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Aneurysm

IGURE § Relative Risk of Aortic Dissection by Size Range
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Aorta size varies by Age,
Gender and Body size

Ascending aorta dimensions for men

Sinus of valsalva in men (cm) Ascending aorta in men (cm)

Age (years) Age (years)
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Aorta Measurements

Recommendations for Aortic Imaging Techniques to Determine Presence and Progression of Aortic Disease
Referenced studies that support the recommendations are summarized in the

COR LOE RECOMMENDATIONS
1. In patients with known or suspected aortic disease, aortic diameters should be measured at reproducible
1 B-NR anatomic landmarks perpendicular to axis of blood flow, and these measurement methods should be

reported in a clear and consistent manner. In cases of asymmetric or oval contour, the longest diameter
and its perpendicular diameter should be reported.**

2. In patients with known or suspected aortic disease, episodic and cumulative ionizing radiation doses
1 cLo should be kept as low as feasible while maintaining diagnostic image quality.””

3. In patients with known or suspected aortic disease, when performing CT or MR imaging, it is recom-
1 CEO

mended that the root and ascending aortic diameters be measured from inner-edge to inner-edge, using
an electrocardiographic-synchronized technique. If there are aortic wall abnormalities, such as athero-
sclerosis or discrete wall thickening (more common in the distal aorta), the outer-edge to outer-edge
diameter should be reported (Table 4).
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Aorta Measurements

4. In patients with known or suspected aortic disease, the aortic root diameter should be recorded as
maximum sinus to sinus measurement. In the setting of known asymmetry, multiple measurements
should be reported, and both short- and long-axis images of the root should be obtained to avoid un-
derestimation of the diameter.

5. In patients with known or suspected aortic disease, it is reasonable that a dilated root or ascending aorta
be indexed to patient height or BSA in the report, to aid in clinical risk assessment.® "

6. In patients with known or suspected aortic disease, when performing echocardiography, it is reasonable
to measure the aorta from leading-edge to leading-edge, perpendicular to the axis of blood flow.

Using inner-edge to inner-edge measurements may also be considered, particularly on short-axis
imaging.
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Aorta measures

Figure 10 Sites for measurements of the aortic root and
ascending aorta. This diagram illustrates the four sites at which
measurements are recommended: 1 = aortic valve annulus
(hinge point of aortic leaflets), 2 = aortic root at sinuses of Val-
salva (maximal diameter, usually midpoint), 3 = STJ, 4 = prox-
imal
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CENTRAL ILLUSTRATION: Sources of Discrepancies in Ascending Aortic
JACC REVIEW TOPIC OF THE WEEK Measurements

Discrepancies in Measurement of the
Thoracic Aorta
JACC Review Topic of the Week |

Sources of Imaging Discrepancies

John A. Elefteriades, MD, PuD (uon),” Sandip K. Mukherjee, MD, " Hamid Mojiblan, M

Elefteriades, J.A. et al. J Am Coll Cardiol. 2020;76(2):201-17,
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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)

R?=0,9673

Lifetime Risk (%)

5.0

Aortic Root Diameter {cm)

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
compaosite end point, attributed to an acrtic root 5.0 cm wide, is almost 12%, which is double compared HEearT

with the respective risk of a mid-ascending aorta (Figure 4). The risk of the second composite end point INSTITUTE
increases at diameters approximately >5.0 cm. The R? are very close to 1, suggesting that the trend lines
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Risk of Aortic Dissection in the
Moderately Dilated Ascending Aorta

Joon Bum Kim, MD, PuD,* Matthew Spotnitz, MD,"‘ Mark E. Lindsay, MD, PiD,*** Thomas E. MacGillivray, MD,"*
Eric M. Isselbacher, MD,"* Thoralf M. Sundt III, MD"*

FIGURE 3 Probability of Aortic Dissection and/or Rupture, and Composite of Event
and Surgery Within 5 Years
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Probability of Event or Surgery
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(A) Probability of aortic dissection (AD) andfor rupture, and (B) composite of event and
surgery within 5 years based on baseline aortic diameters estimated by logistic regression
models. Dotted lines are 95% confidence intervals.
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Aortic Height Index

Height
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55 L40

57 145
59 150
61 155
63 L60 5 k 4 4.06
L65 SE 364 394
L70 g 353 382
L75 2.00 3. 343 371 400
L80 194 2 333 361 389
1.85 189 2. 324 351 378 405
1.90 184 2. 316 342 368 395
1.95 1.79 205 3 5 * 308 (333 359 385
2.00 1.75 200 o 5 300 (325 350 375 4.00
2.05 171 195 A g . 293 317 [341 366 390

L e N
Light green area indicates low risk, yellow area indicates moderate risk, orange area indicates high risk, and
red area indicates severe risk
FIGURE 10, Risk of complications (sortic dissection, rupture, and death) in paticnts with ascending aortic ancurysm as a function of aortic diameter (hor-
izontal axs) and height (vertical axis), with the aortic height index given within the figure. Light green indicates low risk; yellow, moderate risk; orange, high
risk: red. severe risk.
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ORIGINAL RESEARCH ARTICLE

Aortic Cross-Sectional Area/Height Ratio
and Outcomes in Patients With a Trileaflet Aortic
Valve and a Dilated Aorta

BACKGROUND: In patients with a dilated proximal ascending aorta Ahmad Masri, MD
and trileaflet aortic valve, we aimed to assess (1) factors independently Vidyasagar Kalahasti, MD

associated with increased long-term mortality and (2) the incremental Lars G. Svensson, MD, PhD
prognostic utiity of indexing aortic root to patient height. Eric E. Roselli, MD

Freedom from death
Freedom from death

0.2 aortic rootareaheightratio 0.2 Ascendingaortic areaheightratio
Blue: < 10 cm2/m Blue: < 10 cm2/m
Green:2 10 cm2/m Green:2 10 cm2im
0.0{ Log-rank statistic 45, p<0.001 0.0+ Log-rank statistic 15, p<0.001
o 2 4 6 & 10 12 o 2 4 6 8 10 12
Numbers atrisk Follow up (years) Numbers atrisk Follow up (years)
Aortic root area/heightratio Ascendingaortic area/height ratio
<10 cm2/im 588 553 520 498 205 64 0 <10 cm2im 579 543 520 481 279 60 0
210 em2/m 183 167 153 122 67 15 [} 210cm2/m 192 177 162 139 83 19 o

Figure 3. Kaplan-Meier survival curves of the entire study sample separated on the basis of aortic root area/
height ratio of < or >10 cm?m (A) and ascending aortic area/height ratio of < or >10 cm*m (B

16
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Imaging surveillance

Recommendations for Surveillance of Thoracic Aortic Dilation and Aneurysm

COR LOE RECOMMENDATIONS

1. In patients with a dilated thoracic aorta, a TTE is recommended at the time of diagnosis to assess aortic

1 C-Lo valve anatomy, aortic valve function, and thoracic aortic diameters.*

2. In patients with a dilated thoracic aorta, a CT or MRI at the time of diagnosis is reasonable to assess
2 CLp thoracic aortic anatomy and diameters."**"7

3. In patients with a dilated thoracic aorta, follow-up imaging (with TTE, CT, or MRI, as appropriate based on
2a C-Lo individual anatomy) in 6 to 12 months is reasonable to determine the rate of aortic enlargement; if stable,

surveillance imaging every 6 to 24 months (depending on aortic di ) is ble.'**

FIGURE 16
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of the Aortic Root and Ascending Aorta According to Known Causative Factors.

Aortic Root or Ascending
Aortic Aneurysm

i

l l

No family history of
aortopathy, and no
identified syndrome
or pathogenic genetic
variant

Positive family history Syndromic heritable

of aortopathy, but no

identified syndrome

or pathogenic genetic
variant

thoracic aortic
disease (HTAD) or
nonsyndromic HTAD
with an identified
pathogenic variant

Bicuspid aortic valve

!
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Refer to sections 6.41
and &.51

Refer to sections
6.1.2.1and 6.1.2.1.1

Refer to sections
6.1.2.2-6.1.2.6

Refer to sections 6.1.3
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Hereditary Thoracic Aortic Disease
(HTAD)

Syndromic Aneurysms Non syndromic
* Marfan Syndrome  Bicuspid aortic valve

FBN1 "

(FBN) _ « Familial TAA (acTA2,
Loeys-Dietz (TGFBR1, MYH11, MYLK)

TGFBR2, TGFB2,TGFB3)

Vascular Ehlers-
Danlos (coL3a1)

Shprintzen-Goldberg
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What Does Marfan Syndrome Look Like?
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=2 The Ehlers-Danlos Society.

