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Background: Patients presenting with unexplained T wave inversion on electrocardiogram combined
with thickened left ventricular apex but less than 15 mm had been proposed as a preclinical scope of apical
hypertrophy cardiomyopathy (pre-ApHCM). However, analysis of left atrial (LA) function in these patients
has not been studied. This study aims to evaluate the LA function in pre-ApHCM patients and compare it
with patients with ApHCM using cardiac magnetic resonance (CMR) imaging.

Methods: In this retrospective case-control study, a total of 3,593 CMR reports from Beijing Anzhen
Hospital, Capital Medical University, China were reviewed. Finally, 31 pre-ApHCM patients were identified
and 40 ApHCM and 31 normal controls were included for comparison. LA volumetric and strain were
analyzed by CMR. Two-tailed one-way ANOVA was used to analyze the difference of three groups. Pearson
correlation test was used for correlation analysis.

Results: All of the volumetric parameters in pre-ApHCM group were higher than those in control group.
LA reservoir (LA total EF, es) and conduit function (LA passive EF, ge) parameters, were significantly
different among the three groups, which were the lowest in the ApHCM group, intermediate in the pre-
ApHCM group, and the highest in the control group ((all P<0.001). Compared with the control group, the
LA booster pump function, both the booster EF and booster pump strain (ea) in ApHCM were impaired
(P=0.003 and P=0.002 respectively). Meanwhile, only the ga was impaired (P=0.016) while LA booster EF
was not (P=0.064) in the pre-ApHCM group, neither €a nor the booster EF show difference between the
ApHCM and pre-ApHCM (P=0.272 and P=0.518 respectively).

Conclusions: LA function features in pre-ApHCM patients were similar to ApHCM but different from
the normal controls. In pre-ApHCM and ApHCM patients, LA reservoir and conduit function impaired
earlier before left atrium enlarged and decreased progressively as apex thickens. These findings may help to
understand the LA functional change from pre-ApHCM to ApHCM, and to detect subclinical changes in
patients with pre-ApHCM before overt hypertrophy or clinical symptoms develop.
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Introduction

In clinical practice, it is not uncommon to observe
patients presenting with unexplained T" wave inversion
on electrocardiogram (ECG) combined with thickened
left ventricular (LV) apex but less than 15 mm. These
patients had been proposed as a preclinical scope of
apical hypertrophy cardiomyopathy (pre-ApHCM) (1,2).
However, the relatively limited studies just focused on the
left ventricle structure instead of the changes of global or
regional heart function of these patients, especially for left
atrial (LA) function (1,3).

Cardiac hypertrophy could enlarge LA, which is a risk
factor of atrial fibrillation (AF) in patients with ApHCM (4).
Cardiac hypertrophy could also alter the LA function (5-7),
which acts as an integral part of global cardiac function (8).
However, how the left atrium structure (volumetric
parameters) and function (deformation parameters) change in
the pre-ApHCM patents still remains unknown.

With the advancement of cardiac magnetic resonance
(CMR) technology, it is now able to assess atrial function, in
particular strain imaging, thereby enabling the evaluation of
LA reservoir (in systole), conduit and contractile function (in
diastole) (9). A previous study has found that pre-ApHCM
patients had abnormal LV apical morphology (1). And more
than 70% of these patients have more than 15% increase
of LV apical wall thickness including one-fifth progression
to typical ApHCM during more than 2-year follow-up (3).
However, the LA function of this kind of patient has not
been well explored. In this study we used CMR to evaluate
the LA function in pre-ApHCM patients and compared
it with patients with ApHCM. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-23-466/rc).

Methods
Study population

In this retrospective study, a total of 3,593 CMR reports
from April 2016 to December 2021 were reviewed in
the Radiology Department of Beijing Anzhen Hospital,
China. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional ethics board of Beijing Anzhen
hospital and individual consent for this retrospective
analysis was waived.

