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CTO PCI: Background

Proximal cap

Lesion length

Distal cap

Collaterals
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CTO Definition and Epidemiology

Chronic Total Occlusion: 100% occlusion of a coronary artery with TIMI 0 
anterograde flow of at least three months’ duration
◦ Duration can be estimated by symptom length, time of prior myocardial infarct 

From a multicenter Canadian CTO registry (1):
◦ 18.4% prevalence in pts with significant CAD (>50%) on non-emergent cath

◦ 54% of prior CABG pts on non-emergent cath

◦ 10% of all STEMI pts
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CTO Prevalence and Treatment
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What about Collaterals? 
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CTO Symptoms and Signs (3)

❖ Angina, shortness of breath, fatigue, reduced quality of life

❖ Increased risk of major adverse cardiovascular events (MACE)

○ Myocardial infarction

○ Left ventricular dysfunction

○ Heart failure and related hospitalization

○ Ventricular arrhythmias

❖ Increased risk of all-cause mortality
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CTO PCI Indications

◦ Improvement in lifestyle-limiting angina or 
dyspnea

◦ Complete revascularization in ACS

◦ Left ventricular dysfunction
◦ Ventricular arrhythmias

◦ Poor suitability for CABG
◦ Poor surgical candidate

◦ Poor distal targets

◦ Patient choice

◦ Low-medium SYNTAX score

◦ Non-LMCA or proximal LAD disease

OPEN CTO Registry (4)
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What about CABG (4)?
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Health Status Outcomes after CTO PCI (5)



12

Health Status Outcomes after CTO PCI (6)
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Complete Revascularization in ACS 

CVLPRIT TRIAL (8) - STEMI FIRE TRIAL (9) - NSTEMI, age > 75PRAMI TRIAL (7) - STEMI
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CTO PCI in Heart Failure

●Prospective longitudinal multicenter 
(10) study of patients undergoing CTO 
PCI

●LVEF as measured by echo

●Viability performed in all segments 
considered to be akinetic or dyskinetic 
by baseline echo
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PCI in Heart Failure
REVIVED-BCIS2 Trial (11):

Primary Outcome of Death from Any Cause or Hospitalization for Heart Failure.
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PCI in Heart Failure

❖ Medical therapy remains the foundation of heart failure treatment

❖ CTO PCI may be adjunctive

❖ Role for viability testing is unclear
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CTO PCI in VT/VF - VACTO PCI Study (12) 
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CTO PCI is Rare. Why?

❖ 3.8% of all PCIs performed in US are for CTO intervention (13)
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Step 1 in PCI: Lesion Crossing with Guidewire
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Wire Passage is the Challenge

❖ Historically long procedural time with low success rates

○ Lack of standardized approaches

○ Lack of specialized equipment

❖ High complication rates

○ Perforation

○ Dissection

○ Contrast nephropathy
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The Hybrid Algorithm (14)
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Temporal Trends in Success

89% Success Rate in 
OPEN CTO Registry 

with mean procedural 
time of 121 minutes!
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Experience Matters (15)



24

rca setup.mp4 rca final.mp4

http://drive.google.com/file/d/1ZA6lmH3Hb1tAvr1fw_FyqflwO5Bwc_bU/view
http://drive.google.com/file/d/1-ipjHjepHHHUy9r_0QUWUis3ERQDZpSp/view
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Take Home Points

❖ Revascularization is Indicated:

○ Highly symptomatic patients with medical refractory angina

○ Complete revascularization after myocardial infarction

○ Heart failure

○ Ventricular arrhythmias

❖ CTO PCI is highly successful with low complication rates when 

performed by experienced operators
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CABG Goals

❖ Relief of angina

❖ Decrease MACE

❖ Improve survival

➢ Particularly beneficial in subset of patients with DM and LV 

dysfunction

➢ Shows improved long term outcomes over PCI
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CABG Considerations

❖ Must weigh pt specific factors like age, CKD, chronic lung disease and 

frailty

❖ ACC and AHA guidelines emphasize shared decision making with a 

heart team approach

“The right operation for the right pt at the right time”
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CABG Indications

❖ Anatomic - Severe coronary artery stenosis

➢ LM >50%

➢ >/= 70% in multiple major epicardial vessels

➢ Proximal LAD stenosis >/= 70%

❖ Angina

➢ Despite OMT

❖ NSTEMI or UA with high risk features

❖ STEMI

➢ When PCI not feasible or after failed PCI

➢ Mechanical complications post MI 

■ VSD or severe MR with papillary muscle rupture
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CABG Indications

❖ High risk findings on stress test

➢ Significant reversible ischemia in large territory, especially with 

reduced LV function

❖ Complex coronary anatomy

➢ CTO, diffuse disease with heavy calcification not amenable to 

stenting

❖ Need for concomitant cardiac surgery like AS, AI or MR
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Complete 
Revascularization

❖ Syntax trial and Freedom trial showed complete 

revascularization of all major territories with significant 

ischemia improves outcomes

➢ CABG had a significant advantage over PCI for 

complete vs incomplete revascularization and in 

lower MACCE and repeat interventions

❖ But grafting every minor blockage did not improve 

outcomes and may worsen outcomes from increased 

complexity
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My Approach

❖ What are the target vessels or target 

territories

❖ Conduit options

❖ Potential pitfalls

➢ Extensive scarring

➢ Intramyocardial vessels 

➢ Heavily calcified vessels 

Bailout plan: secondary targets, 

endarterectomy or

hybrid approach
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Target Strategy

❖ Complete vs Incomplete Revascularization

❖ ACC and AHA emphasize grafting territories with:

➢ 70% or greater stenosis in a major epicardial artery

■ LM exception at 50%

➢ Evidence of ischemia or viable myocardium

➢ Large territory at risk

❖ Grafting stenoses less than 50% or non-ischemic territories does not 

improve survival or symptom relief while increasing surgical risk

❖ Particularly true for the RCA with 50-69% stenosis or if supplying a small 

territory or with diffuse distal disease
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Optimizing Efficiency and Safety

❖ “Functionally complete revascularization” focusing on territories 

❖ Minimize operative risk

➢ Avoid excessive operative time

➢ Avoid multiple targets in single territory (selective)

■ Increased risk without proportional benefit

❖ Focusing on territories (anterior, lateral and inferior) with significant 

ischemia is functionally “complete revascularization” while balancing 

efficacy with safety
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Exceptions to Strict Territory Approach

