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ABSTRACT

Background: In international guidelines, risk estimation for thoracic ascending
aortic aneurysm (TAAA) is based on aortic diameter. We previously introduced
the aortic size index (ASI), defined as aortic size/body surface area (BSA), as a
predictor of aortic dissection, rupture, and death. However, weight might not
contribute substantially to aortic size and growth. We seek to evaluate the
height-based aortic height index (AHI) versus ASI for risk estimation and revisit
our natural history calculations.

Methods: Aortic diameters and long-term complications of 780 patients with
TAAAwere analyzed. Growth rate estimates, yearly complication rates, and sur-
vival were assessed. Risk stratification was performed using regression models.
The predictive value of AHI and ASI was compared.

Results: Patients were stratified into 4 categories of yearly risk of complications
based on their ASI and AHI. ASIs (cm/m2) of �2.05, 2.08 to 2.95, 3.00 to 3.95
and �4, and AHIs (cm/m) of �2.43, 2.44 to 3.17, 3.21 to 4.06, and �4.1 were
associated with a 4%, 7%, 12%, and 18% average yearly risk of complications,
respectively. Five-year complication-free survival was progressively worse with
increasing ASI and AHI. Both ASI and AHI were shown to be significant predic-
tors of complications (P<.05). AHI categories 3.05 to 3.69, 3.70 to 4.34, and
�4.35 cm/m were associated with a significantly increased risk of complications
(P<.05). The overall fit of the model using AHI was modestly superior according
to the concordance statistic.

Conclusions: Compared with indices including weight, the simpler height-based
ratio (excluding weight and BSA calculations) yields satisfactory results for eval-
uating the risk of natural complications in patients with TAAA. (J Thorac Cardi-
ovasc Surg 2018;155:1938-50)

Risk of complications in ascending aortic aneurysm as

a function of aortic diameter and height.

Central Message

In patients with ascending aortic aneurysm, a

simple aortic diameter/height ratio showed

very similar performance as diameter/BSA ra-

tio in accurately predicting the risks of dissec-

tion, rupture, and death.

Perspective

Indexing absolute aortic diameter to anthropo-

metric measurements provides individualized

risk classification in patients with thoracic

aortic aneurysm. Unlike weight, height does

not change during adult life, and the AHI

(aortic size/height) is as good as the ASI (aortic

size/BSA) for risk stratification. Therefore,

height-based relative aortic measures may be

a more reliable long-term predictor of risk.
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See Editorial page 1925.

From the aAortic Institute at Yale-New Haven Hospital, Yale University School of

Medicine, New Haven, Conn; bDepartment of Political Sciences and Economics,

Rowan University, Glassboro, NJ; cDepartment of Economics and Department of

Preventive Medicine, Stony Brook University, Stony Brook, NY; dDepartment of

Cardiovascular Surgery, Beijing Anzhen Hospital of Capital Medical University,

Beijing, China; eDepartment of Vascular Surgery, Yale University School of Med-

icine, NewHaven, Conn; fDepartment of Cardiac Surgery, University HospitalMu-

nich, Ludwig Maximilian University, Munich, Germany; and gDepartment of

Surgical Diseases 2, Kazan State Medical University, Kazan, Russia.

A.S., C.A.V., and A.M.M. contributed equally to this work.

Read at the 97th Annual Meeting of The American Association for Thoracic Sur-

gery, Boston, Massachusetts, April 29-May 3, 2017.

Received for publication April 30, 2017; revisions received Aug 31, 2017; accepted

for publication Oct 17, 2017; available ahead of print Feb 1, 2018.

Address for reprints: John A. Elefteriades, MD, Aortic Institute at Yale-New Haven,

Yale University School of Medicine, Clinic Building CB 317 789 Howard Ave,

New Haven, CT 06519 (E-mail: john.elefteriades@yale.edu).

