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THE AORTIC ROOT IS 

A LIVING STRUCTURE 
 



AORTIC ROOT DYNAMICS 

Dagum et al. Circulation 1999 



AORTIC VALVE STRUCTURE 

El-Hamamsy et al. J Adv Res 2009 
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VALVE ENDOTHELIAL CELL HETEROGENEITY 

Simmons et al. Circ Res 2005 
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AORTIC VALVE CELLULAR STRUCTURE  

El-Hamamsy et al.  Curr Vasc Pharmacol 2009 

Neurofilament 



AORTIC VALVE FUNCTION 

El-Hamamsy et al.  JACC 2009 



THE AORTIC ROOT 

LIVING STRUCTURE 
= 

COMPLEX FUNCTIONS 

Laminar flow 

Excellent 
hemodynamics 

Low 
thrombogenicity 

Resistance to 
infections 



OUTCOMES FOLLOWING AV SURGERY 
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Rationale 

A LIVING AORTIC VALVE 

 

 

IMPROVED CLINICALLY-RELEVANT 
OUTCOMES 

 



YOUNG ADULTS 

• High level of physical activity 

 

• Quality of life 

 

• Prolonged anticipated life expectancy  

    = Exposure to valve-related complications 

– Degeneration + Reoperation (tissue valves) 

– Bleeding + Thromboembolisms (mechanical valves) 
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CONVENTIONAL AVR IN THE 
YOUNG 

 =  
EXCESS MORTALITY 

 



CONVENTIONAL AVR 

SEVERAL ADVANTAGES 

 

– Standardized  

 

– Easily reproducible 

 

– Short operative times 

 

– Long-term data 

 



AVR IN THE YOUNG 

Kvidal et al. JACC 2000 

Excess Mortality 



AVR IN THE YOUNG 

Kvidal et al. JACC 2000 

The younger the patients are,  
The higher excess mortality is 



MECHANICAL AVR IN THE YOUNG 
Long-term outcomes after elective isolated mechanical aor tic valve

replacement in young adults

Ismail Bouhout, MSc,aLouis-Mathieu Stevens, MD, PhD,b Amine Mazine, MSc,aNancy Poirier, MD,a

Raymond Cartier, MD,aPhilippe Demers, MD,aand Ismail El-Hamamsy, MD, PhDa

Objectives: The aim of this study was to determine long-term survival and clinical outcomes after elective

isolated mechanical aortic valve replacement in young adults.

Methods: A clinical observational study wasconducted in acohort of 450 consecutiveadults lessthan 65 years

of agewho had undergoneelectiveisolated mechanical aortic valvereplacement (AVR) between 1997and 2006.

Patients who had undergone previous cardiac surgery, and those undergoing concomitant procedures or urgent

surgery wereexcluded. Follow-up was93.3% completewith amean follow-up of 9.1 3.5 years. Theprimary

end point wassurvival. Life tableanalyseswereused to determineage- and gender-matched general population

survival. Secondary end points were reoperation and valve-related complications.

Results: Overall actuarial survival at 1, 5, and 10 years was 98% 1%, 95% 1%, and 87% 1%,

respectively, which was lower than expected in the age- and gender-matched general population in Quebec.

Actuarial freedom from prosthetic valve dysfunction was 99% 0.4%, 95% 1%, and 91% 1% at

1, 5, and 10 years, respectively. Actuarial freedom from valve reintervention was 98% 1%, 96% 1%,

and 94% 1% at 1, 5 and 10 years, respectively. Actuarial survival free from reoperation at 10 years was

82% 2%. Actuarial freedom from major hemorrhage was 98% 1%, 96% 1%, and 90% 2% at

1, 5, and 10 years, respectively.

Conclusions: In young adults undergoing elective isolated mechanical AVR, survival remains suboptimal

compared with an age- and gender-matched general population. Furthermore, there isa low but constant hazard

of prosthetic valve reintervention after mechanical AVR. (J Thorac Cardiovasc Surg 2013;- :1-6)

Supplemental material is available online.

Aortic valvedisease isoneof themost common indications

for surgery in patients less than 65 years of age. However,

the ideal aortic valve substitute remains unknown. This is

partly due to the lack of data on long-term outcomes in

this specific patient population. More importantly, most

long-term studies of aortic valve replacement (AVR)

include patients at higher risk (urgent operations, concom-

itant coronary revascularization, reoperations), which

makes it more challenging to assess outcomes related to

the actual procedure.1-3 Nevertheless, recent evidence has

shown excess long-term mortality in patients undergoing

AVR compared with an age- and sex-matched general

population, and this discrepancy was most pronounced in

the youngest age group.4

A longer lifeexpectancy exposesyoung adultstoahigher

lifelong risk of prosthesis-related complicationsafter AVR,

most notably in the form of thromboembolic events,

hemorrhage, and reoperation. Bioprosthetic valves have

limited long-term durability and thereforecarry an inherent

risk of reoperation in young adults. Nevertheless, they have

alow thrombogenic risk and havetheadvantageof avoiding

anticoagulation. In contrast, mechanical prosthesesprovide

better long-term durability with low risk of prosthesis

reintervention, and are thus often considered the option of

choice in young adultswith aortic valvedisease.5Neverthe-

less, mechanical prostheses carry a thrombogenic risk and

therefore mandate long-term anticoagulation with an

associated risk of major bleeding. Although some studies

have examined long-term results after AVR, few have

focused on contemporary results of isolated mechanical

AVR in young adults.

