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Abstract

Background

Aortic stenosis (AS) may lead to diastolic dysfunction and later on heart failure (HF) with pre-
served left ventricular ejection fraction (HFpEF) via increased afterload and left-ventricular
(LV) hypertrophy. Since epicardial adipose tissue (EAT) is a metabolically active fat depot
that is adjacent to the myocardium and can influence cardiomyocytes and LV function via
secretion of proinflammatory cytokines, we hypothesized that high amounts of EAT, as
assessed by computed tomography (CT), may aggravate the development and severity of
LV hypertrophy and diastolic dysfunction in the context of AS.

Methods

We studied 50 patients (mean age 71 £ 9 years; 9 women) in this preliminary study with mild
or moderate AS and mild to severe LV diastolic dysfunction (LVDD), diagnosed by echocar-
diography, who underwent non-contrast cardiac CT and echocardiography. EAT parame-
ters were measured on 2nd generation dual source CT. Conventional two-dimensional
echocardiography and Tissue Doppler Imaging (TDI) was performed to assess LV function
and to derive myocardial straining parameter. All patients had a preserved LV ejection frac-
tion > 50%. Data was analysed using Pearson’s correlation.

Results

Only weak correlation was found between EAT volume or density and E/é ratio as LVDD
marker (r=-.113 p=.433 and r = .260, p = .068 respectively). Also, EAT volume or density
were independent from Global Strain Parameters (r = 0.058 p =.688 and r =-0.207 p =
.239). E/é ratio was strongly associated with LVDD (r =.761 p<0.0001) and Strain Parame-
ters were moderately associated with LV Ejection Fraction (r = -.669 p<0.001 and r = -.454
P<0.005).
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Conclusions

In this preliminary study in patients with AS, the EAT volume and density as assessed by CT
correlated only weakly with LVDD, as expressed by the commonly used E/é ratio, and with
LV strain function. Hence, measuring EAT volume and density may neither contribute to the
prediction nor upon the severity of LVDD, respectively.

Introduction

Heart failure (HF) is distinguishable into systolic heart failure (SHF) with an impaired LV ejec-
tion fraction or diastolic heart failure (DHF) with impaired filling of the left ventricle [1]. In
DHEF the impaired filling due to diastolic dysfunction and underlying structural heart disease
is not easily measurable by a unique parameter or modality but can be described by a bouquet
of conditions. In the absence of a comprehensive understanding of the mechanisms of this ill-
ness, DHF is also referred to as HF with preserved LV ejection fraction (HFpEF) as a practical
definition. By this definition about half of all cases of HF are represented and due to the aging
population, its prevalence is on the rise [2, 3]. HFpEF is a common reason for hospital admis-
sion and is associated with age, arterial hypertension, obesity and diabetes [4-6]. The diagnosis
of HFpEF relies on signs and symptoms of HF and can be described by the degree and pres-
ence of LV diastolic dysfunction (LVDD) [7]. LVDD can be measured by invasive laevocardio-
graphy or echocardiography as a reliable non-invasive method [8]. But the interpretation of
Doppler variables in relation to patient age and clinical setting can be difficult due to interob-
server variabilities, potentially leading to different estimates of diastolic dysfunction [9]. In the
course of HF accompanying comorbidities such as diabetes, renal failure or chronic obstruc-
tive pulmonary disease the illness can worsen over time and lead to a poorer prognosis. Thera-
peutic options against HFpEF are limited, since no treatment has successfully reduced
mortality so far [10]. Hence, it is mandatory to obtain better insights into risk factors, patho-
physiology and concomitant diseases of this condition.

Aortic Stenosis (AS), as the most common valvular lesion in the western world [11], impairs
left-ventricular function via increased afterload. Elevated LV systolic pressure leads to concen-
tric LV hypertrophy with wall thickening, which results in diastolic dysfunction due to
decreased ventricular compliance and impaired early diastolic relaxation [7, 12]. LV hypertro-
phy due to AS or arterial hypertension as a form of underlying heart disease is a major contrib-
utor to impaired LV filling and HFpEF.

Myocardial Deformation (Strain Imaging) analysis is an application of echocardiography to
quantify LV function and enables for quantifying LV dysfunction. There are two options for
Strain Imaging, tissue doppler derived strain imaging (TDI) or 2D speckle tracking echocardi-
ography (STE). Both have been validated for myocardial deformation analysis [13]. In this
study, we used TDI for strain analysis. Longitudinal Strains has been validated as a reliable tool
to stratify cardiovascular prognosis in some cardiac disorders e.g. HF and is more sensitive
than LV EF in detecting LV systolic dysfunction [14].

Epicardial adipose tissue (EAT) is a metabolically active fat depot that makes up for approx-
imately 20% of total heart weight and lies on top of the myocardium and in the interatrial
grooves around the coronary arteries [15, 16]. EAT consists of mainly adipocytes, but also
entails ganglia, connecting nerves and immune cells [17]. EAT is strongly associated with obe-
sity, metabolic syndrome and coronary artery disease (CAD) [18]. EAT can influence cardio-
myocytes and cardiac function via a secretion of proinflammatory adipokines [17, 19].
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The finding of a previous study that EAT is associated with the deterioration of diastolic
function over time, fuells our hypothesis of possible disadvantageous local myocardial effects of
EAT [20, 21], which potentially makes EAT an universal diagnostic and stratification tool for
LVDD. However, this data was obtained in the absence of AS, hence it remains obscure if EAT
plays a similar role regarding LVDD in this valvular disease where increased afterload is a confound-
ing major driver of LVDD, too. Therefore, we investigated the association of EAT with LVDD in
patients primarily selected via the presence of mild to moderate AS in this preliminary study.