❖ Multiple large targets with separation in same territory

➢ Multiple grafts in single territory 

■ PDA and RPL, two large OMs or Diag and LAD

➢ Quality conduit 

■ If really good conduit, more likely to pick up additional targets

➢ Inability to graft adjacent territories
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Tailoring to Patient Specific Factors

❖ Age, comorbidities and LV function

➢ Grafting territories in elderly, high risk patients likely is enough to 

relieve symptoms and improve survival while minimizing risks

■ Hybrid PCI 

■ Optimal medical therapy

● statins, BB, antiplatelets and nitrates

❖ FFR </= to 0.80 ensures grafting an ischemic territory and is associated 

with better graft patency by minimizing risk of competitive flow

➢ Particularly true for radial artery grafts (use vein if FFR >/= 0.75)

➢ Reasonable to graft large LAD with large territory using LIMA even 

if FFR is in gray zone
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FFR Guided Strategy

❖ FAME trials

➢ FFR guided revascularization (PCI) improved outcomes over 

angiography guided PCI

➢ Reduced stent use by focusing on significant lesions

➢ Highlighted risks of incomplete revascularization for functionally 

significant lesions

❖ Extrapolating to CABG FFR guided strategy reduces unnecessary grafts 

without compromising outcomes and with improved graft patency
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FFR Guided Strategy

❖ FFR may be less reliable in diffuse disease or microvascular dysfunction 

❖ Also less reliable in ACS due to altered hemodynamics

❖ iFR </= 0.89 

➢ Cutoff value iFR 0.84 to predict graft failure

■ Positive iFR had 7% failure vs 26% failure with negative iFR

❖ DFR </= 0.89

❖ FFR </= 0.80
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Conduit Strategy

❖ LIMA - LAD everytime

➢ Unless very poor target with large diagonal option

➢ Exception may be profound cardiogenic shock

■ SVG improves early survival at cost of long term patency

❖ SVG

➢ Less sensitive to competitive flow

➢ May remain patent even with FRR > 0.80

■ 50-60% 10 yr patency 

■ Good for gray zone RCA or Cx territories
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Second Arterial Graft

❖ Radial vs RIMA

➢ RAPCO (RCT)

■ RA patency 89% vs RIMA 80% at 10 yrs

■ RA MACE free survival better than RITA

➢ Radial as second arterial graft has 16% lower composite cardiac 

outcomes at 5 yrs vs SAG/SVG (MACE, angina, re-op and PCI) 

➢ Longer and larger than RIMA with same or better patency

➢ No increase in sternal complications (> DM, Cand obese pts)

➢ Simultaneous harvest with LIMA

➢ Likely as beneficial for women as for men
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When To Avoid Radial

❖ Major arm trauma or surgery

❖ Vasculitis

❖ Raynauds

❖ Scleroderma

❖ Advanced CKD

❖ RA accessed for LHC

❖ Insufficient ulnar compensation

❖ Ok to use in > 80 yrs but less likely to realize survival advantage
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Conduit Strategy

❖ Second arterial graft

➢ STS data base says 9-11% of isolated CABG cases use MAGs

➢ > 93% of CABG pts get a SAG

➢ MAGs concentrated among high volume centers (20k of 200K 

CABG cases)

➢ Every pt is considered for MAG but selection is key
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Endarterectomy

❖ Uncommon and often unplanned adjunct to CABG

❖ Used for diffusely diseased vessels with no distal landing zone

❖ Mortality 2.6 - 8.6% is slightly higher than routine CABG when adjusted 

for patient complexity

❖ Post-op MI 1.5 - 7%

❖ High early graft patency (92%)

❖ DAPT 3- 6 months with some starting heparin early post-op when 

bleeding <100ml/hr and warfarin for 3 months



19

Endarterectomy

❖ Open vs closed technique

➢ Long arteriotomy

➢ shorter arteriotomy with longitudinal traction eversion technique

➢ Early graft patency 92% open technique vs 88.6% for closed 

technique

❖ Single vessel safer than multiple vessels

➢ Single CE 3.3% mortality vs 10.3% for double vessel CE

❖ Arterial graft to endarterectomy vessel has better patency than SVG

➢ 15% arterial graft failure vs 55% with SVG
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Endarterectomy

❖ Favorable survival rates at 74% at 10 yrs in high risk groups

❖ In diffuse disease, endarterectomy outperforms incomplete 

revascularization

❖ Higher risk in LAD than other vessels

➢ But vast majority of the time I have to use it is for the LAD

❖ Open technique with onlay patch

❖ Closed technique with long hooded anastamosis
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Open Endarterectomy
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SVG Patch

Onlay Technique utilizing vein

For large arteriotomies after open CE
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Onlay Technique

Hooded LIMA  anastamosis to onlay vein 
patch
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Hooded Anastamosis

Direct long hooded end-to-side 
anastamosis without onlay patch
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Various Endarterectomy Plaques
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Various Endarterectomy Plaques
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Various Endarterectomy Plaques
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Recent Case
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Recent Case
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Recent Case
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Sequential Grafting

❖ Useful in situations with limited conduit

❖ Superior patency but needs technical expertise

❖ Parallel side-to-side has less distortion than diamond anastamosis

➢ Better flow dynamics and avoids gull wing deformity

❖ Needs significant disease between vessels grafted (competitive flow)

❖ Avoid acute angles

❖ End on most critical target (tightest lesion supplying largest territory) 
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Hybrid Approach

❖ Good option for patients with limited conduit or to minimize pump time

❖ Typically utilizes LIMA to LAD

❖ May include additional grafts depending on targets and conduit

➢ CTO vessel

❖ PCI typically staged

➢ Prior to D/C for critical / symptomatic lesions

❖ Non-LAD lesions need to be suitable for PCI

➢ Focal RCA or CX lesions with low SYNTAX score (<22)

❖ Outcomes similar to CABG based on LIMA but reinterventions for PCI 

vessels may be needed
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Thank youThank You
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My Approach

❖ What are the target vessels or target 

territories

❖ Conduit options

❖ Potential pitfalls

➢ Extensive scarring, intramyocardial 

vessels, heavily calcified vessels 

➢ Have a bailout plan like secondary targets, 

coronary endarterectomy or hybrid 

approach
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My Approach

❖ What are the target vessels or target 

territories

❖ Conduit options

❖ Potential pitfalls

➢ Extensive scarring, intramyocardial 

vessels, heavily calcified vessels 
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INOCA

Incidence ~50% 
in women, and, 
~30% in men.

