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Thoracic Aortic Calcification

Diagnostic, Prognostic, and Management Considerations

Milind Y. Desai, MD,** Paul C. Cremer, MD,** Paul Schoenhagen, MD, PuD*"

ABSTRACT

common imaging finding, thoracic aortic

calcification (TAC) reflects systemic athero-

sclerosis and its attendant cardiovascular
morbidity and mortality risks. Typically, TAC is
encountered in 4 contexts: 1) incidentally, for
example, as part of a coronary artery calcium (CAC)
scan or any chest computed tomography (CT) study;
2) as part of a dedicated screening assessment in an
asymptomatic patient; 3) in the evaluation of a
patient with an embolic event; or 4) as a pre-
procedural assessment in a patient with severe
coronary or valvular heart disease. Because these
assessments are often performed with CT or echocar-
diography, this review primarily discusses these
modalities. Thoracic aortic pathology is also
frequently assessed with magnetic resonance imag-
ing (MRI), but due to signal void, calcification is not
imaged. In addition, although regression of thoracic
atheroma can be measured with MRI, the technique
remains a research application, and is discussed else-
where (1-3). Historically, fluoroscopy and chest x-
rays have also been used for diagnosis and prognosis,
but because of limited accuracy and lack of treatment
implications, neither is recommended for evaluating
TAC (4-8).

In contemporary practice, the value of any imaging
test is framed within a hierarchical context, beginning
with technical considerations and diagnostic accuracy
and culminating with changes in therapy and
improved outcomes (9,10). With TAC, considerations
vary based on the indication for the test and include

© 2018 by the American College of Cardiology Foundation.

Thoracic aortic calcification (TAC) is associated with adverse cardiovascular outcomes, and for the cardiovascular imager,
is predominantly encountered in 4 settings: 1) incidentally, for example, during a coronary artery calcium scan; 2) as part
of dedicated screening; 3) in the evaluation of an embolic event; or 4) in procedural planning. This review focuses on TAC
in these contexts. Within atherosclerosis, TAC is common, variable in extent, and begins in the intima with a patchy
distribution. In metabolic disorders, aortitis, and radiation-associated cardiovascular disease, calcification preferentially
involves the media and is often more concentric. As an incidental finding, atherosclerotic TAC provides limited incre-
mental discriminative value, and current data do not support screening. After an embolic event, the demonstration of
thoracic atheroma provides diagnostic clarity, but has limited treatment implications. Before any procedure, the plan
often changes if the most severe form of TAC, a porcelain aorta, is discovered. (J Am Coll Cardiol Img 2018;11:1012-26)

incremental prognostic value, alteration in risk with
management changes, diagnostic clarity with down-
stream treatment modifications, and alterations to a
procedural plan. In this review, we address the set-
tings in which the cardiovascular imager will
encounter TAC and focus on the significance of TAC
within these specific contexts (Central Illustration).

PATHOBIOLOGY OF AORTIC CALCIFICATION

A detailed discussion of the regulatory mechanisms of
vascular calcification is beyond the scope of this re-
view, but several important concepts warrant
emphasis (11,12). First, aortic calcification likely
functions as both a consequence and a cause of car-
diovascular disease. Atherosclerosis leads not only to
calcification through cellular osteogenic differentia-
tion, but can also stiffen the aorta, and depending on
the relationship to neighboring lipid pools, may in-
crease local wall stress and contribute to plaque ul-
ceration (13). Second, within atherosclerotic lesions,
calcium is common but highly variable (14). Histo-
logically, atherosclerosis is graded as mild, moderate,
or severe based on the degree of fibrosis and medial
loss (15). Any grade may have superimposed calcified
plaque or thrombus (15) (Figure 1). Third, calcification
occurs in 2 distinct locations within the vessel wall,
the intima and the media. Intimal, or neointimal,
calcification has a patchy distribution within athero-
sclerotic lesions and is most commonly amorphous

without distinct architecture. As atherosclerotic
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ABBREVIATIONS
AND ACRONYMS

AS = aortic stenosis

CABG = coronary artery bypass
grafting

CAC = coronary artery calcium
CAD = coronary artery disease
CI = confidence interval

CT = computed tomography
ECC = extra-coronary calcium
MI = myocardial infarction

MRI = magnetic resonance

calcification progresses, it can also involve
the media. Conversely, calcification associ-
ated with chronic kidney disease, diabetes
mellitus, systemic inflammatory disease, and
radiation-associated cardiac disease (RACD)
often begins in medial smooth muscle, is
concentric, and has a diffuse distribution
(16-19).

