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THE AORTA IN 2008

� Ascending aorta / aortic root
� Aortic arch
� Distal aorta (descending thoracic and                

thoracoabdominal aorta)



Size Criteria 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

Precision imaging for size (CT or MRA)

Suggestion of connective tissue disease

Family history of dissection or early 
unexplained sudden death

Serial nonradation studies 
(echocardiography, MRI)REFER TO AORTIC CENTER

� 5.0 cm

4.0 to 5.0 cm

Yes No



ASSESSING ASCENDING 
AORTIC EXPANSION

� Maximal aortic diameter
� Ascending aortic volume
� EKG gated studies
� Mechanical property assessment eg

stiffness



210 cc.



289 cc 377 c c



PROXIMAL AORTIC RECONSTRICTION

� Prosthetic valve button Bentall
� Biological valve button Bentall (BioBentall)
� Root remodeling (Yacoub)
� Root reimplantation (David)
� AVR and root wrap



BUTTON BENTALL PROCEURE



BIOLOGICAL BUTTON BENTALL

Axillary cann

HCA

Open distal



YACOUB PROCEDURE  REMODELINGYACOUB PROCEDURE  REMODELINGYACOUB PROCEDURE  REMODELING

11.Sarsam MAI: J Thorac Cardiovasc Surg 1992; 105:435-438
22.David TE: Ann Thorac Surg 1997; 64:1564-1568
33.Yacoub MH: J Thorac Cardiovasc Surg 1998; 115:1080-1090



DAVID PROCEDURE  REIMPLANTATION

DK Cameron 2003



Survival After Aortic Root / Ascending (335) Replacement
(01 / 1998 – 12 / 2004)

Etz C et al, JTCVS 2008
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AORTIC ARCH

� Aneurysms frequently involve adjoining 
ascending and descending aorta

� Unique problem of surgical therapy is 
cerebral protection now solved with 
hypothermic arrest and selective cerebral 
perfusion

� Hybrid therapy for distal disease
� Size indications for intervention similar to 

those in distal aorta



TRIFURCATION GRAFT 



Trifurcated Graft Arch Replacement

� Hospital deaths 7   (4.4%)

� Permanent Stroke 4   (3.0%)

� Hypothermic circulatory arrest 30 min.
� Selective cerebral perfusion 72 min.

� Minimum esophageal temp 13ºC

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

Spielvogel, et al Annals Thorac Surg 2007





Survival After Aortic Arch (245) Replacement
(01 / 1998 – 12 / 2004)
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ACUTE AORTIC SYNDROMES OF THE 
DISTAL AORTA

� Acute type B dissection
� Acute type B intramural hematoma
� Penetrating aortic ulcer (PAU) with pain
� Ruptured aneurysm
� Traumatic aortic transection



ACUTE AORTIC SYBDROMES OF THE 
DISTAL AORTA

� Medical therapy
– Intensive monitoring of pain and b. p.

– Aggressive b. p. control iv � po
– Profound beta blockade iv� po

– Serial imaging  (CT best)



ACUTE AORTIC SYNDROMES OF THE 
DISTAL AORTA

� Medical failure
– Failure to control pain and/or hypertension
– Appearrance of malperfusion
– Evidence of contained rupture

� Anatomic therapy
– Surgical
– Endovascular

• Stenting
• Fenestration with stenting



STENTING FOR MALPERFUSION IN 
ACUTE TYPE B DISSECTION

Nienaber CA et al  Semin Vasc Surg 2007



AORTIC TRANSECTION



CHRONIC DISTAL AORTIC DISEASE

� Degenerative aneurysm
� Aneurysmal degeneration of medically 

or surgically type A and B dissection
� Atherosclerotic neurysm
� Penetrating aortic ulcer including 

saccular aneurysm
� Intramural hematoma
� Aortitis (giant cell, Takysu)



MEDICAL THERAPY OF CHRONIC 
DISTAL AORTIC DISEASE

� Blood pressure control

� Beta blockade
� Cessation of smoking

� Experimental therapy
– Angiotensin receptor blockers for effect on TGFB2 

signaling
– Doxycline and statins for effect on aortic 

metalloproteases



ANATOMIC THERAPY OF CHRONIC 
DISTAL AORTIC DISEASE

� Descending thoracic aortic aneurysms
– Endovascular if possible
– Surgical

� Thoracoabdominal aortic aneurysms
– Surgery is standard therapy
– Hybrid procedure

• Possible in some circumstances

– Endovascular procedure
• Requires custom grafts



MAJOR PROBLEMS WITH ANATOMIC 
THERAPY OF CHRONIC DISTAL AORTIC 

DISEASE

� Magnitude of procedures result in high 
incidence of respiratory and infections 
complications
– Incidence decreases with surgeon and center 

experience

� Paraplegia 
– Recent advances

• Evolving understanding of spinal cord perfusion and 
protection

• Promise of staged procedures



INDICATIONS FOR ANATOMICAL HTERAPY 
OF CHRONIC DISTAL AORTIC DISEASE

� Chronic dissection � 5.0 cm.

� Degenerative or atherosclerotic aneurysm �
6.0 cm.

