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Agenda

 Development of Prosthetic Heart Valves

 Flow Characteristics of prosthesis

 Materials and designs

 Designs and outcomes

 Selection of prosthesis

– (tissue vs mechanical;)
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Evolution of Heart Valve Prosthesis

 The development of original ball-and-cage 

design can be attributed to the bottle stopper in 

1858

 First implanted to the human in a closed 

procedure in September of 1952 by 

Charles Hufnagel
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 Hufnagel Artificial Heart Valve in the collection of the National Museum of 

Health and Medicine



Hufnagel and sutureless valve

Magovern-Cromie valve

https://www.google.co.kr/imgres?imgurl=http://circ.ahajournals.org/content/circulationaha/117/1/e1/F3.large.jpg&imgrefurl=http://circ.ahajournals.org/content/117/1/e1&docid=BpP_IomKO3JKSM&tbnid=d80LCJ2Tf7mf7M:&vet=1&w=1280&h=1178&bih=770&biw=1536&ved=0ahUKEwjm3fKY-4nUAhVIX5QKHaldDVkQxiAIFigB&iact=c&ictx=1
https://www.google.co.kr/imgres?imgurl=http://circ.ahajournals.org/content/circulationaha/117/1/e1/F3.large.jpg&imgrefurl=http://circ.ahajournals.org/content/117/1/e1&docid=BpP_IomKO3JKSM&tbnid=d80LCJ2Tf7mf7M:&vet=1&w=1280&h=1178&bih=770&biw=1536&ved=0ahUKEwjm3fKY-4nUAhVIX5QKHaldDVkQxiAIFigB&iact=c&ictx=1
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Albert Starr and Liles Lowell Edwards

 From the entry for Miles Lowell Edwards (1898-1982) in the Oregon 

History Center Oregon Encyclopedia:

 On September 21, 1960, Starr successfully inserted a “ball-in-

cage” prosthetic valve into a patient’s mitral valve, which was 

severely diseased because of rheumatic fever.  Within two years, 

Edwards and Starr had invented a life-saving aortic valve prosthesis, 

which would save the lives of several hundred thousand patients 

around the world.  In April 1961, Edwards became an early pioneer 

in the biomedical high-tech field when he founded Edwards 

Laboratories in Santa Ana, California, to manufacture high-quality 

valve prostheses.
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Evolution of Prosthetic Heart Valve

 Tissue valve investigated to overcome the 
disadvantage of mechanical valve

– 1962: Ross and Boyes performed the 1st allograft 
replacement from cadaver

– 1964: Duran & Gunning used the 1st heterograft, a 
porcine aortic valve

– 1965: Jean-Paul Benet et al used mercurochrome-
and formalin-treated heterografts in 5 patients

– 1967: Ross introduced pulmonary autograft for AVR

– 1968: Carpentier demonstrated that glutaraldehyde
preservation improved stability of heterograft   

1960’s
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Evolution of Prosthetic Heart Valve

 Continued development of tissue valves
– Early 70’s: Kaiser & Hancock developed the first 

successful porcine bioprosthesis-metal stent, then 

plastic

– 1976, Carpentier & Edwards developed porcine valve 

with an Elgiloy stent

– 1976: Ionescu & Shiley introduced bovine pericardial 

valve with polyester covered flexible stent

1970’s



Chaikof EL. N Engl J Med 2007;357:1368-1371.

Three Stages in the Evolution of Prosthetic Heart Valves

The Hufnagel aortic ball valve was 

designed for rapid surgical 

implantation. 

A design breakthrough was achieved 

by Starr and Edwards, who 

engineered an integrated structure 

consisting of a stainless-steel cage
a fixation ring made from knitted 
Teflon cloth, and a heat-cured silastic
ball.

