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ORIGINAL RESEARCH

Root Dilatation Is More Malignant Than
Ascending Aortic Dilation

Paris D. Kalogerakos “/, MD, PhD; Mohammad A. Zafar "=, MD; Yupeng Li “*', PhD; Sandip K. Mukherjee, MD;
Bulat A. Ziganshin, MD, PhD; John A. Rizzo, PhD; John A. Elefteriades “*', MD, PhD (Hon)

BACKGROUND: Data from the International Registry of Acute Aortic Dissection indicate that the guideline criterion of 5.5 cm
for ascending aortic intervention misses many dissections occurring at smaller dimensions. Furthermore, studies of natural
behavior have generally treated the aortic root and the ascending aorta as 1 unit despite embryological, anatomical, and func-
tional differences. This study aims to disentangle the natural histories of the aforementioned aortic segments, allowing natural
behavior to define specific intervention criteria for root and ascending segments of the aorta.

METHODS AND RESULTS: Diameters of the aortic root and mid-ascending segment were measured separately. Long-term
complications (dissection, rupture, and death) were analyzed retrospectively for 1162 patients with ascending thoracic aortic
aneurysm. Cox regression analysis suggested that aortic root dilatation (P=0.017) is more significant in predicting adverse
events than mid-ascending aortic dilatation (P=0.087). Short stature posed as a serious risk factor. The dedicated risk curves
for the aortic root and the mid-ascending aorta revealed hinge points at 5.0 and 5.25 cm, respectively.

CONCLUSIONS: The natural histories of the aortic root and mid-ascending aorta are uniquely different. Dilation of the aortic root
imparts a significant higher risk of adverse events. A diameter shift for intervention to 5.0 cm for the aortic root and to 5.25 cm
for the mid-ascending aorta should be considered at expert centers.
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threatens life without premonitory signs. The

surgical guidelines of the American Heart
Association,! Society of Thoracic Surgeons, American
Association for Thoracic Surgery, and European
Society of Cardiology? recommend preemptive repair
of ascending aorta aneurysms at a diameter of 5.5 cm
and 5.0 cm for patients with connective tissue aortop-
athies whose malevolent behavior dictates a more ag-
gressive approach and earlier intervention. The cutoff
value of 5.5 cm corresponds to a steep rise in the re-
spective risk curve. The threshold for intervention for
patients with bicuspid aortic valve has varied over the
years, with the most recent dedicated bicuspid valve
guidelines (American Heart Association, Society of
Thoracic Surgeons, American Association for Thoracic
Surgery, European Association for Cardio-Thoracic

Aortic dissection is a devastating disease that

Surgery) back to 5.5 cm.® Beyond intervention crite-
rion values, the major adverse aortic events (MAAES),
defined as dissection, rupture, and death, pose a con-
siderable threat to patients, exceeding operative risk at
experienced centers.

Despite improved access to healthcare services,
increased awareness of clinicians, implemented
screening policies, and improved surgical outcomes,
the prevalence of thoracic aortic disease has been
reported on the increase.* The study by Evangelista
et al from the International Registry of Acute Aortic
Dissection demonstrated that 60% of acutely dis-
sected ascending aortas present with a diame-
ter <5.5 cm and 40% <5.0 cm.® Our recent study
showed that population dynamics at least partially
explain this failure of standard criteria to prevent aor-
tic dissection, specifically the exponential increase in
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CLINICAL PERSPECTIVE

What Is New?

e The aortic root and the mid-ascending aorta
demonstrate increased risk of major adverse
events at diameters <5.5 cm.

e Aortic root dilatation is found to be more malig-
nant than mid-ascending aortic dilatation.

What Are the Clinical Implications?

e Aortic root dilatation and mid-ascending
aortic dilatation deserve new and different
management.

e A surgical threshold of 5.0 cm should be con-
sidered for the aortic root.

e A surgical threshold of 5.25 cm should be con-
sidered for the mid-ascending aorta.