Currently, noninvasive imaging of the
thoracic aorta cannot distinguish the intima
from the media, but the pattern of calcifica-
tion may alert the clinician to an underlying
diagnosis (20, 21). Although there is overlap

imaging

OR = odds ratio

RACD = radiation-associated

cardiac disease

TAC = thoracic aortic
calcification

TEE = transesophageal
echocardiography

TTE = transthoracic
echocardiography

in the pathology of neointimal and medial
calcification (21,22), patchy calcification may
indicate more typical atherosclerosis. Alter-
natively, medial calcification may appear
more circumferential, with a differential
diagnosis that includes arteritis and RACD
(Figure 2).

DIAGNOSTIC AND PROGNOSTIC
IMPLICATIONS OF THORACIC AORTIC
ATHEROMA ON ECHOCARDIOGRAPHY

For decades, the location, characteristics, and associ-
ated risks of thoracic aortic plaques have been
described with echocardiography (23). Compared with
CT, the advantages of echocardiography include the
lack of ionizing radiation and improved temporal res-
olution, which facilitates assessment of plaque
mobility. In addition, unlike noncontrast CT, echo-
cardiography more readily visualizes noncalcified and
calcified atheroma. However, CT often has improved
spatial resolution, and severe calcification can also
confound the echocardiographic assessment due to
reverberation artifact and acoustic shadowing (24).
Moreover, in distinction to the Agatston method for CT
(8), ultrasound physics are not readily amenable to
quantification of calcification. Standard echocardiog-
raphy also does not image the entire thoracic aorta.
Despite these limitations, echocardiographic assess-
ment for thoracic aortic atheroma has been used to aid
in the diagnosis of stroke, inform the probability of
concomitant coronary artery disease (CAD), and risk
stratify for cardiovascular events (25-27).

TRANSESOPHAGEAL ECHOCARDIOGRAPHY, AORTIC
ATHEROMA, AND STROKE. Transesophageal echo-
cardiography (TEE) has an established role in the
investigation for an embolic source of stroke due to 3
important observations (28). First, in an autopsy
study of 500 patients, ulcerated plaques were more
common in the aortic arch in patients without an
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alternative cause for cerebral infarction (29).
Presumably, thrombi form on these plaques and
embolize. Second, observational studies have shown
that 20% to 30% of patients with embolic strokes have
aortic arch atheroma on TEE (25,30). Finally,
case—control studies have demonstrated an associa-
tion between thoracic aortic atheroma and stroke. In a
study of 122 patients, protruding atheromas (=5 mm)
were associated with stroke after adjustment for
traditional risk factors, and only cases had atheromas
with mobile components (Figure 3, Online Videos 1
and 2) (31). Another study of 250 patients also
showed that, after adjustment for clinical risk,
atheroma (=4 mm) was associated with stroke (25).

Despite these observations to support association,
the evidence to support causation between aortic
atheroma and stroke is less compelling. In a pro-
spective cohort study, aortic atheroma was not
associated with cerebrovascular events after multi-
variable adjustment, although only 41 events
occurred after a median follow-up of 5 years (32).
Moreover, the implications for management are un-
clear. An observational study of 129 patients with
thoracic aortic atheroma demonstrated an increased
unadjusted risk for future embolic events if patients
were not treated with anticoagulation (33). However,
larger observational studies with adjustment for
confounding and randomized controlled trials
are lacking. Therefore, in comprehensive TEE, to
evaluate for an embolic source of stroke, the severity
and mobility of thoracic aortic atheroma provides
diagnostic insights, but may not alter standard sec-
ondary preventative therapies.

TAC ON ECHOCARDIOGRAPHY AND CONCOMITANT
CAD. Although assessment of aortic calcification is
not a primary indication for transthoracic echocardi-
ography (TTE), adjunctive information may be clini-
cally relevant and is acquired noninvasively without
ionizing radiation. This rationale has prompted in-
vestigations focused on concomitant CAD. In a study
of 338 patients 65 years old or younger with chest
pain, aortic root calcium was weakly associated with
an abnormal myocardial perfusion study (54.9% vs.
41.5%; p < 0.05) (26). However, when calcifications
involving the aortic valve leaflets and mitral annulus
were also considered, the association strengthened
(odds ratio [OR]: 2.12; 95% confidence interval [CI]:
1.18 to 3.78 for calcium at =2 sites). Even after
adjustment for clinical risk, multiple calcium de-
posits remained associated with an abnormal
myocardial perfusion study (OR: 2.08; 95% CI 1.27 to
3.41) (26).
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PROGNOSTIC INFORMATION FOR "“FREE"

« Calcium at sinotubular junction
on transthoracic echocardiography

« Aortic calcium on dedicated
coronary artery calcium study

CENTRAL ILLUSTRATION The Value of Imaging Thoracic Aortic Calcifications

IMAGING THORACIC AORTIC CALCIFICATIONS

I

CHANGE IN MANAGEMENT

« Porcelain aorta on
computed tomography

e

|

ESTABLISHING A DIAGNOSIS

« Large, mobile atheroma on transesophageal
echocardiography

Desai, M.Y. et al. J Am Coll Cardiol Img. 2018;11(7):1012-26.