� Appearance of symptoms
– Pain
– Compression

• Esophagus
• Bronchus
• Recurrant laryngeal nerve











100 PATIENTS WITH DESCENDING THORACIC OR 
THORACOABDOMINAL RESECTIONS  9/02-12/04

� All had SSEP and MEP monitoring
� Segmental vessels sacrificed

– 8.0 ± 2.6 pairs
– 4.5 ± 2.1 pairs between T5 and L1

� Hospital mortality 6%
� Paraplegia 2%

– One immediate, associated with intraoperative 
dissection and occlusion of both common iliac arteries 

– One delayed, associated with respiratory arrest at 
three weeks in rehabilitation hospital; patient 
resuscitated with normal cerebral function but 
permanent paraplegia

Etz, C  et al  Ann Thorac Surg 2006



COMPLETED HYBRID 
PROCEDURE          

DEBRANCHING AND STENTING

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

� Ascending aorta / aortic root
– Consensus on surgical indications
– Surgery provides low risk curative therapy

� Aortic arch
– Excellent surgical results but downstream disease often 

present

� Distal aorta (left subclavian to bifurcation)
– Improved understanding of natural history allows rational 

choice of therapy
– Surgical, endovascular, and hybrid techniques all advancing 

rapidly
– Major improvements in understanding of spinal cord 

protection are resulting in plummeting paraplegia risks





ACUTE AORTIC SYNDROMES OF THE 
DISTAL AORTA

� Medical failure
– Failure to control pain or hypertension

– Appearance of malperfusion
– Evidence of contained rupture



Bentall Survival

Hagl, C et al  Ann Thorac Surg 2003



Bentall Survival

Hagl, C et al  Ann Thorac Surg 2003



Bentall Event Free Survival 

Hagl, C. et al  Ann Thorac Surg  2003
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Mount Sinai School of Medicine, New York, NY

Christian D. Etz, Tobias M. Homann, Neil Rane, Carol A. Bodian, Gabriele Di Luozzo,
Konstadinos A. Plestis, David Spielvogel,

Randall B. Griepp

Aortic Root Reconstruction 

with a Bioprosthetic Valved Conduit: 

A Consecutive Series of 275 Procedures



� Twelve year period (9/93-02/05)

� 275 patients, 202 male, 73 female

� Median age 69 (17–88); 82% >60 years

� 55% Degeneration

� 23% Atherosclerosis

� 16% Dissection (5% acute type A)

� 5% Endocarditis

DEMOGRAPHICS & ETIOLOGY



TECHNIQUE – 93% Button Bentall

55% Asc only, 37% Hemiarch, 8% Arch (5%ET I)

Axillary cann

HCA

Open distal



ADVERSE OUTCOME – 7.7%

Hospital mortality  6.2%

Stroke       1.5%

Multiregression analysis:

Clot and atheroma (p = .0004)

CAD (p = .01)

Urgent / emergent (p=.03)



SURVIVAL

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

No Reoperation during 

first postoperative decade



CONCLUSIONS

If anticoagulation is contraindicated or undesirable, 

bioprosthetic valved conduit offer an excellent alternative

to mechanical valved prostheses

May be preferable to a valve sparing operation in 

middle aged and older individuals , patients with connective 

tissue disorders , and those with more than mild aortic insufficiency

















Acute Type B Dissection: Stenting

Dake. NEJM 1999; 340:1546-52



Size Criteria for Prophylactic 
Resection of the 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



AORTIC ROOT RECONSTRICTION

� Prosthetic valve button Bentall
� Biological valve button Bentall (BioBentall)
� Root remodeling (Yacoub)
� Root reimplanation (David)
� AVR and root wrap
� Boutique procedures (Ross, homografts, etc)



Bentall Procedure: “Buttons”



ELECTIVE BENTALL UNDER AGE 65

� 142 patients, average age 46
� One hospital death,no operative failure 

in first decade
� Survival: 5 yrs 95%, 8 yrs 93%     

(Indistinguishable from normal 
population)

� Event free survival: 5 yrs 85%, 8 yrs 
78%     

Hagl C. et al Ann Thorac Surg 2003



The Dilated Ascending AortaThe The DilatedDilated Ascending AortaAscending Aorta
ValveValve --Sparing Root RepairSparing Root Repair

Remodeling of the aortic rootRemodeling of the aortic root
YacoubYacoub 11 = David II = David II 22

••Dacron PseudoDacron Pseudo --sinusessinuses
••Selective elimination of theSelective elimination of the

dilated sinus (50%) dilated sinus (50%) 22

••Total 158 patients F/U 5.5Total 158 patients F/U 5.5
years  (years  ( YacoubYacoub ) ) 33

••SurvivalSurvival 93% (1), 88% (5),93% (1), 88% (5),
79% (10 years) 79% (10 years) 33

••Freedom from AVRFreedom from AVR 97% (1),97% (1),
89%(5 years) 89%(5 years) 33

11.Sarsam MAI: J Thorac Cardiovasc Surg 1992; 105:435-438
22.David TE: Ann Thorac Surg 1997; 64:1564-1568
33.Yacoub MH: J Thorac Cardiovasc Surg 1998; 115:1080-1090



The Dilated Ascending AortaThe Dilated Ascending AortaThe Dilated Ascending Aorta

ValveValve --Sparing Root RepairSparing Root Repair

Reimplantation of the aortic valveReimplantation of the aortic valve
David IDavid I

••Sinuses replaced by cylindrical tubeSinuses replaced by cylindrical tube
••Increased stress on aortic leafletsIncreased stress on aortic leaflets
••Leaflet contact w Leaflet contact w dacrondacron during systoleduring systole
••Question: DurabilityQuestion: Durability
••Total 28 Patients Toronto Series Total 28 Patients Toronto Series 11

1.1.David TE: Ann Thorac Surg 1997; 64:1564-1568



Demers et al Ann Thorac Surg 2004

REIMPLANTATION WITH SINUSES



Sulzer Vascutek-De Paulis Graft

De Paulis, R et al Ann Thorac Surg 2001



REIMPLANTATION

DK Cameron 2003





WHICH OPERATION   WHICH PATIENT

Biological valve and         
aortic wrap

Any age with bad ventricle

Valve sparing
Prosthetic Bentall

Ross Procedure

<55

Valve sparing

BioBentall
Prosthetic Bentall

55 - 65

BioBentall>65

PROCEDUREAGE



PATHOGENESIS OF AORTIC ANEURYSMS

� Mapping studies in familial aneurysms 
(Marfans, MFS-2,TAAD, etcl)