Methods
Study population

This study is a post-hoc analysis of an interventional prospective single-center study (URL:
http://www.clinicaltrials.gov. Unique identifier: NCT00785109; reviewed and approved by
RWTH Aachen Institutional Review Board No. 165/08), where we retrospectively derived
EAT parameters from CT datasets and included echocardiographic studies which measured
LVDD and myocardial deformation (Strain) [22]. Patient enrolment took place between Janu-
ary 2010 and August 2015. Written, informed consent was obtained for the prospective study.
For evaluation of the secondary outcome measurement (“development of diastolic and systolic
dysfunction”), this post-hoc analysis was performed.

In this cross-sectional study we selected from the 99 patients of the entire study group
patients with a LV EF of > 50% and echocardiographic presence of mild or moderate aortic
stenosis. A total of 50 patients (age 71 + 9 years; 8 women) were included into the posthoc
analysis. Most important exclusion criteria were history of Coronary Artery Bypass Graft Sur-
gery (CABG) and non-completion of CT-graphic and echocardiographic studies. Patients
were recruited irrespective of a history of coronary artery disease. Patients underwent a non-
contrast cardiac CT for quantification of valvular and vascular calcification and measurement
of epicardial adipose tissue volume following departments standards. Known cardiac risk fac-
tors were assessed and defined as follows: arterial hypertension was defined as having a systolic
blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg or use of antihyper-
tensive drugs. Obesity was defined as a body mass index (BMI) greater than 30 kg/m?. Diabetes
mellitus was defined as use of oral hypoglycemic agents or insulin. Dyslipidaemia was defined
as use of a cholesterol lowering agent.

CT protocol

CT scans were performed with a second-generation, ECG-synchronized 128-slice dual source
computed tomography (DSCT) scanner (SOMATOM, Definition Flash, Siemens). Collima-
tion was 64 x 2 x 2 x 0.6 mm, Voltage was set to 120kV, time current product was referenced to
80mAs. Scan range was from tracheal bifurcation to the diaphragm. 3.0 mm reconstructions
with 1.5mm increment and a dedicated kernel (B35f) were used. Besides standardized quantifi-
cation of coronary calcium scoring (CAC) and quantification of aortic valve calcifications
using “Ca-Scoring” (Siemens, Leonardo MMWP), non-contrast cardiac CT is used for detec-
tion and quantification of EAT-volume (EATV) based on tissue density differences. For the
measurement of EATV, the volume measurement software “Volume” (Leonardo MMWP, Sie-
mens), was used. First the pericardium was identified manually for EAT volume and density
quantification in each axial slice. Then, all voxels representing EAT with a density range from
-190 to -40 Hounsfield Units [HU] within the pericardium were automatically quantified.
Assessment for EATV was done below the pulmonary trunk till the end of the left ventricular
apex to standardize the z-axis coverage. Total EATV was acquired by summing up the EAT
area of all axial slices, multiplied by the slice thickness [3mm] and the number of slices.
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Echocardiography

The echocardiographic studies were performed by two experienced cardiologists on a Vivid 7
Ultrasound System (GE Vingmed, Horton, Norway). Datasets were acquired for three full car-
diac cycles with a frame rate of at least 50 frames/sec at three parasternal short axes [at the
Mitral Valve (SAX-MYV), at the apical level (SAX-AP) and at the midpapillary level (SAX-PM)]
and three apical long axes [2- and 4-chamber views and at the apical level (APLAX)]. The
mitral inflow E velocity was acquired by pulsed Doppler and é velocity was averaged from the
septal and lateral mitral annuli. Strain Parameters were acquired in the endocardial, midmyo-
cardial and the epicardial layer and averaged. Analysis of TDI images was performed offline
with a customized software (Echopac, GE Medical Systems) by two independent observers.
Evaluation of LV Diastolic Dysfunction was done in accordance with present guidelines and
recommendations [9, 10].

Statistical analysis

The statistical analysis was performed using IBM SPSS Statistics 23.0 (SPSS, Chicago, IL,
USA). All continuous parameters are expressed as means * standard deviations or n (%)
where applicable. The distribution of the data was checked for normality using the Shapiro-
Wilk test. Then the correlation between EAT parameters and indices of cardiac function
assessed by TDI was evaluated with Pearson’s correlation. A 2-tailed p-value of <0.05 was set
for statistical significance.

Results
Baseline characteristics

50 Patients with a mean age of 71 + 9 years were included in this study. Of those, 42 (84%)
were male. 39 (78%) had arterial hypertension, 8 (16%) had diabetes mellitus, 25 (50%) had
dyslipidaemia, 26 (52%) had coronary artery disease and 6 (12%) were active smokers. Mean
observed body weight was 81 + 13 kg, the average BMI in the study population was 27 + 4 kg/
m’ (range: 19-36 kg/mz) and 16 (32%) were obese (BMI > 30 kg/mz). For more details please
refer to Table 1.

