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Indications and imaging for aortic surgery: Size and other matters
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Objectives: To review the current general concepts and understanding of the natural history of thoracic aortic
aneurysm and their clinical implications.

Methods: Data on the the normal thoracic aortas were derived from the database of the Multi-Ethnic Study of
Atherosclerosis (n = 3573), representative of the general population. Data on diseased thoracic aorta were
derived from the database of the Aortic Institute at Yale-New Haven Hospital (n = 3263), representative of
patients with thoracic aortic aneurysm and dissection.

Results: Our studies have shown that the normal aorta in the general population is small (3.2 cm for the
ascending aorta). Aortas larger than 5 cm are rare in the real world. The aneurysmal aorta grows at a mean
of 0.2 cm/y, and larger aneurysms grow faster than do smaller ones. The dissection size paradox (which shows
some aortic dissections occurring at small aneurysm sizes) is explained by the huge number of patients with
small aortas in the general population. Genetic testing of patients with thoracic aortic disease helps identify
genes responsible for aortic aneurysm and dissection. New imaging techniques such as 4-dimensional magnetic
resonance imaging may add engineering data to our decision making.

Conclusions: Size continues to be a strong predictor of natural complications and a suitable parameter for inter-
vention. As we enter the era of personalized aneurysm care, it is likely that specific genetic mutations will facil-
itate the determination of the appropriate size criterion for surgical intervention in individual cases. (J Thorac
Cardiovasc Surg 2015;149:S10-3)
It has been adecadeand ahalf sinceour original articles on the
natural history of thoracic aortic aneurysm were written.1-5

Those articles were based on approximately 230 patients.
Since that time, our database at the Aortic Institute at
Yale-New Haven Hospital has grown dramatically.

For this presentation at the 2014 Aortic Symposium, we
took the opportunity to revisit calculations regarding the
natural history of thoracic aortic aneurysm, which are
now based on subgroups among a total of 3263 patients.
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participation. Findings that are based on such a large num-
ber of patients should carry enhanced statistical and clinical
significance. These findings are reviewed here.

It is, of course, the natural history of a disease that under-
lies important therapeutic decisions. In the case of the
thoracic aorta, it is precisely assessment of the natural his-
tory of aneurysmal disease that permits rational, evidence-
based articulation of criteria for surgical intervention.
HOW LARGE IS THE NORMAL AORTA?
There is a relative paucity of data on the size of the

normal aorta. This is understandable when one considers
that normal, healthy people do not undergo echocardiogra-
phy, computed tomography, or magnetic resonance imaging
scans in the absence of symptoms or signs, or at least some
suspicion, of clinical disease. Through the kindness of the
Multi-Ethnic Study of Atherosclerosis (MESA) investiga-
tors, we were provided access to routine magnetic reso-
nance imaging examinations of the thoracic aorta
performed on 3573 individuals without clinical disease
who were enrolled in a long-term, population-based study.

These data were tabulated and analyzed by our research
team. The findings are presented in Figure 1. It can be
seen that the distribution of aortic sizes approaches a normal
distribution, albeit with a wider tail on the right side than on
the left. The wider tail on the right side reflects the fact that
the upper limit of aortic size can vary widely; on the other
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Abbreviations and Acronyms
IRAD ¼ International Registry of Aortic Dissection
MESA ¼ Multi-Ethnic Study of Atherosclerosis
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hand, the tail is not wide on the left side of the curve because
there is a lower limit to how small the aorta can be and still
meet the body’s needs.

Please note that the normal aorta is quite small, with an
average dimension of only 3.2 cm (ascending aorta at the
level of the right pulmonary artery).We in the aortic subspe-
cialties come to have a skewed view of aortic size, simply
because we see so many patients with dilated aortas. (The
smallest aorta in the MESA series was 1.6 cm, and the
largest was 5.0 cm.) Please note that there were no aortas
larger than 5 cm in the MESA series of more than 3500
healthy individuals. Although at aortic centers we do not
usually get excited until an aorta exceeds 5 cm, such dimen-
sions are distinctly unusual in the real world.
HOW FAST DOES THE ANEURYSMAL AORTA
GROW?

