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FIGURE 66-2 Disease progression in calcific aortic stenosis, showing changes in aortic valve histologic features, leaflet opening in systole, and Doppler velocities.
A, he of ly is terized of ed pr of in

ytes progression several pr of proteins, as
protein ac of in ory ways, tor

growth tor- TGF- ), protein, erleukin-1 in of C,
of ix oteinase ac y. et br go ormation

regulated way. of ex Ca2+ ar pr ly in pr
progressive as progresses ar of ormation in B, he responding in omy
are wed from in C, orresponding in y. (From Otto CM: Calci c aortic stenosis
to look more closely at the valve. N Engl J Med 359:1395, 2008.)

0

1

4

3

Normal

Normal Aortic sclerosis

Left ventricle

Ventricularis

Fibrosa

Aorta

Endothelium

T cell
LDL

Oxidized LDL

Ang II

Fibroblast

Wnt3, Lrp5, and β catenin

Osteopontin

TGF-β
TNF-α
Interleukin 1β

Monocyte

Macrophage

Ca2+

Initiating factors:
Bicuspid valve
Genetic factors
Shear stress

Calcification
Increased alkaline phosphatase
Increased BMP-2
Increased osteocalcin

Disease progression:
Age and sex
Increased serum lipids
Increased blood pressure
Diabetes and metabolic syndrome
Smoking

End-stage disease

Early lesion

Phenotypic transformation

Mild-to-moderate aortic stenosis Severe aortic stenosis

C

B

A

DOPPLER AORTIC JET VELOCITY

AORTIC-VALVE ANATOMY

VALVE HISTOLOGY SHOWING PROGRESSION OF THE DISEASE

Aortic sclerosis
<2.5 m/sec

Mild-to-moderate
aortic stenosis
2.5–4.0 m/sec

Severe aortic
stenosis
>4 m/sec

2

5

0

1

4

3

2

5

0

1

4

3

2

5

0

1

4

3

2

5

m
/s

e
c

Osteoblast



! ! ! 18!

JAH!<G?!AG;>ADB?!I?!DA!:AD:?!A;HCBS<?!S<B!G?!Q;GCB?GC!S<?!I?<T!@?<BDD?C=!:AD:<DABH?=!A<!

DB?<!I?!CH;B=W!=;BC!JAH!@<=B;G!I?!1!Q<=J=W!IK@BGB==AGC!ABG=B!<G!HAJFKW!=;BC!JAH!AU=?GQ?!

IE<G?!Q<=JO!0G?!ACC?BGC?!I?!DEA;HC?!A=Q?GIAGC?W!X!CMJ?!IE?QCA=B?!;<!IEAGK:HM=>?W!?=C!

=;<:?GC!A==;QBK?O!!0G?!CHAG=>B==B;G!A<C;=;>BS<?!I;>BGAGC?!X!JKGKCHAGQ?!:AHBAUD?!A!

KCK!IKQHBC?!J;<H!Q?CC?!JACF;D;RB?!_""`!I;GC!DA!@HKS<?GQ?!?=C!?=CB>K?!X!"b1k!I?=!

GAB==AGQ?=W!A:?Q!<G?!G?CC?!JHKI;>BGAGQ?!>A=Q<DBG?O!)A!QDA==B@BQACB;G!I?!.B?:?HC!

J?H>?C!I?!IK@BGBH!JD<=!JHKQB=K>?GC!DA!UBQ<=JBIB?!?G!@;GQCB;G!I<!G;>UH?!I?!HAJFKW!I?!DA!

D;QADB=ACB;G!I<!HAJFK!?C!I?!DA!@;GQCB;G!:AD:<DABH?!_,AUD?A<!"`!!_"1`O!!

!

@#A6)#(!*!+!B6#11&-&9#0&5/!8)!CD?E?F@,%=127&%*",X&=E*,27,0&%*,.%%-[bbccc"41=2&'(')&*M-=1%&?7*"I=,

*&%++','-%$'".)/'-0+1'2'3)+3&".)0.)-#'$4#3)!%530#)6."!/#3)23)#%17(8)3$)2309)+"0+)-%$(:"#'3+;)

<=)<.+0,,'+%.-3;)>=)+$(."+3)3$)?@)=),".-$'".)A%&A0&%'#3)."#!%&3;)B)=)!%&%2'3)%"#$'C03;)D3+)

-7',,#3+)3.$#3)1%#3.$74+3)'.2'C03.$)&3+)1"0#-3.$%:3+)23),#(C03.-3)1"0#)-7%C03)-%$(:"#'3#!



! ! ! 29!

!

%&'($)!G+!"&H9)!#/#05>&7()!8I(/)!A&9(12&8&)!#5$0&7()!

!

!!!!!!!!!)EKCB;D;RB?!HF<>ACB=>AD?!?=C!I?:?G<?!HAH?!?G!+<H;J?!?C!?G!$>KHBS<?!I<!f;HI!

>AB=!H?=C?!<G?!QA<=?!JHKJ;GIKHAGC?!I?!%$;W!?C!?=C!<G!HK?D!JH;UDN>?!I?!=AGCK!J<UDBS<?!

IAG=!D?=!JAM=!?G!:;B?!I?!IK:?D;JJ?>?GCO!)?!HF<>ACB=>?!AHCBQ<DABH?!ABR<!_%$$`!?=C!

=?Q;GIABH?!X!<G?!BG@?QCB;G!JAC?GC?!;<!DAC?GC?!I?!DA!=JFNH?!(%)!JAH!<G!=CH?JC;Q;S<?!

U?CAbFK>;DMCBS<?!I<!RH;<J?!$O!)?!%$$!?=C!H?=J;G=AUD?!I?!DK=B;G=!?GI;QAHIBS<?=W!

>M;QAHIBS<?=!?Ci;<!JKHBQAHIBS<?=!IAG=!?G:BH;G!49k!I?=!QA=O!)?=!DK=B;G=!

?GI;QAHIBS<?=W!BGBCBAD?>?GC!BG@DA>>AC;BH?=!?C!J;C?GCB?DD?>?GC!HK:?H=BUD?=!=;<=!

AGCBUB;CFKHAJB?!?C!AGCBbBG@DA>>AC;BH?W!J?<:?GC!K:;D<?H!:?H=!<G?!@BUH;=?!?C!I?:?GBH!

BHHK:?H=BUD?=!_mBR<H?!2m`O!)?!%$;!J;=CbHF<>ACB=>AD!?=C!QAHAQCKHB=K!JAH!<G?!@<=B;G!I?=!

Q;>>B==<H?=!A:?Q!HKCHAQCB;G!I?=!:AD:<D?=O!



! ! ! 2"!

!

%&'($)!J!+!"#03565'&)1!8)!6#!K#6K)!#5$0&7():!L=M!91(>*,1'=%&?7*,3'=K1(*:!LNM!R1(4&I&41%&'3,2*,(1,>1(>*,

1'=%&?7*,K'2E=E*"!LBM!R1(4&I&41%&'3,1'=%&?7*,07=,73*,>1(>*,L&470-&2*:!L,M!R1(4&I&41%&'3,1'=%&?7*,0E>G=*,

1>*4,1%%*&3%*,4'='31&=*,)174.*:!L?M!R1(4&I&41%&'3,1'=%&?7*,0E>G=*:!L%M!O%E3'0*,0E>G=*,2Q'=&)&3*,

=.7K1%&0K1(*,1>*4,I70&'3,4'KK&007=1(*:!,I#2$H1!O#P$&)!QR!)0!#6!LGS*GML*JM!

!

Z<?DD?!S<?!=;BC!DEKCB;D;RB?!I<!%$;W!DA!IB>BG<CB;G!I?!DE;HB@BQ?!A;HCBS<?!

Q;G=CBC<?!<G!;U=CAQD?!X!DEKL?QCB;G!I<!:?GCHBQ<D?!RA<QF?!?GCHABGAGC!<G?!A<R>?GCACB;G!I?!

DA!J;=CbQFAHR?!X!DE;HBRBG?!IE<G?!]/*!Q;GQ?GCHBS<?!Q;>>?!JHBGQBJAD!>KQAGB=>?!

AIAJCACB@!_!mBR<H?!3`O!

(G!H?CH;<:?!X!DEA<=Q<DCACB;G!<G!=;<@@D?!=M=C;DBS<?!>ATB><>!A<!@;M?H!A;HCBS<?!

IKQHBC!Q;>>?!n!I<H!o!?C!n!HdJ?<T!o!BHHAIBAGC!IAG=!D?=!QAH;CBI?=O!)EAU;DBCB;G!I<!

I?<TBN>?!UH<BC!A<=Q<DCAC;BH?!_[1`!?=C!<G!AHR<>?GC!?G!@A:?<H!I<!QAHAQCNH?!=?HHK!I?!DA!

=CKG;=?O!!



! ! ! 21!

!)A!JHK=?GCACB;G!QDBGBS<?!?=C!I;>BGK?!JAH!<G?!=M>JC;>AC;D;RB?!JHBGQBJAD?>?GC!X!

DE?@@;HC!A:?Q!IM=JGK?W!AGR;H!?Ci;<!>ADAB=?=O!

!)A!IM=JGK?!HK=<DC?!IE<G?!BGQAJAQBCK!:?GCHBQ<DABH?!X!>AL;H?H!D?!IKUBC!QAHIBAS<?O!

)EAGR;H!CHAI<BC!<G?!BGQAJAQBCK!I?!DA!>BQH;QBHQ<DACB;G!>M;QAHIBS<?!X!HKJ;GIH?!X!DA!

