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ABSTRACT
Objectives Age may modify the impact of prosthesis–
patient mismatch (PPM) on outcomes after aortic valve
replacement (AVR), as physical functioning decreases
with age, and comorbidities become more prevalent. We
hypothesised that the consequences of PPM in patients
70 years old or older may be less important than in
younger patients.
Methods In total, 707 aortic stenosis patients were
followed for a maximum of 17.5 years after AVR. PPM
was deﬁned as an in vivo indexed effective oriﬁce area
≤0.85 cm2/m2, and severe PPM as ≤0.65 cm2/m2.
Results In patients less than 70 years of age with
normal LV function, the presence of PPM did not
signiﬁcantly alter survival. However, in patients under 70
with LV dysfunction, PPM was associated with decreased
survival (HR 2.2; p=0.046). In patients aged 70 years of
age or older, PPM had no effect on survival, regardless
of LV function. Similarly, PPM was predictive of
postoperative congestive heart failure (CHF) in patients
under 70 with LV dysfunction (HR 3.6; p=0.046) but not
in older patients. Similar results were observed for the
composite endpoint of death or CHF. Postoperative LV
mass regression was impaired by increased age
( p=0.019), and by PPM in patients aged 70 years of
age or older with LV dysfunction (by 28.8 g/m2;
p=0.026).
Conclusions The impact of PPM on outcomes after
AVR depends on age at operation. PPM in patients
under age 70 years with LV dysfunction is associated
with decreased survival and lower freedom from CHF. In
patients 70 years of age or older, PPM does not impact
mortality or symptoms, but impairs LV mass regression
beyond that explained by age alone.

INTRODUCTION

To cite: Price J, Toeg H,
Lam B-K, et al. Heart
2014;100:1099–1106.

Aortic valve replacement (AVR) for aortic stenosis
(AS) increases survival, relieves congestive heart
failure (CHF), and enables regression of LV hypertrophy.1 Prosthesis–patient mismatch (PPM) refers
to a situation where the oriﬁce size of the prosthetic valve is too small relative to patient body
size. The presence of PPM is associated with elevated transprosthetic gradients,2 3 and may limit
the clinical beneﬁts after AVR.
The impact of PPM on outcomes after AVR continues to be debated. Some maintain it has no
effect on mortality.4 5 Others suggest that PPM is
associated with poorer outcomes in important subgroups. Some demonstrate that PPM increases
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mortality,6–11 reduces LV mass regression12 13 and
increases incidence of postoperative CHF.8 14
Previous data from our group indicated that PPM is
particularly detrimental to patients with abnormal
left ventricular function.6 15 These patients experience reduced survival, less LV mass regression, and
decreased freedom from CHF.
Age may be an important modiﬁer of the relationship between PPM and outcomes. Elderly
patients generally have lower baseline physical
functioning and competing mortality risks. These
factors may limit their propensity to suffer deleterious outcomes as a result of PPM. The purpose of
our study was to examine the effect of PPM on
long-term survival, and the related outcomes of
freedom from CHF and LV mass regression,
according to age at the time of operation. We
hypothesised that the implications of PPM in AS
patients 70 years old or older at the time of operation may be less important than in younger
patients. Additionally, we examined the possible
interaction between age, preoperative LV function
and PPM on outcomes after AVR.

METHODS
Patient cohort and follow-up
The patient cohort consisted of 707 adult patients
who underwent ﬁrst-time AVR at the University of
Ottawa Heart Institute between 1990 and 2003.
The total follow-up was 6174 patient-years, with a
median duration of 7.3 (IQR 6.7) years (60 days to
17.5 years). All patients underwent operation for
AS (mean gradient >30 mm Hg and ≤2+ insufﬁciency). Patients who survived the operation, and
followed-up at least once were included in the analyses. Patients who underwent concomitant mitral
valve surgery were excluded.
The outcomes assessed included overall survival,
postoperative CHF, the combined endpoint of allcause mortality or CHF symptoms, and indexed LV
mass (LVMI) regression. Postoperative CHF was
deﬁned as the composite endpoint of New York
Heart Association functional class III or IV symptoms for more than four consecutive weeks, or
death where the primary or contributing diagnosis
was CHF.7 14
The in vivo effective oriﬁce area (EOA) for each
prosthesis type and size was obtained from the literature of patients with normally functioning prostheses.14 16 The indexed EOA was obtained by
dividing the in vivo EOA by the patient’s body
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Statistical analyses
Data were analysed using SAS statistical software (SAS Institute,
Cary, North Carolina, USA). Continuous data are presented as
median (IQR). Differences between patients with and without
PPM were analysed, stratiﬁed by age by using a χ2 test or
Fisher’s Exact test for categorical variables, and a Wilcoxon
rank-sum test for continuous variables.
Cox proportional hazards modelling was used to examine the
independent inﬂuence of age and LV function on PPM and survival and/or CHF. A Cox model was constructed for each of the
four subsets of age and LV function. Age was dichotomised at
70 years (<70 and ≥70) old and LV function was dichotomised
into normal and impaired. All variables listed in table 1 were
tested for inclusion in each Cox model. No automated model
selection procedure was performed. The number of covariates

