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AHA/ACC Guidelines: Surgery for Sporadic Aneurysms of Aortic Root & Ascending Aorta

Aneurysms of the

Asymptomatic

aortic root or . _ —
ascending aorta Diameter Diameter Maximum || Pt. height >1 SD Aortic size index
>5.5cm <5.5cm diameter above or below of 23.08 cm/m2
of 25.0 cm the mean and or aortic height
Symptomatic - ind f 23.21
Al Confirmed max. cross- index o
: sectional aortic cm/m
rapid growth ) )
area/height ratio
rate (=0.3 cm/y of 210 em2/m
over 2y OR -
A 4 20.5 cm in 1y) Surgery is Surgery may be
Proceed to surgical | reasonable by reasonable when
repair (Class 1) [ experienced performed by
surgeons in a MAT ' experienced
(Class 2a) surgeons in a MAT
(Class 2b)

Pt. undergoing repair or replacement of tricuspid AV
with a concomitant aneurysm of the ascending aorta
with max. diameter of 24.5 cm

Ascending aortic replacement is
reasonable by experienced surgeons
in MAT (Class 2a)

Ascending aortic replacement may
> be reasonable
(Class 2b)

U%F Department of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.

Pt. undergoing cardiac surgery for other than AV repair
or replacement with aneurysm of the aortic root or
ascending aorta and max. diameter of 25.0 cm

AV indicates aortic valve; cm, centimeter; CT, computed tomography; yr, year; MAT,
multidisciplinary aortic team; max, maximal; pt, patient; SD, standard deviation; and y, year.




AHA/ACC Guidelines: Surgery for Sporadic
Aneurysms of Aortic Root and Ascending Aorta

Aneurysms of the aortic
root or ascending aorta

Asymptomatic

Symptomatic

|

Proceed to surgical
repair (Class 1)

Diameter
25.5cm

Diameter
<55cm

Confirmed rapid growth
rate (0.3 cm/y over 2y
OR 20.5cm in 1y)

%F Department of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.




EACTS/STS Guidelines: Surgery for Root
and Ascending Aortic Sporadic Aneurysms

Thresholds for Intervention in Aortic Root and Ascending Aortic Aneurysm

Tricuspid portic volee (TAV)

Threshalds spcending phanatypa:
-?:E‘-:rnrrl -:|:|

Bicuspid oorfic volve (BAV)

W

goctic lengih

@

Thresholds root phenatype:
-=55mm i)

Thresholds oscending phenotype:
+ 2 B5mum (1)

Asconding
aortic length

Ll T ST
diomar ™ |

Thresholds roor phenotype:
=50mm (1)
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Czerny. EACTS/STS Guidelines for diagnosing and treating acute and chronic syndromes of the aortic organ. EJCTS 2024;65(2)ezad426



Guideline Data: Yale Natural History Study

" m3539cm - 3349 TAA pts total
o W40440m ” o = 780 aTAApts
B 4549cm i : .
= Radiology 1272 size
o :22:3 22 measurements
. > 6.0 cm - Mean f/lu 48mo

= Marfan 4%, Fam Hx 22%

= 5.5-5.9cm 3.5%
dissection, and 6.8%
rupture, AD, death

4.9“"/
4.7%

35
2.0%
! 1.8%
2 1.2%
0.2% 0.3% /l I
0- = =

Rup'tu re Dlssectlon Death
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Zafar JTCVS 2018;155:1938-50
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Validation: ATAA in VA Health System

Journal of the American Heart Association

ORIGINAL RESEARCH

Ascending Thoracic Aortic Aneurysms in a
Veterans Affairs Health System: Longitudinal

= 24.0cm 1998-2024
= N=764, 98% men

Outcomes and Risk Factors = Age 75 (9.3)
Axel Gomez ©, MD; William Carroway, MD; Sally Tu, BS; Vidur Kailash ©, BA; Liang Ge, PhD; = BAV 7.9%
Marko Boskovski &, MD, MHS, MPH; Elaine E. 'Ii'if;-‘;pr;gﬁ'-c?}r-;or::ﬁy

- = No HTAD
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Time (years) Tseng et al JAHA 2026;15:€044959
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Validation: ATAA in VA Health System

