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Abstract 
Objectives: The impairment of right ventricular (RV) myocardial mechanics 
is evident in hypertrophic cardiomyopathy (HCM). It is independently in-
fluenced by LV mechanics and correlated to the severity of LV phenotype. 
We investigated the changes in RV global and regional deformation following 
surgical septal myectomy using vector velocity imaging (VVI). Methods: 25 
HCM patients, 68% males with mean age (34.5 ± 12 years) were examined 
before and within two months after surgical myectomy using VVI. In addi-
tion to conventional echocardiographic parameters, peak systolic strain (εsys), 
strain rate (SR) and time to peak εsys (TTP) of regional RV free wall (RVFW) 
& septal walls were analyzed in longitudinal (long) directions from apical 
four-chamber view and their (∆) changes were calculated. Similar parameters 
were quantified in LV from apical 2 & 4 CH views. Intra-V-delay was defined 
as SD of TTP and inter-V dyssynchrony was estimated from TTP difference 
between the most delayed LV segment & RVFW. Results: All study patients 
showed improvement of their functional class from NYHA class III to class I 
and reduction of LVOT gradient to below 20 mmHg except one patient who 
had 30 mmHg gradients at rest. There was significant reduction of septal 
thickness, left atrial diameter & volume, LVOT gradient, LVMI, severity of 
mitral regurgitation, tricuspid annular velocities (P < 0.0001), RV diameter (P 
< 0.02) and increase in LV internal dimensions(P < 0.001) post myectomy. 
However, there was significant reduction of RV and LV systolic mechanics; 
RV global εsys % (from −16.1% ± 4.4% to −12.9% ± 2.9%, P < 0.0001) and LV 
global εsys %: from −11.6% ± 2.8% to −9.4% ± 2.2%, P < 0.0001) respectively. 
The magnitude of reduction of RV strain (∆RV εsys %, ∆SRsys) was directly 
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correlated LV maximal wall thickness (r = 0.46, P < 0.01) and ∆RV dyssyn-
chrony (TTP-SD) (r = 0.4, P < 0.05) and negatively correlated to age (r = 
−0.46, P < 0.02), pre-op RV SRsys (r = −0.52, P < 0.01) and pre-op LV EF % (r 
= −0.43, P < 0.03). Meanwhile, the reduction in RV diastolic mechanics: ∆RV 
SRe & SRa were directly correlated to PAP and LVOT gradient before surgery 
(r = 0.62, P < 0.002). Conclusion: Despite the improvement of patient func-
tional status and reduction LVOT gradient, RV mechanics shows further de-
terioration after surgical myectomy. The magnitude of reduction is modestly 
related to cardiac phenotype and pre-op mechanical function. 
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1. Introduction 

Hypertrophic cardiomyopathy (HCM), the most common genetically inherited 
heart muscle disease, affects the right ventricle (RV) because of the anatomically 
hypertrophied septum and conceivably by extension of the myopathic process to 
the RV [1]. Magnetic resonance studies by Maron et al. [2] demonstrated that 
the RV wall thickness was increased in patients with HCM compared to con-
trols. In a third of patients with HCM, RV wall thickness and/or mass were in-
creased, including about 10% with extreme RV wall hypertrophy (>10 mm). 
Most patients with HCM (53%) had diffuse RV hypertrophy involving all three 
segments of the RV. 

In hypertrophic obstructive cardiomyopathy (HOCM), invasive interventions 
are usually considered when pharmacotherapy either fails to control symptoms 
or is not tolerated [3] [4]. 

Recent studies have shown that cardiac dysfunction is not limited to the left 
ventricle, impairment of RV mechanics is evident in HCM using feature track-
ing. It is independently influenced by LV deformation and correlated to the se-
verity of LV phenotype [3]. 

With the development of new ultrasound-based technologies to assess LV 
mechanics, the assessment of cardiac performance has been revolutionized. Re-
cent speckle-tracking-based velocity vector imaging (VVI) enables the evalua-
tion of regional or global myocardial deformation by measuring the strain, and 
strain rate (SR). VVI integrates frame-to-frame changes with the geometric shift 
of each speckle and thus allows the simultaneous evaluation of multiple compo-
nents of myocardial deformation [5]. It has strikingly advanced our understanding 
of the pathophysiology of HCM, and added new dimension in quantifying myo-
cardial remodeling that might occur after surgical myectomy. It improved subs-
tantively our understanding of ventricular mechanics [6]. 

Data on RV functional changes in HCM patients following myectomy are li-
mited [7] [8]. More specifically, to our knowledge, no comparative study was 
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characterizing the changes in RV strain pattern after surgical myectomy. Accor-
dingly, in this cross-sectional study, we sought to: a) characterize regional and global 
RV strain in a cohort of patients with HCM before and after surgical myectomy using 
vector velocity imaging; b) investigate the relationship of RV strain patterns post 
myectomy to LV deformation and cardiac phenotype in this population. 

2. Patients and Methods 
2.1. Study Population 

Twenty-five patient undergoing septal myectomy without concomitant surgery 
(valve repair or replacement or maze procedure) done at Aswan Hear Center 
(Aswan, Egypt) for symptomatic HOCM were studied. They were examined in a 
single centre (Yacoub Research Unite, Menoufia University, Egypt and as a part 
of the BA-HCM National Program). Patients were subjected to full baseline 
clinical records; echocardiograms obtained two months before myectomy and 
on follow-up 3 to 6 months after myectomy, and echocardiographic studies 
adequate for strain analysis in both baseline and follow-up studies. 

The control group consisted of 33 healthy subjects without family history of 
hypertrophic cardiomyopathy (HCM) and normal echocardiographic findings 
with similar gender and age distributions. Patients were enrolled in the study af-
ter their informed consent 

We excluded patients who had 1) poor echo window; 2) clinical or echocardi-
ographic evidence of other cardiac diseases such as CAD or congenital heart 
disease and 3) NYHA functional class IV. 

