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Recommendations for Surgery for Sporadic
Aneurysms of the Aortic Root and Ascending Aorta

Aneurysms of the aortic :
: Asymptomatic
root or ascending aorta
Symptomatic Diameter Max diameter 5.0 cm
25.5 cm l
: Surgery is reasonable by
Proceed to surgical | experienced surgeons in a MAT

MAT, multidisciplinary aortic team; max, maximal,
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Isselbacher, E. M., et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. Circulation.




Historic Aortic Event Rates

Original Studies: Yale 1985-1997
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Estimated Effect of Ascending Aortic Aneurysm

Yale Aortic Event Rates -

Percentage of patients (%)

. ) 5.75cm 1 /
Update of Yale Series ° /
30 B 3539cm ; é f /
i B 4.0-44cm — g_g ¥ Hinge Point
25 °l m4549cm 8.6% - 5.25 cm l//
£ | ms5054cm g8 ]
20 17.% © 8 gss559cm £2 o
1% E B >6.0cm d%_ S . /
M.T% :-a 6 ] /
10 g, 47/ . J
6.5% g 4 3.49 ? . 1 T T T
5 =3 3.5 4.0 45 ?.D 2.5 6.0
22“” 04 % 0.1% 0.3% 0.1% 2 ”'ﬁ‘ 3% z4v| | Annual GromhAgF ltll?grfn\glczgrl%r%g Thoracic Aorta
0 — . —— 12‘3’ 0.401
n” ‘: ﬁ g;: S;': ‘\T\ 1“3,:"2’03-%1 o 0 ‘= OM 0357
Aortic Size (cm) Rupture Dllssectlon Death _ 030]
« 3349 TAA pts: 780 aTAA pts (1272 size
measurements), mean f/u 47.7 mo i e
* First hinge point 5.25cm, second 5.75cm /
 Updated growth rate: 1.4mm/yr (females and
Marfan risk factors for growth) |

T T T T T T T T T T T
30 35 40 45 50 55 60 65 70 75 80

Aortic Aneurysm Size (cm)
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ATAA Size and Long-Term Outcomes

JAMA Cardiology | Original Investigation Matthew D. Solomon, MD, PhD; Thomas Leong, MPH; Sue Hee Sung, MPH; Catherine Lee, PhD;
J. Geoff Allen, MD; Joseph Huh, MD; Paul LaPunzina, MD; Hon Lee, MD; Duncan Mason, MD; Vicken Melikian, MD;

ASSOC|at|0n Of ThoraC|c AO rt|c Aneurysm SIZE Daniel Pellegrini, MD; David Scoville, MD, PhD; Ahmad Y. Sheikh, MD; Dorinna Mendoza, MD; Sahar Naderi, MD; N
With Long-term Patient Outcomes e s e o Kaiser-Permanente
The KP-TAA Study L e e AN study: 6372 aTAA
800+
pts from 2000-2016

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

700+

. aortic disease
i e 32% women, 68% men
« Mean TAA size at dx:

4.3cm
Mean f/u 3.7 yrs
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ATAA Size and Long-Term Outcomes

AAD by initial aortic size

e « Aortic dissection 44pts (0.7%)
* Only 1 BAV (1/747pts)

« 27 Ascending, 13 Root, 4 Arch

« 37 dissection, 3 IMH, 4 rupture

» Overall Incidence 0.22/100pt-yrs

* Median age at AD 75.2yrs (63.7-
81.0yrs)

’J * No AD <4.0cm
T * Dissection rates:
e « >4cm <6¢cm <0.5/100pt-yr, <1%/yr
Follow-up time (years

| | - | « 26cm 2.19/100pt-yr

535 cm 26 630 503 200 304 19 & 76 43
4.0-44cm 3120 2604 1954 1416 990 €81 454 222 96 Y H i n ge po i nt 6cm for AD a nd AD +
4.5-4.5cm 1698 1312 996 782 566 400 28% 164 95
m 548 323 239 186 136 104 70 40 26 aII_Cause mor‘talit
m 156 76 54 10 12 7 y
124 as 33

25%

Cumulative incidence (%)

31 25 22
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ATAA Size and Long -Term Outcomes

70%

60%

50%

40%

Cumulative incidence (%)

Patients at risk
35-39¢cm
40-44cm
45-49cm
50-54cm
5.5-59cm

6.0 cm or greater

Death by initial aortic size

p-value < 0.000:
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726
3120
1698
548
156
124

630
2605
1314
323
76

as

33

3

4

5

Follow-up time (years)

400
1418
767
186
a0

24

136
31
16

219
683
401
104
25
13

6

155
455
286
70
22
9

7

76
223
165
40

12

5

8

43
9%
96
26

7

Aortic surgery by initial aortic size cvalue < 0.0001
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= Dissection rates by time- updated ATAA size: Rates doubled for each size
category from 4.0-5.5cm

