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Abstract Hypertrophic cardiomyopathy (HCM) affects

the right ventricle (RV) because of the anatomically

hypertrophied septum and plausibly by extension of the

myopathic process to the RV. We sought to investigate RV

strain in patients with left ventricular hypertrophy sec-

ondary to either HCM or hypertension (H-LVH). Our

cross-sectional study included 32 patients with HCM, 21

patients with H-LVH, and 11 healthy subjects, who were

evaluated with transthoracic echocardiography. Using a

dedicated software package, bi-dimensional acquisitions

were analyzed to measure segmental longitudinal strain in

apical views. Right ventricular global longitudinal strain

(GLS) was calculated by averaging septal and right free

wall strains. The HCM and H-LVH groups were compa-

rable for age and demographic characteristics. Right ven-

tricular tricuspid annular plane systolic excursion was not

significantly different between HCM and H-LVH subjects.

Moreover, RV GLS, septal and lateral RV myocardial

strain were significantly impaired in patients with HCM

(all p\ 0.001). Regional and global RV strain parameters

were not significantly impaired in H-LVH compared to

healthy controls An RV GLS cut-off value of [14.9 %

differentiated HCM and H-LVH with a 90 % sensitivity

and a 95 % specificity (p\ 0.001). RV strain parameters

are impaired in patients with HCM. Assessment of two-

dimensional RV strain parameters could help differentiate

between HCM and H-LVH.

Keywords Strain imaging � Speckle tracking imaging �
Right ventricular strain � Hypertrophic cardiomyopathy �
Left ventricular hypertrophy

Introduction

Hypertrophic cardiomyopathy (HCM) is a chronic heritable

disorder characterized histologically bymyocyte disarray and

regional or global ‘left’ ventricular hypertrophy (LVH) [1].

Nonetheless, recent studies suggest that morphopathologic

and functional abnormalities inHCMare not limited to the left

ventricle but affect the right ventricle as well, ostensibly from

an extension of the cardiomyopathic process [2–4].

Although reports on structural and functional abnormali-

ties of the right ventricle (RV) in patients with HCM are

sparse, a growing body of evidence suggests that RV

involvement is not uncommon, manifesting mainly as right

ventricular hypertrophy, increased right ventricular myocar-

dial mass as well as systolic and diastolic dysfunction [4–6].

The advent of novel echocardiographic imaging

modalities such as tissue Doppler imaging (TDI) and 2D

strain or speckle tracking imaging(STI) has substantively

advanced our understanding of left ventricular deforma-

tional mechanics [7, 8]. Although the differentiation of

physiologic left ventricular hypertrophy (LVH) from

pathologic LVH can be greatly facilitated using these

techniques [9–13], overlapping patterns in variant forms of

pathologic LVH often present challenges that limit the

discriminatory utility of these novel imaging modalities.

Data on RV strain profiles in patients with HCM are

limited [5, 14, 15]. More specifically, to our knowledge, no
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prior head-to-head comparative study characterizing RV

strain patterns in HCM with patients hypertensive LVH

exists in the literature.

Accordingly, in this cross-sectional study, we sought to:

(a) characterize regional and global RV strain in a cohort of

patients with known HCM using 2D strain imaging (2DS),

(b) compare strain patterns of RV involvement in HCM

patients to those of patients with hypertensive LVH (H-

LVH) and healthy controls and (c) explore the potential

clinical utility of RV strain to more established functional

parameters of RV systolic function for differentiating HCM

from H-LVH.

Methods

We studied a total of 64 individuals who presented to our

outpatient Cardiology clinic from 2013 to 2014 and ful-

filled the inclusion criteria, including 32 consecutive

patients with established HCM, 21 patients with hyper-

tensive left ventricular hypertrophy (H-LVH) and 11

healthy controls. Another five patients (two with HCM and

3 with H-LVH were excluded from our analysis due to

incomplete RV strain data. All patients were in sinus

rhythm with preserved regional and global (left ventricular

ejection fraction, EF[ 55 %) and without pulmonary

hypertension. The diagnosis of HCM was based on known

familial history of HCM and/or conventional echocardio-

graphic demonstration of unexplained LVH in the absence

of an identifiable cardiac or systemic cause, exhibiting a

septal wall thickness [15 mm and septal–posterior wall

thickness ratio [1.3 [16]; asymptomatic hypertensive

patients (with a diastolic blood pressure [90 mm Hg

before treatment) and exhibiting at least moderate left

ventricular hypertrophy on conventional echocardiography

were included. Additional exclusion criteria were coronary

artery disease, severe tricuspid, mitral or pulmonary

valvular disease. The Institutional Review Board of the

University approved the protocol in compliance with the

Health Insurance Portability and Accountability Act

(HIPAA) prior to data utilization.

