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Spectrum of Aortic Valve Disease

Predominantly AS Predominantly AS
AI becomes a significant phenotype



Repair Replacement



Mechanism of Disease is Key

Boodhwani et al. JTCVS 2009
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Pediatric Aortic Valve Repair Techniques

Matsushima et al. EJCTS 2021

N=60
Median age 13 (1 to 18)
37% AI, 45% mixed



Repair Without Patch Promising

Wallace et al. JTCVS 2021



§ Significant calcification of annulus and cusps
§ Multiple fenestrations of cusp tissue
§ Severe free margin thickening
§ Multiple leaflet prolapse
§ A deficiency of sinus wall tissue immediately 

adjacent to the line of leaflet insertion

§ WHY? – Because durability limited!

Relative Contraindications to Valve Repair



If DURABLE Repair Cannot be Achieved…



Aortic Valve 
Replacement 

Strategy

Indication
• AI vs AS vs AI/AS
• Connective tissue 

disease
• Tissue 

destruction/resection

Age
• Growth potential
• Reoperations

Anatomy
• Aortic annulus/LVOT
• Unicuspid vs BAV vs 

TAV
• Pulmonary valve 

function

Surgeon 
experience

Lifestyle
• Activity
• Pregnancy

Life expectancy
• Complications from 

prostheses more 
pronounced



Options for AVR

TISSUE VALVES: 
Sizes available: 19mm-29mm

MECHANICAL VALVES:
Sizes available: 15mm-27mm

HOMOGRAFTS:
Sizes available: 7mm-32mm

ROSS PROCEDURE:
Sizes available: no limits 

OZAKI:
Sizes available: no limits



Neonates and 
infants

Children

Adolescents and 
young adults 

with CHD

Adults with CHD

AVR Strategies in CHD: 
The Preponderance of the Ross Procedure
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Mechanical Prostheses in the Young
• Smallest one 15mm (Can an adult-sized prosthesis be implanted?)

• Annular enlargement techniques

• Significant mortality: 
• Operative mortality: 2-13%
• Constant attrition: 75-88% survival at 15 years

• Anticoagulation:
• Challenging / compliance
• 0.3–0.7 TE events per 100 patient-years < adult but constant attrition
• Pregnancy – only 28% good maternal and fetal outcome in UK

• Long-lasting … in theory:
• Freedom from AVR: 55–90% at 15 years!
• Patient-prosthesis mismatch
• Pannus formation
• Endocarditis



Mechanical AVR Lowers Survival

Bouhout et al.  JTCVS 2014

87%
78%

450 young 
adults



Tissue Prostheses in the Young

• Smallest one 19mm 
• Early failures/calcifications

• SVD >> adults
• Inversely related to patient age and prosthesis size

• Karamlou circulation 2005, Alsoufi EJCTS 2009,…
• Freedom from AV reoperation: 35% at 10 years; 15% at 15 years

• Valve-in-valve now available
• Durability unknown, gradients higher

• No meds (baby ASA)
• Indications?

• Teenage females
• Poor compliance with anticoagulation



Tissue AVR Lowers Survival

infarction. Postoperative complications are detailed in
Table 5.

Survival
Survival rates were 89% ! 3%, 79% ! 4%, 57% ! 6%, and
48% ! 7% after 5, 10, 15, and 20 years of follow-up,
respectively (Fig 1). Eighty-two percent (118 of 144) of
patients were in New York Heart Association functional
class I or II at the last follow-up (Tables 5 and 6). Survival
of patients was lower than a gender- and age-matched
general population from Quebec at all time points, as
illustrated in Figure 1. Causes of death are reported in
Table 6.

Valve-Related Complications
Thromboembolic events represented 6% (8 of 144) of late
complications. There were 6 strokes and 2 emboli to the
superior mesenteric artery causing mesenteric ischemia.
Seventy-five percent of patients were not anticoagulated
at the time of the event; all other patients were anti-
coagulated because of atrial fibrillation. At the last follow-
up, 25% of the 144 patients were anticoagulated.

