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ABSTRACT

Background: There is no study about the relationship
between the complexity of coronary artery disease (SYNTAX
SCORE; SS), and coronary artery calcium (CAC) score, accom-
panied with aortic calcium score (ACS) levels. The objective of
this study was to investigate the relationship between the pre-
operative SS and CAC scores accompanying ACS in isolated
CABG patients and their postoperative clinical results.

Methods: This study included 130 consecutive CABG
patients. The mean age of the patients was 62.3 = 8.62 years
(range: 47-84 years). SS was measured using coronary angi-
ography by an experienced cardiologist. We investigated the
ACS accompanied with CAC scores using a multidetector
computed tomography (MDCT) in the same session, pre-
operatively. Measurements of the CAC score and ACS were
measured by an experienced radiologist, who was unaware of
the study in the same session. In order to investigate aortic
wall pathology in patients with positive aortic calcification,
we provided aortic tissue samples prior to the proximal anas-
tomosis of bypass grafts using No:11 scalpel.

Results: Overall median SS was 39 = 7.2 (range: 15-41).
CAC score was zero in 34 patients (26.1%). For the patients
with a CAC score of zero, the median SS was 32 + 9.4. There
was no evidence of aortic calcification or plaque formation in
62 patients (47.6%). In these patients, the median SS was 35.6
+ 11.3. No significant difference was found when both groups
were compared and for those patients with a calcific score of
zero (P = .85). The median CAC score and ACS were 238 +
122 AU (range: 0-1238 AU) and 112 + 40 AU (range: 0-730
AU), respectively (P = .0033). For patients with a CAC score
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and ACS >400 AU, the mean SYN'TAX score was >37. SS was
correlated with CAC score (R:0.585; P < .0001). SYNTAX
was correlated with ACS (R:0.557; P < .001). In multivariate
analysis of SS (OR 1.053, 95% CI: 1.003-1.106, P = .039),
gender (OR 0.189, 95% CI: 0.053-0.678, P=0.011), age (OR
1.454,95% CI: 1.256-1.632, P = .012), and diabetes mellitus
(OR0.341,95% CI: 1.006-1.124, P = .014) were independent
predictors for CAC score and aortic calcification.

Conclusions: CAC score and ACS are strongly correlated

with the complexity of coronary arteries in CABG patients.
The total CAC score (= 400 AU) was independently associ-
ated with the degree of SS (>37). To prevent MACCE and
mortality in CABG patients, we suggest the measurement of
CAC score accompanied with ACS using MDCT as a non-
invasive method.

Highlight points:

* Atherosclerotic plaque formation in aorta and coro-
nary arteries are the main risk factors for stroke and
infarction in CABG operations.

*  SYNTAX score value and aortic atherosclerosis levels
are directly correlated.

e SYNTAX score may predict the complications due to
atherosclerosis during heart surgery.

INTRODUCTION

Traditional coronary angiography is accepted as the gold
standard for the diagnosis of CAD, which may be used as a
guide for suitable treatment options in patients with a severe
CAD [Herrington 2016]. Previous reports demonstrated that
the severity and complexity of CAD assessed by the use of
SS-I or SS-II are associated with a high rate of major adverse
effects of cerebral and cardiovascular events (MACCE)
and perioperative myocardial infarction [Schaftenaar 2016;
Kojima 2019; Nohara 2004]. SS was described as the pre-
diction of the complexity of coronary artery lesions, and it
was assigned using angiographic visualization. According to
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Figure 1. Aortic stiffness was measured from the sinotubular junction to
the end of the aortic arch.

previous reports, patients with high SS were correlated with
contrast nephropathy [Ozturk 2016] and new onset of atrial
fibrillation [Rencuzogullari 2018]. Therefore, the evaluation
of SYNTAX may prevent mortality and morbidity in patients
with risk factors [Raggi 2000; Haberl 2001]. Coronary artery
calcific disease and the aortic calcification score are other
independent risk factors for mortality and morbidity, such as
MACCE [Ozturk 2016; Rencuzogullari 2018; Raggi 2000].
However, the relationship between SS and CAC score and
aortic stiffness has been reported in a limited number of case
series [Budoff 2002; Shimizu 2015].