Patient charts were retrospectively reviewed for clinical

and demographic variables. All subjects underwent stan-

dard echocardiography as requested by the physician for

various indications using a standard commercial ultrasound

machine (Vivid E9, GE Vingmed, Horten, Norway) with

the 4 V multiphased array probe and the images were

digitally stored for offline analysis. Standard apical four-

chamber, three-chamber and two-chamber views were

obtained at frame rates of 60–100 frames/s. Three cardiac

cycles were captured to allow for optimal cycle selection in

the post processing period and subsequent analysis. Right

ventricular fractional area shortening was calculated from

end-systolic and end-diastolic areas traced from the

4-chamber view. Right ventricular thickness was evaluated

by 2D measurement of RV free wall in the subcostal

4-chamber view and the RV basal dimension from the

apical 4-chamber view from end-diastolic frames. All

patients were evaluated with color-coded TDI from the

apical four chamber view to determine the RV annular

velocities, including systolic (S0) and early (E0) and late

(A0) diastolic velocities, similarly TAPSE data were

obtained in standard manner, in accordance with American

Society of Echocardiography (ASE) guidelines [17].

A commercially available speckle-tracking echocardio-

graphic software program (EchoInsight, Epsilon, Ann

Arbor, MI) was used to obtain 2D strain data from

DICOM-format images offline for all included patients.

EchoInsight software derives strain values using natural

strain algorithms. Right ventricular longitudinal strain data

were prospectively extracted in a blinded manner from

images acquired in the four (4C) chamber view. A point-

and-click approach was utilized to identify 3 RV anchor

points (both annuli and RV apex) enabling the software to

track the endocardial contour automatically. Subsequently,

tracking was visually inspected throughout systole to

ensure adequate border detection and the endocardial

contours adjusted manually as necessary to further opti-

mize tracking. Segments identified as inadequate for strain

analysis by the software were noted. Longitudinal strains

for each individual segment were measured and averaged

to obtain RV septal (basal mid and apical walls) and lateral

RV free wall (basal, mid and apical) strain. RV global

longitudinal strain (GLS) was estimated by averaging

septal and lateral right ventricular segmental strains

(Fig. 1).

All statistical analyses were performed with SPSS

(version 21.0; SPSS, Chicago, IL). All variables were

tested for normal data distribution. Normally distributed

data were expressed as mean ± standard deviation (SD).

Non-normally distributed data were presented as the

median with the interquartile range. For categorical vari-

ables, the Chi Square or Fisher exact test were used to

compare the distributions for the two randomized groups.

Non-paired Student’s t tests were used for comparisons of

continuous variables. Receiver operating characteristic

(ROC) curve analysis was performed to select optimal cut-

off values of echocardiographic measurements. We applied

the Youden index, which uses the maximum of vertical

distance of ROC curve from the point (x, y) on diagonal

line (chance line) and maximizes the difference between

sensitivity and 1-specificity (Youden Index = sensitiv-

ity ? specificity-1). Thus, by maximizing sensitivity and

specificity aross various cut-off points, the optimal cut- off

point is calculated. All significance tests were two tailed

and conducted at the 5 % significance level. To assess
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reproducibility, strain parameters were independently

measured by two blinded observers on 15 randomly

selected image sets. Intraclass correlation coefficients

(ICCs) and Bland–Altman plots were used for agreement.

Statistical significance was accepted at a p value of\0.05.