Nonstandard Abbreviations and Acronyms

CE composite end point
DM diabetes mellitus
MAAE major adverse aortic event

the number of surgical candidates in the population,
as the surgical cutoff value in the right “tail” of the bell
curve is displaced leftward.® Also, recent studies in-
dicate that the aorta grows abruptly by about 0.8 cm
at the moment of dissection itself,” again suggesting
earlier intervention. This mounting evidence suggests
a closer look at criteria for surgical intervention on the
ascending aorta.

The natural histories of the dilated aortic root
(“root”) and mid-ascending aorta (“mid”) have tradi-
tionally been left entangled in a single analysis. Even
the guideline documents perceive these 2 segments
as a single unit although they differ significantly in
anatomy, embryology, and physiologic function. The
diverse smooth muscle cell origin of the thoracic arter-
ies and its implications to disease development have
been long known.? The root is populated by a smooth
muscle subtype that originates from the lateral plate
mesoderm,® whereas the subtype of the ascending
aorta is neural crest derived.®'°

In this article, we explore the possibility that the nat-
ural history of the root and the mid differ, with each
manifesting a different risk profile.

METHODS

The data that support the findings of this study, as
well as the analytic methods and study materials, are
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available from the corresponding author upon reason-
able request. This investigation was approved by the
Human Investigation Committee of the Yale University
School of Medicine. The study conforms to the
Strengthening the Reporting of Observational Studies
in Epidemiology statement.!

Data Origin and Inclusion and Exclusion
Criteria

To test the hypothesis of differing natural histories of
the root and the mid, the patients with aneurysms reg-
istered in the Aortic Institute’s database at Yale—New
Haven Hospital were studied retrospectively. This reg-
istry spans 3 decades and >3500 patients. The in-
clusion criteria were presence of root or mid at least
3.5 cm wide and retrievable data. Only computed to-
mography or magnetic resonance tomography scans
were considered for the reassessment of diameters
for the present study (Figure 1). Transesophageal and
transthoracic ultrasounds were not included because
the upper ascending aorta may evade visualization and
the aortic root cannot be assessed with multiplanar re-
construction. Excluded were chronic aortic dissection
and traumatic aortic injury as well as congenital aortic
malformations.

End Points and Long-Term Follow-Up
Long-term follow-up was conducted according
to the Yale Aortic Institute 4-pronged policy.”” The
outcomes assessed included acute type A aortic
dissection, ascending aorta rupture, confirmed as-
cending aorta—-related death, and death of unknown
or other causes (Figure 2). Surgery interrupted the
course of natural history, so our follow-up stopped at
the time of surgery. The remainder of patients outside
of these outcomes are still alive and free of any aor-
tic event. We also assessed 2 composite end points
(CEs): (1) acute type A dissection, rupture, and as-
cending aorta—related death and (2) acute type A dis-
section, rupture, and all-cause death. After reaching
an outcome or surgery, the patients were censored.
A positive family history was attributed to patients
with at least 1 relative with a known aneurysm in any
vascular distribution or dissection confirmed on im-
aging or autopsy.

Radiographic Definitions and Techniques

The clinical data of the 1162 included patients
(Table 1) were accrued retrospectively from elec-
tronic medical records and hospital charts. The mid
was measured at its maximum diameter, usually near
the level of the pulmonary artery bifurcation and per-
pendicular to the vessel’s centerline. Regarding root
measurement, there is no consensus, but there are
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Figure 1.

Distribution of the aortic root and mid-ascending aorta diameters in size groups.

The diameter mean+SD for the root is 4.02+0.60 cm and for the mid is 4.33+0.77 cm.

established methods.'®™ In this study, root diameter
was the average of 3 distances, from each commis-
sure to the opposite cusp. Two distances were aver-
aged for the bicuspid valves, approximately parallel
and perpendicular to the long axis of the valve open-
ing. One author (P.K.) performed the measurements,
and 2 authors (M.Z., B.Z.) confirmed them. Reports
from the Diagnostic Imaging at Yale were consulted,
and any discrepancies were resolved by the senior
author (J.A.E.). Aortic valves were characterized as
bicuspid either echocardiographically or by direct
intraoperative visualization. Marfan syndrome diag-
nosis was based on genetic testing or the constel-
lation of signs, labeled clinically by the senior author
J.A.E).