The actuarial freedom frommajor adverse cardiac events
was 89% ! 3%, 87% ! 3%, and 75% ! 6% at 5, 10, and 15
years, respectively (Fig 2). More specifically, actuarial
freedom at 5, 10, and 15 years from thromboembolic events
was 95% ! 2%, 95% ! 2%, and 90% ! 4%; from endo-
carditis was 97% ! 2%, 95% ! 2%, and 90 ! 4%; and from
hemorrhage was 99% ! 1%, 99% ! 1%, and 99% ! 1%.

Prosthetic Valve Dysfunction and Reoperation
The actuarial freedom from prosthetic valve dysfunction
is 97% ! 1%, 84% ! 4%, and 57% ! 6% at 5, 10, and 15
years (Fig 3). The actuarial freedom from valve reinter-
vention is 92% ! 3%, 79% ! 4%, and 58% ! 6% at 5, 10,
and 15 years.

Thirty-nine patients showed evidence of prosthesis
valve dysfunction secondary to structural valve deterio-
ration (29 of 37), endocarditis (7 of 37), or valve throm-
bosis (1 of 37). Explant and replacement of the valve was

performed in 35 of these 37 patients. Calcified stenotic
prostheses and leaflet tear were the 2 most common
causes of prosthetic dysfunction (Table 7). Patients with
a diagnosis of structural valve deterioration (29 of 37,
78%) underwent reoperation 11 ! 5 years after the initial
valve replacement, with operative mortality less than
30 days of 0%. Univariate analysis of preoperative char-
acteristics and intraoperative factors did not identify any
independent predictors of mortality.

Comment

Principal Findings
The choice of aortic valve prosthesis is a difficult deci-
sion depending on many factors, including life expec-
tancy and suitability for anticoagulation. The ideal valve
substitute combining excellent durability, ease of im-
plantation, and low risk of long-term complications
remains to be determined. The current American
Heart Association Guidelines recommend mechanical

Table 3. Prosthetic Aortic Valve Dimensions

Size
(mm)

Perimount
(n ¼ 144)

19 7 (5%)
21 36 (25%)
23 49 (34%)
25 40 (28%)
27 9 (6%)
29 3 (2%)

Table 4. Effective Orifice Area Index (EOAI) Distribution

Ideal (EOAI >0.85) 129 (89.6)
Recommended (EOAI >0.75) 12 (8.3)
Not recommended (EOAI #0.75) 3 (2.1)

Percentages are shown in parentheses.

Table 5. Early Mortality and Complications

Variable
Perimount
(n ¼ 144)

Mortality <30 days 1 (1%)
Causes of early death
Myocardial infarction 1 (100%)

Early complications
Re-exploration for bleeding 13 (9%)
AV block 5 (3%)
Low output syndrome 2 (1%)
Thromboembolic events 3 (2%)
Myocardial infarction 1 (1%)
Stroke 0 (0%)

Low output syndrome ¼ cardiac insufficiency and hypotension; Re-
exploration for bleeding, hemorrhage, and tamponade; Stroke ¼ with or
without sequelae; Thromboembolic events ¼ deep vein thrombosis and
pulmonary embolism.

Fig 1. Survival after biologic aortic valve replacement compared with
a case-matched population.
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79%

57%

~ 80% at 10 yrs
~ 60% at 15 yrs

144 adults



In young adults, the problem of early bioprosthetic valve 
degeneration is well known

8 Centers
2000-2014
95 patients <21 yrs



In young adults, the problem of early bioprosthetic valve 
degeneration is well known



We need a valve that:
1) Is durable
2) Grows
3) No anticoagulation needed
4) Has outstanding 

hemodynamics 



Freedom from at least mod AR 88% at 2 yrs
Freedom from at least mod AS 88% at 2 yrs

Reduced leaflet mobility -> ~50% of 
patients on coumadin + ASA

57 Ozaki patients; median follow-up 8 mos



The Ross Advantage: 
Survival



The Ross is the ONLY AVR procedure that demonstrates long term survival equal 
to the general population in adults

El-Hamamsy et al. Lancet 2010

A prospective randomized study

GENERAL POPULATION

ROSS

Homograft

El-Hamamsy et al. Lancet 2010

Avg age 39 yrs



99 publications; 6,892 adults, 2,743 children 
2000-2017

Etnel et al. Circ Cardiovasc Qual Outcomes 2018



“Although survival of the 
Rotterdam autograft cohort is 
excellent, over time a worrisome 
increase in reoperation rate is 
observed.”