CT findings

For all participants, mean EAT volume was 128.40 + 47.14 [cm’]. Mean EAT density was
-84.69 + 14.46 [HU] and the mean noise index of EAT density was 25.48 + 16.33 [HU]. EAT
volume index [EATV], EAT volume normalised on body surface area [BSA], was 65.64 +
21.95 [cm’/m?]. Male participants had a mean EAT volume of 129.60 + 49.41 [cm’] and mean
EAT density was -83.77 + 15.48 [HU]. For female participants, EAT volume was 122.14 +
34.63 [cm’] and mean EAT density was -89.55 + 5.40 [HU].

Echocardiographic findings

Echocardiographic datasets of diagnostic quality could be obtained for all patients. Mean LV
ejection fraction for all patients was 60.72 + 7.45 [%]. Measurements at height of the aortic
valve, as seen in Table 2, were as follows: Aortic Valve Peak velocity was 2.81 + 0.53 [m/s],
mean pressure gradient was 17.81 + 6.78 [mmHg] and aortic valve area was 1.34 + 0.30 [cm?].
Global strain at the long axis for the endocardial layer was -20.98 + 4.60 [%], -18.01 + 3.87
[%] at the midmyocardial layer and -15.53 + 3.38 (%) for the epicardial layer. Hence, averaged
Global Longitudinal Strain (GLS) was -18.12 + 3.90 [%]. Global strain at the short axis for the
endocardial layer was -28.88 + 8.01 (%), for the midmyocardial layer -18.56 + 4.31 (%) and
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Table 1. Baseline characteristics of the study population.

Category

Demographics

Risk factors

Vital signs

Medication

Age, [years] 71+9
Male Sex, [n, %] 42 (84)
Body Weight, [kg] 81+ 13
BSA, [m?] 1.9+0.2
BMLI, [kg/m?] 27 +4
Duration of disease (aortic stenosis), [month] 7.00 £ 10.2
Obesity, [n, %] 16 (32)
Hypertension, [n, %] 39 (78)
Diabetes, [n, %] 8 (16)
Known coronary artery disease, [n, %] 26 (52)
Smoking, [n, %] 6(12)
Dyslipidemia, [n, %] 25 (50)
LDL, [mg/dL] 115.26 + 36.5
HDL, [mg/dL] 54.32 +14.2
Total-Cholesterol, [mg/dL] 192.78 + 40.2
Triglycerides, [mg/dL] 145.47 + 83.9
Heart rate [bpm] 71.38 + 16.1
normal blood pressure, [n, %] 42 (84%)
Aspirin, [n, %] 36 (72%)
Clopidogrel, [n, %] 11 (22%)
ACE inhibitor, [n, %] 26 (52%)
B-Blocker, [n, %] 36 (72%)
Diuretics, [n, %] 22 (44%)
Calcium Antagonist, [n, %] 9 (18%)
Statin, [n, %] 32 (64%)
Alpha-Blocker, [n, %] 3 (6%)
Antidiabetic drug, [n, %] 7 (14%)

all summary values are mean + standard deviation or n (%).

https://doi.org/10.1371/journal.pone.0229636.t001

-12.14 £ 2.58 (%) for the epicardial layer. Therefore, mean Global Circumferential Strain
(GCS) was -19.86 + 4.55 [%]. Measurements at mitral valve for evaluating LV diastolic dys-
function are included in Table 2. LV diastolic dysfunction was present in 48 (96%) patients. 10
patients (20%) had mild LVDD, moderate LVDD was present in 22 patients (44%) and 16
patients (32%) had severe LVDD.

Correlation of EAT, strain parameters, LV dysfunction and cardiovascular
risk factors

Weak correlation was found between EAT volume or density and E/é ratio (r = -.113, p = .433
orr =-.260, p = .068 respectively) (Fig 1). Also, EAT volume was independent of Global Longi-
tudinal Strain (GLS) and Circumferential Strain (GCS) (r = .058, p = .688 and r = .207, p =
.239). EAT volume normalized on body surface area (EATV index) also did only yield weak
correlations with E/e’ ratio or Global Strain parameters GLS or GCS (for all p = >.05). As
demonstrated in Table 3, EATV was significantly associated with LV end-diastolic pressure (r
=.290, p = .045) and even more so with LV end-systolic pressure (r = .350, p = .016) (both Fig
2). EATV index also correlated with LV end-systolic pressure (r =.317, p =.030). EAT volume
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Table 2. CT-graphic and echocardiographic findings.