The study was approved by the Ethics Committee of Menoufia University 
Hospitals was obtained. The diagnosis of HCM was based on conventional 
echocardiographic demonstration of a non-dilated, hypertrophic LV (≥15 mm) 
in the absence of other cardiac or systemic diseases capable of producing the 
magnitude of hypertrophy evident. [2] [3] [7]. Myectomy was offered to patients 
with unacceptable symptoms despite maximally tolerated pharmacotherapy with 
LVOT gradients ≥ 50 mm Hg at rest or after provocation (Valsalva maneuver, 
inhalation of amyl nitrate, or ventricular premature beat), as measured during 
Doppler echocardiography or cardiac catheterization [3] [7]. Patients were se-
lected for surgical septal myectomy rather than alcohol septal ablation on the 
basis of their ages, comorbidities, and preferences [8]. 

2.2. Clinical Evaluation 

Traditional clinical variables of interest included demographics (age and sex), 
functional assessment (New York Heart Association [NYHA] class), pertinent 
history (family history of sudden cardiac death, history of arrhythmias, and his-
tory of unexplained syncope, Patient charts were retrospectively reviewed for 
clinical and demographic variables. All subjects underwent 12-lead electrocar-
diography, standard echocardiography (M-mode, 2-DEcho, Doppler), 2D strain 
imaging using VVI for measurement of RV and LV longitudinal strain (LS). 
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2.3. Conventional Echocardiography 

Echocardiographic examinations were performed with all subjects positioned in 
the left lateral decubitus, by the same operator (HB) in the parasternal long, 
short-axis, apical 2- & 4-chamber views using standard transducer positions. 
Esaote Mylab Gold 30 ultrasound system (Esaote S.p.A, Florence, Italy) equipped 
with a multi-frequency 2.5 - 3.5 MHz phased-array transducer was utilized [9] 
[10]. RV end diastolic diameter and wall thickness, LV end diastolic (LVEDD), 
end systolic diameter (LVESD), septum (SPT), posterior wall thickness (PWT), 
ejection fraction (EF %) and left atrial (LA) diameter & volume and volume in-
dex were all measured in accordance with the recommendations of the Ameri-
can Society of Echocardiography [11]. The magnitude and extent of hypertrophy 
in both ventricles were assessed in all views. 

Color flow mapping and continuous-wave Doppler was used to define resting 
LVOT, mid cavity and to estimate pulmonary artery pressure (PAP) from tri-
cuspid regurgitation velocity (Bernoulli equation). 

Additionally, the diastolic function was assessed using the standard indexes of 
transmitral and transtricuspid flow and TDI. The TDI program was set in 
pulsed-wave Doppler mode. Motion of mitral annulus was recorded in the apical 
four-chamber view at a frame rate of 80 to 140 frames per second [11]. Peak 
early (E) and late (A) transmitral (Em & Am) and trantricuspid (Et & At) filling 
velocities were measured from mitral and tricuspid inflow velocities. Peak sys-
tolic (Sa), early diastolic (Ea) and atrial diastolic (Aa) annular velocity were ob-
tained using tissue Doppler imaging (TDI) by placing a myocardial TDI sample 
volume at the RVFW and lateral mitral annulus in the apical 4-chamber view. All 
velocities were recorded for three consecutive cardiac cycles during end-expiratory 
phase, and the results were averaged. All TDI signals were recorded at horizontal 
time sweep set at 50 - 100 mm/s accordingly to current guidelines [12]. The 
Em/Eam and Et/Eat ratio were calculated. This ratio has been reported to correlate 
with LV and RV filling pressure [12] [13]. 

2.4. Analysis of RV and LV Deformation 

LV longitudinal strain analysis was included as part of the routine TTE evalua-
tion. Strain measurement was based on the VVI: the global myocardial deforma-
tion was evaluated from standard 2D-images at frame rate (70 ± 20 F/s) at rest 
and adjusted depending on the heart rate to 80 ± 23 F/s. The images were stored, 
during three cardiac cycles, in digital format for subsequent offline analysis. To 
avoid excessive translational motion seen the clips always captured with com-
plete breath-holding during expiration. Tracking and subsequent strain calcula-
tions were performed with the software package Esaote-X-Strain based on pre-
viously validated algorithm [14] [15]. Scanning was performed from the apex to 
acquire best apical 2 & 3 and 4 chamber views. 

Border tracking of the left ventricle (LV) and right ventricle (RV) was ma-
nually traced in the recorded clips of apical 4CH & 2CH views, with good quality 
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ECG signal and a frame rate between 40 - 70 fps. They were then stored for of-
fline analysis using X-Straine software. VVI is dedicated software that derives 
longitudinal myocardial velocity, strain (ε), strain rate (SR) from digitized 2D 
video clips. The endocardial border is automatically drawn at end-diastole using 
a point-and-click approach [6] [9] [12]. 

Right ventricular longitudinal strain data were prospectively extracted in a 
blinded manner from images acquired in the four-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 ade-
quate border detection and the endocardial contours adjusted manually as ne-
cessary to further optimize tracking. 

Reproducibility for quantitative RV indices has been validated [12] [13]. 
Longitudinal strains (εsys) and strain rate (SR) during systole (SRsys), early 

(SRe) and late diastole (SRa) for each individual segment were measured and av-
eraged to obtain RV septal (basal mid and apical walls) and lateral RV free wall 
(basal, mid and apical) values. RV global longitudinal strain (GLS) was estimated 
by averaging septal and lateral right ventricular segmental strains. 

Similarly, for LV it was tracked from the septal side of the mitral annulus to 
lateral side in apical 4CH and from anterior to the inferior side in the apical 
2CH. Velocity, strain, and SR graphics were automatically obtained [10]. 

To estimate LV mechanical dyssynchrony, time to peak strain (TTP) was meas-
ured from regional longitudinal strain curves for each ventricular segment, as time 
from the beginning of Q wave of ECG to the time to peak εsys. Electromechanical de-
lay (TTP-d) was measured as the difference of time to peak systolic strain in 12 LV 
myocardial segments and 6 RV myocardial segments (difference between the longest 
and shortest TTP) [9] [10] [11]. Mechanical dyssynchrony was defined as the stan-
dard deviation of the averaged time-to-peak-strain (TTP-SD) [9] [10] [11]. 