in the models was restricted to avoid overﬁtting. The adjustment
variables included in each of the ﬁnal models are listed in
table 2. Testing of the proportional hazard assumption was performed with the addition of individual time-varying covariates
for each variable in the ﬁnal model. A similar stratiﬁed analysis
was used for LVMI with linear regression analysis performed
within each of the four subsets.
A number of prespeciﬁed sensitivity analyses were performed.
These included substitution of a severe PPM threshold into the
Cox model for relevant subgroups. In this analysis, severe was
compared with no PPM. Additionally, varying age thresholds
were substituted into the models for relevant subgroups of LV
function.

RESULTS
Patient characteristics
Table 1 summarises the patient and operative characteristics of
the cohort according to PPM, separately for each age group.
The incidence of PPM in patients 70 years old or older was
68% (189/279) compared to 26% (110/428) in patients less
than 70 years old ( p=0.0001). Patients with PPM were more
often female, and PPM was more often associated with use of a
bioprosthetic valve. The incidence of severe PPM in patients
70 years old or older was 16.5% (46/279), compared to 4.5%
(20/428) in patients less than 70 years old ( p<0.0001).
Table 3 displays the baseline echocardiographic parameters of
the cohort. In patients less than 70 years of age, those with no
mismatch had larger end-diastolic and end-systolic dimensions
than those with mismatch. Patients with mismatch had lower LV
mass index than those without. There were no other signiﬁcant
differences in any of the subgroups.

Survival
Among the 707 patients, there were 188 deaths over the course
of follow-up. Age at the time of surgery was a signiﬁcant

Table 1 Patient characteristics
Age ≥70 yrs

Age <70 yrs

Preoperative characteristics (%)
Diabetes
Hypertension
Prior myocardial infarction
BMI ≥30
Male sex
CABG
Atrial fibrillation
NYHA class
I
II
III
IV
LVEF <50%
Emergency procedure
Operative characteristics (%)
Bioprosthetic valve
Aortic root enlargement*

No mismatch (n=318)

Mismatch (n=110)

p Value

No mismatch (n=90)

Mismatch (n=189)

p Value

14 (4.4)
166 (52.2)
2 (0.63)
48 (40.0)
231 (72.6)
79 (24.8)
11 (3.5)

8 (7.3)
62 (56.4)
1 (0.91)
15 (34.1)
64 (58.2)
38 (34.6)
0 (0.0)

0.2
0.5
1.0
0.7
0.005
0.05
0.05
0.5

2 (2.2)
58 (64.4)
0
6 (17.1)
61 (67.8)
41 (45.6)
1 (1.1)

10
112
0
8
105
85
10

(5.3)
(59.3)

0.3
0.4
–
0.5
0.06
0.9
0.1
0.7

85 (26.8)
104 (32.7)
85 (26.8)
44 (13.8)
106 (33.3)
9 (2.8)

24 (21.8)
33 (30.0)
36 (32.7)
17 (15.5)
28 (25.5)
2 (1.8)

0.1
0.6

18 (20.0)
21 (23.3)
36 (40.0)
15 (16.7)
36 (40.0)
2 (2.3)

50
39
73
27
56
5

(26.5)
(20.6)
(38.6)
(14.3)
(29.6)
(2.7)

53 (16.7)
34 (10.7)

69 (62.7)
16 (14.6)

<.0001
0.3

38 (42.2)
10 (3.6)

(12.7)
(55.6%
(45.0)
(5.3)

176 (93.1)
14 (7.4)

0.09
0.8
<.0001
0.3

Mismatch stands for prosthesis–patient mismatch, defined as a ratio of the prosthesis’s effective orifice area over the patient’s body surface area equal to or less than 0.85 cm2/m2.
p Values refer to the comparison between mismatch and no-mismatch patients within the age groups. Data are reported as n (%).
*Consists of annular (Nicks, Manouguian, Konno) or aortic root enlargement using pericardium or Dacron.
BMI, body mass index; CABG, coronary artery bypass grafting; NYHA, New York Heart Association.

