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Mechanical prostheses

o Tvalves

The original Starr-Edwards prosthesis comprised a
silastic ball which seated in the sewing ring when
closed and moved forward into the cage when
open. More than 200 000 have been implanted.

®  Disc valves

The Bjork-Shiley prosthesis is comlorised of a single
graphite disc coated with pyrolite carbon which
tilts between two struts of the housing which is
made of stainless steel or titanium. The Bjork-
Shiley valve is no longer manufactured. More
than 360 000 Bileaflet valves have two
semicircular Bjork-Shiley prostheses have been
implanted. Other manufacturers continue to
produce single disc prostheses—for example, the
Medtronic-Hall and the Aortech Ultracor.

"  Bileaflet valves

They have two semicircular leaflets which open and
close creating one central and two peripheral
orifices. The St Jude medical valve was
introduced in 1977, and more than 600 000 have
been implanted. It and similar valves produced
by other manufacturers are now the most




Biological prostheses

. Authlogous valves

In the 1970s valves were fashioned freehand from the
patient’s own fascia lata in the operating theatre.
" Autograft valves

Described by Donald Ross in 1967 the Ross procedure
involves. re{)lagmg the patient’s diseased aortic
valve with their own pulmonary valve which is in
turn replaced by a homograft.

" Homograft valves (Allografts)

Homografts from human cadavers have been used in
some centres for aortic valve replacement for over
30 years.

" Porcine heterograft (or xenograft) valves

Porcine valves are treated with glutaraldehyde which
both sterilises the valve tissue and renders it
biologically acceptable to the recipent.

" Bovine pericardial valves

These valves are fashioned from bovine pericardium
mounted on a stented frame. The lonescue-Shiley
pericardial valve proved less durable than porcine
valves and has been withdrawn.




STUDIES EVALUATING DIFFERENT
TYPES OF MECHANICAL
PROSTHESES

t Most are observational studies of the results of valve
replacement with one type of prosthesis.

® Most have shown excellent long term results for prosthesis
survival, with no difference in durability between types of
prosthesis.

" There have been few randomised controlled trials
comparing outcomes after mechanical valve replacement.

" Bileaflet prostheses such as the St Jude valve appear to
have the lowest risk of thromboembolism.

® Rates of thromboembolism are higher following mitral
valve replacement than following aortic valve replacement.



STUDIES EVALUATING DIFFERENT
TYPES OF BIOLOGICAL
PROSTHESES

Most studies have been observational, reporting results with
one type of prosthesis.

" Several studies have identified porcine valve failure seven or
more years after implantation, particularly in younger
patients.1 2 7

" One study compared results with stentless porcine
prostheses with stented prostheses in the aortic position in a
non-randomised  case-controlled study o patients
undergoing aortic valve replacement, and showed apparently
enhanced durability of the stentless prosthesis.8

" Advocates of the stentless prosthesis point to its superior
haemodynamics with an effective valve area some 10%
larger than a stented prosthesis of equivalent size.

" To answer properly the question of whether stentless
prostheses give superior long term results, a randomised
controlled trial is needed.



Mechanical vs
Biological

" The Department of Veterans Affairs (VA) trial randomised
575 male patients undergoing single valve replacement in
13 centres between 1977 and 1982 to receive either a Bjork-
Shiley tilting disc prosthesis or a Hancock porcine prosthesis.

" The Edinburgh heart valve trial randomised male and female
patients undergoing valve replacement between 1975 and
1979 to receive a Bjork-Shiley or porcine (Hancock or
Carpentier-Edwards) prosthesis.



Conclusions from DVA
trial

Aftéf—AVR, use of mechanical valve resulted in
a lower mortality (66.3% vs. 79.3%) and a
lower reoperation rate (10.3% vs. 29.5%). The
difference became apparent after 10 years,
indicating the need for follow-up of 15 years.

The mortality after MVR was similar (81% vs.
79%);

There was no SVD with the mechanical valve.