The inclusion criteria of ApHCM included: (I) deep
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giant T-wave inversion on 12-lead ECG (10) (II) end-
diastolic left ventricle apical wall thickness >15 mm based
on CMR. The inclusion criteria of the pre-ApHCM were
as follows: (I) deep giant T-wave inversion (negative T-wave
voltage of >5 mm) on 12-lead ECG, at least 3 contiguous
leads (most prominent inV3-V leads); (II) no ApHCM
on echocardiography, (III) the end-diastolic LV apical
wall thickness <15 mm but thicker than the basal segment
confirmed with apical 2 and 4 chamber CMR views (1-3).

Patients were excluded if they had (I) coronary artery
disease; (II) arrhythmia, include bundle branch block, AF;
(III) hypertension with or without medical control; (IV)
severe valvular disease, (V) pericardial disease, (VI) cardiac
tumor, (VII) systemic disease involving heart; and (VIII)
history of cardiac surgery.

We finally identified 31 pre-ApHCM patients in this
study. Furthermore, 40 ApHCM and 31 normal controls
were included for comparison.

All the normal controls did not have any history of

cardiovascular disease, with normal physical examination
and normal ECG, echocardiography and CMR.

CMR data acquisition

All CMR studies were performed on a 3.0 T Siemens
scanner (MagnetomVerio; Siemens AG Healthcare,
Erlangen, Germany) with retrospective ECG gating
and 32-channel phased-array coil. Standardized imaging
protocol were performed consisting of steady state free
precession breath-hold cine images and late gadolinium
enhancement (LGE) images (11,12). The whole ventricles
from the annulus of the atrioventricular valves to the apex
were covered in contiguous short axis stack cines, with
25 phases per cardiac cycle and long axis planes (2-, 4-, and
3-chamber views) using retrospective ECG gating true fast
imaging with steady precession (True FISP) cine sequence
were taken. LGE images, 10 minutes after a 0.2 mmol/kg
intravenous dose of Gd-DTPA (Magnevist, Bayer Schering,
Germany, 0.2 mmol/kg) were taken with a prospectively
ECG-gated gradient echo sequence with an inversion
prepulse during breath hold in a series of short-axis planes
and a 4- and 2-chamber long-axis plane. Phase-sensitive
inversion-recovery was used to obviate the need for a
precise setting of the TI. Imaging acquisition parameters
were listed as follows: repetition time/echo time, 4.1/1.6 ms;
flip angle, 20°; image matrix, 256x130; section thickness,
8 mm (contiguous short axis) or 5 mm (long axis images),
with no intersection gap.
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Figure 1 Components of LA strain. Reservoir strain: corresponding to LA reservoir function. Booster strain: corresponding to LA booster

pump function. Conduit strain: corresponding to LA conduit function. LA, left atrium.
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Figure 2 Components of LA volume. LA V., maximal volume of left atrium (left atrium volume at the LV end-systole); LA V., pre-atrial

contractile of left atrium (left atrium volume at the LV diastole before LA contraction); LA V., minimal volume of left atrium (left atrium
volume at the late LV end-diastole after LA contraction); LA, left atrium; LV, left ventricle.

CMR image analysis

The analyses of LV function, masses, LV wall thickness were
performed on a commercially available workstation CVI42
software (Version 5.6.3 Circle Cardiovascular Imaging,
Calgary, Canada). Short-axis cine images and long axis cine
views were used for semi-automated analysis. Endocardial
and epicardial borders were identified automatically and
amended by a radiologist (with 10 years’ experience in
cardiac MR image interpretation) on the short-axis cine
images. Papillary muscles were excluded from volumes and
the right ventricular insertion sites were marked to indicate
the outer border of the antero-septum and infra-septum.
LV range was marked on 2-chamber or 4-chamber images.
Left ventricular ejection fraction (LVEF) was computed
automatically after the endocardial border was drawn.
Standard apical 4- and 2-chamber views at end-diastole
were used to obtained the maximal apical wall thickness.

LA feature tracking

LA volume and function were performed on dedicated
CMR post-processing software (QStrain, Medis Suite 3.1,
Leiden, the Netherlands). A point-and-click approach was
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used to trace the LA endocardial boarder in both the 2-
and 4-chamber views. Pulmonary veins and LA appendage
were excluded carefully. Then the contour was detected
automatically throughout the entire stack. The CMR-FT
was verified and readjusted by the operator (H.W., with
>10 years of experience in interpreting CMR) to ensure
accurate tracking.

