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Moderate functional mitral regurgitation (MR) in patients with aortic valve stenosis (AS)
is often left unaddressed at the time of aortic valve replacement (AVR) because it is
expected to decrease after AVR. However, some patients have persistent moderate MR
after AVR. We sought to determine the preoperative echocardiographic predictor for
persistent functional MR after AVR in patients with AS. Pre- and postoperative echocar-
diograms were reviewed in 110 patients with severe AS and functional MR who underwent
AVR without mitral valve (MV) surgery. Fifty-eight patients received concomitant coro-
nary artery bypass graft surgery. In patients with MV tenting, defined as apical displace-
ment of mitral leaflets in the apical 4-chamber view, MV tenting area and tenting height
were measured at midsystole. Eighty patients had MV tenting (mean MV tenting area 1.4
+ (.5 cm?, mean MV tenting height 0.8 = 0.2 cm) and 30 did not have it before AVR. MR
severity decreased in 51 of 80 patients (64%) with MV tenting after AVR and in 25 of 30
patients (83%) without MV tenting (p <0.05). In patients with MV tenting, multivariate
analysis revealed that presence of long-term atrial fibrillation and MV tenting area were
independent predictors of postoperative MR severity (all p values <0.05). The sensitivity
and specificity in predicting persistent moderate MR after AVR were 72% and 82% for MV
tenting area >1.4 cm?® In conclusion, preoperative MV tenting predicts persistent func-
tional MR after AVR in patients with severe AS. © 2010 Elsevier Inc. All rights reserved.

(Am J Cardiol 2010;106:701-706)

Moderate mitral regurgitation (MR) in patients with aor-
tic valve stenosis (AS) is often not corrected at the time of
aortic valve replacement (AVR) because concomitant MR is
expected to decrease after AVR,'"* and simultaneous re-
placement of aortic and mitral valves significantly increases
morbidity and mortality.s’6 However, we sometimes en-
counter patients who have persistent moderate MR even
after AVR. Recent studies have demonstrated that more
than moderate MR at the time of AVR could influence the
long-term outcome in patients with AS.”® Therefore, if
concomitant MR would not decrease after AVR, we may
consider mitral valve (MV) surgery at the time of AVR. The
cause of concomitant MR at the time of AVR was a signif-
icant predictive factor for improvement of MR after sur-
gery.®? In most patients with organic MR such as those with
myxomatous or rheumatic mitral valves, concomitant MR
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would likely not decrease after AVR, whereas patients with
functional MR with no morphologic abnormalities of mitral
apparatus show more frequent decrease of MR after surgery.
However, even functional MR could persist after AVR in
some patients.”'" The ability to predict persistent func-
tional MR after AVR would be of great clinical value.
However, previous studies on this matter did not examine
large numbers of patients with functional MR®® or show
enough echocardiographic parameter data for functional
MR.""!° Therefore, this study examined whether persistence
of functional MR after AVR could be predicted by preop-
erative echocardiographic parameters.

Methods

The study population consisted of 3,124 consecutive
patients who underwent AVR from January 2002 to June
2006 at the Cleveland Clinic (Cleveland, Ohio). We se-
lected patients who met the following inclusion criteria: (1)
severe AS (aortic valve area =<1.0 cm?), (2) equal to or
greater than moderate functional MR (grade =2+), (3)
patients who underwent a first AVR with/without coronary
artery bypass grafting, and (4) patients for whom pre- and
postoperative echocardiographic images were available for
review. Functional MR was defined as MR without mor-
phologic abnormalities of mitral apparatus such as valve
prolapse, significant calcification of leaflet or annulus, or
ruptured chorda. We excluded patients who underwent con-
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Table 1
Clinical characteristics and echocardiographic data
All Patients Tenting Group No-Tenting Group p Value (tenting vs
(n = 110) (n = 80) (n = 30) no-tenting group)
Variable
Age (years) 73 = 10 73 =11 73 +7 0.5
Men 65 (59%) 53 (66%) 12 (40%) 0.01
Coronary artery disease 60 (55%) 50 (63%) 10 (33%) 0.006
Long-term atrial fibrillation 13 (12%) 10 (13%) 3 (10%) 0.7
Preoperative echocardiographic parameters
Left ventricular end-diastolic volume (ml) 136 = 51 149 = 50 102 = 33 <0.001
Left ventricular end-systolic volume (ml) 85 =49 99 + 49 47 £ 26 <0.001
Left ventricular ejection fraction (%) 41 £ 15 36 = 14 55 =10 <0.001
Left ventricular mass (g) 285 + 97 312 =94 222 + 73 <0.001
Left atrial area (cm?) 25+ 6 27 +5 24+ 6 0.006
Mean transaortic valve gradients (mm Hg) 43 = 18 42 + 18 47 = 18 0.2
Aortic valve area (cm?) 0.67 = 0.17 0.67 = 0.18 0.65 = 0.15 0.5
Mitral regurgitation jet area (cm?) 8.1x27 8.6 £2.7 6.7+ 22 0.001
E velocity (cm/s) 96 = 24 99 =24 88 + 22 0.03
A velocity (cm/s) 86 =29 84 = 30 88 =29 0.6
E/A rate 1.3+0.7 1.4*+0.7 1.1 £0.6 0.08
Deceleration time (ms) 200 =91 187 = 84 231 = 105 0.03
Postoperative functional mitral regurgitation
Mitral regurgitation after aortic valve replacement <2+ 76 (69%) 51 (64%) 25 (83%) 0.03
Mitral regurgitation jet area (cm?) 4829 48 £3.1 4.6 £25 0.2
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Figure 1. (A) Echocardiographic image of apical 4-chamber view at midsystole, (B) Color Doppler image of functional MR, (C) echocardiographic image
used to measure MV tenting area and height. The tenting area and tenting height of the MV were measured in the apical 4-chamber view at the time of
maximal MV closure in systole (midsystole). Tenting area was defined as the area enclosed by the annular plane and 2 leaflets. Tenting height was defined
as the distance between the leaflet coaptation and the mitral annular plane, which was measured perpendicular to mitral annular plane. LA = left atrium; LV =

