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Approximately 2/3 of patients with hypertrophic cardiomyopathy (HCM) have significant left ventricular
outflow tract obstruction (LVOTO), which is caused by the interaction mitral valve apparatus and the
hypertrophied septum. The contribution of mitral valve remodeling to the development of obstruction
over time has never been described. We analyzed retrospectively 40 patients with HCM and no baseline
obstruction followed up for a median of 2179 days. At follow up, 13 patients developed significant LVOTO.
Patients who developed LVOTO had longer posterior leaflets and longer anterior leaflet residual length.
© 2023 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Cardiological Society of India.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Up to 2/3 hypertrophic cardiomyopathy (HCM) patients have
significant obstruction of the left ventricular outflow tract (LVOT),
which occurs when the septum contacts the mitral valve appa-
ratus.1 The purpose of our study was to evaluate the contribution of
mitral valve remodeling to the development of LVOT obstruction
among these patients. We also assessed progressive septal thick-
ening, to determine the relative contributions of each.

We conducted a retrospective cohort study with approval from
our institutional review board. We identified all subjects with a
diagnosis of non-obstructive HCM 2 regularly followed at our
institution between years 2000e2021, who had at least 2 trans-
thoracic echocardiograms (TTE) at least 6 months apart.

TTEs were read by a single expert operator, blinded to patients’
characteristics, in a random order. Key morphological parameters
were measured as shown in Fig.1. Significant obstruction was
defined as peak gradient >30 mmHg either at rest or during Val-
salva 2 Morphological mitral valve anomalies were tracked, 3 and
severity of mitral valve regurgitation was graded according to
guidelines indications.4

Categorical variables are expressed as number (percentage) and
continuous variables as mean ± standard deviation or median
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(range). Association was tested using Chi-square test for nominal
variables and ManneWhitney test for continuous variables. All
analyses were carried out using R v4.1.2 (CRAN, Vienna, Austria).

Forty of 187 patients with HCM identified through the electronic
medical record search were found to be eligible for the study.
Average age on first TTEwas 50 ± 15 years, and 47% of patients were
female. Twelve subjects had papillary muscle hypertrophy. Fifteen
subjects had at least one anomaly in the mitral valve apparatus
(Fig. 1). Three individuals had more-than-moderate mitral regur-
gitation on baseline TTE. After a median follow up of 2179 days
(range 262e5376), 13 (32%) patients developed LVOT obstruction.
No subject had significant midventricular obstruction at either
baseline or follow up study. Patients who developed LVOT
obstruction had a significantly higher baseline gradient (17 vs
9 mmHg, p < 0.001) and were more likely to have significant mitral
regurgitation (23% vs 0%, p < 0.001). Residual length of the anterior
mitral valve leaflet, was larger among patients who developed
LVOT obstruction (4.3 vs 1.5 mm, p ¼ 0.003 e Fig. 1).

The development of LVOT obstruction is common among pa-
tients with a baseline diagnosis of non-obstructive HCM. Remod-
eling of the mitral valve, with elongation of the leaflets and
consequent shift of the coaptation point, may contribute to the
development of obstruction. 5 Progressive left ventricular hyper-
trophy did not occur, suggesting that mitral valve remodeling may
be the primary driver in the development of LVOT obstruction. The
main limitation of this study is its retrospective design, leading to
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Fig. 1. Mitral valve morphology and development of left ventricular outflow tract obstruction in non-obstructive hypertrophic cardiomyopathy, and characteristics of the
patient population. Top panels display graphically mitral valve morphological changes in the setting of the development of obstruction. Panel A: Leaflet length was measured in
apical 3 chamber view in mid-diastole. Protrusion length was measured as the distance between coaptation point and mitral annular plane. Residual length was measured as the
length of the anterior mitral valve leaflet beyond the point of coaptation. Wall thickness and ventricular dimensions were measured in end-diastolic frames. Panel B and Panel C
show residual length and peak left ventricular outflow tract gradient in a patient who developed significant obstruction at follow up. Note the increase in residual length from 1 mm
to 7 mm and the significant increase in left ventricular outflow tract gradient between baseline and follow up echocardiogram approximately 4 years apart.
Bottom panel show baseline and follow up echocardiographic variables. LAVi, left atrial volume index; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; LVOT, left ventricular outflow tract; LVOTO, left ventricular outflow tract obstruction; RVSP, right ventri.
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heterogeneous follow up duration and non-standardized TTE ac-
quisitions, all read by a single, blinded operator. Furthermore,
sample size could be insufficient to achieve adequate statistical
power.

In conclusion, remodeling of the mitral valve, with elongation of
the leaflets and consequent shift of the coaptation point, may be a
component of the development of obstruction in HCM. Mitral valve
could potentially be itself a target for gradient reduction, especially
in light of novel percutaneous technologies such as lampoon.6
2

Further research is needed to further evaluate the role of mitral
valve remodeling in the natural history of HOCM.
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