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Atherosclerosis

Epicardial Adipose Tissue Thickness and Carotid
Intima-Media Thickness in Hemodialysis Patients

Elcin Aychn,” Cihan Altin,” Onur Sakall1oglu,3 Mustafa Yilmaz,” Esin Gezmi§,1 Leyla Elif Sade® and Haldun /\/I[Jderrisoglu"

Background: 1t is well-known that cardiovascular risk and all-cause mortality is increased in hemodialysis patients.
Epicardial fat thickness (EFT), which reflects visceral adiposity, has been suggested as a new cardiometabolic risk
factor. The purpose of this study was to investigate EFT in hemodialysis patients.

Methods: A total of 144 consecutive patients (60 hemodialysis patients and 84 controls) were enrolled into the study, and
patients with diabetes mellitus and cardiovascular diseases (CVD) were excluded. EFT was measured on the free wall of the
right ventricle at end-diastole from the parasternal long-axis view by standard transthorasic 2D echocardiography.
Results: The groups were similar in terms of sex distribution, age, blood pressure, heart rate and frequencies of
CAD risk factors including smoking status, family history of CAD and hypertension. There were no significant
differences between the hemodialysis patients and controls in 2D echocardiographic parameters, including
ejection fraction and biochemical parameters except low-density lipoprotein, high-density lipoprotein and c-
reactive protein. Despite having lower body mass index, EFT levels were significantly higher in hemodialysis
patients compared to the controls (8.0 = 2.2 mm vs. 5.8 £ 1.9 mm; p < 0.01). In multivariate linear regression
analysis we determined that hemodialysis patient status was found to be an independent predictor for both EFT (3

=0.700, p = 0.014) and carotid intima-media thickness (CIMT, = 0. 614, p = 0.047).
Conclusions: Hemodialysis patients are independently associated with high EFT and CIMT.
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INTRODUCTION

Chronic renal failure (CRF) and cardiovascular disease
(CVD) are closely related clinical entities. It is generally
understood that cardiovascular risk and all-cause mortal-
ity is increased in hemodialysis patients.:L Additionally,
atherosclerosis and coronary artery disease (CAD) are
more common in CRF.? Therefore, clinical predictors of
premature atherosclerosis are crucial. Epicardial fat thick-
ness (EFT) which reflects cardiac and visceral adiposity is
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suggested to be a new cardiometabolic risk factor.>® The
relationship between CVD and visceral adiposity rather
than subcutaneous fat accumulation, and the correlation
between increased EFT and insulin resistance or meta-
bolic syndrome have previously been reported.®’ Studies
about the association between EFT and CRF patient are
controversial ®*! Carotid intima-media thickness (CIMT) is
another parameter that shows atherosclerosis and coro-
nary artery disease.””**
cardiovascular events in patients with CRF."> The aim of
this study was to investigate EFT and CIMT in our hemo-
dialysis patients without CVD.

It is useful for the prediction of

METHODS

Study population
In all, 144 consecutive patients (60 with dialysis and
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84 controls) were prospectively enrolled into the study
between September 2013 and September 2014. Demo-
graphic data, risk factors for CVD, medications, anthro-
pometric and biochemical findings were recorded. Body
mass index (BMI) was defined as weight (kg)/height
(m)?. Patients with diabetes mellitus, CVD, systolic heart
failure, severe valvular disease, hypertrophic cardio-
myopathy, chronic obstructive pulmonary disease, sep-
sis, chronic liver disease, peripheral artery arterial dis-
ease, and patients with inadequate echogenicity were
excluded. CVD was considered if angina pectoris, ST-T
waves changes, Q waves, left bundle branch block on
electrocardiogram, regional wall motion abnormalities
on echocardiogram, ischemia detected by non invasive
stress tests, history of myocardial infarction, coronary
artery stenosis > 50% on coronary angiography or a
history of coronary revascularization existed.

Data acquisition and analysis

Routine two dimensional (2D), conventional spectral
Doppler and epicardial fat thickness (EFT) data

All patients underwent standard 2D and Doppler
echocardiography conforming to the American Society
of Echocardiography/European Association of Echo-
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Figure 1.
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cardiography recommendations."® A Vivid S5 ultrasound
machine (GE Healthcare, Horten, Norway), equipped
with a 3SRS broadband transducer was used. Ejection
fraction (EF) was calculated by modified Simpson’s me-
thod. EFT was identified as the echo-free space be-
tween the outer wall of the myocardium and visceral
layer of pericardium.>® It was measured on the free
wall of the right ventricle perpendicularly at end-dias-
tole from the parasternal long-axis views of 3 cardiac
cycles by standard transthorasic 2D echocardiography
(Figure 1).