(In order of Prevalence  Gene(s) Protein(s) Pattern Features
estimated

prevalence)

Hypermobile EDS | 1in 3,100- Unknown Unknown Autosomal Generalized joint
(hEDS) 5,000 Dominant hypermobility

Joint instability
Chronic pain
Classical EDS 1in 20,000- COL5A1 Type V collagen Autosomal Skin fragility with
(cEDS) 40,000

Dominant extensive atrophic
scarring

COL5A2 Type V collagen
Very stretchy skin
with velvety or
doughy texture

COLIAT Type | collagen

Vascular EDS 1in100,000- | COL3AI Type Il collagen Autosomal Arterial fragility with
(VEDS) 200,000 Dominant aneurysmy/dissection/

rupture
COLIAT Type | collagen P

,—‘%}, ties THEBEIGHTONSCORING SYSTEM
Z 20 Measuring joint hypermobility E.SPINE

A.SthFINGER/'PINKIES'  E.THUMBS D.KNEES

Tes! both sides: Rest palm Tes it : of your feet wwt:mul
hand and forearm cn a flat surface 512 r " bending your knees?
with palm sidé Y

extendmore than 10
degrees forward?

INsTITUTE

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Aneurysm Syndromes Caused by Mutations
in the TGF-B Receptor

Bart L. Loeys, M.D., Ph.D., Ulrike Schwarze, M.D., Tammy Holm, M.D.

Bert L. Callewaert, M.D., George H. Thomas, Ph.D., Hariyadarshi Pannu, Ph.D.
Julie F. De Backer, M.D., Gretchen L. Oswald, M.S., Sofie Symoens, B.S.
Sylvie Manouvrier, M.D., Ph.D., Amy E. Roberts, M.D., Francesca Faravelli, M.D.,
M. Alba Greco, M.D., Reed E. Pyeritz, M.D,, Ph.D,, Dianna M. Milewicz, M.D., Ph.D.
Paul ). Coucke, Ph.D., Duke E. Cameron, M.D., Alan C. Braverman, M.D.,
Peter H. Byers, M.D., Anne M. De Paepe, M.D., P , and Harry C. Dietz, M.D

A Loeys-Dietz Syndrome Type |

triad of arterial tortuosity and aneurysms, hypertelorism, and bifid
palate
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Genetic and Family screening

FIGURE 17 Evaluation and Genetic Testing Protocol for Patients With TAD

Patients With Thoracic Aortic Disease (TAD)

*SD in family
Family history of member at young
Features of MFS, TAD, intracranial

LDS, or vEDS or peripheral TAD <60 y of age “"Sporadic” patients (260 y of age) age
aneurysm

Imaging for aneurysms in at-risk family }

\A

Rortic dilation Normal aortic
Genetic testing or aneurysm diameter

\J

Positive result
Pathogenic or likely pathogenic
variant identified

l

Cascade testing for Imaging for aortic
at-risk relatives dilation/aneurysm in at-risk
Gene-based management family members*
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Recommendations for HTAD: Genetic Testing and Screening of Family Members for TAD
Referenced studies that support the recommendations are summarized in the

. In patients with aortic root/ascending aortic aneurysms or aortic dissection, obtaining a multigenerational
family history of TAD, unexplained sudden deaths, and peripheral and intracranial aneurysms is recom-
mended.”

. In patients with aortic root/ascending aortic aneurysms or aortic dissection and risk factors for HTAD

(Table 8, Figure 17), genetic testing to identify pathogenic/likely pathogenic variants (ie, mutations) is
recommended.*

. In patients with an established pathogenic or likely pathogenic variant in a gene predisposing to HTAD, it
is rec ded that genetic ¢ ling be provided and the patient's clinical management be informed
by the specific gene and variant in the gene.”

. In patients with TAD who have a pathogenic/likely pathogenic variant, genetic testing of at-risk bio-
logical relatives (ie, cascade testing) is rec 61011 1y family who are found by genetic
screening to have inherited the pathogenic/likely pathogenic variant, aortic imaging with TTE (if aortic
root and ascending aorta are adequately visualized, otherwise with CT or MRI) is recommended. "2

ndromic features, Age<60, Fam
hx of TAD or other aneurysm, sudden
death in relative at young age

b MiINNEAPOLIS
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Hereditary thoracic aortic disease-HTAD

5. In a family with aortic root/ascending aortic aneurysms or aortic dissection, if the disease-causing variant
is not identified with genetic testing, screening aortic imaging (as per recommendation 4) of at-risk
biological relatives (ie, cascade testing) is recommended.”*"*

6. In patients with aortic root/ascending aortic aneurysms or aortic dissection, in the absence of either a
known family history of TAD or pathogenic/likely pathogenic variant, screening aortic imaging (as per
recommendation 4) of first-degree relatives is recommended.™

7. In patients with acute type A aortic dissection, the diameter of the aortic root and ascending aorta should
be recorded in the operative note and medical record to inform the management of affected relatives.
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Cardiovascular Outcomes in Aortopathy

GenTAC Registry of Genetically Triggered Aortic Aneurysms
and Related Conditions

CENTRAL ILLUSTRATION Distribution of Cardiovaseular Events by Age in the GenTAC Registry
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CENTRAL ILLUSTRATION: Gene-Specific Thoracic Aortic Risk Models From
the Montalcino Aortic Consortium

Age of Onset of Aortic Aneurysm
Repair or Dissection
Genes involved in SMC contraction (left panel)
Genes involved in TGFP signaling (right panel, LDS genes)
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Personalized Medicine
Gene- and variant-based treatment guidelines
for patients with HTAD

Data were collected from probands and family members with rare variants in seven genes predisposing to heritable
thoracic aortic disease. Using these data, risk and type of first aortic event were stratified based on both the altered
gene and recurrent variants within the genes.

Regalado ES, et al. J Am Coll Cardiol. 2022;80(9):857-869.
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Recommendations for BAV Aortopathy
Referenced studies that support the recommendations are summarized in the

RECOMMENDATIONS

. In patients with a BAV, TTE is indicated to evaluate valve morphology and function, to evaluate the
diameter of the aortic root and ascending aorta, and to evaluate for aortic coarctation and other
associated cardiovascular defects.!*

. In patients with a BAV, CT or MRI of the thoracic aorta is indicated when the diameter and morphology of
the aortic root, ascending aorta, or both cannot be assessed accurately or completely by TTE.'

. In patients with a BAV and either HTAD or phenotypic features concerning for Loeys-Dietz syndrome, a
medical i luation is r

. In patients with a BAV and a dilated aertic root or ascending acrta, screening of all first-degree relatives
by TTE is recommended to evaluate for the presence of a BAV, dilation of the aortic root and ascending
aorta, or both; if the diameter and morphology of the aortic root, ascending aorta, or both cannot be
assessed accurately or completely by TTE, a cardiac-gated CT or MRI of the thoracic aorta is indicated.”

In patients with a BAV, screening of all first-degree relatives by TTE is reasonable to evaluate for the
presence of a BAV, dilation of the aortic root and ascending aorta, or both.”'®

'f MINNEAPOLIS

50% will have aorta enlargement ‘ HEART

20% familv membher with RAV InsTrTuTE
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BAV Aortopathy

Recommendations for Routine Follow-Up of BAV Disease Aortopathy
Referenced studies that support the recommendations are summarized in the

TIONS

1. In patients with a BAV who have undergone previous aortic valve repair or replacement and have a
diameter of the aortic root, ascending aortic, or both of 24.0 cm, lifelong surveillance imaging of the
aortic root and ascending aorta by TTE, CT, or MRI is recommended at an interval dependent on aortic
diameter and rate of growth.'

. In patients with a BAV and a diameter of the aortic root, ascending aorta, or both of >4.0 cm, lifelong
surveillance imaging of the aortic root and ascending aorta by TTE, CT, or MRI is recommended at an
interval dependent on aortic diameter and rate of growth.*

Adun Ecno Tisaa w12
S o . + Ase Ao Diam 50em
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BP Management

Recommendations for BP Management in TAA
Referenced studies that support the recommendations are summarized in the

1. In patients with TAA and an average systolic BP (SBP) of 2130 mm Hg or an average diastolic BP (DBP)
of 280 mm Hg, the use of antih tensive medicati is r ded to reduce risk of cardiovascular
events.'”

2. In patients with TAA, regardless of cause and in the absence of contraindications, use of beta blockers to
achieve target BP goals is reasonable.’

