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75 
Percutaneous Expandable 
Prosthetic Valves · 

· Steven R. Bailey 

The introduction of percutaneous techniques for vascular 
intervention has resulted in the rapid development of new 
devices and techniques for the treatment of coronary and vas­
cular diseases. One important area of potential interest is the 
application of percutaneous techniques for the treatment of 
valvular heart disease. The exponential growth of percuta­
neous endovascular procedures is similar to that experienced 
in cardiovascular surgery after the introduction of cardiopul~ 
monary bypass. The design of implantable prosthetic heart 
valves to be delivered using a percutaneous approach has 
become an important area for investigation. 

The initial implantation of a prosthetic heart.valve was per­
formed in 1952 and published in 1953 by Hufnagel and Har­
vey/ with a follow-up report in 1954.2 The Hufnagel valve is 
composed of a chamber with a central ball valve as seen in 
Figure 75-1. This bulky device was surgically placed in the 
descending aorta distal to the left subclavian artery. Patients 
did surprisingly well clinically despite the fact that only 75 
per cent of the regurgitant volume was diminished using this 
valve in the descending aorta. SuI?coronary placement of 
prosthetic valves became possible only after the introduction 
of cardiopulmonary bypass in 1960.3 The past three decades 
have seen significant improvements in the performance of 
mechanical, tissue, and homograft prosthetic valves, with nu­
merous alterations occurring in the designs of these prosthe­
ses.4 These changes have improved the functional orifice area 
as well as decreased the complications associated with valve 
replacement such as thrombus formation, embolism, and late 
valve dysfunction. 

Unfortunately, placement of prostht\tic heart valves re­
mains a relatively difficult and often dangerous procedure. 
The surgical risks rise rapidly in patients with serious prob­
lems such as acute valvular regurgitation and in patients 
whose valvular disease is associated with myocardial 
ischernia. 5'

6 

The development of percutaneous catheter-based systems 
for stabilization and treatment of unstable patients with val­
vular disease, which could be performed at a lower risk to 
the patient, is therefore an important area for research. De­
veloping a chronically implanted catheter-based valve pros­
thesis is an exciting new frontier in interventional cardiology. 

1268 

HISTORY OF CATHETER-BASED VALVES 

The demonstrated success of the Hufnagel valve in treating 
aortic insufficiency precipitated the initial investigation in 
1965 by Hywel Davies7 of a catheter-mounted valve for tem­
porary relief of aortic insufficiency. This device, although 
crude by today's standards, was very interesting in design. 
As seen in Figure 75-2 this cone-shaped device was essen­
tially an inverted parachute. The valve closed during systole 
due to the forward flow of blood out of the ventricle, and 
opened during diastole as the regurgitant flow returned to 
the ventricle. It was anchored onto a 5-Fr. catheter with thin 
guy wires. No information was provided regarding the type 
of material from which this valve was constructed. Initial an­
imal experiments were promising, although no human inves­
tigations were ever reported. One significant problem dis­
played by this valve was the rapid development of thrombi 
at the base of the cone, a theme common to all prosthetic 
valves. This predisposition was probably enhanced by pro­
longed stasis of blood in the base of the conical valve. 

Moulopoulos et al.8 reported their investigations into 
catheter-mounted aortic valves in 1971. Utilizing the investi­
gators' experience in developing electrocardiographically 
(ECG) triggered intra-aortic balloon pumps, they designed 
and evaluated three separate systems (Fig. 75-3). One was a 
spherical balloon triggered by the ECG to inflate during di­
astole. The second was a ;;pherical balloon that was pressure 
responsive and deflated when systolic pressure exceeded a 
predetermined value. It inflated when pressure fell belm~ a 
specified diastolic value, resulting in diastasis. Their third 
system was an umbrella-shaped balloon similar to that used 
by Davies et al. They concluded that the relatively sirnl:'le 
umbrella system was best, significantly reducing the seventy 
of acute aortic insufficiency without major acute 
complications. 

There were several disadvantages of a catheter-based valve 
found by these investigators in the chronic animal model, in­
cluding the development of significant thrombi in the base of 
the umbrella in all animals followed chronically. Most im­
portantly, variable decreases in coronary flow also occurred 
in these animals. The decreased coronary flow was attributed 
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75-PERCUTANEOUS EXPANDABLE PROSTHETIC VALVES 1269 

HGURE 75-1. The Hufnagel valve, when 
assembled, consisted of a hollow plastic 
tube, the fixation rings on each end, and 
the polypropylene central ball. 

nGURE 75-2. The Davis valve was an in­
verted plastic cone anchored to the shaft 
of a 5-Fr. catheter. Note the guy wires used 
to stabilize the valve. 

SYSTOLE OiASTOLE 

HGURE 75-3. The top section demonstrates the valve motion during systole and diastole. The bottom left 
is a photograph of the ·umbrella valve and the middle is the balloon valve. The bottom right is a picture of 
the glass cast used to manufacture the umbrella valve. 

11! I 

t·· 

 

Edwards Lifesciences Corporation, et al. Exhibit 1005, p. 5 of 12f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