� Genomic and proteonomic studies of 
aneurysmal tissue

� Biochemical analysis of aneurysmal tissue
� Common pathways include

– Alterations in vascular smooth muscle signaling 
(TGF beta, PKC, SMC myosin)

– Inflammation, immune upregulation and protease 
activation (MMP-3, MMP-9) 



THERAPEUTIC TEASERS

� Angiotensin receptor blockers-Losartin
– Effect on TGBF signaling
– Spectacular results in animal Marfen model
– Cooperative trial in Marfans
– Pilot trials in ascending and abdominal aneurysms

� Statins
– Reduce protease content of aortic tissue
– Uncontrolled trials in abdominal aneurysms

� Protease blockers-Doxycline
– Promising results in animal studies
– Uncontrolled trials underway in abdominal and thoracic 

aneurysms



GLIMPSES BEYOND THE ASCENDING AORTA

� Aortic arch aneurysms
– Excellent surgical results
– Endovascular future
– Marker of aortic disease elsewhere

� Descending thoracic and thoracoabdominal 
aortic aneurysms
– Significant recent progress in reduction of 

mortality and morbidity (paraplegia)
– Bright future for endovascular and hybrid 

approach  













The Risk of Paraplegia
Crawford Classification ( n = 1509)

The Risk of ParaplegiaThe Risk of Paraplegia
Crawford Classification (Crawford Classification ( n = 1509)n = 1509)

I                 II              III              IVI                 II              III              IV

15%15% 31%31% 7%7% 4% 4% 

Svensson LG, Crawford ES: J Vasc Surg 1993; 17:357-370



Etz, C  et al  Ann Thorac Surg 2006







Gore TAG� MedtronicTalent �

Devices





Lee AW et al  J Am Coll Surg 2007



THE AORTA IN 2007

� Surgical and endovascular treatment of 
the aorta from the valve to the 
bifurcation has improved immensely 
in the past decade

� Studies of the mechanisms of aneurysm 
formation promise effective medical 
therapy for many patients in the 
years to come



THE AORTA IN 2007
� Benefit / risk estimates suggest that the following 

guidelines regarding aortic size are appropriate for 
patient referral to experienced aortic centers for 
evaluation and triage to careful surveillance, surgical, 
endovascular, or hybrid therapy

– Aortic root/ascending aorta
• 4.5 to 5.0 cm .

– Arch, descending thoracic, thoracoabdominal aorta
• Chronic dissection

– 5.0 cm.
• Degenerative and atherosclerotic aneurysms

– 6.0 cm . 







Mount Sinai School of Medicine, New York, NY

Christian D. Etz, Tobias M. Homann, Neil Rane, Carol A. Bodian, Gabriele Di Luozzo,
Konstadinos A. Plestis, David Spielvogel,

Randall B. Griepp

Aortic Root Reconstruction 

with a Bioprosthetic Valved Conduit: 

A Consecutive Series of 275 Procedures



SIZE INDICATIONS FOR ELECTIVE REPAIR 
OF ASCENDING AORTIC ANEURYSMS

� Absolute:  diameter greater than 6.0 cm.
� Relative: diameter 4.5 to 5.9 cm.

– Presence of Marfan’s Syndrome
– Family history of acute aortic 

syndrome
– Bicuspid aortic valve
– Previous surgery or dissection
– Associated arch and descending 

aortic aneurysm
– Probability of preserving the aortic 

valve
– Necessity for and risk of lifetime 

anticoagulation
– Progressive dilitation greater than 5 mm/yr



LEVEL OF EVIDENCE: C

� Only consensus 
opinion of experts, 
case studies, or 
standard of care

� Repeated 
phlebotomy of 2-4 
gills may be 
efficacious in 
treatment of severe 
plethora or 
congestion

� Preterminal
treatment of the 
father of our country







































Survival After Aortic Root (335) and Arch (245) Replacement
(01 / 1998 – 12 / 2004)
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Survival After Aortic Root (335) and Arch (245) Replacement
(01 / 1998 – 12 / 2004)
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Survival After Aortic Root (335) and Arch (245) Replacement
(01 / 1998 – 12 / 2004)
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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)

The Risk of Paraplegia
Crawford Classification ( n = 1509)

I                 II              III              IVI                 II              III              IV

15% 31%        7% 4% 

Svensson LG, Crawford ES: J Vasc Surg 1993; 17:357-370







AORTIC ROOT AND ASCENDING AORTA 2006

� BICUSPID AORTIC VALVE
� MARFAN SYNDROME 
� OPERATIVE INDICATIONS
� SURGICAL OPTIONS
� CHOICE OF OPERATION

New York Cardiovascular Symposium 2006

Randall B. Griepp  M D 

Mount Sinal School of Medicine

New York, New York



1 Aortic annulus

2 Sinus of Valsalva

3 Sinotubular junction

4 Ascending aorta



AORTIC DIMENSIONS IN CHILDREN

Beroukhim, RS  et al  Am J Casrdiol 2006



101 CHILDREN WITH 
FUNCTIONALLY 
NORMAL BICUSPID 
AORTIC VALVES

Beroukhim RS  et al  Am J Cardiol
2006



88 CHILDREN WITH BICUSPID AORTIC 
VALVES

� Average age at entry 6 years
� Mean duration of follow up 5 years
� Average increase in 
� ascending aorta diameter z-score 0.4 /year
� Predictors of dilitation

– Aortic valve gradient p = .03
– Non use of beta blocker p = .04*

Warren, AE  et al  Heart  2006



Warren AE et al. 
Heart 2006; 92:1496-1500

Z – SCORES IN 
CHILDREN WITH 
BICUSPID AORTIC 
VALVES

Warren AE  et al  Heart  2006



EVIDENCE THAT BAV IS RISK FACTOR 
FOR ACUTE AORTIC DISSECTION

� Incidence of bicuspid aortic valve (BAV)