3. In patients with TAA, regardless of etiology and in the absence of contraindications, ARB therapy is a
reasonable adjunct to beta-blocker therapy to achieve target BP goals.®

b MiINNEAPOLIS
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The NEW ENGLAND
JOURNAL o MEDICINE

[re——— NOVEMBER 27, 2014 T
Atenolol versus Losartan in Children and Young Adults
with Marfan’s Syndrome

= Atenolo| === Losartan

Aortic-Root z Score

No. at Risk

Atenolol
Losartan

Maximum Aottic-Root Diameter (cm)

Years since Randomization

No. at Risk

. P Atenolol 303 287 282 263
Years since Randomization Losartan 304 293 279 267

303 286 282 268 P MINNEAPOLIS
303 293 279 267 "‘ ey
INSTITUTE

> @ % ® Angiotensin receptor blockers and B blockers in
Marfan syndrome: an individual patient data meta-analysis
of randomised trials

ARB reduced rate of enlargement by
BB effects similar to ARB
ARB effects not dependent on bb

If tolerated, BB plus ARB would reduce rate
of enlargement by at least 1/2
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Statin

Comparison of Ascending Aortic Size in Patients With Severe
Bicuspid Aortic Valve Stenosis Treated With Versus Without a
Statin Drug

Sachin S, Goel, MD", E. M zeu, MDY, Shikha D, MPH®, Olcay Aksoy, MDY,
Amar Krishnaswamy, MD", Brian P. Grif s G. Svensson, MD, PhD", and

Ascending Aorta (cm)

Statingroup  Non Statin group

""“‘; m Statin Group
= Non Statin Group

4-45cm  >45cm  4-45cm  >45cm

Percentage of Patients

Ascending Aorta (em)

. J Predominant Severe AS and
SttinGroup  Non Statin Group Severe AS Severe AR
Severe AS and Severs AR

B Ascending Aorta Size
Recommendations for Treatment of TAA With Statins

RECOMMENDATIONS

1. In patients with TAA and imaging or clinical evidence of atherosclerosis, statin therapy at moderate or
high intensiy is reasonable. '0'{ MINNEAPOLIS

2. In patients with TAA who have ho svidence of therosclerosi, the use of Stain therapy may be HEearT
considered.”

[NsTIT

Recommendations for Physical Activity and Quality of Life

RECOMMENDATIONS

. For patients with significant aortic disease, education and guidance should be provided about avoiding
intense isometric exercises (eg, heavy weightlifting or activities requiring the Valsalva maneuver), burst
exertion and activities, and collision sports.'

. For patients who have undergone surgery for aortic aneurysm or dissection, postoperative cardiac
rehabilitation is recommended.**

. In patients with thoracic or abdominal aortic aneurysms whose BP is adequately controlled, it is
reasonable to encourage 30 to 60 minutes of mild-to-moderate intensity aerobic activity at least 3 to 4
days per week.>®

. For patients with clinically significant aortic disease, it is reasonable to screen for anxiety, depression,
and posttraumatic stress disorder and, when indicated, provide resources for support”®; it is also
reasonable to provide education and resources to minimize patients’ concerns, support optimal decision-
making, and enhance quality of life.**"

Weight Lifting and Aortic
Dissection: More

Evidence for a
Connection A8k i, 5 vw Ko B M5, B, N1 8

holder-Hughes, MSN, RN, ANI
lan 'T. Hirsch, MD; Kim A. Ea

fatzaras |. - Trang c Barrett P.M. - Bible | - Elefteriades | A
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Recommendations for Multidisciplinary Aortic Teams

RECOMMENDATIONS

1. For patients with acute aortic disease that requires urgent repair, a multidisciplinary team should
determine the most suitable intervention.

2. For patients who are asymptomatic with extensive aortic disease, or who may benefit from complex open
and endovascular aortic repairs, or with multiple comorbidities for whom intervention is considered,
referral to a high-volume center (performing at least 30-40 aortic procedures annually) with experienced
surgeons in a Multidisciplinary Aortic Team is reasonable to optimize treatment outcomes.'"®

Collaborative effort similar to valve teams
Inverse relationship of case volume and mortality

M U |t| d ISCI pl I n a ry ) When patients referred for elective aortic

intervention at borderline diameter threshold,

AO rtl C Tea m S lower surgical mortality with expert aorta surgeons

at high volume centers may justify early aorta
repair
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Hospital volume of Aortic
surgery and Outcomes

s Ratio for Mortalty = 96% I

@
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Anmwal Center Case Volume Category

O Ratio or Morainy

ENE IR
Anawal Case Volume

- {INNEAPOLIS

|
HearT
[NSTITUTE

Patients and families encouraged to share their values and
preferences

S h a red DeC|S|O n Frame risk benefit especially when clinical equipoise

— Borderline aortic size

M a kl n g — Valve sparing aortic repair

— TEVARIn Type B
AAA Rx options

Recommendations for Shared Decision-Making

REC TIONS

1. In patients with aortic disease, shared decision-making is recommended when determining the appro-
priate thresholds for intervention, deciding an the type of surgical repair, choosing between apen surgical
versus endovascular approaches; and in medical management and surveillance."®

2. In patients with aortic disease who are contemplating pregnancy or who are pregnant, shared decision-
making is recommended when considering the cardiovascular risks of pregnancy, the diameter thresholds
for prophylactic aortic surgery, and the mode of delivery.

e | MinnEAPOLIS
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Surgical options and outcome

Recommendations for Surgical Approach for Patients With Sporadic
Aneurysms of the Aortic Root and Ascending Aorta Meeting Criteria for

Surgery
Referenced studies that support the recommendations are
summarized in the .

Recommendations

1. In patients with an aneurysm isolated to the
ascending aorta who meet criteria for surgery, ”—‘
aneurysm resection and replacement with an
interposition graft should be performed.'?

2. In patients undergoing aortic valve repair or
replacement with a concomitant ascending
aortic aneurysm, a separate aortic valve inter-
vention and ascending aortic graft is recom-
mended.*®

3. In patients undergoing aortic root replace-
ment with an aortic valve that is unsuitable for = ’
sparing or repair, a mechanical or biological =<
valved conduit aortic root replacement is indi- !
cated.'#"®

4. In patients undergoing aortic root replace-
ment, valve-sparing aortic root replacement
is reasonable if the aortic valve is suitable |
for sparing or repair and when performed by \i9:
experienced surgeons in a Multidisciplinary "J‘f
Aortic Team *2!
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Ascending
replacment
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Ascending AVR + ascending
replacment replacment

4

22 of 43



MHIF Cardiovascular Grand Rounds |

March 20, 2023

Ascending AVR + ascending

replacment

replacment

Composite

Root replacment:
Valve-sparing

Recommendations for Surgical Approach for Patients With Sporadic
Aneurysms of the Aortic Root and Ascending Aorta Meeting Criteria for
Surgery

Referenced studies that support the recommendations are

summarized in the

In patients with an aneurysm isolated to the
ascending aorta who meet criteria for surgery,
aneurysm resection and replacement with an
interposition graft should be performed.'?

In patients undergoing aortic valve repair or
replacement with a concomitant ascending
aortic aneurysm, a separate aortic valve inter-
vention and ascending aortic graft is recom-
mended?®

In patients undergoing aortic root replace-
ment with an aortic valve that is unsuitable for
sparing or repair, a mechanical or biological
valved conduit aortic root replacement is indi-
cated.'#®

In patients undergoing aortic root replace-
ment, valve-sparing aortic root replacement
is reasonable if the aortic valve is suitable
for sparing or repair and when performed by
experienced surgeons in a Multidisciplinary
Aortic Team.*?!
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Outcome: ascending replacement

- Jodson B. Willams HS;1 Eii D, Peterson, M 4 Yor Zhuo, PuD;
contemporary Results for Proximal o R . ks, 4 . g M, M. b i, D1
ughes,
Aortic Replacement in No merica
pl t in North A
Age, yrs 64 (54-73)  Cerebrovascular disease 11.74 Ascending Alone
Female 34.30 History of myocardial infarction 13.35 Outcome (n = 22,048)
Race History of congestive heart failure 19.58 Operative mortallty, 867
Caucasian 84.85 Any previous cardiovascular surgery 1567 in-hospltal or 30-day
Black 761 Previous CABG 6.30
Asian 214 Previous valve procedure 9.36 EED 341
Native American 015 Pre-operative cardiogenic shock 421 Nonelective 15.25
Demographic region Procedure status Stroke >72 h or coma >24 h 6.88
Midwest 3220 Elective 5653 Elective 3.24
Northeast 18.08 Urgent 2169
o 2026 T il Nonelective 9.83
West 19.46 Salvage 147 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 4.22
Hypertension 7474 Anatomy 3343 NI Te 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 51.10 Valve dysfunction 20413 LIS =
Chronic lung discase 1854 Congestive heart failure 10,01 Elective 157
Renal function stages Emergent reason Nonelective 6.63
GFR =90 ml/min/1.73 m? 2184 Aortic dissection 93.92 Perioperative MI 253
GFR 60-89 mi/min/1.73 m? 51.76 Shock 20
GFR 30-59 ml/min/1.73 m? 23.34 Valve dysfunction 0.86 Elective 204
GFR =29 mi/min/1.73 m? 179 Concomitant CABG 28583 Nonelective 1.90
Dialysis 127 Concomitant mitral valve procedure 9.4 Journal of the American College of Cardiology
Immunosuppressive treatment 270 Concomitant arthythmia correction 545 © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 13.00 Operation time, h 48(37-61) Published by Elsevier Inc.
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012
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= Jisdson B. Willams, MD, MHS*t Eric D. Peterson, MD, MPH,’% Yoe Zhao, PuD;
contempora'y Results for me'mal :.::]:ﬂmh:. ;;‘"“- Nicholas D). Andersen, MD,# D). Craig Miller, MD,§ Edward P. Chen, MDJ|
oghes,
Aortic Replacement in North America