Properties of plaques and calcium load are important fac-
tors for vascular dissection or embolic events during stent
placement in PCI procedures and aortic cross-clamping in
CABG surgery. The processes, such as the presence of calci-
fied plaque, remodeling of endothelial plaque, intracoronary
or intra-aortic plaque rupture, and an endothelial dysfunc-
tion related to calcific disease, were described as the criteria
for plaque formation [Raggi 2000; Haberl 2001; Budoff 2002;
Shimizu 2015]. According to the major and minor criteria,
MDCT may be used for assessing the risk of plaque vulner-
ability [Haberl 2001; Budoff 2002; Shimizu 2015]. Active
inflammation, intravascular thrombosis, fibrous atherosclero-
sis with large lipid cells, and severe luminal stenosis are the
major factors for plaque vulnerability.

Frequently, angiographically proven CAD is associated
with coronary calcification. Because coronary calcification is
an independent predictor of cardiovascular events, MDCT
is proposed for the detection of plaque formation, including
intravascular or extravascular calcific load [Ruben 2018; Mirbo-
louk 2020]. Atherosclerotic plaque rupture may cause an aortic
aneurysm or dissection, penetrating ulcer, and cerebral embolic
events. Therefore, cardiac MDCT is being increasingly used
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Figure 2. Sinotubular junction to end of the aortic arch to calculate
calcific score.

as a noninvasive imaging method in clinical settings for screen-
ing in the suspicion of vascular calcific disorders [Raggi 2000;
Haberl 2001; Budoff 2002; Shimizu 2015].

The authors showed that the CAC score and/or aortic cal-
cification [Raggi 2000; Haberl 2001; Budoff 2002] were inde-
pendent predictors of mortality and morbidity in CABG or PCI
patients. Shimizu et al demonstrated that aortic valve calcifica-
tion could be a surrogate marker for CAD progression [Shimizu
2015]. They suggested the routine ACS measurement from an
aortic annulus to descending aorta to prevent the post-procedure
risk of mortality in patients with severe aortic valvular calcifica-
tion. Ruben et al demonstrated that abdominal aortic calcifica-
tion was associated with an increased burden of cardiovascular
morbidity and mortality, and it could be used as a predictor of
adverse cardiovascular disease events [Ruben 2018]. Mirbolouk
et al showed that a high CAC score was an independent risk
factor of all-cause mortality and related to cardiovascular events
[Mirbolouk 2020]. Calcific scoring is a non-invasive imaging
method with relatively little radiation exposure.

Our aim in this study was to investigate the relationship
between the coronary artery and aortic calcium scoring and
SS to investigate whether these measurements can be used as
predictors to prevent cardiovascular mortality and morbidity
in CABG patients before surgery.

PATIENTS AND METHODS

After the approval of the study protocol by the local ethics
committee, informed consent was collected from patients.
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Figure 3. Coronary artery calcification at LAD, CX, and RCA shown in
multidetector computed tomography.

The study included a total of 130 consecutive isolated
CABG patients, who were treated at our institute, between
June 2020 and December 2020. Baseline patients’ charac-
teristics are summarized in Table 1. We excluded patients
with cardiac valvular pathology and those who already had a
cardiac operation. In addition, patients with a severe periph-
eral artery disease and those who had low glomerular filtra-
tion rate, chronic kidney failure, or hepatic disease also were
excluded from the study.

Measurement of CAC and ACS Score: Routine biochemi-
cal and blood count values including lipid profiles, preopera-
tive creatinine levels, and estimated glomerular filtration rate
(eGFR) were measured before MDCT to detect cardiovas-
cular risk factors. Hypertension was identified based on the
prior prescription of antihypertensive drug use. Diabetes was
defined as the prior prescription of antidiabetic(s) use. Fasting
glucose levels and hemoglobinAlc were measured. Body mass
index (BMI) was calculated for each patient.

All MDC'Ts were performed by an experienced radiologist
who was blinded to the study. In order to investigate CAC
score and ACS, a non-contrast 128-slice MDCT scanner
was used (Somatom Definition, Siemens Healthcare, Forch-
heim, Germany). CAC scores were calculated, according to
the modified Agatston Unit (AU). The scan was performed
from the tracheal bifurcation to the diaphragm. Prospective
electrocardiogram triggering (75% of R-R interval) was used
with a slice thickness of 2.0 mm. Collimation width and rota-
tion time were 32x0.625 mm and 330ms, respectively. All
MDCT data were transferred to an off-line workstation (Net
Station; Terare Con Inc., San Mateo, CA, USA) for image
reconstruction and analysis. ACS and CCS were determined
using a 2-D image. For calculation of ascending aortic stiff-
ness, we measured calcific score from the sinotubular junction
to the end of the aortic arch (Figures 1 and 2). The tomo-
graphic slices were recorded during a single breath-holding
session. All images were electronically triggered to minimize
cardiac movement. The degree of calcification scores was cal-
culated by multiplying the area of each calcified lesion by a
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Figure 4. Coronary artery calcification in multidetector computed to-
mography and conventional angiography.

weighting factor corresponding with the peak pixel intensity
for each lesion in order to yield a lesion-specific calcifica-
tion score. We examined the left main coronary artery, left
anterior descending coronary artery (LAD), left circumflex
artery (LCx), and the right coronary artery (RCA). According
to coronary artery dominancy, 520 coronary segments were
evaluated by MDCT in 130 CABG patients, preoperatively.
Coronary artery calcification is shown in MDCT following
coronary angiography (Figures 3, 4, and 5).

