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We aimed to characterize the extent and distribution of focal basal left ventricular (LV)
hypertrophy in patients with mitral valve prolapse (MVP). Sixty-three patients (mean age:
58 � 14 years) with MVP and 20 age-matched normal volunteers (mean age: 53 � 11 years)
were assessed using cardiac magnetic resonance imaging. We compared the ratio of basal
to mid end-diastolic wall thickness in both groups and correlated it with clinical and
imaging parameters. Of the 63 patients, 44 (70%) had posterior leaflet prolapse, 2 (3%) had
anterior leaflet prolapse, and 17 (27%) had bileaflet prolapse. There was a significantly
increased ratio of basal to mid-ventricular end-diastolic wall thickness in all segments of
the left ventricle in those with MVP compared to the controls. The inferolateral (2.1 vs 1.0,
p <0.01) and anterolateral (2.1 vs 1.1) ratios (p <0.01) were the greatest compared to the
other myocardial segments. The degree of mitral annular excursion had a strong positive
correlation with the degree of hypertrophy (r2 � 0.81, p <0.01) and was an independent
predictor in adjusted multivariate analysis (p <0.0001). Age, body mass index, LV end-
diastolic volume index, LV end -systolic volume index, LV stroke volume index, degree of
prolapse, and mitral regurgitation volume did not have any significant correlation with the
degree of hypertrophy. In conclusion, MVP is associated with concentric basal LV hyper-
trophy and good correlation between the excursion of the mitral valve annulus and the
degree of relative LV hypertrophy suggests that locally increased myocardial function
could be responsible for this remodeling. © 2012 Elsevier Inc. All rights reserved. (Am J

Cardiol 2012;109:1321–1325)
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Mitral valve prolapse (MVP) often results in mitral
regurgitation, which can lead to left ventricular (LV)
dilation and an increase in LV ejection fraction.1 Pro-
gressive LV remodeling can eventually lead to LV sys-
tolic dysfunction. Another adaptive mechanism in the
setting of MVP, even in the absence of mitral regurgita-
tion, can be LV hypertrophy and increased LV mass. This
is evidenced by the observation that performing mitral
valve repair in these patients is associated with a greater
likelihood of significant regression of LV mass.2,3 A
confounding problem is that LV hypertrophy in these
patients can be attributed to other causes. Recently, a
case series of 2 patients described segmental hypertrophy
isolated to the posterobasal LV free wall and ascribed it
to a novel form of hypertrophic cardiomyopathy.4 Both
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atients had MVP and negative genetic testing for known
utations for sarcomeric hypertrophic cardiomyopathy

r its phenocopies. Perhaps, the hypertrophy in these
atients is secondary to a compensatory mechanism for
VP and not due to a rare genetic condition. The objec-

ives of our study were to (1) characterize the extent and
istribution of LV hypertrophy in patients with MVP, and
2) assess the correlation between the degree of LV
ypertrophy and myocardial structural parameters.

ethods

We retrospectively analyzed all patients with MVP re-
erred for cardiac magnetic resonance evaluation from Jan-
ary 2008 to August 2011. The study was approved by the
nstitutional review board of St. Luke’s and Roosevelt Hos-
itals. The patients were classified as having MVP if the
itral valve leaflet displacement �2 mm in the 3-chamber

ong-axis view.5 They were further stratified as to having
nterior, posterior, or bileaflet prolapse. We also included
0 normal volunteers who served as an age-matched control
roup.

Each patient was imaged with a 1.5 Tesla scanner
sing an 8-element, phased-array coil (GE Signa, EX-
ITE, GE Medical Systems, Milwaukee, Wisconsin). A

teady-state free precession pulse sequence was used to
cquire short- and long-axis cine images with the follow-
ng parameters: repetition time/echo time 3.3 ms/1.4 ms,