I?>AGI?!>KCAU;DBS<?!?G!HAB=;G!I?!DEFMJ?HCH;JFB?!?C!I?!DA!>AL;HACB;G!I?=!HK=B=CAGQ?=!

Q;H;GABH?=O!)?=!>ADAB=?=!=;GC!JHBGQBJAD?>?GC!?TJDBS<K=!JAH!<G?!QF<C?!I<!IKUBC!

QAHIBAS<?!G;CA>>?GC!X!DE?@@;HCO!

!

%&'($)!T+!"341&52#03565'&)!8)!6#!10./51)!#5$0&7()!ZQ'L0%=74%&'3,2*,(1,>'&*,2*,0'=%&*,27,9_,*0%,N,

(d'=&)&3*,2d73*,17)K*3%1%&'3,2*,(1,-=*00&'3,0/0%'(&?7*,27,9_+,2d73*,17)K*3%1%&'3,27,%*K-0,2dEe*4%&'3,

27,9_+,17)K*3%1%&'3,2*,(1,-=*00&'3,2&10%'(&?7*,27,9_+,*%,73*,2&K&37%&'3,2*,(1,-=*00&'3,1'=%&?7*:!

ZQ17)K*3%1%&'3,2*,(1,-=*00&'3,0/0%'(&?7*,27,9_,1>*4,07=4.1=)*,9_,*3%=1&3*,73*,17)K*3%1%&'3,2*,(1,

K100*,9_,-'7>13%,*3%=1&3*=,73*,2/0I'34%&'3,9_",ZQ17)K*3%1%&'3,2*,(1,-=*00&'3,0/0%'(&?7*,9_+,2*,(1,

K100*,9_,*%,(Q1(('3)*K*3%,27,%*K-0,2QEe*4%&'3,*3%=1&3*3%,73*,17)K*3%1%&'3,2*,4'30'KK1%&'3,*3,

'\/)G3*",f3,%*K-0,2QEe*4%&'3,17)K*3%*,=E07(%*,*3,73,=144'7=4&00*K*3%,2*,(1,27=E*,2*,2&10%'(*,*%,2'34,

27,%*K-0,2*,-*=I70&'3,4'='31&=*",f3*,-=*00&'3,2&10%'(&?7*,9_,17)K*3%E*,*%,73*,-=*00&'3,1'=%&?7*,

2&10%'(&?7*,2&K&37E*,2&K&37*3%,(1,-=*00&'3,2*,-*=I70&'3,4'='31&=*",Z1,2&K&37%&'3,2*,(1,2&10%'(*,*%,2*,(1,

-=*00&'3,2*,-*=I70&'3,4'='31&=*,2&K&37*,(Q1--'=%,2Qg!,17,K/'41=2*",ZQ17)K*3%1%&'3,2*,(1,

4'30'KK1%&'3,2Q'\/)G3*,K/'41=2&?7*,*%,(1,2&K&37%&'3,2*,(Q1--'=%,2Q'\/)G3*,K/'41=2&?7*,*3%=1&3*3%,

73*,&04.EK&*,K/'41=2&?7*,?7&,4'3%=&L7*3%,N,(Q1(%E=1%&'3,2*,(1,I'34%&'3,9_",Y,HQ1-=G0,U'72'7(10,A+,

_=1>13&0,DU,[,91(>7(1=,.*1=%,2&0*10*",_=1>13&0,DU,[,R1=2&'>1047(1=,2&0'=2*=0,[,F1%.')*3*0&0,132,

F1%.'-./0&'(')/",O%,Z'7&0+,R9+,D'0L/+,#SS;+,-JBW,

66

U
L

A
R

 H
E

A
R

T
 D

IS
E

A

1471

vation of mean left atrial pressure. This “booster pump” function of 
atrium prevents the pulmonary venous and capillary pressures 

from rising to levels that would produce pulmonary congestion, 
whereas at the same time maintaining LV end-diastolic pressure at the 

vated level necessary for effective contraction of the hypertrophied 
ventricle. These changes in diastolic function are reflected in the 

LV filling and noninvasive measures of diastolic 
 such as strain and strain rate ( p. 15). Loss of appro

priately timed, vigorous atrial contraction, as occurs in atrial fibrillation 
atrioventricular dissociation, may result in rapid clinical dete

rioration in patients with severe AS.
vascular resistance also contributes to total LV afterload in 
AS. Concurrent hypertension increases total LV load and 

may affect the evaluation of AS severity.34 Mild pulmonary hyperten
present is about one third of adults with AS because of the 

chronic elevation of LV end-diastolic pressure; more severe pulmonary 
hypertension is seen in about 15% of AS patients.

Exercise physiology is abnormal in adults with moderate to severe 
AS, and even asymptomatic patients have a reduced exercise toler

. Although cardiac output at rest is within normal limits, the 
exercise is blunted and is 

primarily by increased heart rate, with little change in stroke 
volume. Even though stroke volume is unchanged, transvalvular flow 
rate increases because of the shortened systolic ejection period so that 

velocity and transvalvular gradient increase proportionally. 
Prior to symptom onset, valve area increases slightly with exercise (by 

cm  on average) but as AS becomes more severe and symptoms 
are imminent, valve area becomes fixed, resulting in an even greater 
rise in jet velocity and pressure gradient with exercise. At this point, 

e is an abnormal blood pressure response to exercise (rise in sys
blood pressure  10 mm  signifying severe valve obstruction.

YOCARDIAL F IN ORTIC STENO When the aorta is suddenly 
constricted in experimental animals, LV pressure rises, wall stress 

ni , and both the extent and velocity of shortening 
. As noted in . 24, the development of LV hypertrophy is one 
principal mechanisms whereby the heart adapts to such an 

The increased systolic wall stress 
by AS leads to parallel replication of sarcomeres and concentric 

hypertrophy. The increase in LV wall thickness is often su t to coun
terbalance the increased pressure so that peak systolic wall tension 
returns to normal, or remains normal, if the obstruction develops slowly. 
An inverse correlation between wall stress and ejection fraction has been 

patients with AS. This suggests that the depressed ejection 
fraction and velocity of tening that occur in some patients are 
a consequence of inadequate wall thickening, resulting in afterload mis
match. In others, the lower ejection fraction is secondary to a true 

contractility; in this group, surgical treatment is less e ec
e. Thus, both increased afterload and altered contractility are operative 

to varying extents in depressing LV performance. To evaluate myocardial 
patients with AS, ejection phase indices, such as ejection 

fraction and myocardial tening, should be related to the exist
wall tension.

IA TOLIC PRO ERTIE Although LV hypertrophy is a key adaptive 
to the pressure load imposed by AS, it has an adverse patho

physiologic consequence (i.e., it increases diastolic sti . 
30 As a result, greater intracavitary pressure is required for LV 

. Some patients with AS manifest an increase in sti t 
ventricle (increased chamber sti

eration in the diastolic properties of each unit of 
myocardium (normal muscle sti exhibit increases in 

. This increased sti , however pro
ed, contributes to the elevation of LV diastolic pressure at any 

ventricular diastolic volume. Diastolic dysfunction may revert 
toward normal with regression of hypertrophy following surgical relief of 

ree of long-term diastolic dysfunction typically 

IA In patients with AS, coronary blood ow at rest is elevated 
e terms but is normal when corrections are made for myocar
. Reduced coronary blood ow reserve may produce inade

te myocardial oxygenation in patients with severe AS, even in the 
e of coronary artery disease. The hypertrophied LV muscle mass, 

systolic pressure, and prolongation of ejection all elevate myo
oxygen consumption. The abnormally heightened pressure 

pressure overload typically results in concentric LV hyper
trophy, with increased wall thickness and a normal chamber size. The 

wall thickness allows normalization of wall stress (afterload) 
t LV contractile function is maintained. However, the increased 

myocardial cell mass and increased interstitial fibrosis result in dia
dysfunction, which may persist even after relief of AS. Gender 

erences in the LV response to AS have been reported, with women 
e frequently exhibiting normal LV performance and a smaller, 
ker walled, concentrically hypertrophied left ventricle with dia

dysfunction (see later) and normal or even subnormal systolic 
wall stress. Men more frequently have eccentric LV hypertrophy, exces
sive systolic wall stress, systolic dysfunction, and chamber dilation.

The LV changes caused by chronic pressure overload are reflected 
LV and left atrial pressure waveforms and Doppler velocity 

ves. As contraction of the left ventricle becomes progressively more 
ic, the LV pressure pulse exhibits a rounded, rather than flat

 summit and the Doppler velocity curve exhibits a progressively 
later systolic peak. The elevated LV end-diastolic pressure and the cor
responding Doppler changes in LV filling, which are characteristic of 
severe AS, reflect delayed relaxation and eventually decreased compli

hypertrophied LV wall. In patients with severe AS, large 
waves usually appear in the left atrial pressure pulse and Doppler LV 

ve because of the combination of enhanced contraction of 
a hypertrophied left atrium and diminished LV compliance. Atrial con
traction plays a particularly important role in filling of the left ventricle 

AS. It raises LV end-diastolic pressure without causing a concomitant 

FIGURE 66  Pathophysiology of st
results in an pr e, (LVET),
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Il n’existe à l’heure actuelle aucun traitement médicamenteux efficace dans 

cette pathologie. Le seul traitement ayant prouvé son efficacité sur la morbi-mortalité 

est donc le remplacement de la valve aortique pathologique soit par voie chirurgicale 

(le plus fréquemment) soit par voie percutanée. 