<3. 5cmAD <1%lyr

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

5.5-5.9cm AD 1.15/100pt-yr (~1% risk/yr)
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10

Predicted 5-y risk of aortic dissection, %
(e)]

ATAA Size and Long-term Outcomes

Predicted Risk of Aortic Dissection Over 5 Years Based on Size & Growth

. TAA size fixed over 5y

. TAA size increases 1 size categoryat 2y

8 5

<4.0 4.0-4.4

4.5-4.9 5.0-5.4 5.5-5.9
TAA size, cm

Predicted risk AD in
oyrs:

]
°
°
=
26.0

4-4.4¢cm 0.3% (Cl1 0.3-0.7)
4.5-4.9cm 0.6% (0.4-1.3)
5.0-5.4cm 1.5% (1.2-3.9)
5.5-5.9cm 3.6% (1.2-12.8)
>6cm 10.5% (2.7-44.3)

= No difference in predictive power: diameter vs aortic size index
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TAA Size Paradox: 5.5cm Not Good
Predictor of Type A Dissection

International Registry of Acute Aortic Dissection (IRAD)

120

100

80 -

Count

40

mean = 5.31 cm

60 -

B

 Distribution of aortic size at time of
type A presentation (total n=591)

* 59% of pts <5.5cm
* 40% of pts <5.0cm
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ATAA Size Paradox: Pre-Dissection Size

How Does the Ascending Aorta Geometry Change When It Dissects?
6 tertiary centers across 2 continents with

Pre-Dissection
n=63

39.8(30.5, 42.6)
1.11 + (1.08, 1.13)
1112.0(959.8 1329.3)

40.1(36.6, 45.3)
1.09 (1.07, 1.12)
1159.0 (988.5, 1493.0)

37.2(34.8, 40.8)
1.16 (1.13, 1.21)
953.0 (823.5, 1144.5)

40.4 (37.4, 43.0)
1.18(1.15, 1.23)

Diameter, mm
Ellipticity index
Area, mm?

p<0.001, A +6.6
p=0.243, A +0.01
p<0.001, A+410

p<0.001, A +12.8
p<0.001, A +0.05
p<0.001, A+711

p<0.001, A +6.9
p=0.257, A -0.01
p<0.001, A +499

p=0.284, A +1
p=0.938, A0

1100.5 (946.8, (1275.0) p=0.075, A +93.5

All
(n = 63)

Post-Dissection
n=63

46.4(42.0, 51.6)
1.12(1.09, 1.17)
1522.0 (1255.0, 1847.8)

52.9 (46.1, 58.6)
1.14(1.09, 1.16)
1870.0 (1511.3, 2435.5)

44.1(38.4,50.3)
1.15(1.12,1.21)
1452.0 (1122.5, 1846.5)

41.4 (38.1, 44.9)
1.18 (1.15, 1.22)
1194.0 (1034.0, 1382.7)

Spontaneous AADA

(n = 27)

Sinus of Valsalva

Sinotubular junction

Mid-ascending aorta

Proximal aortic arch

Distal aortic arch

Proximal descending thoracic aorta

Mid-descending thoracic aorta
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40.4 (37.4;43.0)
37.2 (34.8;40.8)
40.1 (36.6;45.3)
39.8 (36.1;42.6)
33.8 (30.5;40.6)
36.0 (32.0;43.0)
32.5 (28.6;40.0)

ugmé%

40.5 (36.7;46.2)
38.3 (34.9;42.2)
431 (36.8:47.9)
38.8 (36.8;43.9)
31.1 (27.9;33.8)
32.4 (28.0;34.3)
28.3 (26.0;30.2)

Rylski JACC 2014;63:1311-9

n=1821 type A dissection pts
Excluded Marfan and BAV

Included CTA <2 yrs before and within 12
hrs after dissection onset

N=63 (27 spontaneous, 36 retrograde)
Median age 68
94% men

* 62/63 max ascending diameter <5.5cm
 Prior to dissection largest diameter at mid-

ascending with median 40.1mm (36.6,
45.3). Increased to 52.9 (46.1, 58.6)

 After dissection, 44% (28/63) =25.5cm and
60% (38/62) =5.0cm
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How Can We Better Risk Stratify aTAA Pts?

Aortic Dissection as a Biomechanical Failure

» The phenomena of dissection is a biomechanical event
» [ntimal tear in the aortic wall
» Separation of the aortic layers
» Stress on aortic wall exceeds failure strength

* The biomechanics approach seeks to quantify the physical forces on the

aortic wall.
H%[ﬂﬁfé%

Tseng EE J Heart Valve Dis. 2018;27(5):275-284.




How Do We Better Predict Dissection?