Primary valve failure occurred  mainly in
patients <65 years; it began at 5 to 6 years
after MVR and at 7 to 8 years after AVR; its
|5n(§|)dence was higher after MVR (44 8% vs. 23
0/,

More than 10 ¥ear$ of follow-up was needed
to determine the incidence and deleterious
effects of SVD with use of porcine valve;

The primary valve failure rate between
bioprosthesis and mechanical valve was not
X\galﬁcantly different in those 65 years after

Use of a bioprosthetic valve resulted in a .
lower bleedlng rate. T 123 45678 9101112131415 16
There were no significant differences with Veors cher volv replacement
reqgard to other valve-related complications.




Conclusions from
Edinburgh trial

Thjre was a trend toward an improved
survival with the Bjork-Shiley valve.

Reoperation rates were low and non
significant at 5 years; at 12 years there
was a higher reoperation rate with the :
porcine valve versus mechanical valve :;‘ii,'lf_jj};';'j,';"ﬁ, /
(AVR, 22.6 5.7% vs. 4.22.1%;MVR, 43.1 [E ‘
6.0% vs. 9.9 3.2%); younger patients
were more likely to require reoperation,
with “relative risk of reoperation
increasing 55% for each 10 years,
continuously over the whole range of
ages studied”.

The incidence of thromboembolism and of |l Yoas oo rndomaton
endocarditis were not statistically o L
- L : AVR: BjorkShiley 109 92 85 78 72 &8 58 51 46 37 20
significantly different. Porcine 102 83 81 77 & 60 44 33 25 17 7
The bleedlng rate was hlgher Wlth the MVR: BjorkShiley 120 00 85 76 71 63 53 44 40 32 19
mechanical valve versus porcine valve Porcins 132101 90 81 60 30 27 16 10 6 3

after AVR (372._67 6.1% vs.797.7h4_.7%,)but



Meta analysis |

No. of
patients

Mechanical valve series

St Jude buleaflet disc, N= 4069 (93-
773)

10

Mixed disc valve, N =31
Medtronic-Hall tilting
disc, N=2

Bioprosthetic valve
series

CE Perimount
pericardial, N =6

CE porcine standard, N =

CE porcine supra-
annular, N=3 1108)

Hancock II and MO 1645 (132-

porcine, N=3 843)

Mitroflow pencardial, N 643 (13-

403)

602 (133-

469)

Biocor porcine, N=1 1029

The largest and more
recent study

Includes only series of
valves that are currently
available for AVR

Operations were performed
between 1975 and 2002

There was a large
difference in mean age
distribution between
mechanical and Dbiologic
valve series but with a

considerable overlap.
Adjusting for an age impact
on mortality without

obscuring any real effect
was thus possible.




Meta analysis i

Mechanical valve Biologic valve series

series (N =15) (N=23)
No. of patients 8578 (93-1755) 8861 (75-1108)

Total follow-up (patient- 54,538 (383-9302) 47,281 (349-5003)
¥)

Mean follow-up (v) 6.4 (3.9-10.8) 33(2.6-10.1)
Total No. of deaths 2178 (15-375) 2902 (25-416)

Length of operation 16.2 (5-25) 12,5 (3-20)
period (v)

Mean age (v) 58.0(48-75) 63.8 (50-77)
Women (%) 34.5(21-54) 37.5(13-57)

NYHA classes Il and IV 64.6 (29-92) 69.6 (49-94)
(O'GJ

Aortic regurgitation (%)  28.7 (8-48) 16.5(23-37)1
Aortic stenosis (%) 50.9(22-72) 68.6 (21-100)1
Active endocardiris (%) 6.8 (0-11) 2.2(0-3)

Concomitant CABG (%) 15.7(0-37) 34.1(0-100)

Final regression models of death rate analysis

Predictor variable

Ab

P value

Bb

SE

Mechamical vs bioprosthetic valve

Higher mean age (per vear)i

NYHA classes ITl and IVZ

Aortic regurgitation

Concomitant CABGZ

Constant

—234

=

Other concomitant 4.5(0-20) 72(0-16)
procedures (%)

Redo operation (%) 3.8(0-10) 5.0(0-15)

Death rate (%/patient-y)  3.99 (1.52-8.88) 6.33 (1.77-9.09)




Long term mortality after
AVR.
| Non randomized studies

Mortality

No. of
Author Type of PHV Patients

Orszulak et al.

