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Background: In patients with late systolic mitral valve prolapse (MVP), progressive superior shift of mitral
valve (MV) during systole is associated with abnormal papillary muscles (PMs) superior shift in late systolic
MVP. Causal relation on these superior shifts remains unclarified. We hypothesized that the superior shift of
the MV in these patients is related to an augmented MV superiorly pushing force by systolic left ventricular
pressure due to MV annular dilatation, which can be corrected by surgical MV plasty with ring size reduction,
leading to the postoperative disappearance of superior shifts of both the MV (late systolic MVP) and
subvalvular PMs.

Methods: In 35 controls, 28 patients with holosystolic MVP and 28 with late systolic MVP, the MV coaptation
depth from MV annulus was measured at early and late systole by 2-dimensional echocardiography. PM tip
superior shift was monitored by echocardiographic speckle tracking. MV superiorly pushing force was
obtained as MV annular areax (systolic blood pressure-10). Measurements repeated after MV plasty in 14
patients with late systolic MVP.

Results: Compared to controls and holosystolic MVP, MV and PM superior shifts and MV superiorly pushing
force were greater in patients with late systolic MVP (1.3+£0.4 vs. 0.9£0.6 vs. 3.9+1.0 mm/m2; 1.3+0.5 vs.
1.2+1.0 vs. 3.3+1.3 mm/m2; 487+90 vs. 606167 vs. 742+177 mmHgecm2/m2, p<0.001, respectively). MV
superior shift was correlated with PM superior shift (p<0.001), which was further related to augmented MV
superiorly pushing force (p<0.001). MV and PM superior shift disappeared after surgical MV plasty for late
systolic MVP.

Conclusions: The disappearance of these superior shifts after surgical MV plasty with annulus reduction
suggests that an augmented systolic superiorly pushing force on the MV with annular dilatation may promote
a secondary superior shift of MV coaptation (= late systolic MVP) that tract subvalvular PMs in patients with
late systolic MVP.
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