Patient-specific Ascending Thoracic Aortic Aneurysm Wall Stress > Wall Strength

« Computed Tomography
Imaging

* Image Segmentation and
Geometry
Reconstruction

» Geometry meshing
 Cardiac cycle simulated
* Finite element analyses

* Mechanical Failure:
Aneurysm wall stress >
wall strength

U%F Department of S
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How Is Wall Stress Distributed?
= Bicuspid Aortic Valve (BAV)

2e-07
Longitudinal Wall Stress

3.000e+02
uooewz:I
2.400e+02 _|
a b d € 2.100e+02 _
1.800e+02

600 - 4e-14

2e-06

500 1

AscAo phenotype

Systolic longitudinal wall stress (kPa)

400
1.500e+02
1.200e+02
. e 9.000e+01
.- b . . I3 6.000e+01
300 1 ot .® 1.°° %‘ 3.000e+01
°* oo b c 0.000e+00 _|
L] .' ° 1.. g |
.c. L o [=}
A5 T 8
2001 H f g h i i
[ ) LN ]
Sinuses STJ AscAo
Region

=  Wall Stress in Sinuses > Sinotubular Junction > Ascending Aorta
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Where is Peak Wall Stress vs Max Diameter?
BAV and TAV Peak Wall Stress Is Not at Location of Max Diameter

Longitudinal Wall Stress

BAV
3.000e+02

2.700e+02
2.400e+02 _
2.100e+02 _
1.800e+02
1.500e+02
1.200e+02

/ "
b 3 c d
9.000e+01
6.000e+01
3.000e+01
0.000e+00 _|
f g h

Department of Surgery
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Tseng et al. ) Thorac Cardiovasc Surg. 2018 Aug;156(2):492-500.



What is Wall Stress in <56cm vs =25cm ATAA?

Longitudinal wall stress

3.000e+02 500
2.700e+02 ] 450
aTAA<5cm 2.400e+02 _ 400
2.100e+02 _ 350 R __L_
1.800e+02 300

1.500e+02 250

H D .
o

Peak longitudinal stress/ [kPa]

1.200e+02 200 ©
9.000e+01 150 a
6.000e+01 100
aTAA25cm 3.000e+01 50
0.000e+00 _| 0
Less than 5 Over than 5

Ascending thoracic aortic aneurysm diameter/ [cm]

= Peak wall stresses do not differ significantly between <6cm and =25cm aTAA.

L’%F Department of Surgery
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Does Wall Stress Correlate with Diameter?

Tricuspid Aortic Valve (TAV) Aneurysm Peak Wall Stress Correlates with Diameter

— 1000 - 600 1 .

a o T .

x o Kruskal-Wallis, P = 8.7e-08

e Kruskal-Wallis, P = .00077 =

) A ¢

£ 800 . . g . 1.
= . ] [7] . [ ] .

s TS - T 400 -

= L] .. ole a 3 .‘ » * .}. .y
= . . . —] .
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9 200

4044 4549 5054 5559 >6.0 4.0:4‘4 4_514.9 5‘0i5.4 5‘5:5.9 zé_g

- N=221 veterans TAV aneurysms and median diametér 4.5cm.

* Both peak circumferential and longitudinal wall stresses increased with
diameter (p<0.001) in aneurysm as whole and each subregion, sinuses,
STJ, and ascending Ao.

;'Large ovplap of stress ranges among grou S.
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TAV—ATM Wall Stress FEA

Clrcumferennal Longltudlnal

40-4.4cm

Representative Simulations Based on Diameter Ranges

45-49cm

5.0-5.4cm

4.000e+02
3.600e+02
3.200e+02 _|

= o Gircumferential >> longitudinal stresses.

2.000e+02 _
1.600e+02 _

9.9 =5.9.cm

1.200e+02 _
8.000e+01
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Peak ATAA Wall Stresses & 3-yr Mortality

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

= 100 i Median Age/Diameter &
25th vs 75th %tile Peak Longitudinal Stress

(345kPa)

Peak: 273kP Peak 305kP Peak: 339kPa
~25th percentile ~50th percentile ~75th percentile

G

o
&)
2 Ay

All-cause mortality
[9,]
o

Cumulative incidence + 95% CI

g
3]

| 271kPa

o
o
.