Measurement of SYNTAX score: We performed selec-
tive coronary angiography. We determined the presence of
a significant lesion if there was a 50% or greater stenosis in
the luminal diameter of the coronary tree. The characteris-
tics of the patients’ data, including diseased vessels (LMCA,
LAD, RCA, and LCx), and the vessel number were noted. SS
is associated with the complexity of diseased coronary arter-
ies, and it was calculated using previously defined software,
which integrates some components (morphological features
of each coronary artery lesion), including chronic total occlu-
sion (CTO), bifurcation, and trifurcation lesions, tortuosity,
and diffuse disease. Lesions with > 50% luminal obstruction
in vessels with a diameter 21.5 mm were added to provide
www.syntaxscore.com. All coronary angiograms were scored
by experienced cardiologists who were unaware of the study.

Pathological evaluation of the aorta: For histologic evalu-
ation, aortic samples were obtained from the lowest concen-
tration of atherosclerotic plaque section that was identified by
intraoperative epiaortic ultrasound scanning (EAU). We used
a 7.5 MHz ultrasonic probe (Philips EPIQ-7Ultrasound)
for evaluation of the ascending aorta intraoperatively before
the opening of the pericardium. Concerning the on-pump
approach during the cross-clamping or side clamping, a small
incision was made on the aorta using No: 11 scalpels. The
tissue samples from the ascending aorta were kept in the glu-
taraldehyde solution under sterile conditions. Tissue samples
were processed by routine clinical laboratory methods, being
fixed in 10% formaldehyde and embedded in paraffin wax.
Tissue sections were cut, using a microtome, at Spm thick-
ness, placed onto glass slides, and the sections were stained
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Figure 5. Coronary artery calcification in multidetector computed to-
mography.

with hematoxylin and eosin (H&E) and examined under the
light microscope. The histochemical evaluation was con-
ducted with in tissue samples, which were classified according
to American Heart Association atherosclerosis classification
by blinded investigators. The severity of atherosclerosis was
classified into six groups compatible with the American Heart
Association guidelines. We accepted significant atherosclero-
sis, in terms of type-3 and greater, which were assigned to
the atherosclerosis group (Figure 6). SYNTAX scores for
each lesion were calculated separately, and the total SYNTAX
scores were obtained by summing all these lesions. Accord-
ing to the ESC guidelines, the SYNTAX score was divided
into three groups: less than 15 was considered as low risk
(group 1), between 16 and 27 was considered intermediate
risk (group 2), and greater than 27 (group 3) was considered
as high-risk patients.

Surgical techniques: We used the off-pump technique in
patients with isolated LAD stenosis (N = 18). If the patients
had no evidence of aortic calcification, then we used a tradi-
tional on-pump technique using an aortic cross-clamping (N =
68 patients) via sternotomy incision. To prevent MACCE and
preoperative myocardial ischemia, we used left anterior tho-
racotomy incision (minimally invasive direct coronary artery
bypass) (MIDCAB) in patients with the aortic calcific disease.
In patients with severe ACS in combination with multives-
sel disease and severe aortic calcification or porcelain aorta,
arterial and venous cannulation was performed using femoral
artery and the right atrium using on-pump techniques.

Patients with a CAC score of less than 400AU, who were
operated by the on-pump method without using aortic clamp,
were successfully weaned from the extracorporeal circulation.
In total arterial CABG, the left and the right internal thoracic
artery (LITA and RITA) or the radial artery (RA) were har-
vested. The T-graft technique was used in patients with ACS
> 400 (N = 20).

