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Abstract Background Diastolic dysfunction in hypertrophic cardiomyopathy (HCM) patients
is a frequent, yet poorly understood phenomenon.

Purpose The purpose of this study is to assess the relationship between the myocar-
dial fibrosis and diastolic dysfunction in patients with HCM.

Materials and Methods We retrospectively investigated the impact of the myocar-
dial fibrosis, as assessed by the extent of late gadolinium enhancement (LGE-%) on
cardiac magnetic resonance imaging (CMRI), on diastolic dysfunction in 110 patients
with HCM. The diastolic dysfunction was evaluated by the left atrial (LA) volume index
measured on CMRI and lateral septal E/E’ ratio calculated on echocardiography.
Results : There was a moderate correlation between the LGE-% and LA volume
(r=0.59, p<0.0001). The logistic regression model of LGE-%, mitral requrgitation, and
total left ventricular mass that investigated the independent predictors of LA volume
identified LGE-% as the only independent parameter associated with the LA volume
index (B = 0.30, p = 0.003). No correlation was observed between the LGE-% and E/E’
(r=10.24, p = 0.009).

Conclusions Mpyocardial fibrosis in HCM patients is associated with a chronic dia-
stolic burden as represented by increased LA volume. However, the fibrosis does not
influence the E/E’ ratio, which is a well-known parameter of ventricular relaxation,
restoring forces, and filling pressure.
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The disease is characterized by marked hypertrophy of the
myocardium, myofibrillary disarray, and increased amount
of myocardial collagen.!? Most HCM patients, to some
extent, had a variable degree of diastolic dysfunction, and
diastolic dysfunction is associated with adverse outcomes.*

Introduction

Hypertrophic cardiomyopathy (HCM) is a genetic disease of
the myocardium which occurs as aresult of mutations in genes
encoding protein components of the cardiac sarcomere.'
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Diastolic dysfunction in HCM is thought to occur due to
the interplay of complex factors; hence, no single noninva-
sive modality could readily detect the presence of diastolic
dysfunction in HCM.>® Replacement fibrosis and increased
extracellular collagen in HCM hampers the elastic properties
of the normal myocardium, impairs relaxation, and increases
passive stiffness.>® Diastolic dysfunction in HCM patients
might precede systolic dysfunction, which could eventually
result in heart failure.>® Therefore, prompt and precise diag-
nosis of diastolic dysfunction in HCM patients is appealing.

Echocardiography is the most commonly used modality
for the evaluation of the ventricular and atrial mechanics in
HCM patients. Echocardiography has an excellent temporal
resolution, yet is limited by poor acoustic windows, inability
to perform multiplanar imaging, and low interobserver repro-
ducibility."” Cardiac magnetic resonance imaging (CMRI) is
an emerging modality and is being increasingly used in the
assessment of HCM." CMRI had multiplanar imaging capac-
ity with high spatial and contrast resolution.!” Furthermore,
late gadolinium enhancement (LGE) on CMRI enables to
indirectly determine the fibrosis changes that occurred in
the myocardium in patients with HCM as validated by radio-
pathological correlation studies.!!2

Herein, the present work aimed to investigate the impact
of myocardial fibrosis on diastolic functions in HCM.

Materials and Methods

The local ethics committee approved this retrospective
study conducted between January 2015 and January 2019.
The institutional board waived the need for informed con-
sent for the use of deidentified medical and clinical data of
the patients. We searched our database to identify patients
with HCM diagnoses which were established according to
European Society of Cardiology (ESC) Guidelines on diagno-
sis and management of HCM.? The inclusion criteria were the
following: (1) having CMRI with LGE sequence and (2) having
echocardiography performed within 3 months before or after
the CMRI. The exclusion criteria were the followings: (1) his-
tory of myocardial infarct, (2) the presence or history of coro-
nary artery disease, (3) history of any autoimmune or storage
disorder, (4) the presence of hypertension, and (5) history of
rheumatologic valvular disease.

