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ABSTRACT

Background: New techniques have been developed for the quantitative analysis of myocardial deformation by cardiovascular mag-
netic resonance from cine-sequences (as feature tracking) or from sequences with myocardial saturation bands (tagging), enabling a 
reliable evaluation of the true systolic function in patients with hypertrophic cardiomyopathy.
Objectives: The aim of this study was to assess systolic function expressed as evaluation of ejection fraction and myocardial deforma-
tion by new analysis techniques in a population with hypertrophic cardiomyopathy.
Methods: Forty patients with hypertrophic cardiomyopathy were retrospectively included in the study between April 2009 and April 
2016. Wall thickness values were estimated and endocardial and epicardial borders were traced for calculation of ventricular vol-
umes and mass. Four-chamber and short-axis cine and tagging sequences defined the borders to analyze deformation or myocardial 
strain by feature tracking and myocardial tagging; values of global longitudinal, circumferential and radial strain were obtained and 
segmental strain curves were established.
Results: Mean ejection fraction in the overall population was 72%±9%. In the analysis of myocardial deformation by feature-track-
ing from 4-chamber and short-axis cine sequences, mean global longitudinal strain was -9.9%±3%, circumferential strain -14%±5% 
and radial strain 33%±10%. In the values obtained by myocardial tagging, mean global longitudinal and circumferential strains 
were -7%±3% and -17%±3%, respectively.
Conclusions: A global preserved ejection fraction was estimated in this population with hypertrophic cardiomyopathy, despite having 
a significant decrease in longitudinal, circumferential and radial myocardial deformation. That is why the new analysis techniques 
by cardiac MRI allow a deeper understanding of the real systolic function of patients suffering from this disease.
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RESUMEN

Introducción: Se han desarrollado nuevas técnicas para el análisis cuantitativo de la deformación miocárdica por resonancia ma-
gnética cardíaca a partir de las secuencias de cine (como el feature tracking) o de secuencias con bandas de saturación miocárdica 
(tagging), que permiten una evaluación confiable de la verdadera función sistólica ventricular en pacientes con miocardiopatía 
hipertrófica.
Objetivo: Analizar la función sistólica expresada en la evaluación de la fracción de eyección y de la deformación miocárdica por las 
nuevas técnicas de análisis en una población con miocardiopatía hipertrófica.
Material y métodos: Entre abril de 2009 y abril de 2016 se incluyeron en forma retrospectiva 40 pacientes portadores de miocar-
diopatía hipertrófica. Se estimaron los espesores parietales y se trazaron los bordes endocárdicos y epicárdicos para el cálculo de 
volúmenes y masa ventriculares. En los cines y secuencias de tagging en 4 cámaras y eje corto se definieron los bordes para el análisis 
de deformación o strain miocárdico por feature tracking y tagging miocárdico; se obtuvieron valores de strain global longitudinal, 
circunferencial y radial y se establecieron curvas de strain segmentario.
Resultados: La media de fracción de eyección de la población total fue del 72% ± 9%. En el análisis de deformación miocárdica por 
feature tracking de los cines de 4 cámaras y eje corto, la media del strain longitudinal global fue de -9,9% ± 3%, la del strain global 
circunferencial fue de -14% ± 5% y la del radial fue de 33% ± 10%. En los valores obtenidos por tagging miocárdico, la media del 
strain longitudinal global fue de -7% ± 3% y la del circunferencial global fue de -17% ± 3%.
Conclusiones: Se estimó una fracción de eyección global conservada en esta población portadora de miocardiopatía hipertrófica, a 
pesar de presentar una disminución significativa en la deformación miocárdica longitudinal, circunferencial y radial. Es por ello que 
las nuevas técnicas de análisis por resonancia magnética cardíaca permiten conocer más profundamente la función sistólica real de 
los portadores de esta enfermedad.
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INTRODUCTION
The development of new techniques to assess myo-
cardial deformation has broadened the scope for the 
analysis of various myocardial diseases. Myocardial 
saturation bands (tagging) in the field of cardiovascu-
lar magnetic resonance (CMR) and analysis by tissue 
Doppler or two-dimensional speckle tracking echocar-
diography are among the pioneering techniques used 
in this area. Cardiovascular magnetic resonance has 
a wide field of view and excellent definition of myo-
cardial borders with respect to the blood pool, allow-
ing high quality images for anatomical and functional 
studies, as well as volume estimation to calculate 
left and right ventricular ejection fraction. It is well 
known that left ventricular ejection fraction may not 
be sensitive enough to detect subtle changes in left 
ventricular systolic function, especially in the early 
stages of a cardiomyopathy. (1)

Up to the present, it has been difficult in CMR to 
quantitatively estimate the degree of myocardial de-
formation, which is conditioned to only visual estima-
tion through myocardial tagging sequences (loss of 
segmental grid perpendicularity). However, the devel-
opment of new analysis computer programs has im-
proved myocardial deformation analysis from a mere 
qualitative evaluation to a detailed quantitative global 
and segmental study.

