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Valve replacement represents the standard therapy
for the surgical treatment of diseased valves that can-
not be repaired. The final goal of valve replacement
should be to replace the diseased valve with a compe-
tent and non-stenotic prosthesis.

The concept of patient-prosthesis mismatch (PPM)
was originally introduced by Rahimtoola in 1978, and
defined “...to be present when the effective prosthetic
valve area, after insertion into the patient, is less than
that of a normal valve.” (1).

The issue of choosing the most adequate valvular
prosthesis in patients with a small aortic root and a
large body surface area (BSA) has been widely debat-
ed, since it still represents a common problem in rou-
tine surgical procedures on the aortic valve (2-4).
However, the evaluation of PPM has not been suffi-
ciently emphasized in common practice, in spite of the
fact that failure of its recognition may lead to a signifi-
cant hemodynamic impairment and worsening of the
clinical status in time.

Postoperative echocardiographic evaluation of
patients after aortic valve replacement has often
demonstrated the presence of high transvalvular gra-
dients even at rest and in patients with reduced BSA,
despite normal prosthetic function (2,5,6). This finding
appears to be influenced by two main factors: first, the
in-vitro area of the majority of valve prostheses (espe-
cially with an internal diameter <23 mm) is less than
that of the normal human valve area; and second, the
in-vivo prosthetic area may be further reduced by
interventricular septum hypertrophy, anatomical
interactions, progressive endothelialization and tissue
ingrowth. As a consequence, it is not uncommon that
aortic prosthetic devices may be functionally stenotic.
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The choice of a reliable predictor appears, therefore,
mandatory in order to identify patients at risk of devel-
oping postoperative prosthesis mismatch.

The parameter often used in order to define the pres-
ence of PPM has been the geometric orifice area (GOA)
- that is, a measurement deriving from the internal
diameter of the prosthesis and measured in vitro by
the valve manufacturer. However, the GOA has been
shown to overestimate the “functional area’ of a valve
prosthesis. Following the introduction of echo-
Doppler studies, a more reliable parameter has been
validated in clinical practice, termed the effective ori-
fice area (EOA) (7,8).

Examples of differences between the GOA (as pro-
vided by the manufacturer) and the EOA (as calculat-
ed using echocardiography) of two commonly
implanted prostheses are detailed in Table I.

Transvalvular gradients observed postoperatively
are related not only to the EOA but also to the trans-
valvular flow. In turn, transvalvular flow is related to
cardiac output, that at rest is primarily related to the
patient’s body size. As a consequence, the most reliable
parameter to estimate the hemodynamic properties of
the valve is the indexed effective orifice area GEOA)
(9,10).

The iEOA is obtained from the relationship
(EOA/BSA), with the EOA being calculated using the
continuity equation:

EOA=SV/VTI,
where SV is the stroke volume and VTl is the velocity-
time integral of the aortic jet Doppler signal.

It is accepted worldwide that moderate aortic valve
stenosis is present when the iEOA is <0.9 em?/m?, and
this concept should apply also to valve prostheses. In
fact, several studies have demonstrated that when a
prosthetic iIEOA is <0.9 am?/m?, a significant trans-
valvular gradient is present at rest (10,11).

It is well known that mechanical valve prostheses
have a more favorable relationship between their
external diameter and the EOA if compared to a stent-
ed bioprosthesis, as clearly depicted in Table I. In par-
ticular, it is clear from the data in Table II that the use
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Table I: Comparison of geometric orifice area (GOA) and effective orifice area (EOA) values among different sizes of a
commonly implanted bioprosthetic and mechanical valve.