The diastolic dysfunction was assessed according to the
“Recommendations for the Evaluation of Left Ventricular
Diastolic Function by Echocardiography” offered by the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging.”* The guideline rec-
ommends an in-depth approach when assessing diastolic
dysfunction in patients with HCM and suggests several
methods for the evaluation of diastolic dysfunction in HCM
patients. The present study implemented E/E’ ratio and
left atrial (LA) volume index as the representative imaging
parameters for diastolic dysfunction. In the present work, the
E/E’ ratio was calculated on echocardiography, while the LA
volume index was calculated on CMRI.
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Echocardiographic Examination

A single observer with more than 5 years of echocardiography
experience conducted all transthoracic echocardiography
examinations with a standard clinical protocol. The observer
performed all examinations using an S5-1 transducer with
the same ultrasound unit (Philips EPIQ 7 system, Philips
Medical Systems, Bothell, Washington, United States). Peak
velocities were obtained at early (E) and late diastole (A).
Tissue Doppler imaging was employed at the lateral aspect
of the mitral annulus on the apical four-chamber view, and
E’ value was calculated using cm/s as a unit. The observer
calculated E/E’, which is an accurate parameter in estimating
relatively load-independent LV filling pressure.'

Cardiac Magnetic Resonance Acquisitions

All MRI studies were acquired with a 1.5 T scanner (Aera,
Siemens Medical Systems, Enlargen, Germany). All CMR
acquisitions were performed using phased-array body
coils. All of the sequences were acquired using prospective
cardiac gating. Our CMR protocol in the order of first to
latest consisted of breath-hold black-axial blood fast spin
echo (SE), multiple breath-hold long-axis four-chamber,
long axis two-chamber, and 9 to 12 stack of short axes
cine images breath-hold using balanced steady-state
free precession imaging (SSFP), and LGE sequences in
four-chamber, two-chamber, and short-axis views covering
entire left ventricle myocardium. LGE sequences obtained
approximately 12 minutes (ranging: 10-15 minutes) after
the administration of 0.20to 0.22 mmol/kg gadopentetate
dimeglumine (Magnevist, Schering AG, Berlin, Germany).
The parameters for SSFP cine images were the followings:
TR/TE = 3.8/1 to 3 ms, slice thickness = 5 mm with 5-mm
interslice gap, temporal resolution = 35 m, and parameters
for LGE sequences were the followings: TR/TE = 9/3 mis,
slice thickness = 5 mm, inversion time = 200 to 300 ms
adjusted according to patient to completely null the normal
myocardial signal. Total acquisition time ranged between
40 and 60 minutes.

Cardiac Magnetic Resonance Image Analyses

The CMRI of the patients were retrieved from our hospi-
tal picture archiving and communicating system (PACS,
Extremepacs system Ankara, Turkey).

A single radiologist (D.A.) with 4 years of CMRI interpreta-
tion experience evaluated all the CMR images. Ejection frac-
tion (EF), end-systolic volume, end-diastolic volume, stroke
volume, cardiac index, cardiac output, and total left ventricu-
lar mass (TLVM) were calculated and indexed to body surface
area (BSA) using modified Simpson’s method on short-axis
cine images (ARGUS, Siemens, Erlangen, Germany). The
maximal left myocardial thickness was assessed using the
American Heart Association 16-segment model as 6 regions
at the basal level, 6 regions at the midventricular level, and
4 regions at the apical level." The observer perpendicularly
measured the maximal wall thickness on short-axis cine
images during end diastole. The LA volume was calculated
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using the biplanar method at the end systole (volume = [0.85
x four-chamber area x two-chamber area] / length of the per-
pendicular axis) and then proportioned to the BSA.
Afterward, the observer assessed the presence and the
extent of myocardial fibrosis on LGE images. The left ventric-
ular myocardium was evaluated on short-axis images. The
observers manually delineated the endocardial and epicar-
dial borders. The area with LGE was quantitatively measured
using a visually determined threshold to cover areas with high
and intermediate signal intensities. The extent of myocardial

Fig. 1 (A and B) An asymmetric hypertrophic cardiomyopathy
patient with focal late gadolinium enhancement in the inferior
septum at the mid-ventricular level (A). The manual delineations
of epicardial (green), endocardial (red) borders and the area with
intermediate to high-signal intensity representing fibrosis are shown
(white) (B). The extent of myocardial fibrosis was calculated by pro-
portioning the LGE (+) areas to whole myocardial mass by on the
short-axis images and was noted as LGE-% for each patient. LGE, late
gadolinium enhancement.

MV Peak E Vel
Vel 92 cm/s
PG 5 mmHg

MV Decel Time
Vmax  121cm/s
Max PG 5 mmHg
Time  137ms

Ll

fibrosis was calculated by proportioning the LGE (+) areas to
TLVM by the short-axis images. The observer recorded the
extent of LGE as LGE-% for each patient. =~Fig. 1 depicts the
quantification of LGE in a patient with HCM.