– Normal population 1.5%
– Acute Dissection Series

• Autopsy series 1984 8%         OR 5.3

• Autopsy series 1991 14% OR 9.3
• Surgical path series 2006 11% OR 7.3 

Larsen EW  et al  Am J Cardiol 1984

Roberts CS  et al  Am J Cardiol 1991

Homme JL  et al  Am J Surg Path  2006



113 PATIENTS WITH AORTIC DIAMETERS 
BETWEEN 40 AND 60 mm FOLLOWED BY 

TEE FOR THREE YEARS

� 86 with tricuspid aortic valves

� 27 with bicuspid aortic valves

La Canna, G  et al  Am J Cardiol 2006



La Canna, G  et al  Am J Cardiol 2006



La Canna, g  et al  Am J Cardiol 2006



Clinical Events
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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



POSTNATAL
LOSARTIN

Habashi, JP  et al  
Science  2006





LOEYS – DIETZ SYNDROME

Loeys, BL  et al  NEJM  2006



Hannuksela, m  et al Scand Cardiovasc J  2006



UPPER LIMIT OF ASCENDING AND 
DESCENDING AORTIC DIAMETER

� ASCENDING

D = 31 + 0.16 x age

� DESCENDING
D = 21 + 0.16 x age

Hannuksela, M  et al  Scand Cardiovasc J  2006



ELECTIVE BENTALL UNDER AGE 65

� 142 patients, average age 46
� One hospital death,no operative failure 

in first decade
� Survival: 5 yrs 95%, 8 yrs 93%     

(Indistinguishable from normal 
population)

� Event free survival: 5 yrs 85%, 8 yrs 
78%     

Hagl C. et al Ann Thorac Surg 2003



� Twelve year period (9/93-02/05)

� 275 patients, 202 male, 73 female

� Median age 69 (17–88); 82% >60 years

� 55% Degeneration

� 23% Atherosclerosis

� 16% Dissection (5% acute type A)

� 5% Endocarditis

DEMOGRAPHICS & ETIOLOGY



SURVIVAL

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

No Reoperation during 

first postoperative decade



CONCLUSIONS

If anticoagulation is contraindicated or undesirable, 

bioprosthetic valved conduit offer an excellent alternative

to mechanical valved prostheses

May be preferable to a valve sparing operation in 

middle aged and older individuals , patients with connective 

tissue disorders , and those with more than mild aortic insufficiency



The Dilated Ascending AortaThe Dilated Ascending AortaThe Dilated Ascending Aorta

ValveValve --Sparing Root RepairSparing Root Repair

Reimplantation of the aortic valveReimplantation of the aortic valve
David IDavid I

••Sinuses replaced by cylindrical tubeSinuses replaced by cylindrical tube
••Increased stress on aortic leafletsIncreased stress on aortic leaflets
••Leaflet contact w Leaflet contact w dacrondacron during systoleduring systole
••Question: DurabilityQuestion: Durability
••Total 28 Patients Toronto Series Total 28 Patients Toronto Series 11

1.1.David TE: Ann Thorac Surg 1997; 64:1564-1568



VALVE SPARING AORTIC ROOT 
REPLACEMENT                              MOUNT 

SINAI EXPERIENCE

� 62 cases 4/98 – 10/06
� No early or late mortality
� Valve replaced in two patients at initial 

operation, in one patient at three 
months

� Freedom from greater than 2+ AI: 88% 
at five years 



AORTIC WRAP



VALVE SPARING AORTIC ROOT 
REPLACEMENT                              MOUNT 

SINAI EXPERIENCE

� 62 cases 4/98 – 10/06
� No early or late mortality
� Valve replaced in two patients at initial 

operation, in one patient at three 
months

� Freedom from greater than 2+ AI: 88% 
at five years 





Bentall Event Free Survival 

Hagl, C. et al  Ann Thorac Surg 2003



EXPERIMENTAL VALVE SPARING 
PROCEDURES

Erasmi et al  J Thorac Cardiovasc Surg 2005



CUSP BENDING

Erasmi et al J Thorac Cardiovasc Surg 2005



ROOT DISTENSIBILITY

Erasmi et al JThorac Cardiovasc Surg 2005



Grande-Allen and Kunzelman J Thorac & Cardiovasc Surg 2000



SURVIVAL IN MARFAN SYNDROME  
REIMPLANTATION VS COMPOSITE 

REPLACEMENT

Karck and Haverich J  Thorac Cardiovasc Surg 2004



FREEDOM FROM REOPERATION IN 
MARFAN SYNDROME  REIMPLANTATION VS 

COMPOSITE REPLACEMENT

Karck and Haverich J Thorac & Cardiovasc Surg 2004  



Bleeding and embolic episodes:  Total 
episodes/episodes per 100 patient years

1  /  0.50  /  0Reimplantation

5  /  0.312  /  0.6Composite 
Replacement 

EmboliBleeding

Karck and Haverich J Thorac Cardiovasc Surg 2004



DISCUSSION    TIRONE DAVID

I think it is a good operation for patients with Marfan Syndrome.  
Having said that, considering the results that you have had, I 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





FREEDOM FROM AVR

David et al J Thorac Cardiovasc Surg 2006



FREEDOM FROM MODERATE / SEVERE AI

David et al J Thorac Cardiovasc Surg 2006



REMODELING OF THE BICUSPID 
AORTIC VALVE

Schaefers H et al Ann Thorac Surg 2000



REMODELING OF THE BICUSPID 
AORTIC VALVE

Schaefers H et al Ann Thorac Surg 2000



FREEDOM FROM AI

Schaefers H-J  unpublished data



FREEDOM FROM AVR

Schaefers. H-J  unpublished data



AORTIC WRAP



YACOUB  REMODELING

� Possibly superior in bicuspid valves
� Easier operation
� Hemostasis more of a problem
� May result in longer leaflet life
� No subvalvular complications:  VSD, mitral 

regurgitation, conduction and arrhythmia 
issues

� Late annular dilitation may occur



DAVID  REIMPLANTATION

� Stabilizes annulus
� Probably superior in Marfan syndrome and patients 

with a dilated annulus
� Frequently requires leaflet free edge shortening
� Experimental studies suggest accelerated leaflet 

stress and possible injury 
� Multiple technical variations suggest that there is 

still room for improvement



AT THE END OF THE DAY

Finally it must be recognized that an operation which 
results in significant valvular insufficiency will almost certainly 
result in progression, and that either significant aortic 
insufficiency at the end of the operation or a very prolonged 
procedure are not in the best interest of the patient.   

