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Abstract
Background: Hypertrophic cardiomyopathy (HCM) and left ventricular hypertrophy (LVH) secondary to systemic 
hypertension (HTN) may be associated with left atrial (LA) functional abnormalities. 

Objectives: We aimed to characterize LA mechanics in HCM and HTN and determine any correlation with the extent of 
left ventricular (LV) fibrosis measured by cardiac magnetic resonance (CMR) in HCM patients.

Methods: Two-dimensional speckle tracking-derived longitudinal LA function was acquired from apical views in 60 HCM 
patients, 60 HTN patients, and 34 age-matched controls. HCM patients also underwent CMR, with measurement of late 
gadolinium enhancement (LGE) extension. Association with LA strain parameters was analyzed. Statistical significance 
was set at p<0.05.

Results: Mean LV ejection fraction was not different between the groups. The E/e’ ratio was impaired in the HCM group 
and preserved in the control group. LA mechanics was significantly reduced in HCM, compared to the HTN group. LA 
strain rate in reservoir (LASRr) and in contractile (LASRct) phases were the best discriminators of HCM, with an area 
under the curve (AUC) of 0.8, followed by LA strain in reservoir phase (LASr) (AUC 0.76). LASRr and LASR-ct had high 
specificity (89% and 91%, respectively) and LASr had sensitivity of 80%. A decrease in 2.79% of LA strain rate in conduit 
phase (LASRcd) predicted an increase of 1cm in LGE extension (r2=0.42, β 2.79, p=0.027). 

Conclusions: LASRr and LASRct were the best discriminators for LVH secondary to HCM. LASRcd predicted the degree of 
LV fibrosis assessed by CMR. These findings suggest that LA mechanics is a potential predictor of disease severity in HCM.

Keywords: Cardiomyopathy, Hypertrophic; Hypertension; Echocardiography/methods; Magnetic Resonance Spectroscopy/
methods; Left Ventricular Hypertrophy.

Cardiovascular magnetic resonance (CMR) allows a 
thorough description of HCM-related LVH and fibrosis, by 
means of late gadolinium enhancement (LGE).4 Quantitative 
LV LGE characterizes HCM stages, LV remodeling and systolic 
dysfunction and is an important predictor of sudden death.4,5 
Systolic dysfunction commonly occurs in end-stage HCM, and 
a significant portion of patients have some extent of diastolic 
dysfunction.2,6

Increased LV mass and diastolic dysfunction are associated 
with progressive left atrial (LA) dilatation and dysfunction. 
Accordingly, LA remodeling is a common feature in both HCM 
and HTN.2,7 Furthermore, LA size and volume have been 
shown to be determinants of exercise capacity8 and of major 
adverse cardiac and cerebrovascular events in HCM patients.9

Since the LA is related to LV performance by its reservoir 
function during ventricular systole, conduit function during 
early ventricular diastole, and booster pump function during 
late ventricular diastole, LA myopathy could be associated 
with outcomes independent of LV function.10 LA function is 
correlated with heart failure symptoms in HCM and is a strong 
predictor for the development of atrial fibrillation (AF).11,12 

Introduction
Left ventricular hypertrophy (LVH) present in hypertrophic 

cardiomyopathy (HCM) and arterial hypertension (HTN) 
is often related to myocardial dysfunction and increased 
risk of sudden death.1,2 In HTN, LVH occurs as a response 
to pressure overload, and in HCM, a complex remodeling 
process is initiated as a response of cardiomyocyte and 
noncardiomyocyte components to dynamic mechanical and 
neurohumoral stimuli.1-3 HCM is an autosomal-dominant 
disorder, associated with mutations in sarcomeric genes, 
affecting the atrial and ventricular myocardium.1,2 
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The assessment of LA mechanics using two-dimensional 
(2D)-speckle tracking echocardiography (STE) has been shown 
as a feasible and reproducible marker for LA function.13,14

Although LVH seems to be the major factor of dysfunction 
in LV mechanics,2 the degree of LA dysfunction in different 
states of LVH (particularly, LVH secondary to HTN and 
to HCM) is not fully understood. LVH and fibrosis, both 
representing substrates of LV diastolic dysfunction, might be 
associated with LA dysfunction in HCM. Therefore, this study 
aimed (1) to characterize LA mechanics in HCM and in HTN 
patients with significant LVH and (2) to correlate LA function 
with LV fibrosis assessed by CMR in HCM patients. 

Methods

Study population
This retrospective observational study included 60 patients 

diagnosed with HCM (diagnosis confirmed by CMR) and 60 
HTN patients recruited from our outpatient department. 
We excluded patients with obstructive HCM, poor acoustic 
window, AF identified in the basal electrocardiogram, 
moderate or severe valvular disease, ischemic heart disease, or 
pulmonary hypertension defined as pulmonary artery systolic 
pressure (PASP) >45 mmHg. Patients were diagnosed with 
HTN about 4.2±2.3 years before. As controls, we included 
34 healthy individuals without HTN, AF, or valvular disease, 
age-matched to HCM and HTN patients. 

