
Original Article

Strain Analysis of Left Ventricular Function in the Association of 
Hypertrophic Cardiomyopathy and Systemic Arterial Hypertension
Thereza Cristina Pereira Gil,1  Marcia Bueno Castier,1 Alyne Freitas Pereira Gondar,1 Ana Ferreira Sales,1  
Marceli de Oliveira Santos,2 Fernanda Cristina da Silva de Lima,3 Ricardo Mourilhe-Rocha1

Universidade do Estado do Rio de Janeiro,1 Rio de Janeiro, RJ – Brazil
Instituto Nacional de Câncer,2 Rio de Janeiro, RJ – Brazil
Instituto Biomédico - Universidade Federal Fluminense,3 Niterói, RJ – Brazil

Mailing Address: Thereza Cristina Pereira Gil  •
Universidade do Estado do Rio de Janeiro - PGCM UERJ - Av. Prof. Manoel 
de Abreu, 444, 2º andar. Postal Code 20550-170, Vila Isabel, RJ – Brazil
E-mail: thegil@terra.com.br
Manuscript received October 04, 2018, revised manuscript January 03, 
2019, accepted January 30, 2019

DOI: 10.5935/abc.20190176

Abstract

Background: Hypertrophic cardiomyopathy (HCM) is the most common heart disease of genetic origin in the world 
population, with a prevalence of at least 1/500. The association with systemic arterial hypertension (SAH) is not uncommon, 
as it affects approximately 25% of the world population. Most studies aim at the differential diagnosis between these 
diseases, but little is known about the magnitude of this association.

Objective: To compare left ventricular global longitudinal strain (GLS) in HCM patients with and without associated SAH.

Methods: Retrospective cross-sectional study that included 45 patients with HCM and preserved ejection fraction, with 
diagnosis confirmed by magnetic resonance imaging, including 14 hypertensive patients. Transthoracic echocardiography 
was performed, with emphasis on left ventricular myocardial strain analysis using GLS. In this study, p < 0.05 was 
considered statistically significant.

Results: Left ventricular strain was significantly lower in hypertensive individuals compared to normotensive 
individuals (–10.29 ± 2.46 vs. –12.35% ± 3.55%, p = 0.0303), indicating greater impairment of ventricular function 
in that group. Mean age was also significantly higher in hypertensive patients (56.1 ± 13.9 vs. 40.2 ± 12.7 years, 
p = 0.0001). Diastolic dysfunction was better characterized in hypertensive patients (p = 0.0242).

Conclusion: Myocardial strain was significantly lower in the group of patients with HCM and SAH, suggesting greater 
impairment of ventricular function. This finding may be related to a worse prognosis with early evolution to heart 
failure. Prospective studies are required to confirm this hypothesis. (Arq Bras Cardiol. 2019; 113(4):677-684)
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Introduction
The first cases of hypertrophic cardiomyopathy (HCM) were 

published in the 1860s, in France, related to left ventricular 
outflow tract obstruction.1 In 1957, Brock authored the 
first report based on hemodynamic, surgical and necropsy 
findings, describing the disease as subvalvar aortic stenosis with 
functional left ventricular obstruction, which may be related to 
systemic arterial hypertension (SAH).2 In 1958, Teare published 
the first histopathological description of obstructive HCM.3 
The nonobstructive form was described by Braunwauld et al. 
in 1963, and confirmed by subsequent studies.4,5

HCM is currently defined as the primary myocardial disease 
of genetic origin with the highest prevalence in the world 

population (at least 1/500), regardless of ethnicity, sex or age, 
being the leading cause of sudden death in young people.5,6 
It results from the mutation of one or more sarcomere genes, 
presenting significant diversity in phenotypic expression and 
clinical course. It is characterized by an increase in ventricular 
wall thickness that cannot be explained by an overload condition 
alone. The non-obstructive form of the disease is more frequent.5,7

SAH affects approximately 25% of the world population. 
Data from VIGITEL (2006-2014) and the World Health 
Organization confirm this prevalence in the Brazilian 
population.8,9 Due to the high prevalence of SAH, the 
association of SAH and HCM is not uncommon.

