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Abstract
Epicardial fat tissue (EFT) is a highly metabolically active fat depot surrounding the heart and coronary arteries that is 
related to early atherosclerosis and adverse cardiac events. We aimed to investigate the relationship between the amount 
of EFT and preexisting cardiac conduction abnormalities (CCAs) and the need for new postinterventional pacemaker in 
patients with severe aortic stenosis planned for transcatheter aortic valve implantation (TAVI). A total of 560 consecutive 
patients (54% female) scheduled for TAVI were included in this retrospective study. EFT volume was measured via a fully 
automated artificial intelligence software (QFAT) using computed tomography (CT) performed before TAVI. Baseline 
CCAs [first-degree atrioventricular (AV) block, right bundle branch block (RBBB), and left bundle branch block (LBBB)] 
were diagnosed according to 12-lead ECG before TAVI. Aortic valve calcification was determined by the Agatston score 
assessed in the pre-TAVI CT. The median EFT volume was 129.5 ml [IQR 94–170]. Baseline first-degree AV block was 
present in 17%, RBBB in 10.4%, and LBBB in 10.2% of the overall cohort. In adjusted logistic regression analysis, higher 
EFT volume was associated with first-degree AV block (OR 1.006 [95% CI 1.002–1.010]; p = 0.006) and the need for new 
pacemaker implantation after TAVI (OR 1.005 [95% CI 1.0–1.01]; p = 0.035) but not with the presence of RBBB or LBBB. 
EFT volume did not correlate with the Agatston score of the aortic valve. Greater EFT volume is associated independently 
with preexisting first-degree AV block and new pacemaker implantation in patients undergoing TAVI. It may play a causa-
tive role in degenerative processes and the susceptibility of the AV conduction system.
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Introduction

Epicardial fat tissue (EFT) is the true visceral fat depot of 
the heart, accounting for approximately 20% of the total 
heart weight and covering nearly 80% of the heart’s surface 
[1–3]. Located between the myocardium and the visceral 
layer of the pericardium, EFT is in close contact with the 
epicardium without any borders or fascia and directly sur-
rounds the coronary arteries [1, 3]. Physiologically, EFT 
has several cardioprotective functions. It protects the heart 
against mechanical stress and lower temperatures by serving 
as a physical buffer and generating heat [2]. It also serves as 
an energy source for the myocardium, providing free fatty 
acids in high-demand states and producing anti-inflamma-
tory adipokines [2]. Conversely, EFT has unfavorable pro-
inflammatory and pro-atherogenic properties, as it produces 
and releases cytokines such as interleukin (IL)-1, IL-6, 
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IL-6sR, tumor necrosis factor (TNF)-α, and other bioactive 
molecules [4]. These agents are directly delivered into the 
adjacent myocardium and the coronary arteries via parac-
rine and vasocrine mechanisms [2]. Data strongly indicate a 
positive relationship between the extent of EFT and severity 
of CAD, CAD progression [5, 6], and coronary calcifica-
tion [7]. Furthermore, EFT thickness has been shown to be 
associated with left ventricular (LV) mass and severe LV 
remodeling patterns in patients with high-grade aortic steno-
sis (AS) [8]. It is conceivable that other heart structures such 
as the aortic valve or the conduction system are also affected 
by the proinflammatory properties of EFT.

The calcific degeneration of the aortic valve is the most 
common cause of AS in the elderly over 70 years of age [9]. 
Calcification of the aortic valve is an ongoing, progressive, 
and complex process promoted by immunological, meta-
bolic, and inflammatory factors that finally leads to AS [10]. 
However, the development of degenerative AS is still not 
fully understood.