Study procedures
We analyzed clinical and echocardiographic data of 

participants divided into the HCM group, HTN group, and 
control group. Data from CMR of HCM patients at the time of 
diagnosis were also assessed. Echocardiographic images were 
collected 43±18 days after HCM diagnosis was made by CMR. 
Echocardiographers were blinded to CMR results. The study 
was approved by the scientific and bioethics committees of 
Coimbra Hospital and University Center (Coimbra, Portugal) 
and was performed in accordance with the Declaration of 
Helsinki.

Echocardiographic data
A complete two-dimensional echocardiographic 

investigation was performed in all participants, including LV- 
and LA-STE with global longitudinal strain (GLS) analysis. We 
used a Vivid 7 (GE Healthcare, Horten, Norway) cardiovascular 
ultrasound device, with a 1.7/3.4-MHz tissue harmonic 
transducer. Standard echocardiographic views were obtained 
with frame-rate optimization (60–80 fps in 2D imaging). We 
performed an offline analysis of echocardiographic data using 
a specific software (EchoPAC 16.0; GE Healthcare).

LV dimensions and function
Assessment of LV size and systolic function, including 

measurement of LV ejection fraction (LVEF), LV end-diastolic 
diameter (LVDD), and LV end-systolic diameter (LVSD), 
followed the current recommendations.15 STE-derived LV-GLS 
was obtained using a 16-segment model of the LV.16 Diastolic 

function including mitral E velocity, mitral A velocity, and mean 
E/e’ ratio, was also evaluated.

LA deformation imaging
STE-based analysis of LA mechanics was performed as 

previously recommended;17,18 with offline analysis of the 
automatically averaged longitudinal strain curves for each atrial 
segment by specific software17,18 (Figure 1). For processing, the 
initial frame was chosen as the frame reflecting the P-wave 
onset. LA strain and strain rate during systole (LASr and 
LASRr, respectively), early diastole (LAScd and LASRcd), and 
late diastole (LASct and LASRct, respectively) were measured 
as indicators of the LA reservoir, conduit, and contractile 
functions, respectively.14,18 

Inter and intra-observer variability
For analysis of inter-observer reproducibility, the 2D-STE 

strain and strain ratio measurements from 37 randomly 
selected HCM patients were made by a second investigator 
(JAF) and compared with those of the first observer (PMA). 

The first observer repeated the measurements in the same 
37 participants, and the intra-observer reproducibility was 
then assessed. The observers evaluated different regions of 
interest of the LA and were blinded to previous measurements.

Cardiac magnetic resonance 
All 60 HCM patients underwent CMR, performed with 

1.5 T scanners (Philips, Best, the Netherlands) using standard 
protocols as suggested previously.4 LGE images were acquired 
10-20 min after intravenous administration of gadolinium as 
recommended.2 

Quantification of LGE was performed by manual adjustment 
of gray scale threshold, to define areas of visually identified 
LGE in short-axis planes and measured in centimeters (cm) 
of extension. 

Statistical analysis
Normality of the distribution of continuous variables was 

assessed by histogram analysis and the Kolmogorov–Smirnov 
test. Continuous variables were expressed as mean ± 
standard deviation, and categorical variables were expressed 
as frequency (percentage). Between-group differences were 
evaluated using one-way ANOVA. After rejecting the null 
hypothesis, the Bonferroni multiple comparison test was 
conducted. For each variable with non-normal distribution, 
the homogeneity of variance was assessed using the Levene 
test. For categorical variables, the chi-square test or the Fisher’s 
exact test was used, as appropriate. Linear regression was 
used to correlate several continuous parameters. Assumptions 
for linear regression were checked beforehand. Namely, a 
linear relationship between data was visually assessed using 
scatter plots; no outliers were detected; autocorrelation was 
excluded using the Durbin-Watson test; homogeneity of 
variance of the residuals (homoscedasticity) was also checked 
visually by plotting residuals versus fitted values. Analysis of 
receiver operating characteristic (ROC) curves was performed 
to compute the discriminative power of LA mechanics 
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parameters in HCM versus HTN. The curves were compared 
using the Delong method. We used the Bland–Altman method, 
intraclass correlation coefficient, and coefficient of variation 
to assess the inter- and intra-observer variability of LA 2D-STE 
strain and SR measurements. Statistical significance was set 
at p-<0.05. Stata IC for Windows (version 13; StataCorp, 
Lakeway Drive, TX, USA) and MedCalc for Windows (version 
14.8.1; MedCalc Software, Ostend, Belgium) were used for 
the statistical analyses.

Regarding sample size, we planned a study of a continuous 
response variable in independent control and experimental 
subjects, with 0.5 control(s) per experimental subject. In LA 
mechanics analysis (LA strain in reservoir and contractile 
phases), the desirable response within each subject group 
is normally distributed with a standard deviation of five.7,10 
If the true difference between experimental and control 
subject means is four, we would need 51 experimental 
subjects and 26 control subjects to be able to reject the null 
hypothesis that the population means of the experimental 
and control groups are equal with a probability (power) of 
0.9. The type I error probability associated with this test of 
this null hypothesis is 0.05. We could further include 60 

HCM patients and 60 HTN patients to further improve the 
statistical power of the study.