All-cause mortality

= All cause mortality

e significant increase
— sosen at = 5.5cm
[

& incidence

= O
(] =4
o (1]
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Valldatlonmll)(atllsenr Permanente TAA Study
e I N=6372 2000-2016
= 32% women
= = 3.5cm
= F/U 3.7 yrs
- BAV 11%, no HTAD
- Age 68.6 (13)
TIJ - Age at AD 75 (64-81) yrs
- T ~— .+ NoAD <4.0cm

1 2 3 R 5 G 7 8

- ~
wn 2

Cumulative incidence (%)
&

N relorupmelyeer) - Hinge point 6cm for AD and

3.53%cm 726 630 503 400 304 19 158 e 43

L]
4.044cm 3120 2604 1954 1416 990 €81 454 222 96 AD -+ a”_Cause ' ' IO' |a||ty
4545cm 1698 1B12 996 782 566 400 28¢ 164 95
5.054cm 548 323 239 186 136 104 70 40 26

555%cm 156 76 54 10 31 25 22 12 7
R . 2 2 18 02 s ‘ 1 Department of Surgery

Solomon JAMA Card 2022;7(11):1160-9



AHA/ACC Guidelines: Surgery for Sporadic
Aneurysms of Aortic Root and Ascending Aorta

Aneurysms of the aortic
root or ascending aorta

Asymptomatic

Max diameter 25.0 cm

Surgery is reasonable by
experienced surgeons in a MAT
(Class 2a)

MAT, multidisciplinary aortic team; max, maximal; pt, patient; SD, standard deviation; M Depar‘[men’[ of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.



EACTS/STS Guidelines: Surgery for Root
and Ascending Aortic Sporadic Aneurysms

Thresholds for Intervention in Aortic Root and Ascending Aortic Aneurysm

Tricuspid cortic valve (TAV) Bicuspid oortic valve (BAV)
y w 3
Thresholds ascanding phanotype: Thresholds oscending phenotype:
.gézmm ::il : + 2 55mim (1]
EJLmm g
= : Ascandin 125 dmm (ol Asconding
r'ﬁl:r.mmur !'-:rn-usl: oortic length = S 0mm i lowsrisk patienes veith BF (ila) aortic keigth
patienfs with RF* (l1b] . |

Thresholds root phenotype:
==5%mm (1)

Thresholds root phenotype:
* i S0mem (1)

*Risk factors (RF) - -
Y\ Lengthof 7 3\ >3mm diameter Height Age <50 ) Arterial
@\\ ascending @\ increase I@ <1.69m @ years old % hypertension M Department Of Surgery

aorta211em per year

Czerny. EACTS/STS Guidelines for diagnosing and treating acute and chronic syndromes of the aortic organ. EJCTS 2024;65(2)ezad426



Guideline Data: 52.5mm Hinge Point

Estimated Effect of Ascending Aortic Aneurysm

-
i

B 3539cm 15.0% Size on Risk of Complication
144 . 4.0-4.4 cm © NIl
B 4549 cm Hinge Point
124 5.75cm
..E B 5.0-54 cm © -
o B 5559cm £ ¢
> 10 8 9
E M >6.0cm § % = Hinge Point
D 3 - 28 5.25 cm
Q - EQ o
& 5.8% £
()]
g HH A
E 4.3% 4.0% = E o “ &
4 © 0
O QO
2.2% T o
2.
. 3 7]
u_ 1
Rupture. Dissection. and Death 3.5 40 45 5.0 5.5 6.0

Aneurysm Size (cm)

= 780 aTAA pts (1272 size measurements), mean f/u 48mo
= First hinge point 5.25cm, second 5.75cm

- Includes HTAD and family hx UCSF Department of Surgery

Zafar JTCVS 2018;155:1938-50



Patients, No.

800

700
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Kaiser-Permanente-TAA Study

‘b °> Q ‘\ "L "7 h "3 ‘o ‘b OJQ’Q;H\(_,’L(_"B‘_’ " (_) o %%quQ‘o\bw‘o’h‘o“‘o(—)b‘ob'\‘o‘b‘oo,’\e”\\'\m’\“)’\ ,\%,\b,\\,\%\q %Q'

TAA size at baseline, cm

6372 aTAA pts from
2000-2016

TAA 23.5cm, >18 yrs,
no aortic surgery or
dissection, no genetic
aortic disease

32% women
Mean age 68.6 (13)

