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Abstract

Apical hypertrophic cardiomyopathy (AHCM) has a broad phenotypic spectrum and still poses many diagnostic and
prognostic challenges. Our team performed a retrospective study to examine the prognostic value of myocardial deforma-
tion obtained with cardiac magnetic resonance tissue tracking (CMR-TT) analysis in predicting adverse events in AHCM
patients. We included patients with AHCM referred to CMR in our department from August 2009 to October 2021. CMR-
TT analysis was performed to characterize the myocardial deformation pattern. Clinical, other complementary diagnostic
exams characteristics and follow-up data were analysed. Primary endpoint was the composite of all-cause hospitalizations
and mortality. During the 12-year period, 51 AHCM patients were evaluated by CMR, with a median age of 64 years-old
and male predominance. 56,9% had an echocardiogram suggestive of AHCM. The most frequent phenotype was “the
relative form” (43,1%). CMR evaluation revealed a median maximum left ventricle thickness of 15 mm and the presence
of late gadolinium enhancement in 78,4%. Applying CMR-TT analysis, median global longitudinal strain was — 14,4%,
with a median global radial strain of 30,4% and global circumferential strain of -18,0%. During a median follow-up of 5,3
years, the primary endpoint occurred in 21,3% of patients, with a hospitalization rate of 17,8% and all-cause mortality rate
of 6,4%. After multivariable analysis, longitudinal strain rate in apical segments was an independent predictor of the pri-
mary endpoint (p=0,023), showing that CMR-TT analysis could be useful in predicting adverse events in AHCM patients.

Keywords Hypertrophic cardiomyopathy - Apical variant - Cardiac magnetic resonance - Tissue tracking - Myocardial
strain

Introduction protein genes, with autosomal dominant inheritance and

variable penetrance [2—4]. Sudden cardiac death (SCD) is

Hypertrophic cardiomyopathy (HCM) is the most common
hereditary myocardial disease, with a prevalence of 1:500
[1]. It is predominantly caused by mutations in sarcomeric
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the most severe complication [1].

The apical variant (AHCM) presents in 7% of HCM
patients and is characterized by hypertrophy predominantly
involving the apex of the left ventricle (LV) [2, 5, 6]. AHCM
is more sporadic and sarcomere mutations are detected less
frequently (13-30%) than in classical HCM [6]. The defini-
tion of AHCM relies on the demonstration of a LV apex wall
thickness > 15 mm and a ratio of maximal apical to posterior
wall thickness > 1.5, based on echocardiography or cardio-
vascular magnetic resonance (CMR) [4, 7].

Misconceptions persist that AHCM is a benign HCM
subset, but cardiovascular complications have been reported
in up to one-third of these patients [2, 5, 8], including
atrial fibrillation (AF), myocardial infarction, stroke, heart
failure (HF), ventricular arrhythmias (VA) and SCD [2,
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7-9]. Development of apical aneurysm or mid-ventricular
obstruction have also been shown to increase the risk of
SCD and progression to end-stage HF in AHCM [10, 11].

Echocardiography is typically the initial imaging modal-
ity used in the evaluation of AHCM [3, 7, 12], with the “ace-
of-spades” configuration of the LV cavity in diastole as the
diagnostic hallmark [7]. However, in the absence of contrast
enhancement, the diagnostic accuracy is limited, resulting
in an underestimation of the maximal wall thickness [2, 3,
5]. Moreover, LV apical aneurysms are frequently missed
by echocardiography [3]. CMR provides the most reliable
characterization of the location, distribution, extent of LVH
and presence of apical aneurysms in AHCM [3, 7, 13, 14].
The presence and extent of late gadolinium enhancement
(LGE) may be associated with an increased risk of HF, VA
and SCD [1, 4, 15]. Decreased myocardial strain evaluated
by deformation imaging is associated with extensive myo-
cardial fibrosis and poor prognosis in HCM [14, 15]. CMR
tissue tracking (CMR-TT) can quantitatively measure myo-
cardial strain from radial, circumferential, and longitudinal
directions based on the cine views, reflecting the global
and regional left ventricular function [1]. It is a promising
technique to detect subclinical myocardial deformation in
various cardiovascular diseases, with high sensitivity and
reproducibility [16].

In this study, we aimed to analyse myocardial deforma-
tion patterns obtained with CMR-TT analysis, and its value
in predicting adverse outcomes in AHCM patients.