Overall, 144 consecutive patients (60 dialysis and 84
controls) were examined by ultrasonography (Hitachi
EUB 7000, Japan), with 13.5 mHz high-resolution linear
probe, which was performed bilaterally by two radiolo-
gists for each examination who were blinded to the clin-
ical and biochemical data. CIMT was defined as the dis-
tance between the leading edge of the first and second
echogenic lines. Measurements were performed 2 cm
below the carotid bifurcation in a plaque-free arterial
segment, and each measurement represented an average
of four measurements for both sides.

Statistical analysis
Variables were tested for normal distribution by us-
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(A-B) Epicardial fat tissue measurement on the free wall of the right ventricle at end-diastole from the parasternal long-axis. (C-D) Mea-
surement of the carotid intima-media thickness was performed 2 cm below the carotid bifurcation in a plaque-free arterial segment and an average
of four measurements used for both side (A: Control, B: Hemodialysis patient).
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ing the Kolmogorov-Smirnov test. Differences between
the groups were assessed by using unpaired t test, and p
< 0.05 was accepted as statistically significant. The mean
values of CIMT and EFT between patients and matched
controls were compared statistically by using the Stu-
dent’s t-test. SPSS 16.0 for Windows (Statistical Program
for the Social Services Inc, Chicago, IL, USA) program
was used for statistical analysis. Multivariate linear re-
gression analysis was used to define independent pre-
dictors of CIMT and EFT among well-known confounding
variables such as age, blood pressure, BMI, EF, and
levels of fasting glucose, lipids, creatinine and C-reactive
protein (CRP). Interclass correlation coefficient (ICC) was
calculated with a 95% confidence interval (Cl) to evalu-
ate the reliability of the EFT and CIMT measurement.
ICC had adopted the same interpretation as the kappa
statistics: ICC > 0.75 was considered as excellent, 0.4 to
0.75 as good, and ICC< 0.4 as poor.16

RESULTS

Groups were similar in terms of sex distribution,
age, blood pressure, heart rate and frequencies of CAD
risk factors including smoking status, family history of
CAD and hypertension. There were no significant differ-
ences in biochemical parameters between the CRF pa-
tients and controls except serum creatinine, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), and
CRP levels. Baseline clinical, anthropometric and bio-
chemical findings of our study group were provided in
Table 1. Serum LDL and HDL levels were significantly
lower in patients with CRF (104.5 £ 32.2 vs. 152.6 £ 39.3
and 33.6 + 8.5 vs. 45.2 + 12.8; p < 0.01), whereas serum
CRP level was higher in this group (0.9 £ 0.7 vs. 0.5 +
0.6; p < 0.01) (Table 1). There were also no significant
differences in two dimensional echocardiographic pa-
rameters including ejection fraction. EFT and CIMT mea-
surement of hemodialysis patients was compared with
control group, whose members were the same age, gen-
der and without any history of coronary artery disease.
Despite having lower BMI (24.3 + 5.0 vs. 27.8 £ 3.5; p <
0.01) EFT was significantly higher in CRF group com-
pared to the controls (8.0 £ 2.2 vs. 5.8 £ 1.9 mm; p <
0.01). CIMT was also significantly higher in hemodialysis
patients than in the control group (0.84 + 0.23 to 0.78 +
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0.2 mm, p < 0.01) (Figure 2-3).

In multivariate linear regression analysis to define
independent predictors of carotid IMT and EFT, among
variables including age, BMI, blood pressure, EF and cer-
tain biochemical parameters including fasting plasma
glucose, LDL, HDL, triglyceride, hematocrit, creatinine
and CRP; we found that being a hemodialysis patient
was the independent predictor for both EFT ( = 0.700,
p = 0.014) and CIMT (3 = 0.614, p = 0.047) (Table 2). ICC
was used to assess interobserver reproducibility of EFT
and CIMT in 18 consecutive patients. ICC agreement on
measurements were 0.91 (95% Cl: 0.76-0.97) for CIMT
and 0.90 (95% Cl: 0.75-0.96) for EFT which suggests
excellent reproducibility.

