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OBJECTIVE: To evaluate left ventricular function in young adults with
mitral valve prolapse (MVP) without significant mitral regurgitation using
two-dimensional strain imaging.

METHODS AND RESULTS: A total of 58 asymptomatic young subjects
(mean [+ SD] age 19.7+1.6 years; 72% male) with MVP were compared
with 60 sex- and age-matched healthy subjects. MVP was diagnosed by
billowing one or both mitral leaflets >2 mm above the mitral annulus in
the long-axis parasternal view. Longitudinal, radial and circumferential
strain and strain rate were determined using speckle tracking with a grey-
scale frame rate of 50 fps to 85 fps. There were no significant differences in

the global systolic left ventricular function of the subjects with MVP com-
pared with the control group. In the MVP group, most of the global myo-
cardial systolic deformation indexes were not reduced. Only the global
circumferential strain showed a decrease in the prolapse subjects. Regional,
longitudinal, circumferential and radial strain and strain rate were
decreased only in septal segments. A decrease in the rotation of the same
septal segments at the basal level was also observed.

CONCLUSION: Regional septal myocardial deformation indexes decrease
in subjects with MVP. These changes may be the first sign indicating the dete-
rioration of left ventricular systolic function as well as the existence of primary
cardiomyopathy in asymptomatic young subjects with MVP.
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Mitral valve prolapse (MVP) is a hereditary connective tissue dis-
ease with (sporadic or familial) autosomal dominant and
X-linked inheritance (1). According to The Framingham Heart Study,
MVP has an estimated prevalence of 2.4% in the general population
(2-4). The overall prognosis of patients with MVP is excellent, but a
small subset will develop serious complications, including arrhythmias
and sudden cardiac arrest, factors that do not completely depend on
the severity of mitral regurgitation (MR) (5).

In some inherited connective tissue diseases that involve the
cardiovascular system (eg, Marfan syndrome), impairment of left ven-
tricular (LV) systolic function has often been reported, which does not
appear to depend on aortic dilation or secondary aortic regurgitation
and MVP with associated mitral regurgitation. These cases have been
described as Marfan-related cardiomyopathy (6,7). The existence of
primary cardiomyopathy in connective tissue diseases is currently being
debated; however, it is well known that the organization and function
of the myocardium is highly dependent on the cardiac extracellular
matrix, which is comprised of fibrillar proteins, such as collagen, elastin
and fibronectin, as well as signalling molecules and enzymes (8).

LV contraction abnormalities in symptomatic MVP patients without
severe MR — but with ventricular arrhythmias — have been discovered
and described in some studies using cardiac tomography, radionuclide
angiography and single photon emission computed tomography (9-11).
In addition, a marked decrease of myocardial deformation indexes has
been demonstrated in patients with degenerative MR (12,13). However,
there are currently no data regarding LV systolic function in asymptom-
atic young subjects with MVP.

Transthoracic echocardiography remains the method of choice for
diagnosing MVP (5) and is an effective tool for the assessment of LV
systolic function based on the measurement of the LV ejection fraction.
Two-dimenstional (2-D) speckle-tracking echocardiography is useful in
detecting early LV dysfunction within the setting of systemic diseases
with cardiac involvement (14). Therefore, the goal of the present study
was to evaluate LV systolic function in young adults with MVP without
significant MR using 2-D strain imaging.

METHODS

Study population

A total of 58 asymptomatic young subjects (28% female, 72% male)
with MVP were consecutively enrolled. The mean (+ SD) age of the
subjects was 19.7+1.6 years. The control group consisted of 60 sex-
and age-matched healthy subjects. All subjects provided informed
consent and the protocol was approved by the local ethics
committee.

Echocardiography

All echocardiographic measurements were performed by an experi-
enced, certified echocardiographer using a Vivid 7 ultrasound system
(GE Healthcare, United Kingdom), equipped with a harmonic
3.5 MHz phased-array transducer.

MVP was diagnosed by billowing one or both mitral leaflets >2 mm
above the mitral annulus in the long-axis parasternal view (2,3). A
maximal leaflet thickness of >5 mm was defined as classic MVP and
otherwise was defined as nonclassic MVP. MR was assessed according
to the European Association of Echocardiography recommendations
for the assessment of valvular regurgitation (15).