Dissection Diameter “Correction”

According to conventional knowledge, aortic size
remains unchanged at dissection. However, recent
understanding suggests that the aorta enlarges con-
siderably at the moment of dissection itself. As dif-
ferent research groups agree on that fact,”'>1%17 we
studied patients with dissections using the corrected
predissectional mid size. The diameter just before
dissection was estimated according to a formula
published by our group,” ~0.8 cm less than meas-
ured at the postdissectional computed tomography
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scan. Rylski et al'® suggested that spontaneous and
retrograde dissections result in similar geometrical
changes regardless of patients’ age, height, and
weight. The mid enlarges at acute type A dissection,
whereas the root remains unaffected and its diameter
does not change.

Statistical Analysis

Cox regression was employed to investigate the role
of root diameter, mid diameter, height, body surface
area,'® female sex, age, hypertension, and diabetes
mellitus (DM; Table 2). A total of 545 patients had un-
dergone preemptive surgery that prevented both fur-
ther aortic enlargement and the ensuing MAAEs. This
confounding relationship requires careful statistical
accommodation.

Because patients are censored at the point of
surgery, results as tabulated are accurate as natu-
ral history. However, the weeding out of surgical pa-
tients prevents us from "seeing" what would have
happened beyond that point in aortic diameter. We
can blunt that effect by adding a separate analysis
without the surgical patients, supplementing the
combined analysis. This adjunct nonsurgical group
was also analyzed with Cox regression for insight
into the significance of the aforementioned factors in
predicting dissection.
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Figure 2. Incidence of acute type A aortic dissection, ascending aorta rupture,

ascending aorta death, and unknown or other cause of death and surgery.
The remaining 368 patients are alive and free of any aorta-related event.

Initially, the risk curve of the ascending aorta
as a single unit (Figure 3) was plotted (greatest di-
ameter at either site, mid or root) without diameter
correction to reproduce the traditional risk curves
that were built several years before the notion of
size correction. The term risk is used interchange-
ably with the term probability, which is defined as
the ratio of the total number of events to the total
number of aneurysms for each size group. Then
the risk curves of the mid and the root were plotted
separately for purposes of comparison (Figures 4
and 5). The curves presented are high-order poly-
nomial trend lines that best fit the data. The R? rep-
resents the proportion of the variance for MAAE
that can be explained by diameter in our regres-
sion model.

Finally, the risk of the first CE was expressed as
a function of both root and mid size in a risk ma-
trix (Figure 6). Each cell represents a combination
of root and mid diameters color coded according
to the associated risk. The oblique black line de-
lineates 2 areas: cells above the line represent the
patients whose mids are larger, and cells below the
line represent the patients whose roots are larger.
A few cells have been left blank as they contain no
patients. Green denotes low risk (<5%); yellow, in-
termediate risk (5%-10%); orange, high risk (10%—
20%); and red, very high risk (>20%). The color
clustering of these cells should be evocative of the
elusive interplay between the root and mid diame-
ters with regard to dissection, rupture, and ascend-
ing aorta-related death.
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RESULTS

Patient Characteristics and Aortic Size
Distribution

A total of 1162 patients were included. Their baseline
characteristics, including sex, age, height, body sur-
face area, bicuspid aortic valve, Marfan syndrome,
family history, previous cardiac surgery, hypertension,
and DM, are reported in Table 1. The diameters were
clustered into size groups (Figure 1). The mean+SD
of the root was 4.02+0.60 cm and of the mid was
4.33+0.77 cm.

