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A ortic aneurysm first gained purchase in gen-
eral medical practice with the realization of
the prevalence of abdominal aortic aneurysm

(AAA) in older patients. Although there has been a
decline in AAA incidence as a result of the decline
in cigarette smoking, population-based studies in
men older than 60 years still report an AAA preva-
lence ranging from 1.2%-3.3% (1–4). This prevalence
of disease, coupled with the demonstrated benefits
of finding an AAA, surveilling AAAs as they grow,
and repairing them upon reaching 5.5 cm has justified
the recommendation by the US Preventive Services
Task Force to screen men aged 65 to 75 years who
have ever smoked (5).

In contrast, despite recent increasing interest in
aneurysm of the thoracic aorta, the prevalence of
thoracic aortic aneurysm remains less well charac-
terized. This is understandable, as full imaging of the
thoracic aorta requires more than just an echocar-
diogram, necessitating either computed tomographic
or cardiac magnetic resonance imaging. Moreover,
large axial imaging studies to define population size
norms have been lacking. Currently, the best esti-
mates of thoracic aortic aneurysm are derived from a
systematic review and meta-analysis, which recently
calculated a prevalence of w0.16% (6). Moreover, the
normal diameter of sequential aortic segments
remains poorly defined. Population-based evaluation
has been lacking, although some data is available in
particular populations like those referred for
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evaluation of coronary artery disease (7). It is into this
space that the DANCAVAS (Danish Cardiovascular
Screening Trial) investigators provide important new
data.
We congratulate the authors of the paper, pub-
lished in this issue of the Journal, based on the
DANCAVAS Iþ2 (Danish Cardiovascular Multicenter
Screening Trial) for their contribution (8). They pro-
vide valuable fundamental data on: 1) normal aortic
diameters at different anatomic levels; 2) the preva-
lence of aortic disease; and 3) prediction of the pres-
ence of aneurysm—all in men from the general
population aged 60-74 years. It is important to clarify
that the predictive information does not concern the
onset of complications of aortic disease, but rather the
presence of aneurysm. Of the 78,000 participants
invited to participate in screening computed tomo-
graphic (CT) scans, an impressive 15,006 patients
underwent gated, noncontrast CT screening.

Measurements were taken at prespecified anatomic
landmarks along the course of the aorta, except when
aneurysm was noted, in which case the maximal
aneurysmal diameter was used. Measurements were
taken outer-wall-to-outer-wall, as recommended for
noncontrast images (9). The authors defined a
“dilated” aorta as 25% larger than the “individual
expected normal aortic diameter” and an aneurysm as
“a 50% increase.” The authors set upper limits for
normal diameter of the aorta at very reasonable
values: 40 mm for the ascending, 35 mm for the arch,
30 mm for the descending, and 25 mm for the
abdominal aorta.

The authors report that increasing age and body
surface area correlated directly with aortic size. The
aortas in men were consistently 2.5-4 mm larger
than those of women. The strongest predictor for
aortic dilation in any location was dilatation at
another aortic location. Other important predictors
https://doi.org/10.1016/j.jacc.2021.05.018
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FIGURE 1 “Guilt by Association” Paradigm for Detection of Silent Thoracic Aortic Aneurysms
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Methods: One of the most serious unsolved issues in aortic care has to do with detection of silent aneurysms in vulnerable patients. In prior studies (11), we investigated

syndromes associated with thoracic aortic aneurysm. Results: We found that the 8 conditions depicted in this diagram should raise suspicion of possible concurrent

thoracic aortic aneurysm. Discussion: We strongly suggest that front-line health care practitioners consider the possibility of concurrent thoracic aortic aneurysm in

these patients and pursue appropriate imaging. Reproduced with permission from Elefteriades et al. (11).
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for the presence of aneurysm included a family
history of aortic aneurysm and hypertension. In
contrast, diabetes mellitus was negatively correlated
with the presence of aneurysm (10). All of these are
well-known relationships, more firmly confirmed
by the huge body of anatomic data in the Danish
study.