2.5. Surgical Technique 

All patients underwent myectomy by the standard described procedure [12]. The 
clinical status of patients was monitored during the follow-up visits and echo-
cardiographic examination and strain analysis were performed within 2 months 
after surgical myectomy. 

2.6. Statistical Analysis 

Data were presented as numbers (%) or mean ± SD. Categorical variables were 
presented as percentages and compared with two-tailed Chi-square or Fisher’s 
exact test, as appropriate. Continuous variables were presented as the mean ± SD 
and compared with unpaired Student’s t-test. Quantitative variables were corre-
lated by the use of Pearson’s correlation coefficient “r”. All tests were 2-tailed and 
p-value < 0.05 was considered statistically significant. Statistical analysis was per-
formed using commercially available statistical software SPSS for MAC version 23. 
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3. Results 
3.1. Patients Characteristics 

Surgical Myectomy was successfully done for all twenty-five (25) patients. 
Twenty patients (80%) developed LBBB and one patient (4%) developed RBBB 
post operatively. It had been carried out at Magdi Yacoub Aswan Heart center, 
in the period from August 2014 to October 2018. 

Clinical characteristics of the study population were depicted in Table 1. The 
age was ranged from 15 to 62 and mean was 34.4 ± 12.6 years, and 72% were 
men. All patients were treated with B blockers and (60%) were treated using a 
combination of b-blockers and/or calcium channel blocker, all patients had New 
York Heart Association class III symptoms. Major symptoms included dyspnea 
(96%), chest pain (12%), and syncope (4%). All patients had basal septal 
myectomy, with no other concomitant surgery was performed. There was no 
intraoperative or early mortality (within 30 days postsurgery). All patients had 
prominent basal septal hypertrophy. 

Post-myectomy complete atrioventricular block necessitating permanent pac-
ing occurred in 4% of patients, and new complete left bundle branch block oc-
curred in 21 patients (84%). 

 
Table 1. Patients clinical characterstics. 

Variable All HCM (n = 313) Variable All HCM (n = 313) 

Age 

<40 ys 

≥40 ys 

 
17 (68%) 

8 (32%) 

Duration of illness (ms) 15.5 ± 12.6 

Gender 

Male 

Female 

 
16 (64%) 

9 (36%) 

Family history (+) 

 

 

6 (24%) 

 

 

BSA m2 1.89 ± 0.17 Duration of follow up 3.24 ± 1.21 

Medications 
B Blockers 

B-blockers 
+Ca blockers 

Functional class 
NYHA III 

 
25 (100%) 

15 (60%) 
 

25 (100%) 
 

Symptoms: 
Dyspnea 

Fatigue 
Chest pain 

Palpitation 

Syncope 

 
24 (96%) 

4 (16%) 
3 (12%) 
2 (8%) 

1 (4%) 

Index 24 (96%) HR 72 ± 12 

SBP 110 ± 25 DBP 73 ± 4 

LVH: 

Asymmetric 

Concentric 

Localized septal 

 

 
23 (92%) 

1 (4%) 

1 (4%) 

 

MR severity 

I 

II 

III 

IV 

 
5 (20%) 

13 (52%) 

5 (20%) 

2 (8%) 
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After myectomy, all patients improved their functional capacity by at least one 
class. 

3.2. Conventional Echocardiography 

Baseline and post myectomy conventional echocardiographic parameters are 
shown in Table 2. At baseline, patients demonstrated asymmetric septal hypertrophy, 
varying levels of LVOT obstruction (ranged from 115 to 56 mmHg), mild to 
moderate MR in 80% of patients, and normal LV systolic function. Left atrial 
volume index was significantly increased. 

Post myectomy there was dramatic decrease in the LVOT gradient to non- 
obstructive levels (11.4 ± 5.6 vs 67.9 ± 14.5; p < 0.0001). There was significant 
decrease in LA diameter, LA volume and its volume index (LAVI) post myecto-
my when compared with per myectomy (39.8 ± 5.6 vs 46.4 ± 7.9; p 0.000), (62.2 
± 19.9 vs 86.5 ± 33.3; p < 0.000), and (32.8 ± 9.2 vs 46.7 ± 20.9; p < 0.000) re-
spectively. 

Similarly LVESD increased significantly post myectomy (27.1 ± 4.1 vs 22.0 ± 
4.1; p < 0.000) while LVEDD the increase did not reach statistical significance 
(44.0 ± 6.7 vs 41.2 ± 5.9; p < 0.060). Additionally IVS, and LVPW were signifi-
cantly reduced post myectomy 19.1 ± 4 vs 26.1 ± 5; p < 0.000) and (10.5 ± 2.1 vs 
12 ± 3.8; p < 0.050) respectively. Consequently, there was significant decrease in 
LV mass (LVM) and LV mass index (LVMI) post myectomy when compared 
with per myectomy (318.6 ± 107.9 vs 449.5 ± 128.1; p < 0.000) and (165 ± 51.3 vs 
240.4 ± 62.3; p < 0.000) respectively 

LV ejection fraction modestly but significantly decreased (68.3 ± 5.4 vs 75.8 ± 
8.2; p < 0.0001), however, it is remaining within the normal range. Associated 
changes included a decrease in the grade of mitral regurgitation and a reduction 
in the left atrial volume index. Diastolic mitral inflow parameters were similar to 
premyectomy values. Tissue Doppler velocities demonstrated an increase in mi-
tral E’ and a similar decrease in the E/E' ratio (Table 2, Figure 1). 

 
Table 2. Comparison of clinical and conventional echocardiographic parameters before 
and after myectomy. 