1100

Price J, et al. Heart 2014;100:1099–1106. doi:10.1136/heartjnl-2013-305118

Heart: first published as 10.1136/heartjnl-2013-305118 on 19 May 2014. Downloaded from http://heart.bmj.com/ on November 14, 2019 by guest. Protected by copyright.

surface area (BSA) at the time of operation. PPM was deﬁned as
an indexed EOA of ≤0.85 cm2/m2 of BSA; severe PPM was
deﬁned as an indexed EOA of ≤0.65 cm2/m2.
Patients underwent postoperative echocardiographic examinations on a biannual basis or as clinically indicated. Modiﬁed
Bernoulli equations were used to derive peak and mean transvalvular or transprosthesis pressure gradients. Left ventricular
end-diastolic and end-systolic diameters, septum and posterior
wall thicknesses, and left atrial anteroposterior diameters were
measured from the M-mode recordings according to the recommendations of the American Society of Echocardiography.17
Left ventricular mass was calculated using the modiﬁed formula
of
the
American
Society
of
Echocardiography.18
Echocardiographic LV mass changes were derived from the
lowest postoperative LV mass minus the preoperative LV mass.
These were indexed to preoperative BSA. To assess the effect of
PPM according to preoperative left ventricular function, patients
were divided into those with normal (LVEF ≥50%) and
impaired LVEF.

Valvular heart disease

Outcome
variable

Model types

Adjustment variables

Survival
CHF
Survival/CHF

Cox
Cox
Cox

LVMI

Linear regression

Atrial fibrillation, concomitant CABG
Preoperative CHF class
Preoperative CHF class, atrial fibrillation,
concomitant CABG
Preoperative CHF class, atrial fibrillation,
concomitant CABG

CABG, coronary artery bypass grafting; CHF, congestive heart failure;
LVMI, LV Mass Index.

independent predictor of decreased long-term survival (HR
1.04 per 1 year increase; 95% CI 1.02 to 1.06; p<0.0001).
Figure 1 displays the effect of PPM on survival after AVR
stratiﬁed by age and LV function. In the subset of patients under
70 years of age with normal LV function, there was no signiﬁcant difference in long-term survival (HR 1.6; 95% CI 0.9 to
2.7; p=0.10). However, in the subset of younger patients with
LV dysfunction, PPM was associated with decreased long-term
survival (HR 2.2; 95% CI 1.01 to 4.6; p=0.046). In patients
70 years old and older, PPM had no signiﬁcant effect on survival, regardless of LV function.
To examine the robustness of these ﬁndings, several sensitivity
analyses were performed. The effect of age was further explored
by substituting different age thresholds into the multivariate
equations. For patients with normal preoperative LV function,
PPM did not adversely affect survival even in the subset of
patients under age 65 years, or those under age 60 years. To
examine the role of PPM severity on consequences of mismatch,
a PPM threshold of 0.65 cm2/m2 was substituted into a model
for the subgroup of young patients with normal LV function
and for both subgroups of older patients. No group experienced
a signiﬁcant reduction in survival as a result of severe PPM compared with no PPM.

CHF or CHF death
Figure 2 displays the effect of PPM on freedom from CHF after
AVR, stratiﬁed by age and LV function. In the subset of patients
under 70 years of age with normal LV function, the presence of
PPM did not affect signiﬁcantly the freedom from CHF (HR
1.5; 95% CI 0.6 to 3.9; p=0.41). However, in patients less than
70 years of age with LV dysfunction, PPM was associated with
increased CHF (HR 3.6; 95% CI 1.02 to 12.4; p=0.046). In
patients 70 years old and older, PPM had no signiﬁcant independent effect on CHF, regardless of LV function.

Table 3

In patients with normal preoperative LV function, PPM did
not adversely affect freedom from CHF even in patients under
age 65 years and those under age 60 years. A PPM threshold of
0.65 cm2/m2 was substituted into a model for the subgroup of
young patients with normal LV function and for both subgroups
of older patients. No group experienced a signiﬁcant increase in
CHF as a result of severe PPM.