Mean TAA size at dx:
4.3cm

Mean f/u 3.7 yrs
BAV 11%

%F Department of Surgery

Solomon JAMA Card 2022;7(11):1160-9



5-Year Predicted Risk of Dissection from Size & Growth

124 = Aortic dissection 44pts 0.7%
Il TAA size fixed over Sy . On|y 1 BAV (1/747pts)

TAAsizeincreaseslsizecategnryat!y 27 ASCGnding, 13 ROOt, 4ArCh
37 dissection, 3 IMH, 4 rupture

Incidence 0.22/100pt-yrs

10+

B

Predicted 5-y risk of aortic dissection, %
i
[ ]

s = Median age at AD 75yrs (64-
81yrs)
|
__ = No AD <4.0cm
<4.0 4044 45-49 5.5-5.0 56.0 = Dissection rates:
. . . TR R « >4cm <6¢cm <0.5/100pt-yr,
Predicted risk AD in Syrs: 215}273,', o g
« 4-4.4cm 0.3% (C1 0.3-0.7) . >6cm 2.19/100pt-yr
e 4.5-4.9cm 0.6% (0.4-1.3) = Hinge point 6cm for AD and
« 5.0-5.4cm 1.5% (1.2-3.9) AD + all-cause mortality
+ 5.5-5.9cm 3.6% (1.2-12.8) UCSF -

« >6cm 10.5% (2 .(-44. 3) Solomon JAMA Card 2022;7(11):1160-9



KP-TAA All-Cause Mortality and Elective Aortic Surgery

80%

70%

60%

50%

40%

30%

Cumulative incidence (%)

20%

10%

Patients at risk
35-39¢cm
40-44cm
45-49¢cm
50-54cm
55-59cm

6.0 cm or greater
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Hinge point for all-cause
mortality at 6cm
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Death by initial aortic size
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3

a

5

Follow-up time (years)

400
1418
767
186
40
24
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567
136
31
16

219
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25
13

p-value < 0.000!
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455
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22
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96
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Cumulative incidence (%)
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Solomon JAMA Card 2022;7(11):1160-9

— 53 8 M

Aortic surgery by initial aortic size

pvalue < 0.0001

o |, 0] A £ B B om we— 0-5.0 Crn ees—=E 550 cm sG] cmoor greater

7RO
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1954
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Unadjusted Outcomes

Table 2. Unadjusted Outcomes of Death, Aortic Dissection, and Aortic Surgery by Initial Thoracic Aortic Aneurysm (TAA) Size

and Time-Updated TAA Size

Total Aortic Rate of aortic dissection
event-free dissectionor  Aortic surgical Rate of aortic dissection or all-cause death per
" person-years, Deaths, No. rupture, No. pﬂrncedures, No. per 100 Eerson-years 100 persEn-years
0. (%) No. (%) (%) (%) (95% Cl) (95%CI)

Outcomes by initial TAA size, cm
<40 726(11.4) 2700 121(16.7) O 38(5.2) 0.00 (0.00-0.00) 4.41 (3.68-5.28)
40-44 3120(49.0) 10005 514(16.5) 15(0.5) 237 (7.6) 0.15 (0.09-0.25) 4.96 (4.54-5.42)
45-4.9 1698 (26.7) 5436 324(19.1)  18(L.1) 313 (18.4) 0.33(0.21-0.53) 5.63 (5.04-6.30)

[ 5.0-5.4 548 (8.6) 1380 136 (24.6) 6(1.1) 225(41.1) 0.43 (0.20-0.97) 8.48 (7.07-10.16) ]
5.5-5.9 156 (2.5) 334 40 (25.6) 1(0.6) 78 (50.0) 0.30 (0.04-2.12) 11.06 (8.01-15.27)
26.0 124 (2.0) 182 47 (37.9) 4(3.2) 64 (51.6) 2.19 (0.82-5.84) 21.36(15.61-29.24)
Outcomes by time-updated TAA size, cm?
<4.0 NA 3039 146 0 40 0.00 (0.00-0.00) 4.48 (3.78-5.30)
4.0-4.4 NA 9808 486 11 209 0.11 (0.06-0.20) 4.79 (4.38-5.25)
45-4.9 NA 5169 311 13 281 0.25 (0.15-0.43) 5.77 (5.15-6.46)
[5.0-5.4 NA 1479 130 8 249 0.54 (0.27-1.08) 7.78 (6.48-9.34) J
5.5-5.9 NA 348 47 4 97 1.15(0.43-3.06) 12.62(9.39-16.96)
>6.0 NA 194 62 8 79 4.11(2.05-8.21) 27.21(20.79-35.62)