Results

Study population
The clinical features of the study population are summarized 

in Table 1. The mean age of HCM patients was 55±18 years, 
and 57% of patients were male. This did not vary significantly 
from HTN patients and controls. HTN patients had more 
diabetes mellitus, dyslipidemia, and obesity.

In the HCM group, there was a higher use of beta-blocker 
therapy, while in the HTN group, a higher prescription 
of angiotensin-converting enzyme inhibitors (ACEI) and 
angiotensin receptor blockers (ARB) was found.

Conventional echocardiographic parameters 
The echocardiographic characteristics of participants are 

summarized in Table 2. The mean LVEF were not different 
between the groups. LVDD was higher in the HTN group 

Figure 1 – Analysis of left atrial strain in controls (A) and hypertrophic cardiomyopathy (HCM) (B) patients. In controls: left atrial strain in reservoir phase 
(LASr) = 53%, left atrial strain in the contractile phase (LASct) = 21% and left atrial strain in the conduit phase (LAScd) (difference between LASr and 
LASct) = 21% (A). In HCM patients: LASr = 24%, LASct = 14% and LAScd = 10% (B)
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Table 1 – Demographic and clinical characteristics of patients the study population

Characteristic Controls (n=34) HCM group (n=60) HTN group (n=60) p-value

Age, years (±SD) 56±10 55±18 61±12 0.081*

Male sex (%) 20 (55) 34 (57) 34 (57) 0.124#

Diabetes mellitus (%) 0 15 (25) 35 (58) 0.022#

Dyslipidemia (%) 0 24 (40) 43 (72) 0.014#

Obesity (%) 0 12 (20) 28 (47) 0.031#

Antihypertensive drugs

Diuretics use (%) 0 15 (25) 32 (53) 0.018#

Beta-blocker use 0 45 (75) 37 (62) 0.068#

ACEI/ARB use 0 41 (68) 45 (75) 0.072#

CCB use 0 27 (45) 42 (70) 0.032#

Other anti-HTN use 0 12 (20) 20 (34) 0.056#

Data are given as mean ± standard deviation or as frequency (percentage). ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor 
blockers; CCB: calcium channel blocker; HCM: hypertrophic cardiomyopathy; HTN: arterial hypertension. * One-Way ANOVA. # Chi-square test.

Table 2 – Echocardiographic parameters of the study population

Parameters Controls HTN group HCM group Global P-value p value: 
controls vs HTN

p value: 
HCM vs HTN

LVEF, % 62.9±4.3 62.9±4.9 66.5±10.1 0.083 0.969 0.055

LVDD, mm 48.3±5.2 51.9±0.8 49.4±1.0 0.108 0.019 0.083

LVSD, mm 30.3±3.2 32.3±0.7 30.7±0.9 0.369 0.119 0.225

IVS, mm 10.2±2.8 14.3±3.6 16.5±5.4 0.028 <0.001 0.032

LV-GLS, % -20.6±1.1 -17.5±0.7 -12.7±0.5 <0.001 0.192 0.008

PASP, mmHg 22.1±4.7 26.3±0.2 28.6±1.3 0.021 0.009 0.245

LAVi, mL/m2 23.5±4.2 31.1±1.3 33.5±2.5 <0.001 0.001 0.067

Mitral E velocity, m/s 0.8±0.1 0.7±0.2 0.8±0.2 0.156 0.068 0.182

Mitral A velocity, m/s 0.5±0.1 0.8±0.2 0.7±0.3 0.005 <0.001 0.151

E/e’ ratio 7.0±1.65 13.2±1.2 16±1.0 <0.001 <0.001 0.035

LASr, % 36.9±10.8 24.4±8.2 17.2±9.0 <0.001 <0.001 <0.001

LAScd, % 25.9±13.3 19.9±8.7 15.4±9.1 <0.001 0.067 0.022

LASct, % 10.9±6.2 5.1±0.9 1.9±0.3 <0.001 0.003 <0.001

LASRr, % 1.9±0.5 1.2±0.1 0.8±0.1 <0.001 <0.001 <0.001

LASRcd, % -2.1±0.6 -1.8±0.1 -0.6±0.1 <0.001 0.082 <0.001

LASRct, % -1.9±0.7 -1.7±0.1 -0.9±0.1 <0.001 0.344 <0.001

Statistical analysis: one-way ANOVA with Bonferroni test for multiple comparisons. HCM: hypertrophic cardiomyopathy; HTN: hypertension; IVS: 
interventricular septum; LASr: left atrial systolic strain (reservoir function); LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial 
late diastolic strain (contractile function); LASRr: left atrial systolic strain rate (reservoir function); LASRcd: left atrial early diastolic strain rate (conduit 
function); LASRct: left atrial late diastolic strain (contractile function); LAVi: left atrial volume indexed; LVDD: left ventricular end-diastolic diameter; 
LVSD: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction; LV-GLS: left ventricular global longitudinal strain; PASP: pulmonary 
artery systolic pressure.

than in the HCM group. PASP was not different between the 
HCM and HTN groups and was significantly reduced in the 
control group. 