Differential diagnosis between HCM and hypertensive 
heart disease has been a challenge in many situations where 
the phenotypic expression of these diseases is similar.10  
In this context, echocardiography has become an important 
tool, especially with the advent of new technologies, such as 
myocardial strain analysis, which assists differential diagnosis. 
Besides, global longitudinal strain (GLS) analysis detects early 
abnormalities in ventricular function before impairment of 
ejection fraction.11,12 The purpose of this study was to compare 
left ventricular GLS in HCM patients with and without SAH, and 
to assess the impact of this association on ventricular function.
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Methods

Study participants
A retrospective cross-sectional study was conducted 

between September 2014 and April 2016 in patients followed 
up at the cardiology outpatient clinic of Hospital Universitário 
Pedro Ernesto – UERJ – diagnosed with HCM. This study was 
approved by the Research Ethics Committee with Certificate 
of Presentation for Ethics Appreciation (CAAE) number 
23561113.2.0000.5259, and it is according to the Helsinki 
Declaration of 1975 updated in 2013. All patients who 
accepted to participate in the study have read and signed an 
informed consent form.

Inclusion criteria were: diagnosis of HCM confirmed 
by magnetic resonance imaging (MRI), age over 18 years, 
preserved left ventricular ejection fraction (EF) (>55%), no 
interventions for septal reduction and no pacemaker or 
defibrillator. Patients with atrial fibrillation and known coronary 
artery disease were excluded.

Diagnostic confirmation by MRI with gadolinium was based 
on the distribution of hypertrophy and late enhancement 
pattern.13 The convenience sample included 45 patients, 
including 22 (48.9%) males with mean age of 45.1 ± 13.9 years. 
In this group, 14 (31.1%) had hypertension previously diagnosed 
according to the Brazilian guidelines for SAH.8 The flowchart 
with the selection of patients is shown in Figure 1.

Echocardiographic analysis
Transthoracic echocardiographic test was performed by an 

experienced echocardiographer on a Philips® iE33 Matrix 
equipment using 3-1 MHz matrix transducer. One-dimensional, 
two-dimensional and Doppler echocardiography analysis was 
performed following the recommendations of the American 
Society of Echocardiography.14

The echocardiographic classification of Maron et al.,15 
which divides hypertrophy into types I, II, III, and IV (Figure 2) 
was used to define the type of left ventricular hypertrophy. 
The obstructive pattern was considered for left ventricular 
outflow tract gradients greater than 30 mmHg, measured 
by continuous Doppler, at rest and after Valsalva maneuver.5  
The approach of diastolic function and ventricular filling 
pressures followed the recommendations of the American 
Society of Echocardiography for patients with HCM.16

In the myocardial strain analysis, we used speckle tracking. 
Strain is calculated for each left ventricular segment as the 
relative mean strain between two speckles. As a measure of 
strain, it is expressed in negative percentages (-%); the closer to 
0, the lower the strain. Values lower than -18% were considered 
normal strain. Only GLS was analyzed because it is more 
widely used and considered a robust index for clinical studies.  
Also, GLS is the first to be impaired in most heart diseases, 
including HCM, when ejection fraction is still preserved.12

Echocardiographic protocol for GLS included 4-chamber, 
3-chamber and 2-chamber apical views. GLS analysis 
was processed offline using the software Philips® QLab 
9.0. These results were translated into curves, one for 
each ventricular segment, and the overview, with the 

quantification of velocities, was expressed on a bull’s eye 
map, exemplified in Figure 3.

Echocardiographic scans were stored and the images revised. 
Examiner and reviewer are the authors of the study. Strain analysis 
was repeated by the reviewer on all scans. Intraobserver and 
interobserver variability was evaluated using the coefficient of 
variation (CV = 100 (s/x) (%)). We obtained good agreement 
and the coefficients were considered low (<10%).