Interestingly, although the prevalence of aortic
dilation in men was 4%, 2.3%, and 9.4% for the
ascending, descending, and abdominal aorta,
respectively, the prevalence for aortic aneurysm was
0.1%, 0.1%, and 3.7% for the same segments. The
prevalence of aneurysm in women for the same seg-
ments was 0.1%, 0.1%, and 0.4%. These estimates
provide the best data that confirms the understanding
of specialists in the field of the prevalence of aneu-
rysms in the abdomen and in men more commonly
than in women.

Several important questions arise from these re-
sults. First, should screening programs be organized
for thoracic aortic aneurysm? We would argue that
the prevalence of 0.1% for both men and women is far
too low to screen routinely among the general popu-
lation. Second, are there conditions that increase the
risk sufficiently to merit axial imaging? The presence
of aortic aneurysm increased the odds ratio by w2- to
5-fold for dilation in other segments of the aorta.
However, with a background prevalence of 0.1%, it
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becomes difficult to provide a strong support for
wide imaging. No other predictor was associated
with a higher odds ratio, so we would not recom-
mend screening on the basis of aneurysm save for
specific genetic conditions such as bicuspid aortic
valve disease or Marfan disorder. Although the au-
thors endorse the use of imaging when a single
aortic dilation is noted, it remains unclear whether
there is value in full aortic CT imaging in this
circumstance.

We believe that a significant contribution of this
study is the cataloging of normal aortic dimensions,
based on careful calculations in thousands of patients
from the general population. The detailed imaging
assessments in this study will be an important back-
drop both for clinical care and for future research. It is
important to point out that, appropriately, because no
contrast was used, the authors made no effort to
include the aortic root in their study. Indeed, the
aortic root is difficult to image and measure (9),
especially without contrast.

It should be noted that other conditions known to
be associated with aortic aneurysm were not inves-
tigated. These may (or may not) provide a stronger
association with aneurysm to recommend screening.
These “guilty associates” (Figure 1) include bicuspid
aortic valve, bovine aortic arch, renal cyst, hepatic
cyst, temporal arteritis, and a positive thumb-palm
sign (11,12).

We suggest that the authors’ high ORs for having
an arch aneurysm when a patient has an ascending or
descending aneurysm be taken “with a grain of salt.”
The arch is a very small longitudinal component of
the thoracic aorta (especially on the inner surface
[concavity]). It is very rare, anatomically, to have an
arch aneurysm without an ascending or descending
dilatation. So, although very high ORs were calcu-
lated for association of adjacent segments with arch
aneurysms, these are misleading because they merely
represent anatomic continuity, not a “second”
aneurysm.

The lack of association between peripheral artery
disease and ascending aortic aneurysms adds to a
growing body of knowledge demonstrating an inverse
association between the aneurysmal process (in the
ascending aorta) and atherogenesis. This is well
demonstrated with low intimal medial thickness, low
total body calcium scores, and near total absence of
myocardial infarction in patients with root and
ascending aneurysm (13).

In summary, this work provides great value for its
delineation of normal aortic morphology, establishing
evidence-based normal values for the different aortic
segments, and adding substantiation to current un-
derstandings of association of aneurysms with other
conditions. The authors’ findings suggest that no
significant alterations in current clinical practice are
necessary.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Elefteriades is a Principal of CoolSpine; has served on the Data and

Safety Monitoring Board for Terumo; and has served as a consultant

to CryoLife. Dr Beckman has reported that he has no relationships

relevant to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr John A. Elef-
teriades, Aortic Institute at Yale, Yale University
School of Medicine, 789 Howard Avenue, CB-3, New
Haven, Connecticut 06519, USA. E-mail: john.
elefteriades@yale.edu. Twitter: @JElefteriades.
RE F E RENCE S
1. Svensio S, Bjorck M, Gurtelschmid M, Diavani
Gidlunk K, Hellberg A, Wanhainen A. Low preva-
lence of abdominal aortic aneurysm among 65-
year-old Swedish men indicates a change in the
epidemiology of the disease. Circulation 2011;
124(10):1118–23.

2. Benson RA, Poole R, Murray S, Moxey P,
Loftus IM. Screening results from a large United
Kingdom abdominal aortic aneurysm screening
center in the context of optimizing United
Kingdom National Abdominal Aortic Aneurysm
Screening Programme protocols. J Vasc Surg
2016;63(2):301–4.