 
Pre-myectomy Post-myectomy P Value 

HR (b/m) 69.4 ± 9 65.8 ± 10 0.19 

SBP (mmHg) 115 ± 9 112 ± 6 0.11 

DBP (mmHg) 72 ± 5 71 ± 4 0.42 

Symptoms 

Dyspnea 

Syncope 

Chest pain 

Dizziness 

 

23 (92%) 

3 (12%) 

2 (8%) 

1 (4%) 

 

0 

0 

0 

0 

<0.0001 

https://doi.org/10.4236/wjcd.2019.97042


H. M. Badran et al. 
 

 

DOI: 10.4236/wjcd.2019.97042 474 World Journal of Cardiovascular Diseases 
 

Continued 

NYHA class 

I 

II 

III-IV 

 

0.0% 

0 

25 (100%) 

 

25 (100%) 

0.0% 

0.0% 

<0.0001 

LAD (mm) 46.4 ± 8 39.8 ± 5.6 0.000 

LAV (ml) 86.5 ± 33 62.2 ± 20 0.000 

LAVI (ml/m2) 46.7 ± 21 32.8 ± 9.2 0.000 

LV ESD (mm) 22.0 ± 4.1 27.1 ± 4.1 0.000 

LV EDD (mm) 41.2 ± 6 44.0 ± 6.7 0.060 

FS (%) 47.5 ± 8 38.2 ± 5 0.000 

LV EF (%) 75.8 ± 8.2 68.3 ± 5.4 0.001 

IVS (mm) 26.1 ± 5 19.1 ± 4.1 0.000 

LVPW (mm) 12 ± 3.8 10.5 ± 2.1 0.051 

LVM (g) 449 ± 128 318 ± 107 0.000 

LVMI (gm/m2) 240 ± 62 169 ± 51 0.000 

LVOTG (mmHg) 68 ± 14.5 11.4 ± 5.6 0.000 

RV diameter (mm) 22.1 ± 3.3 20.9 ± 3.5 0.029 

Grade of MR 2.2 ± 0.9 0.6 ± 0.6 0.000 

Mitral E (cm/s) 71.2 ± 32.6 66.6 ± 26.8 0.355 

Mitral A (cm/s) 66 ± 17.2 66.8 ± 21.2 0.841 

DT (ms) 209 ± 49.5 208.1 ± 33.3 0.869 

Grade of TR 1.7 ± 0.7 1.0 ± 0.5 0.324 

Mitral E/Ema 13.5 ± 9.1 9.4 ± 2.4 0.027 

PAP (mmHg) 28.4 ± 8.2 24.4 ± 5.6 0.055 

Sma (cm/s) 8.7 ± 1.7 7.9 ± 2.8 0.174 

Ema (cm/s) 6 ± 2 7.3 ± 2.6 0.043 

Ama (cm/s) 9.5 ± 2.5 9 ± 2.2 0.445 

Sta (cm/s) 12.6 ± 2.6 8.7 ± 3.6 0.000 

Eta (cm/s) 11.6 ± 4.8 6.8 ± 2.4 0.000 

Ata (cm/s) 14.8 ± 5.2 10.3 ± 2.9 0.002 

HR: heart rate; SBP: systolic blood pressure, DBP: diastolic blood pressure. LA: left atrium, LV: left ven-
tricle, ESD: end systolic diameter, EDD: end diastolic diameter, FS: fractional shortening, EF: Ejection frac-
tion, IVSd: inter-ventricular septal diameter, PWd: diastolic posterior wall diameter, LVM: left ventricular 
mass, LVMI: left ventricular mass index, LVOT PG: left ventricular outflow tract pressure gradient, RV: 
right ventricle, MR: mitral regurgitation, E: early mitral inflow diastolic velocity, A: late diastolic mitral in-
flow velocity, DT: deceleration time, PAP: estimated pulmonary artery pressure, Sma: peak systolic velocity 
of mitral annulus; Ema: early diastolic velocity of mitral annulus; Ama: atrial diastolic velocity of mitral an-
nulus; Sta: peak systolic velocity of tricuspid annulus; Eta: early diastolic velocity of tricuspid annulus; Ata: 
atrial diastolic velocity of tricuspid annulus. 
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LVEDD: left ventricle end diastolic diameter, LVESD: left ventricle end systolic diameter, IVSD: di-
astolic inter-ventricular septal diameter, PWD: diastolic posterior wall diameter, FS: fractional 
shortening, EF: Ejection fraction; RVd: right ventricular diameter. 

Figure 1. Comparison between LV dimensions and function pre- and post-myectomy. 

3.3. Tissue Doppler Velocities of Mitral and Tricuspid  
Valve Annuli 

Diastolic mitral inflow parameters were similar to premyectomy values. Howev-
er, tissue Doppler velocities demonstrated a significant increase in mitral annu-
lar Em post-myectomy when compared with pre-myectomy (7.3 ± 2.6 vs 6.0 ± 2; 
p < 0.043). This is associated with significant decrease in E/Em ratio (P < 0.03). 
Similarly, St, Et and At of tricuspid annular velocity were significantly increased 
post myectomy (8.7 ± 3.6 vs 12.6 ± 2.6; p < 0.000), (6.8 ± 2.4 vs 11.6 ± 5; p < 
0.001) and (10.3 ± 3 vs 14.8 ± 5.2; p < 0.002) respectively (Figure 2). 

3.4. Right Ventricular Mechanics 

RV segmental and GLS (εsys %) pre and post-surgical myectomy of the study 
population are summarized in Table 3. Pre-procedural RV mechanics: septal 
strain was significantly lower compared with RVFW segments and particularly 
demonstrated a high (−27% to 11%) basal-to-apical gradient. 

Post myectomy, there was significant reduction in RV septum strain (−10.7 ± 
3.3 vs −12.3 ± 3.8; p < 0.05), RVFW basal segment (−20.6 ± 8.2 vs −27.3 ± 13; p 
0.008), mid (−15.5 ± 5.3 vs −20.4 ± 10.3; p < 0.01) segments, apical segment 
(−15.7 ± 4.7 vs −19.9 ± 8.2; p < 0.007) and global RV εsys % (−12.9 ± 2.9 vs −16.1 
± 4.7; p < 0.000) when compared with pre-myectomy. No significant change in 
RV electromechanical delay (TTP-d) or RV intra-ventricular dyssynchrony fol-
lowing surgical myectomy (Table 3, Figures 3-6). 