Solomon JAMA Card 2022;7(11):1160-9
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Cumulative incidence

SFVA ATAA Aortic and All-Cause Mortality

VA Health System

Aortic-specific mortality 1,00
041
ATAA diameter
— 4.0-4.49 cm
—— 4.5-4.99 cm
0.75
0.34 — 5.0-549cm
— 255 cm
Gray test: p = 0.378 §
D
=
0.2 2 E 050
m
=
£
= §
&}
N [ — 1T
— '
i
=
0.0 T T T Y
0.0 2.5 50 7.5 10.0 o0

Time (years)

Tseng et al JAHA 2026;15:€044959

All-cause mortality

ATAA diameler
— 4.0-4.48 cm
— 45-4.83cm
— B0-5.49cm
— =5.5¢cm

Gray test: p < 0.0

2.5 5.0 7.5 1000
Time {years)

Department of Surgery



Yale Adverse Aortic Event Rates: 3 Decades

Yearly risk of complications (%)

100% 1
g B 554 ’
I 45
[4.5,5)
3- 555 &
Bl 556 F9 80%;
B enm 38<
2.5% e g
=& — [354)
28 | — (445 hi
" 2% g& 60%] _ 4ss)
‘ 1.8% “ — [5,5.5)
— [55,6) P <0.0001
1.4 = [6,Inf]
; 13 13 40% -
1.2 12 T T T T T g
0 2 4 6 8 10
1+ Time in Years
- 7% Number at risk
3.5,4) 141 118 105 83 60 48
0398 - 4,4.5) 307 275 247 193 157 117
0.29%.2% 0.2% 0.2% 4.5,5) 247 229 200 164 128 105
0.1%.1% 0.1%.1% 0.19%0.1% 5,5.5) 177 142 126 100 86 65
04 - h - . 0% 0% 0% 0% 0% 5.5,6) 48 39 35 27 21 13
6,1 44 31 21 15 10 8
1

L] T | 1
AAE Aortic Death Dissection Dissection/Rupture Rupture

= 964 unoperated aTAA pts, median f/u 7.9 yrs
= 54 (57%) AAE %F Department of Surgery

Wu EJCTS 2023;44:4579-88



Surgery for Sporadic Aneurysms of Aortic Root and
Ascending Aorta

AHA Guidelines Key Take-Away

The goal of prophylactic repair of aneurysms of the aortic root and ascending
aorta is to prevent life threatening complications from acute aortic events
such as aortic dissection, rupture, or sudden death.

This goal is best achieved when the risk of future adverse aortic events is
greater than the expected surgical mortality (considering both the
surgeon’s and institutional experience).

Department of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.
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MNum
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STS Aortic Surgery Mortality Risk Model

Institutional Volume 2017-2021

\ = 4.0%
£ 2.7%
= 3.0% ook
B 1.9% 1.9%
s 2.0% 1,39
o 0.8%
o 1.0% .
" ]
0.0%
. El 1 ALL(n=24051) Bentall ~ AVR+ASCAo VSRR lIsolated Asc
or ess  6tol0  11to20 21030 31t40 4150 S51ormore (n=8913} (n=7545} (n=2135) Ao (5458)

Lase Volume

24051 nonemergent pts over 4 years at 905 hospitals, HCA 30.4%
Only 47 hospitals did >10 cases per year

11 hospitals did ~12000 cases over 4 years, ~270 cases/yr each
Overall aortic surgery mortality was 1.9%

No volume-outcome relationship listed
Department of Surgery

Desai Ann Thorac Surg 2025;119:109-19



STS: Data on Ascending Aneurysm Volume per Center

Number of centers

187 centers

to Outcome Relationship

6

= Predicted risk of mortality (%)
= Actual mortality (%)
w A/P ratio

*24 centers with >50 cases/year

n

=N

[ o+ ]