EAT Volume (EATV) [cm’]
EAT Density [HU]

128.40 + 47.14
(-) 84.69 + 14.46

EATV Index [cm®/m?] 65.64 + 21.95
EF [%] 60.72 + 7.45
GLS [%] (-) 18.12 + 3.90
GCS [%] (-) 19.86 + 4.55
E/e’ Ratio 13.5+4.5
MV DT [ms] 239+ 49
LVDD [%] 48 (96)
Mild LVDD [%] 10 (20)
Moderate LVDD [%] 22 (44)
Severe LVDD [%] 16 (32)
Aortic Valve (AV) V max [m/s] 2.81 £0.53
AVA [cm?] 1.34 £ 0.30
AV Ap [mmHg] 17.81 £ 6.78

MYV DT, mitral valve deceleration time; LVDD, left ventricular diastolic dysfunction; AVA, aortic valve area; Ap,

pressure gradient; all summary values are mean + standard deviation or n (%).

https://doi.org/10.1371/journal.pone.0229636.t002

was moderately associated with body weight (r = .514, p = <.0001) (Fig 2), body mass index
(r=.492, p = <.0001) and obesity (r = -.477, p = <.0001), but not significantly with other mea-
sured cardiovascular risk factors as arterial hypertension, diabetes or dyslipidaemia (all p >
.05). E/e’ ratio did correlate with EAT noise index (r = .350, p = <.013) and was strongly asso-
ciated with LV diastolic dysfunction (r =.761, p<.0001). Global strain parameters GLS and
GCS are representative for LV EF (r = -.669, p<.001 and r = -.454, p = .005) (Fig 2).

Discussion

Aim of this study was to evaluate diagnostic capability of EAT in patients with mild-moderate
AS with LVDD. But, our preliminary data could not establish a reliable connection between
the degree of LVDD as assessed by echocardiography (goldstandard) and the amount of EAT
as assessed by cardiac CT. Neither did EAT volume or density correlate with known marker of
LVDD, i.e. E/e’ ratio, nor did it relate with Strain parameters GLS or GCS.

As an inspiration for our study, recent preliminary data pointed towards a potential associ-
ation between the amount of EAT and the presence of HFpEF [23] but without AS.

Elé ratio
Eleé ratio

T
150,00 20000 2500 000 90,00 8500
EAT Volume [cm?] EAT density [HU]

Fig 1. Correlation between EAT volume & density and E/é ratio. Scatterplots for the weak correlation between EAT
volume and EAT density with E/é ratio (r = -.113, p = .433 or r = -.260, p = .068).

https://doi.org/10.1371/journal.pone.0229636.9001
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Table 3. Correlation analysis of EAT volume with study parameters.

Correlation Coefficient P
E/e’ Ratio 0.133 0.433
Deceleration Time 0.096 0.508
Global Longitudinal Strain 0.058 0.688
Global Circumferential Strain 0.207 0.239
LV Ejection Fraction 0.119 0.410
LV end-diastolic pressure 0.290 0.045
LV end-systolic pressure 0.350 0.016
Age 0.077 0.597
Body Weight 0.514 <0.001
Body Mass Index 0.492 < 0.001

https://doi.org/10.1371/journal.pone.0229636.t003

Furthermore, they included patients with a wide range of comorbidities associated with dia-
stolic dysfunction. Hence our study expands these findings in a meaningful way by providing
data derived in a specifically selected patient cohort at risk for HFpEF, i.e. patients with
increased afterload induced by mild to moderate AS. AS as the most common left valvular dis-
ease [11] with a combination of changes in LV size, LV wall thickening and fibrosis leads
potentially to both changes in systolic and diastolic function.

This retrospective study measured EAT by cardiac MRI in short-axis slices using a com-
monly used cine technique (Steady-State Free-Precession-SSFP: slice thickness = 6mm,
gap = 4mm), extended beyond the atrio-ventricular valves to cover the entire pericardium in
endsystole and -diastole. Our CT examinations come as 3D dataset without gaps and a halved
slice thickness compared to MRI. Therefore, CT based EAT reading claims to measure more
accurately because of the improved epicardial coverage and image resolution and especially
since the danger of erroneous inclusion of a pericardial effusion is not present in contrast to
MRI examinations. Since EAT values are not changing during heart circle, differentiation
between systole/diastole might not be necessary. The functional evaluation as provided by
strain analysis via echocardiography (goldstandard) in our study provides comparable results
to MRI, too. Myocardial deformation (strain) analysis showed abnormal values for GLS in

@ | =51 © | =0 | ® = 058

Body Weight (ka) LVESD (mmHal oLs ()

B r= 207

volume ]

LVEDD (mmbig] ces e

Fig 2. Correlation between EAT volume and body weight, BMI, LV pressure & LV EF and GCS, GLS. Correlation
scatterplot between EAT volume and (A) body weight (r =.514, p = <.0001) (B) BMI (r = .492, p = <.0001) (C) LV
end-systolic pressure (r =.350, p = .016) (D) LV end-diastolic pressure (r = .290, p = .045). Correlation scatterplot
between LV ejection fraction and (E) Global Longitudinal Strain (r = .058, p = .688) (F) Global Circumferential Strain
(r=.207,p = .239).

https://doi.org/10.1371/journal.pone.0229636.9002
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about 30% of all patients with a cut-off value for GLS > -16% based on existing literature [24,
25]. A higher GCS was previously described for AS [26, 27] as an expression for LV mechanical
adjustment to chronically increased afterload. In line with these studies we found, on average,
elevated values for both GLS and GCS. In this context, a specific strength of our study is that
we provide sensitive parameters for the presence of left ventricular dysfunction by echo strain
data, which is more reliable than a simplified classification according to certain ranges of
LV-EF [23, 28].

