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THE AORTA IN 2008

Ascending aorta / aortic root
Aortic arch

Distal aorta (descending thoracic and
thoracoabdominal aorta)




Size Ciriteria for Prophylactic Resection of the
Aortic Root and Ascending Aorta

Below 5.0 cm
Genetic predisposition to dissection
Marfan syndrome
familial TAAD
uncharacterized family history of dissection
Other heart surgery involving ascending aorta

Between 5.0 and 6.0 cm

Enlargement of more than 0.5 cm/yr

Bicuspid aortic valve

Additional considerations

necessity for anticoagulation

valve sparing
biological valve

Age

Above 6.0 cm
Almost always



MANAGEMENT ALGORITHM FOR
ASCENDING/ROOT ANEURYSM

Ascending/root aneurysm detected or suspected

1

Precision imaging for size (CT or MRA)

4.01to5.0cm

50 cm Suggestion of connective tissue disease

Family history of dissection or early
unexplained sudden death

e [

Serial nonradation studies
(echocardiography, MRI)

REFER TO AORTIC CENTER



ASSESSING ASCENDING
AORTIC EXPANSION

Maximal aortic diameter
Ascending aortic volume
EKG gated studies

Mechanical property assessment eg
STESS
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289 cc 37/7cc



PROXIMAL AORTIC RECONSTRICTION






BIOLOGICAL BUTTON BENTALL



YACOUE PROCEDURE REN ODELING

1.Sarsam MAI: J Thorac Cardiovasc Surg 1992; 105:435-438
2.David TE: Ann Thorac Surg 1997; 64:1564-1568
3.Yacoub MH: J Thorac Cardiovasc Surg 1998; 115:1080-109C



DK Cameron 2003
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AORTIC ARCH



TRIFURCATION GRAFT



160 Patients, 40% Reoperations, 9/99-11/05

Spielvogel, et al Annals Thorac Surg 2007
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ACUTE AORTIC SYNDROMES OF THE
DISTAL AORTA



ACUTE AORTIC SYBDROMES OF THE
DISTAL AORTA



ACUTE AORTIC SYNDROMES OF THE
DISTAL AORTA



Nienaber CA et al Semin Vasc Surg 2007
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CHRONIC DISTAL AORTIC DISEASE



MEDICAL THERAPY OF CHRONIC
DISTAL AORTIC DISEASE



ANATOMIC THERAPY OF CHRONIC
DISTAL AORTIC DISEASE



MAJOR PROBLEMS WITH ANATOMIC
THERAPY OF CHRONIC DISTAL AORTIC
DISEASE




INDICATIONS FOR ANATOMICAL HTERAPY
OF CHRONIC DISTAL AORTIC DISEASE















Etz, C etal Ann Thorac Surg 2006



Lee AW et al Bull Am Coll Surg 2007



FENESTRATAED AND BRANCHED
STENTGRAFTS






SPINAL CORD PERFUSION AND
PROTECTION

Critical Artery Hypothesis Collateral Network Hypothesis



THE AORTA IN 2008






ACUTE AORTIC SYNDROMES OF THE
DISTAL AORTA



Hagl, C et al Ann Thorac Surg 2003



Hagl, C et al Ann Thorac Surg 2003



Hagl, C. et al Ann Thorac Surg 2003



Goti. Long Terrmn Survival




Aortic Root Reconstruction
with a Bioprosthetic Valved Conduit:
A Consecutive Series of 275 Procedures






TECHNIQUE — 93% Button Bentall



ADVERSE OUTCOME - 7.7%



SURVIVAL

No Reoperation during
first postoperative decade

Linearized stroke / hemorrhage rate: 0.7% / 0.3% per  pt.yr.



