The aim of this study was to assess long-term survival

in a contemporary series of consecutive young adults

undergoing elective isolated mechanical AVR compared

with the age- and gender-matched general population in

Quebec. The secondary objective was to describe the

occurrence of long-term valve-related complications after

AVR in this patient population.
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1997-2006: 469 isolated mechanical AVR <65 years 
 

Exclusion: concomittant procedures, coronary 
disease, reoperations, emergencies (dissection), 

active endocarditis 
 

Mean age: 53.2 ± 9.2  

Mean follow-up: 9.1 ± 3.5 years 
 

Follow-up 95% complete (4099 patient-years) 

Bouhout et al.  JTCVS 2014 



SURVIVAL – MECHANICAL AVR 

Bouhout et al.  JTCVS 2014 

87% 

78% 



SURVIVAL FREE FROM REOPERATION 

Bouhout et al.  JTCVS 2014 

82% 

A 10 years, 1 in 5 patients is dead or reoperated 



Valve-Related Complications 



PROACT Trial (n=375 pts) 

Puskas et al.  JTCVS 2014 



TISSUE AVR IN THE YOUNG 

“. . .younger patients had worse than expected 
survival that was further diminished with insertion 
of a small prosthesis.” 

3,049 Perimount patients; 1991-2004 

Mihajlevic et al. JTCVS 2008 



TISSUE AVR IN THE YOUNG 

2,659 Perimount patients; 1984-2008 

Bourguignon et al. Ann Thorac Surg 2015 



Excess Mortality in Young Adults 

-8 yrs 

-20 yrs 

Bourguignon et al. Ann Thorac Surg 2015 



SVD and Death = Competing Risks 

SVD Survival 

Bourguignon et al. Eur J Cardiothorac Surg 2016 



TISSUE AVR IN THE YOUNG 

Forcillo et al. ATS 2014 



TISSUE AVR IN THE YOUNG 

1981-2011: 144 isolated bioprosthetic AVRs 

 

Exclusion: Concomitant procedures, 

reoperations, urgent operations 
 

Mean age: 51 ± 9 years 

 

Mean follow-up: 10 years 

Forcillo et al. ATS 2014 



TISSUE AVR IN THE YOUNG 

Forcillo et al. ATS 2014 

79% 

57% 



CONVENTIONAL AVR IN THE 
YOUNG 

 

CURATIVE 
 

PALLIATIVE 



EXCESS MORTALITY IS OBSERVED 

UP TO 60 YEARS OF AGE  

AT THE TIME OF SURGERY 



 

A LIVING AORTIC VALVE 
= 

IMPROVED OUTCOMES? 
 



AORTIC VALVE REPAIR 

IS IT WORTHWHILE?  
Why? 

 
IS IT DURABLE? 

When? 



AORTIC VALVE REPAIR 

• No randomized trials 

 

• Single-center (single-surgeon) series 



SURVIVAL 



SURVIVAL 

Price et al. Ann Thor Surg 2013 

 
 
 

1995-2010: 475 elective AV repair (AI or aneurysm) 
 

Mean age: 53 ± 16 years 
 

Mean follow-up: 4.6 years 



SURVIVAL 

Price et al. Ann Thor Surg 2013 

73% 
73% 

81% 

90% 



SURVIVAL 

de Meester et al. JTCVS 2014 

REPAIR 

AVR 



SURVIVAL 

David et al. JTCVS 2014 

 
 
 

1988-2010: 371 consecutive valve-sparing procedures 
(~15/year) 

 
Mean age: 47 ± 15 years 

 
Median follow-up: 8.9 years 



SURVIVAL 

David et al. JTCVS 2014 

N=296 Reimplantation 
 

N=75 Remodeling 

12% Acute type A dissection 
 
35% Marfan syndrome  

Survival lower than matched general population 



SURVIVAL 

Aicher et al. EJCTS 2010 

 
 
 

1995-2007: 640 consecutive valve-sparing procedures  
 

81% of all patients with AI 
 

Mean age: 56 ± 17 years 
 

Mean follow-up: 4.8 years 



SURVIVAL 

Aicher et al. EJCTS 2010 

 
 
 

10% acute dissection 



SURVIVAL 

• No studies into the second decade 

– Mean follow-up <10 years 

 