0022-5223/$36.00

Copyright � 2017 by The American Association for Thoracic Surgery

https://doi.org/10.1016/j.jtcvs.2017.10.140

1938 The Journal of Thoracic and Cardiovascular Surgery c May 2018

Adult: Aorta Zafar et alA
D
U
L
T

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:john.elefteriades@yale.edu
https://doi.org/10.1016/j.jtcvs.2017.10.140
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtcvs.2017.10.140&domain=pdf


In international guidelines, preemptive surgical intervention
criteria for thoracic ascending aortic aneurysm (TAAA) are
based on absolute raw aortic diameter: �5.5 cm for asymp-
tomatic TAAAand between 4.0 and 5.0 cm for various genet-
ically effectuated aortopathies.1,2 These size cutoffs in turn
are based on the established, escalating yearly and
cumulative natural risk of devastating complications—
aortic rupture, dissection and/or death—with increasing
degrees of aneurysmal aortic enlargement.1,3-5

A drawback of using aortic diameter in this regard for
risk estimation is the inability to factor in a significant deter-
minant of aortic dimensions: the patient’s body size.6 To
this end, in previous work, our group introduced and vali-
dated a relative aortic measure, the aortic size index
(ASI), defined as aortic diameter divided by body surface
area (BSA), as a more patient-specific predictor of dissec-
tion, rupture, and death than absolute aortic diameter.7

However, we came to suspect that a patient’s weight
might not contribute substantially to aortic size and
growth. Moreover, weight fluctuates throughout the life-
span and can be deliberately influenced. Furthermore, in-
dexing patient height to aortic dimensions has recently
been shown to enhance mortality prognostication in pa-
tients with TAAA.8 Therefore, in the present study we
compared the predictive value of a simple height-based
relative aortic size measure, the aortic height index
(AHI), defined as aortic size divided by patient height,
with that of the BSA-corrected ASI for risk estimation of
TAAA complications. We also revisit our previous calcu-
lations regarding the natural history of TAAA, using a

significantly larger cohort of patients with ascending aortic
aneurysm.

METHODS
This investigation was approved by the Human Investigation Commit-

tee of the Yale University School of Medicine.

Patients
As part of our ongoing investigations into the natural history of thoracic

aortic aneurysm (TAA), our database at the Aortic Institute at Yale–New

Haven Hospital currently includes a total of 3349 patients with TAA.

Among these, 780 patients with a TAAA, with a total of 1272 ascending

aortic size measurements and a mean radiologic follow-up of 47.7 months

(range, 5 days to 256.7 months), compose a subset in which all radiologic

studies were reread and reanalyzed in a standardized manner9 for the pur-

pose of this study. Anthropometric, radiologic, and clinical data were

manually accrued retrospectively from individual electronic medical re-

cords and hospital charts. All 780 patients had height and weight data avail-

able, a maximal ascending aortic size �3.5 cm, and at least one verified

aortic size measurement. Long-term survival follow-up was performed ac-

cording to the Yale Aortic Institute method as described previously.10

Exclusion criteria included chronic Stanford type A and type B dissection

TABLE 1. Patient characteristics

Variable Value

Total number of patients 780

Males, n (%) 530 (67.9)

Females, n (%) 250 (32.1)

Age, y, mean � SD (range) 61.9 � 15.0 (14-94)

Height, cm, mean � SD (range) 173.8 � 11.4 (127-206)

Weight, kg, mean � SD (range) 87.5 � 17.7 (41-267)

Body surface area, m2, mean � SD

(range)

1.99 � 0.27 (1.273-3.399)

Aortic size index, cm/m2, mean� SD

(range)

2.507 � 0.578 (1.354-6.624)

Aortic height index, cm/m,

mean � SD (range)

2.831 � 0.535 (1.862-6.774)

Bicuspid aortic valve, n (%) 197 (25.2)

Bovine aortic arch, n (%) 115 (14.7)

Marfan syndrome, n (%) 31 (4.0)

Family history, n (%)

Proven 174 (22.3)

Likely 55 (7.1)

Possible 41 (5.3)

Unknown 106 (13.6)

None 404 (51.8)

Previous cardiac surgeries, n (%)

AVR 44 (5.6)

CABG 23 (2.9)

MVR 4 (0.5)

AVR þ CABG 6 (0.8)

AVR þ MVR 2 (0.3)

SD, Standard deviation; AVR, aortic valve replacement; CABG, coronary artery

bypass grafting; MVR, mitral valve replacement.

Abbreviations and Acronyms
AHI ¼ aortic height index
ASI ¼ aortic size index
BSA ¼ body surface area
CT ¼ computed tomography
MRI ¼ magnetic resonance imaging
TAA ¼ thoracic aortic aneurysm
TAAA ¼ thoracic ascending aortic aneurysm
TEE ¼ transesophageal echocardiography
TTE ¼ transthoracic echocardiography
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