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DETERIORATION OF BIOPROSTHETIC HEARY VALVES M381

16, Fughes B, Tipton 15, Feuchuk O, Prabhakar G, Aboul-Enen HY,
Duran CMG: Glutaraldehyde 5 carboxyglutamic acid and
calcium in explanted bioprosthetic heart valves, | FHeart Valve

in different test envirorment: evidence for time dependent
accommodation, absence of plasticity and new roles for col-

Dis 30111 11, 1994,

17. Loe My, Boughner DR Tissue moechanics of canine pericafdium

lagen and elastin. Circ Res 49: 533544, 1981,
18. Scott M, Vesely b Aortic valve cusp microstructure: the role of
elastin, Ann Thocac Surg 60: $391-5394, 1995,

Transluminal Aortic Valve Placement

A Feasibility Study With a Newly Designed Collapsible Aortic Valve

NADER MOAZAML, MARC BESSLER, MICHAEL ARGENZIANOD, ASIM F. CHOUDHRI, SANTOS E. CABRERIZA,
Jorn DL FoALenporr, Ere Ao Rose, AND Metimer C. Oz

perculaneous stents are used in vascular applications in con-
junction with angioplasty and in combination with graft ma-
terial for repair of abdominal ancurysms. The authors have
designed a collapsible bioprosthetic avrtic valve for place-
ment by a transluminal catheter technique. This trileaflet
stent valve is composed of stainless steel and bovine peri-
cardium. Stent valves, 23 and 29 mm, were tested in a pulse
duplicator system with rigid rings from 21 to 31 mm in 2
mm increments. At a mean flow of 3.1 L/min (£0.7), normal
systemic aorlic pressure was generated with a transvalvular
gradientof 14.9 7 mmHg (mean :t $D). Regurgitation frac-
tion ranged from 10 t0 18% (mean 13,8 &+ 3%) in the best
ring size. Valves with the best hemodynamic profile were
used for implantation in three 70 kg pigs in an open chest
model. The valve was collapsed in a 24 Fr catheter designed
to allow slow, controlled release. After resection of the na-
tive leaflets, the new valve was placed in the subcoronary
position. Mo additional sutures were used for securing the
valve. Two animals were successfully weaned from cardio-
pulmonary hypass and maintained systemic pressures of
100/45 (10) and 116/70 (:£15) mmHg, respectively. Intra-
operative color echocardiography revealed minimal regur-
gitation, central flow, full apposition of all leaflets, and no
interference with coronary blood flow. Both animals were
sacrificed after being off bypass for 2 hr. Postmortem exam-
ination revealed the valves to be securely anchored. The
third animal was weaned from cardiopulmonary bypass but
developed refractory ventricular fibrillation because of
valve dislodgment due to structural failure. Although long
term survival data are needed, development of a hemody-
namically acceptable prosthetic aortic valve for translumi-
nal placement is feasible. ASAIO Journal 1996;42:M381-
MSS!‘ .

lnn"nvascuiar stents have gradually obtained acceptance for

From the Department of Surgery, Columbia-Preshyterian Medical
Center, Wew Yorl, Noew York,

P PRI VDTN FOUPI I

peripheral and coronary vascular occlusive disease.” ' Com-
binations of stents with grafts have allowed for intraluminal
bypass of aneurysms and long segment atherosclerotic le-
sions.? Transfemoral percutaneous aortic valve replacement
is an extended application of this new technology that offers
several new challenges, First, the valve needs to be accu-
rately positioned without the benefit of direct open visual-
ization, Second, the valve must remain firmly in the annulus
under physiologic conditions, Finally, in the absence of su-
tures, the valve must provide a sufficient seal to minimize
perivalvular regurgitation.

We have developed a novel sutureless bovine pericardial
bioprosthetic aortic valve mounted on a collapsible stent.
This prosthetic valve can be collapsed in a 24 Fr catheter for
delivery. This report represents our initial characterization of
this valve in a pulse duplicator system and in an open chest
porcine model.

Methods

Stent Valve Construction

Stainless steel wire, size 00207, was used to construct all
stents, and size 0.022"” was soldered on the ring lo serve as
the anchoring fixalion point in the aortic annulus. For con-
structing the stent valves at different sizes, because of the
collapsible nature of the design, all valves were placed in a
ring of predetermined size. Subsequently, bovine pericar-
dium stabilized by a photooxidation process® was sewn on
the stent from a single sheel to construct trileaflet valves con-
strained to different sizes.