Statistical Analyses

Statistical analyses were performed using the SPSS software
version 21. The variables were investigated using Shapiro-
Wilk test to determine whether or not they were normally
distributed. Descriptive analyses were presented using the
means and the standard deviations for normally distributed
variables and the median and the interquartile ranges for
nonnormally distributed variables. The impact of the pres-
ence of mitral regurgitation, left ventricular maximal wall
thickness (LVMWT), TLVM, and the LGE-% on diastolic dys-
function (LA volume and E/E’ ratio) was first assessed by the
Pearson’s correlation tests for normally distributed continu-
ous variables or the Spearman’s correlation test for ordinal
or not normally distributed continuous variables. Pearson’s
product-moment correlation coefficient and Spearman’s
rank correlation coefficient, denoted by r, were interpreted
as the followings: the r values of 0.00 to 0.29 as a negligible
correlation, 0.30 to 0.49 as a weak correlation, 0.50 to 0.69 as
a moderate correlation, 0.70 to 0.90 as a good correlation,
and 0.90 to 1 as an excellent correlation.’

The variables with a p-value of less than 0.05 in univariate
analyses were further entered into logistic regression analy-
ses to assess independent predictors of diastolic dysfunction.
Hosmer-Lemeshow goodness of fits statistics was used to

LatE'Vel 962 cm/s |
LatA'Vel 632
em/s

E/LatE'
> EY/A Lateral
15

Fig. 2 (A-F) A 40-year-old female patient with hypertrophic cardiomyopathy. Short-axis (A) cardiac magnetic resonance image at end dias-
tole shows marker thickening of the interventricular septum (arrow). The corresponding short-axis late gadolinium image (B) shows patchy
contrast enhancement in the thickened wall (arrow). Two-chamber (C) and four-chamber long-axis (D) cardiac magnetic resonance images at
end systole reveal prominent left atrium dilatation. The left atrial volume is calculated as 46 mL/m? by the biplanar method. The peak E-wave
velocity (cm/s) is calculated as 92 cm/s on echocardiography (E). The tissue Doppler imaging depicts lateral E’-wave velocity of 9.62 cm/s. The
E/E’ ratio of the patient is calculated as 9.56, which is within normal limits despite the presence of late gadolinium enhancement and left atrial
dilatation (F) The tissue Doppler imaging depicts lateral E’-wave velocity of 9.62 cm/s. The E/E’ ratio of the patient is calculated as 9.56, which
is within normal limits despite the presence of late gadolinium enhancement and left atrial dilatation.
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Table 1 Clinical, CMR, and echocardiographic findings of the
patients

Variables Findings
Age (y) 49.92 +13.26

Gender

Male 71 (64.5%)
Female 39 (35.5%)
NYHA class

[ 45 (40.9%)

Il 44 (40%)

Il 17 (15.5%)

% 4(3.6%)

HCM subtype

Asymmetrical septal

71 (64.5%)

Symmetrical septal 9(7.3%)
Diffuse concentric 20 (18.2%)
Asymmetrical concentric 7 (6.3%)
Midventricular obstructive 3(2.7%)

End systolic volume (mL/m?) 17.67 £10.28
End diastolic volume (mL/m?) 65.57 £ 16.69
Stroke volume (mL/m?) 50.15 £ 13.03
Cardiac index (L/min/m?) 3.39+0.88
Cardiac output (L/min) 6.26+1.73
Ejection fraction (%) 73.86 £ 10.04
Maximal left ventricular wall 18.35(6.9)
thickness (mm)?

Left ventricular diameter (cm) 4.93+4.35
Myocardial mass (g/m?)? 116.5 (56.7)
E/Eb 10.91£3.71
E/A® 1.23+0.40

E wave (s)° 76.78 £22.95
A wave (s)° 71.81+25.47

Mitral insufficiency®

Yes

37 (32.7%)

No

73 (66.4%)

Presence of late gadolinium enhancement

Yes 72 (65.6%)
No 38 (34.4%)
The extent of late gadolinium 9.32+3.38

enhancement (%)

Abbreviations: CMR, cardiac magnetic resonance; HCM, hypertrophic
cardiomyopathy; NYHA, New York Heart Association.

Note: All variables are expressed as mean + standard deviations unless
otherwise specified.