The imaging evaluation of thoracic aortic calcifications can provide insights regarding prognosis, diagnosis, and management. Specifically, when an echocardiogram or
coronary artery calcium study is performed, the presence of thoracic aortic calcification combined with other noncoronary sites of calcification has ancillary prognostic
information. In a patient with an unknown cause for stroke, the extent and mobility of thoracic aortic atheroma may establish a source for embolus. For a patient

considering a cardiovascular intervention, the presence of a porcelai

n aorta may alter the procedural approach.

Subsequent studies have used similar echocardio-
graphic calcium scores, incorporating calcium at the
aortic root, at the aortic and mitral valve leaflets, and
at the mitral annulus (Figure 4, Online Videos 3, 4,
and 5). Unfortunately, variations in scoring method-
ologies and different assessments for CAD limits
comparison. However, in general, calcium deposits at
multiple sites have been associated with coronary

atherosclerosis defined on invasive angiography, as a
CAC score >400, or >50% narrowing on coronary CT
angiography (34-36). Likely, these associations
reflect the systemic nature of atherosclerosis and may
alert the clinician to the possible presence of CAD.
Still, previous studies have made these observations
in patients in whom assessments for CAD were
already planned, and current data do not support an
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FIGURE 1 Grading of Atherosclerosis

A

(A) Mild atherosclerosis is characterized by extracellular lipid deposits without fibrosis. (B) Moderate atherosclerosis has fibrosis and less than
one-third loss of the media thickness, and (C) severe atherosclerosis has greater than one-third loss of media thickness. Any grade of
atherosclerosis can have (B) superimposed calcification or (C) thrombus. Adapted with permission from Stone et al. (15).

investigation for anatomic CAD based solely on mul-
tiple sites of echocardiographic calcification.

ECHOCARDIOGRAPHIC CALCIFICATION AND PROGNOSIS.
Likewise, studies have investigated the relationship

between echocardiographic calcium scores and
outcomes, including all-cause death, myocardial
infarction, and stroke. Among 443 patients
without known cardiac disease, after adjustment

FIGURE 2 Patterns of TAC

In these electrocardiographically-gated, noncontrast-enhanced computed tomography (CT) scans, there is (A) patchy calcification typical of
atherosclerosis, (B) more confluent calcification in a patient with a remote history of aortitis, and (C) circumferential calcification in a patient
with radiation-associated cardiovascular disease. TAC = thoracic aortic calcification.
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FIGURE 3 Mobile Aortic Arch Atheroma

A

In this patient with a history of an embolic stroke, (A) a long (1.0 cm) mobile aortic arch atheroma is visualized, and (B) the extent of atheroma
is appreciated on 3-dimensional reconstruction. Severe plaque thickness (=4 mm) and mobile atheroma are associated with stroke.
See Online Videos 1 and 2.

for clinical risk, the echocardiographic calcium echocardiographic calcium score was also
score was associated with total mortality and stroke associated with all-cause death and myocardial
(37). In another study of 1,303 patients with infarction (27). However, after assessing for
stress echocardiography and no known CAD, an stress-induced wall motion abnormalities and

FIGURE 4 Echocardiographic Calcium Assessment

In this patient with shortness of breath, (A) calcification is noted at the sinotubular junction, (B) the aortic valve leaflets are also thickened and calcified, and (C) there is prominent
mitral annular calcification (A). As a secondary assessment, the extent of echocardiographic calcium has prognostic value, although it is limited. See Online Videos 3, 4, and 5.



http://jaccimage.acc.org/video/2018/1418_VID1.avi
http://jaccimage.acc.org/video/2018/1418_VID2.avi
http://jaccimage.acc.org/video/2018/1418_VID3.avi
http://jaccimage.acc.org/video/2018/1418_VID4.avi
http://jaccimage.acc.org/video/2018/1418_VID5.avi

1018 Desai et al.
TAC: Diagnostic, Prognostic, and Management Considerations

FIGURE 5 TAC on CT and Adverse Events in MESA and HNR
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Abbreviations as in Figure 2.