Carpentier advanced the concept 

of a “bioprosthesis,” combining 

biologic and mechanical structures.
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Different Types of Valve Substitutes

 Homografts (allograft)

– Cadaveric human aortic and pulmonary valves

 Heterograft (xenograft)

– Bioprosthetic valves

• Porcine(pig) aortic valve 

• Bovine pericardial (others)

 Prosthetic Valves 

– Bioprosthetic valves

• Porcine(pig) aortic valve 

• Bovine pericardial (others)

– Mechanical

• Ball in a cage

• Single or multiple discs
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Flow Pattern of Mechanical Prosthesis



1950 1960 1970 1980 1990 2000 …

1977 : First bileaflet
St. Jude Medical valve 
implanted

1977 : Introduction of the  
Medtronic Hall tilting-disc valve

1976 : Introduction of the 
Carpentier-Edwards porcine 
xenograft

1976 : Introduction of the 
lonescu-Shiley pericardial 
xenograft

1970 : Introduction of the 
Hancock porcine xenograft

1969-1970 : Introduction of 
the Bjork-Shiley and Lillehei-
Kaster tiling-disc valves

1962 : Introduction of the 
Starr-Edwards ball-and-cage 
valve

Mid-1960 : Development of 
low-profile caged-disk valve

1952 : First clinical 
use of a cardiac 
valvular prosthesis

1980 : Carpentier – Edwards 
pericardial valve

1997 : First FDA-approved stentless
bioprosthetic aortic valve, the 
Toronto SPV vlave

1993 : FDA approval of the 
CarboMedics billeaflet valve 

1992 : First clinical trials of stentless
mitral valve

2000 : FDA approval of the 
Medtronic Mosaic valve

2000 : FDA approval of the ATS Open 
Pivot bileaflet mechanical valve

2001-2002 : FDA approval of the On-X 
bileaflet aortic and mitral valve

2002 : First successful percutaneous 
transcatheter valve replacement
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Bileaflet Prosthetic Heart Valve

 At that time, Mr Villafana’s son was 

recovering from a serious illness. The St 

Jude valve was proposed as a name by 

Mr Villafana. Church liturgy teaches that St 

Jude Thaddeus is the patron saint of 

difficult cases.

 Implanted in 1977

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJup24gIrUAhVDtpQKHc5sCBwQjRwIBw&url=http://emedicine.medscape.com/article/780702-overview&psig=AFQjCNFx6PkOkgwVBlRpWVNfelEzrrP4yA&ust=1495765918334798
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJup24gIrUAhVDtpQKHc5sCBwQjRwIBw&url=http://emedicine.medscape.com/article/780702-overview&psig=AFQjCNFx6PkOkgwVBlRpWVNfelEzrrP4yA&ust=1495765918334798


St. Jude Thaddeus
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Flow Pattern of St. Jude Medical
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Structure of Prosthetic Valves

Hinges Leaflets

Suture ring

Stents Pericardial tissue

Prosthesis ring
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Materials and Design of MHV

Material: pyrolytic carbon



Pivot, Pivot Joint; 선회축(관절) 
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Materials and Design of MHV

ATS
St. Jude

CarboMedics

OnX
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Flow Pattern of Prosthesis



2017-5-27 대한흉부외과학회

Flow Pattern of Prosthesis
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 From October 3, 1977 through October 3, 2002, 

6,470 SJM prostheses were implanted.

 The patient population consists of 2,982

single aortic (AVR) and 1,498 mitral 

(MVR) valve replacements; of these 28 

had repeat single AVR or MVR.

Emery R et al. Ann Thorac Surg. 2005 Mar;79(3):776-82
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25 year Experiences of SJM

Actuarial Survival Free from Valve related Death

Emery R et al. Ann Thorac Surg. 2005 Mar;79(3):776-82

Only one structural valve failure in MVR (1/ 1498; 0.06%) 

for range 1 month to 24.8 years, average 7 ± 5 years  



승모판막 대치수술(II)

인공판막에
봉합하여
심장에 넣고
이 실들을
결찰한다.



인공 심장판막(기계판막)

열처리한 탄소재질로
내구성이 좋아
영구적인 것으로
생각하고 있다.

단점으로 혈전증이
발생될 위험이 있기
때문에 항응고제를
평생 복용해야 한다.

Mechanical Prosthetic Heart Valve



인공 심장판막(기계판막)

항응고제를 제대로
복용하지 않아
인공판막에
혈전이 발생되어
재수술을 하였다.

