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Abstract
Background: In procedures involving surgical maneuvers 
such as cannulation, clamping, or proximal anastomosis 
where aortic manipulation is inevitable, a preliminary as-
sessment of atherosclerotic plaques bears clinical signif-
icance. In the present study, our aim was to evaluate the 
frequency and distribution of aortic calcifications in pa-
tients undergoing coronary artery bypass grafting (CABG) 
surgery to propose a morphological classification system.
Methods: A total of 443 consecutive patients with coro-
nary artery disease were included in this study. Preop-
erative non-contrast enhanced computed tomography 
images, in-hospital follow-up data, and patient charac-
teristics were retrospectively evaluated.
Results: Whereas 33% of patients had no calcifications 
at any site in the aorta, 7.9%, 75.4%, and 16.7% had cal-
cifications in the ascending aorta, aortic arch, and de-
scending aorta, respectively. Focal small calcifications 
were the most common type of lesions in the ascending 
aorta (3.9%), whereas 9 patients (1.4%) had porcelain 
ascending aorta. We defined four types of patients with 
increasing severity and extent of calcifications.
Conclusions: Based on the frequency and distribution 
of calcifications in the thoracic aorta, we propose a 
classification system from least to most severe for 
coronary artery disease patients who are candidates 
for CABG.
Copyright © 2017 Science International Corp.
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Introduction

Atherosclerotic plaques of the ascending aorta rep-
resent a potential risk factor for certain complications 
during cardiac surgery [1, 2], particularly for cerebro-
vascular events (CVEs) due to cerebral embolization of 
debris that breaks off from the atheromatous plaque 
[3]. Aortic atheromas are characterized by a minimum 
intimal thickening of 2 mm as well as increased echo-
genicity or density. Increasing plaque thickness with 
resultant protrusion into the lumen with mobile frag-
ments is associated with a significantly increased risk 
of stroke. According to the French Aortic Plaque in 
Stroke Group statement, the presence of a plaque >4 
mm in thickness is associated with a significant risk of 
stroke [4]. Thus, in procedures involving unavoidable 
aortic manipulation such as cannulation, clamping, or 
proximal anastomosis, pre-assessment of atheroscle-
rotic aortic plaques should be undertaken [1, 5]. Di-
agnostic modalities commonly used for this purpose 
include intraoperative epicardial echocardiography, 
computed tomography (CT), and transesophageal 
echocardiography (which is routine for all heart cases 
in most United States hospitals).

Aortic atherosclerosis frequently co-exists with 
aortic calcifications. Previous findings also suggest an 
association between cardiovascular adverse events 
and aortic calcifications, which is a common coinci-
dental finding on chest X-rays or CT imaging studies 
performed for other reasons [6]. Patients with coro-
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nary artery disease have an increased frequency and 
extent of such calcifications [7]. Therefore, the objec-
tive of the current study was to determine the inci-
dence and distribution of calcifications of the thoracic 
aorta in patients undergoing elective coronary artery 
bypass grafting (CABG). Additionally, we propose a 
new method for the classification of calcifications of 
the thoracic aorta for this patient population.

Materials and Methods

A total of 433 CABG surgery patients evaluated 
by thoracic CT for any reason (mainly pulmonary) 
between 2012 and 2016 were included. Patient data 
were retrospectively evaluated using the hospital da-
tabase and surgery notes. Patients underwent a CT 
imaging study of the thorax without intravenous con-
trast enhancement prior to surgery using the same 
device and imaging protocols. The distribution and 
localization of aortic calcifications in acquired images 
were recorded.

Computed Tomography Protocol

A 128-slice multidetector spiral thoracic CT scan 
(Optima, GE Medical Systems, Waukesha, WI) was per-
formed during a 15-s period of apnea at the end of a 
normal inspiration. Exposures were taken at 120 kV 
and 200-250 mA. Scanning was performed from the 
apex of the lung to the diaphragm level.

Statistical Analysis

Demographic characteristics were expressed as 
mean ± standard deviation and analysed using Pear-
son’s Chi-square or Fisher’s exact tests. Mann-Whit-
ney U tests were performed for comparisons of con-
tinuous variables. Potential independent predictors 
of  outcome were identified by univariate analyses. 
A p < 0.05 was considered statistically significant.