End Points and Cox Regression Models

The primary end point scores for the 1162 patients
were 120 dissections, 2 ruptures, 8 ascending aorta—
related deaths, and 119 deaths of other or unknown
cause (Figure 2). A total of 545 patients underwent
elective surgical repair. The remaining 368 are alive
and free of aorta-related events. Of the patients, 91
have ascending aortas >4.5 cm, and their last com-
puted tomography scan was >1 year ago. The first CE
includes 130 patients, and the second CE includes
249 patients. A subset of patients with dissections was
under surveillance before their events, whereas other
patients presented for the first time with dissections.
Regarding the former group, the average time from
the first and the last scans to dissection was 45.2 and
25.9 months, respectively. The 1042 patients with no
dissections had, on average, their first and last scans,
respectively, 47.7 and 26.1 months before reaching an
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Table 1. Patient Characteristics
Patient Characteristics All Patients Nonsurgical Patients
Total number of patients 1162 617
Male 791 (68.1) 405 (65.6)
Female 371 (31.9) 212 (34.6)
Age, y 70.2+13.5 71.9+13
Height, cm 173.2+11.5 172.7+11.9
Body surface area, m? 1.99+0.28 1.99+0.3
Bicuspid 257 (22.1) 42 (6.8)
Marfan, connective tissue 36 (3.1) 16 (5.8)
disorders
Family history
Proven 248 (21.3) 114 (18.5)
Likely 75 (6.5) 35(5.7)
Possible 51 (4.4) 33 (5.4)
Unknown 136 (11.7) 80 (13)
None 652 (56.1) 355 (57.5)
Previous cardiac surgeries
CABG 37 (3.2) 33 (5.9
AVR 64 (5.5) 21 (3.4)
MVR 13(1.1) 7(1.1)
CABG+AVR 17 .(1.4) 8(1.9)
AVR+MVR 2(0.02) 1(0.2)
CABG+AVR+MVR 2(0.02) 2 (0.3
Ascending aorta—related 8 (0.69) 8(1.9)
death
Other cause of death 119 (10.2) 119 (19.3)
Hypertension 716 (61.6) 374 (60.6)
DM 178 (156.3) 75 (12.2)
Aortic root diameter, cm 4.02+0.60 3.94+0.57
Mid-ascending aorta 4.33+0.77 4.16+0.76
diameter, cm

Data are provided as mean+SD or number (percentage). The nonsurgical
group is a subsection of the all-patients group. It was studied because the
weeding out of surgical patients blunts the effect of censoring patients at the
time of surgery, that is, before further aortic dilatation and adverse events.
As patients with bicuspid aortic valve undergo surgery early, the nonsurgical
group contains significantly fewer patients (P<0.001). AVR indicates aortic
valve replacement; CABG, coronary artery bypass grafting; DM, diabetes
mellitus; and MVR, mitral valve replacement.

end point or censoring. The average number of scans
for each patient was 1.8.

Root dilatation and height emerge as signif-
icant factors. Paradoxically, mid dilatation ap-
peared pseudo-protective in the all-patient group.
Arguably, patients with mid aneurysms are more
likely to undergo preemptive surgery than suffer a
MAAE. The nonsurgical group was not protected,
as surgery was not performed and dissection was
not prevented. It was unveiled that the risk of a di-
lated mid is dwarfed by the risk of root dilatation.
Height was negatively associated with adverse
events, in contrast to body surface area, which
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appeared unimportant. Female sex and DM failed
to demonstrate significance. Age as well as hyper-
tension provided conflicting hazard ratios among
the first and second CEs.

Risk Curves and Risk Matrixes

The risk curves of the first and second CEs were
plotted against the greater diameter of the ascending
aorta as a single unit (Figure 3). To reflect the com-
mon practice throughout the past decades, size cor-
rection was omitted. The resultant curve reproduced
the threshold of 5.5 cm, showing that the sample is
representative.

Separately, the risk curves of the first and sec-
ond CEs were plotted against the diameter of the
mid (Figure 4) and the root (Figure 5). The increased
risk cutoff values were 5.25 and 5.0 cm, respec-
tively. These hinge points are shifted leftward com-
pared with the aforementioned 5.5 cm surgical
threshold recommended by the current guidelines.
The selection bias in near normal aortas causes
overestimation of risk in this size group because of
the underrepresentation of healthy individuals. Of
note, a root with 5.0 cm diameter is twice as likely
to dissect, rupture, or kil (first CE) as an equally
sized mid.