Statistical analysis: All data were processed using the 'Sta-
tistical Package for Social Sciences for Windows 22.0 (SPSS,
Chicago, IL, USA) program. Continuous variables were

© 2021 Forum Multimedia Publishing, LLC

Figure 6. Type 3 and greater atherosclerosis was assigned to significant
atherosclerosis group.

expressed as means with standard deviations. Categorical
variables were expressed as ratios. The differences between
the groups were detected using the y’-test for categorical
variables. Analysis of variance was used for the normally dis-
tributed continuous variables, and the Kruskal-Wallis test
was utilized for the non-normally distributed continuous
variables. Binary logistic regression analysis was performed
to test multivariate predictors of atherosclerosis greater than
type-3. Receiver operating characteristics (ROC) analysis was
used to identify the effects of the SYNTAX I score obtained
from coronary angiography lesion assessment on atheroscle-
rotic plaque formation in the ascending aorta. P-value <.05
was considered as statistically significant.

Sample size: It was calculated that at least 36 cases should
be included in the study when a power analysis was performed
with a significance level of 0.05 and a power of 0.80 in order
to find a significant relationship with approximately R = 0.45
between SYNTAX and CAC scores.

Four patients died (3%) during the course of the study.
The reasons for death were low cardiac output syndrome (N
= 3) and acute renal failure (N = 1). We detected a cerebrovas-
cular embolic event in a male patient who had a high ACS (>
1000) (N = 1). Hemiplegia was detected on the third day after
surgery in this patient. He was treated and discharged home
34 days after his surgery.

Median SS was 39 = 7.2 (range: 15-41). CAC score and
ACS were zero in 34 patients (26.1%) and 62 patients (47.2%),
respectively. The median age of these patients who had no
evidence of aortic calcification and CAC were 56 + 11.4 years
(range: 37-68 years) and 59 = 14.1 years (range: 41-67 years).
In these patients, the median SS was 18 + 5.4. Eighteen out of
34 patients had diffuse LAD artery stenosis (13.8%). Among
them, 11 patients had two (8.4%), and five patients (3.8%)
had three vessel diseases, respectively.

The median CAC score was 238 = 122 AU (range: 0-1238
AU) in 96 CABG patients (74.9%), while median ACS was
112440 AU (range: 0-730 AU) in 68 patients (52.8%). Coro-
nary artery calcification was significantly high in patients
who had ACS (P = .002) (95% CI; (0.81-0.93). Sensitivity
and specificity were 83.6 and 81.0, respectively (P < .001).
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Table 1. Demographics and patients

Severe Atherosclerosis (N = 67) No or Mild Atherosclerosis (N = 61) P

Clinical characteristics

Age, year 64.18 + 8.64 60.55 + 8.28 .012
Female gender, n (%) 12 (17.9) 5(8.2) .106
Body mass index (kg/m?) 32.87 +3.38 28.20 + 4.65 .185
Diabetes mellitus, n (%) 20 (29.9) 30 (49.2) .025
Hypertension, n (%) 50 (74.6) 42 (68.9) 468
Hyperlipidemia, n (%) 26 (38.8) 31 (50.8) 72
Smoking, n (%) 43 (64.2) 39 (63.9) 977
Family history, n (%) 21 (31.3) 31 (50.8) .025
Percutaneous coronary intervention, n (%) 18 (26.8) 7 (1.4) .004
Chronic obstructive lung disease, n (%) 4(5.9) 3 (4.9) 236
Cerebrovascular accident, n (%) 1(1.4) 0 (0) 124
Myocardial infarction, n (%) 17 (25.4) 29 (47.5) .009
Ejection fraction, % 53.10 £ 7.28 54.18 + 8.48 291
SYNTAX score | 27.38 +8.38 25.31 + 6.98 .007
EuroSCORE Il 2.93+1.82 2.10 £2.04 .017
Medication

Aspirin, n (%) 32 (52.5) 38 (56.7) .629
Statins, n (%) 24 (39.3) 25 (37.3) .813
ACE-inhibitors, n (%) 25 (41) 13 (19.4) .008
B blockers, n (%) 8 (13.1) 7 (10.4) .104

The median SYNTAX score was found to be 37.8 + 18.3 for
patients whose CAC score was = 400 AU. In patients with a
CAC score that was lower than 400 AU, the median SS was
observed to be 19.2 = 7.1. When compared, it was observed
that the median SS was significantly higher in patients who
had 2400 AU (P = .000). Spearman’s correlation test demon-
strated a significant correlation between the SS and the total
CAC score (R:0.489, P <.001).