 

 2.1.2 Indications du remplacement valvulaire aortique 
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Chapter 31 / Pathophysiology of Aortic Valve Disease

their bases. It is made of loose connective tissue consisting of 
water and glycosaminoglycans with sparse fibers and cellular-
ity. The semifluid nature of this layer gives the leaflet consider-
able plasticity.  

MECHANICS OF MOVEMENT 

 The AV passively opens and closes in response to pressure dif-
ventricle and aorta during the cardiac 

cycle. Pressure generated from ventricular contraction leads to 

valve opening, and the subsequent relatively higher pressure of 
valve closure. The mechanical properties of 

AV allow it to open with minimal transvalvular gradient 
w reversal. 

 Pressure differences between the aorta and the ventricle cou-
pled with compliance of the aortic root cause aortic root dila-
tion and constriction during the cardiac cycle. This dynamic 

Anatomical relationship between the aortic valve and surrounding structures. ( Reproduced with permission of the 
veland Clinic, Cleveland, OH ) 

Schematic representation of the aortic valve cuff. 
The sinotubular junction marks the distal border. The ventriculoar-
terial junction, which has both hemodynamic and anatomic parts, 

s the proximal border. (Reproduced with permission of the 
veland Clinic, Cleveland, OH ) 

Schematic representation of a cross-section through 
the aortic valve leaflet showing the continuity of endocardial and 
endothelial components with the aortic valve. Inset illustrates the 
radial and circumferential axes of the valve leaflet. ( Reproduced 
with permission of the Cleveland Clinic, Cleveland, OH ) 
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Part 4A / Valvular Heart Disease (Aortic)

volume and eccentric hypertrophy, but may not change the 
ventricular wall thickness to cavity radius. Both pathol-

ogies result in an increase in LV mass (LVM), which has a strong 
e prognostic effect.      89   The overall goal of AVR is to 

alleviate the pressure and volume overload on the left ventri-
cle, allowing myocardial remodeling and regression of left ven-
tricular mass. 

 The clinical impact of LVM regression is not as well under-
stood, despite its widespread acceptance as a measure of outcome 

valve surgery. In hypertensive patients undergoing 
treatment, reduction of LVM was associated with fewer 
events than those whose left ventricular mass did not 

  In patients after AVR for isolated AS, 
LVM generally regresses significantly over the first 18 months 
and returns to normal limits.  90,    91   Ventricular mass regression may 

5 years after valve replacement.  92   However, 
ventricular mass 

regression. The prognostic implications of LVM regression after 
valve surgery have not been rigorously studied but it is 

reasonable to suppose that lack of LVM regression is associated 
Several authors have identified a 

referred to as patient-prosthesis mismatch (PPM), in 
a prosthesis results 

regression of LVH and poor patient outcome.  

Prosthesis-Patient Mismatch 

Definitions 

 The term PPM has been applied to several different clinical 
It has been used to describe absolute small valve size 

valve size in a patient with a large body 
area, excessive transvalvular gradient postimplantation, 

exercise, indexed effective 
orifice area, and various combinations of these variables. Rahimtoola 

a condition that occurs when the valve area of 
a prosthetic valve is less than the area of that patient’s normal 
valve.  93   He further described a clinical condition in which the 

relief or worsening of symptoms 
owing to the obstructive nature of the prosthesis, which creates 
a residual stenosis resulting in an elevated transvalvular gradient. 
To varying degrees, all valve prostheses are inherently stenotic.  94   

presence of rigid sewing rings, and in the case of stented 
bioprostheses, struts to hold the valve commissures, cause obstruc-
tion to w and will therefore cause a residual gradient 

prosthesis function. The EOA of commonly-
available bioprosthetic valves are shown in   . PPM 

by annular fibrosis, annular calcification, 
LVH, as seen in AS, that cause contraction of the native 

a smaller prosthesis. 
Two distinct terms are commonly used to describe the size of 
prosthetic valves:  e orifice area  and  area .  

Effective Orifice Area 

 The most commonly cited definition of PPM is a low indexed 
e orifice area (IEOA). The IEOA is calculated by divid-

e orifice area 
by the body surface area. Effective orifice area is calcu-

by a reconfiguration of the continuity equation: 

 EOA  (CSALVOT  TVILVOT AO

 where EOA is effective orifice area (cm  ), CSA LVOT  is cross-
area of the LV outflow tract (LVOT; cm  ), TVI LVOT  is 

velocity time integral of forward blood flow (cm) as derived 
from pulse-wave Doppler in the LVOT, and TVI AO  is velocity 

TABLE 33-11 The Effective Orifice Area (EOA) and Mean Systolic Gradient (MSG) of Commonly Available Bioprostheses

Prosthesis and 
References

19 mm 21 mm 23 mm 25 mm 27 mm

EOA 
(cm2)

MSG 
(mm Hg)

EOA 
(cm2)

MSG 
(mm Hg)

EOA 
(cm2)

MSG 
(mm Hg)

EOA 
(cm2)

MSG 
(mm Hg)

EOA 
(cm2)

MSG 
(mm Hg)

Hancock II 1.2 1.3 1.5 1.6

Medtronic 
Mosaic

1.2 16 1.3 14–15 1.5 12–13 1.8 11–12 2 9–10

CE Pericardial 0.95 18–19 1.1 13–14 1.5 11–14 1.4 10–11 1.6 10

Mitroflow 
Pericardial

1.3 1.4 1.7

Medtronic 
Freestyle

1.0–1.4 18–22 1.3–1.4 7–13 1.4–1.5 7–14 1.7–2.0 5–9 2.0-2.3 5–7

CE = Carpentier-Edwards.
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Part 4A / Valvular Heart Disease (Aortic)

(  ). An important 

were in the group of patients in the lowest 10th percentile of 
GOA, who predominantly received mechanical pros-

In a subsequent study from the same group, there was 
no relationship between indexed GOA and Duke Activity Status 
Index in 1108 patients undergoing AVR at a mean follow-up of 

Predictors of postoperative functional status are 
presented in   .  

Small Aortic Root 

 Many surgeons express concern regarding postoperative out-
roots in whom only very 

valves can be implanted. However, 
e shown no difference in LVM regression, 

AVRs.      Khan and colleagues studied 19 mm to 23 mm 
valves and found that signifi-

LVM regression occurred with each valve size, including 
valves.     Studies by DePaulis and colleagues show no 

LVM regression between patients receiving 19 and 
21 mm mechanical valves versus those with 23 or 25 mm valves.     

reported that small valve size was not 
predictive of CHF or late death.      

Data Synthesis 

 Although the literature regarding the clinical significance of 
remains divided, proponents of the concept advocate use 

prostheses. The presumption is less obstructive 
root enlargement, and stent-

valves when used in the subcoronary position and as full 
root replacement. However, whether mechanical prostheses 

versus the current generation of tissue valves is an 
may even result in greater 

   Aortic root enlargement procedures require significant 
root and may carry excessive 

variability in surgical outcomes even among 

 Alternatively, a stentless prosthesis in the subcoronary posi-
a lower profile alternative but requires additional 

cross-clamp time. Rao and colleagues com-
dwards 

valves and Toronto stentless porcine valves of equiv-

   
 Aortic root replacement in patients without ascending aortic 

, solely to diminish the potential long-term effects of 
a potentially high-risk strategy and is discouraged. 

 When faced with potential PPM in the operating room, the 
a more complex, higher-risk procedure 

must be balanced carefully with the potential benefits of implant-
ing a larger prosthesis. Some reports have shown that transvalvu-
lar gradients in patients with lower IEOA often rise subst

exercise.         Although the majority of patients undergo-
AVR are elderly and unlikely to experience functional limi-

from this situation, in younger, highly active patients 
either root enlargement or stentless prostheses may provide 
better functional outcome with lower transvalvular gradients. 
In the rare circumstance of anticipated extreme mismatch 
(ie, IEOA  /m  ), root enlargement is an acceptable 

Except in 

t more complex procedures and well-documented increased 
routine AVR with modern standard prostheses is accept-

preferable.    

PROSTHESIS SELECTION 

 An ideal aortic prosthesis would be simple to implant, widely 
available, possess long-term durability, would have no intrinsic 

, would not have a predilection for endocardi-
e no residual transvalvular pressure gradient. 

Such a valve does not currently exist. Currently available 
valves, stented biologic heterograft 

valves, stentless biologic heterograft valves, allograft valves, and 
y autograft valves. Among these options pulmonary 
valves and allograft valves are the most physiologic 

prostheses. They are less prone to thrombosis or endocarditis 
have excellent hemodynamic characteristics.         The lon-

valves is dependent on patient factors, the prepa-
valve, and the technical skill of the operating 

Despite their potential benefits, these prostheses are 

p = 0.54
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 FIGURE 33-18      Actuarial survival and freedom from NYHA class III 
or IV in patients with and without prosthesis-patient mismatch. 
There were no significant differences in the two groups. 
( Reproduced with permission from Hanayama N, Christakis GT, 
Mallidi HR, et al: Patient prosthesis mismatch is rare after aortic 
valve replacement: valve size may be irrelevant. Ann Thorac Surg 

) 
Chapter 33 / Bioprosthetic Aortic Valve Replacement: Stented Pericardial and Porcine Valves

readily available and can be very technically demanding to 
d mechanical or stented bio-

prostheses. They are most beneficial in children and younger 
valves may also improve the results of AVR in 

e endocarditis.     A further discussion of these valves is 
presented in subsequent chapters. As their use has remained 

a few centers that perform such operations regu-
, the remainder of this discussion focuses on issues regard-

valves. 