The risk of the first CE was depicted as a function of
both root and mid diameters in a risk matrix (Figure 6).
Risk is considerable on both sides of the oblique line,
yet unevenly distributed. Risk is greater underneath
this line, where the root is larger. Hence root dilatation
is more perilous than mid dilatation. Beyond the repair
threshold of 5.5 cm, the apparent risk is confounded
because of surgery.

DISCUSSION

Aortic dissection is a devastating, preventable disease.
Although the risk of ascending aorta-related MAAEs
is argued to be low,'® the prevalence of thoracic aor-
tic disease has been reported on the rise,* and the
International Registry of Acute Aortic Dissection high-
lights that 60% of acute type A dissections occur in
ascending aortas <56.5 cm wide. The recent under-
standing that aortas enlarge abruptly at dissection
by ~0.8 cm,” or more,'® implies that this percentage
was underestimated, as dissected aortas were rou-
tinely registered with their postdissectional diameter.
The firmly held misconception that the aortic diam-
eter remains unchanged at dissection was a silent as-
sumption in shaping the recommendations for surgical
repair. Therefore, the current practice is called into
question and the need for earlier intervention becomes
pressing, especially in the setting of improved surgical
outcomes.
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Figure 3. Lifetime risk of the first composite end point (red line) and the second
composite end point (black line) against the ascending aorta diameter of the 1162
patients.

In view of the ascending aorta as a single unit, the slope of both curves increases
considerably at the diameter of about 5.5 cm, thus reproducing the surgical cutoff value
recommended by current guidelines. There was no correction for the mid-ascending aorta
size as this notion was proposed recently. Taking into consideration the success rates of
repair at expert centers and the 15% risk of the first composite end point between 5.0 and
5.5 cm, the surgical threshold of 5.5 cm is arguably high. The aortas with low diameters
demonstrate pseudo-high risk because of a selection bias with the underrepresentation
of healthy individuals. The R? are very close to 1, suggesting that the trend lines almost

perfectly fit the data.

Limitations

The limitations of this study mainly relate to its ret-
rospective nature. Biases were addressed early and
well thought out during statistical interpretation. The
sample of this study is large and representative, as
shown by the risk curve of the ascending aorta as
a single unit, with its hinge point at 5.5 cm. There is
a sampling bias in aortas around 4.0 cm wide, with
the upshot being an overestimation of risk in normal
sizes. This bias can be filtered out as it is inconse-
quential, and the sample becomes representative
at >4.5 cm. An attrition bias is inevitable in such a
large study that spans decades; however, it was kept
very low. A total of 794 patients (68%) reached an
end point or surgery. Of the remaining patients, only
91 (7.8%) have ascending aortas >4.5 cm and had
their last computed tomography scan >1 year ago.
Nevertheless, most of these 91 patients undergo rou-
tine echocardiography; therefore, they are not con-
sidered dropouts. Old imaging modalities were less
likely retrievable; nevertheless, this type of recall bias
had a minimal impact as it was random and the risk
curve of the ascending aorta as a single unit repro-
duced the surgical threshold of 5.5 cm, thus attesting
for the representativeness of the data. Confounding is
evident, as surgery prevents both aortic enlargement
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and the ensuing MAAEs, therefore distorting their
causative relationship. Regression analysis is limited
by this confounding association; however, it is not de-
void of clinical implications.

Unique Nature of Root Versus Mid

The distribution of the root and mid diameters in size
groups, per se, brings into question their homogenized
surgical management, as the root is characterized by
lesser mean and SD (Figure 1). This discrepancy im-
plies diverging natural histories with embryology likely
playing a key role as diverse embryonic cell lines con-
verge to form the ascending aorta. The neural crest
populates the ascending segment while the lateral
plate mesoderm supplies the root with smooth mus-
cle of a specific kind.8'® The adjacent structures and
the diverse anatomic-physiologic standpoint may be
of paramount importance for root and mid remodeling
during adulthood, contributing further to their diverse
risk profile. The safe conclusion is that the natural his-
tories of the root and the mid are unique.

Unethical Randomized Study

As surgical repair of ascending aorta aneurysms is well
established, and withholding of this treatment may be
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end point (black line) against the mid-ascending aorta diameter of the 1162 patients.