EAT has been shown to produce pro-inflammatory and pro-atherogenic cytokines [16, 17,
29, 30] and its increase in volume has been described for the extent of coronary artery disease,
with the degree of coronary artery calcifications and with severe AS [31], but we were not able
to support those findings but to demonstrate a close link between higher EAT volume and
body weight, body surface area and obesity. Doesch et al. [32] measured EAT volume in
patients with dilated cardiomyopathy using MRI and found that it was associated with HF
with reduced EF, but not with a preserved EF as in our study. Other studies are in line with
that and show a correlation for EAT and reduced LV-EF [33, 34]. We concur that the influence
of EAT volume on LVDD in patients with AS might be of minor concern as shown by our pre-
liminary data and that an increase in afterload and other changes associated with AS may play
a more important role in causing LVDD and LV hypertrophy. Considering this aspect,
increased EAT volume can be interpreted as structural fat depots with minor endocrine func-
tionality in this disease.

In addition to that, Serrano-Ferrer et al. provides in individuals affected by metabolic syn-
drome a link between EAT and Strain [35]. Cavalcante et al. demonstrated, using CT and TDI
measurement methods, a link between EAT volume, LV diastolic dysfunction and E/e’ ratio in
healthy overweight individuals [18]. So, there is nevertheless evidence that EAT volume is a
factor in the development of LV dysfunction in certain circumstances [20].

Furthermore, within our rather small study population there were no significant differences
between genders in association with EAT volume and cardiac function, which seems to be less
important in this elderly cohort [6].

However, we could not replicate the suspected correlations between LVDD and EAT in
patients with AS, where increased volume and pressure loading seem to be more important
driver of LV dysfunction rather than EAT volume alone. We conclude that major changes in
EAT volume maybe are only present in advanced AS and HF with a reduced EF, and not in
early valvular disease as was the case in our patient cohort [36]. Furthermore, EAT volume or
density maybe does not adequately reflect the underlying pathological mechanisms in HFpEF
and LVDD, where EAT volume and density may yet not change, but our preliminary data
does neither confirm nor reject this assumption. So further studies regarding the development
of EAT volume change in different stages of AS are needed.

Limitations

Our post-hoc study is supposed to be preliminary data and has several limitations: the use of
tissue doppler imaging rather than speckle tracking echocardiography for strain rate imaging
may have led to a greater variance of straining parameters due to noise and intra- and interob-
server variability. Furthermore, our data was incomplete for longitudinal echo parameters and
we could not supply any molecular biomarkers. Another aspect to keep in mind when looking
at our results is the large proportion of men (84%) within our relatively small sample size

(n = 50), in which significant coronary artery disease was not ruled out clinically. Since this is
an elderly cohort, gender is statistically less important than age [6]. The one-time measure-
ment of all data prohibits analysis of development of EAT volume change in HF and different
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stages of LVDD. Hence, data are absent whether the amount of EAT may predict the occur-
rence of HF with reduced ejection fraction. Lastly, our data do not allow a comprehensive
EAT analysis over the entire spectrum of AS.

Conclusion

In this preliminary study, epicardial adipose tissue volume as assessed by CT has no obvious
influence on LVDD, as it does not correlate well with echocardiographic indices of LVDD as
E/é ratio in patients affected by mild to moderate AS.

Supporting information

S1 Table. Patient information: CT- and echocardiographic measurements.
(PDF)

Author Contributions

Conceptualization: M. Becker, V. Brandenburg, S. D. Reinartz.

Data curation: M. Becker, J. Grebe, R. F. Gohmann, K. Fehrenbacher, J. Schmoee.
Formal analysis: F. Hardt, T. Dirrichs.

Investigation: M. Becker, V. Brandenburg, J. Schmoee, S. D. Reinartz.
Methodology: M. Becker, V. Brandenburg, T. Dirrichs, S. D. Reinartz.

Project administration: S. D. Reinartz.

Supervision: S. D. Reinartz.

Visualization: F. Hardt.

Writing - original draft: F. Hardt.

Writing - review & editing: F. Hardt, M. Becker, V. Brandenburg, T. Dirrichs, S. D. Reinartz.

References

1.  Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al. 2013 ACCF/AHA Guideline for
the Management of Heart Failure. A Report of the American College of Cardiology Foundation/Ameri-
can Heart Association Task Force on Practice Guidelines. 2013; 128(16):e240-e327.

2. LamCS, Donal E, Kraigher-Krainer E, Vasan RS. Epidemiology and clinical course of heart failure with
preserved ejection fraction. Eur J Heart Fail. 2011; 13(1):18-28. https://doi.org/10.1093/eurjhf/hfq121
PMID: 20685685

3. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. Trends in prevalence and
outcome of heart failure with preserved ejection fraction. N Engl J Med. 2006; 355(3):251-9. https://doi.
org/10.1056/NEJMoa052256 PMID: 16855265

4. Brouwers FP, de Boer RA, van der Harst P, Voors AA, Gansevoort RT, Bakker SJ, et al. Incidence and
epidemiology of new onset heart failure with preserved vs. reduced ejection fraction in a community-
based cohort: 11-year follow-up of PREVEND. Eur Heart J. 2013; 34(19):1424-31. https://doi.org/10.
1093/eurheartj/eht066 PMID: 23470495

5. Milikovik LV, Spiroska V. Heart Failure with Preserved Ejection Fraction—Concept, Pathophysiology,
Diagnosis and Challenges for Treatment. Open Access Maced J Med Sci. 2015; 3(3):521-7. https://doi.
org/10.3889/0amjms.2015.087 PMID: 27275281