Mechanical versus Biologic Valves 
 When selecting between mechanical and biologic heart valves, 

Mechanical valves are much less likely 
reoperation. 

Mechanical valves are more thrombogenic than bioprosthetic 
valves and require formal anticoagulation with oral warfarin, 

a significantly increased risk of bleeding compli-
Patients with mechanical valves and adequate antico-

e a greater risk of thromboembolic events 
valves.     There is no differ-

freedom from bacterial endocarditis between 
valves. Regarding overall survival, 

valves performed in the 1970s demonstrated equivalent 
valve types at 12 years of follow-up.         

Long-term survival beyond 15 years was superior in the mechani-
cal valve groups as the risks of reoperation and structural failures 

e common.     However, the rate of 
valve deterioration was higher with first-generation 

prostheses than with newer-generation models. 
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( ) Effect of indexed orifice area on non–risk-adjusted survival. ( ) Time-related survival stratified by indexed orifice area. 
These are Kaplan-Meier estimates of 1-, 5-, and 10-year survivals in finely grouped strata of indexed orifice area. (Reproduced with 
permission from Blackstone EH, Cosgrove DM, Jamieson WR, et al: Prosthesis size and long-term survival after aortic valve replacement. 
J Thorac Cardiovasc Surg 2003; 126:783.) 
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50*+(3*>B!<01!0+44(/1>C!3%/>!0D%3>!(M)4/!-(!4$.*/-(!4(>!50*+(3*>!51.>(3*03*!/3(!0/*1(!

D04D/4%50*7+(!>+:3+,+)0*+D(C!/3(!-+048>(!51.P%5.10*%+1(C!/3(!(3-%)01-+*(!+3,()*+(/>(!(*!

4(>!50*+(3*>!0803*!&.3.,+)+.!-$/3(!)7+1/1:+(!(3!/1:(3)(!)(!6/+!0!4+2+*.!3%*1(!

5%5/40*+%3B!E$0/*1(!501*C!)%22(!51.).-(22(3*!.D%6/.C!4(!,0+*!6/(!4(>!50*+(3*>!3(!

>%+(3*!50>!1(D/>!-+1()*(2(3*!501!4(>!+3D(>*+:0*(/1>!-(!4$.*/-(!(/MP2u2(>!5(/*!

(3*10+3(1!-(>!&+0+>!-(!1()/(+4!-03>!4(>!-%33.(>!(*!-(>!-%33.(>!2036/03*(>B!E03>!3%*1(!

.*/-(C!4$+3)+-(3)(!-/!;<<!(*!-/!:10-+(3*!2%8(3!*103>D04D/40+1(!.*0+(3*!1(40*+D(2(3*!

&0>!)%2501.>!0/M!-%33.(>!-(!40!4+**.10*/1(B!R()+!*.2%+:3(!-$/3(!501*!-(!4$+25%1*03)(!

0**1+&/.(!0/!)7%+M!-$/3(!51%*7=>(!40!54/>!0-05*.(!(*!:/+-.(!501!-(>!-%33.(>!

2/4*+2%-04(>!Q.)7%:1057+6/(>C!>)033%:1057+6/(>!(*!5(1P%5.10*%+1(WC!-$0/*1(!501*!501!

4(!-.D(4%55(2(3*!-(!51%*7=>(>!-(!3%/D(44(>!:.3.10*+%3>!-(!54/>!(3!54/>!5(1,%1203*(>B!

!

!

!

!

!

!
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7! &"6&/4*("60

!!!!!#(!?@A%!(>*!4(!*10+*(2(3*!-(!1.,.1(3)(!)7(b!4(>!50*+(3*>!51.>(3*03*!/3!

1.*1.)+>>(2(3*!0%1*+6/(!>(11.B!A/!2%2(3*!-(!40!)7+1/1:+(C!/3(!+25%1*03)(!501*+)/4+=1(!

(>*!0))%1-.(!0/!)7%+M!-/!*85(!(*!-(!40!*0+44(!-(!40!51%*7=>(!0,+3!-$.D+*(1!4(!57.3%2=3(!

-(!2+>20*)7!50*+(3*P51%*7=>(B!

!!!!!!R(5(3-03*!*%/*(>!4(>!51%*7=>(>!D04D/40+1(>!51.>(3*(3*!/3!)(1*0+3!-(:1.!

-$%&>*1/)*+%3!+37.1(3*!9!40!2040-+(!30*+D(!(*!9!4(/1>!>*1/)*/1(>!9!4$%1+:+3(!-$/3(!

5(1,%1203)(!7.2%-8302+6/(!+3,.1+(/1(!9!)(44(!-$/3(!D04D(!30*+D(B!#(!;<<!5(/*!u*1(!

.D+*.C!%/!*%/*!0/!2%+3>C!>0!>.D.1+*.!-+2+3/.(!501!4$/*+4+>0*+%3!-$/3(!>*10*.:+(!-(!

51.D(3*+%3!0/!2%2(3*!-(!4$+3*(1D(3*+%3!)7+1/1:+)04(!0D()!4$+25403*0*+%3!-(!40!

51%*7=>(!40!54/>!0-05*.(!0/M!)010)*.1+>*+6/(>!2%157%4%:+6/(>!(*!030*%2+6/(>!-/!

50*+(3*B!!

!!!!!E03>!3%*1(!.*/-(!51%>5()*+D(C!4$+3)+-(3)(!-/!;<<!4%1>!-(!?@A%!)7+1/1:+)04C!(>*!

)%25010&4(!9!40!4+**.10*/1(!QGIcW!0D()!/3!*0/M!-(!;<<!>.D=1(!,0+&4(!QJC"cWB!O%>!

1.>/4*0*>!3(!2%3*1(3*!50>!-$0/:2(3*0*+%3!-(!2%1&+P2%1*04+*.!(3!)0>!-(!2+>20*)7!

2%-.1.!%/!>.D=1(!501!1055%1*!0/!:1%/5(!)%3*1_4(!4%1>!-$/3!?@A%!)7+1/1:+)04!6/(!)(!

>%+*!!(3!*(12(!-$ARkAC!-$+25403*0*+%3!-(!50)(20e(1C!-$(3-%)01-+*(!%/!-(!3.)(>>+*.!

-(!1.P+3*(1D(3*+%3>!3+!-(!-+,,.1(3)(!>/1!40!>/1D+(!9!4%3:!*(12(B!

!!!!!!!!O%*1(!.*/-(!3(!2(*!50>!(3!.D+-(3)(!-$+250)*!-.4.*=1(!-/!;<<!>/1!4(!>*0*/*!

,%3)*+%33(4!-(>!50*+(3*>!-.*(12+3.!501!40!)40>>+,+)0*+%3!OjdAC!3+!>/1!40!6/04+*.!-(!D+(!

.D04/.(!501!4(!6/(>*+%330+1(!ZkPV"!-(>!50*+(3*>!%5.1.>B!!

!!!!!!<01!0+44(/1>C!%3!3(!1(2016/(!50>!-(!-+,,.1(3)(!>/1!4$+25%1*03)(!-/!1(2%-(40:(!

+3D(1>(!051=>!?@A%!(3!)0>!-(!2+>20*)7!501!1055%1*!0/!:1%/5(!)%3*1_4(B!!
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!!!!!!!!!!O%*1(!*10D0+4!%&'()*+D(!6/(!4(!57.3%2=3(!-(!;<<!051=>!?@A%!)7+1/1:+)04!3$(>*!

50>!0>>%)+.!9!/3(!0/:2(3*0*+%3!-(!40!2%1&+P2%1*04+*.!9!4%3:!*(12(!3+!9!/3(!04*.10*+%3!

-(!40!6/04+*.!-(!D+(!-(>!50*+(3*>!%5.1.>B!!

R(**(! .*/-(! 055%1*(! -(>! 01:/2(3*>! 6/+! 055/+(3*! 4$785%*7=>(! 6/(! 4(>!

)%3>.6/(3)(>! -/!2+>20*)7! 1(>*(3*! 2%-(>*(>! 0D()! /3! +250)*! 51%3%>*+6/(! (*! /3!

1(*(3*+>>(2(3*!,%3)*+%33(4!2+3+2(>B!

!

!

0

0

0

0

!
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JB!! k04e! @C! d%42! <FC! f/3:! NC! #03)(44%**+! <C! #03>0)! \C! ;/3%b! E?C! (*! 04B! GHJU!

\ZR^\ARSZ!q/+-(4+3(>!,%1!*7(!2030:(2(3*!%,!D04D/401!7(01*!-+>(0>(B!YLVB!!

GB!! #(>*(1!ZFC!d(+4&1%3!NC!q+3!nC!E%-(e!AC!F/(!FB!S7(!O0*/104!d+>*%18!03-!?0*(!%,!

<1%:1(>>+%3!%,!A%1*+)!Z*(3%>+>B!R7(>*B!0D1!JTTIhJJVQKWYJJHTyJKB!!

VB!! ?07+2*%%40!ZdB!S7(!51%&4(2!%,!D04D(!51%>*7(>+>P50*+(3*!2+>20*)7B!R+1)/40*+%3B!

'/+44!JTUIhLIQJWYGHyKB!!

KB!! N0e7*+018!kC!Z)7+(2033!;C!Eb(204+![C!E%:03!ZC!Z)7z)7+3:(1!@C!A)e(12033!dC!