¢

0 1 2 3
Years following scan

Longitudinal wall stress (kPa) 0 = 0?10780350 Number at risk 273 214 171 148

Cumulative repairs - 51 52 53

 N=273 veterans, 17% BAV Camuitive deaths— @ 5
* Median diameter 4.5 (4.3, 4.9). 9% (25/273 pts) =5. 5cm

* Median f/u 3 yrs.
. During flu 19% (53/273) elective TAA repair with 0% mortality

L’%F Department of Surgery
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Peak Longitudinal Stress & Dissection

Peak Longitudinal but not Circumferential Stress Increased with Type A Dissection
n (/l - 4

 N=7 Dissection
* Dissection CTA

» 22 predissection
CTA =21yr before

dissection
Peak Longitudinal Stres[zlsseCtlon locatlon ° 1 pred|SseCt|0n TTE

Representative Dissected Representative Control

5 H * N=7 controls
3 . : - No BAV, CTD, aTAA
) : - Matched Age, BSA

P<.01

Non-Dissected Dissected M D ep ar’[m ent Of Surg ery

Emerel JTCVS 2018; :1-9




Why Longitudinal Stress and Mortality?

Failure Strength of the Aorta Lower in Longitudinal than Circumferential Direction

o * N=23 normal aortic roots
g * 47% women
‘U')’ 3000 . . =
8  Aorta is weaker longitudinally
@ 2000 than circumferentially
- * Longitudinal stresses result in
transverse intimal tear
0

Asc Cir STJCir Sinus Cir AsclLong STJ LongSinus Long * \Weakest region: sinotubular
Circumferential Longitudinal ju nCtion (STJ)

*, #, N p<0.01 circumferential vs longitudinal
L’%F Department of Surgery
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Delamination Strength (mN/mm)

Dissection Energy (m)/cm?)

Dissection Peeling Properties of Aorta

Normal Aorta with Lower Delamination Strength in Ascending Aorta than STJ

120
100
80
60
40
20

A%cending Aorta Sinotubular Junction

Circumferential

P=0.016
[ 1

o

Ascending Aorta and 5T)

25 v
201,

151 «

Longitudinal

£ 120
100 -

[o0]
(=]

NB
o o

Delamination Strength (mN/mm
o)
o

| T T £
- T

P=0.041
' o P=0.018 '

o T — °
o P=0.047
1

T 1

L -

=25
£ . . . r=-023
%2[}- . . ) p=0.017
& 151

@

i .

c 107 .7,

o v

g s

2

0 r r ’ .
0 500 1000 1500 2000 2500

Anterior Medial Posterior Lateral
Ascending Aorta

Ascending Aorta and ST)

Stiffness at Mean Blood Pressure (kPa)

Tseng et al. J Mech Behavior Biomed Mat 2023;138:105603

* N=19 normal aortas
* 53% men
 Mean age 51 yo

* Delamination strength
circumferentially
Ascending Ao < STJ

* Delamination strength
longitudinally lowest in
the greater curve Ao
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Aortic Stiffness Predlcts Dissection in TAA

Surgical Threshold

In(SBP/DBP) :
Stiffness Index = n‘i S_AcD AUD : N=22 DISSGCthn 73% men
0O .
5 o _ . « 21 TTE and 21 CTA
< 0.0001 £ . oo predissection 21yr before
|OOOO1 g 5 =y .iy . dissection
< . ﬁ ............................... :J‘. ‘ . ...: ................... .
. ] ;.Ei’g'l!g'i.’ig * 46mm, Stiffness Ind 7.73
03— N=83 TAV pts, 83% men
é ‘0. s00  1=05776, p=0.6268, k= 4,266 I(F)I\;lla:umal Orthogonal Diameter (mm) ° 48mm’ Stlffness Ind 451
£ o® g [ A TAV: Aneurysmal (n = 83)
% ® E:: B} :;2\\// iissected (r|1(=228)0) N=8O BAV ptS, 65% men
c e : Aneurysmal (n =
E s T @ 150 e * 48mm, Stiffness Ind 3.92
L T 3 e - Stiffness Index >5 predicted
iy SIS L . . Aortic Dissection
0 5 10 15
Aortic Stiffness Index » Stiffness Index Correlates w

@ Non-dissected (n = 14) ] Dissected (n = 14)

Peak Longitudinal Stress
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Conclusions

» Ascending thoracic aortic aneurysm dissection rates are lower
than previous literature:
« ~1%/yr for 5.5cm and <1%/yr for <5.5cm
* Hinge point at 6cm
* Dissection Paradox: rate of dissection low at smaller sizes but
most dissections occur at smaller sizes
* Presentation of Dissection: ~60% are <5.5cm and 40% are < 5.0cm

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

=ik x\\
,/ L. 2
[ 3 > |

| — |
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ATCSA2023
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Conclusions

» Peak longitudinal stress has been shown to correlate with type A
dissection (n=7) and all-cause mortality (n=273)

* Aortic stiffness index > 5 may be predictive of type A dissection
(n=22) and correlates with peak longitudinal stress.

 Circumferential delamination during dissection is easier in
ascending aorta than STJ

* Longitudinal delamination is easier in greater curvature of
ascending aorta

* Dissection energy is lower at older age and increasing aortic
stiffness

| A
ATCSA2023
Ho Chi Minh city, Vietnam
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