Age, yrs 64 (54-73)  Cerebrovascular disease 11.74 BAscending Alone
Female 34.30 History of myocardial infarction 1335 Outcome (n = 22,048)
Race History of congestive heart failure 1958 Operative mortality, 8.67

Caucasian 84.85 Any previous cardiovascular surgery 15.67 in-hospital or 30-day

Black 761 Previous CABG 6.30

Asian 214 Previous valve procedure 9.36 Elect® e

Native American 045  Pre-operative cardiogenic shock 421 Nonelective 15.25
Demographic region Procedure status Stroke >72 h or coma >24 h 6.88

Midwest 32.20 Elective 55,53 Elective 3.24

Northeast 18.08 Urgent 2169

South 30.25 Emergent 2155 Nonslecive 583

West 19.46 Salvage 117 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 422
Hypertension 74.74 Anatomy 3343 Nonelective 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 5110 Valve dysfunction 2013 LI B
Chronic lung disease 1854 Cangestive heart failure 10.01 Elective 157
Renal function stages Emergent reason Nonelective 6.63

GFR =90 ml/min/1.73 m? 2184 Aortic dissection 93.92 Perioperative M 253

GFR 60-89 mi/min/1.73 m* 51.76 Shock 20

GFR 30-59 mi/min/1.73 m? 23.34 Valve dysfunction 088 Elective 201

GFR =29 ml/min/1.73 m? 1.79 Concomitant CABG 28.83 Nonelective 1.90

Dialysis 127 Concomitant mitral valve procedure 94 Journal of the American College of Cardiolo
Immunosuppressive treatment 2.70 Concomitant arrhythmia correction 5.45 © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 1300 Operation time, h 483.7-64) Published by Elscvier Inc
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012

Jodson B, Williams,

Contemporary Results for Proximal ===
Aortic Replacement in North America

d P. Chen, MDJ|

Age, yrs 64 (54-73)  Cerebrovascular disease 11.74 Ascending Alone
Female 34.30 History of myocardial infarction 13.35 Outcome (n = 22,048)
Race History of congestive heart failure 1958 Operative mortality, 867
Caucasian 84.85 Any previous cardiovascular surgery 1567 in-hospital or 30-day
Black 761 Previous CABG 6.30
Asian 214 Previous valve procedure 9.36 EED 41
Native American 0.15 Pre-operative cardiogenic shock a21 Nonelective 15.25
Demographic region Procedure status Stroke =72 h or coma >24 h 6.88
Midwest 3220 Elective 66,53 Elective 3.24
Northeast 18.08 Urgent 2169
South 30.25 Emergent 2155 Honslective S
West 19.48 Salvage 147 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 4.22
Hypertension 74.74 Anatomy 3343 NOTeIeCHive 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 51.10 Valve dysfunction 20413 LIS 381
Chronic lung disease 1854 Congestive heart failure 1001 Elective 157
Renal function stages Emergent reason Nonelective 6.63
GFR =90 ml/min/1.73 m? 2184 Aortic dissection 9392 Perioperative M 253
GFR 60-89 ml/min/1.73 m? 51.76 Shock 2.0
GFR 30-59 ml/min/1.73 m? 2334 Valve dysfunction 0.86 Elective) EXL
GFR =29 ml/min/1.73 m? 179 Concomitant CABG 28583 Nonelective 1.90
Dialysis 1.27 Concomitant mitral valve procedure 9.4 Journal of the American College of Cardiology
Immunosuppressive treatment 2.70 Concomitant arrhythmia correction 5.45 © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 13.00 Operation time, h 48(37-61) Published by Elsevier Inc.
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012
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Judson B. Williams,

Contemporary Results for Proximal =:o=:
Aortic Replacement in North America

D, MHS *t Eric D. Peterson, MD, MPH,% Yoe Zhuo, Pub;"
* Nicholas D). Andersen, MD,# D, Criig Miller, MD,§ Edward P. Chen, MDJ

Age, yrs 64(54-73)  Cerebrovascular disease 1174 Ascending Alone
Female 34.30 History of myocardial infarction 1335 Outcome (n = 22,048)
Race History of congestive heart failure 1958 Operative mortality, 8.67
Caucasian 84.85 Any previous cardiovascular surgery 15.67 ¥
Black 761 Previous CABG 6.30
Asian 214 Previous valve procedure 9.36 Electve AL
Native American 045  Preoperative cardiogenic shock 421 Nonelective 528
Demographic region Procedure status Stroke >72 h or coma >24 h 6.88
Midwest 32.20 Elective 5553 Elective 3.24
Northeast 18.08 Urgent 2169
South 30.25 Emergent 2155 Nonslecive 583
West 19.46 Salvage 117 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 422
Hypertension 74.74 Anatomy 3343 Nonelective 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 51.10 Valve dysfunction 2013 LIS 381
Chronic lung disease 1854 Congestive heart failure 1001 Elective 157
Renal function stages Emergent reason Nonelective 6.63
GFR =80 ml/min/1.73 m? 2184 Aortic dissection 93.92 Perioperative M 253
GFR 60-89 mi/min/1.73 m* 51.76 Shock 20
GFR 30-59 mi/min/1.73 m? 23.34 Valve dysfunction 0.88 Eloctive ees
GFR =29 ml/min/1.73 m? 179 Concomitant CABG 28583 Nonelective 190
Dialysis 127 Concomitant mitral valve procedure 94 Journal of the American College of Cardiolo
Immunosuppressive treatment 2.70 Concomitant arrhythmia correction 5.45 © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 1300 Operation time, h 483.7-64) Published by Elscvier Inc
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012
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Jodson B, Williams,

Contemporary Results for Proximal ===
Aortic Replacement in North America

d P. Chen, MDJ|

Age, yrs 64 (54-73)  Cerebrovascular disease 11.74 Ascending Alone
Female 34.30 History of myocardial infarction 13.35 Outcome (n = 22,048)
Race History of congestive heart failure 1958 Operative mortality, 867

Caucasian 84.85 Any previous cardiovascular surgery 1567 in-hospital or 30-day

Black 761 Previous CABG 6.30

Asian 214 Previous valve procedure 9.36 EED 41

Native American 0.15 Pre-operative cardiogenic shock a21 Nonelective 15.25
Demographic region Procedure status

Midwest 3220 Elective 66,53

Northeast 18.08 Urgent 2169

South 30.25 Emergent 21.55

West 19.48 Salvage 147 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 4.22
Hypertension 74.74 Anatomy 3343 NOTeIeCHive 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 51.10 Valve dysfunction 20413 LIS 381
Chronic lung disease 1854 Congestive heart failure 1001 Elective 157
Renal function stages Emergent reason Nonelective 6.63

GFR =90 ml/min/1.73 m? 2184 Aortic dissection 9392 Perioperative M 253

GFR 60-89 ml/min/1.73 m? 51.76 Shock 2.0

GFR 30-59 ml/min/1.73 m? 2334 Valve dysfunction 0.86 Elective) EXL

GFR =29 ml/min/1.73 m? 179 Concomitant CABG 28583 Nonelective 1.90

Dialysis 1.27 Concomitant mitral valve procedure 9.4 Journal of the American College of Cardiology
Immunosuppressive treatment 2.70 Concomitant arrhythmia correction 5.45 © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 13.00 Operation time, h 48(37-61) Published by Elsevier Inc.
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012
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. Jsdion B Willams, MD, MHS# Eric D. Peterson, MD, MPH,"# Yoe Zhao, PuD;
contempora'y Results for me'mal s M. O, P Nk D. A, MDA . oy M, ME3§ B . Chn, DI
ughes,
Aortic Replacement in North America

Age, yrs 64(54-73)  Cerebrovascular disease 1174 Ascending Alone
Female 34.30 History of myocardial infarction 1335 Outcome (n = 22,048)
R distors of conses : 264 Operative mortality, 8.67