Results

Demographics of the patients with HCM, H-LVH, and the

control subjects are detailed in Table 1. There were no

statistically significant differences between the H-LVH and

HCM with regard to age, gender, body surface area across

groups. No differences in LV ejection fraction, left atrial

size or RV thickness was observed between groups,

although the end-diastolic diameter was significantly

increased in controls compared to HCM and H-LVH

patients (\0.05 for both). None of the patients had evi-

dence or right ventricular cavitary or left ventricular out-

flow obstruction at rest (defined as a resting late peaking

LVOT gradient C30 mm Hg). Most frequently involved

territories exhibiting prominent LVH in HCM patients

were septal (81.2 %), followed by apical (15 %) and con-

centric LVH (3.8 %).

No significant differences in fractional area change (%)

and RV systolic pressure among studied groups were

found. RV fractional area change was comparable in all 3

groups, while right ventricular tricuspid annulus systolic

excursion was not significantly different in patients with

HCM compared with hypertensive subjects Table I). Right

ventricular annular tissue Doppler S0 and E0 peak velocities

were decreased in patients with HCM compared to all other

groups. Adequate tracking and strain quantification was

possible in 94 % of analyzed RV segments. Septal strain

was attenuated in H-LVH compared to controls. RV global

longitudinal strain (GLS), (as well as septal and lateral RV

myocardial strain values) were significantly impaired in

patients with HCM compared to patients with H-LVH, and

controls (p\ 0.001 for all comparisons) (Table 2).

To explore the discriminatory ability of various echo

parameters to discern HCM from LVH, receiver–operator

characteristic (ROC) curve analysis was performed. Opti-

mal cut-off values for RV strain and echocardiographic

parameters presented on Table 2, were determined by

using the ROC curve. Global longitudinal strain provided

the highest area under the curve (0.96 ± 0.02) for dis-

criminating HCM. An RV GLS cut-off value of 14.9 %

differentiated HCM and H-LVH with 90 % sensitivity and

95 % specificity (p\ 0.001). 90.6 % of cases in the HCM

had GLS less than the cutoff. None of the patient with

HCM had normal GLS values. Regional and global RV

strain parameters were not significantly different between

H-LVH patients, and controls (Table 2).

Inter-observer and intra-observer agreement for strain

parameter measurements was excellent for GLS. Intra-ob-

server correlation coefficient was 0.97 [95 % confidence

intervals (CI) 0.92–0.99, p\ 0.001] and inter-observer

correlation coefficient was 0.98 (95 % CI 0.97–0.99,

p\ 0.001). Bland–Altman analysis showed mean

bias ± 2 SD of 0.29 ± 1.073 with 95 % limits of agree-

ment -1.81 to 2.395 and 0.052 ± 0.77 (-1.45 to 1.56)

respectively (Figs. 2a, b, 3).

Discussion

This is a hypothesis generating study directed at exploring

the potential role of RV global longitudinal strain as a

surrogate measure of right ventricular involvement and

performance in patients with HCM. The salient findings of

our study may be summarized as follows: (1) RV global

systolic strain is attenuated in patients with HCM reflecting

structural alterations from RV involvement in the myo-

pathic process, (2) RV global strain was superior to more

conventional functional parameters of RV systolic function

for distinguishing HCM from H-LVH. (3) A global RV

strain cutoff value of 14.9 %, offered the best discrimina-

tory value for differentiating HCM from H-LVH.

Fig. 1 Right ventricular strain in a healthy individual, b HTN, and c HCM
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Our observations extend and complement previously

published data suggesting that the right ventricle is fre-

quently involved in patients with HCM. Although the

phenotypic expression of RV involvement is not echocar-

diographically apparent and cannot be relied on alone, to

diagnose HCM, our findings suggest significant impairment

of RV axial systolic function in these patients, despite the

absence of manifest systolic dysfunction as assessed by

more traditional parameters of systolic performance such

as fractional area shortening, TAPSE and tissue Doppler

Table 1 (a) Demographic characteristics and, (b) echocardiographic parameters for the study groups

Variable HCM

(M = 32)

Hypertensive LVH

(M = 21)

Controls

(M = 11)

p value

(between HCM and H-LVH)

(a)