The end-diastolic and end-systolic LV diameters were measured using
B-mode echocardiography. The LV end-diastolic (EDV) and end-systolic
(ESV) volumes were calculated from the apical two-chamber and four-
chamber views using a modified version of Simpson’s rule. The LV ejec-
tion fraction was calculated using the following formula: (EDV-ESV)/
EDVx100. The left atrial volume index was measured using the biplane
area-length method (from the apical two-chamber and four-chamber
views) and was indexed to the surface area of the body. The transmitral
flow velocity was recorded from the apical four-chamber view. The peak
early diastolic velocity (E), peak atrial velocity (A), their ratio (E/A) as
well as the peak E deceleration time (E-DT) were all measured. The
mitral annular motion velocity was recorded at the interventricular sep-
tum and lateral wall in the apical four-chamber view using pulsed tissue
Doppler echocardiography. The peak early diastolic motion velocity (e')
and the E/e’ ratio were determined.
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TABLE 1
Demographic and anthropometric characteristics of mitral
valve prolapse (MVP) and control groups

TABLE 2
Comparison of echocardiographic data in mitral valve
prolapse (MVP) and control groups

Characteristic MVP group Control group P MVP group Control group P
Age, years 19.7£1.6 19.9+1.5 0.62 EDD, mm 46.945.0 45.6+4.5 0.32
Sex, male, n (%) 42 (72) 38 (63) 0.48 ESD, mm 29.5+4.6 28.1+3.6 0.20
Height, m 1.89+0.11 1.79+0.09 0.0003 EDV, mL 92.6+£22.9 89.3£19.2 0.55
Weight, kg 61.6+7.9 60.5+9.5 0.64 ESV, mL 34.5£11.6 33.9+8.9 0.82
Body surface area, m? 1.88+0.08 1.78+£0.16 0.004 LVEF, % 62.7£6.6 62.0£5.4 0.66
Heart rate, bpm 76.8+14.3 74.2+£15.7 0.51 E, m/s 0.89+0.19 0.90+0.16 0.83
Systolic BP, mmHg 115.148.5 117.8+9.4 0.25 E/A 1.66+0.41 1.74+0.42 0.46
Diastolic BP, mmHg 68.6+7.4 71.748.9 0.15 E-DT, ms 167+34 164+42 0.76
Data presented as mean * SD unless otherwise indicated. BP Blood pressure; e', cm/s 15.2+1.2 15.4+1.4 0.56
bpm Beats per minute E/e’ 5.9+1.7 5.8+1.2 0.83
LV mass index, g/m? 82.5+21.4 83.5+15.9 0.84
2-D strain imaging LAVI, mL/m2 22.142.7 21.642.9 0.49
Longitudinal strain and strain rate (SR) were determined using the RVEDD, mm 23543.7 245437 0.30
three standard apical views, as well as radial and circumferential strain Aortic root, mm 28.642.9 26.742.9 0.015
and SR from threfz parasternal short axis views at three levels, us"mg Z-score, cmim2 1.59+0.12 1594017 0.04
speckle tracking with a grey-scale frame rate of 50 fps to 85 fps. Rotation ’
was measured in each segment at both basal and apical levels. Ascending aorta, mm 26.0+4.4 23.742.9 0.02
At each plane, one cardiac cycle was acquired (while the subject Pulmonary artery, mm 19.422.6 19.9+2.8 0.48
held their breath) and stored. Image analysis was performed offline on Anterior leaflet length, mm 25.6+3.3 21.8+2.3 <0.0001
an EchoPAC 08 workstation (GE Healthcare, United Kingdom). The Anterior leaflet thickness, mm 3.4+1.1 2.620.6 0.001
LV was divided into 16 segments, with only four segments at the apical Posterior leaflet length, mm 14.2+2.8 11.3+2.0 <0.0001
level. SR was determined as the maximal negative value during the Posterior leaflet thickness, mm 3.5%1.2 2.840.6 0.006
ejection phase, and peak systolic strain as the magnitude of strain at Mitral annular diameter, mm 31.3£3.7 26.0+3.6 <0.0001

the aortic valve closure.