Regarding LV diastolic function, mitral E velocity did not 
vary among groups, and mitral A velocity was higher lower 
in the HTN group than in the control group. E/e’ ratio was 

significantly impaired in the HCM group and preserved in 
the control group.

LA function 
Compared to controls, HCM and HTN patients had 

significantly larger LA volume indexed to the body surface 
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area (LAVi) (Table 2). LA deformation parameters were globally 
decreased in both HTN and HCM groups, in relation to the 
control group. In the HTN group, reservoir function was 
preserved, although significantly reduced compared to that in 
the control group; the conduit phase was not different from the 
control group, and strain in contractile phase (but not LASRct) 
was significantly impaired in HTN patients (Table 2, Figure 2). 

All LA deformation phases were significantly reduced in the 
HCM group than in the HTN group (Table 2, Figure 2). Of all 
LA mechanics parameters, LASRr and LASRct were the best 
discriminators of HCM (versus HTN), followed by LASr. LASRr and 
LASRct had high specificity and positive predictive value (PPV) 
(Table 3). Despite the discriminative power, LAScd had the highest 
specificity (94%) and LASct the highest sensitivity (95%) (Table 3).

CMR parameters
All HCM patients underwent CMR (the gold standard 

method for diagnosis). The mean indexed end-diastolic 
volume (EDVi) was 96±32 mL/m2, the mean interventricular 
septum thickness (IVS) was 18.7±3.5 mm. Approximately 
34% of the patients had systolic anterior movement of the 

mitral valve, and 12% of the patients had apical HCM. LGE 
was present in 52 (87%) HCM patients, and the mean area 
of extension was 2.8 cm. 

CMR and echocardiographic parameters
Table 4 summarizes the results of the linear regression analysis 

between the extension of LGE (in cm) and several CMR and 
echocardiographic parameters in HCM patients. LV measures, 
EDVi (by CMR), LVDD and LVSD by echocardiography, LV-GLS 
or the E/E’ ratio did not predict LGE extension. IVS thickness 
measured by CMR, but not by echocardiography, predicted 
LGE. Both LASr and LASRcd predicted LGE extension.  
A decrease of 0.5% in LASr and of 2.79% in LASRcd predicted 
an increase of 1cm in LGE (Figure 3).

Inter- and intra-observer variability in 2D-STE 
measurements of LA deformation

The parameters of LA deformation showed intraclass 
correlation coefficient values of 0.64 to 0.94, indicating 
good to excellent reproducibility of such measurements 
(Supplemental Table). The Bland–Altman plots revealed very 

Figure 2 – Left atrial deformation parameters in patients with hypertrophic cardiomyopathy (HCM), arterial hypertension (HTN), and controls; strain (A) 
and strain rate (D) in the reservoir phase; strain (B) and strain rate (E) in the conduit phase; strain (C), and strain rate (E) in the contractile phase. LASr: 
left atrial systolic strain (reservoir function); LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial late diastolic strain (contractile 
function); LASRr: left atrial systolic strain rate (reservoir function); LASRcd: left atrial early diastolic strain rate (conduit function); LASRct: left atrial late 
diastolic strain (contractile function).
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Table 3 – Discriminative power of echocardiographic parameters (HCM vs HTN groups)

AUC 95% CI p-value Sensitivity (%) Specificity (%) Criterion PPV (%) NPV (%)

LASr(%) 0.76 0.66-0.84 <0.001 80 71 21.8 73 78

LAScd (%) 0.65 0.54-0.74 0.012 32 94 9.9 84 58

LASct(%) 0.65 0.54-0.75 0.016 95 34 5.1 59 87

LASRr (%) 0.80 0.71-0.88 <0.001 65 89 0.8 86 72

LASRcd (%) 0.69 0.59-0.79 <0.001 54 87 -0.8 81 65

LASRct (%) 0.80 0.71-0.88 <0.001 64 91 -0.9 88 72

IVS (mm) 0.62 0.51-0.70 0.012 55 74 15.2 68 63

LV-GLS (%) 0.74 0.64-0.83 <0.001 57 84 -13.5 78 66

E/e’ ratio 0.67 0.55-0.78 0.009 67 71 13 70 68

AUC: area under the curve; HTN: arterial hypertension; HCM: hypertrophic cardiomyopathy; IVS: interventricular septum; LASr: left atrial systolic strain 
(reservoir function); LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial late diastolic strain (contractile function); LASRr: left atrial 
systolic strain rate (reservoir function); LASRcd: left atrial early diastolic strain rate (conduit function); LASRct: left atrial late diastolic strain (contractile 
function); LV-GLS: left ventricular global longitudinal strain; NPV: negative predictive value; PPV: positive predictive value.

