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Introduction
Patientprosthesis mismatch (PPM) was described by
Rahimtoola in 1978 (1) as an effective prosthetic valve area
that is less than that of a normal human valve. Despite
technical efforts to optimize valve prostheses, their
rheological properties are not comparable with those of
native human valves and aortic stenosis will occur in a
normally functioning prosthesis that is too small for the
patient. PPM is associated with decreased regression of left
ventricular hypertrophy, reduced coronary flow reserve,
increased incidence of congestive heart failure, diminished
functional capacity, and increased risk of early and late
mortality (2,3).
This paper is a brief review of the clinical significance
of PPM, with reference to transcatether aortic valve
implantation (TAVI).
Determination of effective orifice area
A clinically used parameter for the detection and severity
assessment of PPM is effective orifice area (EOA) indexed with
body surface area (iEOA) (4). The continuity equation, based
on the concept that the stroke volume in LVOT and across
the aortic valve is equal, is used to determine EOA. Stroke
volume in Doppler echocardiography is calculated as crosssectional area (CSA) multiplied by the average flow velocity
during the ejection period (velocity time integral, VTI). This
requires three echocardiographic measurements (Figure 1): (I)
Diameter of left ventricular outflow tract (LVOT); (II) Velocity
in LVOT using pulsed wave Doppler; (III) Velocity across the
aortic valve using continuous wave Doppler.
The resulting calculated values (VTILVOT - velocity time
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integral measured in LVOT, CSALVOT – cross sectional area
of LVOT, and VTIAV – velocity time integral of velocity
measured across the aortic valve) are included in the
continuity equation to obtain the EOA: EOA = VTILVOT x
CSALVOT / VTIAV.
Measurement of LVOT diameter depends on exact
imaging (zoom mode) to avoid under- or overestimation.
In TAVI patients, the consensus is that diameter has to be
measured just proximal to the prosthetic stent (5-8), which
is uniquely defined and reproducible.
EOA is usually assessed with transthoracic echocardiography
preoperatively, but transesophageal echocardiography (TEE)
can be used for immediate post-procedural quantification (7).
Potential advantages of TEE are better anatomical imaging
and data acquisition immediately after valve implantation.
Geometrical orifice area (GOA) (measured as area tracing
in the aortic short axis view), has been show to overestimate
the “functional area” of valve prostheses. The mean EOA/
GOA ratio is 0.85±0.18 (7). However, GOA measurements
may be useful to verify EOA calculation.
PPM classification
For PPM assessment, EOA is indexed with body surface
area (iEOA in cm2 /m2).
Normal iEOA values are >0.85 cm2 /m2. Echocardiography
guidelines (9) classified PPM as severe if iEOA <0.65 cm2 /m2
and moderate if iEOA is from 0.65 to 0.85 cm2 /m2.
PPM and outcome
After surgical aortic valve replacement (sAVR), the
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incidence of moderate PPM is 20-70% and severe PPM
2-11%. Severe PPM is related to adverse clinical outcomes (10).
Blais (11) and Rabus (12) identified severe PPM as an
independent predictor of short-term mortality following
sAVR. Although there are no direct comparative trials, PPM
may be less frequent after TAVI than after sAVR because
of better hemodynamic performance of the bioprosthesis.
After TAVI, moderate PPM has been reported in 23-30%
of cases and severe PPM in 2-16% (5,7,8,13) .
For the CoreValve prosthesis (Medtronic, Minneapolis,
MN) Jilaihavie (6) reported 30% moderate and 2% severe
PPM in 50 patients, while Tzikas (8) reported moderate and
severe PPM in 23% and 16% of 75 patients respectively.
For the Edwards Sapien valves (Edwards Lifesciences,
Irvine, CA), Clavel et al. (5) found severe PPM in 10% of 50
patients. This was consistent with our findings of moderate
PPM in 27% and severe PPM in 7.6% of 278 patients (7).