(A) In a study of 6,807 subjects from MESA (Multi-Ethnic Study of Atherosclerosis) with
232 events, unadjusted Kaplan-Meier curves show a significant association between
survival and the presence of TAC, although on multivariable adjustment for clinical risk
factors and coronary artery calcium (CAC), TAC was associated with coronary heart
disease* events only in women (Budoff et al. [40]). (B) In a study of 3,630 subjects
from HNR (Heinz Nixdorf Recall Study) with 241 events, the presence of TAC was
associated with the composite outcome of myocardial infarction, stroke, and cardiac
death, but there was no association after adjustment for clinical risk and CAC (Mahabadi
et al. [44]). *CHD events = definite or probable myocardial infarction, resuscitated
cardiac arrest, cardiac death, definite angina, and probable angina with revascularization.

clinical risk, echocardiographic calcium did not

improve discrimination.

In summary, a comment on aortic calcification,
when combined with an assessment for calcium
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elsewhere, likely has prognostic value because it re-
flects the extent of atherosclerosis. If wall motion
abnormalities are considered, however, this prog-
nostic value is attenuated, likely in part due to the
identification of patients with CAD. Therefore, echo-
cardiographic calcium may aid in global risk stratifi-
cation, but discrimination is not robustly improved,
and downstream changes in patient management are
not defined. On a resting echocardiogram, calcifica-
tion for prognosis is consequently best relegated as a
secondary assessment in a study performed for
another indication.

PROGNOSTIC IMPLICATIONS OF TACONCT

A wealth of data have emerged regarding TAC and
risk stratification, principally from additional ana-
lyses of primary prevention cohorts that focused on
CAC (Figure 5). As is typical for investigations that
study diverse populations with different methodolo-
gies and slight variations in outcomes, results have
been mixed. With studies of TAC, notable differences
apply to 3 domains.

The first relates to patient characteristics, such as
background risk and symptoms. The second applies
to outcomes, which vary from narrowly defined cor-
onary events, to more inclusive cardiovascular
events, to the least biased outcome, all-cause mor-
tality. Third, and of particular interest, TAC has been
disparately defined. For example, dedicated CTs for
CAC do not include the aortic arch and proximal
descending aorta, which are common sources of
calcification. Moreover, TAC can be expressed as bi-
nary, or as a continuous variable with an Agatston
score, extrapolating a methodology developed for
CAC. In addition, most studies have evaluated non-
contrast CTs, which will miss or underestimate the
extent of noncalcified atherosclerosis. Finally, the
relevance of TAC can be investigated independently
or can be incorporated as part of an extra-coronary
calcification (ECC) score, which is similar to previ-
ous discussions regarding echocardiographic calcifi-
cations. All of these distinctions warrant emphasis in
determining whether the clinician should ascribe any
prognostic value to TAC, and if so, whether its value
is simply as an incidental finding or instead warrants
a dedicated evaluation for risk stratification (Table 1).
DIFFERENCES IN COHORTS. In the MESA (Multi-
Ethnic Study of Atherosclerosis) trial, in an initial
population of 6,814 participants from 4 ethnic groups,
aortic wall calcification was present in 28.0%, and
approximately one-half had CAC (38,39). Traditional
cardiovascular risk factors were associated with aortic
calcification, although hypertension and current
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TABLE 1 Differences in Design and Analysis Among Studies Assessing the Value of TAC for Risk Stratification

Include Aortic Prognostic
Arch and Value After Improved
Proximal TAC as Adjustment for Discrimination
First Author Descendi A Part of an Clinical Risk by C-Statistic
(Ref. #) Cohort Outcomes Events Aorta of TAC ECC Score Contrast Factors and CAC or NRI
Budoff et al. 6,807 subjects CHD* 232 No Agatston No No Only in women Not reported
(40) from MESA
Yeboah et al. 5,745 nondiabetics CHD, stroke, other 346 No Agatston No No For CHD and death No
(47) from MESA cardiac death after clinical risk
(not adjusted
for CAC)
Tison et al. 5,903 nondiabetics CHD, other cardiac 348 CHD No Binary Yes No Yes Yes, for all-cause
(54) from MESA death, all-cause events, mortality with
mortality 572 deaths ECC score
Hoffmann 3,486 subjects M, ischemic stroke, 255 No Agatston No No Only for mortality No (although
et al. (41) from FHS cardiac death, analyses not
all-cause mortality performed for
all-cause mortality)
Mahabadietal. 3,630 subjects MI, stroke, 241 No Agatston No No No No
(44) from HNR cardiovascular death
Wong et al. 2,303 subjects MI, stroke, late 47 No Agatston No No No No
(45) from EISNER revascularization,
cardiac death
Bos et al. (57) 2,408 subjects All-cause mortality 283 Yes Agatston No No Yes Not reported
from Rotterdam
Study
Santos et al. 8,401 subjects All-cause mortality 124 No Binary No No Yes Not reported
(48) from a
single-center
Kurra et al. 862 patients All-cause mortality 119 Yes Plaque thickness No Yes Only after clinical Not reported
(53) before cardiac and circumferential risk (CAC not
surgery extent assessed)