Results

Whereas 33% of patients had no aortic calcifica-
tions, 10.8% had isolated calcifications in the de-
scending aorta. Isolated calcifications of the ascend-
ing aorta were rare (6 patients, 1.4%). Multifocal 

calcifications were present in most patients (237 pa-
tients, 54.7%).

The most frequent sites of calcifications were the 
arch, the descending, and ascending aorta (75.4%, 
16.7%, and 7.9%, respectively). Most calcifications in 
the aortic arch were found around branching points. 
The three branching points from the arch (i.e., bra-
chiocephalic artery, left common carotid artery, and 
left subclavian artery) were categorized as segment 1, 
2, and 3, respectively (Figure 1). Most calcifications oc-
curred in the third segment of the aortic arch (32.9%) 
followed by the second (20.6%) and first (15.3%) 
segments. In addition to calcifications at branching 
points, there were also smaller foci of calcifications 
with somewhat variable anatomical locations in a sin-
gle CT cross-section as well as more extensive patchy 
areas of calcification. Table 1 shows detailed informa-
tion on the anatomical distribution of calcifications.

No preoperative characteristics were significantly 
different between patients with porcelain aortas and 
those with normal aortas (Table 2).

The most frequent type of calcifications in the 
ascending aorta were small, focal calcifications (3.4%) 
with no specific disposition for an anatomical site, as 
was the case for patchy calcifications. There were 9 pa-

Figure 1. Regions of the aortic arch.
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Table 1. Site of calcifications on different aortic localizations.

Site of calcifications Number of lesions Percentage in total lesions (%)

Ascending aorta

Focal calcifications in ascending aorta 25 3.93

Patchy calcifications in ascending aorta 16 2.52

Porcelain ascending aorta 9 1.41

Aortic arch

Region 1 of aortic arch
Ostium of brachiocephalic artery and neighboring aortic arch

97 15.27

Region 2 of aortic arch
Ostium of left common carotid artery and neighbouring aortic arch

131 20.62

Region 3 of aortic arch
Ostium of left subclavian artery and neighbouring aortic arch

209 32.91

Focal calcifications in aortic arch 12 1.88

Patchy calcifications in aortic arch 19 2.99

Porcelain aortic arch 11 1.73

Descending aorta

Focal calcifications in descending aorta 22 3.46

Patchy calcifications in descending aorta 12 1.88

Porcelain descending aorta 14 2.20

Descending aorta/connection site of ductus arterious 58 9.13

Total lesions 635 100

tients (1.4%) with annular calcifications involving more 
than 75% of the diameter of the ascending aorta (i.e., 
porcelain aorta); none of these patients experienced a 
neurological adverse event.

In two patients (0.5%) with no calcifications or thick-
ening on CT images of the ascending aorta, extensive 
palpable areas of firmness were detected during the in-
traoperative examination of the ascending aorta. Based 
on the potential presence of atherosclerotic plaques in 
such areas, aortic manipulation was avoided and prox-
imal anastomoses were performed on the left internal 
mammarian artery or intact right brachiocephalic trunk.

An assessment of CT images allowed the 
classification of patients with aortic calcifications into 
several groups (Figure 2) as follows:

Type 1. Single area of calcification at the origin of 
the brachiocephalic artery, left common carotid ar-
tery, or left subclavian artery.

Type 2. Calcification in at least two origins of the 
brachiocephalic artery, left common carotid artery, 

Table 2. Preoperative variables and aortic calcification in 
univariate analysis.

Porcelain 
aorta (N = 9)

Normal aorta  
(N = 143) P Value

Age (years) 60.1 ± 18.2 58.3 ± 17.1 NS

Sex

 Female 3 (%33.33) 47 (%32.86) NS

 Male 6 (%66.66) 96 (%67.13) NS

Hypertension 7 (%77.77) 103 (%72.02) NS

Hyperlipidemia 6 (%66.66) 78 (%54.54) NS

Diabetes mellitus 3 (%33.33) 40 (%27.97) NS

Chronic obstructive 
pulmonary disease 

4 (%44.44) 58 (%40.55) NS

Peripheral arterial 
disease 

1 (%11.11) 15 (%10.48) NS

Chronic renal 
failure 

0 1 (%0.69) NS

NS = not significant.
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Figure 2. Proposed classification system based on the severity and extent of aortic calcifications.
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or left subclavian artery and/or small foci of calcifica-
tions in the ascending or aortic arch.

