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Abstract

Objectives: Several risk scoring systems have been validated for cardiovascular risk prediction and prognosis. Periarterial 
adipose tissue intima media adventitia (PATIMA) index combining carotid intima media thickness (CIMT), carotid extra 
media thickness (CEMT), cardiac epicardial fat thickness (EFT), and body mass index (BMI) are related to coronary artery 
disease (CAD).
Materials and Methods: One-hundred-twenty-four patients were categorized as low synergy between percutaneous 
coronary intervention with taxus and cardiac surgery (SYNTAX) (<22) (n=84) or high SYNTAX (≥22) (n=40) score groups. 
Association of PATIMA index and its components with SYNTAX score were analyzed.
Results: CIMT, CEMT, BMI, EFT, and PATIMA index were not significantly different between groups. SYNTAX score 
was not significantly correlated with traditional CVS risk factors (diabetes, hypertension, hyperlipidemia, smoking, age). 
There was a significant correlation between the PATIMA index and age (r=0.308, p=0.001) but not with other risk factors. 
Age was significantly correlated with CIMT (r=0.289, p=0.001) and EFT (r=0.208, p=0.02) but not with CEMT (r=0.091, 
p=0.313). There was a significant correlation between CIMT and CEMT (r=0.414, p<0.001) and between CIMT and EFT 
(r=0.267, p=0.004).
Conclusion: We have found that the recently described PATIMA index and its components, CIMT, CEMT, and EFT 
are not associated with the severity of CAD assessed by the SYNTAX score. Furthermore, they have not correlated with 
classical risk factors apart from age.
Keywords: Carotid extra-media thickness, carotid intima-media thickness, coronary artery disease, PATIMA index, 
SYNTAX score
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Introduction
Strong correlation has been reported between the extent 

of carotid and coronary atherosclerosis(1,2). Cardiovascular 
(CVS) risk prediction is an important goal in daily medical 
practice. Several risk scoring systems have been validated 
for CVS prognosis(3-5). These systems usually use common 
risk factors and lack individual characteristics. Therefore, 
the results are inconclusive. 

To improve predictive power of the risk score systems, 
several ultrasound-based indices have been suggested 
for the assessment of prognosis of atherosclerosis in 
addition to major clinical CVS risk factors. Carotid 
artery intima-media thickness (CIMT) is used for the 
early risk prediction of atherosclerosis, ischemic stroke, 
and myocardial infarction(6). Few studies used common 
carotid artery extra-media thickness (CEMT) and reported 
its associations with CVS risk factors some of which were 
independent of CIMT(7).

Recently, a new index called periarterial adipose tissue 
intima media adventitia (PATIMA) is a combination of 
several arterial wall and adipose tissue indices [CIMT 
and CEMT, cardiac epicardial fat thickness (EFT) and 
body mass index (BMI)] predicting the atheroscleoris 
and coronary artery disease (CAD) in different aspects. 
It has been reported that PATIMA index and CEMT are 
associated with the severity and also the presence of 
coronary artery disease(8). However, the data are limited. 

The synergy between percutaneous coronary 
intervention with taxus and cardiac surgery (SYNTAX) 
score (SS) is an angiography-based scoring system that 
evaluates the characteristics of the obstructive coronary 
lesions(9). In the literature, it has been reported that there is 
a strong association between SS and cardiac complications 
after angiographic revascularization treatment in CAD 
patients. It has also been reported that there is a strong 
association between CIMT and SS(9-11).

The aim of the study was to investigate the association 
between PATIMA index and the presence and the severity 

of CAD determined based on the SYNTAX scoring system 
in patients with high and very-high risk.

Materials and Methods
This study was prospectively designed, approved 

by the Local Ethics Committee of Bolu Abant İzzet 
Baysal University Clinical Researches Ethics Committee 
(reference no: 2019/26, date: 30.01.2019), and conducted 
according to the Helsinki Declaration between January and 
December 2019. A written and verbal informed consent 
was obtained from each subject. One hundred twenty-four 
consecutive patients undergoing coronary angiography 
for typical anginal symptoms or other noninvasive 
tests suggesting stable CAD in the university hospital’s 
cardiology department, who had had at least single vessel 
CAD with ≥50% stenosis, were enrolled in the study. 

Having a previous history of coronary, carotid or 
peripheral artery atherosclerosis, myocardial infarction, 
and moderate to severe heart valve disease, heart failure, 
significant renal failure, severe liver dysfunction and poor 
ultrasound image quality were determined as exclusion 
criteria. 