(*!04B!f250)*!%,!<0*+(3*P<1%>*7(>+>!;+>20*)7!03-!A%1*+)!@04D(!E(>+:3!%3!R%1%3018!

k4%g! ?(>(1D(! A,*(1! A%1*+)! @04D(! ?(540)(2(3*B! F! A2! R%44! R01-+%4B! ,.D1!

GHHUhKTQUWYUTHy"B!!

LB!! S0>)0!qC!N1/3(44+!kC!R+1+44%!;C!E0440S%2&0!;C!;70:30!{C!S1%+>(!qC!(*!04B!f250)*!

%,! @04D(! <1%>*7(>+>P<0*+(3*! ;+>20*)7! %3! #(,*! @(3*1+)/401! ;0>>! ?(:1(>>+%3!

k%44%g+3:!A%1*+)!@04D(!?(540)(2(3*B!A33!S7%10)!Z/1:B!,.D1!GHHLhUTQGWYLHLyJHB!!

"B!! n%)7!RqC!n703-g040!kC!\>*0,03%/>!kqC!#%%5!kEC!N40)e>*%3(!\dB! f250)*! %,!

<1%>*7(>+>v<0*+(3*!Z+b(!%3!k/3)*+%304!?()%D(18!A,*(1!A%1*+)!@04D(!?(540)(2(3*B!

R+1)/40*+%3B!GJ!'/+3!GHHLhJJJQGKWYVGGJyTB!!

UB!! n+3-%!;C!;+37!SdC!<(11+(1!ZC!<(*+*P\+>(32033!dC!N(3*b! FC!R1+>*+301!;C!(*! 04B!

f250)*!%,!51%>*7(>+>v50*+(3*!2+>20*)7!%3!(0148!70(2%-8302+)!>*0*/>!0,*(1!0%1*+)!

D04D(!1(540)(2(3*B!f3*(10)*!R01-+%D0>)!S7%10)!Z/1:B!'03D!GHJUhGKQJWYKIyLKB!!

IB!! <(*+*P\+>(32033!dC!\50+448!\C!@(4*(3!;C!?0-%'(D+)!FC!\+>(32033!NC!n1(2(1!dC!

(*!04B!f250)*!%,!<1%>*7(>+>P<0*+(3*!;+>20*)7!%3!#%3:P*(12!k/3)*+%304!R050)+*8!

A,*(1! ;()703+)04! A%1*+)! @04D(! ?(540)(2(3*B! R03! F! R01-+%4B! -.)!

GHJ"hVGQJGWYJKTVyTB!!

TB!! dAZ!GHJU!N+%51%*7=>(>!0%1*+6/(>B!!

JHB!! [**%!R;B!@04D/401!A%1*+)!Z*(3%>+>B!F!A2!R%44!R01-+%4B!'/+3!GHH"hKUQJJWYGJKJyLJB!!

JJB!! ;%3+3!F#B!N+)/>5+-+(!0%1*+6/(!(3!GHJH|Y!-+0:3%>*+)C!7+>*%+1(!30*/1(44(!(*!51+>(!(3!

)701:(! v!N+)/>5+-! 0%1*+)! D04D(>Y! ,1%2! -+0:3%>+>! *%!2030:(2(3*C! GHJH! /5-0*(B!

GHJHhLB!!

JGB!! Z+(D(1>!dPdC!Z)72+-*e(!RB!A!)40>>+,+)0*+%3!>8>*(2!,%1!*7(!&+)/>5+-!0%1*+)!D04D(!

,1%2! VHK! >/1:+)04! >5()+2(3>B! F! S7%10)! R01-+%D0>)! Z/1:B! 20+!

GHHUhJVVQLWYJGG"yVVB!!

JVB!! #0g1+(!q;B!?%4(![,! S103>)0*7(*(1!A%1*+)!@04D(! f25403*0*+%3! QSA@fW!@(1>/>!

R%3D(3*+%304! A%1*+)! @04D(! ?(540)(2(3*! f3! S7(! S1(0*2(3*! [,! A%1*+)! @04D(!

E+>(0>(B!;(*7%-+>*!E(N0e(8!R01-+%D0>)!FB!0D1!GHJGhIQGWYKyIB!!

JKB!! ;(>>+e0P{(+*%/3!EB!?.*1.)+>>(2(3*!0%1*+6/(!%1+,+)+(4!-(! 4$0-/4*(B!\;R!P!S10+*.!

;.-()+3(!An[ZB!0D1!GHJVhIQGWYJyUB!!
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JLB!! \D(1(**!?FC!O(g&8!E\C!F0&&%/1!AC!k080-!{AC!Eg()e!;?B!S7(!?%4(!%,!f20:+3:!

+3!A%1*+)!@04D(!E+>(0>(B!R/11!R01-+%D0>)!f20:+3:!?(5B!'/+44!GHJ"hTQUWYGJB!!

J"B!! n03:!EPdC!<01e!ZPFC!#((!ZPAC!#((!ZC!n+2!EPdC!n+2!dPnC!(*!04B!\0148!Z/1:(18!%1!

R%3>(1D0*+D(! R01(! ,%1! A>825*%20*+)! A%1*+)! Z*(3%>+>B! O! \3:4! F! ;(-B! T! '03D!

GHGHhVIGQGWYJJJyTB!!

JUB!! A-!OC!d%42(>!ZEC!<0*(4!FC!<1+*)701-!qC!Z7/203!EFC!d045+3!#B!R%2501+>%3!%,!

\/1%ZR[?\! ffC![1+:+304! \/1%ZR[?\C! 03-! S7(! Z%)+(*8! %,! S7%10)+)! Z/1:(%3>!

?+>e! Z)%1(! +3! R01-+0)! Z/1:(18! <0*+(3*>B! A33! S7%10)! Z/1:B! 0%}*!

GHJ"hJHGQGWYLUVyTB!!

JIB!! S()73+6/(>!)7+1/1:+)04(>!P!S7%10M!~KGPLJV�!E%+|Y!JHBJHJ"^ZJGKJPIGG"QHUWKLJTJP

iB!!

JTB!! S()73+6/(>!)7+1/1:+)04(>!P!S7%10M!~KGPLUH�!E%+|Y!JHBJHJ"^ZJGKJPIGG"QHUWKK"TKP

JB!!

GHB!! S()73+6/(>!)7+1/1:+)04(>!P!S7%10M!~"K"V"�!E%+!P!JHBJHJ"ZJGKJPIGG"QJUW"K"V"P

iB5-,B!!

GJB!! <+&01%*!<B!<1%>*7(>+>P50*+(3*!2+>20*)7Y!-(,+3+*+%3C!)4+3+)04!+250)*C!03-!51(D(3*+%3B!

d(01*B!J!0%}*!GHH"hTGQIWYJHGGyTB!!

GGB!! �0:3(1!f;C!\+)7+3:(1!�NC!N4(+b+,,(1!ZC!N%*b(3701-*!kC!q(&0/(1!fC!q/(3b+3:(1!

?C! (*! 04B! f3,4/(3)(! %,! )%254(*(48! >/510P033/401! 540)(2(3*! %,! &+%51%>*7(>(>! %3!

(M(1)+>(! 7(2%-8302+)>! +3! 50*+(3*>! g+*7! 0! >2044! 0%1*+)! 033/4/>B! F! S7%10)!

R01-+%D0>)!Z/1:B!20+!GHHUhJVVQLWYJGVKyKJB!!

GVB!! k%/6/(*! [C! k4()7(1! \C! Ob%2D/020! AC! ?(20-+! F<C! N+=1(! #C! E%304! \C! (*! 04B!

d0(2%-8302+)! 5(1,%1203)(! %,! *7(! >2044! >/510P033/401!S1+,()*0! &+%51%>*7(>+>Y!

1(>/4*>! ,1%2! 0! k1(3)7!2/4*+)(3*1(! >*/-8B! f3*(10)*! R01-+%D0>)! S7%10)! Z/1:B! 0D1!

GHJ"hGGQKWYKVTyKKB!!

GKB!! N%*b(3701-*! kC! \+)7+3:(1! �NC! N4(+b+,,(1! ZC! q/(3b+3:(1! ?C! �0:3(1! f;C!

N0/(13>)72+**!?C!(*!04B!d(2%-8302+)!R%2501+>%3!%,!N+%51%>*7(>(>!,%1!R%254(*(!

Z/510PA33/401! <%>+*+%3! +3! <0*+(3*>! �+*7! Z2044! A%1*+)! A33/4/>B! F! A2! R%44!

R01-+%4B!'/+3!GHHLhKLQJGWYGHLKy"HB!!

GLB!! R0>*1%!#FC!A1)+-+!F;C!k+>7(1!A#C!q0/-+03+!@AB!?%/*+3(!(3401:(2(3*!%,!*7(!>2044!

0%1*+)!1%%*Y!0!51(D(3*+D(!>*10*(:8!*%!2+3+2+b(!2+>20*)7B!A33!S7%10)!Z/1:B!'/+44!

GHHGhUKQJWYVJy"B!!

G"B!! <(*(1>%3!;EC!N%1:(1!;AC!k(+3-(4!R;C!E0D+-!S\B!A%1*+)!A33/401!\3401:(2(3*!

E/1+3:!A%1*+)!@04D(!?(540)(2(3*Y! f251%D+3:!?(>/4*>!�+*7!S+2(B!A33!S7%10)!

Z/1:B!'/+3!GHHUhIVQ"WYGHKKyTB!!