• ~80% survival at 10 years despite: 

– Inclusion of acute type A dissections 

– Connective tissue disorders 



VALVE-RELATED COMPLICATIONS 



VALVE-RELATED COMPLICATIONS 

Aicher et al. EJCTS 2010 

FREEDOM FROM ALL VALVE-RELATED COMPLICATIONS 
(Reoperation, endocarditis, thromboembolism and hemmorhage) 

88% at 10 years 



VALVE-RELATED COMPLICATIONS 

David et al. JTCVS 2014 



VALVE-RELATED COMPLICATIONS 

Arabkhani et al. ATS 2015 



VALVE-RELATED COMPLICATIONS 

Arabkhani et al. ATS 2015 



QUALITY OF LIFE 



QUALITY OF LIFE 

AV REPAIR 

MECHANICAL 

ROSS 

Aicher et al.  JTCVS 2011 



QUALITY OF LIFE 

Aicher et al.  JTCVS 2011 



QUALITY OF LIFE 

Zacek et al. BMC Cardiovasc Dis 2016 



HEMODYNAMICS 



HEMODYNAMICS 

Collins et al. ATS 2015 



HEMODYNAMICS 

Collins et al. ATS 2015 

z 



AORTIC VALVE REPAIR 

WHEN? 



To Preserve or Not to Preserve? 

The DECISION depends on 

 

 

 

The EVALUATION rests on 

FEASIBILITY EXPECTED DURABILITY 

PREOP 
IMAGING 

INTRAOP 
ASSESSMENT 



Improved Understanding of AI in BAV 

MECHANISMS OF AI 

THE MOST COMMON MECHANISM IN BAV 



Improved Understanding of AI in BAV 

MECHANISMS OF AI 
Prolapse of the fused cusp 



Improved Understanding of AI in BAV 

COMMISSURAL ORIENTATION 



Improved Understanding of AI in BAV 

ANNULAR DILATATION 

32mm 



IMPROVEMENTS IN SURGICAL 
TECHNIQUE 

 



RELEVANCE OF CUSP PROLAPSE 

AI at 1 year 

Pethig et al. Ann Thorac Surg 2002  



RELEVANCE OF CUSP PROLAPSE 

EFFECTIVE HEIGHT 

Schafers. J Thor Cardiovasc Surg 2006 

≥9 mm 

~50% 



RELEVANCE OF CUSP PROLAPSE 

EFFECTIVE HEIGHT 
 

Aicher et al. Circulation 2011 



CUSP RETRACTION 

GEOMETRIC HEIGHT 
 

≥20-21mm 

Schafers et al. JTCVS 2013 



COMMISSURAL ORIENTATION 

150° 

180° 

Aicher et al. Circulation 2011 



ROLE OF AORTIC ANNULOPLASTY 

Aicher et al. Circulation 2011 



CUSP REPAIR TECHNIQUES 

AVOIDANCE OF PATCH REPAIR 

Boodhwani et al. JTCVS 2010  



AV Repair Durability 

Aicher et al. EJCTS 2010 

Improving Results with Experience and Understanding 



Favorable ECHO Characteristics (BAV) 

• CUSPS 
– Pliable 

– Little to no calcium 

– Sufficient length of coaptation 

 

• AORTIC ANNULUS 
– <28mm 

 

• COMMISSURES 
– Circumferential orientation 160-180° 

 
 

 



Favorable INTRAOP Characteristics (BAV) 

• CUSPS 

– Pliable 

– Geometric height ≥21mm  

– Little to no calcium/fenestrations 

 

• COMMISSURES 

– Circumferential orientation 160-180° 

≥22mm 
150° 

180° 
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25 yo male with BAV (R-L fusion) 
Severe eccentric AI with LV dilatation 

Annulus = 30mm 
Sinus = 39mm 

STJ = 38mm 
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25 yo male with BAV (R-L fusion) 
Severe eccentric AI with LV dilatation 

 
Subcoronary Annuloplasty ring 
Restoration of effective height  

STJ Tailoring 
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61 yo male with BAV (R-L fusion) 
Severe AI with LV dilatation 

Annulus = 28mm 
Sinus = N 

STJ = N 
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61 yo male with BAV (R-L fusion) 
Severe AI with LV dilatation 

Annulus = 28mm 
Sinus = N 

STJ = N 
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61 yo male with BAV (R-L fusion) 
Severe AI with LV dilatation 

 
Subcoronary Annuloplasty Ring 

Extensive cusp effective plication to restore effective height 
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61 yo male with BAV (R-L fusion) 
Severe AI with LV dilatation 

 
1 Year postop             Bioprosthetic AVR 



SUMMARY 

• WHY? 

– Survival 

– Valve-related complications 

– Quality of life 

 

• WHEN? 

– Echo and intraop determination 

– Feasibility doesn’t always mean durability – JUDGEMENT  

AORTIC VALVE REPAIR 
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