Lindblom et al.

Lund et al.
Butchart et al.

Peterseim et al.

Yun et al.

Jamieson et al.
Cohn et al.
Khan et al.

Frater et al.
Dawvid et al.

Starr-Edwards

Bjork-Shiley

St. Jude
Medtronic Hall

St. Jude

L-[Z P(lt\'il]é

Hancock porane

Hancock MO porane

C-E pc:-r\'ine

C-E supra-annular
porcine

Hancock MO porane

Hancock porane/

Hancock MO porcine

C-E pencardial
Hancock II porane

]- 100

1,753

694
736

412
429
652
561
189
,335

843

15

20

15
10
10
15
10
10
12
12
12
10
12
10
15
10
15
14
10
15

46'
42+
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4
- -
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*Excluding operative mortality.

AVR = acctic valve rephicement; C-E = Carpentier-Edwards; MO = modibed orifice; PHV = peosthetic heart vahve.




Mortality

T

'rl]'_hehlo- and 15-year mortality rates after AVR and MVR are
igh.
The range is large, even with the use of the same brand of

PHV, indicating the importance of factors other than the
type of PHV.

Risk factors for late mortality have included:
- decade of age,

- Left ventricular dysfunction,

- heart failure,

- NYHA functional classes Il and IV,

- Coronary artery disease (CAD),

- coronary artery bypass grafting

- (CABG), valve regurgitation

- arrhythmias, male gender

- pulmonary hypertension

- comorbid conditions such as renal failure, lung disease,
hypertension, and diabetes



Complications

‘ 1. There is no significant difference among the various
mechanical valves for thromboembolism, and also amon
the various bioprostheses; this is also true for rates o
thrombosis, bleeding, endocarditis, and leak;

2. The incidence of thromboembolism is higher in patients with
mitral PHV than in those with aortic PHV;

3. Bioprostheses are not free of thromboembolic risk, but the
risk is lower than with use of a mechanical valve;

4. Cc_)clln lication rates with use of the same brand of PHV varies
widely;

5. The risk of SVD with all currently used mechanical valves is
“negligible”.

These findings reconfirm that, with the use of approved PHYV,
these complications are largely related to factors other than
the type of PHV.




Anticoagulation

T

requirements |

Modern bileaflet mechanical prostheses have been shown to
function safely at low levels of anticoagulation similar to
those used in most of the atrial fibrillation trials.

One randomised trial compared high and low intensities of
anticoagulation in  patients undergoing aortic valve

replacement with the St Jude or Omnicarbon bileaflet
mechanical prosthesis.

All patients included in this trial were at low risk of
thromboembolism as they were in sinus rhythm and had a
small left atrium on echocardiography.

The trial showed that a target INR of 2.0-3.0 was as effective
as a target INR of 3.0-4.5 in preventing valve thrombosis

and thromboembolism, but at a significantly lower risk of
bleeding.




Anticoagulation
requirements li

_~_

However, in unselected patients undergoing aortic AVR with
the St Jude bileaflet mechanical prosthesis, thromboembolic
events were only seen in patients with an INR of <2.5, and a
target INR of 2.5-3.0 is therefore normally recommended for
patients with bileaflet mechanical valves in the aortic
position.