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

L. Jespersen et al.  European Heart  Journal (2012) 33: 734-44
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INOCA

L. Jespersen et al.  European Heart  Journal (2012) 33: 734-44
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INOCA

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA
Epicardial vessels

- Visible on coronary 
angiogram.

- Have a capacitance function. 
- Converts elastic energy to 

kinetic energy.

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA
Prearteriolar vessels

- Not visible on coronary 
angiogram.

- Function to maintain narrow 
pressure range at the origin 
of the next compartment. 

- Proximally responsive to flow 
and distally responsive to 
pressure. 

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA
Arteriolar vessels

- Not visible on coronary 
angiogram.

- Responsive to metabolic 
substances. 

- Function to match 
myocardial blood and 
oxygen demand.

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA
- These mechanisms lead to 

disruption of normal 
coronary physiology, and 
impair adaptability to 
changes in myocardial 
oxygen demand.

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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INOCA

Camici, P.  G. et al.  Nat Rev. Cardiol. (2015) 12, 48-62 
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- In swine diabetes mellitus and familial hypercholesterolemia models, microvascular 
dysfunction has been shown, prior to progression to macrovascular disease.   

- There is impaired coronary microvascular nitric oxide bioavailability. 
- Shift toward anaerobic metabolism particularly during exercise. 
- Changes lead to generalized impairment in cardiac contractile efficiency. 

INOCA
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INOCA
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- Coronary flow reserve is the ratio of hyperemic coronary flow to resting coronary flow -
utilized to diagnose microvascular dysfunction.

- Can be measured non-invasively using cardiac PET - Gold standard.
- Invasive measurements can be done using a doppler velocity wire. Flow can be 

determined by multiplying the velocity by the cross sectional area of the vessel. More 
commonly, the average peak velocities are used for the calculation.

INOCA
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- A thermodilution method can also be used to determine flow.
- The mean transit time of room temperature saline injected into a coronary artery can 

be determined from a thermodilution curve.
- There is a strong correlation between the inverse of the mean transit time and 

absolute coronary flow. 

INOCA
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INOCA

Circ Cardiovasc Interv. (2017) ;10:e005361
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- Index of microvascular resistance, is another tool to evaluate for microvascular 
dysfunction. 

INOCA

Circ Cardiovasc Interv. (2017) ;10:e005361
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INOCA

Circ Cardiovasc Interv. (2017) ;10:e005361



20

- Coronary artery spasm is a subset of INOCA.
- Endothelial dysfunction and primary hyperreactivity of vascular smooth muscle cells 

predisposes to coronary artery spasm. 
- Smoking is a risk factor for coronary artery spasm - ~75% of patients with coronary 

artery spasm are active smokers. 
- Acetylcholine provocation testing can help assess for coronary artery spasm.

INOCA
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

V. Kunadian et al. European Heart Journal (2020); 41: 3504-20
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INOCA

- The CorMicA trial evaluated the role of medical therapy using invasive coronary 
function testing in angina.

- 151 patients underwent coronary angiogram with evaluation for microvascular 
dysfunction and coronary artery spasm, and were then randomized to stratified 
medical therapy vs standard care. 

Ford et al. JACC (2018) 72:2841-55
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INOCA

Ford et al. JACC (2018) 72:2841-55



29

INOCA

Toleva et al. JSCAI (2025) 102633
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QUESTIONS

Ford et al. JACC (2018) 72:2841-55



Redo-SAVR vs Valve In Valve 
TAVR – What’s Best?

Jamal Anyalebechi, MD
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What are we treating

Sellke, Frank, et al. Sabiston and Spencer Surgery of the Chest. Available from: Elsevier eBooks+, 
(10th Edition). Elsevier - OHCE, 2023.
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❖ What is the optimal 30-year plan?
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30 Year Plan
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SAVR

Sellke, Frank, et al. Sabiston and Spencer Surgery of the Chest. Available from: Elsevier eBooks+, 
(10th Edition). Elsevier - OHCE, 2023.
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SAVR
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TAVR

Chiarito, Mauro, et al. “Types of Transcatheter Aortic Valve Replacement 

Devices.” Encyclopedia, Alessandro Spirito, 3 Aug. 2022, encyclopedia.pub/entry/25772.
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Writing Committee Members, et al. "2020 ACC/AHA guideline for the management of patients with valvular heart disease: a report of the American College of 

Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines." Journal of the American College of Cardiology 77.4 (2021): e25-e197.
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Durability
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Valve Reintervention
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Redo SAVR

❖ 1199 Patients; Australia + New Zealand over 20 Years; 40% 

Concomitant procedures

❖ 30 Day Mortality 6.4%; Survival 1 Year 90.5%, 5 Y 77%, 10 Y 57.2%; 

Median Survival 12.7 Y 

❖ Age important risk factor; >70 Years increased mortality
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Re-do SAVR

Di Muro, Francesca Maria et al. “Valve-in-Valve Transcatheter Aortic Valve Replacement: From 

Pre-Procedural Planning to Procedural Scenarios and Possible Complications.” Journal of clinical 

medicine vol. 13,2 341. 7 Jan. 2024, doi:10.3390/jcm13020341
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Aspects ViV TAVR

❖ True ID of Surgical Valve vs the Label size

❖ Stenosis, Size of Original Valve (True ID <21mm) => High Gradients + 

Worse Survival

❖ Consider SEV vs BEV (LYTEN Trial)

❖ Implantation Depth

❖ Coronary Obstruction
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Reintervention
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Reintervention

❖ 4699 Patients – 1775 Redo SAVR, 2924 ViV-TAVR over 10 year period

❖ ViV TAVR increased each year over the 10 year period

❖ 30 Day Mortality, PPM, Renal Failure, 30-Day Redmission – Worse in 

redo SAVR

❖ 5 Year Survival significantly better for Redo-SAVR (67.6% vs 54.9%)
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MK

❖ 81 yo M s/p AVR (Carpentier Edwards 31), CABGx4 - 2013

❖ Developed SOB, DOE in 2024

❖ TEE showed LVEF 55-60%, moderate central AI

❖ Cardiac MRI: Regurgitant Fraction 47% (Severe >50%)



20

MK
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❖ Moderate to Severe symptomatic AI by Bioprosthetic Valve Failure

