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THE AORTIC ROOT IS 

A LIVING STRUCTURE 
 



THE AORTIC ROOT 

LIVING STRUCTURE 
= 

COMPLEX FUNCTIONS 

Laminar flow 

Excellent 
hemodynamics 

Low 
thrombogenicity 

Resistance to 
infections 



OUTCOMES FOLLOWING AVR 

Laminar Flow 

Hemodynamics 
(gradients) 

Thrombogenicity 

Resistance to 
 infections 

Survival 
Valve-related complications 

Quality of life 



Rationale 

A LIVING AORTIC VALVE SUBSTITUTE 

 

 

IMPROVED CLINICALLY-RELEVANT 
OUTCOMES 
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CONVENTIONAL AVR IN THE 
YOUNG 

 =  
EXCESS MORTALITY 

 



Historical Perspective 



ROSS PROCEDURE 

THE ONLY REPLACEMENT OPERATION 
THAT GUARANTEES LONG-TERM 

VIABILITY OF THE AORTIC VALVE/ROOT 
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ROSS PROCEDURE = 
IMPROVED CLINICAL 

OUTCOMES 
 



Negative Biases 

“Transforms single valve disease into double 
valve disease” 

 

“High operative morbidity and mortality” 

 

“High rate of reoperations” 



SURVIVAL 



SURVIVAL - ROSS 

David et al. JTCVS 2010 

• 1990-2004 
• 212 pts 
• 34 +/- 9 years 
• Mean Fup: 10.1 years  



SURVIVAL - ROSS 

David et al. JTCVS 2014 

• 1990-2004 
• 212 pts 
• 34 +/- 9 years 
• Median Fup: 13.8 years  



SURVIVAL 

Sievers et al. Eur J Cardiothor Surg 2015 

• 1990-2013 
• 1779 pts (8 centers) 
• 45+/- 11 years 
• Mean Fup: 8.3 years 
     (662 pts >10 years)  



SURVIVAL 

Mastrobuoni, Eur J Cardiothorac Surg, 2015 

• 1991-2014 
• 306 pts 
• 42+/- 9 years 
• Median Fup: 10.6 years  



• 1998-2014 
• 741 pts 
• 47 +/- 13 years 
• Median Fup: 5.8 years  

Karaskov et al., Eur J Cardiothorac Surg, 2016 



SURVIVAL - ROSS 

El-Hamamsy et al. Lancet 2010 



SURVIVAL - ROSS 

El-Hamamsy et al. Lancet 2010 

ROSS 

GENERAL 
POPULATION 



Survival - Ross 

“Late mortality rates are low and resemble 

the adult series age-matched population 

mortality.” 

5,031 adults, children; 2000-2008 

Takkenberg et al. Circulation 2009 



Survival Free from Reoperation 

Sharabiani et al. JACC 2016 

ROSS 

MECH 

TISSUE 

• UK National Registry 
• 2000-2012 
• 1501 patients 

Survival free from reoperation 



Ross vs. Mechanical AVR 

Mechanical 

Ross 



LATE SURVIVAL - ROSS 

>3600 pts 



THE ROSS PROCEDURE 

THE ONLY REPLACEMENT OPERATION 
THAT RESTORES LONG-TERM SURVIVAL 

FOLLOWING AORTIC VALVE 
REPLACEMENT 



Hemodynamics 
(Exercise capacity) 



Long-Term Hemodynamics 

El-Hamamsy et al. Lancet 2010 



Aortic Gradients with Exercise 

Pibarot et al. AJC 2000 



Valve-Related Complications 



Valve-related complications 

El-Hamamsy et al. Lancet 2010 



Stroke or Bleeding 

Mazine et al. Circulation 2016 

Ross 

Mechanical 



Quality of Life 



QUALITY OF LIFE 

Notzold et al. JACC 2001 
El-Hamamsy et al. Lancet 2010 
Aicher et al. JTCVS 2011 
Zacek et al. BMC Cardiovasc Dis 2016 



ACHILLE’S HEEL? 

Reoperation 

Reproducibility 



Autograft Reoperation 

Klieverik et al. Eur Heart J 2007 



Autograft Reoperation 



Autograft Reoperation 

 

TECHNIQUE MATTERS 



Ross Technique 

Forcillo et al.  MMCTS 2014 



Ross Reoperation (aortic/pulmonary) 

David et al. JTCVS 2010 



ANY Reoperation 

El-Hamamsy et al. Lancet 2010 



Ross Reoperation (aortic/pulmonary) 

Mazine et al. Circulation 2016 



Ross Reoperation 

• N= 1779 adult patients (1990-2013) 
• 8 centers 
• Mean follow-up 8.3 years 

Sievers et al. EJCTS 2015 



Ross Procedure in AI 

David et al. JTCVS 2010 



Ross Procedure in AI 

Charitos et al. JTCVS 2012  



Ross Procedure in AI 

Ryan et al. An  Thorac Surg 2011 



ROSS PROCEDURE in AI 



2013 STS GUIDELINES 



2013 STS GUIDELINES 



2013 STS GUIDELINES 



Freedom from Reoperation 

ISOLATED AORTIC INSUFFICIENCY: 22-45%  
MIXED AS/AI: 19-52% 



Tailored Ross Technique 

• Trimming of infudibular muscle below the valve 

 