In the multivariate analysis of SS (OR 1.053, 95% CI:
1.003-1.106, P = .039), gender (OR 0.189, 95% CI: 0.053—
0.678, P = .011), age (OR 1.454, 95% CI: 1.256-1.632, P
=.012), and diabetes mellitus (OR 0.341, 95% CI: 1.006-
1.124, P = .014) were independent predictors for ACS. ROC
curve analysis showed the cut off value of CAC score and
ACS in predicting patients with SS >35 (Figure 7). Total
CAC score identified patients with SS >35 with a specificity
of 85% (95% CI: 79.8%-90%) and a sensitivity of 63.2%
(95% CI:50%-85%), and with a cut-off value of > 400 AU
(AUC: 0.780, 95% CI: 0.794-0.806). No significant differ-
ences were found when compared with CAC and ACS levels
in males and females (64.18 + 8.64 vs. 60.55 + 8.28, P = .66)
(13.2%; N = 17).

Multiple linear regression analysis demonstrated that age
(B:0.140, P = .024), male gender (3:0.130, P = .032), and SS
(B:0.400, P < .000) were independent predictors of the total

E1000

CAC score. Independent associates of total CAC score are
summarized in Table 2. The results of the correlation analysis
between the total CAC score and morphological features of
lesions included in SS are summarized in Table 3. Pearson’s
correlation analysis showed that there was a strong correla-
tion between CAC and SYNTAX (R = 0.366, P =.001). None
of the independent associates were significantly correlated
with the total CAC score (R =0.201, P =.002). Hypertension,
active smoking, preoperative antiaggregant or anticoagulant
medication, and dyslipidemia were not significant factors in
the SYNTAX level.

The univariate analysis demonstrated that active smoking
and dyslipidemia, diabetes, and age were strongly correlated
with CAC score levels and aortic stiffness. They were asso-
ciated with a high CAC score (P = .01). The ANOVA test
exhibited significant linearity in the line of regression (P =
.02). Age (B =0.208, P =.05) and SYNTAX score (B =0.35, P
=.004) were found to be significant independent predictors of
total CAC score, and aortic calcification. The associations of
other variables are shown in Table 4.

The analysis demonstrated that there was a strong rela-
tionship between the ACS level (cut-off value > 225 AU) and
SS. In patients who had SS >35, the level of CAC was more
than 400 AU (0.88; 95% confidence interval, 0.78-0.90 (sen-
sitivity and specificity were 92.4% and 78.3% (P < .01). The
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Figure 7. The ROC curve of the relationship between SYNTAX | score
and atherosclerosis in aorta.

threshold for predicting a high SYNTAX score was more
than 200 AU (0.81; 95% confidence interval, 0.77-0.87; sen-
sitivity and specificity were 81.5% and 90.4%, respectively (P
=.034). In addition, the cut-off value of CAC for predicting
multivessel disease was 400 AU (0.70; 95% CI, 0.66-0.83).
The sensitivity and specificity were 84.5 and 72.1%, respec-
tively (P = .0020).

Left ventricular ejection fraction (LVEF) was not related
to the CAC score and ACS (54.18 = 8.48 versus 53.10 =
7.28; P = .291). The frequency of diabetes mellitus was
29.9% (N = 20) in patients with mild or no atherosclerosis,
however in a group of patients with severe atherosclero-
sis, it was 49.2% (N = 30), and the difference was found
to be statistically significant (P = .025). Family history was
more frequent in patients without or mild atherosclerosis
rather than patients with heavy atherosclerosis in the aorta
(50.8% versus 31.3%, P = .025). As expected, the severe
atherosclerosis group had more percutaneous coronary
intervention history than the other group, and the differ-
ence was statistically significant (26.8% versus 11.4%; P =
.004). Patients with a higher SYNTAX score I tended to
have more atherosclerosis than those with lower scores
(27.38 + 8.38 vs. 25.31 = 6.98, P = .007). EuroScore II was
significantly higher in patients with severe atherosclerosis
rather than mild atherosclerosis (2.93 + 1.82 versus 2.10 =
2.04, P = .017).

Multivariate analysis was performed with adjusting the
covariates listed in Table 2. SYNTAX score found an indepen-
dent predictor [OR 1.053, 95% CI: 1.003-1.106, P = .039].
Also, in multivariate analysis, similar results were obtained for
gender [OR 0.189, 95% CI: 0.053-0.678, P = .011], age [OR
1.454, 95% CI: 1.256-1.632, P = .012], and DM [OR 0.341,
95% CI: 1.006-1.124, P = .014]. SS, gender, advanced age,
and DM were found to be independent predictors to predict
atherosclerosis in aorta.