재수술로 제거한 조직판막



인공 심장판막(기계판막-골절) 부작용
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Types of Prosthetic Heart Valves

 Mechanical

 Bileaflet (St, Jude Medical)

 Single tilting disc (Medtronic Hall)

 Caged ball (Starr-Edwards)

 Biological stented

 Porcine (Medtronic Mosaic, Epic)

 Pericardial (C-E Magna, Trifecta)

 Biological stentless

 Porcine (Medtronic Freestyle)

 Pericardial

 Homograft

 Percutaneous

 Balloon expandable (Edwards Sapien)

 Self expandable (Medtronic Corevalve)

 Rapid deployment

 Perceval sutureless (Sorin)

 Intuity (Edwards)
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Stentless porcine Stented

• Edwards Prima Plus

• Medtronic freestyle

• SJM Quattro 

• Toronto-SPV

Porcine valve Pericardial valve

• CE SAV

• Hancock MO

• Hancock II

• Medtronic Mosaic

• Medtronic Standard

• SJM Bio

• SJM Epic

• CE Perimount

• SJM Trifecta

• Mitroflow

• Sorin Pericarbon

Tilting Disc Bileaflet

• Medtronic-Hall

• Bjork-Shiley

• ATS open pivot

• OnX

• SJM bileaflet

−Masters

−Masters  silicon coating

−Regent

−Standard

• Sulzer CarboMedics

• Sorin

Prosthetic Heart Valve

MechanicalBiological

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi146mX6rnTAhUEmJQKHSjmCD4QjRwIBw&url=http://www.openwetware.org/wiki/Edwards_Lifesciences:_The_Artificial_Heart_Valve,_by_Nicole_Raia&psig=AFQjCNGuwIo4HdmBTqYQJ9ZHctoEENLCSA&ust=1493011062257521
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi146mX6rnTAhUEmJQKHSjmCD4QjRwIBw&url=http://www.openwetware.org/wiki/Edwards_Lifesciences:_The_Artificial_Heart_Valve,_by_Nicole_Raia&psig=AFQjCNGuwIo4HdmBTqYQJ9ZHctoEENLCSA&ust=1493011062257521
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Isolated AVR in Severance Hospital

Bjork-

Shiley

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN6NuIbsn8cCFQGKlAod2qkHRA&url=http://www.sorin.com/products/cardiac-surgery/aortic/mitroflow-with-prt-non-us&ei=RUvJVZ7XIYGU0gTa056gBA&bvm=bv.99804247,d.dGo&psig=AFQjCNHUVUqPIYRxv3j86GOUIkA43gUlTg&ust=1439341554620279
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN6NuIbsn8cCFQGKlAod2qkHRA&url=http://www.sorin.com/products/cardiac-surgery/aortic/mitroflow-with-prt-non-us&ei=RUvJVZ7XIYGU0gTa056gBA&bvm=bv.99804247,d.dGo&psig=AFQjCNHUVUqPIYRxv3j86GOUIkA43gUlTg&ust=1439341554620279
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Heart Valve Surgery in Korea
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Resource : 건강보험심사평가원(Health Insurance Review & Assessment Service)
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SELECTION OF PROSTHESIS
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Life Expectancy at Birth, 2011

https://en.wikipedia.org/wiki/Life_expectancy

//upload.wikimedia.org/wikipedia/commons/b/b2/Comparison_gender_life_expectancy_CIA_factbook.svg
//upload.wikimedia.org/wikipedia/commons/b/b2/Comparison_gender_life_expectancy_CIA_factbook.svg
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Life Expectancy in Asia in 2011
Life 

Expectancy
In 2011

1 Japan 83

4 Singapore 82

4 Austrailia 82

17 Korea, South 81 27 UK 80

49 China 76 33 USA 79

49 Turkey 76

61 Vietnam 75

73 Thailand 74

73 Malaysia 74

118 Indonesia 69

118 Philippine 69

138 India 65 Modified from https://en.wikipedia.org/wiki/Life_expectancy



Heart Valves

Does Valve Design Affects Clinical Outcomes?
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The Problem of Valve Prosthesis-Patient Mismatch