Type 3. Presence of non-annular, patchy calcifica-
tions in the ascending aorta in addition to calcifica-
tions at the origin of the brachiocephalic artery, left 
common carotid artery, or left subclavian artery.

Type 4. Extensive annular ascending aortic calcifi-
cations frequently accompanied by significant calcifi-
cations at other areas.

Table 3 shows the distribution of the number of pa-
tients in each group. The severity and extent of calcifi-
cations increased from the top to the bottom.

The severity and distribution of calcifications in 
the descending aorta was independent of those of 
the ascending and aortic arch; even in patients with 
complete absence of calcifications in other thoracic 
aortic segments, some had annular calcifications of 
the descending aorta. Therefore, a separate category 
of calcification in the descending aorta in addition to 
the above-mentioned types may provide additional 
clarity on the site of calcifications. Furthermore, the 
absence of information on the descending aorta can 
be considered acceptable in this group of coronary 
artery disease patients because it does not have di-
rect consequences on the surgical protocol.

Discussion

The presence of severe calcifications in the ascend-
ing aorta and aortic arch may alter the course of a 
scheduled cardiac surgical procedure and is associat-
ed with an increased risk of morbidity and mortality 
[2, 8]. A change in the site of cannulation and type 

of graft upon detection of aortic calcifications after 
sternotomy may require the use of another myocar-
dial protection technique or intra-aortic balloon oc-
cluder [9]. Therefore, these lesions should ideally be 
identified prior to the surgical procedure to allow 
readiness for all scenarios. In our unit, all cardiac sur-
gery patients have undergone routine CT scanning of 
the thorax for the past 3 years to evaluate the ascend-
ing aorta or identify possible pulmonary pathologies 
before surgery. Among our patients, 67% had calci-
fications in the thoracic aorta, whereas only 9 (2.3%) 
had porcelain ascending aorta. Thus, we proposed a 
morphological classification system based on the dis-
tribution of calcified lesions.

CVEs are one of the most serious complications of 
CABG surgery, with a reported incidence between 
1.4% and 3.8% [10]. In most studies comparing percu-
taneous coronary intervention (PCI) with CABG, surgi-
cal procedures were more frequently associated with 
CVEs [11, 12]. Etiological factors for CVEs occurring af-
ter CABG include intracranial cerebral atherosclerosis, 
extracranial carotid artery stenosis, atherosclerosis of 
the thoracic aorta, and other causes associated with 
cardiopulmonary bypass itself [13].

A limited number of previous studies have exam-
ined aortic calcifications in similar groups of patients. 
Information on the incidence of porcelain aorta in 
coronary artery disease patients is also scarce. In a 
study by Nishi et al. examining aortic calcifications 
in patients undergoing a variety of cardiac proce-
dures [9], the incidence of severe calcifications (de-
scribed as porcelain aorta, Type 4 in this study) in the 
ascending aorta was almost 3-fold higher (1.41% vs. 
4.33%) than that in our study. In this previous study, 
the presence of severe calcifications in the ascend-
ing aorta was associated with preoperative renal 
dysfunction, dialysis, and aortic valve stenosis, al-
though only aortic stenosis emerged as a predictor 
of severe calcification of the ascending aorta in mul-
tivariate analysis [9]. On the other hand, no preoper-
ative parameters had predictive value for severe cal-
cifications of the ascending aorta in our study. This 
may be due to the limited number of parameters ex-
amined or the smaller number of patients with renal 
dysfunction.

Intraoperative epiaortic ultrasound examination of 
the aorta is another valuable tool for detecting aortic 

Table 3. Patient distribution among types.