The ROC curve represents the relationship between the
sensitivity and specificity for the SYNTAX I score to predict
atherosclerosis in the aorta (Figure 7). The area under the
curve (AUC) between the SYNTAX I score and atherosclero-
sis in the aorta was 0.585 (P = .027).
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Since SS is valuable for the prediction of cardiovascu-
lar events in CAD patients, it is being increasingly used to
describe the complexity of coronary artery lesions. The rela-
tionship between the SYNTAX score and coronary artery
calcification in combination with ascending aortic stiff-
ness previously has not been described in CABG patients.
A previous study has demonstrated that a higher SYNTAX
score (= 20) was associated with one-year mortality with a
sensitivity of 87.5% and specificity of 75.7%. Furthermore,
the number of coronaries with a CAC score of >100 AU,
location of coronary calcification, and several calcific lesions
indicated future coronary events [Budoff 2002]. In CABG
patients who had a coronary artery calcium score that was
greater than 400, the mortality and morbidity risk due to
cardiac events, such as preoperative myocardial infarction,
was shown to be similar to those patients who had a CAC
score below 400 AU in spite of significant CAD in previous
studies [Shimizu 2015; Ruben 2018].

We described SYNTAX and CAC score accompanied with
aortic stiffness in our 130 CABG patients prior to the surgery
and followed up. ACS levels were between 250-1000 AU in 41
of our 71 patients whose CAC score was measured between
250 AU and 1000 AU. This result was similar to previously
published scientific studies. In these patients, the SYNTAX
score value was medium (< 17) or severe > 27). We observed
that the average SYNTAX score value was 27 in our patients
whose CAC score and ACS levels were over 1000 AU. We
found that we had seven patients with a SYNTAX score
greater than or equal to 27.77. We found that our 77 patients
with Median CAC score above 100 AU had low SYNTAX
values, according to angiography results. In the remaining
patients, CAC and ACS were associated with intermediate-
to-high SYNTAX scores.

Our study showed that there is a positive correlation
between the CCS and ACS levels. We also demonstrated that
there was a strong correlation between the SYNTAX score as
well as the higher CCS with the extension of coronary artery
disorder. According to our study, the threshold for detecting
a number of diseased vessels is related to the SYNTAX score.
In patients with more than 100 AU, we observed multivessel
disease if CCS is more than 440 AU. Therefore, to prevent
MACCE or mortality, we should screen for both ACS and
CCS including extending of CAD in patients with a high
SYNTAX score before CABG or PCI. If there are calcified
plaques in coronary artery trees, generally it needs rotational
atherectomy procedures, and surgeons may be aware of any
subsequent CAD during the procedure to prevent unexpected
hemodynamic instability. According to our results, patients
who have scheduled CABG should be screened prior to oper-
ations in order to prevent preoperative complications. Since
CAC score and ACS measurement are expensive and time-
consuming tests, they may not be used as a standard proto-
col method in clinical practice. However, according to our
study results, we think that in an unexpected MACCE com-
plication that develops after CABG, investigating whether
this complication has a high CAC score and/or ACS level
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Table 2. Multivariate analysis of predictors of severe atherosclerosis in the ascending aorta

Significancy Exp (B) 95% Cl
SYNTAX 0.039 1.053 1.003-1.106
EuroSCORE 0.918 0.988 0.784-1.244
Gender* 0.0m 0.189 0.053-0.678
Age* 0.012 1.454 1.256-1.632
Diabetes mellitus* 0.014 1.045 1.006-1.124
Nagelkerke R Square 0.596

can be scientifically used to explain the complication. Thus,
according to our results, the cardiac team may decide to per-
form MDCT preoperatively or prior to PCI in older CABG
patients with a high SS.

Calcium deposition in all vascular trees, including the
aortic wall and coronary arteries, may be seen as a reflection
of systemic atherosclerosis. Therefore, quantitative ACS and
CAC assessment after SYNTAX score measurement would
be more valuable information for evaluating the degree of
CAD using MDCT. Our results can encourage clinicians
to investigate not only ACS, but also CAC scores in CABG
patients, even though quantitative calcium scoring is difficult
to use with MDCT.

The correlation between classical cardiovascular risk factors
and the development of atherosclerosis has been well estab-
lished in several trials. However, the correlation between the
severity of atherosclerosis and traditional risk scoring systems
was not well established. Various studies demonstrated the rela-
tionship between the risk scoring systems and peripheral vascu-
lar diseases, but there have not been any studies to investigate
the correlation between the severity of atherosclerosis in the
aortic specimen and coronary artery risk scoring systems.

The principal findings of our study are that the scores
demonstrating coronary artery complexity correlate with the
severity of atherosclerosis of the ascending aorta. SYNTAX I
and EuroSCORE II were found to be significantly higher in
the group with atherosclerosis in the ascending aorta by uni-
variate analyses. SYNTAX I and EuroSCORE II were shown
as independent predictors of severe atherosclerosis in the
ascending aorta in multivariate analyses performed to get rid
of the effects of other causes that may cause atherosclerosis,
such as age and gender.