133 centers

% for mortality, ratio for A/P ratio
w

ot
i

<5cases  S5-9cases  10-19 cases 20-49cases =250 cases

Average annual case volume Annual Center Case Volume Category

%F Department of Surgery

Mori et al. ATS 2018;106:1095-104



Treatment In Thoracic Aortic aNeurysm: Surgery vs. Surveillance
TITAN:SVS

W

ho

CIHR IRSC Ascending Aorta 5.0—- 5.4 cm Exclusion Criteria:
I*I Canadian Institutes  Instituts de recherche ° Age outside of 18 — 80 years

* Familial/Genetic Aortopathy
»| © Rapid Growth (>0.3 cm/yr)
* Symptomatic
* Descending Aortic Aneurysm
* Non-aortic indication for surgery
* Unfit for surgery
* Patient refusal

Registry

Surveillance

Optimal Medical Therapy, Standardized Imaging, Follow-up to 5 years

Primary Outcome: All cause mortality
Secondary Outcomes: Acute Aortic Syndrome, 30-day mortality, incidence of elective aortic surgery, stroke, aortic growth, QOL

. Department of Surge
Imaging Core Lab [ ] U %F b gery
Clinical Trials.gov NCT03536312




Unintended Impact of Left Shift = 369 pts surgery

= TITAN 2021-2025 = Mean age 62 (11.7)
i = Women 22%
. - = Size 50.2 (2.9) mm
% ™7 « 20% root phenotype
g 50 - SAVR 35.5% N=131
; . 11.5% severe AV dz
o 25 + 24% no/mild AV dz
0 Root replacement N=174
Aortic Valvular  Aortic Aortic « 33% SAVR

Disease Regurgitation  Stenosis o
= 90% not severe

= 27% no/mild dz
== None Mild Moderate == Moderate to Severe =  Severe
lJ%F Department of Surgery

Guo MH, et al. ATS 2026 submitted

Valvular Disease Severity



Unintended Impact of Left Shift

= Multivariate analysis for predictors of need for aortic valve replacement

2 Mild Pre-operative Aortic 28 (1.7-4.7) <0.01
Regurgitation

2 Mild Pre-operative Aortic Stenosis 34.2 (10.0 — 117.0) <0.01

Bicuspid Aortic Valve 24(14-41) <0.01
%F Department of Surgery

Guo MH, et al. ATS 2026 submitted



ntage (%) of AVR

Porce

Unintended Impact of Left Shift

TITAN 2021-2025

A} Pre-operative Aortic Regurgitation
e
8-
-a.u_
40+
il
Moderete  Moderaie io Sewers Beves
B) Pre-operative Aortic Stenosis
100 =
B0
1]
&0

ntaga (% ) of AVR

o == EAY
=
-' I |

Wode abe Mooer st 13 Sever

9-5.4cm ATAA pts undergoing surgery:
35% had SAVR where 25% had no/mild

AV dz. U%F Department of Surgery

Guo MH, et al. ATS 2026 submitted



AHA/ACC Guidelines: Surgery for Sporadic
Aneurysms of Aortic Root and Ascending Aorta

Aneurysms of the aortic
root or ascending aorta

Asymptomatic

Pt. height >1 SD + mean and max.
cross-sectional aortic area/height
ratio of 210 cm?2/m

|

Surgery is reasonable by
experienced surgeons in a MAT
(Class 2a)

MAT, multidisciplinary aortic team; max, maximal; pt, patient; SD, standard deviation; %F Depar‘[ment of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.



Area/height ratio of 210 cm4/m and All Cause Death

« Kaplan-Meier survival curves of aortic root and ascending aorta 4.5-5.5 cm

1.0 1.0
0.8 0.8+
:
E 0.6 0.6
o
" —
g
- 0.4- 0.4
7]
e
W Blue: surgery and aortic root area/height ratio <10 cm2im Blue: surgery and ascending aortic area/height ratio <10 cm2/m
0.2~ Green: no surgery and aortic root area/height ratio <10 cm2im 0.2-] Green: no surgery and ascending aortic areafheight ratio <10 cm2im
Brown: surgery and aortic root area/height ratio 210 cm2/m Brown: surgery and ascending aortic area/height ratio 210 cm2/m
Purple: no surgery and aortic root area/height ratio 210 cm2/im Purple: no surgery and ascending aortic t area/height ratio 210 cm2/m
0.0 Log-rank statistic 84, p<0.001 0.0-| Log-rank statistic 18, p<0.001
0 2 4 6 8 10 12 0 2 a 6 8 10 12
Follow up (years) Follow up (years)
57 55 54 51 35 14 0 30 29 27 22 18 6 0
126 119 15 110 70 17 0 68 63 62 62 45 7 0
94 88 82 67 39 1 0 75 65 62 53 26 10 0
50 41 34 19 9 1 0 56 49 47 40 21 3 0