Judgment is required to decide when a repair procedure 
is not likely to be successful, and when a prosthetic or 
bioprosthetic valve should be inserted to preserve the 
immediate and long term viability of the patient’s myocardium.



Elective Aortic OperationsElective Aortic Operations

Risk of  ruptureRisk of  rupture
or dissectionor dissection

Operative risk:  Operative risk:  
death or permanentdeath or permanent
neurological deficitneurological deficit

Surgical repairSurgical repair
Endovascular repairEndovascular repair

Medical therapyMedical therapy
SurveillanceSurveillance

DECISIONDECISIONDECISION



Ascending AortaAscending AortaAscending Aorta

Mandatory Mandatory -- UrgentUrgent

·· Independent of SizeIndependent of Size

·· Dissection related pathologyDissection related pathology
•• Acute DissectionAcute Dissection

•• Intramural HematomaIntramural Hematoma

•• Spontaneous RuptureSpontaneous Rupture

•• Iatrogenic Dissection (pseudoaneurysm)Iatrogenic Dissection (pseudoaneurysm)

·· Endocarditis with Annular Destruction Endocarditis with Annular Destruction 

Indications for Replacement



Ascending AortaAscending AortaAscending Aorta

Relative Relative -- Elective  (Prophylactic)Elective  (Prophylactic)

·· SizeSize and and PathologyPathology dependentdependent

·· MarfanMarfan ’’s  and related pathologys  and related pathology

·· Dilated Ascending AortaDilated Ascending Aorta

•• Bicuspid aortic valveBicuspid aortic valve

•• Other cardiac surgery (Other cardiac surgery ( AV dysfunctionAV dysfunction ))
·· Atherosclerosis  w  mobile plaque Atherosclerosis  w  mobile plaque 

·· Chronic DissectionChronic Dissection

Indications for Replacement



Dilated Ascending AortaDilated Ascending AortaDilated Ascending Aorta

AssociationsAssociations

·· The most common cause of The most common cause of isolated isolated ““ AIAI””

·· Bicuspid valveBicuspid valve w or w/o w or w/o ““ ASAS”” or or ““ AIAI”” (1)(1)

•• Familial Clustering Familial Clustering (2)(2)

•• ? Screening of siblings? Screening of siblings

•• ? ? bbbbbbbb -- blocker for prophylaxis blocker for prophylaxis 

·· Incidence of Incidence of RuptureRupture , , DissectionDissection and and 
ReoperationReoperation

Size Matters

(1) Pachulski: Am J Cardiol 1991; 67:781-782

(2) Huntington K: J Am Coll Cardiol 1997; 30:1809-12



Dilated Ascending AortaDilated Ascending AortaDilated Ascending Aorta

EvidenceEvidence

·· Strong Predictor of Strong Predictor of RuptureRupture ((6.16.1 cmcm mean) mean) (1) (1) 

·· 6 cm6 cm ““ hinge pointhinge point ”” for ascending aorta for ascending aorta (2)(2)

·· Size at the time of Size at the time of DissectionDissection (73% dilated)(73% dilated)

·· mean 3.2 cm/mmean 3.2 cm/m 22 (3)(3) , average D = 4.8 cm (Mt Sinai), average D = 4.8 cm (Mt Sinai)

·· Incidence of Incidence of Dissection following AVRDissection following AVR in a in a 
dilated aorta: 27 % in aorta dilated aorta: 27 % in aorta > 5 cm > 5 cm (4)(4)

Size Matters

(1) Dapunt OE: J Thorac Cardiovasc Surg 1994; 107:1323-32

(2) Coady MA: J Thorac Cardiovasc Surg 1997; 113:476-91 (3) Epperlein S: Eur Heart J 1994; 15:1520-7  
(4) Prenger K: J Card Surg 1994; 9:495-8



Dilated Ascending AortaDilated Ascending AortaDilated Ascending Aorta

EvidenceEvidence

·· Risk of rupture in Risk of rupture in dissecteddissected aortaaorta

•• 75%75% vs. 45% at 5 years vs. 45% at 5 years (1) (1) 

·· Rate of Expansion in Rate of Expansion in DissectionDissection (> double)(> double) (2) (2) 

·· MarfanMarfan ’’ss ( + family Hx, new  mutation    risk)( + family Hx, new  mutation    risk)
•• aortic ratio :aortic ratio : =>1.3  or  => 5% change/year =>1.3  or  => 5% change/year 

increases the relative risk of rupture or dissectio n increases the relative risk of rupture or dissectio n 
by 2.7 and 4.1 by 2.7 and 4.1 (3) (3) 

Pathology Matters

(1) Perko MJ: Ann Thorac Surg 1995; 59:1204-1209
(2) Coady MA: J Thorac Cardiovasc Surg 1997; 113:476-91
(3) Legget ME: Heart 1996; 75:389-95  
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Dilated Ascending AortaDilated Ascending AortaDilated Ascending Aorta

RuptureRupture
DissectionDissection
OperationOperation



Ascending Aorta: Annual Risk of 
Rupture or Dissection 

10%/yr
Griepp (1999)

5-5.9cm

11%/yr
Legget (1996)
Marfan’s with Ratio >1.3
(3.6cm for 70kg, 30y/o)