Two experienced cardiologists analyzed the 
angiographic data of the patients blindly. Each coronary 
lesion causing a ≥50% diameter stenosis was scored based 
on the angiogram and using the SS algorithm, and these 
scores were combined to determine the total SS and the 
patients were grouped as low SS (<22) or high SS (≥22) 
groups(12).

Hypertension (HT) was determined in case of prior 
diagnosis or systolic blood pressure (SBP) >140 mmHg 
and/or diastolic blood pressure >90 mmHg in follow 
up. Following plasma lipid levels were determined as 
dyslipidemia [total cholesterol higher than 190 mg/dL, 
low-density lipoprotein cholesterol higher than 115 mg/
dL, triglycerides higher than 150 mg/dL, high-density 
lipoprotein (HDL) cholesterol higher than 40 mg/dL in 
men and <50 mg/dL in women](13). Patients with plasma 
fasting glucose level >126 mg/dL and HbA1c level 
>6.5% were diagnosed as diabetes mellitus (DM). In case 
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of having doubt for the diagnosis of DM, having second 
hour post-load plasma glucose level >200 mg/dL was 
defined as DM(14,15). The presence of CAD in a first-degree 
relative of a male younger than 55 years or a first-degree 
relative of a female younger than 65 years was defined as 
a family history of CAD(16,17).

Ultrasonographic Measurements

The electrocardiography-based ultrasonographic 
examination of bilateral carotid arteries was performed 
using high-resolution ultrasound (GE Healthcare, M4S-
RS, Tokyo, Hino-Shi, Japan) with a 7.5 MHz linear 
transducer.  The measurement of each carotid arteries 
was repeated three times and the mean values were used 
for analysis. All ultrasonographic measurements were 
performed by the same experienced physician who was 
blinded to the study. All the ultrasonographic images were 
recorded and measured by an experienced cardiologist 
blinded to the study, using constant settings. For each 
parameter, intra-observer variability was determined by 
comparing data of the same physician at two different 
measurement sessions. Intra-observer variabilities of 
measurements were assessed by the method which was 
defined by Bland and Altman(18).

Carotid Intima-media Thickness

Both common carotid arteries of the participants were 
longitudinally scanned. Images obtained from the distal 
part of the common carotid artery, 1-2 cm proximal to the 
carotid bulb, were used for evaluation. The two hyper-
echogenic lines on the arterial wall were determined as 
the intima and media lines. The distance from these two 
hyper-echogenic lines was used for the measurements of 
carotid intima-media thickness (CIMT). Intra-observer 
variability for CIMT measurement was 3.6%.

Carotid Extra-media Thickness

Carotid extra-media thickness (CEMT) incapsulates 
outer layer of the arterial wall, the adventitia layer, 
interstitial tissue, and perivascular adipose tissue(7). The 
distance between the border of carotid media-adventitia, 

at approximately 1 to 1.5 cm proximal to the carotid bulb, 
and the wall of the jugular vein. The measurements were 
taken at end-diastole. Among ten patients, CEMT was 
measurable only in one carotid artery and these unilateral 
measurements were included in the study. CEMT could 
not be measured in four patients due to inadequate image 
quality to define CEMT border in either carotid arteries. 
Intra-observer variability for CEMT measurement was 
2.7%. 

Epicardial Fat Thickness

The 4-Mhz transducer of Vivid S5 N (GE Vingmed, 
N-3191 Horten-Norway) was used to perform 
echocardiographic procedures. A single blind cardiologist 
took all echocardiographic images. The mean value of the 
three cardiac cycles was used. EFT was noted as an echo-
free or hyperechoic area between the epicardium and the 
visceral layer of the pericardium and it reflected visceral 
adipose tissue(19). The assessment of EFT thickness was 
performed from the parasternal long- and short axis views 
of the free wall of the right ventricle. The measurement 
was made at the level of the aortic annulus perpendicular 
to the free wall of the right ventricle. The measurements 
of maximum values were made at the end of diastole. The 
intra-observer variation for EFT was 4.3%. 

PATIMA Index

PATIMA index was calculated as (CEMT / BMI x 35) 
+ CIMT + (EFT x 60), which was described by Haberka 
et al.(8)

Statistical Analysis

SPSS (version 16; SPSS Inc. Chicago, Illinois) software 
was used to perform statistical analysis. Data were 
presented as mean ± standard deviation and nonparametric 
data were expressed as number and percentages of the 
total. The Kolmogorov-Smirnov test was used to test 
whether the data were distributed normally. Data between 
the groups were compared with the chi-square test for 
qualitative variables and the Student’s t-test or Mann-
Whitney U test for quantitative variables. The correlation 
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between atherosclerosis markers was evaluated using the 
Spearman correlation test.  A p-value below 0.05 was 
considered as significant.

