate percuraneous aor-
ric heart valve placement. For instance, unloading the
left ventricle with 2 ventricular assist device would
allow ample time to properly deploy the valve by
maintaining the systemic circulation, including the
coronary atterics, throughout the procedure, Ventricu-
lr unioading would also make zortic valve placemnent
via the retrograds approach easier, since it would pre-
sumably lower to a minimum the pressure gradient
across the aortic valve.,

TandemHeart® Percutaneous
Ventricular Assist Device

Short-term circulatory support has been achieved In
patiesrs undergoing high-risk percutaneous coronary
interventions (PCI) and in patients in cardiogenic
shocl: by using a recently developed percuraneous ven-
tricular assist device (pVAD) called the TandembHeart®
pVAD™ {CardiacAssist, Inc., Piresburgh, Pa).*” The
TandemHeart pVAD is & continuous-flow centrifugal
pump designed to provide up to 4.0 L/min of systemic
bload Flow. The pump requires a priming volume
of 10 mL. The device ean be rapidly inserted in the
cathererizarion laboratory via a standard transseptal
approach. The inflow cannula is inserted ino the ferm-
oral vein and is advanced across the interanial scptum
into the left atrium; the sudlow carinula renirns oxy-
genated blood o the femoral artery (Fig. 1). Contina-
ous infusion of a heparinized safine solution (900 U/h)
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Fig. 1 TandemHean® pVAD™ system. The inflow cannufa is
inserrad into the femorsf vein and advanced across the inter-
alrisl se0tum into the left stium. {Courtesy of GCardiscAssist,
Inc., Pittsburgh, Pa) ’

provides a hydrodynamic bearing for the pump, while
cooling the pump motdr and providing local antico-
agulation. The inflow and outflow cannulas are con-
necred 1o the pump with standard 3/8-inch polyvinyl
chlorde tubing,

At our instivution, we have used the pVAD for pro-
tective circulatory suppart in 6 high-risk peraurancous
cotonary intervencions (PCls), Circularary support
and revascularization were successfully accomplished
in all 6 casss, and the pVAD provided adequate sup-
port even during periods of vensricular stzndstill. On
the basis of this experience with high-risk PC, we hy-
pothesize thar the TandemEeart pVAD will adequate-
ty supporrt the systemic and coronary circulation and
avert serious procedural complications when used dur-
ing percuraneous aortic valve placement. We also by-
pothesize that it will facilitaze rerograde placement by
decreasing aortic ejection and eliminating the hemo-
dynamic forces that would normally—dettimentally
—be applied 1o the valve and the deployment balloon.

Study Protocol

To test chese hypotheses, we will evaluate the safery,
feasibility; and efficacy of deploying a PHV in a sheep
with 2 normal native aortic valve, during concomirent

citculatory support with the TandemHeare pVAD.
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The primary endpoints of the study will be 1) hemo-
dynamic stability throughout PHV placement; 2) sue-
cessful deployment of the PHYV; 3} rime requited t
properly place the valve within the aorde ozifice; 4)
end-organ and myacardial ischemig; 5) hemolysis; and
6) neurologic cvents.

The PHYV to be used in this smdy will be an zoruc
valve prosthesis designed and created by Paniagua,
Fish, and coworkers (Panizgua Heart Valve, Fadolu-
minal Technology Research; Miami, Flsg). The valve
consists of biologic vascular tissue mounted in 2 meral-
lic stent.

Six sheep will be used. They will be categorized into
an experimental group (n=3) ora contral group (a=3).
Sheep in the experimental group will undergo place-
ment of the PHV while being supported by the
pVAD. Sheep in the contro] group will undergo PHV
placement withous eiraulatory support. All procedures
will be conducted with the sheep nnder general anes-
thesia and with the use of fluoroseopic guidance. Be-
fore the initiation of any surgery-refated procedures, a
pulmonary artery catherer will be inserted for contin-
uous hemodynamic monitoring. The PHV placement
procedure will be identical for both groups. Hemody-
namnics will be monitored and recorded before, during,
and after valve placement. Blood samples will be col-
lecred befors and after PV deployment and assessed
for the presence of laboratory markers of end-organ
function and hemalysis. Proper placoment of the PHYV
will be verified by use of angiography and intravascu-
lar echocardiography. Circulatary support with the
TardemHears pVAD will be terminared shordy after
placemnent of the PHV in the cxperimental group. All
6 sheep will be enthanized after valve placernent, and
posunortem examinations will be performed to con-
firm accurate placement of the PH V.

4

Discussion

The current state of development of percuraneous
aortic valve replacement is very limired. At present,
the procedure is a high-risk endeavor, and there is no
standardized method of implanradon. We propose a
new techaique that will potendally solve these prob-
lems. We have completed s pilot swudy of 4 sheep
using this implantarion rechnique and have achieved
the hemodynamic goals and procedural success pre-
dicted above in all 4 cases. After implantation in 2
larger number of animals, the overall results will be
disserminared. We believe that this strategy will be su-
perlor to femoral cardiopulmonary bypass, which is
more invasive and expensive, does not fully unload
the left venrricle, and exposes the patient to the in-
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the surgical elterpative with its associared morbidity
mortality, and prolonged intensive care managerment.
We hope that this technique will mizigate or cvel
“iminare some of the drawbacks of the current tech-
niques of percutancous valve replacemenc and that the
bove-described protocol, with modifications made
on the basis of experience, will advance the ficld of
percutaneous aorric valve replacement.

Conclusion

Using the existing Tandemteart pVAD to support
che circulation and unload the left venrricle during
placernent of 2 PITV may improve both the safecy and
the success of the procedure. If so, percutaneous adt-
tic valve replacement may soon become 4 safe, feasi-
ble, and effective clinical opion for high-risk patients
who have o other treatment alteInatves.

-
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: flammarory syndrome assaciated with the bypass 12,
circuit. Although the TandemHeart is expensive for
such shore-term use, this cost may be comparable to
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