6. Abhayaratna WP, Marwick TH, Smith WT, Becker NG. Characteristics of left ventricular diastolic dys-
function in the community: an echocardiographic survey. Heart. 2006; 92(9):1259-64. https://doi.org/
10.1136/hrt.2005.080150 PMID: 16488928

7. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers FE, et al. How to
diagnose diastolic heart failure: a consensus statement on the diagnosis of heart failure with normal left

PLOS ONE | https://doi.org/10.1371/journal.pone.0229636 March 2, 2020 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0229636.s001
https://doi.org/10.1093/eurjhf/hfq121
http://www.ncbi.nlm.nih.gov/pubmed/20685685
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1056/NEJMoa052256
http://www.ncbi.nlm.nih.gov/pubmed/16855265
https://doi.org/10.1093/eurheartj/eht066
https://doi.org/10.1093/eurheartj/eht066
http://www.ncbi.nlm.nih.gov/pubmed/23470495
https://doi.org/10.3889/oamjms.2015.087
https://doi.org/10.3889/oamjms.2015.087
http://www.ncbi.nlm.nih.gov/pubmed/27275281
https://doi.org/10.1136/hrt.2005.080150
https://doi.org/10.1136/hrt.2005.080150
http://www.ncbi.nlm.nih.gov/pubmed/16488928
https://doi.org/10.1371/journal.pone.0229636

PLOS ONE

Missing Impact of EAT volume upon LV dysfunction in non-severe aortic stenosis—A post hoc analysis

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

ventricular ejection fraction by the Heart Failure and Echocardiography Associations of the European
Society of Cardiology. Eur Heart J. 2007; 28(20):2539-50. https://doi.org/10.1093/eurheartj/ehm037
PMID: 17428822

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T, et al. Recommendations
for the Evaluation of Left Ventricular Diastolic Function by Echocardiography: An Update from the Amer-
ican Society of Echocardiography and the European Association of Cardiovascular Imaging. Journal of
the American Society of Echocardiography. 2016; 29(4):277-314. https://doi.org/10.1016/j.echo.2016.
01.011 PMID: 27037982

Chapman CB, Ewer SM, Kelly AF, Jacobson KM, Leal MA, Rahko PS. Classification of Left Ventricular
Diastolic Function Using American Society of Echocardiography Guidelines: Agreement among Echo-
cardiographers. Echocardiography. 2013; 30(9):1022—-31. https://doi.org/10.1111/echo.12185 PMID:
23551740

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2016; 37(27):2129—
200. https://doi.org/10.1093/eurheartj/ehw128 PMID: 27206819

lung B, Baron G, Butchart EG, Delahaye F, Gohlke-Barwolf C, Levang OW, et al. A prospective survey
of patients with valvular heart disease in Europe: The Euro Heart Survey on Valvular Heart Disease.
European Heart Journal. 2003; 24(13):1231-43. https://doi.org/10.1016/s0195-668x(03)00201-x
PMID: 12831818

Hess OM, Ritter M, Schneider J, Grimm J, Turina M, Krayenbuehl HP. Diastolic stiffness and myocar-
dial structure in aortic valve disease before and after valve replacement. Circulation. 1984; 69(5):855—
65. https://doi.org/10.1161/01.cir.69.5.855 PMID: 6231136

Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux G, et al. Current and Evolving
Echocardiographic Techniques for the Quantitative Evaluation of Cardiac Mechanics: ASE/EAE Con-
sensus Statement on Methodology and Indications Endorsed by the Japanese Society of Echocardiog-
raphy. European Journal of Echocardiography. 2011; 12(3):167-205. https://doi.org/10.1093/
ejechocard/jer021 PMID: 21385887

Smiseth OA, Torp H, Opdahl A, Haugaa KH, Urheim S. Myocardial strain imaging: how useful is it in
clinical decision making? European Heart Journal. 2016; 37(15):1196—207. https://doi.org/10.1093/
eurheartj/ehv529 PMID: 26508168

Salazar J, Luzardo E, Mejias JC, Rojas J, Ferreira A, Rivas-Rios JR, et al. Epicardial Fat: Physiological,
Pathological, and Therapeutic Implications. Cardiol Res Pract. 2016; 2016:1291537. https://doi.org/10.
1155/2016/1291537 PMID: 27213076

lacobellis G, Bianco AC. Epicardial adipose tissue: emerging physiological, pathophysiological and clin-
ical features. Trends Endocrinol Metab. 2011; 22(11):450-7. https://doi.org/10.1016/j.tem.2011.07.003
PMID: 21852149

Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H, et al. Human epicardial adipose tissue
is a source of inflammatory mediators. Circulation. 2003; 108(20):2460—6. https://doi.org/10.1161/01.
CIR.0000099542.57313.C5 PMID: 14581396

Cavalcante JL, Tamarappoo BK, Hachamovitch R, Kwon DH, Alraies MC, Halliburton S, et al. Associa-
tion of epicardial fat, hypertension, subclinical coronary artery disease, and metabolic syndrome with
left ventricular diastolic dysfunction. Am J Cardiol. 2012; 110(12):1793-8. https://doi.org/10.1016/j.
amijcard.2012.07.045 PMID: 22980968