Methods
Study population and endpoint

We conducted a single-centre retrospective study, includ-
ing 51 consecutive patients referred to the Cardiovascular
Imaging Department of Centro Hospitalar de Vila Nova de
Gaia/Espinho for CMR evaluation due to clinically sus-
pected AHCM, from August 2009 to October 2021. CMR-
TT analysis was performed to each patient to characterize
the myocardial deformation pattern.

We further analysed baseline characteristics and other
complementary diagnostic exams characteristics, as well
as follow-up data. AHCM was also subclassified into
three forms: (1) “pure,” with isolated apical LV hypertro-
phy (LVH); (2) “mixed,” with predominantly apical, but
also interventricular septal hypertrophy; and (3) “relative”
AHCM, with loss of the progressive tapering of myocardial
wall thickness towards the apex, although failing to reach
the AHCM diagnostic cut-off of wall thickness > 15 mm*’.
The presence of VA was defined as previous aborted cardiac
arrest, documented sustained ventricular tachycardia and
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non-sustained VT (NSVT). The primary endpoint was the
composite of all-cause hospitalizations and mortality.

The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the local Ethics
Committee. The requirement for written informed consent
was waived due to the retrospective nature of the study.

Cardiac magnetic resonance: imaging acquisition
and analysis

Datasets from a total of 46 patients with AHCM were
finally included in TT analysis; five patients were excluded
due to severe motion artifacts on cine imaging. All CMR
views were performed on 1.5-T magnetic resonance Sie-
mens scanner (MAGNETOM Symphony TIM, Siemens
Medical Solutions, Erlangen, Germany). Cine images for
functional and TT analyses were acquired in two/three/
four-chamber views, and in short-axis (SAX) views using
a steady-state free precession sequence during breath-hold
and with retrospective ECG triggering (repetition time/echo
time: 2.4/1.2 ms; flip angle: 60 degrees; in-plane resolu-
tion 1.4 mmx1.4 mm; slice thickness: 8 mm). Typically,
the number of reconstructed phases was 30 and the number
of segments was adjusted aiming for a temporal resolution
of 2040 ms. LGE images were acquired approximately
10—15 min after a 0,2 mmol/Kg gadolinium bolus admin-
istration, using a segmented gradient echo inversion recov-
ery sequence. Two or three physicians experienced in CMR
analysed the data and performed the measurements. Images
were post-processed using commercially available soft-
ware (cvi42, Circle Cardiovascular Imaging Inc., Calgary,
Canada).

Epicardial and endocardial borders of the LV myocar-
dium were manually traced in end-diastolic and end-systolic
phases on SAX cine images to calculate functional parame-
ters: LV ejection fraction, LV end-diastolic volume, indexed
LVEDV, LV end-systolic, indexed LVESV, LV mass and
indexed LV mass. Papillary muscles were included in the
left ventricular cavity volume. The long-axis images and
SAX stack were viewed simultaneously to cross-check for
the presence of WMA and LGE.

A set of long-axis (two/three/four-chamber) and SAX
views were loaded into the tissue tracking module to analyse
myocardial strain (Fig. 1), which referred to the degree of
myocardial deformation from its initial length (LO, usually
in the end diastole) to its maximum length (L, usually in the
end systole) and was expressed as a percentage: (L — LO)/L
X 100%. It includes GLS, global radial strain (GRS) and
global circumferential strain (GCS). The endocardial bor-
der and the epicardial border were automatically detected
and manually adjusted if deemed inadequate. An average of
the measurements of three SAX views enabled calculation
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of global peak systolic radial strain, strain rate, velocity
and displacement, and global peak systolic circumferential
strain and strain rate (Fig. 1). Global peak systolic longi-
tudinal strain, strain rate, velocity and displacement were
derived from the measurements of the 4-, 2- and 3-chamber
cine images.

Statistical analysis

Descriptive data was summarized using the appropriate sta-
tistical tools, given the nature of the variables involved. Cat-
egorical variables were described as absolute frequencies
(n) and relative frequencies (%). Median and percentiles
or mean and standard deviation were used for continuous
variables, according with data distribution. Student # test or
its non-parametric equivalent (Mann-Whitney U test) were
used to compare the distribution of continuous variables.
Pearson’s y* test was used to test an hypothesis about cat-
egorical variables.