❖ Offered Valve in Valve TAVR

❖ TAVR CTA: 29mm Edwards Valve, 34mm Evolut FX+
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MK
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MK

❖ Results
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PA

❖ 77 yo M s/p AVR (2007) – 27 mm Mosaic Valve 

❖ Presented to clinic in 2024 – With in DOE, SOB

❖ AVA 0.7cm2, MG 37mmHg, Vmax 3.8m EF 65%

❖ Bioprosthetic Aortic Valve Failure secondary to stenosis

❖ Offered Explant vs Valve in Valve TAVR

❖ 26mm Medtronic Evolut FX+
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PA

❖ Cath and Immediate Echo
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PA

❖ Cath and Immediate Echo
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RZ
❖ 81 yo M s/p AVR (21mm Trifecta) + CABG in 2018

❖ Multiple hospital admissions with SOB, newly reduced EF

❖ AVA 0.6, MG 40, Vmax 4.1, EF 35%, DI 0.16

❖ Recommended Valve in Valve TAVR
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ML

❖ ML 10/23
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RZ
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RZ
❖ Improved lightheadedness, improved SOB

❖ Discharged shortly after procedure

❖ TTE Vmax 2.55, MG 16, DI 0.37
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RZ

❖ ML 10/23
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FINAL THOUGHTS

❖ The planning for Redo SAVR vs Valve In Valve begins with the Index 

Operation

❖ Redo-SAVR remains a good option for young and low risk patients

❖ VIV TAVR: CT Planning is crucial to avoid Coronary Obstruction and 

PPM

❖ The optimal repeat valve intervention can be patient dependent
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WHAT IS NEXT

❖ Improved durability of BHV

❖ Alternatives to Sternotomy: Robotic AVR?

❖ Greater use of fracturable surgical valves?

❖ RCT VIV vs Re-do SAVR
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Thank youThank You



Update: Aortic Valve 
Repair, Aneurysm Repair
Tim James MD
Franciscan Cardiothoracic Surgical Associates
St. Joseph Medical Center, Tacoma
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Disclosures

-Nonsalaried teaching role for national webinars on aortic ring use for 

CorCym company (honoraria).

-Nonsalaried consultant for Thoragenix (osteogenic bone matrix)
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Topics today:

Aortic valve disease: options for treatment

AVR, TAVR

Aortic Valve Repairs

Different historical techniques

Recent developments (Geometric ring, living tissue leaflet augmentation).

Aortic Aneurysm: Understanding risk

A couple technical developments: “Branch First” and approaches to arch in 

aneurysm and dissection.
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Aortic Valve Options 

We all know aortic valve go bad, and when the valve goes bad, the 

heart eventually loses.  About 20,000 surgical AVRs and 100,000 

TAVRs are performed annually in the USA as a result:
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Aortic valve disease: the problem

We tend to practice as if aortic valve replacement is a great solution for 

a failing aortic valve.

But is it?
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Aortic Valve Replacement

All valve replacements have the effect of exchanging one disease 

for another(s)):  

-STROKE

-INFECTION

-VALVE DEGENERATION (versus LIFE-LONG ANTICOAGULATION)

-WORSE OVERALL SURVIVAL



Ruel, M., et al. (2004). "Late 

incidence and determinants of 

stroke after aortic and mitral valve 

replacement”. The Annals of 

Thoracic Surgery

10% Stroke rate by 10 

years.

The Problem with AVR - Stroke
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The Problem with AVR - Infection

At any given time, estimates of 20%+ of all endocarditis is in 

previously placed prosthetic valves.

The incidence of prosthetic valve endocarditis averages 1-4% in the first 

year after surgery, then around 1% per year thereafter.



Infection Rates – Bioprosthetic Valves

J Am Heart Assoc. 2024;13:e031387. DOI: 10.1161/JAHA.123.031387 
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The Problem with AVR: Structural Valve 
Deterioration
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Survival after valve replacement

Surprisingly poor.  These data for AVR (same BMJ 

review) parallel findings with mitral valve 

replacement.
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What about TAVR as primary herapy?  
Free Lunch??
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NEW long term TAVR data concerning 
(currently only AS, AR is coming)

AFTER THREE YEARS, PRIMARY SAVR SURPASSES TAVR FOR AVOIDANCE 

OF DEATH, STROKE, AND VALVE REINTERVENTION.  NO FREE LUNCH.
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Or TAVR following initial bio-AVR

What about the increasingly popular concept of 

“tissue valve now, especially in young healthy 

patients, and TAVR later when the bio-SAVR 

fails”?

Is this a good option?
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NEW data, TAVR of Failing Bioprosthetic 
Valves is concerning
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What about VIV TAVR? Despite 10% surgical mortality, within 3 years 
redo-SAVR outperforms VIV TAVR, 62% vs 47% survival with better 
major valve event-free rates.
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What causes longer term liability in TAVR?

We are not sure.  However, there is a similar 

experience in the vascular surgery literature where  

CAROTID STENTING (leaving a metal stent 

upstream of the brain) has LONG TERM deleterious 

effects – 2.5x higher risk of stroke and death after 10 

years.
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CEA versus Stenting Carotid Artery: 2.5x Higher Stroke/Death at 
10 Years.  Foreign Material upstream of the Brain Not Good.
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Summary: A prosthetic valve, SAVR or TAVR, has substantial long term 
risks.  CONCEPT:  A bunch of artificial nonliving material upstream of 
the brain sending junk downstream is not ideal!

Thus, in the first 10 years after bioprosthetic AVR, patients are 

exposed to a cumulative risk of stroke, infection, or valve 

degeneration of somewhere between 20-30%, and even in 

patients under 65, a cumulative mortality risk of over 30%

Risks are similar for mechanical valve replacements overall.

Bioengineered materials are conceptually attractive, but the reality is 

highly complex, and  nothing is on the horizon is anywhere close to 

being a reality.
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Summary – Aortic Valve Replacement

AVR is an improvement over the natural history of severe AR or AS, but 

analogous to MVR, has the effect of substituting one disease for 

another.

Despite an initial advantage for survival with TAVR, longer term results 

demonstrate ominous longer term results and benefit from SAVR.

Analogous to Carotid Stenting versus CEA results.



Outcomes are Better with Aortic Valve 
Repair

50% reduction 
in mortality

Fewer valve-
related events
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Outcomes better with repair

While stroke and infection may occur following aortic 

valve repair, overall risks appear to be reduced by 

80-90%.