In Vitro Measurements
A total of 16 stent valves were constructed. The four thal

were acceptable in terms of overall symmelry were sub-
incted to further studies. A nulse dunlicator similar to a pre-
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Figure 1. Diagram of the mock circulatory loop used for in‘ vitro
testing of valves, The chamber allows for adjustment of compliance
and resistance.

(Figure 1). This system uses an Abiomed BVS 5000 dual
ichamber (Abiomed, tnc., Danvers, MA) to generate pulsatile
flow. Each stroke ejects 80-85 ml of saline into the circuit.
The system POssesses an open reservoir to simulate the ve-
nous and atrial systems. In addition, a pist'on~~cylinder~spring
arrangement functions as an adjustable compliance cham-
ber. Peripheral vascular resistance could be adjusted by ap-
plication of a clamp to the circuit partially to impede forward
flow. The valve was placed on a ring in a rigid chamber made
of Plexiglas. The ring size in the chamber could be changed
to a diameter ranging from 21 to 31 mm in 2 mm increments.
A S Fr Millar catheter (Millar Instruments, Houston, TX) was
placed on the ventricular side and the aortic side of the valve
1o measure trangvalvular pressures gradients. An ultrasonic
flow probe (Transonics, Ithaca, NY) was placed on the out-
flow tubing to monitor forward and backward flow. All data
were digitized at 200 Hz using a 12 bit A<D board (AD Instru-

ments, Milford, MA) recorded with the MacLab system and
stored on the hard drive for subsequent analysis. Regurgitant
fraction was calculated by the ratio of the integral of back-
ward flow to the integral of total flow (forward and backward)
using customized wave analysis software (IGOR; Wave-
metrics, Inc., Lake Oswego, OR).

Animal Care

Animals received humane care in compliance with the
Principles of Laboratory Animal Care formulated by the Insti-
tute of Laboratory Animal Resources and the Guide for the
Care and Use of Laboratory Animals published by the Na-
tional Institttes of Health (NIH Publication No. 86-23, re-
vised 1985).

Experimental Procedure

Pigs weighing 60-70 kg were anesthetized with ketamine
(20 mg/kg) and thiamylal sodium (4.5 mg/kg). After endotra-
cheal intubation, anesthesia was maintained with isoflurane
(1.5-2.5%) mixed with 100% oxygen. Lidocaine 2 mg/kg
and bretyllium 5 mg/kg were given as a loading dose, and
a continuous drip of 1 mg/kg/hr for each was maintained
throughout the experiment. Standard concentrations of
phenylephrine (Neo-Synephrine; Winthrop Pharmaceuti-
cals, New York, NY), norepinephrine bitartrate {Levophed;
Winthrop Pharmaceuticals), and epinephrine drips were
used as needed to maintain a mean blood pressure of 60
while on cardiopulmonary bypass (CPB). Internal paddles
charged up to 50 V were used for defibrillation as needed.

Surgical Procedure

Sternotomy was performed, and the pericardium was
opened, Heparin (300 pg/kg) was administered and ade-
quate anticoagulation was verified by an activated doiting
time of greater than 400 sec. A 14 Fr cannula was inserted in
the aorta and a 36 Fr dual stage venous cannula was inserted
in the right atrium for CPB. The aorta was dissected proxi-

Table 1. Hemodynamic Characterization of the Stent Valves in the Mock Circulatory System

Valve Size {mm) Ring Size (mmj) VP {mmHg) AoP (mmHg) Regurgitant Fx (%) Flow (L/min)
Empty chamber (no vaive) 25 177 167 100 3.3
27 158 149 100 3.3
28 165 158 100 3.3
31 157 152 100 3.3
23 21 173/20 163/70 10 2.7
23 188/23 178/70 14 3.2
25 160/25 150/33 26 2.2
27 193/35 184/36 50 2.1
23 21 130715 120/60 14 2
23 174/9 169/562 18 2.1
25 158/25 1485/37 27 2.1
29 27 161/10 146/63 13 3.7
29 163/12 149/52 15 3.67
31 169/18 14746 20 4.5
29 27 137/9 122/60 10 3.24
29 145/18 120/42 17 3.46
31 144/25 114/30 27 3.28
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