3.5. RV Strain Rate Parameters 

Table 4 is demonstrating changes in RV peak systolic strain rate (SRsys), early 
(SRe) and late (SRa) diastolic strain rate following myectomy. Post operative, 
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Ema: early diastolic velocity of mitral annulus; E: early diastolic mitral inflow velocity; Sta: peak sys-
tolic velocity of tricuspid annulus; Eta: early diastolic velocity of tricuspid annulus; Ata: atrial dias-
tolic velocity of tricuspid annulus. 

Figure 2. Comparison between tissue Doppler velocities of mitral and tricuspid annuli 
pre- and post-surgical myectomy. 

 
Table 3. Comparison between RV longitudinal systolic strain and mechanical dyssyn-
chrony pre- and post-myectomy. 

 
Pre-myecyomy Post-myecyomy P Value 

RV Basal sept εsys (%) −13.2 ± 5.1 −11.3 ± 4.9 0.145 

RV Mid sept εsys (%) −12.7 ± 4.3 −11.0 ± 3.8 0.084 

RV Apical sept εsys (%) −11.1 ± 4 −9.6 ± 2.8 0.128 

Mean sept εsys (%) −12.3 ± 3.8 −10.7 ± 3.3 0.050 

RV Basal RVFW εsys (%) −27.3 ± 13 −20.6 ± 8.2 0.008 

RV Mid RVFW εsys (%) −20.4 ± 10.3 −15.5 ± 5.3 0.018 

RV Apical RVFW εsys (%) −11.9 ± 5.3 −9.6 ± 3.3 0.858 

Mean RVFW εsys (%) −19.9 ± 8.2 −15.7 ± 4.7 0.007 

Global RV εsys (%) −16.1 ± 4.4 −12.9 ± 2.9 0.000 

RV Basal sept TTP (ms) 339.2 ± 68.5 359.8 ± 71.4 0.014 

RV Mid sept TTP (ms) 391.5 ± 69.3 356.7 ± 66.1 0.077 

RV Apical sept TTP (ms) 389.2 ± 97.4 377.3 ± 71.9 0.869 

RV Basal RVFW TTP (ms) 396 ± 79.3 366.8 ± 80.1 0.026 

RV Mid RVFW TTP (ms) 386.7 ± 72.1 368.8 ± 80.1 0.003 

RV Apical RVFW TTP (ms) 412.3 ± 99.9 388.2 ± 70.6 0.070 

Shortest RV TTP (ms) 326.1 ± 45.4 314.4 ± 57.8 0.368 
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Continued 

Longest RV TTP (ms) 458.1 ± 78.4 433.1 ± 61.3 0.070 

RV TTP-d (ms) 132 ± 76.4 117.2 ± 70.2 0.145 

RV TTP-SD 46.9 ± 35.2 40.1 ± 29.9 0.322 

εsys: Peak systolic strain; TTP: time to peak systolic strain, TTP-d: electromechanical delay; TTP-SD: 
standared deviation of mean time to peak. 

 

 
Figure 3. Vector velocity imaging (VVI) of right ventricular (RV) in apical 4CH view. (a) Before (b) post myectomy, bottom left: 
RV vector velocity tracking, top left: curved M mode of septal and RV free wall, top right: RV longitudinal strain curves, bottom 
right: RV longitudinal strain rate curves. Pre-myectomy GLS was 22.54% reduced to 14.95% post myectomy. 

 

 
Figure 4. Peak systolic strain curve of septal and right ventricular (RV) free wall segments in hypertrophic cardiomyopathy pa-
tient before (a) and after (b) surgical myectomy. Mean value of RV peak systolic strain (εsys %) is −21.24% before myectomy and 
reduced to −15.72% post myectomy. 
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Figure 5. A strain rate curve of septal and right ventricular free wall segments in hypertrophic cardiomyopathy patient before (a) 
and after (b) surgical myectomy. Mean value of RV peak systolic strain rate (SRsys) is −1.08 s−1 before myectomy and reduced to 
−0.95 s−1 post myectomy. 
 

 

Figure 6. Comparison between RV longitudinal strain εsys (%) pre- and post-surgical 
myectomy; RV: right ventricular, εsys (%): peak systolic strain, sept: septum, RVFW: right 
ventricular free wall. 

 
Table 4. Changes in RV strain rate post myectomy. 

 
Pre-myecyomy Post-myecyomy P Value 

SRsys Basal sept −0.9 ± 0.5 −0.8 ± 0.3 0.457 

SRsys Mid sept −0.9 ± 0.3 −0.7 ± 0.4 0.141 

SRsys Apical sept −0.8 ± 0.4 −0.7 ± 0.4 0.581 

SRsys Mean sept −0.8 ± 0.4 −0.7 ± 0.3 0.276 

SRsys Basal RVFW −1.6 ± 1 −1.0 ± 0.5 0.003 

SRsys Mid RVFW −1.1 ± 0.6 −0.9 ± 0.5 0.066 
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Continued 