Aortic valve area (cm2)
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Rahimtoola SH, Circulation 1978;58:20-24

xxxxx Most Prosthetic Valves

Normal Adult Human
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Prosthesis-Patient Mismatch

Pibarot P, Dumesnil JG, Heart 2006
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 The impact of PPM after AVR

 Higher trans-valvular gradients may

 Increase early and late  morbidity

 Incomplete  left ventricular mass regression

 Reduce recovery of LV function

 Decrease long-term survival

 Others;

RahimtoolaSH, Circulation 1978



2017-5-27 대한흉부외과학회

Prosthesis-Patient Mismatch

• iEOA

≥0.85

No PPM

• 0.85   -

0.65

Moderate
• iEOA

≤0.65

Severe

Indexed EOA=EOA/m2



Conclusion;

Prosthesis–patient mismatch is associated with an increase in all-cause and 

cardiac-related mortality over long-term follow-up.



2017-5-27 대한흉부외과학회

Prosthesis-Patient Mismatch

 PPM: Is it a problem for long-term survival?

 What is cut-off value of iEOA?

 Is i-EOA from company reliable?

 What about PG at exercise? How long do 

we need to follow up?

Questions remained;



Hong S et al, J Thorac Cardiovasc Surg 2013 
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G I : 92.8±2.7%

G IV: 67.0±10.1 

p=0.001

Overall Survival at 12 years
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Hong S et al, J Thorac Cardiovasc Surg 2013 
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G I: 96.3±2.3%

GII:  98.1±1.9% 

GIII: 96.4±3.5%

GIV: 81.0±9.2% (p=0.01)

Cardiac Related Death-Free

at 12 years
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Hong S et al, J Thorac Cardiovasc Surg 2013 



How to overcome PPM?
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Surgery for Small Aortic Annulus

• Augmentation annuloplasty

– Nicks

– Manouguian and Seybold-Epting

– Konno 

• Supra-annular prosthesis 
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Aortic Root Enlargement Procedures

• The Konno procedure is historical, and the 

Nicks procedure with incision of the 

posterior commissure is the best 

anatomically of the posterior enlarging 

procedures. 

By Donald B. Doty, MD and John R. Doty, MD. 

CTS net Jan. 2011
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intra, semi-intra, supra 
Low flow

High pressure 

difference

C

↑↑ ↑↑↑

High flow

Low pressure 

difference

Carbomedics

Reduced

↑↑↑↑

Sorin

Overline

Carbomedics

Standard
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Intra-Annular Totally Supra-Annular

Other than Additional Procedure 

Large turbulence Small turbulence
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2635351 Lee, MY

Redo AVR, MVR, with Sorin Overline 20mm and SJ 29mm

s/p AVR, MVR , TVR, with ATS 19, 29, 31mm 1996-2-26

ATS 19mm

Sorin 20mm



Bioprosthesis
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Alain Carpentier

• New Heart & New Hope

2013



“Not all innovations represent 

progress.”

—Anonymous

“The feasibility of an operation is not the best indication for its

performance.”

—Lord Cohen of Birkenhead,

at 1950 Moynihan Lecture,

Royal College of Surgeons, England (1)

Rahimtoola SH. JACC 2010;55:2413



Raghav V et al 2016 ATS



Raghav V et al 2016 ATS



25 YEARS DURABILITY ?

Tissue Valve Prosthesis;
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Common Causes of Tissue Valve Failure

Tissue tearing Tissue tearing Calcification Calcification

Calcification & perforation

Pannus formation

Infection; H. aphrophilus

Iresa induced?



PORCINE VERSUS 

PERICARDIUM

Selection of prosthesis
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Durability of Bioprosthesis
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Durability of Porcine versus 

Pericardial Bioprosthetic Valve

Figure 1. Scatter plot of patient age during implant year, with local regression (LOESS; locally weighted scatterplot smoothing) 

nonparametric regression curves fit to the individual points. AVR, Aortic valve replacement; MVR, mitral valve replacement.

Grunkemeier GL et al 2012;JTCVS:1381–1386
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Durability of Bioprosthesis

Leaflet tear was responsible for 

61% of the structural valve 

deterioration explants in the 

porcine series and 46% in the 

pericardial series.