*CHD events = definite or probable MI, resuscitated cardiac arrest, cardiac death, definite angina, and probable angina with revascularization.

CAC = coronary artery calcium; CHD = coronary heart disease; ECC = extra-coronary calcium; EISNER = Early Identification of Subclinical Atherosclerosis Using Non-Invasive Imaging Research; FHS =
Framingham Heart Study; HNR = Heinz Nixdorf Recall study; MESA = Multi-Ethnic Study of Atherosclerosis; NRI = net reclassification improvement; TAC = thoracic aortic calcification.

smoking had the strongest associations (38). At a
mean follow-up of 4.5 years, only 1.9% had a
myocardial infarction (MI), resuscitated cardiac ar-
rest, or cardiac death (40). Similarly, in 3,217 partici-
pants from the imaging cohort of the FHS
(Framingham Heart Study) trial, 42.5% had CAC, and
20.8% had TAC. During a mean follow-up of 8 years,
the event rate was also low; 1.7% had a nonfatal MI or
cardiac death (41). By contrast, despite a similar
enrollment period as MESA, the Heinz Nixdorf Recall
(HNR) study had a prevalence of TAC of 63.1% and a
prevalence of CAC of 67.9% (42), which was likely
related to higher baseline cardiovascular risk (43).
Accordingly, after a follow-up of nearly 10 years,
event rates were higher at 6.6% (44).

Because of these differences, discrepant results
might be expected, but overall, conclusions regarding
hard cardiac events (nonfatal MI, resuscitated cardiac
arrest, cardiac death) are generally consistent. In
MESA and FHS, after adjusting for clinical risk factors
and CAC, TAC was not independently associated with

cardiac events (40,41). Likewise, in a report from the
EISNER (Early Identification of Subclinical Athero-
sclerosis by Noninvasive Imaging Research) study,
TAC did not improve discrimination for cardiac
events after adjustment for the Framingham risk
score and CAC (45). The higher risk HNR study, which
defined cardiovascular events as stroke, MI, and car-
diac death, found a trend toward a higher event rate
(hazard ratio: 1.33; 95% CI: 0.87 to 1.81) after multi-
variable adjustment (44). In a model that included
measurements of left atrial size, epicardial adipose
and TAC, a statistically detectable improvement in
the C statistic was demonstrated compared with CAC
and clinical risk factors. Although an important risk
factor may have little influence on the C statistic in a
well-developed model, this minimal change, coupled
with the lack of an independent association with
cardiovascular events, argued that TAC had little
impact on prognosis in this cohort (46). Therefore,
among diverse primary prevention cohorts, TAC has
not reliably demonstrated prognostic value for hard
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FIGURE 6 Distribution of TAC

In a single-center study of 970 patients referred to a cardiovascular pre-
vention unit, percentages of patients with calcifications at different seg-
ments of the thoracic aorta are shown. Calcifications were most commonly
visualized in the aortic arch and proximal descending aorta, which are
segments not typically included in a CAC scan. Reproduced from data in

Craiem et al. (50). Abbreviations as in Figures 2 and 5.

cardiac events, independent of clinical risk factors
and CAC.

BEYOND RISK STRATIFICATION FOR CORONARY
EVENTS. If the outcome is coronary-artery related
events, the lack of substantial incremental prognostic
value for TAC beyond CAC is not surprising. In low-
risk primary prevention patients, calcified athero-
sclerosis in the coronary arteries should be more
closely aligned with incident coronary events
compared with calcified atherosclerosis elsewhere.
However, because of the predilection of atheroscle-
rosis for different vascular beds, an additional ques-
tion is whether aortic calcification is associated with
more broadly defined cardiovascular events and all-
cause mortality.