Death or CHF
Figure 3 displays the effect of PPM on freedom from the composite endpoint of death or CHF after AVR, stratiﬁed by age
and LV function. In patients under 70 years of age with normal
LV function, the presence of PPM did not affect signiﬁcantly
freedom from the combined endpoint (HR 1.6; 95% CI 0.91 to
2.7; p=0.11). However, in patients less than 70 years of age
with LV dysfunction, PPM was associated with increased death
or CHF (HR 2.1; 95% CI 1.0 to 4.5; p=0.049). In patients
70 years old and older, PPM had no signiﬁcant independent
effect on death or CHF, regardless of LV function.
In patients with normal preoperative LV function, PPM did
not adversely affect freedom from the composite endpoint even
in patients under age 65 years and those under age 60 years. A
PPM threshold of 0.65 cm2/m2 was substituted into a model for
the subgroup of young patients with normal LV function and
for both subgroups of older patients. No group experienced a
signiﬁcant increase in death or CHF as a result of severe PPM.

LV mass
Figure 4 depicts the observed maximum LVMI regression in the
various subgroups. Maximum LVMI regression was observed at
a mean of 1.6±1.5 years in patients under age 70 years, and at
1.3±1.0 years in patients 70 years old or older. Increasing age
was found to be an independent predictor of decreased LV mass
regression. After adjusting for confounders, patients 70 years
old or older experienced a mean reduction of LVMI regression
of 9.8 g/m2 (95% CI 1.6 to 18.0; p=0.019) compared with
patients aged less than 70 years of age. This remains statistically
signiﬁcant when age was analysed as a continuous variable.
Additionally, a normal LV was independently predictive of
reduced LVMI regression. PPM did not predict LVMI
regression.
In patients under the age of 70 years of age, there was no signiﬁcant difference in LVMI regression as a result of PPM regardless of LV function preoperatively. In patients over 70 years of
age with normal LV function, PPM did not signiﬁcantly affect
LVMI regression (−9.5 g/m2; 95% CI −22.8 to 3.3; p=0.14).
However, in patients over 70 years of age in whom the LV was
impaired, LVMI regression was reduced in the presence of PPM

Preoperative echocardiographic parameters
Age ≥70 yrs

Age <70 yrs

EDD (cm)
ESD (cm)
IVS (cm)
LVM (g)
LVMI (g/m2)
FS (%)

No mismatch (n=318)

Mismatch (n=110)

p Value

No mismatch (n=90)

Mismatch (n=189)

p Value

5.6
3.5
1.1
246.7
134.8
36.7

5.2 (1.25)
3.2 (1.3)
1.1 (0.3)
226.1 (144.8)
125.5 (70.8)
39.0 (14.7)

0.001
0.015
0.37
0.28
0.033
0.37

5.2 (1.0)
3.4 (1.4)
1.1 (0.2)
232.2 (76.4)
135.6 (50.1)
34.7 (15.8)

5.1
3.1
1.1
223.5
112.6
38.1

0.23
0.23
1.0
0.45
0.0001
0.30

(1.4)
(1.5)
(0.3)
(102.7)
(57.1)
(14.4)

(1.0)
(1.1)
(0.2)
(88.1)
(48.8)
(15.2)

Mismatch stands for prosthesis–patient mismatch, defined as a ratio of the prosthesis’s effective orifice area over the patient’s body surface area equal to or less than 0.85 cm2/m2.
p Values refer to the comparison between mismatch and no-mismatch patients within the age groups. Data are reported as median (IQR).
EDD, end-diastolic dimension; ESD, end-systolic dimension; FS, fractional shortening; IVS, thickness of interventricular septum; LVM, LV mass; LVMI, indexed LV mass.
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Table 2 Variables included in final multivariable models
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by 28.8 g/m2 (95% CI 3.4 to 51.9; p=0.026). Absolute changes
in LV mass were also examined, and similar statistically signiﬁcant effects were observed (not reported).
To examine the role of PPM severity on consequences of mismatch, a severe PPM threshold was substituted into the models
for both subgroups of young patients and elderly patients with
normal LV function. No group experienced a signiﬁcant change
in LV mass regression as a result of severe PPM compared to no
PPM.