>70 years

Years Post Implant
Bourguidnon T et al 2015 ATS
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Actuarial free from SVD after AVR 

Rahimtoola SH. JACC 2010;55:2413
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Durability of Tissue Valves

Chikwe J, Filsoufi F. Seminars Thorac Cardiovasc Surg 2011

Age at Valve Implantation

L
if
e

ti
m

e
 r

is
k
 (

%
)



Raghav V et al 2016 ATS



“Not all innovations represent 

progress.”

—Anonymous

“The feasibility of an operation is not the best indication for its

performance.”

—Lord Cohen of Birkenhead,

at 1950 Moynihan Lecture,

Royal College of Surgeons, England (1)

Rahimtoola SH. JACC 2010;55:2413



Everything should be 
made as simple as 
possible, 

but not simpler

-Albert Einstein
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intra, semi-intra, supra 
Low flow

High pressure

C

↑↑ ↑↑↑

High flow

Low pressure

Carpentier-Edwards

SAV

↑↑↑↑

New DesignOld Porcine Valve
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Bioprosthesis; recently developed

1. Anti-calcification

2. Design: supra-annular



Does design affect clinical outcome?
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How to Improve long-term 

outcome?

 Choice of prosthesis; supra-annular type

 Large size;

 Anti-calcification treatment

 Surgical techniques

– Removal of all aortic valve tissue and calcium

– Suture technique?

– Pledgets?



Advantage and Disadvantage

Biological Valve

 Durability 10-20 years
− Worse in younger patients

 TE; reduced incidence

 Bleeding; low

 More flow stenosis in  

small stented valve  

 Paravalvular leak: low

 Profile: high

Mechanical Valve

 Durability: > 30 years
− Low structural failure

 TE; higher incidence

 Bleeding: high

 EOAI: better?  in supra-

annular type

 Paravalvular leak: high?

 Low profile



Choice of the aortic/mitral 

prosthesis 

in favor of a bioprosthesis

ESC/EACTS Guidelines 2012
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Class Level

A bioprosthesis is recommended according to the desire of 

the informed patient.
I C

A bioprosthesis is recommended when good quality anticoa

gulation is unlikely or contraindicated because of high 

bleeding risk(prior major bleed; comorbidities; unwillingness

; compliance problems; lifestyle; occupation).

I C

A bioprothesis is recommended for reoperation for mechani

cal valve thrombosis despite good long-term anticoagulant 

control.
I C

A bioprosthesis should be considered in patients for whom 

future redo valve surgery would be at low risk.
IIa C

A bioprosthesis should be considered in young women cont 

emplating pregnancy.
IIa C

A bioprosthesis should be considered in patients aged ＞65 

years for prosthesis in aortic position or ＞70 year in mitral 

position, or those with life expectancy lower than the 

presumed durability of the bioprosthesis. 

IIa C



Choice of the aortic/mitral 

prosthesis 

in favor of a mechanical 

prosthesis

ESC/EACTS Guidelines 2012



Class Level
A mechanical prosthesis is recommended 

according to the desire of the informed patient and 

if there are no contraindications for long-term 

anticoagulation.

I C

A mechanical prosthesis is recommended in 

patients at risk of accelerated structural valve 

deterioration.
I C

A mechanical prosthesis is recommended in 

patients already anticoagulation as a result of 

having a mechanical prosthesis in another valve 

position.

I C

A mechanical prosthesis should be considered in 

patients aged <60 years for prostheses in the 

aortic position and<65 years for prostheses in 

the  mitral position.