GUB!! ;/3(1(**%!RC!N+>4(1+!qC!O(:1+!AC!;03,1(-+!FB!S7(!)%3)(5*!%,!50*+(3*P51%>*7(>+>!

2+>20*)7B!F!d(01*!@04D(!E+>B!GHHK!;08hJV!Z/554!JYZLTP"GB!<;fEY!JLGGLHHLB!

!!
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GIB!! <+&01%*C! <BC!�!E/2(>3+4C! FB!qB! QGHH"WB! <1%>*7(>+>P50*+(3*!2+>20*)7Y! -(,+3+*+%3C!

)4+3+)04! +250)*C! 03-! 51(D(3*+%3B!$%&'!( )*'+!+#,( -&'.+&/( 01/+%!23C!45QIWC! JHGGv

JHGTB!7**5>Y^^-%+B%1:^JHBJJV"^71*BGHHLBH"UV"V!!

GTB!! E/2(>3+4!FqC!<+&01%*!<B!<1%>*7(>+>v50*+(3*!2+>20*)7!03-!)4+3+)04!%/*)%2(>Y!S7(!

(D+-(3)(! )%3*+3/(>! *%! 0))/2/40*(B! F! S7%10)! R01-+%D0>)! Z/1:B! 20+!

GHH"hJVJQLWYTLGyLB!!

VHB!! �04*7(1!SC!?0>*03!AC!k04e!@!(*!04B!<0*+(3*!51%>*7(>+>!2+>P!20*)7!0,,()*>!>7%1*P!03-!

4%3:P*(12!%/*)%2(>!0,*(1!0%1*+)!D04D(!1(540)(2(3*B!\/1!F!R01-+%*7%10)!Z/1:!GHH"|h!

VH|Y!JLPTB!!

VJB!! <+&01%*!<C!E/2(>3+4! FqB!<0*+(3*P51%>*7(>+>!2+>20*)7! 03-! *7(! 51(-+)*+D(! />(! %,!

+3-(M(-!(,,()*+D(!%1+,+)(!01(0Y!+>!+*!1(4(P!D03*�!R01-+0)!Z/1:(18!S%-08!GHHV|h!J|Y!

KVPLJB!!

VGB!! <+&01%*!<C!E/2(>3+4! FqC!R01*+(1!<R!(*!04B!<0*+(3*P51%>*7(P!>+>!2+>20*)7!)03!&(!

51(-+)*(-!0*!*7(!*+2(!%,!%5(10*+%3B!A33!S7%10)!Z/1:!GHHJ|h!UJ|Y!ZG"LPIB!!

VVB!! R7/03:!;#C!d+&&(1-!;qC!Z04*%3!RFC!N(0/-+3!?AC!?+4(8!;kC!<01e(1!?AC!(*!04B!

f25%1*03)(! %,! +20:+3:! 2(*7%-! %D(1! +20:+3:! 2%-04+*8! +3! 3%3+3D0>+D(!

-(*(12+30*+%3!%,!4(,*!D(3*1+)/401!D%4/2(>!03-!('()*+%3!,10)*+%3B!F!A2!R%44!R01-+%4B!

,.D1!GHHHhVLQGWYKUUyIKB!!

VKB!! <+&01%*!<C!E/2(>3+4!FqC!R01*+(1!<RC!;.*10>!FC!#(2+(/M!;EB!<0*+(3*P51%>*7(>+>!

2+>20*)7! )03! &(! 51(-+)*(-! 0*! *7(! *+2(! %,! %5(10*+%3B! A33! S7%10)! Z/1:B! 20+!

GHHJhUJQLWYZG"LyIB!!

VLB!! E/2(>3+4!FqC!j%:030*703!A<B!@04D(!51%>*7(>+>!7(2%-8302+)>!03-!*7(!51%&4(2!

%,! 7+:7! *103>51%>*7(*+)! 51(>>/1(! :10-+(3*>B! \/1! F! R01-+%*7%10)! Z/1:B! J! '03D!

JTTGh"QZ/554(2(3*�JWYZVKyIB!!

V"B!! �(&(1!AC!O%/1(--+3(!dC!\3:4&(1:(1!#C!E+)e!kC!q074!NC!A8201-!SC!(*!04B!S(3P

8(01! )%2501+>%3! %,! 5(1+)01-+04! *+>>/(! D04D(>! D(1>/>! 2()703+)04! 51%>*7(>(>! ,%1!

0%1*+)! D04D(! 1(540)(2(3*! +3! 50*+(3*>! 8%/3:(1! *703! "H! 8(01>! %,! 0:(B! F! S7%10)!

R01-+%D0>)!Z/1:B!3%D!GHJGhJKKQLWYJHULyIVB!!

VUB!! <(1(b!-(!A1(30b0!EC!#((>!NC!k40*7(1!;C!O/:010!kC!d/>(&8(!SC!F0>+3>e+!;C!(*!04B!

?03-%2+b(-!R%2501+>%3!%,!Z*(3*4(>>!@(1>/>!Z*(3*(-!@04D(>!,%1!A%1*+)!Z*(3%>+>Y!

\,,()*>!%3!#(,*!@(3*1+)/401!;0>>B!R+1)/40*+%3B!GL!%)*!GHHLhJJGQJUWYG"T"yUHGB!!

VIB!! A4+!AB!A1(!Z*(3*4(>>!@04D(>!Z/5(1+%1!*%!;%-(13!Z*(3*(-!@04D(>�Y!A!<1%>5()*+D(!

?03-%2+b(-!S1+04B!R+1)/40*+%3B!K!'/+44!GHH"hJJKQJ�>/554WYfPLVLPfyLKHB!!
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IHB!! R040,+%1(! A;C! f0)�! A#C! ?%2(%! AC! Z)03-/10! ZC! ;(-/1+! ?C! @01%3(! \C! (*! 04B!

\)7%)01-+%:1057+)P&0>(-!*1(0*2(3*!%,!,/3)*+%304!*1+)/>5+-!1(:/1:+*0*+%3B!F!S7%10)!

R01-+%D0>)!Z/1:B!0%}*!GHJJhJKGQGWYVHIyJVB!!

IJB!! <%1*(1!AC!Z705+10!jC!�/1b(4!;C!(*!04B!S1+)/>5+-!1(:/1:+*0*+%3!40*(!0,*(1!2+*104!D04D(!

1(540)(2(3*Y! )4+3+)04! 03-! ()7%)01-+%:1057+)! (D04/0*+%3B! F! d(01*! @04D(! E+>B!

JTTThIQJWYLUP"GB!!

IGB!! F(%3:!EZC!Z/3:!nC!n+2!�ZC!#((!jSC!j03:!FPdC!F/3!SPqC!(*!04B!k0*(!%,!,/3)*+%304!

*1+)/>5+-!1(:/1:+*0*+%3!+3!0%1*+)!>*(3%>+>!0,*(1!0%1*+)!D04D(!1(540)(2(3*B!F!S7%10)!

R01-+%D0>)!Z/1:B!%)*!GHJKhJKIQKWYJVGIPJVVVB(JB!!

IVB!! j0'+20!ZC!j%>7+%e0!EC!S%-0!nC!k/e/>7+20!ZC!;+80:0g0!ZC!j%>7+e0g0!jC!(*!04B!

E(,+3+*+D(!E(*(12+303*!%,!#0*(!Z+:3+,+)03*!S1+)/>5+-!?(:/1:+*0*+%3!A,*(1!A%1*+)!

@04D(!?(540)(2(3*B!R+1)!FB!GHJIhIGQVWYII"yTKB!!

IKB!! f:010>7+!SC!S03'+!;C!S0e070>7+!nC!f>7+-0!nC!Z0>0e+!ZC!j%e%8020!dB!<1(-+)*+D(!

,0)*%1!%,!>()%3-018!*1+)/>5+-!1(:/1:+*0*+%3!0,*(1!0%1*+)!D04D(!1(540)(2(3*!,%1!0%1*+)!

>*(3%>+>Y! *7(! +25%1*03)(! %,! 28%)01-+04! 785(1*1%578! 03-! -+0>*%4+)! -8>,/3)*+%3B!

q(3!S7%10)!R01-+%D0>)!Z/1:B!J!20+!GHJUh"LQLWYGLTy""B!!

ILB!! #((! ZdC! j%/3! jPOC! R703:! NRC! F%%! dRC! #((! ZC! j%%! nPFB! \,,()*! %,! <0*+(3*P

<1%>*7(>+>!;+>20*)7! +3!A%1*+)! <%>+*+%3! %3!#0*(P[3>(*!S1+)/>5+-!?(:/1:+*0*+%3!

03-! R4+3+)04! [/*)%2(>! 0,*(1! E%/&4(! @04D(! ?(540)(2(3*B! j%3>(+! ;(-! FB!

GHJUhLIQLWYT"IB!!

I"B!! <+&01%*C!<7+4+55(C!E@;C!<7EC!Z040/3C!\1g03C!;EC!<7EC!E07%/C!A&-(440b+bC!;EC!

<7EC!(*!04B!QGHGHWB!\)7%)01-+%:1057+)!?(>/4*>!%,!S103>)0*7(*(1!@(1>/>!Z/1:+)04!

A%1*+)! @04D(! ?(540)(2(3*! +3! #%gP?+>e! <0*+(3*>Y! S7(! <A?SO\?! V! S1+04B!

R+1)/40*+%3CJKJCJLGUPJLVUB!