Statistical analysis

Variables are presented as mean + SD. Categorical variables are pre-
sented as percentages. Differences between groups were analyzed using
the Student’s ¢ test for continuous variables and the 2 test for categor-
ical variables. The relationship between pairs of continuous variables
was expressed by Pearson correlation coefficients. Differences were
considered to be statistically significant at P<0.05. All statistical analy-
ses were performed using Statistica 8 software (StatSoft Inc, USA).

RESULTS
Demographic and anthropometric data
There were no significant differences between the MVP and control
groups in most demographic and anthropometric characteristics such
as age, sex proportion, weight, heart rate and blood pressure (Table 1).
However, patients with MVP were taller and had a larger body surface
area, which is common for young adults with this disease (16).

Echocardiographic data

There were no significant differences in LV dimensions and volumes or
in global systolic function between the MVP group and the control
group (Table 2). Other chamber dimensions and volumes (right ven-
tricular end-diastolic dimension and left atrial volume index) also did
not differ between groups. Global diastolic LV function, evaluated by
transmitral and tissue Doppler echocardiography, did not vary between
MVP and healthy subjects.

MVP subjects, when compared with the control group, had larger
aortic root dimensions at the sinus level of the Valsalva and ascending
aorta, but the Z-score was the same in both groups because of the
higher body surface area in MVP subjects. By contrast, the pulmonary
artery diameter was similar in both groups. Subjects with MVP had
significantly longer and thicker mitral valve leaflets and a larger mitral
annulus diameter than the healthy subjects. MR was absent to mild in
both groups, and mostly late systolic in the MVP subjects (P=0.013).
Sixteen subjects from the MVP group exhibited classic MVP and
42 subjects exhibited nonclassic MVP. These two subgroups did not
differ in anthropometric and echocardiographic data, except for the
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Mitral regurgitation, n (%) none/ 12 (21)/46 (79) 20 (33)/40 (66) 0.27
n (%) mild
Late-systolic mitral regurgitation, % 59 26 0.013

Data presented as mean = SD unless otherwise indicated. E Peak early dia-
stolic velocity; e’ Early diastolic mitral annular motion velocity; E/A Ratio of
early and atrial diastolic velocities; EDD End-diastolic diameter; E-DT Peak E
deceleration time; EDV End-diastolic volume; ESD End-systolic diameter;
ESV End-systolic volume; LAVI Left atrial volume index; LV Left ventricular;
LVEF Left ventricular ejection fraction; RVEDD Right ventricular end-diastolic
diameter; Z-score Aortic root diameter, standardized to body surface area

thickness of their mitral valve leaflets (anterior leaflet 4.7+1.3 mm
(classic) versus 2.3+0.6 mm (nonclassic); posterior leaflet 5.0+1.1 mm
(classic) versus 3.1+0.8 mm (nonclassic).

Myocardial deformation indexes

Of 4012 segments, only 3101 (73.3%) were accepted for deformation
analysis. There were no differences in the global longitudinal peak sys-
tolic strains and SR between the MVP and control groups (Table 3).
However, a significant decrease in inferoseptal longitudinal strains and
SR in MVP subjects was observed when compared with the control
group. In other segments, there were no significant differences in longi-
tudinal deformation indexes. Circumferential SR in the MVP group also
showed a significant decrease only in anteroseptal segments, with a
preserved global value. In contrast, the global and segmental circumfer-
ential peak systolic strain was decreased in subjects with MVP. Radial,
global and segmental systolic deformation indexes did not differ between
the MVP and control groups, except for the anteroseptal radial peak
systolic strain, which was significantly lower in the MVP group.

There were also no differences in the twist and rotation at basal
and apical levels between MVP and control groups. However,
anteroseptal basal segments rotated significantly more clockwise in
MVP subjects compared with the control group.

Global myocardial indexes in the MVP group positively correlated
with the aortic root diameter (longitudinal strain r=0.46; P=0.001,
circumferential SR r=0.42; P=0.003). The same correlation was found
in the septal segment deformation indexes (inferoseptal longitudinal
strain r=0.49; P=0.0009, anteroseptal circumferential SR r=0.45;
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P=0.001). None of the deformation indexes correlated with the max-
imal depth of mitral leaflet prolapse.