The size distribution of the patients in our Yale Aortic
Database is presented in Figure 2. We recognized some
time ago that occasional patients with small aortas may
sometimes have aortic dissections occur, as seen in this
figure. (The patients entered in the lowest size ranges are
there largely because of dissection, because they do not
meet criteria for having an aneurysm.) The average aortic
size of patients in our database was 4.71 cm, and aortas
on occasion exceeded 10 cm. These aneurysmal aortas
grew at 0.20, 0.26, and 0.23 cm/y for the ascending aorta
and arch, descending aorta, and thoracoabdominal aorta,
respectively. Additionally, the larger the aortic aneurysm,
the faster it grew, for all 3 categories (Figure 3). The
descending aorta grew faster, statistically, than did the
ascending aorta (P ¼ .011).
HOW DOES AORTIC SIZE RELATE TO NATURAL
COMPLICATIONS OF THORACIC AORTIC
ANEURYSM?

We had previously reported a close relationship between
aortic size and the incidence of natural complications
(rupture, dissection, and death). We were interested to see
whether these relationships would still obtain in this much
larger data sample.

The current analysis, with the much larger patient group,
again demonstrates an escalating risk of rupture, dissection,
or death as the aorta grows. For the ascending aorta, the
yearly risks are 4.4%, 4.7%, 7.3%, and 12.1% for aortic
sizes of 4, 5, 6, and 7 cm, respectively. Corresponding ‘‘stair-
case’’ risk elevation with aortic size is also seen for
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descending and thoracoabdominal aortic aneurysms. De-
scending and thoracoabdominal aneurysms pose the highest
risks.
These data provide strong additional evidence for the role

of size in predicting the natural risk of thoracic aortic aneu-
rysms and for the importance of size as an intervention
criterion.

WHATABOUT THE SIZE PARADOX FOR AORTIC
DISSECTION?
We have known from multiple studies1,3-5 that small

aortas do not frequently dissect. However, Pape and
colleagues6 from the International Registry of Aortic
Dissection (IRAD) presented an important study in which
they reported that more than half of aortic dissections
occurred with aortic diameters below the commonly
accepted intervention criterion of 5.5 cm. (We use 5 cm
for our intervention criterion for the ascending aorta in
healthy individuals because the operations can be per-
formed safely, making a lower criterion point reasonable.)
Our own data have long demonstrated that some dissec-

tions occur at small sizes. Our most recent analysis,
collected for this presentation, confirms that finding.
We were interested in what might explain this paradox.

We suspected that this paradoxmight be related to the aortic
size distribution characteristics in the general population.
The IRAD study provides information only on the numer-
ator, patients who have actually had an aortic dissection
occur, but lacks information about the denominator, the
number of patients at risk in each size distribution. In partic-
ular, we thought that the explanation for the paradox might
lie in the shape of the tail of the aortic size distribution curve
(Figure 4).7 The right tail of the curvegets ‘‘fatter’’ rapidly as
one moves from the extreme tip of the curve toward the cen-
ter of the frequency distribution. That is, a lot more patients
fall into the smaller size groups than into the larger ones, so a
lot more patients are at risk for aortic events. In other words,
by knowing the number of patients in each size category in
the population, one can put the IRAD data in perspective
by getting a sense of the denominator of persons at risk,
not only the numerator of patients with an aortic dissection.
With the MESA data presented previously, we were able

to perform some calculations, comparing the number of dis-
sections in each size range from IRAD with the number at
risk in the general population from MESA. We recognize
that these are different populations, but both the IRAD
and the MESA data incorporate patients from multiple
geographic and ethnic groups and have nearly identical
mean ages.
This arithmetic shows that, although dissections do occa-

sionally occur at small sizes, a patient with a larger aorta
(�4.5 cm) is an astounding 6.3 thousand times more likely
to have an aortic dissection than is one with a small aorta
(�3.4 cm).
diovascular Surgery c Volume 149, Number 2S S11



FIGURE 1. Population distribution of thoracic aortic diameter according

to aortic root size (mean, 3.2 cm).