Kremen J, Dolinkova M, Krajickova J, Blaha J, Anderlova K, Lacinova Z, et al. Increased subcutaneous
and epicardial adipose tissue production of proinflammatory cytokines in cardiac surgery patients: pos-
sible role in postoperative insulin resistance. J Clin Endocrinol Metab. 2006; 91(11):4620—7. https://doi.
org/10.1210/jc.2006-1044 PMID: 16895955

Nakanishi K, Fukuda S, Tanaka A, Otsuka K, Taguchi H, Shimada K. Relationships Between Periventri-
cular Epicardial Adipose Tissue Accumulation, Coronary Microcirculation, and Left Ventricular Diastolic
Dysfunction. Can J Cardiol. 2017; 33(11):1489-97. https://doi.org/10.1016/j.cjca.2017.08.001 PMID:
28974326

Zile MR, Gaasch WH, Carroll JD, Feldman MD, Aurigemma GP, Schaer GL, et al. Heart failure with a
normal ejection fraction: is measurement of diastolic function necessary to make the diagnosis of dia-
stolic heart failure? Circulation. 2001; 104(7):779-82. https://doi.org/10.1161/hc3201.094226 PMID:
11502702

Brandenburg VM, Reinartz S, Kaesler N, Kruger T, Dirrichs T, Kramann R, et al. Slower Progress of
Aortic Valve Calcification With Vitamin K Supplementation: Results From a Prospective Interventional
Proof-of-Concept Study. Circulation. 2017; 135(21):2081-3. https://doi.org/10.1161/
CIRCULATIONAHA.116.027011 PMID: 28533322

PLOS ONE | https://doi.org/10.1371/journal.pone.0229636 March 2, 2020 10/11


https://doi.org/10.1093/eurheartj/ehm037
http://www.ncbi.nlm.nih.gov/pubmed/17428822
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/27037982
https://doi.org/10.1111/echo.12185
http://www.ncbi.nlm.nih.gov/pubmed/23551740
https://doi.org/10.1093/eurheartj/ehw128
http://www.ncbi.nlm.nih.gov/pubmed/27206819
https://doi.org/10.1016/s0195-668x(03)00201-x
http://www.ncbi.nlm.nih.gov/pubmed/12831818
https://doi.org/10.1161/01.cir.69.5.855
http://www.ncbi.nlm.nih.gov/pubmed/6231136
https://doi.org/10.1093/ejechocard/jer021
https://doi.org/10.1093/ejechocard/jer021
http://www.ncbi.nlm.nih.gov/pubmed/21385887
https://doi.org/10.1093/eurheartj/ehv529
https://doi.org/10.1093/eurheartj/ehv529
http://www.ncbi.nlm.nih.gov/pubmed/26508168
https://doi.org/10.1155/2016/1291537
https://doi.org/10.1155/2016/1291537
http://www.ncbi.nlm.nih.gov/pubmed/27213076
https://doi.org/10.1016/j.tem.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21852149
https://doi.org/10.1161/01.CIR.0000099542.57313.C5
https://doi.org/10.1161/01.CIR.0000099542.57313.C5
http://www.ncbi.nlm.nih.gov/pubmed/14581396
https://doi.org/10.1016/j.amjcard.2012.07.045
https://doi.org/10.1016/j.amjcard.2012.07.045
http://www.ncbi.nlm.nih.gov/pubmed/22980968
https://doi.org/10.1210/jc.2006-1044
https://doi.org/10.1210/jc.2006-1044
http://www.ncbi.nlm.nih.gov/pubmed/16895955
https://doi.org/10.1016/j.cjca.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28974326
https://doi.org/10.1161/hc3201.094226
http://www.ncbi.nlm.nih.gov/pubmed/11502702
https://doi.org/10.1161/CIRCULATIONAHA.116.027011
https://doi.org/10.1161/CIRCULATIONAHA.116.027011
http://www.ncbi.nlm.nih.gov/pubmed/28533322
https://doi.org/10.1371/journal.pone.0229636

PLOS ONE

Missing Impact of EAT volume upon LV dysfunction in non-severe aortic stenosis—A post hoc analysis

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

van Woerden G, Gorter TM, Westenbrink BD, Willems TP, van Veldhuisen DJ, Rienstra M. Epicardial
fat in heart failure patients with mid-range and preserved ejection fraction. Eur J Heart Fail. 2018.

DeVore AD, McNulty S, Alenezi F, Ersboll M, Vader JM, Oh JK, et al. Impaired left ventricular global lon-
gitudinal strain in patients with heart failure with preserved ejection fraction: insights from the RELAX
trial. Eur J Heart Fail. 2017; 19(7):893-900. https://doi.org/10.1002/ejhf.754 PMID: 28194841

Yingchoncharoen T, Agarwal S, Popovic ZB, Marwick TH. Normal ranges of left ventricular strain: a
meta-analysis. J Am Soc Echocardiogr. 2013; 26(2):185-91. https://doi.org/10.1016/j.echo.2012.10.
008 PMID: 23218891

Leonardi B, Margossian R, Sanders SP, Chinali M, Colan SD. Ventricular mechanics in patients with
aortic valve disease: longitudinal, radial, and circumferential components. Cardiol Young. 2014; 24
(1):105—12. https://doi.org/10.1017/S1047951112002326 PMID: 23388108