The end-diastolic and end-systolic phases were adjusted
manually if necessary. LA global strain was calculated as
the average of the 2- and 4-chamber views (7,13). On
each strain curve (Figure I), LA endocardial longitudinal
strain parameters, including €, (reservoir phase strain,
corresponding to LA reservoir function), €,, (LA contraction
phase strain, corresponding to LA booster pump function)
and &, (conduit phase strain, corresponding to LA
conduit function, €, = g - g,), were analyzed (7,9,14,15).
Correspondingly, on LA volume curve (Figure 2), LA
volumetric parameters, including LA maximal (LA V, at
the LV end-systole), pre-atrial contractile (LA V,,,, at the
LV diastole before LA contraction) and minimal volume
(LA 'V, at the late LV end-diastole after LA contraction),
were obtained (7,15,16). LA reservoir, passive and booster
EF were calculated from LA volumes according to the
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Figure 3 Patients screening process of the study. From 3,593 CMRI database, 40 ApHCM, 31 pre-ApHCM, 31 normal controls were
included. CMRI, cardiac magnetic resonance imaging; ApHCM, apical hypertrophy cardiomyopathy; pre-ApHCM, preclinical scope of

ApHCM,; ECG, electrocardiogram.

following equations (7,17):

LA reservoir EF=(LAV, —LAV,

max min

)/LAV,, x100% [1]

LA passive EF = (LA V,, —~LAV,

prac

)/LAV,, x100%  [2]

LA booster EF = (LA \%

prac

~LAV,,)/LAV,

prac

x100%  [3]

Statistical analysis

Data were analyzed using SPSS software version 24.0
(SPSS, Inc., Chicago, IL, USA). Continuous variables with
normal distribution were expressed as mean + standard
deviation; two-tailed one-way ANOVA was used to analyze
the difference of three groups (ApHCM, pre-ApHCM and
normal control groups). Pearson correlation test was used
for correlation analysis. P values of <0.05 were regarded as
statistically significant.

Results

Of 43 ApHCM patients, three were excluded due to
hypertension. Ten pre-ApHCM patients were excluded:
three due to hypertension, two due to coronary artery
disease, one due to atrial septal defect, two due to blurred
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ECG and two due to poor CMR imaging quality). Finally,
a total of 102 cases were included consisting of 40 cases of
ApHCM, 31 cases of pre-ApHCM, and 31 cases of normal
control (Figure 3).

Table 1 shows the main baseline characteristics of
these three groups. Both the ApHCM (68.77%x7.09%)
and pre-ApHCM (69.50%+7.22%) had higher LVEF
than the control group (64.37%+6.26%), although there
was no significant difference between pre-ApHCM and
ApHCM. The thickness of diastolic LV apex (ApHCM:
19.36+3.05 mm, pre-ApHCM: 11.92+1.37 mm, control
group: 5.70+1.09 mm) as well as the myocardial mass of LV
during diastole (ApHCM: 134.96+41.06 g, pre-ApHCM:
111.44+27.34 g, control group: 83.99x17.96 g) increased
progressively from normal to ApHCM with pre-ApHCM
having an intermediate value, with significant differences
among the three groups (P<0.05). Among the 40 ApHCM
patients, 31 were injected with contrast media, and 23 had
LGE. Twenty-eight out of the 31 pre-ApHCM patients
were injected with contrast media, five patients had LGE,
with a significant difference between the two groups
(P<0.05). No adverse reactions were recorded.

Table 2 shows that there was weak or no correlation
between the LV mass and LA deformation parameters in
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Table 1 Main study findings of the three study groups
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Groups P value

Variable APHCM (N=40) pre-ApHCM  Control group  ApHCMvs. ApHCMvs. pre-ApHCM vs.