Acute Type B Dissection: Stenting



Size Criteria for Prophylactic
Resection of the Ascending Aorta
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Hagl C. et al Ann Thorac Surg 2003
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Valve-Sparing Root Repair

Rernodeling of the awortic rJJF
Yacoup * = David Il 2

eDacrorn Pseudo -siruses
eSelective eliminzatiorn or trie
dilated sinus (50%) ¢
*Totzl 158 palients F/U 5
/eclr; (Yacoup )
Survival 93% (1), 88% (5),
79% (10 years) °
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Valve-Sparing Root Repair

Relmplantation of ine aortic valve

Dawvid |
Sinuses replaced oy cylindrical tuoe
°lr1rrea sed siress on aoriic leaflets
°| caflet contact w  dacron during sysiole

*C)uesitior: Durapility
o otal] 28 Patlents Toronto Serjes +



Demers et al Ann Thorac Surg 2004



De Paulis, R et al Ann Thorac Surg 2001



DK Cameron 2003






WHICH OPERATION WHICH PATIENT



PA

HOGENESIS OF AORTIC ANEURYSMS
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GLIMPSES BEYOND THE ASCENDING AORTA
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Etz, C etal Ann Thorac Surg 2006
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Lee AW et al J Am Coll Surg 2007
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THE AORTA IN 2007

e 45t05.0cm

—5.0 cm.

— 6.0 cm..









Aortic Root Reconstruction
with a Bioprosthetic Valved Conduit:
A Consecutive Series of 275 Procedures



SIZE INDICATIONS FOR ELECTIVE REPAIR
OF ASCENDING AORTIC ANEURYSMS



LEVEL OF EVIDENCE: C
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Survival (%)
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Safi HJ et al World J Surg 2007









Evans J et al EurJ Vasc Endovasc Surg 2007



Nienaber CA et al Semin Vasc Surg 2007





















The Risk of Paraplegia

Crawford Classification (  n =1509)

I









New York Cardiovascular Symposium 2006
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Aortic annulus
Sinus of Valsalva
Sinotubular junction

Ascending aorta



Beroukhim, RS etal Am J Casrdiol 2006



Beroukhim RS et al Am J Cardiol
2006



Warren, AE et al Heart 2006



Warren AE et al Heart 2006



Larsen EW etal Am J Cardiol 1984
Roberts CS etal Am J Cardiol 1991
Homme JL etal Am J Surg Path 2006



La Canna, G etal Am J Cardiol 2006



La Canna, G etal Am J Cardiol 2006



La Canna, g et al Am J Cardiol 2006



Clinical Events
(% / pt year)



PATHOGENESIS OF MARFAN SYNDROME

Altered protein folding and stability
— Reduction in sequestration of TGF beta

Defective microfibrillar assembly
Proteolysis of mutant fibrillin monomers

Secondary effects of monomer fragmentation
— Upregulation of proteases
— Recruitment of macrophages

Alterations in TGF beta signaling



Habashi, JP et al
Science 2006






Loeys, BL etal NEJM 2006



Hannuksela, m et al Scand Cardiovasc J 2006



Hannuksela, M et al Scand Cardiovasc J 2006



Hagl C. et al Ann Thorac Surg 2003






SURVIVAL

No Reoperation during
first postoperative decade

Linearized stroke / hemorrhage rate: 0.7% / 0.3% per  pt.yr.
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Valve-Sparing Root Repair

Relmplantation of ine aortic valve

Dawvid |
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VALVE SPARING AORTIC ROOT
REPLACEMENT MOUNT
SINAI EXPERIENCE



AORTIC WRAP



VALVE SPARING AORTIC ROOT
REPLACEMENT MOUNT
SINAI EXPERIENCE






Hagl, C. et al Ann Thorac Surg 2003



Erasmi et al J Thorac Cardiovasc Surg 2005



Erasmi et al J Thorac Cardiovasc Surg 2005



Erasmi et al JThorac Cardiovasc Surg 2005



Grande-Allen and Kunzelman J Thorac & Cardiovasc Surg 2000



Karck and Haverich J Thorac Cardiovasc Surg 2004



Karck and Haverich J Thorac & Cardiovasc Surg 2004



Karck and Haverich J Thorac Cardiovasc Surg 2004



DISCUSSION IRONE DAVID

| think it iIs a good operation for patients with Marfan Syndrome.
Having said that, considering the results that you have had, | would
be reluctant to offer it to new patients. The patients who had
replacement of the aortic root were older and sicker, had more
aortic dissections, and had many more transverse aortic arch
replacement, and yet at five years the survival was the same. The
risk of reoperation in the valve-sparing group was higher than in the
aortic root replacement group. My explanation for that is not
because valve sparing Is a bad operation, but rather because of its
learning curve