SRsys Apical RVFW −0.8 ± 0.4 −0.8 ± 0.4 0.944 

SRsys Mean RVFW −1.2 ± 0.7 −0.9 ± 0.4 0.028 

SRsys Global −1.0 ± 0.4 −0.8 ± 0.3 0.036 

SRe Basal sept 0.9 ± 0.4 0.5 ± 0.3 0.002 

SRe Mid sept 0.8 ± 0.3 0.5 ± 0.3 0.006 

SRe Apical sept 0.8 ± 0.4 0.5 ± 0.4 0.009 

SRe Mean sept 0.8 ± 0.3 0.5 ± 0.3 0.002 

SRe Basal RVFW 1.5 ± 1.2 0.8 ± 0.7 0.026 

SRe Mid RVFW 1.1 ± 0.9 0.7 ± 0.5 0.134 

SRe Apical RVFW 0.7 ± 0.4 0.7 ± 0.4 0.573 

SRe Mean RVFW 1.0 ± 0.8 0.8 ± 0.3 0.144 

SRe Global RV 0.9 ± 0.4 0.7 ± 0.3 0.019 

SRa Basal sept 0.8 ± 0.4 0.5 ± 0.3 0.004 

SRa Mid sept 0.7 ± 0.3 0.5 ± 0.3 0.007 

SRa Apical sept 0.7 ± 0.3 0.5 ± 0.4 0.036 

SRa Mean sept 0.7 ± 0.3 0.5 ± 0.3 0.007 

SRa Basal RVFW 1.2 ± 0.8 0.9 ± 0.8 0.032 

SRa Mid RVFW 1.0 ± 0.5 0.7 ± 0.4 0.083 

SRa Apical RVFW 0.6 ± 0.3 0.5 ± 0.3 0.480 

SRa Mean RVFW 1.1 ± 0.6 0.9 ± 0.5 0.154 

SRa Global RV 0.9 ± 0.6 0.6 ± 0.3 0.034 

Comparison between Right ventricular strain rate parameters pre- and post-myectomy; RV: right ventricle, 
sept.: septum, RVFW: right ventricular free wall, SRsys: peak systolic strain rate, SRe: early diastolic strain 
rate, SRa: atrial diastolic strain rate. 

 
there was significant reduction in segmental and global RV SRsys, SRe, and SRa 
(−13.4 ± 4.6 vs −19.8 ± 9.4; p 0.002), and (−12.1 ± 2.8 vs −16.4 ± 4.7; p: 0.0001) 
respectively. 

3.6. LV Strain 

LV septal longitudinal strain was significantly attenuated post surgical myectomy 
(P < 0.001) as well as anterior and inferior LV walls strain (εsys %) showed signif-
icant reduction (P < 0.05, <0.02 respectively. Post-myectomy reduction in LV 
global longitudinal strain was strongly evident compared with corresponding 
values before surgery (P < 0.001). 

Comparison between LV longitudinal strain εsys % pre and post-surgical 
myectomy in the study population are summarized in Table 5 and Figure 7. 

https://doi.org/10.4236/wjcd.2019.97042


H. M. Badran et al. 
 

 

DOI: 10.4236/wjcd.2019.97042 480 World Journal of Cardiovascular Diseases 
 

Table 5. Changes in segmental and global left ventricular peak systolic strain post-myectomy. 

 
Pre-myecyomy Post-myecyomy P value 

LV Basal sept εsys (%) −9.2 ± 3.6 −6.3 ± 2.2 0.000 

LV Mid sept εsys (%) −11.3 ± 4.0 −7.2 ± 2.4 0.000 

LV Apical sept εsys (%) −13.2 ± 5.6 −8.4 ± 3.7 0.000 

Mean sept εsys (%) −11.2 ± 3.2 −7.3 ± 2.0 0.000 

LV Basal lateral εsys (%) −15.4 ± 5.5 −15.9 ± 6.4 0.734 

LV Mid lateral εsys (%) −12.8 ± 4.5 −12.4 ± 4.9 0.659 

LV Apical lateral εsys (%) −10.5 ± 4.7 −9.1 ± 3.9 0.134 

Mean lateral εsys (%) −12.9 ± 3.4 −12.5 ± 4.3 0.607 

LV Basal Anterior εsys (%) −13.3 ± 8.3 −9.0 ± 5.1 0.007 

LV Mid Anterior εsys (%) −11.3 ± 7.2 −9.2 ± 3.7 0.118 

LV Apical Anterior εsys (%) −9.4 ± 5.9 −8.8 ± 3.3 0.664 

Mean Anterior εsys (%) −11.3 ± 6.3 −9.0 ± 3.5 0.052 

LV Basal Inferior εsys (%) −11.8 ± 4.4 −8.9 ± 2.9 0.005 

LV Mid Inferior εsys (%) −9.5 ± 5.6 −8.1 ± 2.2 0.240 

LV Apical Inferior εsys (%) −11.2 ± 4.8 −9.1 ± 3.7 0.028 

Mean Inferior εsys (%) −10.9 ± 3.2 −8.7 ± 2.3 0.002 

Global LV εsys (%) −11.6 ± 2.8 −9.4 ± 2.2 0.000 

LV: left ventricular, εsys (%): peak longitudinal strain, sept: septum. 

 

 
LV: left ventricular, εsys (%): longitudinal strain percent, sept: septum*: p < 0.05, **: p < 0.0001. 

Figure 7. Comparison between LV longitudinal strain εsys (%) pre- and post-surgical myectomy. 
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3.7. Univariate Analysis of RV Strain Indexes (Table 6, Figure 8) 

In HCM, The magnitude of reduction in cardiac mechanics was tested against 
the pre and post deformation parameters and cardiac phenotype as shown in 
Table 6. ∆RV septum εsys (%) was correlated directly to pre-LVOT gradient (P < 
0.03) and post-RVTTP-SD (P < 0.04). ∆Global RV εsys (%) was directly corre-
lated to LV MWT (P < 0.01) and negatively correlated to LV EF % (P < 0.03). 
∆RV TTP SD was directly correlated to pre-RV TTP SD (P < 0.001) and nega-
tively correlated to LV EF % (P < 0.03) and LA volume (P < 0.003). ∆RV septum 
SRsys was directly correlated to RV TTP post myectomy (P < 0.03) and negatively 
correlated to LVOT gradient (P < 0.028) while ∆Global RV SRsys was directly  
 

Table 6. Univariate analysis of ECHO parameters of RV mechanics post-myectomy. 