SYNTAX score was advocated in cardiology guidelines
to define the extensiveness of coronary artery disease and
accordingly decide the optimum revascularization type.
Although atherosclerosis is a systematic disease, the direct
association between obstructive coronary artery disease and
non-coronary atherosclerosis is uncertain. Contemporary
studies demonstrate the correlation between non-coronary
atherosclerosis and obstructive coronary disease. Further-
more, systematic atherosclerosis is likely to increase the risk
of myocardial infarction, stroke, and all kinds of mortality
[Ruben 2018; Mirbolouk 2020].

Some studies have been conducted in the past to show
that scoring systems, such as SYNTAX which determine
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the severity of coronary artery diseases, can predict diseases
occurring in other arterial systems other than coronary arter-
ies. Abdelnabi et al reported that SYNTAX II score and
carotid intima-media thickness were strongly correlated in
their series of 155 patients [Abdelnabi 2020]. They showed
that the median SYNTAX II score and mean intima-media
thickness of carotid arteries were 10.23 = 11.36 and 0.85 =
0.24, respectively [Abdelnabi 2020].

Atherosclerosis mainly is seen as a result of imbalanced lipid
metabolism and inconvenient chronic inflammatory response
of the vascular endothelium. The association of plasma lipid
parameters and severity of atherosclerosis in ascending aorta
was demonstrated previously by obtaining aortic tissue speci-
mens on the aortic wall. According to a study, the extension
of atherosclerosis is positively correlated with plasma TC,
LDL-C, and TG concentrations, and negatively correlated
with HDL-C concentration [Shabbir 2021].

A study, in which the thoracic aortic atherosclerotic
plaques was diagnosed by transesophageal echocardiography,
reported atherosclerotic plaque formation in the thoracic
aorta that was 90% sensitive with 90% specificity to predict
coronary artery disease [Shabbir 2021]. However, the associa-
tion between ascending aorta, aortic arch, and coronary arter-
ies was not found to be significant. The association between
obstructive coronary artery disease and atherosclerotic plaque
previously has been reported in several studies by using trans-
esophageal echocardiography, ultrasonography, and magnetic
resonance imaging [Berman 2016; Malguria 2018]. Cardiac
magnetic resonance imaging also can be routinely used; how-
ever, it is not feasible because of the high costs. Li et al [Li
2016] classify atherosclerotic plaques by severity and exten-
sivity of disease. In multivariate analysis, abdominal aortic
plaques were independent predictors associated with the
presence of obstructive coronary artery disease (OR: 2.08;
95% Cl: 1.50-2.90; P < .001).

Recent studies stated the extent of atheromatous plaque
burden in the aorta was an independent risk factor in car-
diothoracic surgery. Heavy plaque formation in the thoracic,
ascending aorta, and aortic arch was related to increased cere-
brovascular events and mortality. Kurra et al [Kurra 2010]
reported that the enhanced plaque burden score was related
to long-term mortality in patients after cardiothoracic sur-
gery (HR: 1.08; P < .001). The pathological mechanism has
not been clearly understood yet; however, particular manip-
ulations of the aorta during surgery, perioperative plaque
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Table 3. Data of multislice computed tomography

ACS score (AU) (mean, range)
CAC score (AU) (mean, range)

123 (24-440)
401 (54-980)