Lindman BR, Liu Q, Cupps BP, Woodard PK, Novak E, Vatterott AM, et al. Heterogeneity of systolic
dysfunction in patients with severe aortic stenosis and preserved ejection fraction. J Card Surg. 2017;
32(8):454-61. https://doi.org/10.1111/jocs. 13183 PMID: 28833636

Kraigher-Krainer E, Shah AM, Gupta DK, Santos A, Claggett B, Pieske B, et al. Impaired systolic func-
tion by strain imaging in heart failure with preserved ejection fraction. J Am Coll Cardiol. 2014; 63
(5):447-56. https://doi.org/10.1016/j.jacc.2013.09.052 PMID: 24184245

Baker AR, Silva NF, Quinn DW, Harte AL, Pagano D, Bonser RS, et al. Human epicardial adipose tissue
expresses a pathogenic profile of adipocytokines in patients with cardiovascular disease. Cardiovasc
Diabetol. 2006; 5:1. https://doi.org/10.1186/1475-2840-5-1 PMID: 16412224

Cherian S, Lopaschuk GD, Carvalho E. Cellular cross-talk between epicardial adipose tissue and myo-
cardium in relation to the pathogenesis of cardiovascular disease. American Journal of Physiology—
Endocrinology And Metabolism. 2012; 303(8):E937—E49. https://doi.org/10.1152/ajpendo.00061.2012
PMID: 22895783

Mahabadi AA, Kahlert HA, Dykun |, Balcer B, Kahlert P, Rassaf T. Epicardial Adipose Tissue Thickness
Independently Predicts Severe Aortic Valve Stenosis. J Heart Valve Dis. 2017; 26(3):262—7. PMID:
29092109

Doesch C, Streitner F, Bellm S, Suselbeck T, Haghi D, Heggemann F, et al. Epicardial adipose tissue
assessed by cardiac magnetic resonance imaging in patients with heart failure due to dilated cardiomy-
opathy. Obesity (Silver Spring). 2013; 21(3):E253-61.

Perez-Belmonte LM, Moreno-Santos |, Gomez-Doblas JJ, Garcia-Pinilla JM, Morcillo-Hidalgo L, Gar-
rido-Sanchez L, et al. Expression of epicardial adipose tissue thermogenic genes in patients with
reduced and preserved ejection fraction heart failure. Int J Med Sci. 2017; 14(9):891-5. https://doi.org/
10.7150/ijms. 19854 PMID: 28824327

Doesch C, Haghi D, Suselbeck T, Schoenberg SO, Borggrefe M, Papavassiliu T. Impact of functional,
morphological and clinical parameters on epicardial adipose tissue in patients with coronary artery dis-
ease. Circ J. 2012; 76(10):2426—-34. https://doi.org/10.1253/circj.cj-12-0301 PMID: 22813697

Serrano-Ferrer J, Crendal E, Walther G, Vinet A, Dutheil F, Naughton G, et al. Effects of lifestyle inter-
vention on left ventricular regional myocardial function in metabolic syndrome patients from the
RESOLVE randomized trial. Metabolism. 2016; 65(9):1350—60. https://doi.org/10.1016/j.metabol.2016.
05.006 PMID: 27506742

Wu CK, Tsai HY, Su MM, Wu YF, Hwang JJ, Lin JL, et al. Evolutional change in epicardial fat and its
correlation with myocardial diffuse fibrosis in heart failure patients. J Clin Lipidol. 2017; 11(6):1421-31.
https://doi.org/10.1016/j.jacl.2017.08.018 PMID: 29050981

PLOS ONE | https://doi.org/10.1371/journal.pone.0229636 March 2, 2020 11/11


https://doi.org/10.1002/ejhf.754
http://www.ncbi.nlm.nih.gov/pubmed/28194841
https://doi.org/10.1016/j.echo.2012.10.008
https://doi.org/10.1016/j.echo.2012.10.008
http://www.ncbi.nlm.nih.gov/pubmed/23218891
https://doi.org/10.1017/S1047951112002326
http://www.ncbi.nlm.nih.gov/pubmed/23388108
https://doi.org/10.1111/jocs.13183
http://www.ncbi.nlm.nih.gov/pubmed/28833636
https://doi.org/10.1016/j.jacc.2013.09.052
http://www.ncbi.nlm.nih.gov/pubmed/24184245
https://doi.org/10.1186/1475-2840-5-1
http://www.ncbi.nlm.nih.gov/pubmed/16412224
https://doi.org/10.1152/ajpendo.00061.2012
http://www.ncbi.nlm.nih.gov/pubmed/22895783
http://www.ncbi.nlm.nih.gov/pubmed/29092109
https://doi.org/10.7150/ijms.19854
https://doi.org/10.7150/ijms.19854
http://www.ncbi.nlm.nih.gov/pubmed/28824327
https://doi.org/10.1253/circj.cj-12-0301
http://www.ncbi.nlm.nih.gov/pubmed/22813697
https://doi.org/10.1016/j.metabol.2016.05.006
https://doi.org/10.1016/j.metabol.2016.05.006
http://www.ncbi.nlm.nih.gov/pubmed/27506742
https://doi.org/10.1016/j.jacl.2017.08.018
http://www.ncbi.nlm.nih.gov/pubmed/29050981
https://doi.org/10.1371/journal.pone.0229636