Numbers at risk %Fﬂumbe_rs atrisk;nt of Surgery

* Masri et al. Circulation 2016;134:1724-37



Validation: SFVA Area/Ht and Mortality

Multivariate Analyses

Aortic-related death P Odds Ratio 95% conf. interval
AH 0.004 1.21 1.07-1.39
age 0.002 1.08 1.03-1.13
BMI 0.49 1.02 0.96- 1.09
smoker 0.1 2.03 0.89-5.20
valve disease 0.42 0.73 0.33-1.53
All-cause death p Odds Ratio 95% conf. interval
AH 0.156 1.05 0.98-1.13
age <0.001 1.11 1.08-1.14
BMI 0.55 0.99 0.95-1.03
smoker 0.22 1.36 0.84-2.24
valve disease 0.70 1.09 0.70- 1.68

» Tseng et al. in preparation

= N=645, >4cm
= Age 75
= Area/Ht > 10cm?/m

= Aortic-mortality, OR
2.06 (1.23-3.38)
p=0.005

= All-cause mortality,
OR 5.57 (2.58-
11.76) p<0.001

%F Department of Surgery



AHA/ACC Guidelines: Surgery for Sporadic
Root and Ascending Aorta

Aneurysms of Aortic

Aneurysms of the aortic

root or ascending aorta

Asymptomatic

Aortic size index of

>3.08 cm/m? or

aortic height index

of 23.21 cm/m

Surgery may be reasonable when
performed by experienced
surgeons in a MAT
(Class 2b)

<

MAT, multidisciplinary aortic team; max, maximal; pt, patient; SD, standard deviation; and y, year.

%F Department of Surgery

Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.




Aortic Size or Height Index
= Yearly risk of rupture, dissection, and all-cause death

Aortic Size (cm) Aortic Size (cm)

35 40 45 50 55 60 65 7.0 75 8.0 35 40 45 50 55 60 65 7.0 75 8.0

BSA Height
(m:) (inches) (m)
1.30 2.69 ' 3 ' 55 1.40 250 2.86

0 B 57 145 241 276
50 B 59 150 233 267
61 155 226 258

1.60  2.19
63 160 219 250

.70 2.05
65 165 212 242

180 194
. 67 170 206 235
190  1.84 69 175 200 229
200 175 71 180 194 222
2.10 1.67 73 185 1.89  2.16
220 159 75 190 184 211
230 152 77 195 179 205
240 146 79 200 175 2.00
250 140 81 205 171 195

— —
= low risk (~ 4% per year) =moderate fisk (~ 7% per year) --Nnhrbk(‘*i?‘iwwan -=severeﬂsll(~18%oerre~) = low rigk (~ 4% per yoar) = moderate risk (~ 7% per year) --Mohml(‘-—lap-vnn --mr‘nk(-—1ﬂtwv-)
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Validation: Aortic Size and Height Index

: = N=764
98% men

N“I“III...L. ________ S ..\|||||| | ||.__ L. .. " Age76(7180

o = o © 000w Size 4.4 (4.2-4.7) cm

Last Ascending Aortic Diameter (Deaths without Repair)

. FIU55 (2.3-8.5) yrs
“" Ih | - AHI 2.49 (2.35-2.64) cm/m
‘ ll‘ ||IIIIII|.I g II| “| ||‘I| |||||: = ASI2.15 (1 95'237) cm/ m2

' NN [} | |
36 38 40 42 44

c
Distribtion it Aortio Stes Index((ASY) Last Aortic Size Index (Deaths without Repair)

n .|||“|||||‘||“|III|“II...u oo ol ||‘||‘“‘I‘||‘|||II| I |,| L4 L IJ%F Department of Surgery
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Tseng et al. ATS in preparation



Survival

Validation: SFVA Aortic Height Index

100% -

50%=

25%=

0%~

-

All-cause mortality

190
186
185
187
16

179
175
166
158

153
151
150
135

===+ = ‘H B
p < 0.001
5 4 5
Time (years)
AH| =+ <235 == 2.35-248 == 248-2.63 =t 263-3.21 =+ 23.21
Number at risk