Patients undergoing MVR are at a higher risk of
thromboembolism than those undergoing aortic valve
replacement; left atrial size is frequently increased and atrial
fibrillation is common. A higher target INR of 3.0-3.5 is
therefore recommended for patients with bileaflet
mechanical valves in the mitral position.




Anticoagulation

The addition of low dose aspirin (75-100 mg daily) at these
levels of anticoagqulation appears to confer additional

requirements Il
protection against thromboembolism, with only a small

‘ |
Increased risk of bleeding.

" A meta-analysis of randomised trials comparing aspirin and
warfarin with warfarin alone showed significant benefit with
the combination of treatment.

" Aspirin may be of particular advantage in patients who have
undergone concomitant CABG surgery at the time of valve
replacement.




Structural valve
deterioration |

. | = SVD rate Of bloprOStheseS IS Aortic Porcine Valves Mitral Porcine Valves
importantly related to: 100

1. The site of PHV implantation (SVD ”
in MVR>in AVR).

2. The age of the patient at time of
PHV implantation.

®  |n patients age 16 to 39 years,
at 10 years, SVD after AVR is
60% and at 16 years is 90%.
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"  |n patients 70 years, it is 15% at 80 50

15 years. % *

= The rate of SVD at 12 years in patients ZZ QZ
followed for more than 10 years is high P D e roomn

with aortic and mitral porcine valves
and with aortic homografts




Structural valve
deterioration Il

" |ndn-vitro studies, the pericardial aortic valve
has|lower gradient and larger PHV area when
compared with several other PHV and also a
larger estimated aortic PHV area in patients in
valve sizes 19 to 29.

" These data indicate that the pericardial aortic
valve may be the bioprosthesis of choice in
“older” people (60 to 65 years of age).

®  Patients 65 to 70 years also have a lower rate
of SVD after MVR,

" The rate of SVD is not significantly different for
the standard Hancock, Hancock MO, and
Carpentier-Edwards porcine valves.

" The rate of SVD of newer porcine valves
(Hancock MO and the stentless porcine valve)
at nine years is within the expected range of
SVD of earlier stented porcine valves (Fig),
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= Porcina limits
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PHV size and VP-PM

-

An extensive review of VP-PM showed that, depending on its
severity, VP-PM may result in higher valve gradients at rest
and on exercise, less reduction of left ventricular mass,
greater physical Ilimitation, and higher morbidity and
mortality.

VP-PM is dependent not only on the small annulus/root but
also on the size of the patient.

For example, 19-mm valves produced only mild VP-PM in
two studies from Asia, but, in a study from North America,
almost half of the patients had moderate or severe VP-PM,
the improvement in NYHA functional class was less, and, at
five years, the incidence of clinical heart failure was
significantly greater (15 3% vs. 7 2%)




Conclusions

t The results of valve surgery with regard to survival,

complications, cardiac function, and functional class are
importantly dependent on:

- patient-related factors

- type of surgery,

- type of prosthesis, and

- health care delivery related factors

in patients age 60 to 65 years, SVD of bioprosthesis after
AVR is ver?/] low and is low after MVR and, thus, bioprosthesis
would be the PHV of choice in patients in these age groups;

mortality up to 10 to 15 years is high after PHV implantation:

- after AVR, 40% of the deaths and after MVR 40% to60%
of the deaths are related to the PHV

- mortality after PHV implantation is importantly related to
the age of the patient at time of insertion of PHV and to
assoclated cardiac and noncardiac comorbid conditions;

severe VP-PM is an important clinical problem after AVR and
after MVR; moderate VP-PM is a problem in some patients
after AVR and after MVR; uncomplicated mild VP-PM s
usually clinically not important.



Mechanical valves

® There is no good evidence that any one mechanical valve is
superior with regard to patient outcomes (among FDA-
approved PHV with good documented results at follow-up 15
years) when patient characteristics at baseline are identical
or are similar

® they have an extremely low rate of SVD

® the major disadvantages with use of mechanical valves are
the need for anticoagulant therapy and of bleeding and its
conseguences

®  with good anticoagulation, the risk of thromboembolism with
use of a mechanical PHV valve is similar to that with use of
bioprosthetic PHV without anticoagulants.