Table 4 – Linear regression analysis between the extension of late gadolinium enhancement (in cm) and several CMR and echocardiographic 
parameters

Late gadolinium enhancement Adj R2 β p-value

IVS by CMR 0.32 0.12 0.051

IVS by echocardiography 0.24 0.08 0.088

EDVi by CMR 0.01 0.01 0.843

LVDD 0.01 -0.02 0.795

E/E’ ratio 0.01 -0.04 0.802

LV-GLS 0.04 0.08 0.467

LASr 0.12 -0.02 0.085

LAScd 0.15 -0.01 0.092

LASct 0.35 -0.51 0.045

LASRr 0.12 -1.29 0.073

LASRcd 0.42 2.79 0.027

LASRct 0.21 0.33 0.066

CMR: cardiac magnetic resonance; EDVi: indexed end-diastolic volume; IVS: interventricular septum; LASr: left atrial systolic strain (reservoir function); 
LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial late diastolic strain (contractile function); LASRr: left atrial systolic strain rate 
(reservoir function); LASRcd: left atrial early diastolic strain rate (conduit function); LASRct: left atrial late diastolic strain (contractile function); LGE: 
late gadolinium enhancement; LVDD: left ventricular end-diastolic diameter; LV-GLS: left ventricular global longitudinal strain.

small inter-observer (Figure 4) and intra-observer (Figure 5) 
discrepancy in the measurements of LA strain and strain rate. 

Discussion 
This study examined LA mechanics in LVH secondary 

to HTN and HCM and analyzed if LA remodeling was 
associated with the extent of LV hypertrophy and fibrosis 
in HCM. The results provide insights into LA function, as 
identified in a preliminary study.19 We could demonstrate 
that LA mechanics is globally decreased in both HTN and 
HCM. LA function is significantly impaired in HCM in 
relation to HTN (Table 2, Figure 2). The best discriminating 
factors of HCM were LASRr and LASRct with an area under 

the curve of 0.8 and a positive predictive value of 86% 
and 88%, respectively. LAScd had the highest specificity 
(94%) and LASct the highest sensitivity (95%) (Table 3). 
Furthermore, we could demonstrate a moderate correlation 
between LA mechanics and the degree of LV fibrosis 
assessed by CMR in HCM, namely, LASRcd and extension 
of LGE (Table 4). 

LA reservoir function impairment is accompanied by 
deterioration of LV function, and is greater in HCM than 
in HTN. The reduction in LA reservoir function in HCM 
is related to the LV longitudinal dysfunction, due to a 
reduction in the systolic descent of LV base, which leads 
to an impaired LA relaxation and stiffness.7,20 Indeed, it has 
recently been reported a significant association between 
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Figure 3 – Linear correlation between late gadolinium enhancement (LGE) extension and interventricular septum thickness measured by cardiac magnetic 
resonance (A), left atrial late diastolic strain (contractile function) (LASct) (B) and left atrial early diastolic strain rate (conduit function) (LASRcd) (C).

LA reservoir function (LASr) and worse outcome in HCM 
patients, with a linear correlation between LASr and B-type 
natriuretic peptide levels.21 

Although LA conduit function is associated with LV 
systolic function (ventricular desynchrony), it is less related 
to the extent of hypertrophy.2,20 In our study, LASRcd was 
the parameter with the best correlation with the extent of 
LV fibrosis. This is probably explained by reduction of LV 
compliance due to myocardial fibrosis, with accompanying 
reduction of the atrial conduit function in HCM.

LA contractile phase was also impaired in HCM, which 
is somewhat inconsistent with previous reports that 
showed a trend toward increased LA contractile booster 
pump function in HCM with absent LV fibrosis (although 
not statistically significant).2 This might be related to the 
fact that 87% of our HCM patients already presented with 
LGE on CMR, so LA contractile function might already be 
compromised.

Regarding the presence of fibrosis, one study showed 
a significant correlation between LA and LV LGE on CMR, 

as well an abnormal LV strain.22 This might suggest that 
LA fibrosis is secondary to LV remodeling and increased 
filling pressure. Although LA mechanics by 2D-STE was not 
performed in this study, we could relate these findings to our 
results on LA mechanics: impaired reservoir and contractile 
functions, and correlation between conduit function and 
the extent of LV fibrosis.

Although LV disfunction, assessed by LV-GLS, was very 
present in the HCM cohort, it was not related to LV fibrosis. 
Another parameter of LV disfunction, the myocardial 
performance index (MPI), is also impaired in HCM and is 
related to LA strain. However, MPI was not predictive of 
outcome, in contrast to LA strain.23

When evaluating diastolic dysfunction in HCM versus 
HTN, we noted that LAVi and mitral E and A velocities were 
not different between the groups. This fact demonstrates 
the importance of LA mechanics as a discriminator of 
LA myopathy, that is impaired even before significant 
LA dilation. Also, it establishes LA deformation baseline 
values, that are not influenced by other factors such as AF 
(excluded) or significant LA dilatation. With progression 
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Figure 4 – Bland–Altman plots for inter-observer variability of left atrial strain (A, B, C) and strain rate (D, E, F) measurements. LASr: left atrial systolic 
strain (reservoir function); LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial late diastolic strain (contractile function); LASRr: 
left atrial systolic strain rate (reservoir function); LASRcd: left atrial early diastolic strain rate (conduit function); LASRct: left atrial late diastolic strain 
(contractile function).