136 123 106
134 118 107
139 120 105
119 103 92
3 1 1

Event-free survival

100% -

90%=

80% =

70% =

190
186
185
187
16

Aortic-specific mortality

L A
p=0.183
i 2 3 4 5
Time (years)
AHl == <235 == 235-248 == 248-263 =+ 263-3.21 = 2321
Number at risk

179 153 136 123 106
175 151 134 118 107
166 150 139 120 105
158 135 119 103 92
4 3 3 1 1

AHI >3.21cm/m increased all-cause (4x) but not aortic mortality

Tseng et al. ATS in preparation

Department of Surgery



Validation: SFVA Aortic Size Index

All-cause mortality

ety

100% =

5%~

Survival

25%-

50%=

188
187
187
187
15

177
174
167
157

2

p <0.001

Time (years)

3

AS| == <1.95 =~ 1.95-214 = 214-2.36 =+ 2.36-3.06 —— =23.08

153
146
149
139

Number at risk

142
130
132
128

132
113
11

107

12
104
98
96

Event-free survival

100% =

90% =

80% =

70%-

Aortic-specific mortality

p=0.052

\ \ . ' . ,
0 1 2 3 4 5
Time (years)

AS| == <195 = 195-214 =+ 214-236 = 236-3.06 ~ 23.08

Number at risk
188 177 153 142 132 12

187 174 146 130 113 104
187 167 149 132 111 98
187 157 139 123 107 96
15 7 5 4 2 1

= ASI| >3.08 cm/m? increased all-cause (8x) and trend towards

significance aortic mortality

Tseng et al. ATS in preparation
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TAA Size Paradox: 5.5cm Not Good Predictor of Type

A Dissection Need Personalized Modeling
= International Registry of Acute Aortic Dissection (IRAD)
120- : = Distribution of aortic size at time of
| o type A presentation (total n=591)
. = 59% of pts <56.5cm
: = 40% of pts <5.0cm
0 - . SR h'

1 T T 1 1
29 3.0-34 3539 4044 4549 5054 5559 6.0-64 6569 =270

Ascending Diameter (cm) %F Department of Surgery

Pape Circulation 2007;116:1120-1127



TAA Size Paradox: Pre-Dissection Size

= How Does the Ascending Aorta Geometry Change When It Dissects?
= 6 centers 2 continents

n=1821 type A dissection pts

39.8(30.5, 42.6) p<0.001, A +6.6 46.4 (42.0, 51.6)

iy ) s (O amiean, ) CTA<2'yrs before and within 12
hrs after dissection onset
40.1(36.6, 45.3) p<0.001, A+12.8 52.9 (46.1, 58.6)
ussolsses, a0 | poo, st weoesnaasss . | N=03 (27 spontaneous, 36
37.2 :34.8, 40.8; p<0.001, A +6.9 44.1 (38.4, 50.3) retrog rad e)
> 1.16(1.13,1.21 p=0.257, A -0.01 1.15 (1.12, 1.21) .
953.0 (823.5, 1144.5) p<0.001, A +499 1452.0 (1122.5, 1846.5) 62 / 63 max asc d Iam ete r < 5 . 5cm
ey 'y vomis (0 agendy Prior to AD largest diameter at
N 1100.5 (946.8, (1275.0) ./ p=0.075, A +93.5 1194.0 (1034.0, 1382.7) mid-aSC media n 40 . 1 m m (36 . 6,
. After dissection, 44% (28/63) 25.5cm ~ 49-3)- Increased 10 52.9 (46.1,

and 60% (38/62) >5.0cm 58-6005F
- Department of Surgery

Rylski JACC 2014;63:1311-9




Peak Personalized TAA Wall Stresses & 3-yr Mortality

= Peak Longitudinal Stresses Associated with 3-yr All-Cause Mortality

Peak: 273kPa Peak: 305kPa Peak: 339%Pa b . ”
~25th percentile ~50th percentile ~75th percentile = 100:L Median Age/Diameter &
o 25th vs 75th %tile Peak Longitudinal Stress P
=X '
28 75 :
© '
+H 345kPa | .
P (345kPa)
ES o=t
c 5 0 ___________ ’
O Q@ ,
®» T ;*
S & : .
= @ 25 =" o
<z g
g P e I 271kPa
> P it
E ,;/—/_’_
S 0.0
(@) T T T T
0 1 2 3
Years following scan
Number at risk 273 214 171 148