3%/yr
18%/yr

Coady (1997)
5-5.9cm
>6cm

5%/yr after AVR
Prenger (1994)

> 5cm



Dilated Ascending AortaDilated Ascending AortaDilated Ascending Aorta

ADULT  ADULT  Age <40 years  BSA 2 mAge <40 years  BSA 2 m 22 Diam.Diam. ratioratio

·· MarfanMarfan ’’s ( + family history)s ( + family history) >4.3    1.3>4.3    1.3

·· Chronic Dissections Chronic Dissections >4.3>4.3 1.31.3

·· Degenerative w/o Degenerative w/o ““ AIAI”” >4.8>4.8 1.51.5

·· Degenerative w  Degenerative w  ““ AIAI”” (degree!)(degree!) >4.8>4.8 1.51.5

·· Bicuspid valve w dysfunctionBicuspid valve w dysfunction >4.5>4.5 1.41.4

·· Other Cardiac SurgeryOther Cardiac Surgery >4.8>4.8 1.51.5

·· SurgeonSurgeon ’’s Experiences Experience + 0.5    0.15+ 0.5    0.15

Current Guidelines for Surgery



The Ascending Aorta and the RootThe Ascending Aorta and the RootThe Ascending Aorta and the Root

·· Composite ValveComposite Valve --Graft ( Bentall ) Graft ( Bentall ) 
·· ClassicClassic

·· Cabrol ModificationCabrol Modification

·· Buttons (BioButtons (Bio -- or Prosthetic valve)or Prosthetic valve)

·· ValveValve --sparing root repair (Yacoubsparing root repair (Yacoub --David)David)

·· Aorta and separate valveAorta and separate valve

·· Pulmonary autograft root ( Ross )Pulmonary autograft root ( Ross )

·· Aortic root wrap w or w/o plastyAortic root wrap w or w/o plasty

Surgical Options



Bentall Procedure: “Buttons”



Buttons - BentallButtons Buttons -- BentallBentall

Predictors of Operative RiskPredictors of Operative Risk
n=250n=250

FactorFactor # # D/A    % with   D/A    % with   D/A    % w/o     p valueD/A    % w/o     p value

Sex (male)Sex (male) 186186 7/179     3.7    7/179     3.7    3/64      4.6           NS3/64      4.6           NS

Age >60Age >60 124124 9/115     9/115     7.27.2 1/125    1/125    0.80.8 0.020.02

EmergentEmergent 5555 2/ 53      3.6    2/ 53      3.6    8/187    4.1           NS8/187    4.1           NS

ReRe--OpOp 4949 2/ 47      4.0    2/ 47      4.0    8/193    3.9           NS8/193    3.9           NS
Ac. Diss.Ac. Diss. 3535 2/ 33      5.7    2/ 33      5.7    8/207    3.7           NS8/207    3.7           NS
Ch. Diss.Ch. Diss. 3838 1/ 37      2.6    1/ 37      2.6    8/207    4.2           NS8/207    4.2           NS
-- ** Chi -square
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The Dilated Ascending AortaThe Dilated Ascending AortaThe Dilated Ascending Aorta

ValveValve --Sparing Root RepairSparing Root Repair

Reimplantation of the aortic valveReimplantation of the aortic valve
David IDavid I

••Sinuses replaced by cylindrical tubeSinuses replaced by cylindrical tube
••Increased stress on aortic leafletsIncreased stress on aortic leaflets
••Leaflet contact w Leaflet contact w dacrondacron during systoleduring systole
••Question: DurabilityQuestion: Durability
••Total 28 Patients Toronto Series Total 28 Patients Toronto Series 11

1.1.David TE: Ann Thorac Surg 1997; 64:1564-1568



The Dilated Ascending AortaThe Dilated Ascending AortaThe Dilated Ascending Aorta
ValveValve --Sparing Root RepairSparing Root Repair

Remodeling of the aortic rootRemodeling of the aortic root
Yacoub Yacoub 11 = David II = David II 22

••Dacron PseudoDacron Pseudo --sinusessinuses
••Selective elimination of the      Selective elimination of the      
dilated sinus (50%) dilated sinus (50%) 22

••Total 158 patients F/U 5.5     Total 158 patients F/U 5.5     
years  (Yacoub) years  (Yacoub) 33

••SurvivalSurvival 93% (1), 88% (5), 79% 93% (1), 88% (5), 79% 

(10 years)(10 years) 33

••Freedom from AVRFreedom from AVR 97% (1),    97% (1),    
89%(5 years) 89%(5 years) 3311.Sarsam MAI: J Thorac Cardiovasc Surg 1992; 105:435-438

22.David TE: Ann Thorac Surg 1997; 64:1564-1568
33.Yacoub MH: J Thorac Cardiovasc Surg 1998; 115:1080-1090





The Dilated Ascending AortaThe Dilated Ascending AortaThe Dilated Ascending Aorta
ValveValve --Sparing Root Repair : Yacoub / David IISparing Root Repair : Yacoub / David II

Systole Diastole

Dacron PseudoDacron Pseudo --sinussinus





Aortic Arch SurgeryAortic Arch Surgery

�� Emergent/UrgentEmergent/Urgent
••Type A dissection with arch tearType A dissection with arch tear
••Recurrent cerebral emboli from archRecurrent cerebral emboli from arch
••Pain or other evidence of rapid enlargementPain or other evidence of rapid enlargement

�� ElectiveElective
••Resection of adjacent ascending or descending aortaResection of adjacent ascending or descending aorta
••Size, using criteria similar to descending aortaSize, using criteria similar to descending aorta

�� Central issueCentral issue
••Cerebral protectionCerebral protection

IndicationsIndications



Aortic Arch SurgeryAortic Arch Surgery
Cerebral ProtectionCerebral Protection

�� Preservation of neuronal viability duringPreservation of neuronal viability during
interruption of cerebral perfusioninterruption of cerebral perfusion