Figure 5 – Bland–Altman plots for intra-observer variability of left atrial strain (A, B, C) and strain rate (D, E, F) measurements. LASr: left atrial systolic 
strain (reservoir function); LAScd: left atrial early diastolic strain (conduit function); LASct: left atrial late diastolic strain (contractile function); LASRr: 
left atrial systolic strain rate (reservoir function); LASRcd: left atrial early diastolic strain rate (conduit function); LASRct: left atrial late diastolic strain 
(contractile function).
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of disease, we can expect that LA deformation worsens 
with LA dilation, however we could not prove this in our 
study. Despite the differences in the E/E’ ratios values, the 
parameter was not a good discriminator between groups and 
was not correlated to the extent of LV myocardial fibrosis 
in HCM. LA mechanics appears more as discriminator 
between LVH groups and is related to the degree of LV 
myocardial fibrosis in HCM. These findings have also 
been described in other cardiomyopathies, in which no 
differences were found in E/E’ and LAVi values among three 
cardiomyopathy groups (HCM, restrictive and dilated).24 LA 
strain and strain rate values had a significant progressive 
decrease along the groups (HCM, restrictive and dilated). 
Also, LA strain and strain rate were the best discriminators 
of cardiomyopathies.24 This suggests that LA mechanics 
might be an earlier marker of both atrial and myocardial 
dysfunctions. Furthermore, in HTN patients with significant 
LVH, in whom excluding HCM might be challenging, 
the evaluation of LA mechanics might be useful, since 
the three (reservoir, conduction and contractile)  phases 
are not very impaired in this group. In our study, despite 
statistically lower as compared with HCM patients, values 
of IVS thickness in our HTN cohort were still high (mean 
of 14.3±3.6 mm). 

In the present study, we demonstrated that LA strain and 
strain rate were potential discriminators between HCM and 
HTN, not only in physiologic response to LVH, but also to 
the determinants of dysfunction. The clinical implications 
for the use of LA strain rate imaging for diagnosis of HCM 
in patients with LVH remains uncertain, since CMR is the 
most accurate imaging method. Nevertheless, we could 
demonstrate that LA mechanics was a stronger discriminator 
of LVH secondary to HCM, when compared to other classic 
parameters, such as LAVi, E/E’ ratio, and even IVS thickness 
(Tables 2 and 3). In addition, LA mechanics was moderately 
correlated to LV fibrosis extension in HCM, which could 
potentially become a marker of severity and prognosis in 
earlier stages or doubtful cases.

Limitations
Our study has several limitations. First, the software used 

for strain analysis was dedicated to the analysis of the LV 
strain, and not to LA strain, which could distort our results 
to some extension. 

Second, the heterogeneity of our study population in 
terms of different comorbidities can affect the obtained 
results. The fact that a higher proportion of HTN patients 
had diabetes and obesity could affect the analysis of LA 
mechanics, due to a worsening in the LV diastolic function. 
However, this is an intrinsic association that could not be 
excluded, as there are few patients with HTN as the only 
cardiovascular risk factor. Most patients were adequately 
treated with ACEI and ARB, which could counteract the 
diastolic dysfunction in these patients, by affecting LV 
remodeling. In contrast, beta-blockers in HCM does not 
directly affect LV remodeling, without necessary changes 
in LV diastolic function or LA mechanics. However, we 
could not evaluate if and to what extent this was true. 
Nevertheless, by directly comparing two heterogenous 

groups of real-world patients with HTN or HCM, we could 
detect differences in LA mechanics between these two 
groups as seen in everyday practice. 

Third, it has been demonstrated that HCM patients 
with paroxysmal AF might have a greater degree of LA 
myopathy than patients without AF.25 In our study, although 
we excluded patients with AF on basal electrocardiogram, 
there may still exist unidentified patients with paroxysmal 
FA, with a more severe cardiac phenotype, that were not 
entirely characterized in our analysis. 

Fourth, we did not have external validation for the 
proposed cutoffs, so we could not properly suggest LA strain 
as an accurate discriminator. 

Fifth, we did not include HTN patients in the variability 
analysis, which would be important to truly evaluate 
reproductivity of all parameters. 

Finally, this was not an outcome-based study, so we 
could not draw any conclusions about the prognostic value 
of LA strain rate in this population. Nevertheless, this study 
attempted to clarify the LA deformation mechanics in LVH 
secondary to HCM and to HTN.  Future studies with larger 
samples are warranted to clarify the prognostic value of LA 
strain rate in LVH. 