(N=31) (N=31) pre-ApHCM control group  control group
Age (years) 54.13+15.00 49.16+13.92 48.06+10.95 0.129 0.065 0.751
LVEF (%) 68.77+7.09 69.50+7.22 64.37+6.26 0.66 0.009 0.004
LV mass (9) 134.96+41.06 111.44+£27.34  83.99+17.96 0.002 <0.001 0.001
LGE (Neontrasts NLges %) (31,28,74.19%) (28,5, 17.86%) - <0.001 - -
Thickness of diastolic LV apex (mm) 19.36+3.05 11.92+1.37 5.70+1.09 <0.001 <0.001 <0.001

Data are presented as mean + standard deviation or n (%). There was no difference in age among the three groups. In terms of LVEF, both
the ApHCM and pre-ApHCM have higher LVEF than the control group although there was no significant difference between pre-ApHCM
and ApHCM. The thickness of diastolic LV apex as well as the myocardial mass of LV during diastole increased progressively from normal
to ApHCM with pre-ApHCM having an intermediate value. ApHCM, apical hypertrophy cardiomyopathy; pre-ApHCM, preclinical scope of
ApHCM; LVEF, left ventricular ejection fraction; LGE, late gadolinium enhancement.

Table 2 Correlation between the LV mass and LA deformation

parameters
Pearson correlation
Variable
LAgg LAe, LAg,
LV mass (ApHCM) -0.25 -0.32 0.04
LV mass (pre-ApHCM) 0.03 0.12 0.05

There was weak or no correlation between the LV mass and
LA deformation parameters in both ApHCM group and pre-
ApHCM group. LA, left atrium; &, LA reservoir phase strain,
corresponding to LA reservoir function; ¢,, LA contraction phase
strain, corresponding to LA booster pump function; &, LA
conduit phase strain, corresponding to LA conduit function; LV,
left ventricle; ApHCM, apical hypertrophy cardiomyopathy; pre-
ApHCM, preclinical scope of ApHCM.

both ApHCM group and pre-ApHCM group.

LA volumetric, LGE and deformation parameters

Table 3 shows that all LA volumetric parameters (LA V..
LAV, LAV, in both ApHCM group and pre-ApHCM
group were significantly higher than that in the control
group (P=0.004, <0.001, <0.001 respectively), while there
was no difference between the ApHCM and pre-ApHCM
(P=0.232, 0.051, 0.085 respectively). LA V. in ApHCM,
pre-ApHCM and control group were 79.67+28.69,
72.32+27.39 and 58.80+18.13 mL respectively. The
LA V,,,in the three groups were 43.73+23.83, 35.05+17.27,
and 23.48+8.98 mL respectively, while the LA V.
64.91+24.30, 56.11+22.15, 42.51£14.67 mL.

were

LA reservoir (LA total EF, ) function parameters
were significantly different among the three groups (both
P<0.001), with the ApHCM group (46.63%+11.50%,
37.11+12.40) having the lowest. In contrast, these
parameters were intermediate in the pre-ApHCM group
(51.94%£10.53%, 44.43+12.93), and the highest in the
control group (60.27%+7.7%, 54.45+14.46).

LA conduit function (LA passive EF, ¢,) parameters,
same as the LA reservoir function, were also significantly
different among the three groups (both P<0.001), with
the ApHCM group (17.82%+8.9%, 9.80+4.69) having
the lowest, intermediate in the pre-ApHCM group
(22.17%+9.7%, 12.73+5.84) were, and the highest in the
control group (28.06%+7.4%, 17.23+6.03).

When compared with the control group (29.75+9.81), one
of the LA booster pump function marks (g,) was significantly
impaired in both the ApHCM (22.91£8.63) (P=0.002) and
pre-ApHCM groups (24.28+7.95) (P=0.016). While another
LA booster pump function mark (LA booster EF), compared
with the control group (44.45%=+10.87%), the pre-ApHCM
(37.97%+12.38%) showed no difference (P=0.064) while
in the ApHCM group (34.36%+16.24%) was significant
impaired (P=0.003). Neither &, nor the LA booster EF show
difference between the ApHCM group and pre-ApHCM
group (P=0.272, 0.518. respectively) (1able 3).