left ventricle; RA = right atrium; RV = right ventricle.

comitant MV repair or replacement at the time of AVR. All this study. We initially examined data from 145 patients
patients with severe functional MR (grade 4+) underwent extracted from surgical and echocardiographic databases
concomitant MV surgery. Thus, they were excluded from approved by the institutional review board for clinical re-
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search in our institution. Subsequently, patients with signif-
icant aortic insufficiency (grade =2+, n = 18), pacing
rhythm (n = 5), or inadequate echocardiographic image
quality (n = 12) were excluded. A total of 110 patients met
the eligibility criteria. Patient clinical characteristics and
preoperative echocardiographic data are listed in Table 1.
Patients with coronary artery disease were defined as those
with known previous myocardial infarction and/or concom-
itant coronary artery bypass graft at the time of AVR. All
patients had 2-dimensional echocardiographic examinations
before and after (5 = 3 days) AVR.

Of 110 patients, 52 patients had isolated AVR and 58 had
AVR with concomitant coronary artery bypass graft. AVR
was performed with a bioprosthetic valve in 107 patients
(Carpentier-Edwards, Edwards Life sciences, Irvine, Cali-
fornia, in 105; 3F, ATS Medical, Inc., Minneapolis, Min-
nesota, in 1; and Mosaic, Medtronic, Inc., St. Paul, Minne-
sota, in 1), a mechanical valve in 2 patients (St. Jude
Medical, St. Jude Medical, Inc., St. Paul, Minnesota, in 1;
and Carbomedics, Inc., Austin, Texas, in 1), and a ho-
mograft in 1 patient. Average prosthetic valve size was 23
* 2 mm (range 19 to 29). The concomitant aortic root
enlargement procedure was performed in 14 patients (13%).
In 58 patients with concomitant coronary artery bypass
graft, 14 patients had 1 graft bypass surgery, 14 had 2 grafts,
16 had 3 grafts, and 14 had >4 grafts.

Two-dimensional comprehensive transthoracic echocar-
diography was performed using several commercially avail-
able echocardiographic systems. Left ventricular end-dia-
stolic and end-systolic volumes and ejection fraction were
calculated by the modified Simpson disk method. Left ven-
tricular mass index was calculated by the area—length
method. Left atrial area was measured from the apical
4-chamber view at end-systole. Mean transaortic valve gra-
dient was calculated with the simplified Bernoulli equation.
Aortic valve area was calculated by the continuity equation.
For quantitative evaluation of MR severity, MR jet area on
color flow mapping was measured by planimetry.'"'? Equal
to or greater than moderate MR was defined as an MR jet
area =4 cm? (grade =>2+)."! We measured mitral annular
area, which was estimated by the product of annular diam-
eters in the apical 4-chamber and 2-chamber views.'*'* In
patients with MV tenting, defined as apical displacement of
mitral leaflets in the apical 4-chamber view, we measured
the tenting height and tenting area of the MV. Tenting
height of the MV was defined as the minimal distance
between the leaflet coaptation and the mitral annular plane,
and tenting area of the MV was defined as the area enclosed
by the annular plane and 2 leaflets in the 4-chamber view at
the time of maximal MV closure in midsystole as previously
reported (Figure 1).'*'* From transmitral inflow velocities,
the following variables were measured: peak velocity of
early diastolic filling (E velocity), late filling with atrial
contraction (A velocity), E/A ratio, and deceleration time of
the E wave. In patients with atrial fibrillation, only E ve-
locity and deceleration time were evaluated. E velocity and
deceleration time were measured 3 times and the average of
these measurements was calculated in each patient with
atrial fibrillation.