Number of patients Percentage (%)

Normal 143 37.04

Type 1. 99 25.64

Type 2. 94 24.35

Type 3. 41 10.62

Type 4. 9 2.33

Total * 386 100

* Isolated descending aortic calcification was detected in 47 of 433 patients. 
These patients were not classified into the groups and were not were not 
accounted for in the total number.
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atherosclerosis [14]. However, preoperative detec-
tion of severe porcelain aorta cannot be considered 
equivalent to its identification only after the sternum 
is opened, as the latter represents a much less predict-
able surgical course both for the patient and surgeon. 
However, preoperative detection of these lesions 
with detailed examination would allow preparation 
of the cannulation site (femoral, subclavian artery, or 
axillary artery) and the planning of logistic arrange-
ments. In 9 patients with porcelain aorta in our study, 
the site of arterial cannulation was prepared prior to 
surgery based on the results of preoperative assess-
ments, and CABG on a beating heart was performed 
without complications or manipulation of the aorta. 
On the other hand, detection of porcelain aorta in an 
elderly patient with two/three vessel disease may al-
low the heart team to opt for PCI rather than CABG 
in appropriately selected cases based on a risk-ben-
efit analysis. Therefore, despite its cost, preoperative 
use of CT, at least in select patient populations, may 
be a rational approach. In countries with a relatively 
low cost of CT imaging (i.e., €18 for a non-contrast en-
hanced chest CT scan in Turkey), its routine use may 
also be considered a viable option, as it may provide 
certain advantages.

Although international classification systems have 
been developed for certain pathological conditions 
of the aorta such as aneurysms or dissections, no con-
sensus-based classification system for atherosclerotic 
aortic disease exists. Classification of calcified lesions 
of the aorta may allow sharing of information on a 
common ground before and during surgery. Amorim 
et al. divided thoracic aortic calcifications into two 
types as a means for such a classification [15], with 
Type 1 and Type 2 calcifications involving lesions in 
the ascending aorta and descending and/or aortic 
arch, respectively. Type 1 was further divided into 
the sub-groups of Type 1a, in which clamping is un-
achievable, and Type 1b, in which adequate tissue 
exists for clamping. Accordingly, porcelain aorta was 
considered Type 1a, whereas patchy calcifications 
with areas of no calcification allowing clamping was 
considered Type 1b. Although this is a practical ap-
proach, it is essentially a functional classification, and 
the authors emphasized that it was not an all-encom-
passing classification system for all localizations.

On the other hand, the classification proposed here 
was developed based on the frequency of occurrence 
and severity of calcifications, which increases as one 
advances from Type 1 to Type 4. Type 1, the most fre-
quent pattern, includes patients who have no lesions in 
the ascending aorta or body of the aortic arch but have 
small foci of calcifications in the branching points of the 
aortic arch. Type 2 consists of small foci of calcifications 
in the aortic arch or ascending aorta. Type 3 consists of 
patchy areas of calcifications along with arch calcifica-
tions. Finally, Type 4 refers to severe circumferential cal-
cifications. Thus, this classification system considers not 
only the site but also the size and severity of the lesions. 
This may be used as a guide for further studies aiming to 
support a common terminology.

A major limitation of our study is the inclusion of 
elective CABG patients only. Also, soft atheromatous 
plaques or penetrating ulcers of the aorta could not 
be evaluated, as non-contrast enhanced CT was uti-
lized. It should be noted that although calcification 
constitutes a major component of atherosclerosis of 
the aorta, non-calcified soft plaques may also cause 
stroke. During retrospective analysis, we observed 
that intraoperative epiaortic ultrasound was irregu-
larly used, as surgeons preferred its use only in sus-
pected ascending aortas instead of routine practice. 
Therefore, we did not use this data to prevent po-
tential bias. Despite these limitations, our findings 
allowed the development of a useful and practical 
classification of thoracic aortic calcifications.

In conclusion, this study provided information on the 
frequency and distribution of calcifications in the tho-
racic aorta in patients undergoing elective CABG. Using 
this information, we proposed a classification system 
grouping patients from mild to severe forms of calcifica-
tion. Preoperative use of CT provides practical surgical 
information in patients with porcelain aorta who may 
otherwise experience catastrophic complications.
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EDITOR’S QUESTIONS

1.	 How did your findings alter your own strategy 
and practice for CABG? How do you recommend 
that it alter the practices of your readers?

We observed very low incidence for postopera-
tive stroke (0.46%). The presence of preoperative 
data regarding the ascending aorta influenced 

preoperative decision-making in terms of site of ar-
terial cannulation, potentially changing the opera-
tive approach, or perhaps influencing the decision 
for staged PCI in the setting of significantly unfavor-
able calcification. The use of CT may keep you and 
your patients on the safer side.
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