Cardiac conduction abnormalities (CCAs) such as pro-
longed PR interval [e.g. first-degree atrioventricular (AV) 
block], right bundle branch block (RBBB), or left bundle 
branch block (LBBB) can have numerous etiologies, includ-
ing ischemic or non-ischemic heart disease, acute myocar-
dial infarction, infections, drugs/medication, and electrolyte 
abnormalities, but in the elderly fibrotic changes in the con-
duction system are thought to be the most common cause 
[11–14]. While the pathophysiology of ischemic, infectious, 
or infiltrative diseases leading to conduction abnormalities 
has been largely elucidated, the “degenerative” processes 
leading to alterations in the conduction system and sub-
sequent development of conduction disorders, especially 
in older patients, are less understood and are still under 
investigation.

The aim of the present study was to investigate the asso-
ciation of EFT volume with preexisting conduction distur-
bances such as first-degree AV block, RBBB, and LBBB and 
the need for new pacemaker implantation after transcatheter 
aortic valve implantation (TAVI). Furthermore, a possible 
link between the calcium load of the aortic valve and EFT 
volume was examined. Our hypothesis is that proinflamma-
tory characteristics of EFT negatively affect the conduction 
system by promoting conduction disturbances and aortic 
valve calcification.

Methods

Study cohort

The study population of this retrospective study consisted 
of all patients with high-grade AS who underwent a TAVI 
procedure between January 2016 and August 2017 (n = 657). 

Patients with a CT scan of insufficient quality (e.g. breathing 
artifacts or cropped heart borders) were excluded (n = 97). 
The final study cohort comprised 560 patients. The diag-
nosis of severe AS was made according to the established 
guideline recommendations [15]: a mean transvalvular gra-
dient over the aortic valve of ≥ 40 mmHg or a valve area < 1 
cm2 as calculated with the continuity equation or as meas-
ured by planimetry in transthoracic and/or transesophageal 
echocardiography.

The study was conducted in adherence to the Declaration 
of Helsinki and was approved by the Ethics Committee of 
the Justus-Liebig University of Giessen, Germany.

Multidetector computed tomography (MDCT) 
analysis

Electrocardiogram-gated MDCT examinations were per-
formed with a 128-slice or a 384-slice dual-source scanner 
(SOMATOM® Definition or Force; Siemens Healthineers, 
Forchheim, Germany) as previously described [16]. Recon-
structions were carried out using a cardiac-gated B26f or 
I26f algorithm with a slice thickness of 0.6 mm in systole at 
35% and in diastole at 70% of the cardiac cycle. The calcium 
score of the aortic valve was quantified using the Agatston 
method in non-contrast-enhanced scans of the aortic root 
with a threshold of 130 HU. The region of interest included 
the aortic valve and adjacent calcium deposits within the 
LV outflow tract. Regions that were incorrectly denoted as 
valvular calcium were cropped manually. Measurements of 
the aortic valve calcium score were performed offline on 
a dedicated workstation (Syn.govia, Siemens Healthineers, 
Forchheim, Germany).

Measurement of EFT volume

EFT volume was quantified by using an established fully 
automated deep-learning algorithm that is a component 
of research software (QFAT V2.0, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA) that has been validated and 
tested in a large multicenter study [17]. For EFT measure-
ments the bifurcation of the pulmonary trunk was used as the 
upper boundary and the most inferior slice with any portion 
of the heart was used as the lower limit, as recommended 
by Dey et al. [18] When tracings of the pericardial border 
were insufficient due to limited image quality the tracings 
were manually adjusted. EFT volume was given in cm3. An 
example of EFT volume measurement is depicted in Fig. 1.

ECG analysis

Twelve-lead ECGs obtained on admission prior to the TAVI 
procedure were used for measurements of PQ/PR, QRS, and 
QT intervals. Measurements of the PQ/PR interval were 
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performed in lead II at the onset of the P wave to the begin-
ning of the QRS segment. QRS and QT intervals were scaled 
in the precordial leads. The QT interval was defined as the 
time from the beginning of the QRS complex to the termi-
nation of the T wave. QTcorrected (QTc) was calculated 
by using the Bazett formula: QTc = QT/

√

RR . All measure-
ments were performed manually by a single observer. ECGs 
with pacemaker activity or with distorted tracings were 
excluded from analysis.