Caucasian 8485 in-hospital or 30-day

Black 761 Previous CABG 6.30

Asian 214 Previous valve procedure 9.36 Elect® e

Native American 045  Pre-operative cardiogenic shock 421 Nonelective 15.25
Demographic region Procedure status Stroke >72 h or coma >24 h 6.88

Midwest 32.20 Elective 5553 Elective 324

Northeast 18.08 Urgent 2169

South 30.25 Emergent 2155 Noneloctive ek

West 19.46 Salvage 117 Renal failure 8.45
Body mass index, kg/m? 28(25-32)  Urgent reason Elective 422
Hypertension 74.74 Anatomy 3343 Nonelective 13.75
Current or recent smoker 21.48 Aortic dissection 2256
Hypercholesterolemia 51.10 Valve dysfunction 2013 LI B
Chronic lung disease 1854 Cangestive heart failure 10.01 Elective 157
Renal function stages Emergent reason Nonelective 6.63

GFR =80 ml/min/1.73 m? 21.84 Aortic dissection 93.92 Perioperative Mi 253

GFR 60-89 mi/min/1.73 m* 51.76 Shock 20

GFR 30-59 mi/min/1.73 m? 23.34 Elective HE

GFR =29 ml/min/1.73 m? 179 [ Concomitant CABG Nonelective 1.90

Dialysis 127 Concomitant mitral valve procedure 94 Jousnal of the American College of Cardiology
Immunosuppressive treatment 2.70 Concomitant arrhythmia correction © 2012 by the American College of Cardiology Foundation
Diabetes mellitus 1300 Operation time, h 48 (3.7-01) Published by Elscvier Inc
Peripheral vascular disease 19.34 Cross-clamp time, min 95 (67-129) Vol. 60, No. 13, 2012
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Outcome: root replacement
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- > Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
ORIGINAL ARTICLES: ADULT CARDIA
G. Chad Hughes, MD, Vinay Badhwar, MD, Jeffrey P. Jacobs, MD,

Elective Aortic Root Replacement in North
America: Analysis of STS Adult Cardiac

Surgery Database

Table 1. Patient Demographics and Preoperative Factors

Overall

Variables (n = 8,806)
Age 59.0 (50.0, 67.0)
Sex (male) 6,836 (77.6)
Previous CABG 6 (0.6)
Previous valve procedure 58 (5.9)
Myocardial infarction 547 (6.2)
Congestive heart failure 2,030 (23.1)
Procedure type

Sparring 1,680 (19.1)

Bentall 7,126 (80.9)
Concomitant CABG 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con i TV repair/repl 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)

Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,

M chestiervpsnes  Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and

Prashanth Vallabhajosyula, MD, MS
(Ann Thorac Surg 2019;107:1307-12)
© 2019 by The Society of Thoracic Surgeons

Results:

In-hospital/ 30-day mortality 2.2%
Stroke 1.4%
Reoperation for bleeding 3.6%
Renal failure 2.2%
Median postoperative length of stay 6 days

15

. Bl Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
ORIGINAL ARTI! : ADULT CARDIAS
G. Chad Hughes, MD, Vinay Badhwar, MD, Jeffrey P. Jacobs, MD,

Surgery Database
Table 1. Patient D phics and Preop ive Factors
Overall

Variables (n = 8,806)
Age 59.0 (50.0, 67.0)
Sex (male) 6,836 (77.6)
Previous CABG 6 (0.6)
Previous valve procedure 58 (5.9)
Myocardial infarction 547 (6.2)
Congestive heart failure 2,030 (23.1)
Procedure type

Sparring 1,680 (19.1)

Bentall 7,126 (80.9)
Concomitant CABG 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 17 (13)
Con TV repair/rep 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)

Aortic Root Replacement in North
erica: Analysis of STS Adult Cardiac

Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,
M) checklorspdaies Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and
Prashanth Vallabhajosyula, MD, MS
(Ann Thorac Surg 2019;107:1307-12)
© 2019 by The Society of Thoracic Surgeons

Results:

In-hospital/ 30-day mortality 2.2%
Stroke 1.4%
Reoperation for bleeding 3.6%
Renal failure 2.2%
Median postoperative lenght of stay 6 days
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— > Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
) Ch Hoghes, VD, Vinay Badhwar, ND, ety . ko, MD,
. . . Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,
Elective Aortic Root REPIacement in North  ® oo Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and
. . . Prashanth Vallabhaj la, MD, M.
America: Analysis of STS Adult Cardiac ashanth Vallabhajosyula, o A Thors Surg AMSATTISEP12
=] by The Society of Thoracic Surgeons
Surgery Database by Theseay .
Table 1. Patient Demographics and Preoperative Factors Results:
I Overall
Variables (n = 8,806) . .
In-hospital/ 30-day mortality 2.2%
Age 59.0 (50.0, 67.0)
Sex (male) 6,836 (77.6) Stroke 1.4%
Previous CABG 6 (0.6) . . 0
o A e oo Reoperation for bleeding 3.6%
Myocardial infarcton e Renal failure 2.2%
ongestive heart failure X i .
Procedure type Median postoperative lenght of stay 6 days
Sparring 1,680 (19.1)
Bentall 7,126 (80.9)
Concomitant CABG 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con i TV repair/repl 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)

17
= = Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
. Chad s, WD, Vinay Badhwar MD, et . oo, MD,

. . . Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,
Elective Aortic Root Replacement in North ® cxuuwse  Nimesh Desai, MD, PhD, Wilsan Szeto, MD, Lars Svensson, MD, and
America: Analysis of STS Adult Cardiac Prashanth Vallabhajosyula, MD, M5 I (Ann Thorac Surg 2019;107:1307-12) I
Surgery Database © 2019 by The Society of Thoracic Surgeons

Table 1. Patient D phics and Preop ive Factors Results:
Overall
Variables (n = 8,806) . .
- - 0,

o prpmp—— In-hospital/ 30-day mortality 2.2%
Sex (male) 6,836 (77.6) Stroke 1.4%
Previous CABG 6 (0.6) . .
Provious valve procedure 55 5.9 Reoperation for bleeding 3.6%
Myocardial infarction 547 (6.2) Renal failure 2'2%
Congestive heart failure 2,030 (23.1) . .
Procedure type Median postoperative lenght of stay 6 days

Sparring 1,680 (19.1)

Bentall 7,126 (80.9)
Concomitant CABG 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con. TV repair/rep 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)
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ORIGINAL ARTICLES: ADULT CARDIAC

Elective Aortic Root Replacement in North
America: Analysis of STS Adult Cardiac

Surgery Database

Table 1. Patient Demographics and Preoperative Factors

Overall
Variables (n = 8,806)
Age 59.0 (50.0, 67.0)
Sex (male) 6,836 (77.6)
Previous CABG 6 (0.6)
Previous valve procedure 58 (5.9)

Myocardial infarction 547 (6.2)
Congestive heart failure b

Procedure type

Sparring 1,680 (19.1)

Bentall 7,126 (80.9)
Concomi CAB-G 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con i TV repair/repl 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)

W), Chock for updates

Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
G. Chad Hughes, MD, Vinay Badhwar, MD, Jeffrey P. Jacobs, MD,

Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,

Prashanth Vallabhajosyula, MD, MS

Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and

(Ann Thorac Surg 2019;107:1307-12)

© 2019 by The Society of Thoracic Surgeans

Results:

In-hospital/ 30-day mortality
Stroke

Reoperation for bleeding

Renal failure

Median postoperative lenght of stay

2.2%
1.4%
3.6%
2.2%
6 days
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ORIGINAL ARTIC! 3 ULT CARDIAC

Elective Aortic Root Replacement in North
America: Analysis of STS Adult Cardiac

Surgery Database
Table 1. Patient D phics and Preop ive Factors
Overall

Variables (n = 8,806)
Age 59.0 (50.0, 67.0)
Sex (male) 6,836 (77.6)
Previous CABG 6 (0.6)
Previous valve procedure 58 (5.9)
Myocardial infarction 547 (6.2)
Congestive heart failure 2,030 (23.1)
Procedure type

Sparring 1,680 (19.1)

Concomitant CABG 1,668 (18.9)

Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con TV repair/rep 72 (0.8)

Bicuspid 2,965 (33.7)

) Chock for updates

Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
G. Chad Hughes, MD, Vinay Badhwar, MD, Jeffrey P. Jacobs, MD,

Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,

Prashanth Vallabhajosyula, MD, MS

Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and

(Ann Thorac Surg 2019;107:1307-12)

© 2019 by The Society of Thoracic Surgeons

Results:

In-hospital/ 30-day mortality
Stroke

Reoperation for bleeding

Renal failure

Median postoperative lenght of stay

2.2%
1.4%
3.6%
2.2%
6 days
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. Tyler Wallen, DO, Andreas Habertheuer, MD, PhD, Joseph E. Bavaria, MD,
) Chd s, VD, Vinay Bdwar, D, Jefitey . acobs, D,
. . . Babatunde Yerokun, MD, Dylan Thibault, MS, Karianna Milewski, MD, PhD,
Elective Aortic Root Replacement in North  ® oo Nimesh Desai, MD, PhD, Wilson Szeto, MD, Lars Svensson, MD, and
LU . . Prashanth Vallabhaj la, MD, MS
America: Analysis of STS Adult Cardiac ashanthy Yalabhajosywsa (Ar Thoras Surg 01907 07-12)

Surgery Database © 2019 by The Society of Thoracic Surgeans

Table 1. Patient Demographics and Preoperative Factors Results:
Overall

Variables (n = 8,806) I h t 1/ 30 d it 1 2 20/
Age 590 (500, 67.0) n-nospita -day morta lty .Z70
Sex (male) 6,836 (77.6) OKC 1.47%0
Previous CABG 6 (0.6) . : 0
Previous valve procedure 58 (5.9) Reoperatlon for bleedlng 3.6%
Myocardial infarction 547 (6.2) Renal failure 2.2%
Congestive heart failure 2,030 (23.1) i .
Procedure type Median postoperative lenght of stay 6 days

Sparring 1,680 (19.1)

Bentall 7,126 (80.9)
Concomitant CABG 1,668 (18.9)
Concomitant MV repair 337 (3.8)
Concomitant MV replacement 117 (1.3)
Con i TV repair/repl, 72 (0.8)
Marfan syndrome 327 (3.7)
Bicuspid 2,965 (33.7)
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Interactive CardioVascular and Thoracic Surgery 29 (2019) 911-922
doi10.1093/icvts/ivz211  Advance Access publication 28 August 2019

STATE-OF-THE-ART

Comparing outcomes between valve-sparing root replacement and
the Bentall procedure in proximal aortic aneurysms: systematic

review and meta-analysis

Mc d Yousuf Salmasi (3 **', lak

Danial Naqvi (® &, Mohammed Snober ( <, Aung Oo® and Thanos Athanasiou®

Key question

How do the outcomes of valve-sparing aortic
root replacement compare to those of the
well-established Bentall procedure?

Key finding(s)

Valve-sparing techniques confer fewer
operative deaths, improved long-term
survival and similar reoperation rates.

Take-home message
Valve-sparing root replacement should be
considered as a first-line option for root
aneurysms in patients with reparable aortic valves.

Theodoulou™, Priyanka lyer @ 5 Mohaimen Al-Zubaidy ©® €,

Favourable long-term survival after VSRR

OR (95% C1)

0.480.11,207)
120 (0,48, 3.30)

2547 (151, 42907) 1

375 (1.39, 10.10)

163 (0.25, 10.67)
3.36 (059, 19.18)
290 (0.1, 75.14)
2005 (1.10. 366.16) 1
8.99 (9.46, 177.42)

211 (0.18.25.35)
268 11.20, 6.01)

Waight

ao7

24

32 of 43




MHIF Cardiovascular Grand Rounds |
March 20, 2023

Interactive CardioVascular and Thoracic Surgery 29 (2019) 911-522 STATE-OF-THE-ART
doii10.1093/icvts/ivz211  Advance Access publication 28 August 2019

Comparing outcomes between valve-sparing root replacement and
the Bentall procedure in proximal aortic aneurysms: systematic
review and meta-analysis
Aok d Yousuf Salmasi ® **', lal Theodoulou®, Priyanka lyer 5 Mohaimen Al-Zubaidy ® <,
Danial Naqvi @ ¢, Mohammed Snober (& , Aung Oo? and Thanos Athanasiou®

Favourable long-term survival after VSRR

How do the outcomes of valve-sparing aortic
root replacement compare to those of the
well-established Bentall procedure?

Key finding(s)

Valve-sparing techniques confer fewer
operative deaths, improved long-term
survival and similar reoperation rates.

\

Take-home message

Valve-sparing root replacement should be
considered as a first-line option for root
aneurysms in patients with reparable aortic valves.

\
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Recommendations for intervention

- Bicuspid aortic valve

- Marfan Syndrome

- . Non-syndromic heritable disease
- Sporadic aneurysm
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Recommendations for BAV Aortopathy Interventions: Replacement of
the Aorta in Patients With BAV
Referenced studies that support the recommendations are

summarized in the

. In patients with a BAV and a diameter of

the aortic roct, ascending aorta, or both
of 25,5 cm, surgery to replace the aortic
root, ascending aorta, or both is recom-
mended."?

IS

In patients with a BAV and a cross-sectional
aortic root or ascending aortic area (cm?) to
height (m) ratio of 210 cm%/m, surgery to
replace the aortic root, ascendlng aorta, or
both is reasonable, when performed by expe-
rienced surgeons in a Multidisciplinary Aortic
Team3*

In patients with a BAV, a diameter of the aortic
root or ascending aorta of 5.0 cm to 5.4 cm,
and an additional risk factor for aortic dissec-
tion (Table 14), surgery to replace the aortic
root, ascending aorta, or both is reasonable,
when performed by experienced surgeons in a
Multidisciplinary Aortic Team."*

In patients with a BAV who are undergoing

surgical aortic valve repair or replacement,

and who have a diameter of the aortic reot

or ascending aorta of 24.5 ¢cm, concomitant

replacement of the aortic root, ascending

aorta, or both is reasonable, when performed
i surgeons in a idiscipli

by
Aortic Team,'*

@

In patients with a BAV, a diameter of the aortic
root or ascending aorta of 5.0 ¢m to 5.4 cm,
no other risk factors for aortic dissection
(Table 14), and at low surgical risk, surgery

to replace the aortic root, ascending aorta, or
both may be reasonable, when performed by
experienced surgeons in a Multidisciplinary
Aortic Team,' 2%
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In patients with a BAV and a diameter of
the aortic root, ascending aorta, or both

of 25.5 cm, surgery to replace the aortic
root, ascending aorta, or both is recom-

mended.?

IS}

In patients with 2 BAV and a cross-sectional
aortic root or ascending aortic area (cm?) to
height (m) ratio of 210 em?/m, surgery to
replace the aortic root, ascending aorta, or
both is reasonable, when performed by expe-
rienced surgeons in a Multidisciplinary Aortic
Team®*

@«

In patients with a BAV, a diameter of the aortic
root or ascending aorta of 5.0 cm to 5.4 cm,
and an additional risk factor for aortic dissec-
tion (Table 14), surgery to replace the aortic
root, ascending aorta, or both is reasonable,
when performed by experienced surgeons in a
Multidisciplinary Aortic Team.'*

IS

In patients with a BAV who are undergoing
surgical aortic valve repair or replacement,
and who have a diameter of the aortic root

or ascending aorta of 24.5 em, concomitant
replacement of the acrtic reot, ascending
aorta, or both is reasonable, when performed
by experienced surgeons in a Multidisciplinary
Aortic Team,'®

o

In patients with a BAV, a diameter of the aortic
root or ascending aorta of 5.0 em to 5.4 cm,
no other risk factors for aortic dissection
(Table 14), and at low surgical risk, surgery

to replace the aortic root, ascending aorta, or
both may be reasonable, when performed by
experienced surgeons in a Multidisciplinary
Aortic Team.'?*

Bicuspid aortic valve

General: 5.5cm

MAT: 5.0 cm (+- high risk factors)
Aortic area/height >10

4.5 cm if concomitant AVR

Table 14. Risk Factors for Aortic Dissection

Family history of aortic dissection

Aortic growth rate 0.3 cm/y

Aortic coarctation

“Root phenotype” aortopathy

31

Recommendations for BAV Aortopathy Interventions: Replacement of
the Aorta in Patients With BAV

'summarized in the
COR LOE

1 B-NR

2a B-NR

2a B-NR

2a B-NR

2b B-NR

Recommendations

IS

h a BAV and a diameter of

In patients
the aortic root, ascending aorta, or
of 26,5 cm, surgery to replace the aortic
root, ascending aorta, or both is recom:

mended.