Statistical analysis
The collected data were entered in a Microsoft Excel™ 

spreadsheet, and later analyzed in R Studio, version 1.0.143. 
Continuous variable distributions were expressed using mean and 
standard deviation as measures of central tendency and dispersion 
for each of the groups analyzed. To assess whether there was a 
difference between the groups, unpaired Student’s t-test was 
used after Levene’s test for equality of variances. For categorical 
variables, the nonparametric approach was chosen, where the 
difference between proportions was evaluated by the X2 test (with 
Yates correction) and Fisher’s exact test. In cases where there were 
more than two categories, the Kruskal-Wallis test was used. In this 
study, p < 0.05 was considered statistically significant.

Results
Of 55 initially eligible patients, 10 were excluded: 6 by atrial 

fibrillation, which impairs GLS analysis, 2 by known coronary 
artery disease, which also interferes with strain analysis, and 
2 whose HCM diagnosis had not been confirmed by MRI. 
The patients’ general characteristics are shown in Table 1. 
Figure 4 shows a set of charts with the main results. Mean age 
was higher in the hypertensive group, and body mass index 
(BMI) and mean systolic and diastolic pressures were higher in 
this group. No significant differences were observed regarding 
gender and functional class between the groups.

Regarding the echocardiographic findings, there was less 
strain in hypertensive patients (–10.29% ± 2.46) than in 
normotensive patients (–12.35% ± 3.55), indicating greater 
impairment of ventricular function in this group (p = 0.0303). 
Although all patients had preserved EF, mean left ventricular 
systolic diameter (LVSD) was higher in hypertensive patients, 
but still within normal limits.

Diastolic dysfunction was more evident in hypertensive 
patients (p = 0.0242), with a lower number of undetermined 
cases. In hypertensive patients, longer isovolumetric relaxation 
time (IVRT), lower E/A ratio in mitral flow, as well as a lower 
septal E/e’ ratio were observed on mitral annulus tissue 
Doppler. Mean left atrial volume was increased in both groups, 
but without any significant difference between them (Table 2).

In the hypertrophy type analysis, in the general sample, 
type III was the most frequent one (40%), followed by type II 
(31%), I (15.7%) and IV (13.3%), but no significant difference 
was observed between the groups regarding the type of 
hypertrophy. In this sample, there were no cases of concentric 
hypertrophy. Also, there was no significant difference between 
the groups regarding left ventricular outflow tract obstruction, 
with a higher percentage of the nonobstructive form in the 
overall sample (66.7%).
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Figure 1 – Flowchart of patient selection. MR: magnetic resonance; HCM: hypertrophic cardiomyopathy; SAH: systemic arterial hypertension.

Potentially eligibles patients
n = 55

Echocardiogram
Excluded Patients (n = 8)
– Atrial fibrillation (n = 6)
– Known coronary disease (n = 2)

Eligibles patients
n = 47

Magnetic resonance

Selecteds patients
n = 45

HCM
n = 31

HCM + SAH
n = 14

Excluded Patients (n = 2)
– Diagnosis not confirmed by MR

Figure 2 – Phenotypic classification originally described by Maron. Type I: hypertrophy involving the basal septum; Type II: hypertrophy involving the entire septum; 
Type III: hypertrophy involving the septum and at least part of the left ventricular free wall (posterior, anterior or lateral); Type IV: other isolated locations (posterior, apical 
or lateral). Maron BJ. et al.15

Mean blood pressure was higher in the hypertensive group. 
In this group, nine patients (64%) had increased blood pressure 
before the test, with 144x92 mmHg maximum. In the group 
without hypertension, six patients (19%) had a slight blood 
pressure increase with 135x84 mmHg maximum.

Regarding the medications used, more medications 
were used by the group of hypertensive patients, especially 
angiotensin receptor blockers, calcium antagonists and 
diuretics. No patient was taking cardiotoxic drugs or any drugs 
interfering with ventricular function.
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Figure 3 – Global longitudinal strain systolic peak curves in the four-chamber apical section (left) and the parametric image of the left ventricle in the bulls-eye (right) in 
a patient with HCM and hypertension.