�� Prevention of cerebral emboliPrevention of cerebral emboli





�� Selective Cerebral PerfusionSelective Cerebral Perfusion
�� DeBakeyDeBakey , Cooley 1957, , Cooley 1957, FristFrist 1986, Matsuda, 1986, Matsuda, 

Kawashima 1989, Bachet Kawashima 1989, Bachet ““ CerebroplegiaCerebroplegia ”” 1991, 1991, 
Kazui 1992Kazui 1992

�� Deep Hypothermic Circulatory ArrestDeep Hypothermic Circulatory Arrest
�� Griepp 1975Griepp 1975

�� Retrograde Cerebral PerfusionRetrograde Cerebral Perfusion
�� Ueda 1990, Ueda 1990, TakamotoTakamoto 1992, Safi 19931992, Safi 1993

Methods of ProtectionMethods of ProtectionMethods of Protection
HYPOTHERMIAHYPOTHERMIA
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Strategy for Cerebral ProtectionStrategy for Cerebral ProtectionStrategy for Cerebral Protection

�� Hypothermic Circulatory ArrestHypothermic Circulatory Arrest
Keep Ischemia Time under 40 minutesKeep Ischemia Time under 40 minutes

EEG Silence, SJvOEEG Silence, SJvO 2 2 > 95% prior to arrest> 95% prior to arrest

Maintain cranial hypothermia during arrestMaintain cranial hypothermia during arrest

Avoid Reperfusion InjuryAvoid Reperfusion Injury

�� Selective Cerebral PerfusionSelective Cerebral Perfusion
In cases requiring more than 40 min of arrestIn cases requiring more than 40 min of arrest
Simple Simple autoregulatedautoregulated Flow at 40Flow at 40 --50 torr (Radial Art.)50 torr (Radial Art.)

Current Mount Sinai ApproachCurrent Mount Sinai Approach
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Methods:

� Single surgeon
� Operation of ascending aorta and or arch
� All utilized DHCA
� Groups were comparable
� No modification of surgical technique 

other than site of cannulation occurred 
during the two years under study



Controls          Study

Year of operation           1998             1999
Number                        (n=47)             (n=33)         
Ave. age =                          60              58
DHCA min. =                      24              25
Aortic Size =          6.2 (4-9.5)              6.0 (4-7.9)
Dissections =         3 (2 acute)              1 acute
Cannulation Site

femoral = 42          axillary = 33
ascending = 5



Results:

� Adverse outcome (p =.036)

–1998 41 good 6 adverse

–1999 33 good 0 adverse

Fisher Exact TestFisher Exact Test





Natural History of TAA



Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms

Outcomes in 392 patients

45 chronic dissection observed
233 operated

114 TAA observed
8 died/rupt-

26 died/rupt+

60 alive

20 operated



Natural History of TAA



Non-dimensional Variables 
Potentially Influencing Rupture

� Age
� COPD and/or smoking
� Pain
� Hypertension
� Etiology
� Dissection vs. degenerative aneurysm
� Renal failure

Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms



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

� Risk Factors for rupture
– Thoracic diameter 1.0cm O.R. 1.9
– Abdominal diameter 1.0cm O.R. 1.5
– COPD O.R. 3.6
– Age 10yrs. O.R. 2.6
– Uncharacteristic pain O.R. 2.3

� Possible risk factors for rupture
– Renal failure
– Hypertension
– Continued smoking

Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms



Calculation of Risk of 
Rupture

Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms

Ln l  = -21.055 + 0.0093(age) + 0.841(pain)
+  1.282(COPD) + 0.643(desc. dia.)
+ 0.405(abd. dia.)

Probability of rupture
within 1 year = 1 - e -l (365).

COPD & Pain = 0 or 1



RBG’s Calculator

•Unexplained pain (+)
•COPD (+)
•Age
•Descending Diameter
•Abdominal Diameter



Non-dimensional Risk Factors: Etiology
Dissection vs Degenerative Aneurysm

Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms

Mount Sinai Series
Ruptured Aneurysms

Degenerative 
Aneurysm n = 28

Dissection 
n = 9

p value

Age (mean) 74.9 73.4 0.15
Pain 62% 0.56 NS
COPD 35% 0.67 NS
Hypertension 69% 0.78 NS
Thoracic Diameter 5.8 5.4 0.05
Abdominal Diameter 4.7 3.8 NS
Rupture deaths 26/34 9/10 0.004
Ruptures 26/106 9/50 NS
Ruptures and 
operated 40/106 19/50 NS



The Natural History of Thoracic and 
Thoracoabdominal Aneurysms

� Presence of aneurysmal pain

� Evidence of rapid expansion
� Eccentric aneurysm contour

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

Keio University Symposium 1999                             Natural History of Thoracic Aortic Aneurysms

When to Operate



Incidence of ParaplegiaIncidence of Paraplegia

� Crawford et al 1993 (832) 5%
� Borst et al 1994 (132) 2.3%
� Griepp et al 1995 (79) 2.5%
� Verdant et al 1995 (366) 0

� Crawford et al 1993 (832) 5%
� Borst et al 1994 (132) 2.3%
� Griepp et al 1995 (79) 2.5%
� Verdant et al 1995 (366) 0

Descending Thoracic AortaDescending Thoracic Aorta
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Paraplegia
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Previous Report
Patient Group  Mortality

� All admitted  68
� Died during 

evaluation  3(4%)
� Surgical therapy  26(38%)  0(0%)
� Medical therapy  39(57%)  1(3%)

Schor, J.S. et al   Ann Thorac Surg 1996 61:1339

Patient Group Number Mortality



Inclusion Criteria

� Patients:  All patients on the cardiothoracic 
surgical service between 8/85 – 5/00 who 
failed medical management