In patients with a BAV and a cross-se
area (cm

aortic root or ascending ao
height (m) ratio of 210 cm®/m, s
replace the aortic root, ascending aorta, or
both is reasenable, when performed by expe-
rienced surgeons in a Multidisciplinary Aortic
Team.*

yto

In patients with a BAV, a diameter of the aortic
root or ascending acrta of 5.0 cm to 5.4 cm,
and an additional risk factor for aortic dissec-
tion (Table 14), surgery 1o replace the aortic
oot, ascending aorta, or both is reasonable,
when performed by experienced surgeans in a
Multidisciplinary Aortic Team,

In patients with a BAV who are undergoing
surgical aortic valve repair or replacement,
e aortic root

and who havi

oncomitant
ending

or ascending aorta of 2
ent of the aortic root
or both is re

m,

replace

a0

nable, when performed
by experienced surgeons in a Multidisciplinary
Aertic Team.

In patients with a BAV, a diameter of the aortic
root or ascending aorta of 5.0 cm to 5.4 cm,
no other risk factors for aortic dissection

able 14), and at low surgical risk, surgery
place the aortic rc nding aorta, or
both may be reasonable, when performed by
experienced surgeons in a Multidisciplinary
Aortic Team,

Bicuspid aortic valve

General: 5.5cm

MAT: 5.0 cm (+- high risk factors)
Aortic area/height >10

4.5 cm if concomitant AVR

Table 14. Risk Factors for Aortic Dissection
Family history of aortic dissection
Aortic growth rate 20.3 cm/y
Aortic coarctation

“Root phenotype” acrtopathy
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Recommendations for Marfan Syndrome Interventions: Replacement of
the Aortic Root in Patients With Marfan Syndrome

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with Marfan syndrome and an
aortic root diameter of >5.0 cm, surgery to
replace the aortic root and ascending aorta is
recommended.”

2. In patients with Marfan syndrome, an aortic
root diameter of 24.5 cm, and features associ-
ated with an increased risk of aortic dissection
(see Table 10), surgery to replace the aortic
root and ascending aorta is reasonable, when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.,'3*

3. In patients with Marfan syndrome and a maxi-
mal cross-sectional aortic root area (cm2)
to patient height (m) ratio of 210, surgery to
replace the aortic root and ascending aorta is
reasonable, when performed by experienced
surgeens in a Multidisciplinary Aortic Team.®

2a C-LD

4. In patients with Marfan syndrome and an aor-
tic diameter approaching surgical threshold,
who are candidates for valve-sparing root
replacement (VSRR) and have a very low
surgical risk, surgery to replace the aortic root
and ascending aorta may be reasonable when
performed by experienced surgeans in a Mul-
tidisciplinary Aortic Team.*

2b C-LD
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C-L.D

Recommendations for Marfan Syndrome Interventions: Replacement of

the Aortic Root in Patients With Marfan Syndrome
Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with Marfan syndrome and an
aortic root diameter of 25.0 cm, surgery to
replace the aortic root and ascending aorta is
recommended."*

2. In patients with Marfan syndrome, an aortic

root diameter of >4.5 cm, and features associ-
ated with an increased risk of aortic dissection
(see Table 10), surgery to replace the aortic
root and ascending aorta is reasonable, when
performed by experienced surgeens in a Mul-
tidisciplinary Aortic Team.'**

3. In patients with Marfan syndrome and a maxi-

mal cross-sectional aortic root area (cm?2)

to patient height (m) ratio of 210, surgery to
replace the aortic root and ascending aorta is
reasonable, when performed by experienced
surgeons in a Multidisciplinary Aortic Team.®

2b

C-LD

4. In patients with Marfan syndrome and an aor-

tic diameter approaching surgical threshold,
who are candidates for valve-sparing root
replacement (VSRR) and have a very low
surgical risk, surgery to replace the aortic root
and ascending aorta may be reasonable when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.*

Marfan Syndrome

General: 5.0cm

MAT: 4.5 cm (high-risk)
Aortic area/height >10

AVSRR

Table 10. Features Associated With Increased Risk of Aortic
Complications in Marfan Syndrome

Family history of aortic dissection

Rapid aortic growth (0.3 cm/y)

Diffuse aortic root and ascending aortic dilation’

Marked vertebral arterial tortuosity'*

35

COR LOE
i B-NR
2a B-NR
2a C-LD
2b C-LD

mmmmmmm Rﬂphﬂlm.ntd

Recommendations

1. In patients with Marfan syndrome and an
aortic root diameter of 25.0 cm, surgery to
replace the aortic root and ascending aorta is
recommended.’

2. In patients with Marfan syndrome, an aortic
root diameter of 24.56 cm, and features associ-
ated with an increased risk of aortic dissection
(see Table 10), surgery to replace the aortic
root and ascending aorta is reasonable, when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.'¥*

3. In patients with Marfan syndrome and a maxi-
mal cross-sectional aortic root area (cm2)
to patient height (m) ratio of 210, surgery to
replace the aortic root and ascending aorta is
reasonable, when performed by experienced
surgeons in a Multidisciplinary Aortic Team.f

4. In patients with Marfan syndrome and an aor-
tic diameter approaching surgical threshold,
who are candidates for valve-sparing root
replacement (VSRR) and have a very low
surgical risk, surgery to replace the aortic root
and ascending aorta may be reasonable when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.*

Marfan Syndrome

General: 5.0cm

MAT: 4.5 cm (high-risk)

Aortic area/height >10
AVSRR

Table 10. Features Associated With Increased Risk of Aortic
Complications in Marfan Syndrome

Family history of aortic dissection
Rapid aortic growth (>0.3 cm/y)
Diffuse aortic root and ascending aortic dilation

Marked vertebral arterial tortuosity
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Recommendations for Surgical Considerations for Nonsyndromic
Heritable TAA and No Identified Genetic Cause

In asymptomatic patients with aneurysms
of the aortic root or ascending aorta with
nonsyndromic heritable thoracic aortic dis-
ease (nsHTAD) and no identified genetic
cause, determining the timing of surgical
repair requires shared decision-making and

is informed by known aortic diameters at the
time of aortic dissection, TAA repair, or both in
affected family members."*

2. In asymptomatic patients with aneurysms of
the aortic root or ascending aorta with
nsHTAD and no identified genetic cause but
no information on aortic diameters at the time
of dissection or aneurysm repair in affected
family members and who have no high-risk
features for adverse aortic events (Table 9) it
is recommended to repair the aorta when the
maximal diameter reaches 25,0 cm.!

3. In patients with aneurysms of the aortic root
or ascending aorta with nsHTAD and no
identified genetic cause and a maximal aortic
diameter of 24.5 cm, who have high-risk fea-
tures for adverse aortic events (Table 9), or
who are undergoing cardiac surgery for other
indications, aortic repair is reasonable when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.”

38
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1. In asymptomatic patients with aneurysms
of the aortic root or ascending aorta with
nonsyndromic heritable thoracic aortic dis-
ease (nsHTAD) and no identified genetic
C-LD cause, determining the timing of surgical
repair requires shared decision-making and
is informed by known aortic diameters at the
time of aortic dissection, TAA repair, or both in
affected family members."*

2. In asymptomatic patients with aneurysms of
the aortic root or ascending aorta with
nsHTAD and no identified genetic cause but
no information on aortic diameters at the time

C-LD of dissection or aneurysm repair in affected

family members and who have no high-risk

features for adverse aortic events (Table 9) it
is recommended to repair the aorta when the
maximal diameter reaches 25.0 cm.!

3. In patients with aneurysms of the aortic root
or ascending aorta with nsHTAD and no
identified genetic cause and a maximal aortic
diameter of 24.5 cm, who have high-risk fea-
tures for adverse aortic events (Table 9), or
who are undergoing cardiac surgery for other
indications, aortic repair is reasonable when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.®

2a C-LD

nsHTAD

General: 5.0 cm
MAT: 4.5 cm (high-risk)

Table 9. Features Associated With an Increased Risk of
Aortic Dissection in Patients With Heritable Thoracic Aortic
Aneurysms

Heritable Thoracic Aortic Aneurysms and No Identified Genetic Cause

Family history of aortic dissection at an aortic diameter <5.0 cm

Family history of unexplained sudden death at age <50y

Rapid aortic growth (0.6 cm in 1 y or 20.3 cm/y in 2 consecutive y}

39

Recommendations for Surgical Considerations for Nonsyndromic.
Heritable TAA and No Identified Genetic Cause
COR | LOE ‘ Recommendations

1. Inasymptomatic patients with aneurysms
of the aortic root or ascending aorta with
nonsyndromic heritable thoracic aortic dis-
ease (nsHTAD) and no identified genetic
cause, determining the timing of surgical
repair requires shared decision-making and
is informed by known aortic diameters at the
time of aortic dissection, TAA repair, or both in
affected family members."*

1 C-LD

2. In asymptomatic patients with aneurysms of
the aortic root or ascending aorta with
nsHTAD and no identified genetic cause but
no information on aortic diameters at the time
of dissection or aneurysm repair in affected
family members and who have no high-risk
features for adverse aortic events (Table 9) it
is recommended to repair the aorta when the
maximal diameter reaches 25.0 cm.!