*Expressed as median (interquartile range).

®Echocardiography-derived parameters.

assess model fit. A p-value of <0.05 was used to infer a sta-
tistical significance.

Results

A total of 110 patients with HCM, 39 females (35.5%), and
71 males (64.5%) with the mean age of 49.92 + 13.26 years,
were enrolled in the study cohort. =Table 1 shows the
patients’ demographics, echocardiography, and CMRI find-
ings in detail. In the study cohort, 72 out of 110 patients
(65.6%) demonstrated LGE, and the LGE-% was calculated
as 9.32 + 3.38. The median LA volume index was 60.23
(33.88). The Spearman’s rank correlation showed a moder-
ate positive correlation between LGE-% and LA volume (r =
0.59, p < 0.0001). Additionally, the presence of LGE and LA
was also positively correlated as assessed by the Spearman’s
test (0.52, p < 0.0001). There were significant correlations
between TLVM, mitral regurgitation, and LA volume (p <
0.05; =Table 2).

The mean E/E’ ratio of the patients was 10.91 + 3.71. No
correlation was observed between LIVMWT and LA volume
(=Table 2). Pearson’s test revealed a negligible correlation
between the LGE-% and E/E’ (r = 0.24, p = 0.009). However, no
correlation was observed between LVMWT, mitral regurgita-
tion, the presence of LGE, and E/E' ratio (»~Table 2). The mul-
tivariate analysis of the LGE-%, the presence of LGE, TLVM,
mitral regurgitation, and LA volume in predicting E/E’ ratio
that revealed only LA volume independently associated with
E/E' ([3 = 0.32, p = 0.004]; =Table 3). The multivariate anal-
ysis model of the LGE-%, the presence of LGE, TLVM, mitral
regurgitation, and E/E' ratio in predicting LA volume revealed
that LGE-%, the presence of LGE, and E/E’ ratio were inde-
pendently associated with LA volume ([3 = 0.30, p = 0.003],
[3=0.25, p=0.018], and [p = 0.24, p = 0.004], respectively).
=Fig. 2 shows CMRI and echocardiographic images of an
HCM patient who had LGE and increased LA volume index,
yet normal E/E' ratio.

A weak positive correlation was observed between the
LGE-% and TLVM (r = 0.36, p < 0.0001), and a moderate pos-
itive correlation was identified between the presence of
LGE and TLVM (r = 0.45, p < 0.0001). No correlation existed
between left ventricular global functions and the extent of
LGE as assessed by EF (r=-0.21, p = 0.037).

Discussion

The present study identified a moderate positive correlation
between LGE-% and LA volume, yet no correlation between
the LGE-% and E/E’ ratio. Notably, only a weak positive cor-
relation was observed between two different methods in
assessing diastolic dysfunction, LA volume index and E/E’
ratio.

There is a solid body of literature on the diagnostic value
of LGE in estimating diastolic dysfunction.!®'* However, many
of these studies did not assess the LA volume index which is
a recognized marker of chronic diastolic burden.?® A report
by the American College of Cardiology Foundation/American
Heart Association Task Force for the diagnosis and treatment
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Table 2 Univariate correlations between CMR parameters, LA volume, and E/E’

Parameters LA volume E[E'
r p r p

LGE-% 0.59 <0.0001 0.24 0.009

Presence of LGE 0.52 <0.0001 0.16 0.081

Mitral regurgitation 0.26 0.006 0.16 0.09

EJE 0.37 <0.0001 NA NA

LA volume (mL/m?) NA NA 0.37 <0.0001

TLVM (g/m?) 0.29 0.002 0.25 0.008

LVMWT (mm) 0.18 0.057 0.62 0.52

Abbreviations: CMR, cardiac magnetic resonance; LA, left atrium; LGE, late gadolinium enhancement; LVMWT, left ventricular maximal wall thickness;

NA, not applicable; TLVM, total left ventricular mass.