• Scalloping of the autograft 

 

Forcillo et al.  MMCTS 2014 



Tailored Ross Technique 
Proximal suture line 

 
• Sub-annular sutures in aortic annulus 

 
• Tangential sutures through autograft 

 
• Single interrupted sutures 

 
• Extra-aortic annuloplasty if valve dysfunction = AI 

– If size mismatch >2mm  reduction annuloplasty 
– If no mismatch  aim to stabilize 

 
Forcillo et al.  MMCTS 2014 



Tailored Ross Technique 

Distal Suture Line 

 

• Short autograft above STJ (or coronary 
anastomosis) (max 2-3mm) 

 

• Short interposition graft  if ascending aorta 
>40mm 

 

• Careful attention to commissural symmetry 

 
Forcillo et al.  MMCTS 2014 



Reproducible? 



MONTREAL HEART INSTITUTE (N=275) 

2011-2017 
 

275 patients: Mean age 42 yrs (16-67 yrs) 
 

• 13% redos (N=36) 

• 60% concomittant procedures 

• 6% active endocarditis (N=16) 

 

 

 
 

 

Operative mortality: 0.7% (n=2) 



Ross vs. Conventional AVR 

Bouhout et al. ICVTS 2016 



Ross Learning Curve 

Bouhout et al. Can J Cardiol 2017 

~75 cases 



MONTREAL HEART INSTITUTE (N=275) 

ROSS PROCEDURES 

(2011-2016) 
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AV Repair: N=38 patients 
 

Valve-Sparing: N=68 patients 



Tailored Approach (N=275) 

2011-2017  

 

• Isolated AS: 201 (73%) 

• Isolated AI: 63 (23%) 

• Mixed AS/AI: 11 (4%) 

 

 

 
 

 

• Extra-Aortic Annuloplasty: N=57 (26%) 

• Ascending Aortic Replacement: N=141 (52%) 

• Bicuspid: 156 (57%) 
• Unicuspid: 72 (26%) 
• Tricuspid: 30 (11%) 
• Quadricuspid: 3 (1%) 



Impact of a Tailored Approach 

Bouhout et al., HVS 2017 

AR 

AS 



iEOA 



 

WHAT ABOUT ISOLATED 
AV REPAIR? 



AV Repair Durability 

Aicher et al. EJCTS 2010 

Improving Results with Experience and Understanding 



BAV Repair Durability 

Schneider et al. Ann Thorac Surg 2017 



BAV Repair Durability 

Schneider et al. Ann Thorac Surg 2017 

92% @ 5 yrs 80% @ 5 yrs 



AV Repair Durability 

De Kerchove et al. Circulation 2009 



AV Repair Durability 

De Kerchove et al. Circulation 2009 

Freedom from reoperation: 90% @ 8 yrs 



AV Repair Durability 

Lansac et al. EJCTS 2016 



 

ROSS VS. REPAIR? 



ROSS VERSUS REPAIR 

• Non-competing, complimentary tools 

 

• Option A (when feasible and durable): REPAIR 

    Option B: Ross Procedure 

 

• Despite the higher rate of reoperation after 
the Ross procedure in AI, outcomes remain 
significantly better than conventional AVR 



ROSS VERSUS REPAIR 

• A tailored approach to the Ross is required in 
patients with AI 

 

• A good Ross is better than a questionable 
repair 

 

 





ROSS VERSUS REPAIR 

Typical “grey zone” scenario 
 

• Young patient (<30-35 yo) 

• Unicuspid AV 

• Dilated aortic annulus  

• Potentially repairable valve 



UNICUSPID AORTIC VALVES 

Noly et al. Can J Cardiol 2016 



UAV REPAIR (BICUSPIDIZATION) 



UAV REPAIR IN AI 

AV Repair (Bicuspidization) 
+ Annuloplasty 

N=15 

2011-2017 2012-2015 

Ross Procedure 
+ Annuloplasty 

N=21 

Repair failure 
N=4 

Reoperation 
N=0 



Unicuspid Valve Repair 

Freedom from reoperation Freedom from AVR 

Franciulli et al. Ann  Thorac Surg 2014 



CONCLUSION 

• The rationale behind AV repair and the Ross procedure is the same 
- A living aortic valve 
 

• AV repair and the Ross procedure are integral and complementary 
parts of the management of patients with AI 
 

• AV repair should be favored whenever possible as a first step 
 

• Remember: REPAIRIBILITY does not always mean DURABILITY 
 

• A REPAIR SURGEON SHOULD ALSO BE A ROSS SURGEON (and vice 
versa) 



i.elhamamsy@icm-mhi.org 