Conclusion
LA mechanics is globally impaired in LVH secondary 

to HTN and to HCM. Compared to HTN, the best 
discriminators of HCM were LASRr and LASRct. However, 
LASRcd was better correlated with the degree of LV fibrosis 
assessed by CMR in HCM patients. These findings suggest 
that LA mechanics can help differentiating LVH between 
HTN and HCM and is a potential predictor of disease 
severity in HCM.

Author Contributions
Conception and design of the research, Statistical 

analysis and Writing of the manuscript: Marques-Alves P; 
Acquisition of data: Marques-Alves P, Ferreira JA, Freitas 
AA, Almeida JP; Analysis and interpretation of the data: 
Marques-Alves P, Ferreira JA, Freitas AA, Almeida JP, 
Baptista R; Critical revision of the manuscript for intellectual 
content: Marques-Alves P, Baptista R, Castro G, Martins R, 
Donato P, Ferreira MJ, Gonçalves L.

Potential Conflict of Interest 
No potential conflict of interest relevant to this article 

was reported. 

Sources of Funding 
There were no external funding sources for this study.

Study Association 
This study is not associated with any thesis or dissertation 

work.

85



Arq Bras Cardiol. 2022; 118(1):77-87

Original Article

Marques-Alves et al.
Atrial Mechanics in Hypertrophic Cardiomyopathy

1. 	 Niimura H, Patton KK, McKenna WJ, Souts J, Maron B, Seidman JG.et al. 
Sarcomere protein gene mutations in hypertrophic cardiomyopathy of the 
elderly. Circulation. 2002;105(4):446-451. doi:10.1161/hc0402.102990

2. 	 Kowallick JT, Vieira MS, Kutty S, Lotz J, Hasenfu G, Charibin A, Schuster A. Left 
Atrial Performance in the Course of Relation to Left Ventricular Hypertrophy and 
Fibrosis. Invest Radiol 2017;52(3):177-85. doi:10.1097/RLI.0000000000000326

3. 	 De Simone G, Pasanisi F, Contaldo F. Link of nonhemodynamic factors to 
hemodynamic determinants of left ventricular hypertrophy. Hypertension. 
2001;38(1):13-8. doi:10.1161/01.HYP.38.1.13

4. 	 Maron MS. Clinical utility of cardiovascular magnetic resonance in 
hypertrophic cardiomyopathy. J Cardiovasc Magn Reson. 2012;14(1):12-15. 
doi:10.1186/1532-429X-14-13

5. 	 Bruder O, Wagner A, Jensen CJ, et al. Myocardial scar visualized by 
cardiovascular magnetic resonance imaging predicts major adverse 
events in patients with hypertrophic cardiomyopathy. J Am Coll Cardiol. 
2010;56(11):875-887. doi:10.1016/j.jacc.2010.05.007

6. 	 Rakowski H, Carasso S. Quantifying diastolic function in hypertrophic 
cardiomyopathy: The ongoing search for the Holy Grail. Circulation. 
2007;116(23):2662-5. doi:10.1161/CIRCULATIONAHA.107.742395

7. 	 Vasquez N, Ostrander BT, Lu D, Ventoulis I, Haileselassie, Goyal S, et al. 
Low Left Atrial Strain Is Associated With Adverse Outcomes in Hypertrophic 
Cardiomyopathy Patients. J Am Soc Echocardiogr. 2019;32(5):593-603.
e1.doi:10.1016/j.echo.2019.01.007

8. 	 Sachdev V, Shizukuda Y, Brenneman CL, birdsall CW, Waclawiw MA, 
Arai AE, et al. Left atrial volumetric remodeling is predictive of functional 
capacity in nonobstructive hypertrophic cardiomyopathy. Am Heart J. 
2005;149(4):730-6. doi:10.1016/J.AHJ.2004.07.017

9. 	 Nistri S, Olivotto I, Betocchi S,Losi MA, Valsecchi G, Pinamonti B, 
et al. Prognostic significance of left atrial size in patients with 
hypertrophic cardiomyopathy (from the Italian Registry for Hypertrophic 
Cardiomyopathy). Am J Cardiol. 2006;98(7):960-5. doi:10.1016/j.
amjcard.2006.05.013

10. 	 Hoit BD. Left atrial size and function: Role in prognosis. J Am Coll Cardiol. 
2014;63(6):493-505. doi:10.1016/j.jacc.2013.10.055

11. 	 Williams LK, Chan RH, Carasso S,  Durand M, Misurka J, Crean AH, et al. 
Effect of Left Ventricular Outflow Tract Obstruction on Left Atrial Mechanics 
in Hypertrophic Cardiomyopathy. Biomed Res Int. 2015;2015:481245.