In an analysis from MESA that included 5,745 pa-
tients without diabetes with 9 years of follow-up, 251
participants had cardiac events, 346 had cardiovas-
cular events, and 321 died (47). Although TAC was
associated with coronary events and all-cause death

JACC: CARDIOVASCULAR IMAGING, VOL. 11, NO. 7, 2018
JULY 2018:1012-26

in a multivariable model, TAC did not improve
discrimination, as assessed by C-statistics and net
reclassification improvement, when added to the
Framingham risk score and CAC. In results from the
FHS, after adjusting for CAC, TAC was associated with
all-cause mortality (32).

Other cohorts have similarly demonstrated a sta-
tistically detectable association between TAC and all-
cause mortality. In a single-center study of 8,401
asymptomatic individuals followed for a median of 5
years with 124 deaths, TAC was associated with
higher mortality after adjustment for clinical risk
factors and CAC (48). Another single center study of
4,554 patients with 163 deaths also demonstrated an
association between TAC and all-cause mortality in a
multivariable model (49). Therefore, although TAC is
not independently associated with coronary-related
deaths for patients with CAC scanning, TAC may be
associated with all-cause mortality.

EXTENT OF THORACIC AORTA VISUALIZED. In pri-
mary prevention, CT scans for calcification have
included different fields of view, and the most
important distinction is whether the aortic arch and
proximal descending thoracic aorta have been
included. In a single center study of 970 asymptom-
atic patients, the aortic arch and proximal descending
thoracic aorta had 60% of all TACs (Figure 6) (50). In
comparison to a typical scan range for a CAC study,
which excludes the aortic arch and proximal
descending thoracic aorta, the prevalence of TAC
doubled with this extended measurement (50).

As has been highlighted in analyses from the FHS
and MESA, TAC has not emerged as a robust inde-
pendent risk factor when evaluated with traditional
CAC scans (41,47). However, among 2,408 patients
from the Rotterdam Study, aortic arch calcification
was associated with cardiovascular mortality, inde-
pendent of calcification in other vascular beds (51).
Moreover, in 1,000 patients with cardiac scans that
included the aortic arch, TAC was associated with a
history of noncardiovascular events, although a
notable limitation of this study was the lack of pro-
spective adjudication of outcomes (52). Nonetheless,
these data provoke a question of whether TAC would
be more prognostically relevant in CAC scanning if
the field of view were expanded.

MEASUREMENT OF TAC. In addition to variations in
the extent of the ascending thoracic aorta included,
different methods for measuring TAC have been re-
ported. The simplest method is to consider TAC as
binary. TAC can be

Alternatively, expressed
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continuously via the Agatston method, similar to a
CAC score. Although the Agatston score was initially
developed and validated for CAC with electron
beam CT (39), application of this methodology to
the thoracic aorta allows for quantification of
the severity based on the density and area of calci-
fication. However, established CAC strata (0, 1 to 9,
10 to 99, 100 to 399, and =400) are likely not
applicable to TAC.

As discussed, when assessed as a categorical vari-
able in patients with CAC scans, the prognostic value
of TAC has been generally underwhelming (41).
However, in an analysis from MESA with Agatston
scoring, TAC was associated with cardiac events in
women, but not in men, even after adjustment for
CAC and clinical risk (40). Conversely, in a separate
analysis from MESA restricted to patients without
diabetes, but also using TAC as a continuous variable,
TAC was associated with cardiac events in a multi-
variable model, although the model did not improve
discrimination (47). In an analysis from the EISNER
study, TAC was assessed continuously and with the
same scoring categories as those commonly used for
CAC. Although limited by few events, TAC was not
associated with cardiovascular outcomes (45). In
summary, the expression of TAC with an Agatston
score may occasionally yield a statistically significant
association in a multivariable model, but substantial
improvement in discriminating cardiovascular events
has not been demonstrated.
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FIGURE 7 Calcified and Noncalcified Thoracic Aortic Atheroma

Calcification can have a patchy distribution within atheroma. The extent of calcified and
noncalcified atheroma, as defined by thickness and circumference, is better appreciated
with a contrast-enhanced CT. Abbreviation as in Figure 2.

FIGURE 8 Extracoronary Calcium on CT

A B

In this electrocardiographically gated, contrast-enhanced CT scan, calcification is seen at the (A) sinotubular junction, (A to C) aortic valve
leaflets, (A and C) mitral valve leaflets, and the (B and C) coronary arteries. An extracoronary calcium assessment may have limited
discriminative value beyond clinical risk factors and CAC. Abbreviations as in Figures 2 and 5.
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FIGURE 9 CT Appearance of a Porcelain Aorta

A

possible, and also note the (A) calcium involving the pulmonary artery.