Table 1 – Characteristics of HCM patients in the different groups

Variables Normotensive patients (n = 31) Hypertensive patients (n = 14) p

Age (years) 40.16 ± 12.73 56.14 ± 13.87 0.0001

Male sex 15 (48%) 7 (50%) 0.9323

BMI (kg/m2) 25.6 ± 3.97 29.2 ± 2.93 0.0045

SBP (mmHg) 113 ± 12 128 ± 12 0.0004

DBP (mmHg) 71 ± 9 81 ± 9 0.0027

Functional Class (NYHA) 0.1110

I 12 (38.7%) 2 (14.3%)

II 19 (61.29%) 11 (78.57%)

III 0 (0%) 1 (7.14%)

Hypertrophy type 0.1492

I 5 (16.1%) 2 (14.3%)

II 12 (38.7%) 2 (14.3%)

III 12 (38.7%) 6 (42.9%)

IV 2 (6.5%) 4 (28.5%)

LVOT obstruction 9 (29%) 6 (43%) 0.5133

Medications

Beta-blocker 22 (70%) 12 (86%) 0.4578

ACEI 2 (6.45%) 4 (28.57%) 0.0651

ARB 1 (3.23%) 11 (78.57%) < 0.0001

Calcium antagonist 2 (6.45%) 5 (35.71%) 0.0226

Nitrate 1 (3.23%) 1 (7.14%) 0.0503

Hydralazine 0 (0%) 1 (7.14%) 0.3111

Diuretics 0 (0%) 8 (57.14%) < 0.0001

Values expressed as mean±standard deviation or proportion, as indicated. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
NYHA: New York Heart Association; ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker.
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Figure 4 – Graphs showing the main results of patients with hypertrophic cardiomyopathy (HCM) with and without associated systemic arterial hypertension (SAH). 
The analyzed STRAIN is the global longitudinal strain. LVH refers to the types of left ventricular hypertrophy (I, II, III, and IV) and diastolic function refers to types I, II, and III.
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Table 2 – Demographic data

Variables Normotensive patients (n = 31) Hypertensive patients (n = 14) p

Measures

LVDD (mm) 4.56 ± 0.66 4.76 ± 0.60 0.3485

LVSD (cm) 2.42 ± 0.49 3.45 ± 0.46 0.0008

S/PW 2.03 ± 0.65 1.63 ± 0.44 0.0425

LA volume (ml/m2) 37.76 ± 17.14 38.97 ± 16.79 0.8245

RV (cm) 1.70 ± 0.43 1.71 ± 0.31 0.9757

EF% (Teichholz) 80.18 ± 5.76 74.01 ± 9.90 0.0116

E (cm/s) 78.23 ± 16.30 76.13 ± 26.83 0.7465

A (cm/s) 50.92 ± 16.92 80.70 ± 22.71 < 0.001

E/A 1.57 ± 0.56 0.96 ± 0.25 0.0003

EDT (ms) 241.90 ± 79.15 261.00 ± 66.23 0.4363

IVRT (ms) 119.94 ± 24.90 141.50 ± 35.08 0.0228

septal e’ (cm/s) 5.75 ± 1.30 4.43 ± 0.95 0.0015

lateral e’ (cm/s) 8.37 ± 2.79 7.21 ± 3.47 0.2386

Septal E/e’ 13.98 ± 4.26 17.45 ± 6.21 0.0327

Lateral E/e’ 10.18 ± 3.81 12.90 ± 6.81 0.0926

Mean E/e’ 12.40 ± 3.73 15.71 ± 6.21 0.0696

Diastolic dysfunction classification

Undetermined 41.9% 7.1% 0.0242

Grade 1 12.9% 50.0%

Grade 2 41.9% 42.9%

Grade 3 3.2% 0.0%

Values expressed as mean±standard deviation or proportion, as indicated. LVDD: left ventricular diastolic diameter; LVSD: left ventricular systolic diameter;  
S/PW: interventricular septum/posterior wall ratio; LA: left atrium; RV: right ventricle; EF: ejection fraction; LVOT: left ventricular outflow tract; E: mitral flow E wave;  
A: mitral flow A wave; EDT: E wave deceleration time; IVRT: isovolumetric relaxation time; e’: mitral annulus tissue Doppler e’ wave.
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Discussion
The finding of significant reduction in myocardial strain in 

the hypertensive group suggests that these patients present 
greater impairment of ventricular function. Early detection of left 
ventricular dysfunction with preserved ejection fraction was only 
possible using the strain technique, not used in previous studies. 
Prior to the advent of strain, no significant abnormalities were 
observed in the comparison between these groups. In a study 
conducted in 1989 by Karan et al.,17 78 patients diagnosed with 
HCM on echocardiography and cardiac catheterization were 
evaluated, including 39 hypertensive patients. The most relevant 
finding was higher hypertrophy in hypertensive patients, 
suggesting that SAH may increase hypertrophy in HCM. This 
study was important to define the existence of hypertrophic 
cardiomyopathy with hypertension, which was previously 
described as hypertensive hypertrophic cardiomyopathy.