Parameter CE-19 SIM-19 CE-21 SIM-21 CE-23 SIM-23
GOA 1.96 1.63 29 2.06 3.9 2.55
EOA 0.9 1.1 1.1 1.5 1.5 2.13

CE: Carpentier-Edwards pericardial valves; SJM: St. Jude Medical Standard mechanical valves.

of a stented bioprosthesis smaller than 23 mm may
result in a PPM in the majority of cases, and even the
use of a 23-mm bioprosthesis may lead to a 51gn1flcant
mismatch in patients with a BSA >1.8 m?. Stentless
valves present an additional therapeutical option: in
fact, despite the stentless EOA value for any assigned
size between the mechanical and bioprosthetic EOA, it
is usually possible to use one size superior to the cor-
responding bioprosthesis, thus resulting in a lower risk
of mismatch.

In addition to the intrinsic properties of aortic valve
prostheses, specific patient characteristics have been
also associated with a higher risk of developing PPM.
In fact, mismatch is more likely to occur in patients
with a larger body size, with aortic valve stenosis as
the predominant lesion at the time of operation (in
relation to the smaller annular size, as is the case for
aortic insufficiency), and advanced age (aortic stenosis
being the predominant valvular lesion in elderly
patients) (12).

As already indicated, the hemodynamic conse-
quence of PPM is the development of high postopera-
tive transvalvular gradients; therefore, the residual
relative stenosis does not relieve the left ventricle from
any preoperative work overload, and consequently the
regression of hypertrophy may be jeopardized. Several
authors have reported that long-standing persistence
of left ventricular hypertrophy has a negative impact
on survival, and therefore avoidance of PPM appears
to be the primary goal of aortic valve replacement (13-
15).

The relationship of PPM with a higher risk of post-

operative complications, such as thromboembolism,
hemorrhage, structural valve deterioration and reoper-
ation, remains a topic of conflict among several
authors (15-17). However, there is increasing evidence
that a reduced iEOA negatively affects both short- and
long-term survival and actuarial freedom from cardiac
related events, especially in presence of significant left
ventricular dysfunction (ejection fraction <40%)
(18,19).

In order to evaluate the clinical relevance of PPM, it
is important to differentiate mismatch mto three differ-
ent degrees: mild (0.9 5 1EOA <1 cm?/m?), moderate
(06 < 1EOA < 0.9 em?/m?), and severe GEOA < 0.6
cm?/m?), as proposed by Rahimtoola (20).

In order to avoid PPM, Pibarot and Dumesnil (12)
suggested the use of a three-step algorithm during the
preoperative evaluation:

Step 1: Calculation of the patient’s BSA.

Step 2: Reference to the specific table for identification
of the adequate valvular EOA according to the
patient’s BSA.

Step 3: Selection of the most appropriate type and size
of valve prosthesis according to the target iEOA.

Additionally, different surgical strategies have been
advocated in order to minimize the risk of PPM,
including routine enlargement of the aortic root,
supra-annular prosthesis implantation, and the use of
stentless bioprostheses, aortic homografts, or pul-
monary autografts (12,21,22).

In conclusion, the avoidance of PPM is of primary

Table II: Effective orifice area values of commonly used prosthetic valves.

Valve type Prosthesis size (mm) Reference(s)
19 21 23

SJM Standard 1.04 £0.19 1.73 £0.38 2.13 +0.61 23,24
SJM HP 1.3+03 2.01 +0.17 - 24,25
CarboMedics Standard 1.0+04 1.54 £ 0.31 1.63 £0.3 26
Medtronic Intact 0.85 1.02 +0.1 1.27 +0.11 9

CE Pericardial 2900 1.10 1.3 1.5 27
Medtronic Freestyle 1.29 +0.19 1.46 +0.32 1.79 +0.33 28

Prima Edwards 0.8 1.10 1.5 29
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importance in the surgical treatment of aortic valve
disease, as its occurrence is associated with less symp-
tomatic improvement, worse hemodynamic status,
impaired regression of left ventricular hypertrophy,
and a negative impact on short- and long-term sur-
vival. Therefore, a specific surgical strategy targeted
towards each patient should be planned before sur-
gery in order to minimize the risk of PPM.
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