Data are expressed as mean = SD, frequency distribution,
or simple percentage. An unpaired # test or chi-square analysis
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Figure 2. Relation between postoperative persistent MR severity and pre-
operative echocardiographic parameters Postoperative MR jet area was
associated with preoperative MV tenting area (A), MV tenting height (B),
and mitral annular (MA) area (C).

was used to compare continuous variables or proportions be-
tween 2 different groups. Paired # test was used to compare pre-
and postoperative measurements. We used linear regression for
correlation of variables of interest. Multivariate stepwise re-
gression analysis was performed to identify factors associated
with postoperative MR jet area. Significant variables for uni-
variate analysis were entered into the models. Differences were
considered statistically significant at a p value <0.05 (2-sided).
We also examined the sensitivity and specificity of various
cut-off points for predicting persistent MR grade =2+ after
AVR using receiver operating characteristic curves. Calcula-
tions were done using commercially available statistical soft-
ware (SPSS 13.0, SPSS, Inc., Chicago, Illinois).

The authors had full access to the data and take full
responsibility for their integrity. All authors have read and
agree to the report as written.
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Table 2
Relation of clinical characteristics and echocardiographic parameters to
postoperative mitral regurgitation jet area in mitral valve tenting group

T Univariate Multivariate
p Value p Value
Variable
Age —0.14 0.2
Male gender —0.03 0.8
Coronary artery disease —-0.17 0.1
Long-term atrial fibrillation 0.30 0.007 0.03
Preoperative echocardiographic
parameters
Left ventricular end-diastolic volume  0.25 0.03 0.2
(mI)
Left ventricular end-systolic volume 0.29 0.009 0.3
(ml)
Left ventricular ejection fraction (%) —0.27 0.02 0.7
Left ventricular mass (g) 0.12 0.4
Left atrial area (cm?) 0.18 0.1
Mean transaortic valve gradients —0.20 0.08
(mm Hg)
Aortic valve area (cm?) 0.05 0.7
Mitral regurgitation jet area (cm?) 0.32 0.003 0.4
E velocity (cm/s) —0.05 0.7
A velocity (cm/s) 0.16 0.2
E/A rate -0.23 0.08
Deceleration time (ms) —0.04 0.7
Mitral valve tenting area (cm?) 0.62 <0.001 <0.001
Mitral valve tenting height (cm) 0.53 <0.001 0.6
Mitral annular area (cm?) 0.35 0.002 0.3
Results

Eighty patients had MV tenting (73%, tenting group;
mean MV tenting area 1.4 + 0.5 cm? mean MV tenting
height 0.8 *= 0.2 cm) and 30 did not (27%, no-tenting
group). Clinical and preoperative echocardiographic data of
the 2 groups are listed in Table 1. There were more men and
patients with coronary artery disease in the tenting group
than in the no-tenting group. Patients in the tenting group
had significantly larger left ventricular volumes, left ven-
tricular mass, and left atrial size, lower ejection fraction, and
more severe MR than those in the no-tenting group. In
transmitral inflow velocities, E velocity in the tenting group
was significantly higher than that in the no-tenting group
and deceleration time in the tenting group was significantly
shorter than that in the no-tenting group. Functional MR in
51 of 80 patients (64%) improved to =1+ after AVR in
tenting group and in 25 of 30 patients (83%) in the no-
tenting group (Table 1).