IIa C

A mechanical prosthesis should be considered in 

patients with a reasonable surgery would be at 

high risk.
IIa C

A mechanical prosthesis may be considered in 

patients already on long-term anticoagulation due 

to high risk of thromboembolism.
IIb C



Selection of Prosthetic Heart Valve

For AVR: Age  ≥ 60-65y

For MVR: Age ≥ 65-70y

• Atrial fibrillation

• Other risk factors for TE 

No Yes

Bioprosthesis BioprosthesisBioprosthesisMechanical Mechanical

• Expected life expectancy <10-12y

• A/C contraindication

• Pt can not or will not take A/C

• Pt at increased risk for bleeding c  A/C

• INR difficult to control

For AVR: Age   60y

For MVR: Age  65y

• Atrial fibrillation

• Other risk factors for TE 

No YesNo Yes

occasionally

Fuster V et al in Hurst’s The Heart,13th ed



CV surgeon; perfect Doctor 



Development of Bioprosthesis

• The First Generation

• Fixed with G-A at 

10mmHg

• The Second

• Fixed with G-A 

at 2mmHg 

• Anti-calcification

– Initially treated with 

polysorbate 80

– And polysorbate and 

ethanol



Dumesnil JG 2014 J Am S Echo
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Does Valve Design Affect Clinical 

Outcomes?

Summary

 In patients of small aortic annulus, 1 or 2 size 

larger prosthesis could be selected with 

development of new design of large GOA. 

 Selection of supra-annular aortic prosthesis 

thought to prevent severe PPM and to prevent 

pannus formation with reduction of turbulent flow, 

especially for patients requiring aortic and mitral 

valve replacement.
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Projected Life Expectancy at 65 

(2004-2050)

http://www.chronicdiseaseimpact.com/ebcd.taf?cat=intergen&type=life
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Life Expectancy In England, 2030
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Life Expectancy in Men of 

Different Ages in BC, Canada

Van Geldorp et al JTCVS 2009;137:881
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Durability of Porcine versus 

Pericardial Bioprosthetic Valve

Grunkemeier GL et al 2012;JTCVS:1381–1386

22±3.7%

8±3.8%
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Durability of Porcine versus 

Pericardial Bioprosthetic Valve

Grunkemeier GL et al 2012;JTCVS:1381–1386

16±3.3%

5±3.2%
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Durability of Porcine versus 

Pericardial Bioprosthetic Valve

Grunkemeier GL et al 2012;JTCVS:1381–1386



Arsalan, M. & Walther, T. (2016) Durability of prostheses for transcatheter aortic valve implantation

Nat. Rev. Cardiol. doi:10.1038/nrcardio.2016.43

Figure 1 Types of surgical and transcatheter aortic valves
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Beyond PPM of AV Prosthesis

 Paravalvular leakage of mitral 

prosthesis; higher incidence?

 Pannus formation

 TR related with LV diastolic failure?
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Beyond PPM of AV Prosthesis

 Paravalvular leakage of mitral 

prosthesis

 Pannus formation?

 TR related with LV diastolic failure?



Materials:

Cardiac CT and TTE after AVR in 92 patients 

between 2010 and 2013 

(total number of CT: 20,187)

Redo AVR for pannus or PPM in 12  
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Subaortic Pannus
Lee, JS, 62/Female, s/p AVR (CM #19), MVR (CM #29 ) on 1989-11-3

Redo AVR with CM Tophat 23mm, TAP on 2007-10-30  

Preop Postop

AVA(cm2): 1.1 2.03

PG(mmHg): 72/40 17/8
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Beyond PPM of AV Prosthesis

 Paravalvular leakage of mitral 

prosthesis

 Pannus formation?

 TR related with LV diastolic failure?



2017-5-27 대한흉부외과학회

Mechanical Heart Valve Prosthesis 

Caged ball valve

Tilting disc valve

Single leaflet Valve

Bileaflet valve
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Types of Prosthetic Heart Valves

 Mechanical

 Bileaflet (St, Jude Medical)

 Single tilting disc (Medtronic Hall)

 Caged ball (Starr-Edwards)

 Biological stented

 Porcine (Medtronic Mosaic, Epic)

 Pericardial (C-E Magna, Trifecta)

 Biological stentless

 Porcine (Medtronic Freestyle)

 Pericardial

 Homograft

 Percutaneous

 Balloon expandable (Edwards Sapien)

 Self expandable (Medtronic Corevalve)

 Rapid deployment

 Perceval sutureless (Sorin)

 Intuity (Edwards)
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Flow Pattern of Prosthesis
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Flow Pattern of Prosthesis