Figures 4-6 show that in ApHCM group, both LAe,
(40.49+11.47 vs. 28.35+11.72) and LAg, (25.86+8.05 vs.
15.45+6.25) were significantly higher in patients with
LGE than without LGE (P=0.016, 0.002, respectively).
LAe, shows no difference between patients with LGE than
without LGE (P=0.839). None of the LA strain parameters
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Groups P value
Variable ApHCM  pre-ApHCM Control group  ApHCM vs. pre-ApHCM  ApHCMvs.  ApHCMvs.  pre-ApHCM vs.
(N=40) (N=31) (N=31) vs. control group pre-ApHCM  control group  control group
LA volumetric parameters
LA Vax (ML) 79.67+28.69 72.32+27.39 58.80+18.13 0.004 0.232 0.001 0.040
LA Vi (ML) 43.73+23.83 35.05+17.27 23.48+8.98 <0.001 0.051 <0.001 0.015
LA Ve (ML) 64.91+24.30 56.11+£22.15 42.51+14.67 <0.001 0.085 <0.001 0.013
LA reservoir function
LA total EF (%) 46.63+11.50 51.94+10.53  60.27+7.7 <0.001 0.031 <0.001 0.002
LAg, 37.11+£12.40 44.43+12.93 54.45+14.46 <0.001 0.023 <0.001 0.004
LA booster function
LA booster EF (%) 34.36+16.24 37.97+12.38 44.45+10.87 0.01 0.272 0.003 0.064
LAe, 22.91+£8.63 24.28+7.95 29.75+9.81 0.005 0.518 0.002 0.016
LA conduit function
LA passive EF (%)  17.82+8.9  22.17+9.7 28.06+7.4 <0.001 0.041 <0.001 0.010
LAeg, 9.80+4.69 12.73+5.84  17.23+6.03 <0.001 0.028 <0.001 0.002

Data are presented as mean =+ standard deviation. There were no differences in all volumetric and LA booster function parameters between
the ApHCM and pre-ApHCM group. All the volumetric parameters in pre-ApHCM group were higher than that in the control group and all
the LA function parameters except LA booster EF in pre-ApHCM group were impaired. The LA reservoir as well as conduit function in pre-
ApHCM group were significantly impaired compared to the normal controls but higher than the ApHCM, i.e., occupying an intermediate
position. ApHCM, apical hypertrophy cardiomyopathy; pre-ApHCM, preclinical scope of ApHCM; LA V..., maximal volume of left atrium;
LA V.., minimal volume of left atrium; LA V.., pre-atrial contractile of left atrium; LVEF, left ventricular ejection fraction; &, LA reservoir
phase strain, corresponding to LA reservoir function; ¢,, LA contraction phase strain, corresponding to LA booster pump function; e, LA

conduit phase strain, corresponding to LA conduit function.
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Figure 4 LAg between the patients with and without LGE in
ApHCM group, LAg, was significantly higher in patients with LGE
than without LGE (P<0.05). LA, left atrium; LGE, late gadolinium
enhancement; €, LA reservoir phase strain, corresponding to LA
reservoir function; ApHCM, apical hypertrophy cardiomyopathy;
pre-ApHCM, preclinical scope of ApHCM.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

................ LGE
80009 poon2 e
5 : 55
°
40.00 = :
B 30.00 A
W
3
20.00
10.00 + 51 il
34
o
0.00
ApHCM Pre-ApHCM

Group

Figure 5 LAg, between the patients with and without LGE in
ApHCM group, LAg, was significantly higher in patients with LGE
than without LGE (P<0.05). LA, left atrium; €, LA contraction
phase strain, corresponding to LA booster pump function; LGE,
late gadolinium enhancement; ApHCM, apical hypertrophy
cardiomyopathy; pre-ApHCM, preclinical scope of ApHCM.
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Figure 6 LAg, between the patients with and without LGE. LAeg,
shows no difference between patients with LGE than without
LGE. LA, left atrium; €., LA conduit phase strain, corresponding
to LA conduit function; LGE, late gadolinium enhancement;
ApHCM, apical hypertrophy cardiomyopathy; pre-ApHCM,
preclinical scope of ApHCM.

have difference between patients with LGE than without
LGE in pre-ApHCM group (LAg,, P=0.128; LAe,, P=0.062;
LAe,, P=0.112).

