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Type of bioprosthetic valve dysfunction?

Structural valve deterioration
Intrinsic permanent changes to the prosthetic 
valve, including:
• Wear and tear
• Leaflet disruption
• Flail leaflet
• Leaflet fibrosis and/or calcification
• Strut fracture or deformation

Non-structural valve dysfunction
Any abnormality, not intrinsic to the prosthetic valve, 

resulting in valve dysfunction

Hemodynamic changes?

Paravalvular 
regurgitation

Prosthesis-
patient 

mismatch

Other
May include: 

leaflet 
entrapment by  
pannus, tissue, 

or suture; 
inappropriate 

positioning 
or sizing; 

dilatation of 
the aortic root 
after stentless 
bioprostheses 

or aortic 
valve sparing 
operations; 

and 
embolization

Thrombosis
Subclinical:
Imaging findings 
of HALT/RLM with 
absent or mild 
hemodynamic 
changes and no 
symptoms/sequelae

Clinically significant:
1. �Clinical sequelae 

of thromboembolic 
event or worsening 
AS/AR and HVD 
stage 2–3 or 
confirmatory 
imaging (HALT/
RLM)

2. �In the absence of 
clinical sequelae, 
both HVD stage 3 
and confirmatory 
imaging (HALT/
RLM)

Endocarditis
Meeting at least 
one of the following 
criteria:

1. �Fulfillment of the 
Duke endocarditis 
criteria

2. �Evidence of 
abscess, pus, 
or vegetation 
confirmed as 
secondary to 
infection by 
histological or 
microbiological 
studies during  
re-operation

3. �Evidence of 
abscess, pus, 
or vegetation 
confirmed on 
autopsy.

If BMI < 30 kg/m2 If BMI ≥ 30 kg/m2

Stage 1
Morphological valve deterioration:

Evidence of structural valve deterioration, 
non-structural valve dysfunction (other 

than paravalvular regurgitation or 
prosthesis-patient mismatch), thrombosis, 

or endocarditis without significant 
hemodynamic changes.

Stage 2
Moderate hemodynamic valve deterioration 

(HVD):
Increase in mean transvalvular gradient ≥ 10 mm 
Hg resulting in mean gradient ≥ 20 mm Hg with 

concomitant decrease in EOA ≥ 0.3 cm2 or ≥ 25% 
and/or decrease in Doppler velocity index ≥ 0.1 or 
≥ 20% compared to echocardiographic assessment 

performed 1 to 3 months post-procedure,
or

New occurrence or increase of ≥ 1 grade  
of intraprosthetic AR resulting in ≥ moderate AR.

Stage 3
Severe HVD:

Increase in mean transvalvular gradient ≥ 20 
mm Hg resulting in mean gradient ≥ 30 mm 
Hg with concomitant decrease in EOA ≥ 0.6 
cm2 or ≥ 50% and/or decrease in Doppler 
velocity index ≥ 0.2 or ≥ 40% compared to 

echocardiographic assessment performed 1 
to 3 months post-procedure,

or
New occurrence or increase of ≥ 2 grades of 

intraprosthetic AR resulting in severe AR.

Clinical consequences?

Bioprosthetic valve failure (BVF)
Stage 1: �Any bioprosthetic valve dysfunction with clinically expressive criteria (new-onset or worsening symptoms, LV dilation/hypertrophy/dysfunction, 

or pulmonary hypertension) or irreversible stage 3 HVD
Stage 2: Aortic valve reintervention
Stage 3: Valve-related death

Severity
Indexed EOA
(cm2/m2)

Insignificant > 0.85

Moderate 0.85–0.66

Severe ≤ 0.65

Severity
Indexed EOA
(cm2/m2)

Insignificant > 0.70

Moderate 0.70–0.56

Severe ≤ 0.55
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