Multivariable logistic regression modeling was per-
formed to identify predictors of the primary endpoint. The
effect of the variables was assessed by estimating the haz-
ard ratio (HR) and respective confidence intervals. The
significance level used was 0,05. Statistical analysis was

performed using the software Statistical Package for the
Social Sciences v. 23.0 (IBM SPSS, Armonk, New York,
USA).

Results
Baseline characteristics

During the 12-year period, 51 patients with AHCM, with
a median age of 64 years-old and male predominance
(60,8%), were evaluated by CMR. Table 1 describes the
baseline characteristics of the population. Family history
of HCM or SCD was present in 7,8%. T-wave inversion
on precordial ECG leads was found in 78,4% of patients.
Transthoracic echocardiogram (TTE) was previously per-
formed in 47 individuals (92,2%), but only in seven patients
was administered ultrasonographic contrast. In 56,9%, TTE
was suggestive of AHCM. The most frequent AHCM phe-
notype was the “relative form” (43,1%), followed by the
“pure apical form” (37,3%) and the “mixed form” (17,6%).

Cardiac magnetic resonance characterization

Table 2 outlines the CMR characterization. Median max-
imum LV thickness was 15 mm, with a median LV mass

LV Resutts (20)

Fig. 1 Tissue tracking tool application to analyse myocardial strain in short-axis view. (adapted from cvi42® - User manual Version 5.5 [17])
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Table 1 Baseline characteristics of the AHCM patients

Clinical Characteristics Total
n=>51
Age (years-old), median 64
Male gender, n (%) 31 (60,8%)
Arterial hypertension, n (%) 32 (62,7%)
Diabetes mellitus, n (%) 15 (29,4%)
Atrial fibrillation, n (%) 8 (15,7%)
Coronary artery disease, n (%) 6 (11,8%)
Valvular heart disease, n (%) 0 (0%)
Chronic kidney disease, n (%) 2 (3,9%)
Familiar history of HCM, n (%) 4 (7,8%)
Familiar history of SCD, n (%) 4 (7,8%)
Chest pain, n (%) 14 (27,5%)
Fatigue, n (%) 17 (33,3%)
Palpitations, n (%) 7 (13,7%)
Syncope, n (%) 2 (3,9%)
Body mass index (kg/m?), median 26,9
Left ventricular hypertrophy in ECG, n (%) 4(7,8%)
T-wave inversion in ECG, n (%) 40 (78,4%)

ECG =Electrocardiogram; HCM =Hypertrophic cardiomyopathy;
SCD = Sudden cardiac death

Table 2 CMR characterization of AHCM patients

CMR parameters Total n=>51
Maximal LV thickness (mm), median 15
LV mass index (g/m?), median 76
End-diastolic LV volume index (ml/m?), median 78,5
End-systolic LV volume index (ml/m?), median 25
Left ventricle ejection fraction (%), median 66
Cardiac index (L/min/m?), median 3,25
Systolic volume index (ml/m?), median 51,5
Left atrium volume index (ml/m?), median 55
Apical aneurysm, n (%) 1 (2%)
Late gadolinium enhancement, n (%) 40 (78,4%)
* Apical localization, n (%) 37 (92,5%)
* Other regions, n (%) 3 (7,5%)
» Affected segments, median 5
AHCM=Apical hypertrophic cardiomyopathy, CMR =Cardiac

magnetic resonance; LV =Left ventricle

index of 76 g/m? (Fig. 2). LGE was present in 78,4%, with
a median of five affected LV segments (Fig. 3). CMR-TT
analysis revealed a median global longitudinal strain of
-14,4%, with a median global radial strain of 30,4% and a
global circumferential strain of -18,0% (Table 3).

Adverse events

On 24-Holter monitoring, 21,6% of patients presented
NSVT; no sustained VA were registered. During a median
follow-up of 5,3 years, the primary endpoint occurred in
10 patients (21,3%), with a hospitalization rate of 17,8%
(cardiac causes in 2%) and all-cause mortality rate of 6,4%.
Those patients were older (69,2 vs. 59,5 years-old; p=0,01),
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had a larger prevalence of chronic obstructive pulmonary
disease (COPD) (20% vs. 2,7%; p=0,047), and lower lon-
gitudinal strain rate in apical segments (0,27 vs. -0,74 s™';
p=0,021) (Table 4). After multivariable analysis, only lon-
gitudinal strain rate in apical segments was an independent
predictor of the primary endpoint (HR =5,62 [1,25-25,3],
p=0,023). Even after excluding the patient with the apical
aneurysm, this parameter remained an independent pre-
dictor of the primary endpoint (HR=4,58 [1,13-18,571],
p=0,033). Neither parameter regarding LGE reached sta-
tistical significance, namely apical involvement or by num-
ber of segments affected. Four patients (7,8%) were lost to
follow-up and were not included in the endpoint analysis.