69% freedom from reop at 13 yrs



The indication for which you do a Ross 
matters



793 adult patients



793 adult patients



Survival Free from Reoperation
Aortic Valve Replacement and the Ross
Operation in Children and Young Adults
Mansour T.A. Sharabiani, PHD,a Dan M. Dorobantu, MD,b,c Alireza S. Mahani, PHD,d Mark Turner, PHD,b
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ABSTRACT

BACKGROUND There are several options available for aortic valve replacement (AVR), with few comparative reports in

the literature. The optimal choice for AVR in each age group is not clear.

OBJECTIVES The study sought to report and compare outcomes after AVR in the young using data from a national

database.

METHODS AVR procedures were compared after advanced matching, both in pairs and in a 3-way manner, using a

Bayesian dynamic survival model.

RESULTS A total of 1,501 patients who underwent AVR in the United Kingdom between 2000 and 2012 were

included. Of these, 47.8% had a Ross procedure, 37.8% a mechanical AVR, 10.9% a bioprosthesis AVR, and 3.5% a
homograft AVR, with Ross patients being significantly younger when compared to the other groups. Overall survival at

12 years was 94.6%. In children, the Ross procedure had a 12.7% higher event-free probability (death or any rein-

tervention) at 10 years when compared to mechanical AVR (p ¼ 0.05). We also compared all procedures except the

homograft in a matched population of young adults, where the bioprosthesis had the lowest event-free probability of

78.8%, followed by comparable results in mechanical AVR and Ross, with 86.3% and 89.6%, respectively. Younger

age was associated with mortality and pulmonary reintervention in the Ross group and with aortic reintervention in the

mechanical AVR. Of all 3 options, only the patients undergoing the Ross procedure approached the survival of the

general population.

CONCLUSIONS AVR in the young achieves good results, with the Ross being overall better suited for this age group,

especially in children. Although freedom from aortic valve reintervention is superior after the Ross procedure, the need for

homograft reinterventions is an issue to take into account. All methods have advantages and limitations, with reinter-

ventions being an issue in the long term for all, more crucially in smaller children. (J Am Coll Cardiol 2016;67:2858–70)

© 2016 by the American College of Cardiology Foundation.

Y oung patients with aortic valve (AoV) disease
can be palliated by transcatheter or surgical
methods but most will eventually require an

aortic valve replacement (AVR). There are several

options available for children and young adults:
mechanical valve replacement (M-AVR), pulmonary
autograft or the Ross procedure (R-AVR), biological
heterograft (B-AVR), and homograft valves (H-AVR).
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audio summary by
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• UK National Registry
• 2000-2012
• 1501 patients

• ~1% per yr reop rate for AS
• ~2% per yr reop rate for AI

Survival free from reoperation

cumulative incidence of death between R-AVR and
M-AVR is 5.1% at 10 years (M-AVR being higher;
p ¼ 0.10). In terms of AoV reintervention risk, M-AVR
to R-AVR HR starts at 2.8 (p ¼ 0.15) and reaches 2.6 at
10 years (p ¼ 0.08), without a significant dynamic
trend (Figure 2). The difference in cumulative
incidence of AoV reintervention between R-AVR
and M-AVR is 9.9% at 10 years (M-AVR being higher;
p ¼ 0.07). When considering all reinterventions
(Figure 2), the M-AVR to R-AVR HR starts at 2.2
(p ¼ 0.21) and reaches 1.9 at 10 years (p ¼ 0.21), with a
difference in cumulative incidence of 7.7% at 10 years
(p ¼ 0.19). Finally, overall event-free probability
for R-AVR is 12.7% higher than M-AVR at 10 years
(p ¼ 0.05) (Figure 2).

Ten children underwent B-AVR and 21 had H-AVR
with no deaths during follow-up. In terms of AoV
reintervention, 1 of 10 with B-AVR required a rein-
tervention at 2.7 years (actuarial freedom from rein-
tervention 80%), whereas 7 of 21 from the H-AVR
group did (actuarial freedom from reintervention
38.4%). No other comparisons were possible between
these groups and the other 2 in this age due to small
sample sizes.