DISCUSSION
Extensive investigation of PPM has occurred since Rahimtoola
initially described this concept.19 There is evidence that PPM is
associated with poor outcomes in speciﬁc subsets of
patients.3 6 9 11 15 The inconsistency of published results may be
explained by the inﬂuence of varying preoperative characteristics and patient comorbidities in study populations and alternative deﬁnitions of prosthesis size. Possible modiﬁers of the
effects of PPM include body size,9 11 LV function6 11 and, more
recently, age at the time of operation.11 20 Different types of
statistical analyses of these interactions may yield different
results. The fact that a large series has shown no difference in
outcomes with PPM5 may suggest that cohort-speciﬁc factors or
1102

other risk factors may have stronger effects on survival in
certain populations.
Age at the time of operation modiﬁes the relationship
between PPM and outcomes after AVR. The presence of PPM,
at a threshold of 0.85 cm2/m2, in patients under age 70 years is
independently associated with decreased long-term survival,
increased CHF symptoms or CHF-related death and increased
combined death or CHF if preoperative LV dysfunction exists.
By contrast, there is no adverse clinical effect of PPM in patients
less than 70 years of age with normal LV function or in patients
over 70 years of age, regardless of LV function. These ﬁndings
remain true even if PPM is severe.
Patients 70 years old or older have an impaired ability to
regress their LV hypertrophy after AVR, and the subset of
elderly patients with LV dysfunction suffered reduced LV mass
regression as a result of PPM. Taken together, it may be that
PPM interacts with age in reducing the physiologic ability of LV
mass to regress after AVR, especially if the LV function is
already depressed before operation.
We performed several sensitivity analyses to examine the
robustness of our conclusions. The results of the primary analyses suggested that age 70 years was a threshold for adverse
outcomes in patients with abnormal LV function but not in
Price J, et al. Heart 2014;100:1099–1106. doi:10.1136/heartjnl-2013-305118
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Figure 1 Effect of prosthesis–patient mismatch (PPM) on survival. The effect of PPM on survival after aortic valve replacement in patients (A)
under age 70 years with normal left ventricular function, (B) under 70 years of age with left ventricular dysfunction, (C) 70 years old and older with
normal left ventricular function, and (D) 70 years old and older with left ventricular dysfunction.

Valvular heart disease

those with normal LV function. When age thresholds of 65
years and 60 years were substituted into the Cox models for survival and CHF in patients with normal LV function, no signal
was evident. This analysis supports our choice of age 70 years
as an inﬂection point and our conclusion that in patients with
normal LV function, surgical manoeuvres to avoid PPM may be
unnecessary, perhaps even in younger patients. It additionally
suggests that LV function interacts more strongly with PPM than
the age of the patient.
A second set of sensitivity analyses explored the role of PPM
severity. Results of the primary analyses suggested that PPM did
not reduce outcomes in young patients with normal LV function
or in elderly patients. As such, a severe PPM threshold was substituted into the Cox models for these three subgroups. The fact
that severe PPM did not result in poorer outcomes may suggest
that LV function and age could be more important considerations to outcome than the severity of PPM.

Comparison with previous studies
We previously demonstrated that the adverse effects of PPM on
survival occur primarily in patients with abnormal LV function.6
Price J, et al. Heart 2014;100:1099–1106. doi:10.1136/heartjnl-2013-305118

The present analysis demonstrates that PPM resulted in
decreased survival and increased CHF speciﬁcally in the subset
of younger patients with LV dysfunction.
In 2009, Moon et al20 examined their series of 1399 patients
who received bioprosthetic AVR. Patients aged 70 years and less
experienced impaired long-term survival with PPM ( p=0.02).
Patients over 70 years of age experienced no difference in survival with PPM ( p=0.25).
More recently, Mohty et al11 examined the effect of PPM in a
cohort of over 2500 patients. The authors demonstrated that
severe PPM (≤0.65 cm2/m2) is associated with reduced longterm survival in patients less than 70 years old but not older
patients. Our ﬁndings suggest that this is true only in the subset
of young patients with LV dysfunction. Furthermore, the
authors demonstrated that moderate PPM is associated with
reduced survival in patients with reduced LV function but not
preserved LV function. While this is consistent with previous
ﬁndings from our group,6 our current ﬁndings suggest that this
is only observed in younger patients.
Finally, our results are generally concordant with a 2013
meta-analysis of 14 observational studies, including 14 874
1103
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Figure 2 Effect of prosthesis–patient mismatch (PPM) on freedom from congestive heart failure (CHF). The effect of PPM on freedom from CHF
recurrence or CHF-related death after aortic valve replacement in patients (A) under age 70 years with normal left ventricular function, (B) under 70
with left ventricular dysfunction, (C) 70 years old and older with normal left ventricular function, and (D) 70 years old and older with left ventricular
dysfunction.

Valvular heart disease

patients, examining the effect of PPM on mortality.21 Chen et al
reported in subgroup analysis, that PPM was associated with
higher mid-term and long-term mortality rates only in younger
populations.