0 views per segment, field of view 35 � 35 cm, acqui-
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sition matrix 192 � 160, slice thickness 8 mm, slice gap
mm, flip angle 45°, bandwidth 125 kHz. Phase-contrast

mages were acquired perpendicular to the proximal pul-
onary artery and perpendicular to the proximal aorta to

uantify flow in these vessels using the following param-
ters: repetition time/echo time 7.5 ms/2.9 ms, 6 views
er segment, encoded velocity 250 cm/s, field of view
5 � 35 cm, acquisition matrix 256 � 128, slice thick-

ness 4 mm, flip angle 20°, receive bandwidth 31.3 kHz.
After the clinical scan was completed, additional phase-
contrast images were acquired of a stationary bottle of
water (phantom) for baseline correction.6 If clinically
ndicated, a contrast-enhanced T1-weighted inversion re-
overy gradient-echo sequence was used to delineate the
resence, location, and extent of myocardial fibrosis us-
ng the following parameters: repetition time/echo time
.4/2.5 ms, flip angle 30°, 8 to 10 contiguous slices from
ase to apex similar to the cine steady-state free-preces-
ion sequence, slice thickness 8 mm, acquisition matrix
92 � 128, field of view 35 cm. The inversion time was
anually adjusted to a null signal from normal myocar-

ium, and short-axis images were obtained 5 to 10 min-
tes after intravenous administration of gadolinium con-

rast (0.2 mmol/kg Magnevist, Berlex Laboratories, Montville,
ew Jersey, or 0.1 mmol/kg Multihance, Bracco Imaging,
ilan, Italy).
The images were reviewed and analyzed using ReportCard,

ersion 4.0, software (GE Healthcare, Waukesha, Wisconsin).
V volumes were determined by manual segmentation of the
hort-axis images and indexed to the body surface area. Aortic
nd pulmonary artery flow values were determined using the
esident semiautomated algorithm. Correction for baseline off-
ets was performed using a phantom phase-contrast image, as
escribed previously.6 The mitral regurgitation volume was

defined as the difference between the LV stroke volume and
total pulmonary artery flow.

To measure relative LV hypertrophy, we calculated a
ratio of basal to mid-ventricular end-diastolic wall thickness
in the anterior, anterolateral, inferolateral, inferior, infero-
septal, and anteroseptal segments using long-axis images. A
second blinded analysis was done of 20 patients to evaluate
the reproducibility of this measurement. The degree of leaf-
let prolapse was measured for both the anterior and poste-
rior leaflets. Mitral annular excursion was also measured,
defined as the distance between the position of the mitral
valve annulus in end-diastole and end-systole in the
3-chamber long-axis view.

All analyses were performed using a standard statistical
package (SPSS, version 16.0, SPSS, Chicago, Illinois).
Continuous data are expressed as the mean � SD and
analyzed using the Student t test. Categorical variables are
reported as frequencies and percentages. Correlation analy-
ses using Pearson’s correlation coefficient were performed
between the ratio of basal to mid-ventricular end-diastolic
wall thickness and clinical and imaging parameters, includ-
ing age, body mass index, LV ejection fraction, LV end-
diastolic volume index, LV end-systolic volume index, LV
stroke volume index, mitral regurgitation volume, degree of
leaflet prolapse, and mitral annular excursion. A multivari-
ate linear regression analysis of the predictors of relative

hypertrophy was also performed. Interobserver variability was o
measured using Bland-Altman analysis. All tests were 2-tailed,
and statistical significance was accepted at p �0.05.

esults

A total of 63 patients with MVP and 20 age-matched
ontrols were identified and analyzed. The baseline charac-
eristics of the MVP and control groups are listed in Table
. Of the 63 patients, 44 (70%) had posterior leaflet pro-
apse, 2 (3%) had anterior leaflet prolapse, and 17 (27%)
ad bileaflet prolapse. Among the 17 patients with bileaflet
rolapse, the mean degree of leaflet prolapse was 4.2 � 1.2

mm for the anterior leaflet and 5.1 � 1.5 mm for the
posterior leaflet. The 44 patients with posterior leaflet pro-
lapse had a mean prolapse distance of 5.6 � 2.4 mm.