Among the recently developed CMR techniques 
to assess myocardial deformation, feature tracking 
(FT-CMR) analysis allows the quantification of wall 
motion and deformation by tracing ventricular en-
docardial and epicardial borders from classical cine 
sequences (steady state free precession, SSPP). This 
type of study has been validated by myocardial tagging 
sequences using harmonic phase analysis (HARM) 
and spatial modulation displacement (SPAMM). (2, 3) 
One of its main virtues is the short time required to 
perform it and its application in the myocardial cine 
sequences of a conventional CMR study.

It is possible to estimate longitudinal, circumfer-
ential or radial myocardial deformation, and similar 
normal values have been reported both for echocardi-
ography as CMR.

Global left ventricular deformation values re-
ported by two-dimensional speckle tracking echo-
cardiography in healthy subjects are: longitudinal: 
-21.5%±2.0%, circumferential:-22%±3.4% and radial: 
40.1%±11.8%. (4). In the case of FT-MRC, deforma-
tion values are: longitudinal:-21.3%±4.8%, circumfer-
ential: -26.1%±3.8% and radial: 39.8%±8.3%. (5)

The presence of dysfunctional sarcomeric proteins, 
myocyte hypertrophy, fibril disarray and development 
of interstitial fibrosis interfere with systolic myocardi-

al mechanics, despite hyperdynamic systolic function; 
(6) hence, the great usefulness of these techniques of 
myocardial deformation analysis to unmask and reli-
ably evaluate the true ventricular systolic function. 
The importance of the information provided by this 
analysis has been emphasized in the different stages 
of the disease, especially in the pre-clinical phase, for 
an accurate diagnostic and therapeutic conduct.

METHODS
Patients with diagnosis of hypertrophic cardiomyopathy 
(HCM) who had been referred to the CMR laboratory to 
complete the diagnosis, evaluate the extent of hypertrophy, 
rule out other etiological causes of myocardial thickening, 
estimate the ejection fraction (and systolic function) and 
assess the presence of fibrosis through delayed gadolinium 
enhancement were retrospectively included between April 
2009 and April 2016. 

Studies were performed with two Philips Achieva 1.5 
Tesla systems from the hospital and all images were ac-
quired by means of a body surface antenna during repeated 
breath-holds and using electrocardiographic synchroniza-
tion and monitoring with a respiratory navigator. 

Axial anatomic images were initially acquired in black 
blood to then plan 2-chamber, short-axis, 4-chamber and left 
ventricular outflow tract cine sequences for the functional 
study (flip angle: 60°, section thickness: 8 mm, 30 frames 
per cardiac cycle). Radial apex to base sections were subse-
quently performed to calculate end-diastolic, end-systolic 
and stroke volumes, ejection fraction and myocardial mass 
(by automatic segmentation). Myocardial tagging sequences 
were performed, consisting in the application of myocardial 
segment saturation bands (grid) maintained for a space of 
time during the acquisition, as the signal decays during the 
course of the cardiac cycle, but acts as a label, allowing the 
visualization of myocardial deformation during ventricular 
contraction and relaxation. Finally, non-ferromagnetic con-
trast material was administered (gadolinium) for delayed 
myocardial enhancement sequences in the same cine imag-
ing planes. The analysis of all images was performed with 
the free Segment version v2.0 R5024 software. (7-9) Wall 
thicknesses were estimated and endocardial and epicardial 
borders were traced to calculate ventricular volumes and 
mass. The borders for the analysis of myocardial deforma-
tion or strain by FT-CMR (Figure 1) and MTAG (10, 11) 
were defined from 4-chamber and short axis cine and tag-
ging sequences (Figure 2); global longitudinal, circumferen-
tial and radial strain values were obtained and segmental 
strain curves were established (Figure 3).

Statistical analysis
Epi Info version 7.1.5-2 software was used to calculate the 
mean and standard deviation of continuous variables and 
frequencies.

Ethical considerations
Patients signed an informed consent and the data were 
anonymously incorporated into the database.