Statistical analysis

Continuous variables are presented as mean with standard 
deviation (SD) or as median with interquartile range (IQR), 
as appropriate. Categorical variables are given as numbers 
and percentages. The presence of a normal distribution pat-
tern was tested using the Kolmogorov–Smirnov test. The 
Mann–Whitney-U test was used for comparison of continu-
ous variables. For comparison of categorical variables, the 
Chi-squared test was applied. The Spearman Rho correlation 
was used to test for a link between EFT volume and dif-
ferent metric parameters such as body mass index (BMI), 
body surface area (BSA), age, Agatston score of the aortic 
valve, PQ/PR, QRS, and QT/QTc intervals. Univariate and 
multivariable logistic regression analysis was applied to ana-
lyze the association between EFT volume and conduction 
abnormalities and the need for new permanent pacemaker 
(PPM) implantation.

Variables with a p-value < 0.05 were included in mul-
tivariable logistic regression analysis. Significance was 
assumed when a two-sided p-value < 0.05 was determined, 
indicating that the null hypothesis was rejected. SPSS Ver-
sion 22.0 (IBM, Armonk, New York, USA) was used for all 
statistical analyses.

Results

Patient characteristics

A total of 560 patients (54.3% female) with a median age 
of 82 years [IQR 79–86] were included in the analysis. The 
median EFT volume was 129.5 ml [IQR 94–170], and the 
median BSA-indexed EFT volume was 68.6 ml/m2. The 
median BMI was 26.4 [IQR 23.7–29.6] and the median 
Agatston score of the aortic valve was 2510 AU [IQR 
1790–3475]. Preexisting first-degree AV block, RBBB, and 
LBBB were present in 17.0%, 10.4%, and 10.2% of patients, 
respectively. After TAVI, a new PPM was implanted in 
11.8% (66/560) of patients. Table 1 depicts the baseline 
characteristics of the cohort.

Correlation analysis of EFT with various variables

EFT volume correlated moderately well with BMI and BSA 
(r = 0.48 and 0.54, respectively; both p < 0.001), whereas 
a weak inverse correlation was found for age (r =  − 0.11; 
p = 0.007). There was no correlation of EFT volume with 
the Agatston score of the aortic valve (r = 0.034; p = 0.43). 
Correlation analysis of ECG parameters showed a positive 
correlation of EFT volume and PQ/PR interval (r = 0.190; 
p < 0.001), but not for QRS, QT, or QTc intervals (Table 2). 
Figure 2 shows the differences of PQ/PR time in relation to 
EFT volume according to the median value.

Association between EFT volume and conduction 
abnormalities and new PPM after TAVI

In univariate logistic regression analysis EFT volume was 
associated with the presence of preexisting first-degree AV 
block (OR 1.006 [95% CI 1.002–1.011]; p = 0.004) but not 
with RBBB or LBBB (OR 1.003 [95% CI 0.999–1.008]; 
p = 0.123 and OR 0.998 [95% CI 0.993–1.003]; p = 0.399). 
In multivariable regression analysis, after adjustment for 
sex, diabetes, CAD, and prior myocardial infarction, EFT 
volume remained independently associated with first-degree 
AV block (Table 3).

In univariate analysis, EFT volume was associated 
with the need for new PPM implantation after TAVI (OR 
1.006 [95% CI 1.002–1.011; p = 0.004] and remained an 

Fig. 1   Example of an axial CT slice of the heart, with EFT shown in 
purple after automatic tracing of the pericardial border by the fully 
automated QFAT software. CT computed tomography, EFT epicardial 
fat tissue
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independent predictor of new PPM after adjustment for sex, 
first-degree AV block, and RBBB (Table 4).