Discussion

To our knowledge, this study is the first addressing myo-
cardial deformation parameters derived by CMR-TT in a
Portuguese cohort of ACHM patients. Our main finding is
the potential role of longitudinal strain rate in apical seg-
ments as an independent predictor of adverse events in this
population.

In our cohort, only 56,9% of patients had a suspected
diagnosis of AHCM based on echocardiography, corrobo-
rating its lower diagnostic accuracy compared to CMR [7].
Still, it should be noted that only seven patients underwent
TTE with ultrasonographic contrast. CMR proved to be a
reliable imaging method to characterize the location, dis-
tribution and extent of LVH [3, 7, 13]. LV mass index was
normal, despite a maximum LV wall thickness of 15 mm.
However, when hypertrophy is limited and segmental, LV
mass calculated by CMR is usually within normal limits,
underscoring that cardiac mass is not a diagnostic prerequi-
site for HCM [3]. In our population, only one patient (2%)
had an apical aneurysm, reflecting a minor proportion com-
paring to other studies, where its prevalence reaches 15%
[4, 15].

LGE was present in 78,4%, mainly restricted to the
hypertrophied apical segments. This prevalence overcomes
the data reported in other AHCM studies, where it ranges
between 40 and 70% [2-5, 7], even with a large propor-
tion of the “relative form” in our population. In the largest
available series of AHCM patients imaged with CMR [18],
LGE was also limited to the hypertrophic apical segments.
Several large studies show a significant linear relationship
between the extent of LGE (particularly if>15% of LV
mass) and the risk of SCD in HCM [3].

While not negligible, our data demonstrated a low inci-
dence of adverse cardiac events and a low mortality in
AHCM patients, in concordance with previous studies [15].
Patients that suffered an adverse event were older, had a
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Fig. 2 Cardiac magnetic
resonance imaging showing left
ventricle hypertrophy at the apex
(measuring 15 mm), compat-
ible with apical hypertrophic
cardiomyopathy

Fig. 3 Cardiac magnetic resonance imaging of patient with apical
hypertrophic cardiomyopathy, showing late gadolinium enhancement
at the left ventricle apex

larger prevalence of COPD, and lower longitudinal strain
rate in apical segments. Although LGE and GLS have been
associated to an increased risk of VA and SCD [1, 19], nei-
ther parameter was associated with the primary endpoint.
After multivariable analysis, only longitudinal strain rate
in apical segments was an independent predictor of the pri-
mary endpoint.

In the study of Pu et al. [1], involving HCM patients,
reduced GLS derived by CMR-TT was an independent pre-
dictor for VA, as well as the percentage of LGE. A recent
HCM meta-analysis also demonstrated an association

Table 3 CMR-TT analysis of AHCM patients

CMR parameters Total
n=46
Global longitudinal strain (%), median -14,37
Global radial strain (%), median 30,35
Global circumferential strain (%), median -18
Global longitudinal strain rate (%), median -0,73
Global radial strain rate (%), median 1,39
Global circumferential strain rate (%), median -0,90
Time to peak (longitudinal strain) (ms), median 336,6
Torsion (°/cm), median 0,7
Torsion rate (°/s), median 5,15

AHCM = Apical hypertrophic cardiomyopathy; CMR-TT =Cardiac
magnetic resonance tissue-tracking

between GLS and a composite endpoint of adverse car-
diovascular events [3]. However, its strength as a clinical
predictor remains limited by substantial variability in meth-
odology, as well as the absence of adequately powered pro-
spective clinical studies. In addition, Li et al. [16] reported
global longitudinal peak diastolic strain rate as an early
index of LV diastolic function providing prognostic infor-
mation in HCM patients.