FIGURE 3. Rates of annual growth of the thoracic aorta. Asterisk indi-

cates P ¼ .011.
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Thus the size paradox for aortic dissection lies in the fact
that there are hugely more patients at the smaller sizes, so
that, despite the fact that dissection is vanishingly rare at
these dimensions, such events are indeed frequent enough
to be observed clinically. Wisely, the IRAD investigators
did not recommend that their observations alter our inter-
vention criteria in any way, and our MESA-empowered
arithmetic analysis supports that posture.
MOVING BEYOND SIZE: NEW DISSECTION
GENES

Size has proved to be, and continues to serve as, an excel-
lent criterion for surgical intervention. Size is supported by
the new data in this presentation.

Size is not, however, the entire story. Biology plays a crit-
ical role.

With the advent of rapid, affordable gene sequencing, a
molecular genetic approach to aortic diseases is enhanced.
FIGURE 2. Distribution of patients at the Yale Aortic Institute according

to aortic size.
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We have recently reviewed the current status of genetic
screening for thoracic aortic aneurysm.8,9 There are now
more than a dozen specific genetic mutations that may
underlie thoracic aortic aneurysm and dissection. These
mutations, however, ‘‘explain’’ only about 20% of
thoracic aortic disease, with additional contributory
mutations remaining to be discovered.
FIGURE 4. Theoretic normal distribution curve of aortic size. The huge

general population at risk explains the occurrence of some dissections at

small sizes (Reprinted with permission from Elefteriades JA, Farkas EA.

Thoracic aortic aneurysm clinically pertinent controversies and

uncertainties. J Am Coll Cardiol. 2010;55:841-57.7)
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TABLE 1. Summary of important points

� The normal aorta is small, with a mean diameter of 3.2 cm (ascending

aorta at the level of the right pulmonary artery). Aortas larger in diameter

than 5 cm are rare in the real world.

� The aneurysmal aorta grows at about 0.2 cm/y.

� The larger the aneurysm, the faster it grows.

� Size continues to be a strong predictor of natural complications and a

suitable criterion for intervention.

� The dissection size paradox is explained by the huge number of patients

with small aortas.

� KIF6 and FBN1 (rs2118181) are promising new ‘‘dissection genes’’

(KIF6 is clinically available).

� New imaging techniques (such as 4-dimensional magnetic resonance

imaging) may add engineering data to our decision making.
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Certain mutations predispose patients toward develop-
ment of aortic dissection at small, even at times nonaneur-
ysmal, dimensions. This is the case with Loeys-Dietz
syndrome, with ACTA2 mutations, and with MYLK muta-
tions. Identification of these mutations justifies very early,
preemptive extirpation of the aorta to prevent dissection.

Also, two new ‘‘dissection genes,’’ distinct from the syn-
dromes just discussed, have been identified. Milewicz iden-
tified, and our group confirmed and extended, the finding
that a base pair change at the rs2118181 locus on the
FBN1 gene predisposes strongly (odds ratio, 1.87) toward
the development of aortic dissection.10,11 This marker is
not yet available, to our knowledge, as a clinical tool.

Our group (with our colleagues at Celera Genomics)
has also identified a strong predisposition (odds ratio,
2.14-2.39) toward aortic dissection development in patients
who carry a mutation in the KIF6 gene. There is a clinically
available assay for this mutation because of its introduction
as a marker of arteriosclerotic disease. We have begun to
use positivity for the Arg allele in the KIF6 gene in our
clinical decision making at our Aortic Institute.

MOVING BEYOND SIZE: IMAGINGWALL STRESS
Our group, as well as many others, have focused on engi-

neering analysis of the aortic wall, both in vivo in the oper-
ating room and in vitro on aortic wall specimens.12-15 It is
clear that the mechanical properties of the aorta
deteriorate with enlargement. New imaging techniques
promise to assess and convey aortic wall stress
noninvasively. Four-dimensional imaging (including aortic
blood flow velocity in addition to aortic dimensions in the
standard 3 axes) appears especially promising. It must be
borne in mind, however, that the algorithms for these imag-
ing programs make important, and potentially misleading,
assumptions, especially with regard to ambient blood
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pressure at the time of the examination and in regard to
the ‘‘standard’’ elastic modulus of the aortic wall.16

SUMMARY
The important points regarding imaging and beyond that

are the subject of this article are presented in Table 1.
Assessment of the aorta and surgical decision making are
likely to become more and more accurate and precise in
the future as size is supplemented by genetics and by engi-
neering measurements.
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