12. 	 Maron BJ, Haas TS, Maron MS, Durand M, Misuurka J, Crean AM, et al. Left 
atrial remodeling in hypertrophic cardiomyopathy and susceptibility markers 
for atrial fibrillation identified by cardiovascular magnetic resonance. Am J 
Cardiol. 2014;113(8):1394-400. doi:10.1016/j.amjcard.2013.12.045

13. 	 Vieira MJ, Teixeira R, Gonçalves L, Gersh BJ. Left atrial mechanics: 
Echocardiographic assessment and clinical implications. J Am Soc 
Echocardiogr. 2014;27(5):463-478. doi:10.1016/j.echo.2014.01.021

14. 	 Marques-Alves P, Marinho AV, Domingues C, Baptista R, Castro G, Martins R, 
et al. Left atrial mechanics in moderate mitral valve disease: earlier markers 
of damage. Int J Cardiovasc Imaging. 2019;36(1):23-31. doi:10.1007/
s10554-019-01683-w

15. 	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Amstrong A, Ernande L, et al. 
Recommendations for cardiac chamber quantification by echocardiography 
in adults: An update from the American society of echocardiography and 
the European association of cardiovascular imaging. J Am Soc Echocardiogr. 
2015;16(3):233-71. doi:10.1093/ehjci/jev014

16. 	Voigt JU, Pedrizzetti G, Lysyansky P,  Marweck TH, Houle H, Baumann 
R, et al. Definitions for a common standard for 2D speckle tracking 
echocardiography: consensus document of the EACVI/ASE/Industry 
Task Force to standardize deformation imaging. Eur Heart J Cardiovasc 
Imaging. 2015;16(1):1-11. doi:10.1093/ehjci/jeu184

17. 	Todaro MC, Choudhuri I, Belohlavek M, Jahangir A, Carery S, Oreto 
L, et al. New echocardiographic techniques for evaluation of left atrial 
mechanics. Eur Heart J Cardiovasc Imaging. 2012;13(12):973-84. 
doi:10.1093/ehjci/jes174

18. 	Badano LP, Kolias TJ, Muraru D, Abraham T, Aurigemm G, Edvardsen 
J ,et al. Standardization of left atrial, right ventricular, and right 
atrial deformation imaging using two-dimensional speckle tracking 
echocardiography: A consensus document of the EACVI/ASE/Industry 
Task Force to standardize deformation imaging. Eur Heart J Cardiovasc 
Imaging. 2018;19(6):591-600. doi:10.1093/ehjci/jey042

19. 	Alves P, Leite L, Baptista R. Left atrial mechanics through strain analysis can 
differentiate hypertrophic cardiomyopathy from hypertrophy secondary 
to arterial hypertension. Eur Heart J. 2017Aug 20;38(Suppl_1):P2417. 
doi:10.1093/eurheartj/ehx502.P2417

20. 	Badran HM, Faheem N, Elnoamany MF. Characterization of Left Atrial 
Mechanics in Hypertrophic Cardiomyopathy and Essential Hypertension 
Using Vector Velocity Imaging. 2015:1527-38. doi:10.1111/echo.12885

21. 	Essayagh B, Resseguier N, Michel N,Casalta AC, Renard S, Donghi V. et 
al. Left atrial dysfunction as marker of poor outcome in patients with 
hypertrophic cardiomyopathy. Arch Cardiovasc Dis. 2020; 114(2):96-
104. doi:10.1016/j.acvd.2020.06.004

22. 	Latif SR, Nguyen VQ, Peters DC, Soufer A, Henry ML, Grunseich K, et 
al. Left atrial fibrosis correlates with extent of left ventricular myocardial 
delayed enhancement and left ventricular strain in hypertrophic 
cardiomyopathy. Int J Cardiovasc Imaging . 2019;35(7):1309-18. 
doi:10.1007/s10554-019-01551-7

23. 	Kobayashi Y, Moneghetti KJ, Bouajila S, Clolfo D, Achley E, Wheeler M, 
et al. Time based versus strain basedmyocardial performance indices in 
hypertrophic cardiomyopathy, themerging role of left atrial strain. Eur 
Heart J Cardiovasc Imaging. 2019;20(3):334-42. doi:10.1093/ehjci/
jey097

24. 	Sabatino J, Di Salvo G, Prota C, Bucciarelli V, Josen M, Paredes  J, 
et al. Left Atrial Strain to Identify Diastolic Dysfunction in Children 
with Cardiomyopathies. J Clin Med. 2019;8(8):1243. doi:10.3390/
jcm8081243

25. 	Sivalokanathan S, Zghaib T, Greenland G V, Vasquez N, Kudchadkar S, 
Kontari E, et al. Hypertrophic Cardiomyopathy Patients With Paroxysmal 
Atrial Fibrillation Have a High Burden of Left Atrial Fibrosis by Cardiac 
Magnetic Resonance Imaging. JACC Clin Electrophysiol. 2019;5(3):364-
75. doi:10.1016/j.jacep.2018.10.016

References

*Supplemental Materials
For additional information, please click here.

86

http://abccardiol.org/supplementary-material/2021/11704/2020-0890_supplemental_material.pdf


Arq Bras Cardiol. 2022; 118(1):77-87

Original Article

Marques-Alves et al.
Atrial Mechanics in Hypertrophic Cardiomyopathy

This is an open-access article distributed under the terms of the Creative Commons Attribution License

87