DISCUSSION

CRF patients have high morbidity and mortality

Table 1. Mean EFT values, demographic features and
biochemical data in our study groups

Control HDP p value
Number 84 60
Male sex (%) 50 (59.5) 33 (55) NS
Age (years) 58.83+10.5 56.7+16.2 NS
Smoking (%) 24 (28.6) 18 (30) NS
Family history of CAD (%) ~ 33 (39.3) 23 (38.3) NS
SBP (mmHg) 132.1+13.0 1283+17.0 NS
DBP (mmHg) 82.1+85  79.8+8.2 NS
Heart Rate (beat/min) 73.8+10.7 75.7+11.7 NS
BMI (kg/m?) 27.8+35 243+50 <0.01
FPG (mg/dl) 98.1+86 973+154 NS
LDL (mg/dl) 152.6 £39.3 104.5+32.2 <0.01
HDL (mg/dl) 452+12.8 336+85 <0.01
Triglyceride (mg/dl) 162.8+80.2 166.8+81.4 NS
Creatinine (mg/dl) 0.85+0.1 8.5+23 <0.01
ALT (U/L) 176+£7.2 15.2+7.9 NS
CRP (mg/dl) 0.5+0.6 09407 <0.01
EF (%) 58.4+4.1 57.3+4.2 NS
EFT (mm) 5.8+1.9 80+22 <0.01
CIMT (mm) 0.78+0.2 0.84+0.23 <0.01

ALT, alanine transaminase; BMI, body mass index; CAD,
coronary artery disease; CIMT, carotid intima media thickness;
CRP, C-reactive protein; DBP, diastolic blood pressure; EF,
ejection fraction; EFT, epicardial fat thickness; FPG, fasting
plasma glucose; HDL, high-density lipoprotein; HDP,
hemodialysis patient; LDL, low-density lipoprotein; SBP, systolic
blood pressure.
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ments between control group and hemodialysis patients.

rates because of the atherosclerotic vascular disease.™?
CRF can cause hemodynamic overload, anemia, malnu-
trition, increased oxidative stress, and hyperhomocy-
stinemia, which are the factors that increase atheroscle-
rosis and vascular disease.”*" It is crucial to detect pre-
mature atherosclerosis for prevention of CVD in CRF
patients.

Epicardial fat is a metabolic active organ that pro-
duces several proatherogenic cytokines and which may
have a role in the pathogenesis of CVD. It shares the
same microcirculation with myocardium. In terms of
greater capacity of releasing free fatty acids, EFT differs
from other visceral fat tissues. Elevated free fatty acid
concentration may stimulate autonomic nervous system
activity at the same time.'®*

BMI and waist circumference (WC) are poor indica-

Table 2. Multiple linear regression analysis of epicardial fat
thickness and carotid intima media thickness

EFT CIMT
Independent X -
variables Corr.e!atlon b value Corr.e!at|0n b value
coefficients 3 coefficients 3
HDP 0.700 0.014 0.614 0.047
BMI 0.114 0.219 0.138 0.170
Age -0.012 0.890 -0.042 0.661
SBP -0.027 0.788 -0.020 0.860
DBP -0.014 0.892 -0.011 0.917
EF 0.020 0.808 0.134 0.144
Hematocrit 0.107 0.335 0.006 0.962
FPG 0.055 0.501 0.163 0.069
Creatinine 0.169 0.487 0.381 0.151
CRP 0.005 0.952 0.080 0.422
HDL-C -0.047 0.641 -0.029 0.789
LDL-C 0.021 0.833 0.085 0.444
Triglyceride -0.161 0.090 -0.005 0.958

BMI, body mass index; CIMT, carotid intima media thickness;
CRP, C-reactive protein; DBP, diastolic blood pressure; EF,
ejection fraction; EFT, epicardial fat thickness; FPG, fasting
plasma glucose; HDL-C, high-density lipoprotein cholesterol;
HDP, hemodialysis patients; LDL-C, low-density lipoprotein
cholesterol; SBP, systolic blood pressure.

tors for cardiovascular risk. They reflect generalized adi-
posity rather than visceral adiposity and have some limi-
tations especially in older patients. In addition to low
sensitivity and specificity, the inter/intraobserver vari-
ability is another disadvantage of wc.2%*

In our study; patients with CRF had lower BMI and
LDL, which are independent indicators for CVD. Despite
having high cardiovascular risk, BMI and WC are fre-
quently lower due to nutritional disorders in CRF."
Therefore BMI and WC may not be preciously valid in
CRF.