In 80 patients with MV tenting, postoperative MR jet
area was significantly associated with long-term atrial fi-
brillation, preoperative left ventricular end-diastolic and
end-systolic volumes, left ventricular ejection fraction, MR
jet area, MV tenting area, tenting height, and mitral annular
area in univariate analysis (Figure 2, Table 2). Multivariate
stepwise regression analysis revealed that long-term atrial
fibrillation and preoperative MV tenting area independently
predicted postoperative MR jet area (Table 2). In the MV
tenting group, 51 patients (64%) showed decrease in MR
after AVR (grade =1+). Twenty-nine patients (36%)
showed persistent MR after AVR (grade =2+). Compari-

Table 3

Comparison between patients in mitral valve tenting group with and
without persistent mitral regurgitation (=2+) after aortic valve
replacement

Persistent MR p Value
No Yes
(n = 51) (n = 29)
Variable
Age (years) 73 =10 72 =13 0.5
Men 35 (69%) 18 (62%) 0.6
Coronary artery disease 31 (61%) 19 (66%) 0.7
Long-term atrial fibrillation 3 (6%) 7 (24%) 0.04
Preoperative echocardiographic
parameters
Left ventricular end-diastolic 144 = 40 159 = 64 0.2
volume (ml)
Left ventricular end-systolic 91 £ 36 113 = 64 0.1
volume (ml)
Left ventricular ejection fraction 38 £ 12 32+15 0.08
(%)
Left ventricular mass (g) 294 + 82 341 £ 107 0.1
Left atrial area (cm?) 275 285 0.3
Mean transaortic valve gradients 43 *+ 19 38 £16 0.2
(mm Hg)

Aortic valve area (cm?) 0.67 £0.18 0.69 = 0.18 0.6

Mitral regurgitation jet area 82*+23 9.1 £33 0.1
(cm?)

E velocity (cm/s) 100 * 25 98 £ 22 0.8

A velocity (cm/s) 84 + 30 85 £ 31 0.9

E/A 1.4+0.7 1307 >09

Deceleration time (ms) 194 + 90 175 = 69 0.3
Mitral valve tenting area (cm?) 1.2+0.3 1.7£0.6 <0.001
Mitral valve tenting height (cm) 0.7 = 0.1 09=*+02 <0.001
Mitral annular area (cm?) 82+ 12 92 *+23 <0.05
Mitral annular diameter (cm) 82+1.2 92 +23 0.03
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Figure 3. Receiver operating characteristic curves of MV tenting area,
tenting height, and mitral annular area. Best cut-off value separating
patients with persistent MR after AVR were >1.4 cm? for MV tenting area,
>0.7 cm for MV tenting height, and >9.7 cm? for mitral annular area.
Areas under the curve were 0.81, 0.81, and 0.66, respectively.

sons of clinical and echocardiographic data between pa-
tients in the tenting group with and without persistent MR
after AVR are presented in Table 3. Using receiver operat-
ing characteristic curves, we found that the sensitivity and
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Figure 4. Regression plots show correlations of changes (A) in MR severity
(AMR jet area = postoperative minus preoperative MR jet area) with those
in left ventricular (A) end-systolic volume (ESV; AESV = postoperative
minus preoperative left ventricular end-systolic volume) and (B) ejection
fraction (EF; AEF = postoperative minus preoperative ejection fraction).

specificity in predicting persistent MR after AVR were 72%
and 82% for an MV tenting area >1.4 cm? (area under the
curve 0.81; Figure 3).

In 50 patients without coronary artery disease, 30 pa-
tients had MV tenting and 20 did not. In these patients,
patients in the tenting group had significantly larger left
ventricular volumes (p <0.001), left ventricular mass (p =
0.02), and left atrial size (p = 0.004), lower ejection fraction
(p <0.001), and more severe MR (p <0.001) than those in
the no-tenting group. MR in 20 of 30 patients (67%) im-
proved to =1+ after AVR in the tenting group and in 18 of
20 patients (90%) in the no-tenting group (p = 0.04).
Multivariate stepwise regression analysis revealed that pre-
operative MV tenting area independently predicted postop-
erative MR jet area (p <0.001). In addition, multivariate
stepwise regression analysis of 60 patients with coronary
artery disease revealed that preoperative MV tenting area
(p = 0.006) and long-term atrial fibrillation (p = 0.03)
independently predicted postoperative MR jet area.

In all patients, left ventricular volumes were significantly
decreased after AVR (left ventricular end-diastolic volume
136 £ 51 to 118 = 50 ml, p <0.001; left ventricular
end-systolic volume 85 = 50 to 71 * 46 ml, p <0.001).
Mean ejection fraction and MR jet area significantly im-
proved after surgery (ejection fraction 41 = 15% to 44 =
13%, p = 0.001; MR jet area 8.1 = 2.7 to 4.8 = 2.9 cm?,
p <0.001). Significant correlations were found among
change in MR jet area (postoperative minus preoperative
MR jet area), change in left ventricular end-systolic volume
(postoperative minus preoperative left ventricular end-sys-
tolic volume), r = 0.35, p <0.001, and change in ejection

fraction (postoperative minus preoperative ejection frac-
tion), r = —0.32, p <0.001; Figure 4.