Mortality following AV repair is reduced by 50% in the 

first year alone (German Aortic Valve Registry)
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Should we consider earlier intervention due to poor long-term 
prognosis for asymptomatic severe and moderate AR?

Cardiac Events Rate
Under Conservative Management After Diagnosis of Asymptomatic AR

Detaint, D., et al. (2008). "Quantitative echocardiographic determinants of clinical outcome in asymptomatic 

patients with aortic regurgitation: a prospective study." JACC Cardiovasc Imaging 1(1): 1-11.
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Should we consider earlier intervention due to poor long-term 
prognosis for asymptomatic severe and moderate AR

Detaint, D., et al. (2008). "Quantitative echocardiographic determinants of clinical outcome in asymptomatic 

patients with aortic regurgitation: a prospective study." JACC Cardiovasc Imaging 1(1): 1-11.

Survival Rate
Under Conservative Management After Diagnosis of Asymptomatic AR



27

Improved Long-term Outcomes associated with Early Intervention 
BEFORE guideline triggered interventions

de Meester, C., et al. (2019). "Do Guideline-Based Indications Result in an Outcome Penalty for Patients 

With Severe Aortic Regurgitation?" JACC Cardiovasc Imaging.
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Cleveland Clinic Experience – LVESDi vs Mortality Risk
(Guidelines suggest an Indexed LVESDi 2.5cm/m2 trigger)

Survival: AV Surgery vs. No AV Surgery LVESDi and Mortality Risk 

Mentias, A., et al. (2016). "Long-Term Outcomes in Patients With Aortic Regurgitation and Preserved Left 

Ventricular Ejection Fraction." J Am Coll Cardiol 68(20): 2144-2153.
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Current State: Underutilization of Aortic Valve Repair for AR

1. Rankin JS, et al. The Impact of Mitral Disease Etiology on Operative Mortality After Mitral Valve 

Operations. Ann Thorac Surg. 2018;106(5):1406‐1413. 

2. Iung et al. Circulation. 2019 Sep 12. doi: 10.1161/CIRCULATIONAHA.119.041080

3. Bavaria J. Review of valve repair for aortic insufficiency worldwide. STS 56 th Annual Meeting.

4. Alashi et al. JACC Cardiovasc Imaging. 2020 Jan;13(1 Pt 1):12-21.
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Mitral: Valve Repair Is Superior to Replacement

Mitral Valve Repair =

Ring Annuloplasty + 

Leaflet Reconstruction
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Mitral: Valve Repair Is Superior to Replacement

❖ Repair is gold standard for mitral disease

Lower operative mortality

Improved long-term heart function & survival

No need for lifelong anticoagulation

Fewer reoperations

❖ Mitral valve repaired in 50-70% of cases
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Aortic valve repair – What does the mitral 
valve teach us?
1. Steps to repair a mitral valve:

1. Get the annulus right.  Use a RING (Carpentier).  Prior to the ring, every 

other option was tried and failed.

2. Get the leaflets right – restore coaptation LENGTH where leaflets meet 

and seal.

3. Get the chords right– restore leaflet position (artificial chordal 

replacement per Frater, Rankin, others).

.
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Aortic valve repair: Lessons from the Mitral 

As written by Alain Carpentier:
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My Version: 

A valve repair 

without a ring is

like a house without a

foundation.
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Aortic valve repair – Current State

When do aortic valves get repaired?  

Rarely.  Perhaps 15% in US (but at most institutions, zero).

Are regurgitant or stenotic valves repaired, or both?  

Aortic regurgitation only, never repair of aortic stenosis.

Why is this? We have previously lacked the tools to repair.
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Current approaches to aortic valve repair

Schafer’s techniques include leaflet modification (cleft closure, leaflet 

plication), rare leaflet augmentation with fixed tissue, and suture 

annuloplasty.

David IV procedure: reimplants the valve in a dacron tube graft.  An 

operation designed for root aneurysm.  If root dilatation is the cause 

of AR, this may fix it, but there is no systematic approach to defective 

leaflets.  Results for bicuspid valves, for example, are inferior. Requires 

deep root dissection.



David V reimplantation can be performed 
for bicuspid valves – but despite highly 
selective series, BAV doubles the risk for 

reintervention.

BAV have highly variable anatomy, variable 
annular height and area distribution of 
fused versus reference leaflets, and 

frequent calcification and leaflet 
abnormalities, all of which can disqualify a 

valve for repair.

Leaving the OR with Mild/moderate AR 

increases the hazard ratio for intervention 
to close to 6.

JTCVS 2023

Aortic valve repair – David for 
Bicuspid?  No answer for leaflet issues.
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Current approaches to aortic valve repair
Yacoub operation: “remodelling” procedure that replaces sinuses of 

Valsalva with graft tongues.  Another root repair operation that has 

no systematic approach to leaflet disease, and no answer for the 

annulus.

Ross procedure: Auto-transplants the pulmonic valve into the LVOT 

and substitutes a homograft for the RVOT.  Suffers from autograft 

enlargement and late AR, homograft failure.  Working on external 

support for the autograft.  No good answers for homograft failure.  

Use with caution in the presence of aneurysm disease/root 

enlargement.



39

Approaches to aortic valve repair: Lansac
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Current approaches to aortic valve repair

Opinion:

Dr. Lansac on the right

track, but annuloplasty

insufficient with soft ring

in the upper LVOT.

Coroneo ring available in

Europe, not USA. No system-

atic approach to leaflets.
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Aortic valve repair – what would be the 
aortic equivalent of a proper mitral repair?

1. Get the annulus right - Until recently, there was no prosthetic aortic ring, and the 

normal diastolic conformation of the aortic annulus was unrecognized, thus there was 

no way to establish normal annular anatomy.

2. Get the leaflets right - There is a paucity of tissue available in the aortic valve leaflets, 

resection is usually not an option, use of nonliving tissue associated with repair failure.

3. Get the cords right - The aortic equivalent of cords in the mitral is the shape of the 

aortic root and the structure of the leaflets which define how the leaflets coapt.  
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Aortic valve repair

To properly repair any cardiac valve we have to 

start with an understanding of the ANNULUS.

What is the shape of the aortic annulus?

The answer was not discovered until 2013.