7**5>Y^^-%+B%1:^JHBJJ"J^Rf?Ra#ASf[OAdABJJTBHKKLUKB!!

!



! ! !JHH!

!

!

!

!

!



! ! !JHJ!

34567386'*'

9:67;<=869;:'*' f3! 0%1*+)! D04D(! 1(540)(2(3*! QA@?W! 0! 51%>*7(>+>! 50*+(3*!
2+>20*)7!Q<<;W!%))/1>!g7(3!*7(!(,,()*+D(!%1+,+)(!01(0!Q\[AW!1(40*+D(!*%!&%-8!>/1,0)(!

01(0!QNZAW!208!3%*!2((*!*7(!578>+%4%:+)!1(6/+1(2(3*>!%,!*7(!50*+(3*B!!

S7(!)4+3+)04!(,,()*>!%,!<<;!0,*(1!A@?!,%1!0%1*+)!>*(3%>+>!QAZW!1(20+3!)%3*1%D(1>+04B!

S7(! 0+2! %,! *7+>! >*/-8! g0>! *%! 03048b(! *7(! +250)*! %,! <<;! %3! 4%3:! *(12! ,/3)*+%304!

)050)+*8!03-!2%1*04+*8!0,*(1!A@?B!

!

>?6@;<5'*!S7+>!51%>5()*+D(!>*/-8!+3)4/-(-!JIG!50*+(3*>!/3-(1:%+3:!A@?!g+*7!
%1!g+*7%/*!)%2&+3(-!)%1%3018!01*(18!&850>>!:10,*!>/1:(18!,1%2!F03/018!GHHI!*%!F/3(!

GHJKB!<<;!g0>!-(,+3(-!0>!0!51%'()*(-!+3-(M(-!(,,()*+D(!%1+,+)(!01(0!%,!X!HCIL!)2!^2!!

,%1!2%-(10*(!<<;!03-!X!H!C"L!)2!^2!!,%1!>(D(1(!<<;B!<0*+(3*>!g+*7!3%!<<;!g(1(!+3!

*7(!)%3*1%4!:1%/5B!

S7(!51+2018!(3-5%+3*!g0>!044!)0/>(!2%1*04+*8B!!

S7(!>()%3-018!(3-5%+3*>!g(1(!2%1&+-+*8C!,/3)*+%304!)050)+*8!-(*(12+3(-!&8!O(g!j%1e!

d(01*! 0>>%)+0*+%3! ,/3)*+%3304! QOjdAW! )40>>! 03-! 6/04+*8! %,! 4+,(! (D04/0*(-! &8!Z7%1*P

k%12!V"!>)%1(B!!

!

7?5=A65*'<<;!g0>!51(>(3*!+3!LJ!50*+(3*>!QGIcWB!KI!50*+(3*>!QG"CKcW!70-!2%-(10*(!
<<;!03-!%348!V!50*+(3*>!QJC"cW!>/,,(1(-!,1%2!>(D(1(!<<;B!

<0*+(3*>!+3!*7(!<<;!:1%/5!g(1(!%4-(1!03-!2%1(!4+e(48!g%2(3B!R%2501(-!g+*7!50*+(3*>!

g+*7!3%!<<;C!*7%>(!g+*7!2%-(10*(!%1!>(D(1(!<<;!70-!0!>+:3+,+)03*!>2044(1!51%>*7(>+>!

03-!2%1(!,1(6/(3*!&+%51%>*7(>+>!+25403*0*+%3B!

f3!7%>5+*04!2%1*04+*8!g0>!GCLc!QV!50*+(3*>W!+3!*7(!3%!<<;!:1%/5!03-!Hc!+3!*7(!<<;!

:1%/5! Q<sHBL"JWB!;%1*04+*8! -/1+3:! ,%44%g! /5!g0>! J"c! QGT! 50*+(3*>WB! S7(1(!g0>! 3%!

>+:3+,+)03*!-+,,(1(3)(!+3!2%1*04+*8!&(*g((3!:1%/5>!~JUC"c!QGV!50*+(3*>W!+3!*7(!)%3*1%4!

:1%/5!03-!JGc!Q"!50*+(3*>W!+3!*7(!<<;!:1%/5!Q<!sHCV"GW�B!<<;!-+-!3%*!+250)*!4%3:!

*(12!>/1D+D04B!f3!,0)*!0)*/01+04!>/1D+D04!+3!*7(!)%3*1%4!:1%/5!03-!+3!*7(!<<;!:1%/5!g0>!

TKC"lGCHc!D(1>/>!TVCUlVCLcC!THCVlGCUc!D(1>/>!TVCUlVCLc!(*!-(!THCVlGCUc!D(1>/>!

TVCUlVCLc! 0*! J! 8(01C! V! 8(01>! 03-! L! 8(01>! Q#%:! ?03e! S(>*sHCKVLWB! S7(1(! g0>! 3%!

>*0*+>*+)04!-+,,(1(3)(!&(*g((3!:1%/5>!)%3)(13+3:!2%1&+-+*8B!!f3-((-!T!50*+(3*>!1(6/+1(-!

1(-%!>/1:(18!QKCTcW!C!L!50*+(3*>!+3!*7(!)%3*1%4!:1%/5!QVCIcW!03-!K!50*+(3*>QUCIcW!+3!*7(!

<<;!:1%/5!g+*7!0!2(-+03!,%44%g!/5!,1((!,1%2!1(-%!>/1:(18!%,!JHCK±HCK!8(01>!Q#%:!

103e!*(>*!sHCVTGWB!f3!*%*04C!"!50*+(3*>!Q!L!+3!*7(!)%3*1%4!:1%/5!03-!J!+3!*7(!<<;!:1%/5W!

-(D(4%5(-!(3-%)01-+*+>!g+*7!0!2(-+03!,%44%g!/5!%,!JHCL±HCL!8(01>!Q*(>*!-/!#%:!103e!

sHCIGL! 0*! V! 2%3*7>C! (*! HCKIV! +3! *%*04WB! ?0*(! %,! 0*1+04! ,+&1+440*+%3! 03-! 50)(20e(1!

+25403*0*+%3!g0>!>+2+401!&(*g((3!:1%/5>B!

S7(1(!g0>!3%!>+:3+,+)03*!-+,,(1(3)(!&(*g((3!:1%/5>!+3!,/3)*+%304!)050)+*8!Q-(*(12+3(-!

&8!OjdA!)40>>W!03-!6/04+*8!%,!4+,(!(D04/0*(-!&8!ZkPV"B!

<<;!-+-!3%*!+250)*!1(D(1>(!1(2%-(4+3:!%,!4(,*!D(3*1+)4(B!

!

8;:8A=59;:'*' <<;! +>! 3%*! 0>>%)+0*(-! g+*7! 4%3:! *(12! ,/3)*+%304! )050)+*8!
+250+12(3*!%1!+3)1(0>(-!2%1*04+*8!0,*(1!A@?!+3!AZB!

!

B?CD;7<5'*' <0*+(3*! 51%>*7(>+>! 2+>20*)7C! >/1:+)04! 0%1*+)! D04D(! 1(540)(2(3*C!
A%1*+)!>*(3%>+>)'
!



! ! !JHG!

7?5=>?'*'

+,-./012-+/,!3!4-!'%&'()*+!,()%-.)/,01)+2&-!(,02&!0-',7(*-'-.)!5(7587(%0-!(10)%=8-!*+%080B%*(7!

-&)!<:D%.%!,(0!8.-!%.(<:=8()%1.!-.)0-!7(!)(%77-!<-!7(!,01)+2&-!%',7(.):-!-)!7(!&80D(*-!*10,10-77-!<8!,()%-.)3!

4X%',(*)!,01.1&)%=8-!-)!D1.*)%1..-7!b!71.B!)-0'-!<8!'%&'()*+!,()%-.)/,01)+2&-!.X-&)!,(&!:)(67%a!(5-*!<-&!

0:&87)()&!*1.)015-0&:&!<(.&!7(!7%)):0()80-3'
/4562-+"!$4X16Z-*)%D! <-! *-))-! :)8<-! -&)! <-!<:)-0'%.-0! 7X%',(*)! *7%.%=8-! -)! +:'1<;.('%=8-! b! 71.B!

)-0'-!<8!'%&'()*+!,()%-.)/,01)+2&-!(,02&!0-',7(*-'-.)!5(7587(%0-!(10)%=8-!*+%080B%*(73!

76-8/069!$O-))-! :)8<-! ,01&,-*)%5-! (! %.*78&! VJc! ,()%-.)&! (;(.)! 6:.:D%*%:! <X8.! 0-',7(*-'-.)!
5(7587(%0-! (10)%=8-! *+%080B%*(7! -.)0-! Z(.5%-0! cIIJ! -)! Z8%.! cIVd! &1%)! ,(0! 6%1,01)+2&-! 18! ,(0! 5(75-!

':*(.%=8-3!4-&!<1..:-&!,0:a!,-0!-)!,1&)!1,:0()1%0-!1.)!:):!*177-*):-&!,01&,-*)%5-'-.)!<(.&!8.-!6(&-!<-!

<1..:-&3!4(!&80D(*-!10%D%*%-77-!-DD-*)%5-a!<:)-0'%.:-!,(0!<-&!(6(=8-&!%&&8&!<-!<1..:-&!<-!7(!7%)):0()80-!

,180!*+(=8-!,01)+2&-a!%.<-9:-!b!7(!&80D(*-!*10,10-77-!<8!,()%-.)!>EFG%@a!(!:):!*(7*87:-!,180!<:)-0'%.-0!