Longitudinal wall st kP R —
ongitudinal wall stress (kPa) o 70 140 210 280 350 Cumulative repairs - 51 52 53

= N=273 veterans, 17% BAV Cumulative deaths 6 13 15
= Median diameter 4.5 (4.3, 4.9). 9% (25/273 pts) 25.5cm

= Median f/u 3 yrs

= During f/u 19% (53/273) elective TAA repair with 0% mortality

- All-cause mortality 5.5% (15/273) UCSF Department of Surgery

Tseng et al. Semin Thorac Cardiovasc Surg 2022. S1043-0679(22)00133-2



Peak Wall Stresses vs Area/Ht >10cm?/m

600 - 600
- AII Cause Mortallty _ AortlJm valve -©- Tricuspid -©- Bicuspid _ Area/height (cm?m) (3 < 10 >10
Finite element analysis g 500 - ' g 500
99" percentile systolic wall 400 a , @ P
stresses £ o dp Bl 4 g N _
2 3004 ° ', &7 T—— i 2 T Q A
g201 g ! &
Diameter (cm) O <5.0 []5.0-54 A=55 100 4 L | 1 |
. . . . P= 037 P= 045
5 10 15 20 Tricuspid Bicuspid
Circumferential Longitudinal Area/height (cm?/m) Aortic valve
Adjusted Hazard Ratio p
+ N=270 pts: 46 BAV, 224 TAV Ko el
- 013
« A/H 210cm?/m: 68% 5.0-5.4cm, 83% =5.5cm LB Lo
Area/h e:gght per i.12 739
: 2.33 / 0.58-2.16 ’
- Peak long stress 2355kPa independently R Sl
. . eak long. stress .
associated with death, not Area/Ht per78kPa _ (1.04-302) O

%F Department of Surgery
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Circumferential

Longitudinal

Peak Wall Stress vs Indexed Diameter

™ AI I_Cause Mortality 1000 3 <205 £ 208295 [ 300395 [ 24.00
g 750 % ] [_: B
g 500 {E—?uul "{_ui' | |
o " %% ]%; ﬂi ===
P =?,15 F =Fl.1ﬂ
cren {Brglt:.r;-]eten'BSA [cmt’m”ﬁongltu{jlﬂal
i C_—t <243 E';_{-[ 2.44-317 [ — 3214.06 = 24.10
=2.05 2.08-2.95 3.00-3.95 £2.43 2.44-317 3.21-4.06 =4.10
Diameter/BSA (cm/ muz.-a” —— — Dlameter.fhmght {cm/m) s
70 210 350 4a) 510
N=253 veterans, 98% male
Median diameter 4.6cm 5
Median Diameter/BSA 2.21 cm/m?
Median Diameter/ht 2.57 cm/m U(‘SF Department of Surdery

Tseng et al. Int J Cardiol Heart Vasc 2024;51:101375



Peak Wall Stress vs Indexed Diameter
= All-Cause Mortality with ATAA repair as Competing Risk

Adjusted model 3

Age 1.91 (1.09-3.35) 0.04
(Diameter/BSA 2.03 (1.10-3.74) 0.04]
[Pe:a.k longitudinal stress 1.81 (1.09-3.00) D.D4]

Adjusted model 4

Age 2.13 (1.20-3.81) 0.04
Diameter/height 1.12 (0.63-1.99) 0.76
(Peak longitudinal stress 1.78 (1.08 2.92) 0.04)

Indexed diameter added <2% of new pts for repair indication

Peak longitudinal stress 2354kPa added 35% new pts for repair
D/Ht not predictive of all-cause mortality, but D/BSA was predictive
Peak long stress independently predictive of mortality

lJ%F Department of Surgery
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Conclusions

= Given the dissection size paradox, better predictors of dissection
are required than the present diameter-based guidelines

= Peak longitudinal stress is predictor of all-cause mortality
independent of diameter and diameter/BSA

= Personalized modeling and risk prediction holds the promise to
tailor timing of prophylactic surgery for those aTAA patients at
higher risk of dissection, rupture, or death.

U%F Department of Surgery
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