This paper for the first time allowed an understanding of the diastolic conformation of the aortic valve.
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Aortic valve repair – the annulus is an 
ellipse with a 2:3 ratio in diastole.
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Aortic valve repair – leaflet shape mapped.
Leaflet free edge length = 1.5 x diameter of a circle with 
corresponding circumference of the annular ellipse.
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Aortic valve repair: NEW LAWS

For trileaflet valves the closed valve annulus is an ellipse

For bicuspid valves optimum annular shape is a circle.

In either case, the leaflet free-edge length has a relationship with 

the circumference of the ellipse or circle.  

FEL= annular circumference/2

Alternatively, FEL=annular diameter x 1.5
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Aortic valve repair principles

Therefore, by measuring the normal leaflet free edge lengths, 

you can instantly back-calculate the proper corresponding 

size of the annulus that will provide the leaflets with the 

proper foundation for coaptation.  

This was never before possible in cardiac surgery.

(In trileaflet valves we measure all three and tend to the 

smaller; in bicuspids, we measure the reference leaflet).
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Rigid subannular geometric rings approved in Europe 2016, 2021.
Both rings approved by the FDA in 2017.

❖ Trileaflet (ELLIPTICAL) & Bicuspid 

(CIRCULAR) Annuloplasty devices for 

aortic valve repair, SIZING BASED ON 

LEAFLET FREE EDGE LENGTH.

❖ Implants restore & maintain valve shape to 

allow proper valve closure

❖ Instruments and techniques facilitate sizing 

and simplify leaflet reconstruction

❖ Principles: measure leaflets and size 

annulus appropriately, place ring, then 

modify leaflets using standard techniques 

to fine tune function and eliminate 

insufficiency 

Aortic Annular Ring



The trileaflet ring is elliptical, 

matching the native 

conformation of the aortic 

valve in diastole.  Posts reflect 

actual angles of subcomissural
triangles.

Going from a circle to a 2:3 

ellipse keeping the same 

circumference causes a 
minimal change in surface 

area (6%).



The bicuspid ring is circular 

and designed

to correct bicuspid valve 

anatomy to a 180 

degree orientation, long 

known to be the 

best for bicuspid geometry 

and long term 

function.  This is the goal for

essentially all bicuspid

repairs.
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Symmetric reconstruction of bicuspid valves allows optimal leaflet 
geometry and coaptation.
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Aortic Valve Repair – Do suture annuloplasty or LVOT 
(Coroneo) soft rings work? No, due to the nature of 
the annulus/subannulus being partly supported, and 
partly not.



Aortic Valve Repair: Three Very Different Techniques for Annular Stabilization: 

ONLY ONE WORKS: a Geometric subannular ring.

Part of the aortic annulus is 

firmly supported by dense 

muscular tissue (septum), 

and the other half (RN 

commissure to left fibrous 
trigone) is not.  Soft ring or 

suture annuloplasty 

compresses the 

unsupported annulus 

asymmetrically, and cannot 
properly influence the 

supported muscular portion.  

This paper looked at BAV 

repair annular architecture.
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Aortic annular ring: practical 
considerations

Geometric rings were introduced over a decade ago in Europe and have undergone an 

extensive learning curve, similar to techniques that evolved for mitral repair.

I had the benefit of an extended mentorship from Scott Rankin MD, who invented the ring 

and operated in and ran the trials in Europe. Scott observed and trained me on every 

repair case with direct intraoperative video participation over a roughly 4 year period.  

We repaired every kind of valve lesion, aneurysm, and dissection.  I also spent a week in Paris 

with Dr Lansac to make sure I understood everything about that approach to repair.

Dr. Rankin and I discovered we worked well together and have now multiple publications 

together on use of the ring, and use of aortic wall for leaflet augmentation or leaflet 

replacement in aortic valve repair.
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Aortic valve repair: leaflet augmentation
Aortic valve repair has been severely hampered by lack of a living leaflet 

substitute.  Fixed tissue used as a leaflet substitute uniformly fails.

Aortic wall was reported by Charles P. Bailey in 1959 as material for aortic valve 

reconstruction in a series of patients.

We have now reported and published multiple times on the use of living aortic 

wall as a “patch” to allow repair of a diseased aortic valve, or even as a leaflet 

replacement.  IDEAL when patient has an ascending aneurysm.

The concept is that aorta is fed substantially by diffusion, and should remain 

alive when suspended in the arterial stream.  Thus far our reconstructions (up 

to 3 years) have no sign of calcification or degeneration.
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Plicated reference leaflet

in background, calcified

raphe removed and 

replaced with an aortic

wall patch in the 

foreground.
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Aortic valve repair

These are genuinely exciting times to be doing aortic valve repair.

We can deal with the annulus in a definitive logical way.

We can understand and tailor the leaflets in a logical way.

We have a living material that allows repair and reconstruction of valves 

that would ordinarily have been absolutely replaced.

We are now free to perform valve sparing root replacements with a 

supported/repaired annulus and leaflets that can be properly 

tailored/repaired (submitted for publication).
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Aortic valve repair: Case examples

27 year old man with bicuspid aortic valve (R-L fusion), severe AR, 

dilated cardiomyopathy with declining EF (45%).  Holodiastolic flow 

reversal in descending aorta.

Operation: annulus measured 29 mm, fused right-left coronary cusp 

partly dehisced at commissures.  Repaired with 25 mm geometric 

ring, RL leaflet resuspension with aortic wall buttresses, free edge 

length adjustment of both leaflets.  Post-repair TEE: coaptation 

length 10 mm, mean gradient 10 mmHg, no AR.
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Aortic valve repair: Case example

50 year old man with large (7.3 cm) ascending aortic aneurysm 

extending into arch, trileaflet aortic valve with mod-severe AR (flow 

reversal in descending aorta in early diastole).

Operation: repair of aneurysm under circulatory arrest with ACP, aortic 

valve repair with elliptical geometric ring (21 mm), STJ reconstruction 

to 25 mm.  Annulus sized to 26 mm (Hegar dilator), leaflets sized to 21 

mm annulus.  Post-repair TEE: trace AR, 7 mm mean gradient.
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Aortic valve repair: case example

64 year old man presented with acute TAAD; classic DeBakey I with 

hemopericardium and right leg ischemia, acute severe AR on TEE, 

shock with elevated lactate.