  

Global LV 
εsys (%) 

(Pre 
myectomy) 

Global LV 
εsys (%) 
(Post 

myectomy) 

RV 
TTP-SD 

(Pre 
myectomy) 

RV 
TTP-SD 

(Post 
myectomy) 

RV TTP-d 
(Pre 

myectomy) 

RV TTP-d 
(Post 

myectomy) 

Age  
(Ys) 

Grade  
of MR 

LA  
volume 

MWT 
LVOT  

PG 
PAP EDD FS % EF % 

∆RV 
septum εsys 

(%) 

R 0.06 0.06 −0.18 −0.4 0.07 0.28 −0.05 −0.34 −0.24 −0.13 −0.43 −0.26 0.28 −0.03 0.02 

P 0.764 0.784 0.38 0.048 0.75 0.172 0.795 0.096 0.255 0.541 0.03 0.213 0.177 0.876 0.93 

∆Global 
RV εsys (%) 

R 0.26 0.13 −0.08 −0.02 0.02 0.29 0.27 −0.01 0.15 0.46 −0.15 −0.25 −0.03 −0.08 −0.43 

P 0.204 0.521 0.699 0.933 0.936 0.158 0.186 0.957 0.473 0.019 0.481 0.225 0.87 0.692 0.034 

∆RV TTP 
SD 

R −0.26 −0.03 −0.62 0.48 −0.34 −0.29 −0.03 0.15 −0.586 −0.1 −0.01 0.06 0.11 0.07 −0.44 

P 0.203 0.872 0.001 0.014 0.094 0.158 0.904 0.467 0.003 0.628 0.963 0.76 0.601 0.73 0.028 

∆RV TTP 
delay 

R −0.26 0.02 −0.63 0.44 −0.26 −0.29 −0.06 0.12 −0.611 −0.15 −0.04 0.09 0.15 −0.01 −0.32 

P 0.209 0.917 0.001 0.029 0.217 0.153 0.766 0.577 0.001 0.469 0.846 0.66 0.469 0.964 0.118 

∆RV 
septum 

SRsys 

R −0.03 0.09 −0.11 −0.38 0.22 0.44 −0.04 −0.05 0.01 −0.1 −0.44 −0.11 0.01 −0.16 0.06 

P 0.903 0.669 0.595 0.059 0.294 0.03 0.866 0.801 0.978 0.628 0.028 0.594 0.949 0.454 0.788 

∆Global 
RV SRsys 

R −0.16 −0.18 0.11 0.17 −0.11 0.04 −0.46 0.04 −0.09 0.08 −0.11 −0.26 −0.25 −0.09 −0.38 

P 0.458 0.377 0.613 0.417 0.596 0.831 0.02 0.861 0.673 0.709 0.612 0.213 0.223 0.669 0.061 

∆septum 
SRe 

R 0.13 0.12 −0.21 0.02 0.02 −0.23 0.08 −0.26 −0.02 0.07 0.1 −0.09 0.41 −0.12 0.06 

P 0.549 0.58 0.32 0.91 0.937 0.259 0.709 0.207 0.912 0.728 0.641 0.67 0.039 0.561 0.775 

∆Global 
RV SRe 

R 0.13 0.08 0.02 −0.1 0.18 −0.07 0.27 −0.2 0.11 0 0.09 −0.01 0.45 0.03 0.26 

P 0.536 0.709 0.912 0.638 0.394 0.734 0.186 0.342 0.616 0.994 0.683 0.973 0.024 0.893 0.207 

∆septum 
SRa 

R −0.14 0.07 0.04 0.12 0.3 0.36 −0.05 0.16 0.25 0.07 0.62 0.61 −0.04 0.21 0.27 

P 0.516 0.723 0.847 0.553 0.146 0.074 0.815 0.454 0.235 0.728 0.001 0.001 0.851 0.317 0.194 

∆Global 
RV SRa 

R −0.13 0.01 0.12 0.28 0.34 0.32 −0.02 0.13 0.14 0.1 0.58 0.57 −0.06 0.29 0.39 

P 0.524 0.944 0.579 0.172 0.095 0.123 0.917 0.55 0.494 0.631 0.002 0.003 0.787 0.162 0.056 

εsys: Peak systolic strain; TTP: time to peak systolic strain, TTP-d: electromechanical delay; TTP-SD: standared deviation of mean time to peak. RVFW: right ventricular 
free wall, SRsys: peak systolic strain rate, SRe: early diastolic strain rate, SRa: atrial diastolic strain rate. 
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Figure 8. Relationship of RV strain to LV strain post myectomy. 

 
correlated to age (P < 0.02). Regarding diastolic parameters, ∆septum SRe and 
∆global SRe were inversely correlated with end diastolic diameter (P < 0.04 and 
<0.03) respectively. Meanwhile, reduction in atrial contractile function (∆septum 
SRa and ∆global SRa) was directly correlated to LVOT gradient (P < 0.001, 
<0.002) and PAP (P < 0.001, <0.003) respectively. 

3.8. Relationship of RV Deformation to LV Strain 

There was significant reduction in longitudinal strain at the myectomy seg-
ments, averaged IVS and global LV longitudinal strain, which remained lower 
than normal, Pearson correlation coefficient of global RV (εsys %) showed 
modest correlation to LV εsys % (r = 0.39, P < 0.047) postmyectomy. However, 
no significant correlation was detected between other RV deformation parame-
ters and LV εsys %, RV SRsys (r = 0.31. P < 0.07), RV SRe (r = 0.098, P = 0.84) or 
RV SRa (r = 0.198, P = 0.63) post myectomy. 

4. Discussion 

In the current study both regional and global RV function, as measured by 2D 
strain imaging, evidently decline post-surgical myectomy. Despite the improvement 
of NYHA class, severity of mitral regurge, reduction of E/E' and LV mass, LV 
deformation showed marked deterioration. RV deformational decline is predo-
minantly associated with impaired LV longitudinal strain and correlated to the 
severity of LV hypertrophy. Impaired RV diastolic function is correlated to 
severity of LVOT obstruction and PAP, while RV intraventricular dyssynchrony 
is mainly related to LA volume and LV EF %. 