Age 52.2 ± 11 50.5 ± 9.3 48.6 ± 13.5 0.64

Gender (males/females) 19/13 13/8 5/5 0.54

Body-surface area (m2) 1.9 ± 0.3 1.9 ± 0.3 1.9 ± 0.1 0.64

Systolic BP (mmHg) 130 ± 15.4 149 ± 15.2 129 ± 10.1 \0.001*

Diastolic BP (mmHg) 75 ± 8.6 83 ± 12 75 ± 4 \0.001*

Medications

Beta-blockers (%) 74.2 75 – 0.95

Calcium-channel blockers (%) 45.2 55 – 0.49

RAS antagonists (%) 45.2 60 – 0.3

Diuretics (%) 27.2 43.8 – 0.2

(b)

LV ejection fraction (%) 66 ± 6.2 62.6 ± 5 64 ± 2 0.11

Septal wall thickness (mm) 23.3 ± 4.9 16.3 ± 2.3 8.8 ± 1.4 \0.001*

LV posterior wall thickness (mm) 15.6 ± 4 15.2 ± 2.5 8.6 ± 1.4 0.5

LV end-diastolic diameter (cm) 3.8 ± 0.8 4.1 ± 0.7 4.8 ± 0.4 0.1

LV end-systolic diameter (cm) 1.6 ± 0.3 2.1 ± 0.7 3.2 ± 0.3 0.08

LA diameter (cm) 4.1 ± 0.6 3.9 ± 0.6 3.2 ± 0.5 0.13

RV wall thickness (cm) 0.55 ± 0.14 0.49 ± 0.09 0.44 ± 0.05 0.19

RV end-diastolic diameter (cm) 3.1 ± 0.59 3.5 ± 0.45 3.56 ± 0.63 0.03*

RV systolic pressure (mmHg) 32 ± 7.6 31.2 ± 9.5 27 ± 7 0.4

TAPSE (cm) 2.2 ± 0.4 2.55 ± 0.5 2.3 ± 0.4 0.08

RV fractional area change (%) 42.34 ± 6.5 48.74 ± 5.7 46.3 ± 5 0.24

TD RV S0 velocity (cm/s) 8.2 ± 3.1 10.11 ± 2.23 12.1 ± 1.2 \0.001*

TD RV E0 velocity (cm/s) 5.74 ± 3.74 8.16 ± 4.11 9.72 ± 7.09 0.04*

TD RV A0 velocity (cm/s) 7.49 ± 5.48 10.8 ± 3.1 10.7 ± 3.15 0.013*

Data presented as mean ± standard deviation

HCM hypertrophic cardiomyopathy, LVH left ventricular hypertrophy, BP blood pressure, LA left atrium, RV right ventricle, TAPSE tricuspid

annular plane systolic excursion, RAS renin–angiotensin system antagonists, TD tissue doppler imaging

* Statistically significant value

Table 2 Right ventricular 2-dimensional Doppler and strain parameters in study groups

Variables HCM (N = 32) H-LVH (N = 21) p value* Cut-off value/sensitivity–specificity Control (N = 11)

Lateral wall mean strain (%) -10.1 ± 7.4 -23.7 ± 7.3 \0.001 ([-18.5)/85–81 % -27.8 ± 4.9

Septal wall mean strain (%) -7.5 ± 4 -12.1 ± 5 \0.001 ([-10.7)/82–76 % -15.9 ± 2.8

Global longitudinal strain (%) -8.55 ± 4.7 -19.1 ± 3.8 \0.001 ([-14.9)/90–95 % -21.9 ± 3.5

TD RV S0 velocity (cm/s) 8.2 ± 3.1 10.11 ± 2.23 0.038 (B8.49)/41–24 % 12.1 ± 1.2

TD RV E0 velocity (cm/s) 5.74 ± 3.74 8.16 ± 4.11 0.005 ([7.79)/69–76 % 9.72 ± 7.09

TD tissue doppler, RV right ventricle

* Between HCM and H-LVH)
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velocities. These observations are further supported by

findings of a cardiovascular magnetic resonance imaging

(cMRI) phenotypic study that reported morphologic RV

abnormalities including hypertrophy/increase RV mass

index in only a third of patients with HCM with the

advantage of tomographic visualization and superior spa-

tial resolution associated with cMRI compared to 2D

echocardiography [4].