Results

A total of 124 CAD patients were included in the study. 
There were 84 low- and 40 high-SS patients. There was no 
significant difference between low- and high-SS patients 
in terms of baseline clinical characteristics. CIMT, CEMT, 
BMI, EFT, and PATIMA index were also not significantly 
different (Table 1).

SYNTAX score was not significantly correlated with 
classical CVS risk factors. A significant correlation was 
found between PATIMA index and age but not with 
other CVS risk factors (Table 2). Age was significantly 
correlated with CIMT (r=0.289, p=0.001) and EFT 
(r=0.208, p=0.02) but not with CEMT (r=0.091, p=0.313). 
There was a significant correlation between CIMT and 
CEMT (r=0.414, p<0.001) and between CIMT and EFT 
(r=0.267, p=0.004).

Discussion
We have found that recently described PATIMA 

index and its components, CIMT, CEMT, and EFT are 
not associated with CAD severity calculated by SS. 
Furthermore, they are not correlated with classical CAD 
risk factors [DM, HT, smoking, Hyperlipidemia (HL)] 
apart from age.

The SS consists of a combine validated angiographic 
evaluation to classify the coronary lesions in terms of the 
number, functional impact, and complexity of them(20). The 
SS is essentially recommended for decision making for 
coronary angiography rather than prediction for functional 
outcome of the patients. However, its prognostic utility 
has been validated in different settings, including patients 
with three-vessel or left-main CAD undergoing either 
percutaneous coronary intervention or coronary bypass 
surgery(21-24). The SS has also been used to assess the 
relationship between carotid ultrasonographic findings 
and CAD severity(9-11). Association of CIMT with CAD 
severity is controversial. Although several studies have 
reported that there is an association between CIMT and 

Table 1. Comparison of baseline clinical characteristics and ultrasound indices between the groups 
SYNTAX score <22
(group 1) (n=84)

SYNTAX score ≥22
(group 2) (n=40) p-value

Age (years), mean ± SD 63.8±10.9 64.6±9.3 0.670

Sex (male) 75% (63) 82.5% (33) 0.491

HT 60.7% (51) 52.5% (21) 0.439

DM 36.9% (31) 45% (18) 0.435

HL 13.1% (11) 10% (4) 0.772

FH 15.5% (13) 25% (10) 0.223

Smoking 22.6% (19) 27.5% (11) 0.625

EF, (%) 57.5±8.3 54.9±8.6 0.018

CEMT, (µm) 700 (600-800) 700 (600-800) 0.750

BMI, (kg/m2) 28.69±4.43 28.85±4.73 0.775

CIMT, (µm) 700 (600-800) 700 (600-900) 0.987

EFT, (mm) 6.71±2.42 7.10±2.13 0.383

PATIMA index 1,999.86±351.60 2,022.99±405.05 0.746

HT: Hypertension, DM: Diabetes mellitus, HL: Hyperlipidemia, FH: Family history, SD: Standard deviation, EF: Ejection fraction, CEMT: Carotid artery extra 
media thickness, BMI: Body mass index, CIMT: Carotid artery intima-media thickness, EFT: Epicardial fat tissue, PATIMA: Periarterial Adipose Tissue Intima 
Media Adventitia, SYNTAX: Synergy between percutaneous coronary intervention with taxus and cardiac surgery n: Number
Data are expressed as mean ± (SD) or median (minimum-maximum) 
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the presence and severity of CAD(9,25), Saedi et al.(26) found 
no significant correlation between CIMT and SS. Ikeda et 
al.(10) studied CIMT and SS in 501 patients and reported a 
significant correlation between the CIMT and the SS and 
similar to our population, majority of patients (84.8%) had 
a low SS value (<22). However, the mean CIMT value in 
their study was higher than that in our study (0.9 mm vs. 
0.7 mm). Lack of association between CIMT and SS in 
our study may be partially explained with relatively low 
mean CIMT value (0.7 mm) compared to previous studies. 
However, Costanzo et al.(27) reported high prevalence 
of carotid lesion in patients with complex CAD with 
relatively high average CIMT (1.15 mm) but similar to 
our findings, SS was not correlated with the presence of 
carotid disease in their multivessel CAD patients.