Karck and Haverich J Thorac Cardiovasc Surg 2004






David et al J Thorac Cardiovasc Surg 2006



David et al J Thorac Cardiovasc Surg 2006



Schaefers H et al Ann Thorac Surg 2000



Schaefers H et al Ann Thorac Surg 2000



Schaefers H-J unpublished data



Schaefers. H-J unpublished data



AORTIC WRAP



YACOUB REMODELING



DAVID REIMPLANTATION
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Elective Aorilc Operations
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ASCEREINGNAGKHA

Indications for Replacement

Mancdatory - Urgent
« Independent of Size

+ Dissectior relael oaitnology

® |nirarnural Flernatorna
® Soontarneous rugiure
® |zirogenic Dissecilon (pseudoarneurysrmn)

« Endocarditis witn Annular Destruction



ASCEREINGNAGKHA

Indications for Replacement

+ Size and Painology dependent
« Marfan’

s and related patnology
Ascernding Aoria
® Bicuspid aortic valve

® Otner cardizc surgery (- AV dysfunction )
Atrierosclerosis w rnoolle olague
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Cnronlc Dissecilor



DIl e VASCERNCIREYAG)E
Size Matters

Assoclatlons

« Trne most cornrmon cause of  Isolated * A"

J

/(‘H

Bicuspid valve worw/o *AS” or *A]"

o Farnilial Clustering %

7 Screening of siblings

0 - olocrer for propnylauds
'errler ce of Rupiure , Dissecilon and
FReoperatior

[
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DIl e VASCERNCIREYAG)E

Size Matters

+ St roru Predictor of  Rupture (6.1 cm rnear) ©

1]

for ascending aoria
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+ Size &l 'the'ume of Dissecilon (73% dilaied)

mean 3.2 crnlm 2 5 average D = 4.8 o (Mt Sinai)
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I Incicdernce of Dissecilon following AVR
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clilated aoriar 27 % in aoria > 5 e @
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DIl e VASCERNCIREYAG)E

Pathology Matters
Evidence
I Risik of rugiure In dissecied aoria
° 75% vs. 45% at 5 years
: ] Rete of Expansion in Dissection (> douple) &
- Marfan's (+ farmily L, new rmuiaiion  fisg)
® aoriic raflo : ==1.3 or => 5% change/yezr

Increases tne relative risik of rupiure or disseci

by 2.7 and 4.1 ©
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DIl e VASCERNCIREYAG)E

Aortic Ratio and Prognosis in Marfan’s Syndrome

Ao Ratig < 71

Rupture p<0.001

Dissection
Operation Ao Patio > 1.3



Ascending Aorta: Annual Risk of
Rupture or Dissection



Dlilztieel Asicanleliple] Aefial

Current Guidelines for Surgery

ADULT Age <40 years BSA2m 2  Diarr.

- Marfan's (- farnily nistory)

« Crironic Dissections

« Degernerailve w/o “ A"

« Degenerative w *Al” (degreel)

« Bleuspld valve w dysiurnciior)

« Oiner Cardiac Surgery >
+ SUrgeorn 's Experience :
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IMENASCENRINGVAGIIZNNENIIENREO]
Surgical Options

Cornposlie Valve -Graft ( Benizall )
Classic
Cabrol Modificatior)

. BuUitons (Blo - or Prosineiic valve)

Valve-sparing root repalr (Yacoun  -David)

Aorta and separaie valve

Pulmonary autografi root ( Ross )

Aorilc root wrap w or w/o olasty






Bliiens = Beniall

Predictors of Operative Risk

n=250
Factor i DIA Y% witn | D/IA Y% w/o | pvalue
Sex(meale) | 186 7/179 3.7 3/64 .6 NS
Age >60 1240 91115 7.2 /125 0.8 0.02
Ernergent 551 2/53 3.6 o/1ls7 4.1 NS
Fe-0p 49| 2/ 47 2.0 o/193 3.9 NS
Ac, Diss 551 2/ 353 5.7 o/207 3.7 NS
Cr. Diss SIsH MV ESY, 2.6 o/207 4.7 NS
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Valve-Sparing Root Repair