Mid-ascending aorta diameter >5.25 cm poses a considerable increase of risk for the first and second
composite end points. The aortas with low diameters demonstrate different degrees of pseudo-high
risk because of a selection bias with the underrepresentation of healthy individuals. At diameters
>4.5 cm, the sample becomes representative. Note that the risk of the first composite end point,
attributed to a mid 5.0 cm wide, is aimost 6%. The R? are very close to 1, suggesting that the trend

lines almost perfectly fit the data.

considered inappropriate, randomized trials may not be
ethical.?® The best surrogate for studying the natural his-
tory of dilatation is retrospective observation. Yale’s data-
base is now robust enough to allow the detailed analysis of
1162 patients with aneurysms. The data were accurately
recollected, and the aortas were carefully remeasured.

Root and Mid Deserve Individual Criteria
and Management

This unique analysis offers a new perspective of root and
mid dilatation with strong clinical implications. These 2
structures deserve new and different management.

Root Dilatation More Dangerous Than Mid
Dilatation

The regression analyses offer a valuable insight into
the natural history of aortic dilatation. The derived as-
sociations, when carefully interpreted, can serve as a
stepping stone for further studies. Root dilatation and
short stature were significant risk factors in all groups.
At second reading, the <1 hazard ratio (Table 2) of the
mid diameter in the all-patients group is not suggesting
a protective effect. Taking into consideration the ma-
levolent behavior of root aneurysms, this hazard ratio
reflects the milder disease virulence of mid aneurysms
that offered a broader time window for repair that does
offer a protective effect. After partially controlling for the
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confounder of surgery by eliminating the surgical pa-
tients, it was reconfirmed in the nonsurgical group that
root dilatation is more dangerous than mid dilatation.

Body surface area was proven less important than
height, recapping that height normalization is more
useful for risk estimation.?' The results for age and
hypertension were inconclusive. Younger age and
hypertension might predispose to MAAEs. Female
sex and DM posed as bystanders, heating up the
debate about their repercussions. Female sex has
been firmly linked to worse outcomes,??> and DM or
antidiabetic medications®*?* have been conjectured
to be protective.

Sampling Bias in Small Size Ranges

The risk curves play a pivotal role in clinical decision
making. The large sample of this study was representa-
tive of enlarged aortas, and the risk curve of the ascend-
ing aorta as a single unit reproduced the anticipated
threshold value of the current guidelines at 5.5 cm. On
the other end of the spectrum, both CEs appear unex-
pectedly frequent for aortas with small diameters. This
overestimation is attributed to a sampling bias. Although
the majority of the human population (97.18%%%) has a
normal aorta of <4.0 cm and rarely suffers a dissection,
the small fraction of people with normal-sized aortas
who ultimately undergo thoracic computed tomogra-
phy scans is more likely to be comorbid in some way
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Figure 5. Lifetime risk of the first composite end point (red line) and the second composite end
point (black line) against the aortic root diameter of the 1162 patients.

The risk of the first composite end point increases considerably at a diameter >5.0 cm. The risk of near
normal-sized aortas is overestimated because of a selection bias with the underrepresentation of healthy
individuals. At diameters >4.5 cm, the sample becomes representative. Note that the risk of the first
composite end point, attributed to an aortic root 5.0 cm wide, is almost 12%, which is double compared
with the respective risk of a mid-ascending aorta (Figure 4). The risk of the second composite end point
increases at diameters approximately >5.0 cm. The R? are very close to 1, suggesting that the trend lines
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almost perfectly fit the data.

(eg, family history) and ultimately present with MAAEs.
Distinguishing these patients is a challenge unless there
is a known associated risk factor (“guilt by association”)
as discussed in a recent article by our group,?® especially
positive family history and gene variants.?’