3. Choke E, Vijaynagar B, Thompson J, Nasim A,
Bown MJ, Sayers RD. Changing epidemiology of
abdominal aortic aneurysms in England and Wales.
Older and more benign? Circulation 2012;125(13):
1617–25.

4. Johansson M, Zahl PH, Siersma V, Jørgensen KJ,
Marklund B, Brodersen J. Benefits and harms of
screening men for abdominal aortic aneurysm in
Sweden: a registry-based cohort study. Lancet
2018;391(10138):2441–7.

5. US Preventive Services Task Force. Screening
for abdominal aortic aneurysm: US Preventive
Services Task Force recommendation statement.
JAMA 2019;322(22):2211–8.

6. Gouveia EMR, Silva Duarte G, Lopes A, et al.
Incidence and prevalence of thoracic aortic
aneurysms: a systematic review and meta-
analysis of population-based studies. Semin
Thorac Cardiovasc Surg. Published online March
8, 2021. https://doi.org/10.1053/j.semtcvs.2
021.02.029

7. Mao SS, Ahmadi N, Shah B, et al. Normal
thoracic aorta diameter on cardiac computed to-
mography in healthy asymptomatic adults. Acad
Radiol 2008;15(7):827–34.

8. Obel LM, Diederichsen AC, Steffensen FH, et al.
Population-based risk factors for ascending, arch,
descending, and abdominal aortic dilations for
60-74–year-old individuals. J Am Coll Cardiol
2021;78:201–11.

9. Elefteriades JA, Mukherjee SK, Mojibian H.
Discrepancies in measurement of the thoracic
aorta: JACC review topic of the week. J Am Coll
Cardiol 2020;76(2):201–17. https://doi.org/10.
1016/j.jacc.2020.03.084.

mailto:john.elefteriades@yale.edu
mailto:john.elefteriades@yale.edu
https://twitter.com/JElefteriades
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref1
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref2
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref3
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref3
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref3
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref3
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref3
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref4
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref4
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref4
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref4
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref4
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref5
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref5
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref5
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref5
https://doi.org/10.1053/j.semtcvs.2021.02.029
https://doi.org/10.1053/j.semtcvs.2021.02.029
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref7
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref7
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref7
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref7
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref8
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref8
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref8
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref8
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref8
https://doi.org/10.1016/j.jacc.2020.03.084
https://doi.org/10.1016/j.jacc.2020.03.084


J A C C V O L . 7 8 , N O . 3 , 2 0 2 1 Elefteriades and Beckman
J U L Y 2 0 , 2 0 2 1 : 2 1 2 – 5 The Normal Aorta

215
10. Patel K, Zafar MA, Ziganshin BA,
Elefteriades JA. Diabetes mellitus: is it protective
against aneurysm? A narrative review. Cardiology
2018;141(2):107–22. https://doi.org/10.1159/
000490373.

11. Elefteriades JA, Sang A, Kuzmik G, Hornick M.
Guilt by association: paradigm for detecting a si-
lent killer (thoracic aortic aneurysm). Open Heart
2015;2(1):e000169. https://doi.org/10.1136/
openhrt-2014-000169.

12. Blumel R, Patel K, Rizzo JA, et al. Accuracy of
the “thumb-palm test” for detection of ascending
aortic aneurysm. Am J Cardiol. Published online
May 18, 2021. https://doi.org/10.1016/j.amjcard.2
021.03.041
13. Chau KH, Bender JR, Elefteriades JA. Silver
lining in the dark cloud of aneurysm disease.
Cardiology 2014;128(4):327–32.

KEY WORDS abdominal aortic aneurysm,
aorta, aortic dilatation, computerized tomography,
Danish cardiovascular screening trial, thoracic
aortic aneurysm

https://doi.org/10.1159/000490373
https://doi.org/10.1159/000490373
https://doi.org/10.1136/openhrt-2014-000169
https://doi.org/10.1136/openhrt-2014-000169
https://doi.org/10.1016/j.amjcard.2021.03.041
https://doi.org/10.1016/j.amjcard.2021.03.041
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref13
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref13
http://refhub.elsevier.com/S0735-1097(21)05125-1/sref13

	The Normal Aorta
	Funding Support and Author Disclosures
	References