1 C-LD

3. In patients with aneurysms of the aortic root
or ascending aorta with nsHTAD and no
identified genetic cause and a maximal aortic
diameter of 4.5 c¢m, who have high-risk fea-
tures for adverse aortic events (Table 9), or
who are undergoing cardiac surgery for other
indications, aortic repair is reasonable when
performed by experienced surgeons in a Mul-
tidisciplinary Aortic Team.*

2a C-LD

General: 5.0cm
MAT: 4.5 cm (high-risk)

Table 9. Features Associated With an Increased Risk of
Aortic Dissection in Patients With Heritable Thoracic Aortic
Aneurysms

Heritable Thoracic Aortic Aneurysms and No Identified Genetic Cause

Family history of aortic dissection at an aortic diameter <5.0 cm

Family history of unexplained sudden death at age <560 y

Rapid aortic growth (0.6 cm in 1 y or 20.3 cm/y in 2 consecutive y)
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Recommendations for Surgery for Sporadic Aneurysms of the Aortic
Root and Ascending Aorta
Referenced studies that support the recommendations are

summarized in the

In patients with aneurysms of the aortic root
and ascending aorta who have symptoms attrib-
utable to the aneurysm, surgery is indicated.'?

2. Inasymptomatic patients with aneurysms of the
aortic root or ascending aorta who have a maxi-
mum diameter of 5.5 cm, surgery is indicated **

3. In patients with an aneurysm of the aortic root
or ascending aorta of <56.5 cm, whose growth
rate confirmed by tomographic imaging is
20.3 cm/y in 2 consecutive years, or 20.5 cm
in 1 year, surgery is indicated.'*'?

4. In asymy patients with ¥ of
the aortic root or ascending aorta who have
a maximum diameter of 25.0 cm, surgery is
reasonable when performed by experienced
surgeons in a Multidisciplinary Aortic Team.'*'"

C-LD

In patients undergoing repair or replace-
ment of a tricuspid aortic valve who have

a concomitant aneurysm of the ascending
aorta with a maximum diameter of 24.5 cm,
ascending aortic replacement is reasonable
when performed by experienced surgeons in
a Multidisciplinary Aortic Team.'®2!

In patients undergoing repair or replacement
of a tricuspid aortic valve who have a concom-
itant aneurysm of the ascending aorta with

a maximum diameter of 5.0 cm, ascending
aortic replacement is reasonable.'#2!

In patients undergoing cardiac surgery for
indications other than aortic valve repair

or replacement who have a concomitant
aneurysm of ascending aorta with a maxi-
mum diameter of 25.0 cm, ascending aortic
replacement may be reasonable.’®

C-LD

In patients with a height >1 standard devia-
tion above or below the mean who have an
asymptomatic aneurysm of the aortic root

or ascending acrta and a maximal cross-
sectional aortic area/height ratio of 210
em?/m, surgery is reasonable when performed
by experi in a Multidisciplinary
Aortic Team, 41522

C-Lb

In asymptomatic patients with aneurysms of
the aortic root or ascending aorta who have
either an ASI of 2308 cm/m? or AHI of 23.21
cm/m, surgery may be reasonable when per-
formed by experienced surgeons in a Multidis-
ciplinary Aortic Team.*
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Sporadic aneurysms

55cm

Symptomatic patients

Growth: 0.3 cm/2y or 0.5 cm/y

5.0 cm if other concomitant surgery

General:

MAT:

5.0cm

Aortic area/height >10
4.5 cm if concomitant AVR
ASI| >3.08 or AHI >3.21

Recommendations for Surgery for Sporadic Aneurysms of the Aortic
Root and Ascending Aorta
Referenced studies that support the recommendations are

summarized in the

In patients with aneurysms of the aortic root
and ascending aorta who have symptoms attrib-
utable to the aneurysm, surgery is indicated.'?

In asymptomatic patients with aneurysms of the
aortic root or ascending aorta who have a maxi-
mum diameter of 26,5 cm, surgery is indicated>*

In patients with an aneurysm of the aortic root
or ascending aorta of <6.5 cm, whose growth
rate confirmed by tomographic imaging is
20.3 cm/y in 2 consecuiive years, or 20.5 cm
in 1 year, surgery is indicated,'>'®

In patients with Y of
the aortic root or ascending aorta who have
a maximum diameter of 25.0 em, surgery is
reasonable when performed by experienced
surgeons in a Multidisciplinary Aortic Team.*'"

In patients undergoing repair or replace-
ment of a tricuspid aortic valve who have

a concomitant aneurysm of the ascending
aorta with a maximum diameter of >4.5 cm,
ascending aortic replacement is reasonable
when performed by experienced surgeons in
a Multidisciplinary Aortic Team.'®?

In patients undergoing repair or replacement
of a tricuspid aortic valve who have a concom-
itant aneurysm of the ascending aorta with

a maximum diameter of 25.0 ¢m, ascending
aortic replacement is reasonable.'®?'

In patients undergoing cardiac surgery for
indications other than aortic valve repair

or replacement who have a concomitant
aneurysm of ascending aorta with a maxi-
mum diameter of 25.0 cm, ascending aortic
replacement may be reasonable.®

In patients with a height >1 standard devia-
tion above or below the mean who have an
asymptomatic aneurysm of the aortic root

or ascending aorta and a maximal cross-
sectional aortic area/height ratio of 210
cm?/m, surgery is reasonable when performed
by experienced surgeons in a Multidisciplinary
Aortic Team. 41522

2b

C-Lb

In asymptomatic patients with aneurysms of
the aortic root or ascending aorta who have
either an ASI of 2308 cm/m? or AHI of 23.21
cm/m, surgery may be reasonable when per-
formed by experienced surgeons in a Multidis-
ciplinary Aortic Team.?®
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Sporadic aneurysms

5.5cm

Symptomatic patients

Growth: 0.3 cm/2y or 0.5 cm/y

5.0 cm if other concomitant surgery

General:

MAT:

5.0cm

Aortic area/height >10
4.5 cm if concomitant AVR
AS| >3.08 or AHI >3.21

Recommendations for Surgery for Sporadic Aneurysms of the Aortic

Referenced studies that support the recommendations are

Root and Ascending Aorta
‘summarized in the
COR LOE
1.
1 C-LD
2,
1 B-NR
3
1 Cc-LD
4,
2a B-NR

Recommendations

In patients with aneurysms of the aortic root
and ascending aorta who have symptoms attrib-
utable to the aneurysm, surgery is indicated.?

In asymptomatic patients with aneurysms of the
aortic root or ascending aorta who have a maxi-
mum diameter of 6.5 cm, surgery is indicated *?

In patients with an aneurysm of the aortic root
or ascending aorta of <6.5 cm, whose growth
rate confirmed by tomographic imaging is
>0.3 em/y in 2 consecutive years, or 20.5 cm
in 1 year, surgery is indicated,’o"'3

In asymptomatic patients with aneurysms of
the aortic root or ascending aorta who have
a maximum diameter of 5.0 cm, surgery is
reasonable when performed by experienced
surgeons in a Multidisciplinary Aortic Team.'*"'7

Recommendations for Surgery for Sporadic Aneurysms of the Aortic

ding Aorta (Continued)

COR

2a

2a

2b

2a

2b

LOE

B-NR

B-NR

C-Lb

C-LD

C-LD

Recommendations

5.

In patients undergoing repair or replace-
ment of a tricuspid aortic valve who have

a concomitant aneurysm of the ascending
aorta with a maximum diameter of 245 cm,
ascending aortic replacement is reasonable
when performed by experienced surgeons in
a Multidisciplinary Aortic Team.'®?!

In patients undergoing repair or replacement
of a tricuspid aortic valve who have a concom-
itant aneurysm of the ascending aorta with

a maximum diameter of 26.0 cm, ascending
aortic replacement is reasonable.'®?

In patients undergeing cardiac surgery for
indications other than aortic valve repair

or replacement who have a concomitant
aneurysm of ascending aorta with a maxi-
mum diameter of 25,0 cm, ascending aortic
replacement may be reasonable.'®

In patients with a height >1 standard devia-
tion above or below the mean who have an
asymptomatic aneurysm of the aortic root

or ascending aorta and a maximal cross-
sectional aortic area/height ratio of 210
cm?/m, surgery is reasonable when performed
by experienced surgeons in a Multidisciplinary
Aortic Team, 41522

In asymptomatic patients with aneurysms of
the aortic root or ascending aorta who have
either an ASI of 23,08 cm/m? or AHI of 23.21
cm/m, surgery may be reasonable when per-
formed by experienced surgeons in a Multidis-
ciplinary Aortic Team2*
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