Threshold Modification

As the surgical threshold for the ascending aorta comes
to the forefront, the disentanglement of root and mid
natural histories acquires new interest. Their separate
risk curves are introduced in this study, unveiling cut-
off values that blended with each other in the classical
ascending-aorta risk curve.?® This landmark curve was
reproduced by large retrospective®® and prospective®
studies that fueled the current guidelines and estab-
lished the threshold of 5.5 cm. These studies estab-
lished the regression analysis of risk against aortic size
and its hinge point as the surgical threshold. In the same
context, from the present study, the mid risk curve pre-
sents a hinge point at =5.25 cm, and the root risk curves
even earlier at 5.0 cm. These findings advocate for ear-
lier intervention, especially in root aneurysms. Both of
these thresholds are accommodated by our recent ad-
vocacy for a “left shift” to a simple 5.0 cm criterion for
established centers of excellence that can deliver as-
cending surgery at relatively low risk.”
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Color Risk Matrix

The ascending aorta risk curve is not the sum of the
root and mid curves because each of the 1162 patients
has a unique combination of root and mid diameters.
To investigate the interplay of these 2 factors regarding
the risk of dissection, rupture, and ascending aorta—
related death, the risk matrix was generated (Figure 6).
It is a visual representation of risk that conveys at first
glance the correlation of root size, mid size, and prob-
ability of the first CE.

The risk matrix portrays considerable risk on both
sides of the oblique line, that is, for both root and mid
dilatation. Moreover, the coloring conveys at first glance
that root dilatation is more malignant than mid dilata-
tion. Further analysis is uncertain because >5.5 cm the
indication for surgery confounds the observations and
sudden aortic death may be unheralded.

The great number of cells (64) leads to the ex-
tended stratification of patients in an equal number
of size groups. This increased data resolution entails
high disturbance, that is, local deviation of the reported
risk from the unobservable true risk. In this context,
no attempts were made to explain local color cluster-
ing. Although the inclusion criterion was an ascending
aorta at least 3.5 cm wide, after applying the correc-
tion formula for estimating the predissectional size, it
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Figure 6. Risk matrix for the 1162 patients.

The risk of the first composite end point for each combination
of aortic root and mid-ascending aorta size is expressed on a
color scale with green as low risk (<5%), yellow as intermediate
risk (6%-10%), orange as high risk (10%-20%) and red as very
high risk (>20%). Above the oblique line, the mid is more dilated
than the root. Below the oblique line, the opposite is true. The
matrix portrays considerable risk for both root and mid dilatation.
However, its coloring conveys at first glance that root dilatation
is more malignant than mid dilatation. The vertical and horizontal
black lines inside the matrix outline the surgical threshold of
5.5 cm, therefore the top 2 rows and the far right 2 columns are
biased because of surgery. The great number of cells (64) leads
to the extended stratification of patients in an equal number
of size groups. This increased data resolution entails high
disturbance, that is, local deviation of the reported risk from the
unobservable true risk. In this context, no attempts were made
to explain local color clustering. Although the inclusion criterion
was an ascending aorta at least 3.5 cm wide, after applying
the correction formula for estimating the predissectional size,
it was revealed that dissections have occurred in aortas with
predissectional diameters <3.0 cm. Thus, the matrix’s lower
margins were set at 2.5 cm.

was revealed that dissections have occurred in aortas
with predissectional diameters of <3.0 cm. Thus, the
matrix’s lower margins were set at 2.5 cm.

A leftward shift at lower surgical cutoff values would
reduce the MAAEs, especially for the dilated roots.
Apropos, the risk matrix reinforces that there are pa-
tients with near normal or mildly enlarged aortas who
do suffer a dissection. With the available tools, it is dif-
ficult to detect these patients among their countless
peers and triage them out of harm’s way.

CONCLUSIONS

The persistence of MAAEs suggests a new approach
for patients with ascending aorta aneurysms. Root
dilatation is associated with a greater risk of MAAEs
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compared with mid dilatation. Shorter stature predis-
posed to dissection, rupture, and ascending aorta—
related death. The root and mid have a diverse natural
history of complications. The former exceeds the latter
in malevolence, whereas both demonstrate a steep in-
crease of risk at diameters below the standard surgical
cutoff value of 5.5 cm. The hinge point at the risk curve
of the root is at 5.0 cm and of the mid is at 5.25 cm.
Both can be accommodated by our previously recom-
mended surgical criterion of 5.0 cm at any root or as-
cending site.
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