Table 3 Multivariate analyses assessing independent predictors of left atrial volume and E/E’ ratio

LA volume E[E’

OR p OR p
LGE-% 0.30 0.003 0.19 0.10
Presence of LGE 0.25 0.018 0.16 0.17
Mitral regurgitation 0.09 0.24 0.10 0.27
TLVM (g/m?) 0.32 0.77 0.16 0.088
LA volume (mL/m?) NA NA 0.32 0.004
EJE 0.24 0.004 NA NA

Abbreviations: CMR, cardiac magnetic resonance; LA, left atrium; LGE, late gadolinium enhancement; NA, not applicable; OR, odds ratio; TLVM, total

left ventricular mass.

of HCM highlights that LA volume can predict exercise capac-
ity in HCM patients and can also reflect chronic diastolic
burden.?! Furthermore, this report suggests that increased
LA volume is associated with less favorable clinical out-
come.” The findings of the present study pointed out to a
moderate positive correlation between the LGE-% and LA vol-
ume in HCM patients in line with several previous reports.?

The research regarding the association between LGE-% and
E/E' ratio is inconclusive. Zhu et al?® evaluated the correlation
between LGE-% and E/E’ ratio in 61 patients with HCM. The
authors identified a moderate positive correlation between
the extent of LGE and E/E’ ratio in univariate analysis, yet this
relationship did not reach significance in their multivariate
model.2 However, Zhu et al*® identified a positive correlation
between the LGE-% in the ventricular insertion points and
E/E’ ratio. Choi et al* failed to demonstrate any association
between the LGE-% and E/E' ratio. In corroboration with the
work by Choi et al, the present study identified no correlation
between LGE-% and E/E' ratio. Most intriguingly, there was
only a weak positive correlation between LA volume and E/E’
ratio in the present work.

A possible explanation for these results may be related
to the comprehensive nature of the diastolic function which
could be influenced by many factors, including ventricular
load, ischemic process, heart rate, and systolic emptying.!*!’
LA volume index is primarily a surrogate marker of long-term
elevation of LA pressure and volume. E/E’ ratio mainly reflects
the LV relaxation, restoring forces, and filling pressures. LGE
in HCM mostly occurs due to macroscopic replacement

Indian Journal of Radiology and Imaging Vol. 31 No. 2/2021

fibrosis and scar tissue rather than diffuse interstitial fibro-
sis.* Hence, we suggest that LGE-% might not be a proper
marker for LV relaxation as assessed by the E/E' ratio, whereas
it might be related to the chronic diastolic burden in HCM
patients. The findings of the study by Ellims et al'® supported
this argument. The authors employed LGE and Tl mapping
to patients with HCM for assessing diastolic dysfunction, and
only the marker of diffuse interstitial fibrosis, prolonged TI
time, had influence on E/E’ ratio, yet there was no correla-
tion between the macroscopic replacement fibrosis and scar
tissue, as assessed by LGE and E/E' ratio.'”” Nevertheless, we
suggest that much research needs to be performed on the
association between the LGE-% and E/E' ratio with the utmost
integrity before establishing a solid conclusion regarding this
relationship.

The present work shows that TLVM did not correlate with
E/E' ratio and LA volume, and there were only weak positive
correlations between LVMWT with E/E' ratio and LA volume.
Zhu et al* also found no correlation between diastolic dys-
function with LVMWT and TLVM. Ellims et al*® found that
TLVM and LVMWT had weak negative correlations with E/E’
ratio which failed to reach statistical significance in the mul-
tivariate model. Hence, one might suggest that TLVM and
LVMWT do not seem to be good indicators of diastolic dys-
function in HCM patients.

Limitations
We had several drawbacks in the present work. First, the
present study did not assess recognized CMR parameters

© 2021. Indian Radiological Association.
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for diastolic dysfunction assessment, such as left ventricular
volume curves or employ mitral and pulmonary vein phase
velocity imaging. Nonetheless, previous reports have demon-
strated the superiority of echocardiograph-based velocity
E/E’ measurements over CMR-based flow parameters given
to the native higher temporal resolution of echocardiog-
raphy.’® Hence, we suggest that this issue does not hamper
the reliability of our results. Second, the reference method in
estimating diastolic function is direct catheterization, yet we
did not employ any invasive measurement techniques in the
present work. However, previous works demonstrated that
E/E’ is well correlated with the catheter-based direct pressure
measurements.? Third, given to the retrospective nature of
the work, we could not assess whether LGE-% was associated
with long-term clinical outcomes of the patients or could not
assess the relationship of LA volume and E/E’ ratio with the
prognosis of patients.

Conclusion

The present study shows that LGE-% is associated with the
chronic diastolic burden in HCM patients. However, no cor-
relation was observed between LGE-% and E/E’ ratio, which
is a well-known parameter of LV relaxation, restoring forces,
and filling pressure.
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