CMR		  Cardiac magnetic resonance 

HCM		  Hypertrophic cardiomyopathy

MTAG		  Myocardial tagging

CMR-FT	 Cardiac magnetic resonance feature tracking
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phy was asymmetric in 67% of patients, apical in 21% 
and concentric in 12 % of cases, with dynamic left ven-
tricular outflow tract obstruction in 34% of patients. 
Mean ventricular mass was 213±60 grams and mean 
highest wall thickness was 21±7 mm. Delayed gado-
linium enhancement was observed in 64% of patients 
(see Table 1).

Mean ejection fraction of the total population 
was 72%±9%. In the FT-CMR myocardial deforma-
tion analysis from 4-chamber and short-axis cine im-

RESULTS
A total of 40 patients with diagnosis of HCM (Table 1), 
71% of whom were men, were included in the study. 
Mean age was 52±17 years. Clinically, 68% of patients 
were in FC I and 32% in FC II. In the electrocardio-
graphic study, 85% of patients evidenced sinus rhythm 
and the remaining 15%, atrial fibrillation. Sixty-two 
percent of patients had a positive Sokolow-Lyon index 
and 20% presented non-sustained and 8% sustained 
ventricular tachycardia. The distribution of hypertro-

Fig. 1. Feature tracking in 4-cham-
ber and short-axis cine images (see 
color image in the web).

Fig. 2. Four-chamber and short-axis 
myocardial tagging (see color im-
age in the web).

Fig. 3. Segmental longitudinal and 
circumferential strain curves.



345STRAIN BY MAGNETIC RESONANCE IN HYPERTROPHIC CARDIOMYOPATHY /Esteban Ludueña Clos et al.

ages, mean global longitudinal strain was -9.9%±3%, 
global circumferential strain -14%±5% and radial 
strain 33%±10%. Mean global longitudinal strain by 
MTAG was -7%±3% and global circumferential strain 
-17%±3% (Table 2).

DISCUSSION
The difficult availability of systems to acquire and 
subsequently analyse myocardial deformation leads in 
many cases to restrict left or right ventricular systolic 
function estimation to ejection fraction in patients 
with HCM. As reported in the national and foreign 
literature, it is well known that ejection fraction may 
be normal or even increased (12) despite presenting a 
marked reduction of myocardial deformation. (13, 14) 
However, both qualitatively in myocardial tagging se-
quences (where a drastic reduction or absence of loss 
of grid perpendicularity in myocardial hypertrophic 
segments is observed) as quantitatively in the defor-
mation analysis by new analysis techniques, there is 
evidence of the deficit in capacity and effective con-
tractile mass.

In our work, the population presented preserved 
global ejection fraction values. However, strain ana-
lyzed either by FT-HCM or MTAG was significantly 
decreased.

Thus, CMR is able to complement the echocardio-
graphic evaluation or be an alternative for patients 
with suboptimal ultrasound image.

The analysis of larger populations with this dis-
ease will allow comparing different groups according 
to age, sex, presence of fibrosis, etc, and assess sys-
tolic function in preclinical stages of the disease. As 
limitation, cine images obtained by magnetic reso-
nance imaging are not always of optimal quality, in 
some cases due to the presence of arrhythmia or the 
difficulty of patients to perform breath-holds, though 
fortunately this occurs in a low percentage of studies. 
FT-CMR and MTAG can be extended to other planes 
of cine imaging analysis, as for example 2-chamber, 
left ventricular outflow tract, etc, to incorporate them 
in future lines of work. 

CONCLUSIONS
Cardiovascular magnetic resonance is an important 
tool for the study of patients with hypertrophic car-
diomyopathy. New analysis techniques of myocardial 
deformation or strain used in this work allowed ex-
posing left ventricular systolic function impairment, 
despite a preserved ejection fraction.
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Age, years

Sex (Male/Female), %

Rhythm (sinus/atrial fibrillation), %

NYHA functional class (I/II/III/IV), %

NSVT/VT, %

LV mass, g (mean±SD)

LVOT obstruction, %

Delayed gadolinium enhancement, %

Feature tracking

Global longitudinal strain, %

Global circumferential strain, %

Global radial strain, %

Myocardial Tagging

Global longitudinal strain, %

Global circumferential strain, %

52±17

71/29

85/15 

68/32/0/0

20/8

213±60

34

64

-10±3

-14±5

33±10

-7±3

-17±3 

NYHA: New York Heart Association. NSVT: Non-sustained ventricular 
tachycardia. VT: Ventricular tachycardia. LV: Left ventricular. SD: Stan-
dard deviation. LVOT: Left ventricular outflow tract.

Table 1. Characteristics of the population with hypertrophic 
cardiomyopathy (n=40)

Table 2. Strain by feature tracking and myocardial tagging
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