Bioprostheses

" There is no good evidence that any one Borcine valve is superior with
regard to patient outcomes (among FDA-approved PHV with good

4|decument.ed results at follow-up 15 years) when patient
characteristics at baseline are identical or are similar;

" SVD begins at year 5 after MVR and year 8 after AVR;
®  SVD is greater after MVR than after AVR;

" a minimum follow-up of 15 years is necessary to evaluate the
incidence of SVD of FDA-approvéd PHV;

" the your{?Der the patient at time of PHV implantation, the higher the
rate of SVD;

" the major disadvantages with use of bioprosthesis are the incidence of
SVD and of reoperation and their consequences including mortality;

. if_‘oatien.ts with biological valves need anticoagulation, bleeding rates
will be similar to that'with use of mechanical valves

" the SVD of a stentless porcine valve is similar to that of a stented
porcine valve

" data on patient outcomes 10 to 15 years after PHV using stentless
porcine valves are needed,;

" there is no E)roven benefit in patient outcomes and of SVD with use of
a homograft when compared with a bioprosthesis;

" more good studies with follow-up of 15 years are needed in adults
with use of pulmonary autografts



Recommendations

Recommendations for valve replacament with @ mechanical prosthesis

|. Patients with expacted long lfs spans

2. Patisnts with o mau:hcnnmu?prn}alhelm valve already in ploca in o different pasiicn than the valva fo b raplacad
3. Patients in renal failurs, on hasmedialysis, or with hypercakasmia

4. Patients requiring wortorin treatiment becauss of risk g(u:r-:urs" for thrombosmbolism

5. Patients 65 years for AVR and =70 years for MVR

Recommendations for volve raplocament with a bicproshesis

I. Patients who connot or will nat faks warfarin treatmen!

2. Patianls 245 years neading AVR whe do not have risk factors for thrombosmbolism®
3. Patients considered fo have possible complianca problems with warfarin freciment

4. Patients >70 years neading MR who do nat have risk factars for thromboambolism®
5. Valve rareplacement for thrombesed mechanical vabe

Class | Thers is avidence and/or genaral agresment that o given procadure r reatment s usshul and effective,

Class Il Thers s confliting ewidence and/or o disagresment of apinion about the usafulness/efficacy of o procedur or treatment.
Class lla Weight of evidence/opinion is in favour cj ussfulness/sfficacy.

Closs Il Usefulness/efficacy i ’i:ss well astoblished by svidenca/opinion.

*Risk Factors: atrial fibrillation, severs left ventricular :rwfun-cn-:nn, previous thrombosmbelism, and hypercoagulable cond ion.
AVR, aortic volva raplacament; MYR, mifral valve replacement.




[VAL.VE‘, REPLACEMENT
o |
v v

+ For AVR: Patients Age >60-65 years * For AVR: Patients Age <60 years
» For MVR: Patients Age >65-70 years « For MVR: Patients Age <65 years
+ Atrial Fibrillation v + Atrial Fibrillation
* Other Risk Factors for Thrombo-Embolism » Other Risk Factors for Thrombo-Embolism
| |
v v

NO Y HIS

'

Expected Life Expectancy <10-12
years

AJC Contra-indicated

Patient Cannot or Will Not Take
AIC

Patient at Increased Risk for
Bleeding with A/C

INR Difficult to Control

T
I
4 _ v l v "
—— - e —— e . T
Bio-Prosthesis | | Mechanical | Bio-Prosthesis | Biological |  Mechanical
— Valve { . Valve Valve

1
e

An algorithm for choice of prosthetic heart valve. A/C = anticoagulation; AVR = aortic valve replacement; INR = international normalized
ratic; MVR = mirral valve replacement.
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