In this patient with a history of radiation-associated cardiovascular disease, there is (A) circumferential calcification involving the (B) entire
ascending aorta, the extent of which is appreciated on the (C) 3-dimensional volume—rendered image. Safe aortic cross-clamping is not

CALCIFIED AND NONCALCIFIED ATHEROSCLEROSIS. In
primary prevention, CT scanning for risk stratification
is obtained without intravenous contrast, in part
because of the risks of contrast, which include allergic
reactions and nephropathy. Moreover, the increased
attenuation from contrast confounds assessment of
the CAC score. However, the lack of contrast also pre-
cludes visualization of noncalcified atheroma, which
may be especially prominent in the thoracic aorta
(Figure 7). In a single-center study of 862 patients with
electrocardiographically gated, contrast-enhanced CT
scans of the chest before cardiac surgery, the thickness
and extent of aortic atheroma was measured in a
semiquantitative fashion (53). Over a mean follow-up
of 25 months, 119 patients died, and thoracic aortic
atheroma was independently associated with all-cause
mortality (53). Although contrast-enhanced studies in
diverse cohorts are lacking, these results suggest that

calcifications may not completely encompass
cardiovascular risk related to thoracic aortic
atherosclerosis.

TAC AS PART OF AN EXTRACORONARY CALCIUM
ASSESSMENT. Because of the systemic nature of
atherosclerosis, an additional line of inquiry has
focused on whether TAC improves risk stratification as
a component of an ECC assessment. Other sites with a
predilection for calcification include the aortic valve

leaflets, mitral valve leaflets and annulus, and the
aortic root, especially the sinotubular junction
(Figure 8). From the MESA study, investigators studied
whether an ordinal ECC score based on calcification at
these locations had prognostic value (54). Due to the
lack of standardization of the Agatston method at
noncoronary sites as well as over-representation of
TAC because absolute calcium scores are higher at this
location, the investigators chose a binary approach to
these 4 sites. In 5,903 patients without diabetes,
increasing ECC had a graded association with higher
cardiac events and mortality. The ECC score also
marginally improved the area under the receiver-
operating curve, although the model with traditional
risk factors and CAC was already well-developed (54).
Overall, these results are consistent with previous
studies that suggested TAC at best modestly improves
discrimination, primarily for noncoronary events.

CLINICAL IMPLICATIONS. A clinically relevant risk
factor should not only provide independent prog-
nostic value, but should also reclassify risk such that
subsequent treatment changes. Screening with a pri-
mary purpose to assess for TAC has not met this high
standard and should not be recommended. Likewise,
in the context of CAC scanning, extending the field of
view to include the aortic arch and proximal
descending thoracic aorta should not be endorsed.
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Calcification at these locations may identify a patient
at higher risk for noncoronary events, but the extent of
reclassification and implications for management are
unclear. In addition, although contrast may refine risk
by delineating noncalcified atheroma, the relevance in
a primary prevention population is undefined. Finally,
expressing TAC as a continuous variable with an
Agatston score may increase the likelihood of
observing a statistically significant result in a multi-
variable model, but whether this is clinically mean-
ingful is still uncertain. However, with a CAC scan,
most of the thoracic aorta is included without any
additional radiation exposure. As an ancillary finding,
a comment on TAC in conjunction with other non-
coronary calcium deposits is reasonable, accepting
that the prognostic value is almost entirely encapsu-
lated with clinical risk factors and CAC.

DEFINITION, PREVALENCE, AND
PROCEDURAL IMPLICATIONS OF
A PORCELAIN AORTA

DEFINING A PORCELAIN AORTA. In severe cases of
TAC, patients may be labeled as having a porcelain
aorta, which is defined practically as severe calcifica-
tion that prevents safe aortic cross-clamping or can-
nulation (55). Because of a lack of standardization, the
term has been used inconsistently, and traditionally,
various assessments aided in diagnosis included chest
x-ray, fluoroscopy, and manual palpation (56). More
recently, CT has been used for pre-procedural plan-
ning and has facilitated a more standard definition by
delineating the location and circumferential extent of
atherosclerosis (Figure 9) (57). Clinical trials in aortic
stenosis (AS) have also been instrumental in this
standardization. According to the Valve Academic
Research Consortium-2 consensus, a porcelain aorta is
defined as “heavy circumferential calcification or se-
vere atheromatous plaque of the entire ascending
aorta such that cross-clamping is not feasible” (58).