DISCUSSION

We found typical changes in mitral valve and aortic root morphology in
our young subjects with MVP. It is known that MVP is associated with
aortic root enlargement in patients with inherited connective tissue
disorders. MVP is also an independent predictor of greater aortic size in
a large population with otherwise normal echocardiographic param-
eters (17). The relationships between the measures of LV morphology
and the myocardial strain and SR have been reported previously in
healthy subjects (18). However, there were no data on correlations
between regional, longitudinal and circumferential peak systolic strain
and SR and aortic root size in patients with MVP.

Global systolic (calculated using Simpson’s rule) and diastolic LV func-
tions (evaluated using transmitral and tissue Doppler echocardiography),
as expected, did not change in asymptomatic young MVP subjects without
significant MR. Most global myocardial systolic and diastolic deformation
indexes in the MVP group were also not reduced. Only global circumfer-
ential strain was decreased in MVP subjects. In the present study, the
global strain and SR in the control group did not differ from reference
values in a large young adult cohort examined in previous studies (19).

The present study also revealed a decrease in the longitudinal and
circumferential peak systolic strain and SR in septal segments, as well as
a decrease in the radial strain, which has not previously been described
in patients with MVP. In genetic diseases, such as Friedreich’s ataxia,
Fabry disease or Duchenne cardiomyopathy, the first regional deforma-
tion change occurs in the inferolateral segment; as fibrosis develops first
in this area, the reduction of local strain rates becomes apparent (20).
We cannot suggest that the local reduction of myocardial indexes — iden-
tified in asymptomatic MVP subjects — is associated with septal fibrosis;
further studies using magnetic resonance imaging are needed. However,
these changes of deformation may be the first signs of future deteriora-
tion of the LV systolic function resulting from MVP progression.

Study limitations

Several limitations of the present study should be addressed. The
results of the present study were obtained from a relatively small group
of young adults with MVP. There was also a greater proportion of
males than females in both the MVP and control groups, and this dif-
ference could affect the magnitude of myocardial deformation indexes,
which are normally higher in women (21).

Circumferential and radial strain and SR, in contrast with longi-
tudinal, are not yet validated and accepted for use in a wide clinical
setting. The 2-D strain software used in the present study, similar to
other commercially available tools, has limited capability to change
preferences, and the technology behind the analyses is hidden from
the user due to the program’s simplistic nature (21).
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TABLE 3
Global and septal myocardial systolic deformation indexes
MVP group Control group P
Longitudinal systolic strain
Global —19.6+2.5 —20.5+2.6 0.18
Anteroseptal -18.742.5 -19.8+2.4 0.09
Inferoseptal -19.3+2.9 -20.7+£3.1 0.04
Longitudinal peak systolic strain rate
Global -1.27+0.18 —-1.32+0.16 0.26
Inferoseptal -1.07+0.14 -1.18+0.19 0.01
Circumferential systolic strain
Global —17.2+2.5 —19.9+3.7 0.002
Anteroseptal —21.3+2.4 —24.8+5.1 0.001
Anterior -15.2+4.1 -18.945.2 0.004
Anterolateral -12.8+4.5 -15.845.3 0.02
Inferolateral -13.9+4.5 -16.5+5.3 0.05
Inferior —16.2+5.3 -19.5+5.1 0.02
Inferoseptal —21.3£3.5 —23.6+4.6 0.02
Circumferential peak systolic strain rate
Global -1.35+0.22 —-1.39+0.29 0.55
Anteroseptal —1.48+0.29 —1.68+0.39 0.03
Radial systolic strain
Global 41.7+14.0 44.5+10.6 0.39
Anteroseptal 31.8+14.7 40.7+£16.4 0.03
Radial peak systolic strain rate
Global 1.57+0.37 1.60+0.44 0.78
Rotation
Mean basal -5.3+2.5 —6.0+2.3 0.27
Anteroseptal basal -5.0£2.0 -6.1+2.1 0.04
Mean apical 6.8+2.5 6.8+2.6 0.96
Septal apical 6.6+2.7 6.9+3.0 0.69

Data presented as mean = SD unless otherwise indicated. MVP Mitral valve
prolapse

CONCLUSION
Septal myocardial deformation indexes were decreased in young sub-
jects with MVP when compared with a healthy control group. These
changes in deformation may be the first signs of deterioration of the
LV systolic function and the existence of primary cardiomyopathy in
asymptomatic young subjects with MVP. However, this fact needs to
be further confirmed in larger studies.
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