4.1. RV Strain Using Speckle Tracking as a Measure of  
Cardiac Function 

GLS assessed using speckle-tracking echocardiography (STE) is an emerging 
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technique for detecting and quantifying subtle disturbances in cardiac mechan-
ics. GLS reflects the longitudinal contraction of the myocardium and its accuracy 
has been validated against tagged magnetic resonance imaging (MRI) [13]. This 
method is operator independent, more reproducible than conventional parame-
ters, easily measured and integrated to standard echocardiogram method [14]. 
In the general population and patients with heart failure, GLS was shown to be a 
superior predictor of cardiac events and all-cause mortality compared to EF [13] 
[15]. More recently, GLS was found to be a robust prognostic marker following 
cardiac surgery [16] [17] [18]. GLS predicted postoperative mortality, myocardi-
al dysfunction, and the need for prolonged inotropic support in cardiac surgical 
patients, though GLS was measured preoperatively by TTE in many recent re-
search studies [19] [20]. 

In the present study, we characterized the change in RV function following 
myectomy using established deformational RV 2D strain techniques. 

4.2. RV Function Following Cardiac Surgery 

While RV function is an important determinant of cardiac surgical outcomes, 
there are few known predictors of postoperative dysfunction. Studies demon-
strate that RV fractional area change (FAC) < 35% is associated with the 
greatest risk of postoperative mortality [21] [22] and that among patients with 
preserved RV FAC, those with abnormal longitudinal strain are at higher risk 
for post-operative mortality [23]. Despite our finding that all patients have 
symptomatic improvement, RV longitudinal indices including strain and 
strain rate showed significant deterioration post myectomy and after few months 
post-operative that ensure patient recovery, which might predict persistent dys-
function. 

Using the feature tracking VVI, RV global longitudinal strain not only meas-
ures contraction but is also able to reflect interstitial myocardial changes such as 
fibrosis, which are one of main histopathological changes following cardiac sur-
gery [24] [25]. 

4.3. Mechanisms of Post Myectomy RV Dysfunction 

In the present study 2D strain imaging was used to characterize the changes in 
RV mechanics post myectomy. Both segmental and global RV mechanics 
showed marked decline especially with proved RV dysfunction before myecto-
my. A variety of hypotheses have been proposed to explain the reduction of RV 
function even following uncomplicated cardiac surgery. Such theories include 
pericardial disruption, injury to the right atrium from venous cannulation, 
ischemic injury to the RV due to incomplete myocardial protection while on 
cardiopulmonary bypass, and formation of adhesions between the right ventricle 
and surrounding mediastinal tissues [26] [27]. These factors are superimposed 
on already impaired RV dysfunction due to hypertrophic myopathic process. 

The reduced RV contractile function in our study was associated with the 
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reduction in LV function. Generally, LV function may be impaired by cardiople-
gia-induced myocardial arrest and ischemia-reperfusion injury, especially in 
those patients with hypertrophic cardiomyopathy. Alternatively, LV function 
may improve on long term follow up when afterload is reduced following 
myectomy and resolution of LVOTO. The right ventricle (RV), however, expe-
riences cardioplegic arrest without benefiting from improved loading conditions 
[28]. 

Unlike patients with aortic valve replacement, where LV function improved 
after replacement of a stenotic aortic valve as demonstrated by improved longi-
tudinal strain; LV function post myectomy is deteriorated. In the current study, 
80% developed complete LBBB and 4% developed RBBB after surgery which 
might be the real underlying cause of LV mechanical dysfunction and electro-
mechanical dyssynchrony detected in HCM patients post myectomy [28] [29]. 

Furthermore, in HCM patients another explanation can be added which is re-
placement fibrosis of LV myocardial segments following surgical excision of 
septal segments which is completely different from valve replacement without 
interference in myocardial architechture or myocardial vasculature. 

To our knowledge, this is the most inclusive study of changes in RV systolic 
function and diastolic function postoperatively with correlation of changes in 2D 
strain imaging with regional and global LV strain. We demonstrate that post-
operative RV systolic function significantly declines across all parameters few 
months following surgery; in particular, GLS which significantly predict persistant 
subnormal RV function that predicts poor outcome. Meanwhile, our measure-
ments were taken longtime after surgery, which suggests that changes in RV in-
dices were due to both functional and geometric changes. 

Unlike Doppler interrogation, strain measured by 2D is angle independent. 
Therefore, it may be more accurate and easily applied than tissue Doppler inter-
rogation (TDI). However, 2D STE is dependent on image quality and has lower 
temporal resolution than TDI. While 2D STE is used to demonstrate subclinical 
LV dysfunction independent of changes in ejection fraction, it is not yet rou-
tinely used to characterize RV dysfunction [30] [31]. Our study demonstrates 
that it is feasible to use strain as a comparable index to predict RV function in 
the postoperative period [32] [33]. 

RV strain may be an important index to detect RV dysfunction and provide 
postoperative risk stratification that might have important clinical implications. 
Nevertheless, it remains unclear precisely when and why these indices of RV 
systolic function are reduced. 

4.4. Study Limitations 

There were several limitations to this study. First, the RV is difficult to image in 
its entirety in one view and is difficult to model. A 3D RV function analysis, such 
as 3D speckle tracking, might have been superior to 2D only. Second Subtle 
changes in other areas of the RV myocardium might have been detected. Third, 
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only longitudinal strain was analyzed, whereas analysis of radial or circumferen-
tial strain might have provided some additional clues into whether contraction 
patterns change in response to myectomy or surgery itself. Additionally, patients 
did not undergo long-term follow-up with a transthoracic echocardiogram to 
assess whether any aspect of recovery was apparent at a later date or whether any 
changes in contraction patterns evolved in the face of a persistent depression of 
LV longitudinal strain. 

5. Conclusion 

Surgical myectomy deteriorates RV function, as measured by two-dimensional 
myocardial strain imaging. The magnitude of RV function decline is proportio-
nate to LV dyfunction and severity of cardiac phenotype. Worsening of RV 
strain, however, and its clinical implications in HCM population require further 
exploration. The feasibility, high reproducibility, and validated reference values 
of deformation imaging may support more routine post operative use of this 
modality in the TTE examination of HCM patients. 
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