Discussion

In this study we demonstrated that increased EFT volume 
is associated with preexisting first-degree AV block and the 
need for new PPM implantation in patients undergoing TAVI 
for severe AS. There was no association between EFT vol-
ume and preexisting RBBB, LBBB, or the amount of aortic 
valve calcification. To our knowledge this is the first study to 
evaluate the potential role of EFT in conduction disturbances 
in patients planned for TAVI and the first to investigate a 
potential association of EFT with the need for new PPM 
implantation after the TAVI procedure.

While vast amounts of data show strong evidence of 
a distinct positive association between EFT amount and 
both the incidence and the recurrence of atrial fibrillation 
[19–21], only a few studies have investigated the role of 
EFT in CCAs. Hung et al. analyzed the association between 
EFT amount and PR prolongation in a cohort of 287 patients 
referred for coronary CT analysis for exclusion of CAD [22]. 
The authors found that higher EFT volume was indepen-
dently associated with PR prolongation after adjustment 
for the cardiovascular risk factors, age, sex, and BMI. ROC 
analysis revealed a c-statistic of 0.718 (95% CI 1.003–1.022; 
p = 0.0012) for EFT volume to predict PR prolongation 
and a threshold value of > 144.4 cm3. Likewise, Jhuo et al. 
observed an increased PR interval in patients with higher 
amounts of epicardial fat; the incidence of inter-atrial block 
defined as P wave prolongation ≥ 120 ms and biphasic P 
wave in the inferior leads of a 12-lead ECG were signifi-
cantly associated with elevated epicardial fat volume [23]. In 
neither of these studies, however, was an association of EFT 
volume and QT and/or QTc interval length observed, which 

Table 1   Baseline characteristics

Values denote number (%) or median [interquartile range]
LV left ventricle, ECG electrocardiogram, AV block atrioventricular 
block, RBBB right bundle branch block, LBBB left bundle branch 
block, MI myocardial infarction, CABG coronary artery bypass graft, 
CT computed tomography, EFT epicardial fat tissue

Clinical characteristics Total cohort n = 560

Age (years) 82 [79–86]
Sex, female 304 (54.3)
Body mass index (kg/m2) 26.4 [23.7–29.6]
Body surface area (m2) 1.85 [1.73–2.0]
Cardiovascular risk factors
 Hypertension 526 (93.9)
 Diabetes mellitus 169 (30.2)
 Hyperlipidemia 174 (31.1)

Echocardiographic variables
 LV ejection fraction (%) 65 [55–65]
 Mean aortic transvalvular gradient (mmHg) 42 [32–52]
 Aortic valve area (cm2) 0.7 [0.6–0.8]

ECG abnormalities
 Atrial fibrillation 236 (42.1)
 AV block I 95 (17.0)
 RBBB 58 (10.4)
 LBBB 57 (10.2)

Cardiovascular disorders
 Coronary artery disease 346 (61.8)
 Previous MI 78 (13.9)
 Prior CABG 73 (13)
 Peripheral artery disease 88 (15.7)

CT characteristics
 EFT volume (ml) 129.5 [94–170]
 Agatston aortic valve score 2509.5 [1790–3474.5]

Table 2   Correlation analysis of EFT volume with various parameters

Bold/italic p-values denote statistical significance at the level below 
0.05
EFT epicardial fat tissue, BMI body mass index, BSA body surface 
area

Spearman correlation 
coefficient rs

p-value

Age  − 0.115 0.007
BMI 0.475  < 0.001
BSA 0.541  < 0.001
Agatston score 0.340 0.430
PQ/PR interval (ms) 0.190  < 0.001
QRS interval (ms) 0.079 0.085
QT interval (ms) 0.029 0.522
QTc interval (ms) 0.042 0.365