Data on right ventricular involvement and systolic per-

formance in patients with HCM are sparse [14, 18]. A

recent ultrasound speckle two dimensional strain report

compared regional and global longitudinal (GLS) RV

strain in athletes against patients with HCM [14]. In accord

with our findings, these investigators reported significant

reductions in GLS and regional RV strain in the HCM

group compared to athletes, without a difference in TAPSE

values between groups. An RV GLS cutoff value of 16 %

differentiated HCM from athletes with an 86 % sensitivity

and 92 % specificity.

Previous cross-sectional studies using pulsed Doppler

techniques have shown that despite the absence of RV

systolic dysfunction, most patients with HCM have signs of

abnormal filling patterns. Efthimiadis et al. [3] showed that

the RV E/A ratio was lower and the RV isovolumetric

relaxation time and RV deceleration time were signifi-

cantly prolonged in patients with HCM compared to con-

trols. In a larger prospective study, Pagourelias et al. [19]

found that the RV E/E0 ratio was a strong predictor of

deaths due to heart failure and sudden cardiac death in

patients with HCM. Similarly, a recent study demonstrated

that RV dysfunction assessed with the RV myocardial

performance index is more common than RV dysfunction

using the TAPSE or RV fractional area change, however

only TAPSE was an independent predictor of mortality [5].

Although caution was exercised to track the RV septal

endocardium, the assessment of global RV deformation

with two-dimensional strain software is limited by the fact

that it cannot accurately separate LV components from RV

components of the septum and thus global strain indices for

either are obligatorily affected by septal function. How-

ever, our study shows that RV free wall regional strain

parameters are also impaired in patients with HCM, with

global average longitudinal strain providing the best dis-

criminatory value likely because of the larger overall

number of RV segments analyzed. In aggregate, it is clear

from the aforementioned evidence as well as our own

observations that the RV in patients with HCM manifests

contractile abnormalities that may not be readily detectable

by more traditional echocardiographic measures of RV

function.

Abnormal GLS is an independent predictor of adverse

outcomes in HCM patients [20] and can be used to dif-

ferentiate various HCM subtypes [21]. Thematically, dif-

ferentiating between variant forms of pathologic LVH

based on morphologic criteria alone is often challenging.

Indeed, prior studies, including one by our group (using 2D

strain) have suggested that left ventricular strain mapping

Fig. 2 Bland–Altman plots for

a interobserver and

b intraobserver variability

Fig. 3 Receiver–operator curve for right ventricular global longitu-

dinal strain in patients with hypertrophic cardiomyopathy (HCM) and

hypertrophic left ventricular hypertrophy (H-LVH)
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can assist with the differentiation of hypertrophic car-

diomyopathy from hypertensive LV [10, 22]. Nonetheless,

despite suggested discriminatory cutoffs for global LV

strain, overlapping strain values can often lead to ambi-

guity and present diagnostic challenges. Our data under-

score the potential utility of 2D strain for ascertaining the

presence and extent of RV involvement in patients with

HCM while further raising the prospect of discerning HCM

from hypertensive LVH.

A few study limitations have to be acknowledged. Only

patients with preserved ejection fraction, free from pul-

monary hypertension in sinus rhythm were studied and

accordingly results should not be extrapolated to individ-

uals with reduced ejection fraction, pulmonary hyperten-

sion or atrial flutter/fibrillation. The other limitations of our

study include a small sample size and the limited assess-

ment of RV longitudinal strain from the apical four-

chamber view only. Analyzing RV strain from the sub-

costal and RV inflow views may permit a more compre-

hensive appraisal of the extent of RV involvement in

patients with HCM.

Lack of standardization of strain software between

vendors and the lack of widely accepted normative RV

strain values in the literature may somewhat limit the ‘real

world’ applicability of these data, nevertheless, we studied

healthy controls in an attempt to mitigate this drawback; of

note, efforts to standardize deformational imaging are well

underway [23]. Despite the limitations of our study we

believe our exploratory analysis strongly supports our

conclusions.

Further studies are warranted to better characterize the

diagnostic utility of RV strain and to prospectively corre-

late this measure with cardiovascular outcomes.
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