Strong interobserver agreement was found in the quan-
tification of end-diastolic wall thickness for all myocardial
segments in patients with MVP and controls. The combined
mean end-diastolic wall thickness for all segments was 7.4 �
1.2 mm for observer 1 and 7.2 � 1.1 mm for observer 2,
with a strong correlation (r2 � 0.90, p �0.0001). Bland-
Altman analysis revealed a strong agreement between ob-
servers 1 and 2, with a mean difference of �0.17 � 0.4 mm.

The mean end-diastolic wall thickness for each myocar-
ial segment is reported in Table 2 for the patients with
VP and controls. There was a significantly increased ratio

Table 1
Baseline characteristics of study population and controls

Variable MVP Group
(n � 63)

Control Group
(n � 20)

Age (years) 58 � 14 53 � 11
Men 35 (56%) 10 (50%)
Diabetes mellitus 4 (6%) 0
Hypertension 11 (17%) 0
Body mass index (kg/m2) 27.1 26.7
Left ventricular ejection fraction (%) 60 � 6 64 � 4
Left ventricular end-diastolic volume

index (ml/m2)
98 � 22 74 � 10

eft ventricular end-systolic volume
index (ml/m2)

39 � 11 27 � 6

eft ventricular stroke volume index
(ml/m2)

60 � 17 47 � 6

eft atrium (cm) 3.7 � 0.7 3.4 � 0.4
itral regurgitation volume (ml) 25 � 22 0

able 2
ean end-diastolic wall thickness in base versus mid-ventricle of each
yocardial segment

Myocardial Segment
End-Diastolic Wall
Thickness (mm)

MVP Group
(n � 63)

Control Group
(n � 20)

Base Mid Base Mid

Anterior 7.9 � 2.7 5.3 � 1.4 5.4 � 1.0 4.8 � 1.2
Anterolateral 9.8 � 2.5 4.7 � 1.4 5.4 � 0.9 4.9 � 1.1
Inferolateral 9.5 � 2.4 4.6 � 1.4 5.0 � 1.0 5.0 � 1.1
nferior 9.2 � 2.6 5.3 � 1.6 5.3 � 1.0 5.9 � 1.6
nferoseptal 7.2 � 2.4 7.3 � 2.0 5.3 � 1.2 6.4 � 1.6
nteroseptal 9.9 � 2.8 5.9 � 1.6 5.9 � 1.8 5.7 � 1.2
f basal to mid-ventricular end-diastolic wall thickness in
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all segments of the left ventricle in those with MVP com-
pared with the controls (Figure 1). The inferolateral (2.1 vs
1.0, p �0.01) and anterolateral ratios (2.1 vs 1.1, p �0.01)

ere the greatest amongst all myocardial segments. Figure
shows a typical patient with MVP with pronounced basal

nferolateral and anterolateral hypertrophy.
We examined the ratio of basal to mid-ventricular end-

iastolic wall thickness in patients with bileaflet prolapse
Figure 3) and posterior leaflet prolapse (Figure 4) com-
ared to the controls. Similar to the whole group data, all
yocardial segments had relative basal hypertrophy with

nferolateral predominance.
A strong positive correlation (r2 � 0.81, p �0.01) was

found between the degree of mitral annular excursion and
relative LV basal hypertrophy (Figure 5). We chose the
inferolateral segment to demonstrate this phenomenon, be-
cause this segment had the greatest degree of relative hy-
pertrophy, with a ratio of 2.1. Age (r2 � 0.01), body mass
index (r2 � 0.03), degree of anterior leaflet prolapse (r2 �
0.01), degree of posterior leaflet prolapse (r2 � 0.06), mitral
egurgitation volume (r2 � 0.01), LV ejection fraction (r2 �

Figure 1. Ratio of base to mid-ventricular end-diastolic wall thi

Figure 2. (A, B) Cardiac magnetic resonance scans of a patient with MVP
.08), LV end-diastolic volume index (r2 � 0.02), LV
end-systolic volume index (r2 � 0.01), and LV stroke vol-
me index (r2 � 0.05) did not have any significant corre-

lation with the degree of hypertrophy. Adjusted multivariate
analysis confirmed that mitral annular excursion was an
independent predictor of the degree of basal hypertrophy
(p �0.0001) when we controlled for age, gender, hyperten-
sion, diabetes, and body mass index.