In 36 patients who had midterm follow-up (mean 26
months), 10 patients were in the no-tenting group and 26
were in the tenting group. There was no significant change
in MR severity in 7 of 10 patients in the no-tenting group
and in 16 of 26 in the tenting group. MR decreased in 2 in
the no-tenting group and in 7 in the tenting group. Nine of
36 patients (25%) showed improvement. MR increased in 1
in the no-tenting group and in 3 in the tenting group.

Discussion

Moderate MR in patients with AS is often not corrected
at the time of AVR because concomitant MR, particularly
functional or ischemic MR, is expected to decrease after
AVR.'"* However, some patients have persistent moderate
MR after AVR, even in those with functional MR.”'°
Because moderate or severe MR at the time of AVR influ-
ences long-term outcome in patients with AS,”® MV sur-
gery should be considered at the time of AVR in patients
whose MR is expected to persist after AVR, although con-
comitant MV surgery requires additional time and increases
surgical risk.>® In our study, we demonstrated that persis-
tence of functional MR after AVR can be predicted by
preoperative echocardiographic parameters.

Functional MR in the tenting group would be caused by
geometric distortion of the MV by left ventricular dilatation
and dysfunction, which increases leaflet tethering and re-
stricts MV closure as previously reported.'>'® In contrast,
functional MR in the no-tenting group may be explained by
dilatation of the mitral annulus'’ and extremely high left
ventricular systolic pressure imposed by severe AS, which
generates MR. This study demonstrated that concomitant
MR decreased after AVR in most patients without MV
tenting and that persistent MR after surgery was related to
preoperative severe MV tenting.

Cause of concomitant MR was a significant predictive
factor for improvement in MR severity after AVR.*° Con-
comitant MR at the time of AVR did not decrease after
surgery in most patients with organic MR such as myxo-
matous or rheumatic MR, whereas decrease in MR was
more frequent in functional or ischemic MR. Barreiro et al®
described decrease in functional MR in 81.8% (9 of 11
patients). Another previous study showed that decrease in
functional or ischemic MR after AVR was more frequent
than that in organic MR.? These previous studies investi-
gated smaller populations with functional MR compared to
ours. In addition, previous works employed echocardiogra-
phy only for determining the cause of MR. Therefore, echo-
cardiographic predictors for persistence of functional MR
after AVR were not examined in these previous studies. For
example, Ruel et al” demonstrated that patients with AS and
functional MR and larger left atrium, lower preoperative
transaortic valve gradients, or atrial fibrillation had a sig-
nificantly higher risk of persistent MR after AVR than other
patients with AS. However, they did not examine severity of
MV tenting in functional MR. Recently, Unger et al'® re-
ported that the decrease in MR after AVR was associated
with left ventricular reverse remodeling, but not with
changes in MV geometry. However, this previous study



706 The American Journal of Cardiology (www.ajconline.org)

included not only functional but also organic MR. In our
study, we excluded organic MR, and preoperative MV tent-
ing severity and long-term atrial fibrillation were indepen-
dently related to persistent functional MR after AVR. Pa-
tient selection may explain apparently different conclusions.

It is still unclear whether concomitant MV surgery
should be performed at the time of AVR when we consider
the additional risk of surgery.>® In 1 of our previous studies,
MYV repair with AVR had an improved late survival rate and
a better prognosis compared to 2-valve replacement.'’
Thus, at least when the repair is possible or likely, as in our
situation, concomitant MV repair may be a preferred choice
in patients with significant MV tenting to prevent persistent
MR after AVR.

In this study we retrospectively analyzed routine clinical
echocardiographic data. Also, we estimated maximal MR
jet area for quantitative evaluation but did not quantify
regurgitant volume or fraction. However, MR jet area was
relatively accurate in evaluating functional MR severity
because most functional MR jets were concentric in flow.
Sixty of 110 patients had coronary artery disease in addition
to AS, 15 had known previous myocardial infarction, and 58
had concomitant coronary artery bypass graft at the time of
AVR. Complete or incomplete revascularization and persis-
tent myocardial ischemia may have affected our results.
However, coexistence of coronary artery disease did not
alter the importance of the tenting in our study. This study
was conducted to examine early changes of functional MR
after AVR, but some patients may have shown improve-
ment in left ventricular function at long-term follow-up.
Therefore, functional MR could decrease at long-term fol-
low-up in such patients. To confirm the long-term persis-
tence in functional MR after AVR, longer observation pe-
riods are needed.
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