YOUNG ADULTS. Of the 872 patients between 16 and
40 years old, 224 (25.7%) had R-AVR, 468 (53.7%) had
M-AVR, 152 (17.4%) had B-AVR, and 28 (3.2%) had
H-AVR. All 3 main choices for AVR are used in young
adults so we were able to analyze outcomes both in a
3-way comparison and also in pairs. This was neces-
sary due to the particular overlapping pattern in age
distribution (Figure 1), which led to different ends of
this age group being matched in different compari-
sons (e.g., younger for R-AVR vs. M-AVR, older for
M-AVR vs. B-AVR).

Ross operat ion versus mechan ica l prosthes i s
versus b ioprosthes i s . Mortality and reintervention
are highest in the B-AVR group, followed by M-AVR,
being lowest in the R-AVR group, with a 10-year
event-free probability after matching of 78.8%
(B-AVR), 86.3% (M-AVR), and 89.6% (R-AVR) respec-
tively (Figure 3).

Ross operation versus mechanical prosthesis. After
matching, M-AVR has a higher hazard for both death
and reintervention but not statistically significant,
with the exception of early mortality where HR is 3.0
(p ¼ 0.09) (Figure 4). Overall, this does not translate
into significant differences in the event-free proba-
bilities (Figure 4). Similar to children, we do not see
significant dynamic trends for the HR.

Ross operat ion versus b ioprosthes is . In the
matched group comparison, The mortality risk is
significantly higher for B-AVR within the first 5 years

after the index, with the median HR starting at 5.4
(p ¼ 0.04) and reaching 2.5 at 10 years (p ¼ 0.12)
(Figure 5). The risk for AoV reintervention was
significantly higher for the B-AVR group, with an HR
starting at 2.2 early after the index, becoming statis-
tically significant at around 1 year of follow-up and
reaching 4.1 at 10 years (p ¼ 0.01) (Figure 5). When
considering overall reintervention risks, we see the
same pattern (Figure 5), albeit with smaller HR
values. These differences are reflected in the higher
event-free probability for the R-AVR (Figure 5). No
significant time dependence for death or reinterven-
tion HR was found.

MECHANICAL PROSTHESIS VERSUS BIOPROSTHESIS.

Although death hazard is similar in B-AVR and M-AVR
matched groups (Figure 6), reintervention hazard
becomes higher in B-AVR starting from 5 years after
the index, with 10-year HR being 2.3 (p ¼ 0.12)
(Figure 6). Correspondingly, cumulative incidence
of reintervention is 8.8% higher in B-AVR compared
to M-AVR (p ¼ 0.12) (Figure 6).

RISK FACTORS ASSOCIATED WITH AVR. Ross
procedure . Although the risk of aortic reinterven-
tion shows no statistically significant difference
across age groups, mortality risk is higher for

FIGURE 3 Comparison of Long-Term Outcomes Among the Ross Operation,
Mechanical Aortic Valve Replacement, and Bioprosthesis for Young Adults
(16 to 40 Years of Age)
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Confidence bands are not included to avoid clutter. These are unadjusted event curves
after matching using a 3-way composite algorithm (described in Methods section).

J A C C V O L . 6 7 , N O . 2 4 , 2 0 1 6 Sharabiani et al.
J U N E 2 1 , 2 0 1 6 : 2 8 5 8 – 7 0 Aortic Valve Replacement in the Young

2863

ROSS

MECH

TISSUE



The indication for which you do a Ross 
matters

AV Repair +/-
aortic 
replacement

OR

Supported Ross



Current Needs

§ Better informed indications for intervention / guidelines
§ Better biomaterials for valve repair
§ Better valve prostheses (durable, growth, no anticoagulation)
§ More rapid approval of new devices



Take Home Points

• Valve repair best option in AI
• IF: Durable repair feasible (i.e. favorable morphology)

• Ross is a “gold standard” option, especially in AS
• IF: Surgeon is experienced and Center is experienced
• In AI: Adjunctive techniques to support autograft helpful

• Ozaki reserved for very limited circumstances, for example, when Ross not 
possible (i.e. Truncus)

• Mechanical AVR or Tissue AVR as a third option



Thank You!
Videos courtesy of Dr. Bavaria