Of the 63 patients with MVP, 26 (41%) were adminis-
tered intravenous contrast as a part of their clinical scan, and
only 1 had an inferior subendocardial scar in the context of
having coronary artery disease.

Discussion

In the present study, we retrospectively characterized the
distribution of LV hypertrophy in patients with MVP. We
demonstrated that there is relative concentric basal LV hy-
pertrophy in patients with MVP compared to age-matched
controls. This relation held true when we examined patients
with bileaflet and posterior leaflet prolapse separately. Fur-
thermore, the degree of basal LV hypertrophy correlated

per myocardial segment in patients with MVP versus controls.

al anterolateral and inferolateral hypertrophy (arrows) of the left ventricle.
with the degree of mitral valve leaflet excursion. No other
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Figure 5. Relationship between mitral annular excursion
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clinical or imaging characteristic was associated with the
degree of basal wall hypertrophy.

An increased LV mass has been previously described in
patients with MVP. Haikal et al7 demonstrated that patients

ith MVP had a significantly greater LV mass than normal
ontrol subjects. This difference was independent of under-
ying organic heart disease, mitral regurgitation, or sus-
ained hypercontractility, suggesting that myocardial in-
olvement is an integral part of the MVP syndrome. Our
tudy is novel in that we characterized the distribution of
V hypertrophy to be focal and localized to the base.

The proper function of the mitral valve involves a complex
orce balance of all mitral valve components, such as leaflets
nd chordae, during closure. Chordal tension is influenced by
nnulus dilation and papillary muscle displacement and is
irectly related to chordal pathology such as elongation and
upture.8–10 Recently, Granier et al11 created a large animal

model of MVP without mitral regurgitation by implanting a
large oval autologous pericardial patch within the anterior
mitral leaflet. The procedure reduced the tension exerted on the
chordal apparatus and serves as a description of the force
redistribution that occurs with MVP, even in the absence of
mitral valve regurgitation. It is therefore plausible that this
redistribution of chordal tension could lead to spatially limited
biologic changes at the base of the left ventricle and mitral
valve apparatus. The lack of myocardial scar in our study
patients suggests that focal hypertrophy in patients with MVP
is not associated with myocardial fibrosis.

Focal areas of LV hypertrophy in patients with MVP
have been interpreted as a novel form of hypertrophic car-
diomyopathy.4 However, the coexistence of MVP in pa-
tients with hypertrophic cardiomyopathy is uncommon. A
prospective cohort study of 528 consecutive patients with
hypertrophic cardiomyopathy showed that only 3% of pa-
tients had concurrent MVP.12 Our data suggest that a more
ikely explanation is locally increased myocardial function
djacent to the prolapsed mitral valve leaflet that in turn can
ead to focal hypertrophy of the base of the left ventricle.
Figure 3. Ratio of base to mid-ventricular end-diastolic wall thickness
per myocardial segment in patients with bileaflet prolapse versus con-
Figure 4. Ratio of base to mid-ventricular end-diastolic wall thickness
per myocardial segment in patients with posterior prolapse versus
and degree of basal left ventricular hypertrophy.
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We demonstrated a good correlation between excursion of
the mitral valve annulus and the degree of relative hyper-
trophy, supporting this hypothesis. Furthermore, a recent
mechanistic case report demonstrated hyperdynamic basal
inferolateral function in 2 patients with MVP using both
time-resolved strain imaging and M-mode.13 Thus, it is
mportant to consider this mechanism when evaluating pa-
ients with basal hypertrophy and MVP to exclude the
nappropriate diagnosis of hypertrophic cardiomyopathy.

In our study, the degree of leaflet prolapse and mitral re-
urgitation volume did not correlate with the amount of basal
ypertrophy. Perhaps these parameters are not good measures
f local strain that lead to LV remodeling in patients with
VP. Finally, we did not systematically exclude coronary

rtery disease as a potential confounder of our results and this
ould represent 1 of our study limitations.

cknowledgments: We thank Azhar Supariwala for his
ssistance with the statistical analysis.
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