7-&!<-89!B018,-&!<-!7X:)8<-3!4-!B018,-!'%&'()*+!,()%-.)/,01)+2&-!(!%.*78&!7-&!,()%-.)&!(5-*!8.-!EFG%!

HIaJK!*'LM'L!-)!7-!0-&)-!<-!7(!,1,87()%1.!(!*1.&)%)8:!7-!B018,-!*1.)0C7-3!4-!&8%5%!<-&!,()%-.)&!(!:):!0:(7%&:!

(..8-77-'-.)!,(0!=8-&)%1..(%0-&!(<0-&&:&!(89!,()%-.)&a!':<-*%.!)0(%)(.)!-)M18!*(0<%171B8-!)0(%)(.)a!(5-*!

*1.)(*)!):7:,+1.%=8-!&%!6-&1%.3!4-!&8%5%!B716(7!'1;-.!:)(%)!<-!de3Wl!cd3V!'1%&3!4-!*0%)20-!<-!Z8B-'-.)!
,0%.*%,(7!(!:):!7(!'10)(7%):3!4-&!*0%)20-&!&-*1.<(%0-&!1.)!:):!7(!'106%<%):a!7-!&)()8)!D1.*)%1..-7!<-&!,()%-.)&!

1,:0:&!<:)-0'%.:!,(0!7(!*7(&&%D%*()%1.!`fg_!-)!7X:5(78()%1.!<-!7(!=8(7%):!<-!5%-!,(0!7-!=8-&)%1..(%0-!ER/

Uh3!

.691:-;-9!$i.!'%&'()*+!,()%-.)/,01)+2&-!:)(%)!16&-05:!*+-]!KV!,()%-.)&!>cJaI?a!B018,-!'%&'()*+@3!

4-!'%&'()*+! :)(%)!'1<:0:! >EFG%! jIahK! -)! HIaJK! *'cM'c@! -)! &:520-! >EFG%! HI3hK! *'cM'c@! *+-]! dJ!

,()%-.)&! >chad?@! -)! U! ,()%-.)&! >Vah?@a! 0-&,-*)%5-'-.)3! 4-&! ,()%-.)&! <8! B018,-! '%&'()*+! :)(%-.)!

&%B.%D%*()%5-'-.)!,78&!kB:&!=8-!<(.&!7-!B018,-!*1.)0C7-!-)!:)(%-.)!,78&!D0:=8-''-.)!<-&!D-''-&3!!

4(!'10)(7%):!+1&,%)(7%20-!B716(7-!:)(%)!<-!V3h?!>U!,()%-.)&@3!4-&!*(8&-&!<-!<:*2&!:)(%-.)!$!8.!6(&!<:6%)!

*(0<%(=8-!>V!,()%-.)@a!8.!*+1*!&-,)%=8-!>V!,()%-.)@!-)!8.-!<:D(%77(.*-!'87)%/5%&*:0(7-!>V!,()%-.)@3!4-&!U!

<:*2&!-.!,:0%1<-!+1&,%)(7%20-!&1.)!&805-.8&!<(.&!7-!B018,-!*1.)0C7-3!_%.&%!7(!'10)(7%):!+1&,%)(7%20-!:)(%)!
<-!caU?!<(.&!7-!B018,-!*1.)0C7-!-)!I?!<(.&!7-!B018,-!'%&'()*+!>,lIaKhV@3!

4(!'10)(7%):!B716(7-!710&!<8!&8%5%!>-.!%.*78(.)!7(!'10)(7%):!+1&,%)(7%20-@!:)(%)!<-!VhaI?!>ce!,()%-.)&@3!4(!

'10)(7%):!710&!<8!&8%5%!<(.&!7-&!B018,-&!*1.)0C7-!-)!'%&'()*+!:)(%-.)!<-!VWah?!>cU!,()%-.)&@!-)!<-!VcaI?!

>h!,()%-.)&@a!0-&,-*)%5-'-.)!>,lIaUhc@3!4(!,0:&-.*-!<X8.!'%&'()*+!'1<:0:!18!&:520-!.X%.D78-.m(%)!,(&!

7(!&805%-!b!71.B!)-0'-3!G.!-DD-)a!7(!&805%-!(*)8(0%-77-!<(.&!7-!B018,-!*1.)0C7-!-)!7-!B018,-!'%&'()*+!:)(%-.)!

<-!edahncaI?!5-0&8&!eUaWnUaK?a!eIaUncaW?!5-0&8&!eUaWnUaK?!-)!<-!eIaUncaW?!5-0&8&!eUaWnUaK?!b!V!

(.a! U! (.&! -)! K! (.&! >41B!Y(.o![-&)lIadUK@3!_8! *180&! <8! &8%5%! B716(7! 1.! .-! .1)(%)! ,(&! <-! <%DD:0-.*-!

&%B.%D%*()%5-!-.)0-!7-&!B018,-&!-.!)-0'-&!<-!'106%<%):3!G.!-DD-)a!e!,()%-.)&!>dae?@!1.)!.:*-&&%):!8.-!0:/

%.)-05-.)%1.!<1.)!K!>U3J?@!<(.&!7-!B018,-!*1.)0C7-!-)!d>W3J?@!<(.&!7-!B018,-!"##a!(5-*!8.-!'1;-..-!

<-!&8%5%!&(.&!0:/%.)-05-.)%1.!<-!VIad±Iad!(.&!>41B!0(.o!)-&)!lIaUec@3!_8!)1)(7!h!,()%-.)&!<1.)!V!<(.&!7-!

B018,-!"##!-)!K!<(.&!7-!B018,-!*1.)0C7-a!1.)!<:5-71,,:!8.-!-.<1*(0<%)-!,180!8.-!<80:-!'1;-..-!<-!

&8%5%!<-!VIaK±IaK!(.&!>)-&)!<8!41B!0(.o!lIaJcK!b!U!'1%&a!-)!IadJU!(8!)1)(7@3!N7!.X;!(5(%)!,(&!<-!<%DD:0-.*-!

&%B.%D%*()%5-! -.)0-! 7-&! <-89! B018,-&! *1.*-0.(.)! 7-! )(89! <X(0;)+'%-! ,(0! _OR_! -)! 7(! .:*-&&%):!

<X%',7(.)()%1.!<X8.!,(*-'(o-03!

O1.*-0.(.)!7-!&)()8)!D1.*)%1..-7!<-&!,()%-.)&!:5(78:!,(0!7(!<;&,.:-!&-71.!7(!*7(&&%D%*()%1.!<-!`fg_a!%7!
.X-9%&)(%)!,(&!<-!<%DD:0-.*-!&)()%&)%=8-'-.)!&%B.%D%*()%5-!-.)0-!7-&!c!B018,-&!,180!7(!,:0%1<-!,0:/1,:0()1%0-!

>,lIaJWW@!-)!710&!<8!<-0.%-0!&8%5%!,180!7-&!&805%5(.)&!>,lIaKUh@3!

N7!.X-9%&)(%)!,(&!.1.!,78&!<-!<%DD:0-.*-!&)()%&)%=8-'-.)!&%B.%D%*()%5-!-.!)-0'-&!<-!=8(7%):!<-!5%-!:5(78:-!

,(0! 7-!=8-&)%1..(%0-!ER/Uh!-.)0-! 7-&!c!B018,-&!-)! *-89!,180! 7-&!J!<1'(%.-&! )0(%):&!,(0! 7-!ER/Uh3!#(0!

(%77-80&a! 1.! .-! .1)-! ,(&! <-! <%DD:0-.*-! &80! 7X%',10)(.*-! <8! 0-'1<-7(B-! %.5-0&-! (,02&! 0-',7(*-'-.)!

5(7587(%0-!(10)%=8-!*+%080B%*(7!-.!*(&!<-!'%&'()*+!,(0!0(,,10)!(8!B018,-!*1.)0C7-3!

2/,2:19+/,!$! `1)0-! )0(5(%7! (! '1.)0:! =8-! 7-! ,+:.1'2.-! <-! '%&'()*+! ,()%-.)/,01)+2&-! (,02&!

0-',7(*-'-.)!5(7587(%0-!(10)%=8-!*+%080B%*(7!.X-&)!,(&!(&&1*%:!b!8.-!(8B'-.)()%1.!<-!7(!'106%/'10)(7%):!

b!71.B!)-0'-!.%!b!8.-!(7):0()%1.!<-!7(!=8(7%):!<-!5%-!<-&!,()%-.)&!1,:0:&3!

!

.%<&#=%'!>'!?@ABB'C'DE!$!O(0<%171B%-!-)!'(7(<%-&!5(&*87(%0-&!
7FEB*?@GB!$!Y:)0:*%&&-'-.)!(10)%=8-a!0-',7(*-'-.)!5(7587(%0-!(10)%=8-!*+%080B%*(7a!'%&'()*+!,()%-.)/

,01)+2&-!!!!!!!!!!!!!!!!!!

H&GB#>'DE!$!#01D-&&-80!"(]]8*1)-77%!p-(./#+%7%,,-!

;BB'BB'%&B!$!#01D-&&-80!q%.<1!"%*+-7a!#01D-&&-80!F+7'(..!#()0%*oa!Q1*)-80!#-00%-0!E):,+(.%-!

><%0-*)0%*-!<-!)+2&-@!3!

;>&'BB'!>'!@IA%E'%&!$!_*o-0'(..!f(&'%.(a!J!08-!&*+87'-%&)-0!hWVII!E)0(&6180B3!