Number of coronary artery disease Median CAC Score

Single vessel (n) 18 0

Two vessel (n) 1 349
Three vessel (n) 85 586
>4 vessel disease (n) 16 790

ACS, aortic calcific score; CCS, coronary calcium score; AU, Agatston unit

embolization, and cerebrovascular events were accused.
Although the SYNTAX score is an important prognostic
parameter for PCI, a significant effect on survival in bypass
operation has not been demonstrated by recent studies.
SYNTAX Trial has shown that PCI applications in patients
with high SYNTAX scores reduce the risk of stroke seen in
CABG surgeries. For this reason, it has been suggested by the
authors that PCI should be preferred in patients with high
SYNTAX value in order to reduce strokes during revascular-
ization [Kurra 2010]. Gokdeniz et al showed in symptomatic
patients with accompanying significant CAD, total CAC score
was independently associated with SYNTAX score. Patients
with SS >32 have high arterial calcific disorders [Gokdeniz
2014]. The findings of this study were similar to our results.
According to our study results, DM is an independent
predictor of atherosclerosis in the ascending aorta and cor-
related with SYNTAX score. DM refers to a hyperglycemic
situation that is induced by oxidative stress, inflammation,
and pro-inflammatory responses to reactive oxygen species
[Vroegindewey 2018]. The pathogenesis of both atheroscle-
rosis and DM are similar; however, the interaction between
them is not yet certain. Advanced age and male gender are
well-known risk factors for cardiovascular diseases in our
study. Both were observed among the risk factors that increase
the severity of atherosclerosis in the ascending aorta.
Prediction of the plaque structure in the aorta is vitally
important because of the risk assessment and prevention of
complications in operations, such as CABG, where the ascend-
ing aorta is manipulated and clamped. Calcified aorta, prior his-
tory of cerebrovascular disease, advanced age, carotid arterial
disease, duration of cardiopulmonary bypass, renal failure, ciga-
rette smoking, and diabetes mellitus were the risk factors for
postoperative stroke in a study, which included 20,000 patients
who underwent CABG [Farooq 2013; Gutierrez 2019].
Haberal et al showed that no significant differences were
found between HDL-C, LDL-C, triglyceride, total choles-
terol values, and the pathological process of aortic atheroscle-
rosis [Haberal 2020]. They suggested another investigation of
biochemical parameters in these particular patients to explain
other risk factors of aortic stiffness [Haberal 2020]. Gu et al
demonstrated using multivariate analysis that included hyper-
tension, diabetes mellitus, and aortic plaque were significantly

associated with CAD [Gu 2011]. A study by Kronzon et al
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Table 4. Association of total Aortic calcification score in
multivariate linear regression analysis

Variables Standardized Coefficients P
Age* (years) 0.140 .024
No. of CAD -0.055 .340
Hemoglobin, g/dL -0.060 .245
LVEF (%) -0.000 .890
SYNTAX* 0.400 <.000
Male* 0.130 .032
HT 0.044 476
DM* 0.041 .560

CAD, coronary artery disease; LVEF, left ventricular ejection fraction; HT,
hypertension; DM, diabetes mellitus

demonstrated the relationship between severity of aortic ath-
erosclerosis and stroke rate. According to this research, an
intense aortic plaque, especially in the ascending and aortic
arch, might be the cause embolic events [Kronzon 2006]. In
another publication, Amarenco et al proposed that atheroscle-
rotic changes of carotid artery systems were also an important
cause of stroke. In this study, Amarenco et colleagues showed
that plaque size in the ascending aorta of more than 4mm is
an independent predictor of ischemic stroke preoperatively
[Amarenco 1994]. Avoidance of aortic manipulation during
off-pump CABG decreases embolic events compared with
cardiac surgery technique [Misfeld 2011]. According to our
experiences, we recommend off-pump coronary artery bypass
grafting surgery with the use arterial bypass graft in patients
who have a history of ischemic attack. Ascending aortic calci-
fication significantly enhanced postoperative stroke risk.

Avoiding undesirable cerebrovascular accidents during
surgery is crucial. Minimally invasive techniques, avoidance
of extreme aortic manipulation, and prolonged ECC time
should be considered in case of high ascending aortic stiff-
ness due to plaque load [Misfeld 2011]. In previous studies,
the authors exhibited that stroke rates decreased by 70% in
CABG "without touching the aorta” in risky patients with
high SYNTAX value [Gutierrez 2019; Haberal 2020; Gu
2011; Kronzon 2006; Amarenco 1994]. For this reason, we
performed the surgeries based on the SYNTAX values for
each patient separately before CABG operations, and we did
not observe any unexpected cerebrovascular accident.

Study limitations: The main limitation of our study is that
its duration was one year. Our study has a limited number of
patients and relatively short follow-up period. Therefore, we
need a large case series for the interpretation of variables.

Aortic and coronary artery atherosclerotic plaque are the
main factors for stroke, preoperative myocardial ischemia,
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and infarction in CABG patients. According to our study
results, CAC score and aortic stiffness have correlated with
SS in elderly CABG patients, who had diabetes mellitus. We
believe that elderly CABG patients with high SS and CAC
scores should be followed up more closely. Despite the small
number of patients, an important finding of our study results is
that the SYNTAX score value and aortic atherosclerosis levels
are directly related to each other. Accordingly, in patients
who will undergo elective CABG (especially in octogenarian
patients), in the case of high SYNTAX values in the preopera-
tive period, the measurement of aortic calcification values by
MDCT and planning the CABG technique according to the
patient may positively affect mortality and morbidity.
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