Fig. 2   Comparison of dichotomized EFT volumes according to the 
median value (129.5 ml) in relation to PQ/PR interval. EFT epicardial 
fat tissue
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is in line with our findings. While the incidence of RBBB 
and LBBB in relation to EFT volume was not examined 
in either of the two studies, Hung et al. analyzed the QRS 
interval length in relation to higher EFT amounts but did 
not find an association [22]. This was also true for our study, 
which is consistent with the finding that EFT volume was not 
associated with RBBB or LBBB. Interestingly, EFT volume 
remained an independent predictor of new PPM implanta-
tion after TAVI along with first-degree AV block and RBBB, 
both well-known risk factors for complete heart block and 
subsequent need for PPM after TAVI [24]. Mechanical stress 
on the conduction system arising from radial forces of the 
transcatheter valves is known to play a crucial role in com-
plete heart block in patients with preexisting first-degree AV 
block and RBBB [25], but the causative role of EFT in that 
scenario is less clear. We can only speculate that the greater 
pro-inflammatory capacity of higher amounts of EFT make 
the conduction system of the interventricular septum more 
“vulnerable” and potentially prolong the healing process in 

the surrounding tissues, thus increasing the risk of conduc-
tion disturbances and the need for PPM after TAVI.

In order to transfer our new finding of a predictive role 
of EFT in the need for PPM implantation after TAVI to 
the real-world clinical setting, clinicians analyzing pre-
TAVI CT images may be advised to perform a measure-
ment of EFT volume in order to further evaluate the poten-
tial risk of PPM implantation after TAVI. As CT imaging 
before TAVI is mandatory for the planning of the TAVI 
procedure, no additional examinations would be required 
and no further costs would arise. To confirm the clinical 
applicability of our findings, however, further studies are 
warranted.

Several previous studies were able to demonstrate a clear 
relationship of EFT amount and the extent and progression 
of CAD in terms of the degree of coronary artery steno-
sis, the incidence of “high-risk” plaques, and the extent of 
coronary artery calcification [26, 27]. It is postulated that 
the pathophysiological mechanism involves the release of 

Table 3   Clinical determinants 
of first degree AV block

Bold/italic p-values denote statistical significance at the level below 0.05
CI confidence interval, OR odds ratio, CAD coronary artery disease, MI myocardial infarction, CABG coro-
nary artery bypass graft, LV left ventricle, EFT epicardial fat tissue

Univariate OR [95% CI] p-value Multivariable OR [95% CI] p-value

Age 0.996 (0.957–1.036) 0.835 – –
Sex, male 2.23 (1.417–3.509) 0.001 1.609 (0.965–2.683) 0.068
Hypertension 1.569 (0.54–4.562) 0.408 – –
Diabetes mellitus 1.7 (1.076–2.686) 0.023 1.551 (0.94–2.56) 0.086
CAD 2.5 (1.489–4.199) 0.001 2.508 (1.361–4.623) 0.003
Prior MI 2.031 (1.162–3.55) 0.013 1.488 (0.788–2.811) 0.22
Prior CABG 1.743 (0.971–3.129) 0.063 – –
LV ejection fraction 0.997 (0.979–1.015) 0.715 – –
EFT volume 1.006 (1.002–1.011) 0.004 1.006 (1.002–1.01) 0.006

Table 4   Clinical determinants 
of new PPM implantation after 
TAVI

Bold/italic p-values denote statistical significance at the level below 0.05
CI confidence interval, OR odds ratio, LV left ventricle, AV block atrioventricular block, RBBB right bun-
dle branch block, LBBB left bundle branch block, EFT epicardial fat tissue, NCC non-coronary cusp, THV 
transcatheter heart valve, PPM permanent pacemaker
a High PPM risk prosthesis: Portico THV (Abbott, Chicago, Illinois, USA), CoreValve Evolut R (Dublin, 
Ireland), Lotus (Boston Scientific, Marlborough, Massachusetts, USA)

