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DETElllORATION 0F lllOl’ROS'l‘HETlC HEART VALVES M381

to. I highest 1, ‘lipton l luminak D, l’r‘nl.)hnkar(.21,About-tum HY,
tjturnn tfjtvtt’ji: ("llulat'nldtrhyllo “,1 curhoxyglutmnir: acid and
t’alt‘ltttt] in unplanlml hioprmtluatir, hmrt Vithtffi. I l Ivan Vii/w
Dis 3: l ll Ito, win,

l7. ltw Ml, lionghnm’ Hit: 'i'iasuo inmrlmniw oi tinnimrr pericardium

 

in different total onviromnont: nvidenrgo for limo dependent
(1cmmmodation, absence: oi pletrliclty and now rolea for only
lagon and elastin. (Tire Rue: 4‘): 533:3»344, 1981,

Hi. Scott M, Vusoly I: Aortic valve cusp microstructurn: the role oi
elastin. Ann Thorac Sun: on: $39] ~S3‘1’4, tours.

Transluminal Aortic Valve Placement

A Feasibility Study With a Newly Designed Collapsible Aortic Valve

NAUliR MOAZAMI, MARC? Bmstrn, Minn/xiii. ARGENZIANC), ASIM F. Cirourmm, $ANTO5 Cmmrmm,
tor-m [3. t3. /\l.l..t?|\ll)()ltl~’, Elthi A. ROSE, AND Mtil-rtMtE’l' (3. Oz

percmaneous stunts are used in vascular applications in com

junction with angioplasty and in combination with graft man
terial for repair of abdominal anonrysmr. The authors have
designed a collapsible bioprosthetic aortic valve for place«
menl by a transiuminal catheter technique. This trileaflet
stunt valve is composed of stainless steel and bovine peri~
cardium. Stont valves, 23 and 2‘) mm, were tested in a pulse

duplicator system with rigid rings trom 21 to 31 mm in 2
mm increments. At a mean flow of 3.1 L/min (110.7), normal

systemic aortic pressure was generated with a transvalvular
gradient of 14.9 :t:. 7 mmHg (mean SD). Regurgitation frac»
tion ranged from it) to 18% (mean 13.8 :t; 3%) in the best
ring size. Valves with the best hemodynamir: profiln were
used for implantation in three 70 kg pigs in an open chest
model. The valve was collapsed in a ’14 Fr catheter designed
to allow slow, controlled release. Alter resection of the ow
live leaflets, the new valve was placed in the suhcoronary

position. No additional sutures were used for securing the
valve. Two animals were successfully weaned from cardity

pulmonary bypass; and maintained systemic pregsures of
100/45 ($10) and 116/70 (25:15) mmHg, respectively. lntra»
Operative color echocardiography revealed minimal regun
gitation, central flow, lull opposition of all leaflets, and no
interference with coronary blood flow. lloth animals were
sacrificed after being off bypasa for 2 hr. Postmortem exam—
ination revealed the valves to be securely anchored. The
third animal was weaned from cardiopulmonary bypass hut

developed refractory ventricular fibrillation because of
valve dislodgment due to structural failure. Although long
term wrvival data are needed, development of a hemody»

namically acceptable prosthetic aortic valve for translumi~
nal placement is feasible. ASAIO Ioumal 1996;42:M381»-

M385.

lntrnvasmlar stunts; have grnilimlly runninecl occuplnrtce for

mbimProsthytoriun MedicalFrom the [mom‘tnwnt ol Stirgury, Loin
livntor, New York, Now York,

Rl‘l’lint “Kit-Wits: Nnrlnr Monxmni, Ml), (Ittlumhin~l’rr-ahytorlmt
Mmliml (Center, [’0 tiox 383, (730 W ‘1 (>23 St, New York, NY 100 32,

portrmeral and coronary vascular occlusive disease.“ ‘ Cour
hinntions of stems with grafts have allowed for intralumlrml

bypass of aneurysms and long segment atl‘terosclorott(; |o~
sionsf‘ Transienli percutaneous aortic valve replacement
it; an extended 21;:)[:>lic:ation oi this new technology that offers
several new challenges. Firgl, tho valve needs to be atztttn

mtnly pliwilionod without the benefit of direct opt-3n visual-
ization. Second, the valve must remain iirmly in the annulus

under physiologic conclitlonts. Finally, in the absence ol su~
turns, the vulva ll'lUSl provide a sufficient steal to minimize
pt‘arlvalvular mgurgitation.

We have (involution a novel sutureless bovine rmricarclial
bioprosthetic aortic valve mounted on a collapsible stunt.

This prosthetic valve can be collapsed in a 2.4 Pr catheter for
rlolivury. This report represents our initial clmraclorizalion oi
this valve in a pulse duplicator system and in an open chest
porcine modol.