PREVALENCE OF A PORCELAIN AORTA. The true
prevalence of a porcelain aorta in an asymptomatic
primary prevention population is unknown, but rare.
Because a porcelain aorta implies a modification to
the standard surgical approach, a more relevant
question relates to the prevalence in populations
being evaluated for cardiac surgery. Specifically, in-
vestigators have focused on patients undergoing
coronary artery bypass grafting (CABG), patients with
severe AS, and patients with RACD.

In patients undergoing first-time isolated CABG, a
porcelain aorta is uncommon. Of >1,800 consecutive

TAC: Diagnostic, Prognostic, and Management Considerations

patients with CABG at a single center, only 23 had a
porcelain aorta (1.2%) (59). However, these patients
were diagnosed without CT scanning. The actual
prevalence is possibly higher, assuming that CT in-
creases sensitivity beyond chest x-ray, fluoroscopy,
and manual palpation. Of note, epiaortic ultrasound
can also increase sensitivity for severe atheromatous
plaque and has been used to modify an approach at
the time of surgery (60).

A porcelain aorta is more common in patients with
severe symptomatic AS. In the inoperable PARTNER
(Placement of Aortic Transcatheter Valve) trial
cohort, 15.1% of patients had a porcelain aorta, similar
to the prevalence in a Canadian registry of high or
prohibitive surgical risk patients with AS (18.0%)
(61,62). The prevalence expectedly decreases in a
population of AS patients with broader risk profiles
and was 7.5% in 1 single-center study of 240 consec-
utive AS patients (63).

Finally, patients with RACD are also at high risk for
a porcelain aorta. In a study of 117 patients with sur-
gery for RACD, 59% had ascending aortic calcification,
and 13% had severe circumferential calcification (64).
In conclusion, because of the likelihood of a porcelain
aorta in patients with severe AS and RACD, as well as
the subsequent change in management, pre-
procedural CT is indicated. Moreover, although CT
often identifies high-risk findings in patients with
previous CABG and a plan for repeat cardiac surgery
(65), the prevalence of a porcelain aorta in patients
with a first-time CABG is not well-defined, but ap-
pears low. Further data are therefore needed before
pre-operative chest CT can be more universally
recommended.

RISKS AND MANAGEMENT OF A PORCELAIN AORTA. Pa-
tients with a porcelain aorta are at high risk for
embolic stroke due to manipulation of aortic
atheroma during surgery (66). For patients undergo-
ing isolated CABG, a “no touch” approach is typically
used, often with off-pump techniques, arterial graft-
ing, and a radial graft as a side Y or T graft, if needed
(67). With surgical aortic valve replacement, however,
cardiopulmonary bypass and aortic manipulation are
necessary. Many techniques have been described,
and all add complexity to the surgery (68,69).
Consequently, in most patients with severe AS and a
porcelain aorta, transcatheter aortic valve replace-
ment has become the preferred treatment option.
Among the inoperable PARTNER cohort, a porcelain
aorta was the most common reason for technical
inoperability, and procedural outcomes were similar
in these patients (70). In addition, transaortic
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transcatheter aortic valve replacement may be
possible in certain patients with a porcelain aorta
with no significant calcium at the anterior and lateral
aspect of the distal ascending aorta (71).

CONCLUSIONS

Calcification occurs in 2 sites of the vessel wall, the
intima and the media. Despite overlapping pathol-
ogies, neointimal calcification is more often patchy
and associated with typical atherosclerosis, whereas
medial calcification is diffuse, concentric, and asso-
ciated with diabetes mellitus, chronic kidney disease,
systemic arteritis, and RACD. Like any imaging test,
the assessment for TAC should have diagnostic,
prognostic, and management implications. In a pa-
tient with an unknown cause for stroke, the severity
and mobility of aortic atheroma on TEE aids in diag-
nosis, although it may not change standard secondary
preventative therapies. With TTE, the extent of
calcification may marginally improve global risk

JACC: CARDIOVASCULAR IMAGING, VOL. 11, NO. 7, 2018
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stratification, but the additive discriminative value is
limited. Similarly, in routine CAC scanning, risk is
almost entirely defined with clinical data and the
coronary Agatston score, although discrimination
may be slightly improved if TAC is incorporated with
other noncoronary sites of calcification. Finally, CT
has helped standardize the definition of a porcelain
aorta as severe circumferential, or near circumferen-
tial, atherosclerosis that prevents safe
clamping. In patients with severe symptomatic AS
or RACD, the presence of a porcelain aorta directly
affects the procedural plan. For AS, TAVR is preferred
because of the complexity involved with surgical
aortic valve replacement and a porcelain aorta.

Cross-
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