Operation: Hemiarch repair under circulatory arrest with ACP, 

reconstruction of noncoronary sinus of Valsalva with internal (Baker) 

patch and intramural felt, aortic valve repair with 21 mm geometric 

ring.
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Aortic valve repair: case example

52 year old man with Chiari malformation, dizziness and frequent falls, 

vasovagal syndrome, severe AS, exercise intolerance, bicuspid aortic 

valve with heavy calcification, ascending aortic aneurysm 4.7 cm into 

arch, refused coumadin/tissue valve/Ross procedure.  Requested 

repair, tissue valve as backup plan.

Operation: Hemiarch repair, placement 25 mm circular geometric ring, 

bileaflet aortic valve reconstruction using living aortic wall. Post repair 

TEE: trace AR, mean gradient 6 mmHg.











1. Geometric ring annuloplasty is a simple and effective technique 

for aortic valve repair

2. One standardized aortic valve repair approach can be applied to 

both Trileaflet and Bicuspid aortic valve and the varying 

etiologies of AI 

3. This internal annuloplasty approach is safe and early & mid-term 

outcomes are excellent.

4. The ring provides the foundation that is sized to the leaflets 

based on direct measurements.

5. Leaflet augmentation/replacement is a promising new therapy 

that may open another whole realm of valves for repair.

Conclusions
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

Aneurysms frequently co-occur with aortic valve disease.

Class 1A Guideline Indication for Repair is 5.5 cm.

5.0 cm in experienced centers.

Is this helpful?  Really?

I would argue NO.
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

Which aneurysm to repair?

Estimates:

- 8% of “cardiac sudden death” may be aortic deaths.

- Credible estimates that 60 – 90% of ascending aortic aneurysms 

that rupture or dissect do so at a diameter LESS THAN 5.5 cm.

- And 40% of ruptures/dissections occur when the diameter is LESS 

THAN 5 cm.
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

Is a 5 cm aneurysm in a 4’10” female the same risk as a 5 cm aneurysm 

in a 6’5” male?

Shouldn’t the WALL TENSION be identical?

These aortas are the SAME DIAMETER!

What is the difference?
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

First thing to remember,  if you double the size of a pipe for any given 

pressure, you just doubled the WALL TENSION in the pipe (for the 

same pressure).

When you take the curve out of a surface that is restraining a pressure, 

you increase the lateral force on that surface.  That is what happens 

when the diameter of the pipe increases.  Twice the diameter = twice 

the force.

What is different about these two patients with a 5 cm aorta?



Shouldn’t the wall tension be identical?  

NO – WE ARE FORGETTING THE WALL THICKNESS TERM!
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

The larger person started with MORE AORTA.

So other things being equal, their aneurysm wall will be thicker, thus 

aortic wall tension will be lower.  So clinically the smaller person is at 

higher risk.

We are not able to measure aortic aneurysm wall thickness reliably.

Prediction based on diameter and height alone has had some utility for 

extremes of body size but little else.



Original Observation of Aortic length Predicting AAE
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Aortic Aneurysm and Adverse Aortic Events: A Better 
Way to Predict: Practical reference to guide patient 
selection.  Wu et al (Elefteriades).



Measuring Aortic Length



Aortic Length AND Diameter relative to Patient Height Predict AAE



Assessing Annual Patient Risk of AAE Based on Height, and Aortic Length and Diameter:
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

ELEFTERIADES: Currently the best way we have to predict risk of AAE 

incorporates diameter and length of aorta as well as size of patient.

Aorta is stronger circumferentially than longitudinally and usually tears 

horizontally.  

Anything that makes the aorta longer or wider makes it thinner:

Still a very incomplete understanding as a clinical example will 

demonstrate.



This diagram beautifully

illustrates the problem 

with using existing 

diameter thresholds 

as surgical triggers for 

scending aortic 

aneurysm repair.  

This dovetails perfectly

with my practice

experience.
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

In my experience (following hundreds of patients with 

ascending aortic aneurysms), I have had two dissect.  Both 

were under 5 cm.

One was offered surgery (length over 13 cm) and declined.

The other was under surveillance.



CLINICAL EXAMPLE

58 year old woman, 5’8” tall, 1.73 m
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Aortic Aneurysm and Adverse Aortic 
Events: A Better Way to Predict

What would be a normal aortic size for this woman?

Normal length 1.73 m female about 8 cm – now 9.7 cm

Normal diam 2.7 cm – now 4.5 cm

W + L = 14.2 and height 1.73

Risk not minimal but still less than 4%.

Aortic length increased by 21%, diameter increased by 67%



CTA PRE-DISSECTION Note absence of STJ, tubular nature, AoV points left.



CTA POST – DISSECTION, False lumen thrombosed.



CTA POST - DISSECTION



We can now better assess individualized risk for surgery versus risk of AAE
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Aneurysm Patient Selection

These tools,  (AAE risk based on three factors, and STS surgical risk 

calculator), allow us to calculate a risk:benefit ratio for any patient 

with ascending aortic aneurysm for repair versus surveillance.

And at the time of aneurysm repair, what do we do with the valve?



Annular enlargement in aneurysms.  Normal heart leaflet FELs 
match annular size, but virtually all aneurysms show annular 
enlargement.  Jasinski et al Innovations 2021, 16(3):267-272
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Aortic valve treatment during aneurysm 
repair (annulus always abnormal)

Repair (ring) for any AR.  

Consider repair (ring) for enlarged annulus despite minor or no AR to 

prevent later progressive dilatation and AR.

For root aneurysms, perform a Yacoub-variant valve sparing root 

replacement with a ring in place and sew dacron tongues of neo-

sinuses to the pledgeted looping sutures that secure the ring 

(technique submitted for publication) which whould prevent future 

annular enlargement.



Zone 2 reconstruction of TAAD

involving grafts to both dissected
carotid arteries in the neck.

Arch reconstruction using modified
antegrade cerebral perfusion under

hypothermic circulatory arrest now routine
and associated with minimal morbidity.

In the case of dissection this protects the 
cerebral vasculature from further dissection 

and embolization, and allows treatment 
of the chronic enlarged descending aorta
without a need for repeat sternotomy and

debranching.

This patient also had aortic valve repair with
geometric ring.

The arch may need reconstruction!



The branch-first technique places the patient

on bypass but does not require circulatory 

arrest or antegrade cerebral perfusion to 

revascularize the head vessels.  This is performed 

with a trifurcated graft with a side-port that allows 

perfusion of the head vessels as the “debranching”

proceeds.  Then typically a much shorter

period of circulatory arrest to revascularize the aorta.