Methods

Stunt Valve Cm‘n‘truction

Stainless; steel wire, size 0.020”, was used to construct all
stems, and size 0.022” was st,)l<l(2rod on the ring to serve as

the anchoring fixation point in the aortic: annulus. For con

structing the stem valvro at different sizes, luvnuse of the
collapsible nature of the design, all valves were: placed in a
ring ol prodetorrninocl size. Subsequently, htwine pnrittar»
dium stabilized by a photooxidation prmzt-ésss" was sewn on
the stunt from a single sheet to titlltSlrttCl trileallot valves cow
Strained to (.lillorent sizes.

In Vitro Measurements

/\ total of it) sit-mt valves were constructet‘l‘ The low“ that

were accroptnlzilo in terms of overall symmetry were sol»
jetted to further studies. A pulse duplicator similar to a pit“
viously described mock circulatory syestom" was constructed
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MOAZAMI ET AL.
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Figure 1. Diagram of the mock circulatory loop used for in‘virro
testing of valves. The chamber allows for adjustment of compliance
and resistance.

(Figure i). This system uses an Abiomed [WES 5000 dual
gchamhor (Abiomed, lnc:., Danvors, MA) to generate pulsatilo
Iiloi/v. [Each stroke. ejects {to-85 ml of saline into the circuit.
The system possesses an open reservoir to simulate the vow
nous and atrial systems. in addition, a pistorr~~cylinrlor~spring
arrangement functions as an adjustable compliance (:hamw
her. 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 it ring in a rigid Chamber made
0i Plexiglas. The ring size in tho chamber could be changed
toadiarnetor ranging from 2‘! to 31 mm in 2 mm increments.
A 5 Fr Millar catheter (Millar lnstrun'mnts, Houstom TX) was

placed on the ventricular side and the aortic side of the valve
to measure transvalvular pressures gradients. An ultrasonic

flow probe (‘i‘rartsonic25, ltharxi, NY) was placed on the out»
{low tubing to monitor forward and backward flow. All data
were digitized at 200 Hz using a 12 bit: ND board (A!) instru-

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

merits, Milford, MA) recorded with the Mad Al) system mid
stored on the hard drive for subgequont analyst). Regurgitant

fraction was calculated by the ratio of the integral of barrio
ward flow to the integral of total flow (forward and backward)

using Customized wavo analygis goltwaro (leitLJR; Wax/1;»
metrics, inc, Lake Oswogo, OR).

Animal Carr-3

Animals received humann care in compliance with the

Principles; of Laboratory Animal Care itnmulati-zd by the insti—
tute of Laboratory Animal Resources; and lhe (Cit/idle for the
Care and Use of Laboratory Animals published by the Na-
tional institutes of Health (NIH Publication No. 86—23, re»

vised 1985).

Experimental Procedure

Pigs woighing ouw7o kg were anusthotizetl with ketamino
(2t) trig/kg) and thiamylal sodium (4,8 trig/kg). After endolrzt»
shoal intuhation, anesthogia was maintained with isrfiluranu

(l.5~2.5"/0) mixed with 100% oxygen. Lidocaino 2 trig/kg
and brotyllium 5 mg/kg were givmt as a loading dose, and
a continuous drip of l mg/kg/hr for each was; maintained
througl‘mut tho extxirrimont. Standard concentrations of
phenylonhrino (N(~>()«Syrtt~)|')ririno; Winthrop Pliarmatmtith
calls, New York, NY), noropinophrino liilartrato (ltevophctl;
Winthrop Pharmaceuticnls), and epirieplrrino drips wore
used as needed to maintain a mean blood pressure of ()l.)

whiio on cardiopulmonary bypass (Cl’i‘i). lntorrml paddles

charged up to 50 V were used for defibrillalion {IS riot-adieu].

Surgical Procedure

Stornotomy was performed, and tho pericardium was

opened. i-lopnrin (2300 rig/kg) Was administered and adt»
quote anticoagulntion was verified by an activated clotting
time,) of greater than 400 set; A 14 Fr cannula was; inserted in
the aorta and a 36 Fr dual slngo venous cannula was inserted
in lite. right atrium for Cli’li. The aorta was dissuctorl proxi»

 

 Valve Size (mm) Ring Size (mm) VP (mmHg) AoP (mmHg) Rogurgitant Fx (9/0) Ftow (L/min)

Empty chamber (no valve) 25 177 167 100 8.8
27 158 149 100 3‘8
29 165 156 100 3.5
31 157 152 100 3.3

23 21 173/20 163/70 10 2.7
23 188/23 178/70 14 3.2
25 1 60/25 150/33 26 2.2
27 1 93/35 184/36 50 2,1

28 21 130/15 120/60 14 2
23 174/9 169/52 18 2.1
25 1 53/25 145/37 27 2.1

29 27 161/10 146/63 13 8.71
29 163/12 149/52 15 3.67
:51 1 69/1 8 147/46 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 

VP, ventricular pressure; AoP. aortic pressure; Fx. traction.
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