Discussion

In this study we compared the LA structure (volumetric
parameters) and function (deformation parameters) among
ApHCM and pre-ApHCM and normal controls by using
CMR feature tracking. Compared with the control group,
the ApHCM group had larger LA volumetric and impaired
LA function parameters. All the volumetric parameters
in the pre-ApHCM group were higher than those in the
control group and all the LA function parameters but the
LA booster EF in pre-ApHCM group were impaired.
While there were no differences in all volumetric and LA
booster function parameters between the ApHCM and
pre-ApHCM group. The LA reservoir as well as conduit
function, however, in pre-ApHCM group were significantly
impaired compared to the normal controls but higher than
the ApHCM, i.e., occupying an intermediate position. LGE
seems to be associated to both LA reservoir and booster
function.

Generally, patients with apical wall thickness >15 mm
at the end diastolic phase are diagnosed as ApHCM, based
on the guidelines recommended by ESC (18). However,
many researchers realized that the 15 mm standard was too
restrictive. A number of studies confirmed that even if the
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apex of myocardial thickness is less than 15 mm, based on
the apical and basal wall thickness ratio or the morphology
of the apex, combined with unexplainable obvious T-wave
inversion in 3 contiguous leads (most prominent inV3-
V leads), then ApHCM could be diagnosed, or at least a
preclinical stage of ApHCM (1,2,19-22).

To our knowledge, none of the previous studies have
focused on the functional changes of the LA in pre-ApHCM
patients. Hypertrophy of the left ventricle is associated
with left ventricular diastolic dysfunction especially in
HCM (23-25), which will cause an elevation of LV filling
pressures and left atrium afterload (26,27). As the LV wall
thickness increased, the LV diastolic function, which can be
categorized by the LA strain, decreased (28). Our study was
conducted to address this gap in the current literature.

Our results indicated that reservoir and conduit
functions are significantly affected by increased LV apex
wall thickness. To some extent, it can be seen as “mirrors”
LV apex thickening and dysfunction process (29,30).
Reservoir and conduit functions significantly decrease, with
pre-ApHCM group being significantly impaired compared
to the normal controls but higher than the ApHCM. While
the LA booster function was not. LAg,, which represents
booster function, was impaired in both ApHCM and pre-
ApHCM groups compared with control group, while
there was no difference between the ApHACM and pre-
ApHCM group. A previous study suggests that LA booster
function was independent of LV function (31). Our results
are consistent with these reports. Before LV apex reached
the ApHCM standard (15 mm), when LV filling pressures
increased significantly, the limits of LA preload reserve
were reached, LA booster function would not decrease
with the LV apex thickening, then the LA would behave
predominantly as a conduit (28,32). Although our results
show no difference in the LA booster EF between the pre-
ApHCM and normal controls, there was a significant trend
that LA booster EF in pre-ApHCM decreased.

All LA volumetric parameters, different from the
reservoir function and conduit function, in the pre-ApHCM
were not different from the ApHCM but significantly larger
than normal controls. It indicates that LA strain has greater
sensitivity in detecting early pathologic changes in LA
function before the LA volumetric change, because the LA
may take time to remodel.

Limitations

First, this was a single-center, retrospective study with a
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small group of patients. Second, no follow-up data was
available. Third, we did not use the LA and LV volume
indexes as we could not obtain all the body surface area
information from this retrospective study. Fourth, the
genetic testing was not performed in this study, which
would have interesting results. These limitations could be
addressed by future studies with inclusion of more cases.

Conclusions

This study shows that the LA function in the patients with
unexplainable giant T-wave inversion and apical thickness
<15 mm had similar LA function features to typical
ApHCM but significantly different from normal controls.
In pre-ApHCM and ApHCM patients, the LA reservoir
and conduit function impaired earlier before the left atrium
enlarged and decreased progressively as apex wall thickens,
while the booster function independently decreased in both
pre-ApHCM and ApHCM patients. These findings may
help us to understand the LA functional change from pre-
ApHCM to ApHCM,, and to detect subclinical changes in
patients with pre-ApHCM before overt hypertrophy or

clinical symptoms develop.
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