This allows for a more expeditious operation with

less physiologic stress for the patient.
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Thank youThank You



All repairs successful 

• Ring size: 21.6±2.2mm

• Aortic clamp time: 145±13min

• AI Grade Post-op: 0.2±0.8

• Mean Gradient: 12.3±5.8 mmHg

Max Follow-up 42 months (mean 

20±9mths) 

No early or late mortalities

3 valve related comp. (commissural 
rupture / suture fracture)

AI Grade FU: 0.2±0.6

Mean Gradient FU: 11.7±7.3 mmHg

AATS 2021 - BAV Series - Results
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BAV Repair Simplified

❖ Circular shape delivers leaflets to midline

Straight line of coaptation between 

leaflets

Equalizing lengths & heights of parallel 

leaflets 

Enables identification & closure of fused 

leaflet cleft

❖ 180° posts simplify leaflet reconstruction

❖ Create central transvalvular flow

❖ Sizing standardized from non-fused 

leaflet

(Diameter = Leaflet free-edge length/1.5).

HAART 200
Aortic Annuloplasty Device
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Aortic Valve Leaflet Repair - Schaefers Techniques for matching free 
edge length and optimizing coaptation

H-J Schaefers, 2007, 2020
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Applying Aortic Root Aneurysm Repair Experience to many types of 
AI

Arch / 

Ascending 
Aneurysms

Dissections   

w/ AI

Destination 
VAD w/ AI

Complex 

Congenital 
Applications

Multiple 

Valve 
Repair

Complex 

Leaflet 
Pathologies

Unicuspid
(Type 2 
BAV)

Dilated Ross 
Root

Revision of 
Failed 
VSRR

Syndromic 

Aneurysms

Bicuspid 

Aortic Valve 
Defects

Isolated 

Aortic 
Insufficiency

Experienced Application New & Emerging Applications
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Aortic Valve Repair

Selected Case Examples
8cm Ascending Aortic Aneurysm

Symmetric Bicuspid Aortic Valve Quadricuspid Aortic Valve
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❖ Aortic valve repair has been limited to a handful of centers due to large 

variation in causes of AR combined with lack of standardization and 

complexity of corrective procedures.  

❖ Guideline indications for treatment of aortic insufficiency may be too 

conservative and are due for an update.

Clinical issues:



Prospective, regulated EU clinical trial

47 pts with root / ascending aneurysm + AI

40 (85%) trileaflet & 7 (15%) bicuspid

96% survival  - 2 late non-valve related deaths

98% freedom from reoperation – 1 recurrent AI

98% freedom from AI>2+ - 1 pt reoperated for AI

Recently Published Outcomes

>25 peer-reviewed preclinical & clinical publications



Bicuspid Valve Leaflet Repair - Schaefers

H-J Schaefers, 2007, 2020
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Current Status and Future Outlook of 

TAVR

Ronald Reiter, MD



2

Disclosures

❖ NO RELEVANT DISCLOSURES
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TAVR and SAVR Volumes in the US

High risk

Valve in valve

Intermediate risk Low risk Asymptomatic pt

STS/ACC TVT Registry
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Number of TAVR Sites in US

STS/ACC TVT Registry
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Median Age of TAVR

STS/ACC TVT Registry
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STS/ACC TVT Registry
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Expanding Indications and Patient 
Population

• Low Risk and Younger Patients

• Bicuspid Aortic Valve Disease

• Asymptomatic severe AS

• Moderate AS

• Use beyond AS
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Low Risk Patients

Partner, Evolute Low Risk 

and NOTION Trials
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American and European Guidelines for AVR

Age 70 years
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➢ No one wants a mechanical valve

➢ No one wants SAVR if they can have TAVR
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Key Considerations in Younger Patients

➢ Durable outcomes are essential

➢ The first intervention paves the way for lifetime 

management
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Longevity of Bioprosthetic Aortic Valve

Partner and NOTION Trials



14STS/ACC TVT Registry
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Valve in Valve TAVR
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TAVR Valves Commercially Available in US
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Bicuspid Aortic Valve Disease
What we know

• Feasible and safe

• One-year mortality similar to surgery and TAVR

• Better results with newest generation of THV

• Better understanding of anatomical features and sizing

Concerns

Remaining questions

• Type of valve based on anatomy

• Prosthetic valve durability

• Prosthetic valve thrombosis

• Evolution of aortopathy after TAVR

• Higher risk of stroke

• Higher risk of pacemaker implantation

• Higher risk of annular rupture

• Higher risk of >=mild PVR



18

Anatomies of Bicuspid Valve

Circ, March 2021
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Trials in Asymptomatic AS
Trial Population # of patients & 

followup

Intervention Result

RECOVERY >4.5m/s 145 pts, 6.2yrs f/u SAVR vs 

conservative

All cause mortality 7% 

vs 21% favoring SAVR

AVATAR >4m/s, neg exercise 

test

157 pts, 2.7 yrs f/u SAVR vs 

conservative

Composite endpoint 

15% vs 35% favoring 
SAVR, mortality 10% vs 
20% favoring SAVR, NS

EARLY-TAVR >4m/s, neg exercise 

test

901 pts, 3.8 yrs f/u TAVR vs 

conservative

Composite endpoint 

27% vs 45% favoring 
TAVR, no difference in 
mortality

EVOLVED >4m/s, fibrosis on 

CMR

224 pts, 3.5 yrs f/u SAVR or TAVR vs 

conservative

Composite endpoint not 

significant
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2025 ESC Guidelines
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Survival in Moderate AS

Jacquemyn et al, JAHA 2024
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Mortality in Patients with Moderate AS 
according to Treatment

Franke, J Geriatr Cardiol 2023
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TAVR in Moderate AS

Van Mieghem, J Am Coll Cardiol 2024

TAVR-UNLOAD
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Quality of Life by KCCQ

Van Mieghem, J Am Coll Cardiol 2024
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Ongoing Trials in Moderate AS

PROGRESS Trial – Moderate AS with symptoms or cardiac      

damage/dysfunction 

EXPAND TAVR II – Moderate AS with additional risk features (low 

EF, Pro BNP, strain, E/e’)
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TAVR in Aortic Insufficiency

ALIGN-AR study (<1% mod or greater AR) JOURNEY study
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Thank youThank You
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