This is the first Portuguese study addressing myocardial
deformation parameters derived by CMR-TT in ACHM
patients. We highlight the potential role of CMR-TT strain
parameters as significant prognostic factors, since longi-
tudinal strain rate in apical segments predicted all-cause
hospitalizations and mortality in our cohort. While aim-
ing to improve the risk stratification in AHCM patients,
we also reinforce the important role of CMR in diagnos-
ing AHCM and explore the long-term prognosis of these
patients. Future larger multicentre studies with prospective
selection of AHCM patients are needed to establish stan-
dardized parameters for CMR-TT and to better explore their
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Table 4 Comparison between Characteristics Patients with PE  Patients without  p-value
paﬁients with a1.1d without the (n=10) PE (n=37)
primary endpoint (PE) Age (years-old), mean+ SD 69,2+8,2 59,5+ 14,4 0,01
Male gender (%) 40 64,9 0,155
Arterial hypertension (%) 80 59,5 0,230
Diabetes mellitus (%) 40 29,7 0,536
Atrial fibrillation (%) 20 16,2 0,778
Coronary artery disease (%) 10 13,5 0,768
Chronic kidney disease (%) 0 5,4 0,452
Chronic obstructive pulmonary disease (%) 20 2,7 0,047
Syncope (%) 10 2,9 0,346
Maximal LV thickness (mm), mean+ SD 15,6+2,9 14,5+4,0 0,357
LV mass index (g/m?), mean +SD 76,9 +£20,0 76,4+184 0,948
Apical aneurysm (%) 0 2,7 0,599
Late gadolinium enhancement (%) 80 78,4 0,911
Global longitudinal strain (%), mean+SD -13,3+39 -142+34 0,548
* Basal LS (%), mean + SD -21,2+3,6 -21,5+3,7 0,858
* Medium LS (%), mean +SD -12,8+5,6 -13,7+34 0,617
* Apical LS (%), mean + SD -5,5+4,6 -8,2+5,1 0,137
Global radial strain (%), mean+ SD 31,8+7,6 28,7+6,4 0,267
« Basal RS (%), mean+ SD 332+11,4 34,7+8,1 0,692
* Medium RS (%), mean+ SD 32,7+10,3 28,7+6,5 0,266
* Apical RS (%), mean+SD 19,1+14,9 18,6 +13,2 0,920
Global circumferential strain (%), mean + SD -18,3+£3,3 -17,2+2,7 0,366
* Basal CS (%), mean+SD -19,9+3,1 -19,3+2,0 0,593
* Medium CS (%), mean+ SD -19,4+3,7 -17,8+2,7 0,214
* Apical CS (%), mean+SD -11,1+£5,5 -12,2+6,5 0,584
Global longitudinal strain rate (%), mean + SD -0,40+0,74 -0,98+1,19 0,08
* Basal LSR (%), mean+SD -0,64+1,17 -1,24+0,42 0,143
* Medium LSR (%), mean + SD -0,81+0,19 -1,10+1,39 0,265
« Apical LSR (%), mean +SD 0,27+1,06 -0,74+1,24 0,021
Global radial strain rate (%), mean+ SD 1,65+0,39 1,47+0,53 0,534
« Basal RSR (%), mean+SD 2,10+0,68 1,75+0,74 0,186
* Medium RSR (%), mean=+ SD 2,04+1,52 1,66+0,80 0,463
* Apical RSR (%), mean+ SD 1,11+0,84 1,31+1,00 0,526
LV =Left ventricle; CS =Cir- Global circumferential strain rate (%), mean +SD -0,98+0,82 -1,02+0,43 0,884
cumferential strain; CSR =Cir- * Basal CSR (%), mean+SD -0,69+1,07 -1,08+0,46 0,288
cumferential strain rate; * Medium CSR (%), mean +SD -1,17+0,86 -1,17+0,73 0,984
LS=Longitudinal strain; * Apical CSR (%), mean+ SD -1,00+0,89 -1,04+0,67 0,923
LSR=Longitudinal strain rate;  Time to peak (longitudinal strain) (ms), mean +SD 356,6+89,0 339,3+49,6 0,569
if’ai:nﬁf;f‘lssgi‘géaﬁ;;iﬁf Torsion (/cm), mean+ SD 0,79 +0,64 0,78240,36 0,970
tion Torsion rate (°/s), mean +SD 6,44 +3,37 6,19+2,99 0,839

prognostic significance, in order to improve risk stratifica-
tion in this population.

Limitations

Some limitations were encountered during our study. First,
it has a retrospective design, susceptible to inherent bias.
Also, the relatively small number of patients from a single
medical centre limits the interpretation of the results. More-
over, some patients were lost to follow-up, resulting in loss
of information regarding adverse events. Finally, our analy-
sis was performed using a CMR-TT program from a single
vendor, limiting the extrapolation of the results to other
softwares.
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