Univariate OR [95% CI] p-value Multivariable OR [95% CI] p-value

Age 1.034 (0.984–1.087) 0.182 – –
Sex, male 1.787 (1.054–3.028) 0.031 1.179 (0.662–2.099) 0.576
LV ejection fraction 1.004 (0.981–1.027) 0.744 – –
First degree AV block 2.567 (1.434–4.596) 0.002 2.205 (1.173–4.147) 0.014
RBBB 6.439 (3.463–11.973)  < 0.001 6.099 (3.208–11.595)  < 0.001
LBBB 0.562 (0.195–1.62) 0.286 – –
EFT volume 1.006 (1.002–1.011) 0.004 1.005 (1.0–1.01) 0.035
Implantation depth, NCC 1.093 (0.991–1.205) 0.075 – –
THV with high PPM riska 2.005 (0.94–4.277) 0.072 – –
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pro-inflammatory and pro-atherogenic mediators from EFT, 
and higher EFT amounts may contribute to the development 
of atherosclerotic changes in the adjacent coronary arteries 
and subsequently to CAD [28].

As inflammatory processes are also assumed to play a 
crucial role in the development of degenerative aortic valve 
stenosis [9], a potential association of EFT with degenera-
tive AS is plausible. A few studies have provided evidence 
of a positive relationship between the amount of EFT and 
the development of AS. Parisi et al. found an increased 
EFT thickness in patients referred for surgical aortic valve 
replacement due to high-grade AS compared with matched 
controls without AS [29]. Furthermore, greater EFT thick-
ness significantly correlated with elevated serum levels of 
the pro-inflammatory cytokines IL-6, TNF-α, IL-1β, and 
MCP-1 [30]. In our study, there was no positive correlation 
between EFT and the Agatston score of the aortic valve. 
This would appear to contradict the findings of other stud-
ies: in 225 patients undergoing coronary angiography due 
to new-onset angina, Nabati et al. found higher amounts of 
aortic valve sclerosis expressed via an aortic valve sclerosis 
score index in patients with an echocardiographic EFT thick-
ness ≥ 7 mm [30]. In addition, Mahabadi et al. observed a 
greater EFT thickness measured via echocardiography in 
patients with severe AS compared with patients without AS 
[31]. These findings were still significant after adjustment 
for age, sex, and cardiovascular risk factors. In our study, 
however, all patients in our cohort had degenerative high-
grade AS, and we examined the correlation of EFT volume 
with the extent of aortic valve calcification reflected by the 
Agatston score, an entirely different approach. Comparison 
with a non-AS cohort would have been useful to explore 
possible effects of differences in EFT volumes, but this was 
beyond the scope of our study. One can speculate that once 
the degree of stenosis has reached a certain level of severity, 
there are no longer any major differences in EFT amounts 
between individuals. Moreover, not only calcification but 
also fibrotic changes in the aortic valve contribute to its nar-
rowing, which are not captured by the Agatston score. Alter-
natively, it is conceivable that patients who finally develop 
severe AS already have higher amounts of EFT from the 
beginning of development of AS compared with those indi-
viduals who will not develop AS, and there may be no fur-
ther changes in EFT volume during AS progression. This 
hypothesis can only be confirmed in large patient cohorts 
who are observed over many years with repeated measure-
ments of the EFT thickness/volume and precise evaluation 
of the aortic valve and its degenerative process over time. 
Notably, aortic valve calcification is a complex and multifac-
torial process, and there are certainly further mechanisms, 
including endothelial dysfunction, mechanical stress, lipid 
infiltration, and oxidative stress that contribute to the calci-
fication process of the aortic valve [9].

Our study has several limitations. First, the sample size 
of 560 patients is rather small, although among studies that 
investigated the role of EFT in different cardiac pathologies 
in the special subset of patients with AS, ours analyzed the 
highest number of patients. Secondly, we did not provide 
any information on the patients’ medication before TAVI, 
especially potential medications influencing cardiac rhythm 
and heart rate. Thirdly, although our findings demonstrate 
an association between EFT and conduction disturbances or 
increased PPM rate after TAVI, the causative role of EFT in 
that setting remains to be elucidated, and further studies are 
warranted to confirm our findings.

Conclusion

Higher EFT volumes are independently associated with pre-
existing first-degree AV block and the need for new PPM 
implantation after TAVI. Further studies are needed to elu-
cidate the causative role of EFT in these findings.
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