Magnetic resonance imaging (MRI) and computed
tomography (CT) are gold standard methods for quanti-
fying visceral adiposity and EFT. EFT can be measured in
the right ventricular free wall and around the main coro-
nary arteries or the inter- and atrioventricular grooves.
Due to the difficulty in standardizing measurement loca-
tions, EFT reference value by CT is unclear.””** EFT mea-
surements have excellent reproducibility however, it is
technically more difficult. It was found that coefficient
of variability was 5.9% for the volumetric method and
13.6% for EFT at the long axis.”* The measurement of
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maximum EFT is more feasible, without significant accu-
racy decrease.”® Flutcher et al.”® evaluated EFT by MRI
using the mean of maximum EFT at several points of the
right ventricular free wall and found mean values com-
parable to those found by Schejbal et al.”® in 200 auto-
psies (mean thickness: 4.12 + 1.4 mm). EFT studies up
to date have evaluated small samples of patients. There-
fore, reference values are unclear. When comparing ul-
trasound and cardiac MRI for detection of total fat and
EFT, two techniques provided comparable results.?’ In
addition to EFT, some studies suggested that increased
cardiac fat in the pericardial adipose tissue is strongly
associated with features of metabolic syndrome and
pericardial fat, which is a better cardiometabolic risk
marker than epicardial fat tissue.”’

The high cost, necessity of more clinical experience,
the longer time to perform and radiation (for CT) are im-
portant disadvantages for these imaging modalities.
Nevertheless the measurement of EFT by echocardio-
graphy is simple, safe, cheap, rapid method and well-
correlated to gold standard modalities.”*?°

Data so far indicated that, measurement of EFT is in-
dependently associated with hypertension, insulin re-
sistance, metabolic syndrome, prediabetes, hyperlipi-
demia, endothelial dysfunction, the presence and sever-

30-35
We con-

ity of CAD, and subclinical atherosclerosis.
sidered EFT is not only a non-invasive, but also a practi-
cal method to screen CVD in hemodialysis patients.

CIMT is another marker that shows atherosclerosis
and also coronary artery disease.’”"* Benedetto et al.*®
found in their study that CIMT and concentric left ven-
tricular hypertrophy is related with cardiovascular
death. Kawagishi et al.”’ indicated that CIMT was signifi-
cantly higher in hemodialysis patients than in age- and
gender-matched control subjects Pascazio et al.*® showed
that the frequency of atherosclerotic plaques is larger in
dialysis patients than in healthy subjects and patients
who have traditional cardiovascular risk factors. A 0.1
mm increase in CIMT causes a 24% higher risk for car-
diovascular death.*®

Ultrasonography is a noninvasive and easy method
for CIMT measurement to detect premature vascular
atherosclerotic disease. Other modalities such as MRI
and CT can be also used for measurement of CIMT.
There is good correlation between wall area, wall thick-
ness, and plaque index measured by MRI and CIMT
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measurements obtained by ultrasound, but carotid MRI
has higher reproducibility compared with ultrasound.
However, our results indicate an excellent reproduci-
bility in measurements of CIMT. Compared with carotid
ultrasound, MRI is more expensive and also involves lon-
ger scan times and sensitivity to motion which restricts
its use.®® CT is not a preferred modality for measuring
carotid wall or plague due to its limitations associated
with dense calcification, poor contrast between lipid
and fibrotic components, and exposure to radiation.
Nevertheless, good agreement in measurement of CIMT
between multi detector-row CT angiography and ultra-
sound was reported in a study.*

Kiykim et al.*! stated that there is a positive correla-
tion between CIMT and the following parameters: age,
left ventricular mass, serum homocystein level, CRP,
ESR, albumin and mean hematocrit in CRF patients.
Hakan et al.** found higher values of CIMT in CRF chil-
dren comparing with the control group, as revealed in
our study. Moreover, Delucchie et al.** determined
there was a significant correlation between CIMT and
duration of dialysis. Interestingly, Hakan et al.** found
the same results in the pediatric group.

CIMT and EFT are useful for risk stratification in
hemodialysis population and they have positive correla-
tion with cardiovascular death. One of the most impor-
tant limitations of our study is its cross-sectional design.
It may affect the outcome and causal-relationship. Long
term prospective analyses are required to support this
hypothesis.

CONCLUSIONS

Hemodialysis patients are independently associ-
ated with high EFT and CIMT. These modalities are sim-
ple, inexpensive, easily accessible, non-invasive and
objective method for screening of subclinical CVD to
reduce morbidity and mortality in hemodialysis pa-
tients.
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