Interaction between age and LV function
The age-speciﬁc ﬁndings stratiﬁed by LV function, as well as the
CHF outcomes and LV mass regression are novel, and provide
mechanistic correlation with the current survival ﬁndings and
previously published outcomes. The ﬁnding that LV mass regression is reduced in elderly patients with PPM and LV dysfunction
has not been previously demonstrated. In patients medicated for
hypertension, elderly patients more frequently have residual LV
hypertrophy.22 In patients receiving AVR, advanced age has
been associated with reduced LV mass regression.23 It could be
that PPM interacts with this reduced physiologic ability to
regress LV hypertrophy, explaining the current results. This
effect could become signiﬁcant if an elderly patient had longer
life expectancy and was more physically active.

Limitations
Surgeons tend to avoid surgical manoeuvres to implant larger
valves, in elderly patients. This may make it appear that older
1104

patients receiving smaller valves have worse outcomes. We have
attempted to control for this through the use of stratiﬁed analysis and multivariable modelling.
EOA for prosthetic valves, particularly bioprosthetic valves
can change over time due to a number of factors. In vivo EOAs
were derived from normally functioning valves in prior to the
onset of structural valve deterioration.
The number of events in certain subgroups was small. Even
though the Cox models were not overﬁt, the power to draw
conclusions was somewhat limited. This is particularly true
within the sensitivity analyses of severe PPM. The conclusions
drawn from this analysis should be treated as exploratory.
We quantiﬁed PPM by using the in vivo EOAs values derived
from normally functioning valves examined echocardiographically in healthy patients. We and others have demonstrated that
the use of in vivo EOAs, derived in this fashion, correlated well
with transprosthesis gradients and postoperative outcomes.2 3 16
Using the EOA derived by the Doppler-echo continuity equation
in individual patients after prosthesis implantation has several
limitations related to difﬁculties of accurately measuring the LV
outﬂow diameter caused by reverberations from the prosthetic
valve and the presence of large localised transprosthesis gradients and non-ﬂat transprosthetic spatial velocity proﬁles, which
Price J, et al. Heart 2014;100:1099–1106. doi:10.1136/heartjnl-2013-305118
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Figure 3 Effect of prosthesis-patient mismatch (PPM) on freedom from death and congestive heart failure (CHF). The effect of PPM on freedom
from death and CHF after aortic valve replacement in patients (A) under age 70 with normal left ventricular function, (B) under 70 years of age with
left ventricular dysfunction, (C) 70 years old and older with normal left ventricular function, and (D) 70 years old and older with left ventricular
dysfunction.

Valvular heart disease

What is known on this subject?
The impact of prosthesis–patient mismatch (PPM) on outcomes
after aortic valve replacement continues to be debated. While
some maintain it has no effect on mortality, there is a growing
body of evidence that PPM is associated with increased
mortality, reduced LV mass regression and increased incidence
of postoperative congestive heart failure (CHF). Some published
data indicate that the effect of PPM may be modiﬁed by factors,
such as left ventricular function, Body Mass Index and age.
What might this study add?
This paper conﬁrms and demonstrates poor long-term survival
and decreased freedom from CHF in patients under 70 years old
with LV dysfunction. Additionally, PPM appears to reduce LV
mass regression in elderly patients with LV dysfunction.
How might this impact on clinical practice?
The results suggest that surgical manoeuvres to increase the in
vivo effective oriﬁce area of the implanted valve should be
reserved for the subset of patients less than 70 years of age and
with LV dysfunction. In patients 70 years old and older,
technical steps in order to avoid PPM, which may be associated
with increased surgical risk, do not appear justiﬁed on the basis
of improving postoperative survival or reducing postoperative CHF.
Figure 4 Effect of prosthesis-patient mismatch (PPM) on LV mass.
Indexed change in LV mass in patients under age 70 years, and in
patients 70 years old and older. In older patients with LV dysfunction,
those with PPM experienced a signiﬁcant reduction in the regression of
LV hypertrophy.

frequently result in discrepancies.24–26 However, it was demonstrated that the in vivo EOA method provides superior sensitivity and speciﬁcity for prediction of postoperative PPM in
individual patients.27
In clinical practice, PPM, particularly severe PPM, should not
be simply dismissed as insigniﬁcant in all older patients and
those with normal LV function. If severe PPM were to be so
extreme as to approximate the EOA of severe AS, the beneﬁts of
AVR are clearly lost. Additionally, the number of patients with
severe PPM in this study was small and the results should be
interpreted cautiously. The ﬁndings of this study should be considered along with all other patient factors to determine the
appropriate course of action.
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