While severe PPM significant affects 3-month mortality
moderate PPM adversely affects LV mass regression, LV
filling pressure, and clinical ourcomes (13). Previously,
retrospective studies demonstrated inconsisitent findings
on the impact of PPM on clinical outcomes. This was likely
due to differences in the definitions of PPM used in these
studies (EOA, GOA, in vitro orifice area). To date, there
are relatively few studies of PPM following TAVI. Only one
study (7), has demonstrated a significant impact of severe
PPM on survival. Within the subgroup of patients with
severe PPM, those with a combination of higher transvalvular gradient and LVEF less than 50% presented a
strong trend toward decreased 3-month survival. However,
after 3 months, the survival in patients with severe,
moderate and no PPM was similar.
TAVIs are usually supported with peri-procedural
echocardiography; providing an opportunity to measure
iEOA, valve hemodynamics and quantification of systolic
and diastolic ventricular function. These quantitative values
can be used for post-procedural risk stratification.
TAVI-determining optimal prosthesis size
Pibarot (10) suggested an algorithm to predict iEOA
related to expected EOA for the type of surgical prosthesis
in patients scheduled for surgical aortic valve replacement
(sAVR). When the predicted iEOA is below 0.65 cm2/m2,
alternative options should be considered. A database of
EOAs for every bioprosthesis for TAVI is available, but
the actual EOA following TAVI depends on a number
of factors, such as annulus size, degree of calcification,
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Figure 1 Acquisition of three values for quantification of
EOA using transesophageal echocardiography. A. LVOT
measurements just proximal to the prosthetic stent in the
AV long axis view; B. Velocity imaging in LVOT using
pulse valve Doppler in deep transgastric long axis view; C.
Velocity imaging across the aortic valve using continuous
Doppler in deep transgastric view
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dilatation and implantation technique. Future databases
may allow the estimation of annulus size and degree of
calcification on iEOA and may provide algorithms for the
prediction of post-procedural iEOA.
To avoid possible complications of TAVI (such as
annulus rupture) (14) and the risk of post-procedural aortic
regurgitation (15) it is essential to choose the optimal
prosthesis size. Multi-modality imaging including intraprocedural transesophageal echocardiography facilitates
these decisions. Interestingly, Kalavrouziotis et al. (16)
reported that TAVI (Edwards Sapien valve) in patients
with a small annulus (<20 mm) had a low (5.6%) incidence
of severe PPM. TAVI may therefore provide good postprocedural hemodynamics in these patients.
In the future, another approach in patients with a small
annulus and severe calcification could be open direct
transaortic valve implantation. Using cardiopulmonary
bypass (CPB) and cardioplegia, a percutaneous prosthesis
(17,18) or sutureless valve (19) can be implanted directly
into the annulus after excision of the diseased leaflets and
decalcification of the annulus. Use of these device may
reduce aortic cross-clamp times and provide a greater EOA
(after cusp excision) compared with conventional TAVI in
patients with a small annulus.
It is promising for the future of transcatheter bioprostheses
that their hemodynamic performance(including EOA)
is comparable to stentless valves and superior to stented
prostheses of the same size (5,20).
Valve-in-valve procedure and PPM
TAVI is also a new therapeutic option for elderly highrisk patients with degenerated aortic valve bioprostheses
(21-24). Valve-in-valve (V-in-V) implantation can be
performed as a palliative intervention to increase the
EOA and decrease valvular regurgitation of degenerated
bioprostheses without redo cardiac surgery. However,
PPM occurs more frequently than with primary TAVI (25).
Appropriate patient selection, and use of manufacturer data
on the inner diameter of the surgically implanted valve and
the actual echocardiographic measurements of this diameter
are crucial. Valve implantation and anchoring are possible
in stented and stentless bioprostheses (26). Severe PPM is
likely to significantly decrease short- and mid-term survival
in patients with valve-in valve-implantation. To date,
only Seiffert et al. (25) have addressed severe PPM and its
incidence in a small group of V-in-V patients Severe PPM
was evident in 5 from 11 patients. There was 1 PPM related
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surgical intervention.
Conclusions
In common with sAVR, PPM is emerging as an important
risk factor for survival following TAVI. The measurement
of iEOA is a reliable method of quantifying PPM and may
facilitate risk stratification post TAVI.
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