� Approximately 40% of all patients admitted to 
the cardiothoracic service with acute type B 
dissection



Indications for Surgery

� Pain  12
– Alone  8
– With hypertension  4

� Threatened exsanguination  
9
– Contained rupture  5
– Blood in chest  4

� Malperfusion  5
– Limb  2
– Renal  3

� Enlargement  4
� Hypertension  1
� Unknown  1

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



Extent of Resection

12 9 6 2

1 1 1

12 9 6 2

1 1 1



Results

� Respiratory (tracheostomy) 
10

� Renal 4
– Dialysis  2
– No dialysis  2

� Cardiac (MI)  2

� Neurological 2
– Stroke (transient)  1
– Paraplegia  1

� Miscellaneous  9
– Chylothorax 3
– recurrent nerve injury 3
– wound dehiscence 2
– limb ischemia 1

Mortality  0, Morbidity 27



Survival
Surgical Therapy of Acute Type B Dissections
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Aortic Surgery 2000

A Subspecialty Comes of Age
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ADVERSE OUTCOME – 7.7%

Hospital mortality  6.2%

Stroke       1.5%

Multiregression analysis:

Clot and atheroma (p = .0004)

CAD (p = .01)

Urgent / emergent (p=.03)



Demers et al Ann Thorac Surg 2004

REIMPLANTATION WITH SINUSES



Sulzer Vascutek-De Paulis Graft

De Paulis, R et al Ann Thorac Surg 2001



The VII Ages of a Great 
Idea

� Won’t work
Been tried before

C.W. Lillehei 1995

Idea Stage:Idea Stage:



The VII Ages of a Great 
Idea

�

Won’t work in man

C.W. Lillehei 1995

Successful Experiments (in Animals):Successful Experiments (in Animals):



The VII Ages of a Great 
Idea

� Very lucky
� Doubt if patient really needed treatment
� Too bad, a tragedy really, because now they’ll 

continue

C.W. Lillehei 1995

After One Successful Clinical Patient:After One Successful Clinical Patient:



The VII Ages of a Great 
Idea

� Highly experimental
� Too risky, immoral, unethical
� I understand, that they’ve had a number of deaths 

they’re not reporting

C.W. Lillehei 1995

After Four or Five Clinical Successes:After Four or Five Clinical Successes:



The VII Ages of a Great 
Idea

� May succeed occasionally in carefully selected 
cases, but most patients with this defect don’t need 
operation anyway

C.W. Lillehei 1995

After Ten to Fifteen Patients:After Ten to Fifteen Patients:



The VII Ages of a Great 
Idea

� So and so in Shangri-La has been unable to 
duplicate
their results

� I hear that a number of their patients are now dying 
late deaths

C.W. Lillehei 1995

After a Large Series of Successes:After a Large Series of Successes:



The VII Ages of a Great 
Idea

� You know this is a very fine contribution
� A straightforward solution to a difficult problem
� I predicted this
� In fact, in 1929, I had the same idea

of course, we didn’t publish anything – nor did we have penicillin, cortisone, and 
fine anesthesia in those days

C.W. Lillehei 1995

Final Stages:Final Stages:



The VII Ages of a Not-So-Great 
Idea

� This is intriguing and an excellent example of 
"thinking outside the box"

� I actually had similar thoughts along these lines a 
number of years ago

First Rumors:First Rumors:



The VII Ages of a Not-So-Great 
Idea

� The physiology may be unclear but the results are certainly 
provocative

� It must be taken into account that these desperate patients 
have no other hope

After Brief Presentation:After Brief Presentation:



The VII Ages of a Not-So-Great 
Idea

� It’s clear that in some responders the results are dramatic

� It was quite apparent to us that at this point what was 
needed was an objective trial by a group such as ours with 
no preexistent bias

After First Publication :After First Publication :



The VII Ages of a Not-So-Great 
Idea

� It has become clear that some individuals are simply too sick to benefit and the use 
of this procedure is in Class IV patient is unwise

� Although some of our early encouraging results have found their way into the 
popular press prior to publication it can be argued that the public’s “right to know”
is not always best served by cranky biostatisticians and dyspeptic journal editors

After First PBS Special:After First PBS Special:



The VII Ages of a Not-So-Great 
Idea

� Patient selection and careful attention to the details of the procedure are 
extremely important particularly  for inexperienced groups

� Although the initially proposed physiologic mechanism seems not to be valid, 
there are intriguing indications that the procedure may initiate unexplained 
transcriptional and translational effects with significant upregulation of primary 
and secondary messengers

After First Negative Publication:After First Negative Publication:



The VII Ages of a Not-So-Great 
Idea

� The proposed mechanism just did not make a lot of sense
� I was skeptical from the beginning but regrettably some of my early cautionary 

remarks were misinterpreted
� Although I was unable to restrain some of my younger colleagues from a few 

attempts in truly desperate situations,  I never did any of these procedures 
myself

After Several More Negative Publications:After Several More Negative Publications:



The VII Ages of a Not-So-Great 
Idea

� It was quite apparent from the first reports that this was a crazy idea
� Fortunately a few individuals such as myself did not jump on the

bandwagon and tried to speak out to prevent widespread trials in the 
absence of any convincing documentation of efficacy

After First Lawsuit:After First Lawsuit:



COMPARATIVE RESULTS

1.61.000.3Reoperation  (%/yr)

00          1.60.3Hemorrhage  (%/yr)

000.21.2Thrombolism (%/yr)

94899574Five year survival (%)

2.57.13.53.6Mean followup (yrs) 

1.73.90.76.2Operative mortality (%)

50354669Age ( Yrs )

700475142 275Patients

DavidYacoubProsthetic 
Bentall

Bio Bentall

Etz CD et al  J Thorac Cardiovasc Surg 2007) (Hagl C  et al  Ann Thorac Surg 2003)  (Natef P  et al Heart 2006