In 1998, Dimitrow et al.18 published a study with 
123 patients with HCM, 19.5% of whom were hypertensive, 
in which only functional class was evaluated. The study found 
that the association of SAH was more frequent in the elderly, 
but not rare in young people, which had worse functional 
class. In another study not using the strain technique, 
echocardiographic findings were similar between groups and 
SAH was also more frequent in the elderly.19

In 2014, Gonçalves et al.20 performed GLS analysis in a 
group of 229 pure hypertensive patients without HCM and 
preserved EF, and observed a reduction in GLS in 15.3% of 
the patients. However, no studies were found in the literature 
using the strain technique to compare HCM patients with 
and without associated SAH. In addition to detecting early 
changes in ventricular function, strain impairment may be 
a predictor of ventricular arrhythmia. In a publication with 
400 HCM patients, those with GLS >-10% were four times 
more likely to have events than patients with GLS ≤-16%.21 
Regional strain abnormalities in HCM may also be predictive 
of arrhythmia, as demonstrated by Correia et al.22 A study 
with 32 patients found mean septal strain >-10% with 
89% sensitivity and 74% specificity for the development of 
non-sustained ventricular tachycardia, regardless of age or 
maximum wall thickness. These regional strain abnormalities 
may be related to areas with higher percentage of fibrosis 
on magnetic resonance imaging, being a potential substrate 
for the development of arrhythmias.23,24

Diastolic dysfunction was more evident in hypertensive 
patients in this sample. Hypertensive patients had a higher 
percentage of grade I or II dysfunction and a lower percentage of 
undetermined cases, according to the latest recommendations for 
diastolic function evaluation.15 It should be noted that left atrial 
volume, an important parameter in the assessment of diastolic 
function,15,25,26 was increased in both groups on average, with no 
significant difference between them. This means, in principle, 
that most patients had some degree of diastolic dysfunction, but 
it was better defined in hypertensive patients.

Regarding the type of hypertrophy, in the classification 
proposed by Maron et al.,14 which evaluated 125 patients, 

the most frequent type was type III (52%), followed by types 
II (20%), IV (18%) and I (10%). In another study, Reant et al.27  
evaluated 271 patients using this classification, and the most 
frequently observed type was II (47%), followed by types III 
(35%), I (11%) and IV (7%). We have found a percentage 
similar to Maron’s classification regarding the most frequent 
types of hypertrophy, that is, types III and II, followed by 
types I and IV.

In the hypertensive group, mean age was higher, which 
may have influenced the evaluation of diastolic function 
and, perhaps, the strain analysis. Some studies have shown 
that myocardial strain presents a small reduction with age.28,29 

Others have not observed a clear relationship between 
myocardial strain and age.30,31

We observed that mean blood pressure was higher in the 
hypertensive group, but there is no definition in the literature 
as to whether increased blood pressure at the time of the test 
may influence strain analysis.

Study limitations
The strain technique requires regular heart rhythm, 

which limits its use in some situations, such as atrial 
fibrillation, which led to the exclusion of some patients. 
In the hypertensive group, mean age was higher and may 
have interfered with strain analysis and diastolic function 
analysis. Finally, long-term follow-up could provide further 
information about ventricular function behavior, since our 
study was cross-sectional.

Conclusion
Patients with HCM and SAH had lower myocardial strain, 

suggesting greater impairment of left ventricular function, even 
with preserved ejection fraction. This finding may be related 
to a worse prognosis, with early evolution to heart failure and/
or onset of ventricular arrhythmias. Prospective studies are 
needed to confirm this hypothesis.
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