Relmplantation of the aortic valve
David |

sinuses replaced py cylindrical tupe
°JrJrr:e sed siress on aoriic lezflets
o| eaiflet contact w  dacron during sysiole
eC)uestion: Durapility
*Toizll 28 Patients Toronto Series -
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Valve-Sparing Root Repair
Rernodeling of the aortic root
Yacoup * = David |l
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IENDI2ieCd ASCEREINEPAG) A
Valve-Sparing Root Repair : Yacoub / David |l

Systole \ Diastole /

Dacron Pseudo -sinus






Aorice Arcn Strcary

Indications

Emergent/Urgent
*Type A dissection with arch tear
*Recurrent cerebral emboli from arch
°Pain or other evidence of rapid enlargement

1

Elective
*Resection of adjacent ascending or descending aorta
*Size, using criteria similar to descending aorta

Central issue
*Cerebral protection



Aorilc Arcn Surgery

Cerebral Protection

Preservation of neuronal viability during
interruption of cerebral perfusion

Prevention of cerebral emboli






Wlaigecls of Proieeilen

HYPOTHERMIA
Selacilve Cerepral Perfusion

N4
DeBakey, Cooley 1957, Fr 5"[ IJ 58, l\/lglulrld,
awasriimea 19389, Bachet
|
I

Zazul 19927

Deep rlypoinermic Circulatory Arrest
Griepp 1975

Reirograde Cerepral Perfusion
Ueda 1990, Takamoto 1992, Safl 1993



45 Duration of HCA
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Siifeiicc)\for Ceraogrel) Praigeion

Current Mount Sinai Approach

rlyootinermic Circulatory Arrest
0

Y eao Iscnerna Time under 40 minutes
=G Sllence, SJvO > 95% prior o arrest

UW

Mealntain cranizal nypoinermiz during arres
Avold Reperiusiorn Injury

T Aalacrne Aoy e AFEL I )
Selecilve Cerepral Perfusion

In cases requlring rmore than 40 min of arrest
Simple autoregulaied  Flow at 40 -50 torr (Radial Art.)
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Methods:



Controls Study

6.2 6.0

Cannulation Site
femoral = 42 axillary = 33
ascending =5



Fisher Exact Test |






Natural History of TAA






Natural History of TAA



Keio University Symposium 1999 Natural History of Thoracic Aortic Aneurysm

Non-dimensional Variables
Potentially Influencing Rupture



Keio University Symposium 1999 Natural History of Thoracic Aortic Aneurysm

Descending Thoracic and Thoracoabdominal
Aneurysms Perspective study of asymptomatic
aneurysms Sizes taken from digitized CT scans



Keio University Symposium 1999 Natural History of Thoracic Aortic Aneurysm

Calculation of Risk of
Rupture



RBG’s Calculator

*Unexplained pain (+)
*COPD (+)



Mount Sinai Series
Ruptured Aneurysms

Age (mean) 74.9
Pain 62%
COPD 35%
Hypertension 69%
Thoracic Diameter 5.8

Abdominal Diameter 4.7
Rupture deaths 26/34
Ruptures 26/106
Ruptures and

operated 40/106




Keio University Symposium 1999 Natural History of Thoracic Aortic Aneurysm

The Natural History of Thoracic and
Thoracoabdominal Aneurysms

When to Operate

All others, the majority in most practices:
— If annual risk of rupture exceeds operative risk



Descending Thoracic Aorta



Paraplegia

% paraplegia

B Group | n=138
[ 1 Group lln=95




% paraplegia

30

25

20

15

10

Paraplegia

mm Group | n=138
3 Group Il n=95

2106 /7 1to 10 11 to 15
Intersegmental Vessels Cut






Patient Group Number Mortality

Schor, J.S. etal Ann Thorac Surg 1996 61:133



Inclusion Criteria



Interval from onset pain to surgery (days) 7 (1-14






Mortality 0, Morbidity 27



Surgical Therapy of Acute Type B Dissectior




Aortic Surgery 2000






Goti. Long Terrn Survivel




ADVERSE OUTCOME - 7.7%



Demers et al Ann Thorac Surg 2004



De Paulis, R et al Ann Thorac Surg 2001
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After First Negailve Puolication:
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Ftz CD et al J Thorac Cardiovasc Surg 2007) (Hagl C et al Ann Thorac Surg 2003) (Natef P et al Heart 2006