Different from a well-known CIMT, CEMT is an 
ultrasound index of outermost layer of distal segments 
of the common carotid artery and jugular vein(19,28,29). It 
has been shown that arterial adventitia has undergone 
thickening and remodeling in response to experimental 

HT and HL(30). However, assessment of this outer part 
of arterial wall has not gained popularity. Lefferts et 
al.(31) found that CEMT, but not CIMT, was significantly 
associated with carotid stiffness in young, apparently 
healthy men. They suggested that visceral adiposity and 
carotid hemodynamics detrimentally affect CEMT and in 
turn, impact carotid wall stiffness. CEMT was also found 
to be related to metabolic syndrome and adiposity(28). 
CIMT and CEMT were shown to be increased in HT(32). 
Skilton et al.(7) found that CEMT was increased in DM and 
HL. They reported that there was a negative association 
between HDL and CIMT, a J-shaped association between 
SBP and CIMT, and a positive association between DM 
and CIMT. Saedi et al.(26) reported that the presence of HT 
and DM may be related to increased CIMT. However, in 
the present study, we could not find such an association 
of CIMT and CEMT with CVS risk factors including DM 
and HL in patients with documented CAD. Supporting our 
findings, in a retrospective study, Cai at al.(33) reported that 
there was an association between CIMT and CVS events 

Table 2. Correlation Between SYNTAX Score and PATIMA Index and The Clinical and Ultrasound Indices in Study Subjects
Variables SYNTAX score PATIMA index

Age r=0.059
p=0.512

r=0.308
p=0.001

HT r=0.048
p=0.597

r=0.010
p=0.910

DM r=0.039
p=0.667

r=0.015
p=0.873

HL r=0.158
p=0.08

r=0.118
p=0.193

Smoke r=0.053
p=0.560

r=0.118
p=0.193

EFT r=0.155
p=0.088

r=0.479
p<0.001

CEMT r=0.040
p=0.662

r=0.716
p<0.001

CIMT r=0.020
p=0.827

r=0.774
p<0.001

BMI r=0.001
p=0.992

r=0.255
p=0.004

PATIMA index r=0.039
p=0.665 -

HT: Hypertension, DM: Diabetes mellitus, HL: hyperlipidemia, EFT: Epicardial fat tissue, CEMT: Carotid artery extra media thickness, CIMT: Carotid artery 
intima-media thickness, BMI: Body mass index, PATIMA index: Periarterial Adipose Tissue Intima Media Adventitia, SYNTAX: Synergy between percutaneous 
coronary intervention with taxus and cardiac surgery n: Number
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in adults having the risk of CAD and reported that unlike 
CIMT, there was no significant association between 
CEMT and CVS events in high-risk adults. Different 
results about the association of other CVS risk factors 
with ultrasound indexes may depend on the population 
studied but age is constant. Aging itself has an important 
role in the pathogenesis of atherosclerosis through 
physiological degenerative CVS changes. Of the CVS 
risk factors, age has the strongest independent association 
with atherosclerosis possibly combining the role of other 
established risk factors and aging itself. 

Haberka et al.(8) have combined CEMT and CIMT with 
periarterial fat indices and proposed PATIMA index as a 
combined reflection of these well-known and relatively 
new CVS risk predictors. They reported that PATIMA was 
related to the presence and as well as the severity of CAD. 
Furthermore, higher PATIMA indices were suggested 
to predict more complex CAD comparing with single-
ultrasound variables and clinically assessed risk factors(34). 
Recently, Haberka et al.(35) have reported that carotid 
vascular indices (CIMT, CEMT, and PATIMA index), 
may provide to predict the indication of coronary 
revascularization in high or very high-risk CAD patients, 
although clinical evaluation and the presence of CVS 
risk factors did not have provided a predictive value. In 
contrast to the reports of Haberka et al.(36), in our study, 
however, no significant association was found between 
PATIMA index and the severity of CAD assessed by SS. 
The design of our study is cross-sectional, and the number 
of patients is relatively small. Therefore, the relationship 
between ultrasound indexes and their combined outcome-
PATIMA index with the severity of CAD can be limited 
due to individual variations of the studied indexes. Such 
that some parameters that influence the SS may not be 
related to atherosclerosis burden like vessel tortuosity and 
bifurcation lesion angle. 

Study Limitations

Measurements of CEMT, EFT and to a lesser extent 
CIMT require training and experience to obtain optimal 

image(28,29,36). However, the measurements were performed 
by an experienced observer and patients with inadequate 
image quality were excluded. Relatively small number 
of study patients may be a reason for our unavailability 
to find an association between PATIMA and CEMT with 
severity of CAD. Due to lack of a control group having 
normal coronary arteries, we were not able to speculate 
about predictive value of studied indices for the presence 
of CAD. 

Conclusion
In this single-center study, on the contrary to previous 

few studies, we found that PATIMA index and its 
components, CIMT, CEMT and EFT were not associated 
with CAD severity calculated by SS. Larger studies are 
required to determine the association between these 
parameters and severity of CAD. 
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