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Failure Mode 

• Structural valve deterioration 

• Thrombosis 

• Endocarditis 

 



Structural Valve Deterioration 

• What is it ? 

• How is it assessed ? 

• What is the incidence in 
bioprosthetic valves ? 

• How is it treated ? 

• What are the differences between 
SAVR and TAVR ? 

 



What is Structural Valve Deterioration (SVD) ? 
Definition published in 1996   

L. Henry Edmunds, Jr., M.D., et al. | Guidelines for Reporting Morbidity and Mortality after 
Cardiac Valvular Operations,   J Thorac Cardiovasc Surg 112:708-11, 1996  

Structural deterioration definition   
 

• Any change in valve function resulting from an 
intrinsic abnormality causing stenosis or 
regurgitation.  
 

• This category includes valve deterioration exclusive 
of infected or thrombosed valves as determined by 
reoperation, autopsy, or clinical investigation.  
 

• The term structural deterioration refers to changes 
intrinsic to the valve such as wear, stress fracture, 
poppet escape, calcification, leaflet tear, stent creep, 
and disruption or stenosis of a reconstructed valve.  



How is SVD assessed in surgical valves? 
 

• Assessment of SVD using only clinical evaluation (echo, auscultation, 
NYHA class) was deemed to be rather subjective, reported rates varied 
widely from center to center.  
 

• Thus, most centers/studies used the more definitive diagnosis of SVD 
upon explant of the valve 

• Advantage:      removes any subjective evaluation of valve failure 
• Disadvantage: only re-operated valves/patients go into the   

      equation….. 
 

Freedom from Re-Operation for SVD 

≠ 
Freedom from SVD 



How do we assess surgical valve durability? 
20-year results: Freedom from re-operation for SVD    

(1)  Frater RW et al. | Long-term durability and patient functional status of the Carpentier-Edwards Perimount pericardial 
bioprosthesis in the aortic position. | J Heart Valve   Dis. 1998 Jan;7(1):48-53. 

(2)  Grunkemeier GL et al.  | Actuarial versus actual risk of porcine structural valve deterioration. | J Thorac Cardiovasc 
Surg. 1994 Oct;108(4):709-18. 
  

Structural valve deterioration (SVD)(1)  

 
• Explant due to structural valve deterioration 

(SVD) was required in 36 patients.  
 

• The primary mode of failure was calcification 
in 35 patients and leaflet tear in one.  
 

• The mean duration of implantation of 
prostheses with SVD was 17.3 ± 4.0 years.  
 

* Actuarial freedom from means the percentage of patients whose valve will actually fail before 

they die. This risk is less than the risk which the usual actuarial curve describes.(2)  

* 



Freedom from SVD Toronto Valve 

Not all surgical valves show the same good durability 



Long-term follow-up of surgical bioprothesis: 
Newer Definition of SVD 

Bourguignon T. et al  | Very Long-Term Outcomes of the Carpentier-Edwards Perimount 
Valve in Aortic Position | Ann Thorac Surg 2015;99:831–7  

 
Structural Valve Deterioration (SVD) and 
Reoperation for SVD 
 
• The bioprosthesis was considered to have 

deteriorated on strict echocardiographic 
assessment whenever severe aortic stenosis 
(mean transvalvular gradient > 40 mm Hg) or 
severe aortic regurgitation (effective 
regurgitant orifice area > 0.30 cm2, vena 
contracta > 0.6 cm) was observed, even if the 
patient was asymptomatic.  



TAVR bioprotheses long-term follow-up: 
Based on freedom SVD 

What is the durability of TAVR? 



TAVR bioprotheses long-term follow-up: 
Based on THV Degeneration 

D. Dvir, EuroPCR 2016 

Definition of THV 
Degeneration: 
 Moderate aortic 

regurgitation 
     And/or 
 Mean Gradient ≥ 

20mmHg 
 Not related to 

endocarditis 



TAVR bioprotheses long-term follow-up: 
Based on THV Degeneration 

Baseline renal failure (GFR<60cc/min) was the strongest correlate for THV 
degeneration  HR=3.22, CI 1.45-7.15, p=0.004 



Treatment for SVD 

• Observation 

• TAVR V in V 

 



Prevalence of subclinical leaflet thrombosis is 
more common than clinical thrombosis 



Volume rendered CT images of bioprosthetic 

valves 

Normal leaflets Thickened leaflets with thrombus 

Systole Systole 

Diastole Diastole 



Corevalve Portico Sapien Perimount surgical 

valve 

Systole 

Diastole 

Reduced leaflet motion was observed in all valve 

types including surgical bioprostheses  



HALT & HAM definitions 

HALT: Hypo-Attenuating Leaflet Thickening 

• Involving the periphery and base of the leaflet 
and extend to varying degrees to the edges of 
the leaflet 

 

HAM: Hypo-Attenuation affecting Motion 

• Reduction in leaflet motion in the presence of 
HALT 

• A reduction in leaflet excursion of more than 
50% was considered significant 12
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Prevalence of HALT 
baseline and follow-up scan 
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Comparison between valve brands: P=0.75 
Comparison between TAVR and SAVR: P=0.81 

TAVR 30.1% SAVR 28.2% 



Prevalence of HAM 
baseline and follow-up scan 
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TAVR 19.0% SAVR 3.9% 



Medication & freedom from HALT 
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P=0.22 



Incidence of valve thrombosis – Bad Segeberg Experience 

TAVR, N=649 

642 patients 

Valve thrombosis, 
N=18 

 Overall Incidence: 2.8% 

CoreValve, n=3 SAPIEN, n=13 Lotus, n=2 

Self expanding, n= 309 
Balloon expandable, n=284 
Differential deployment, n=56 

Slide courtesy of Dr Abdel-Wahab 



0

20

40

60

80

(Months)TAVI 3 6 9 12 15 18 21 24 271

M
e

an
 a

o
rt

ic
 P

G
 (

m
m

 H
g)

Onset is Variable but may occur as early as 3 
days to as late as 3 years after TAVR  

* 



Clinical presentation 

• Presentation of Clinical Thrombosis 

– Dyspnea in 2/3 

– High or increasing gradient in over 90% 

– Embolic phenomenon appear to be uncommon 

 

• No clearly identified predictors 

– Thombophilias 

– Valve-in-valve (Abdel Wahab et al.) 



Thrombosis can occur with any of the 
currently available devices 

Edwards CoreValve 

Lotus Direct Flow 



Relationship to DAPT is unclear 

Aspirin plus  
clopidogrel  

(n = 18) 

Aspirin  
alone 
(n = 4) 

Aspirin plus 
warfarin  

(n =1) 

Clopidogrel plus 
dabigatran (for 

concomitant AF) (n = 1) 

Post-TAVI (n = 26) 

Aspirin  
alone 
(n = 9) 

Aspirin plus  
clopidogrel  

(n = 12) 

Clopidogrel plus  
dabigatran  

(n = 1) 

None 
 

(n = 1) 

Aspirin plus 
warfarin  

(n =1) 

6 patients stopped 
clopidogrel 
according to each 
hospital’s protocol. 

Clopidogrel  
alone 
(n = 2) 

Clopidogrel  
alone 
(n = 2) 

PT-INR was controlled 
between 2.0 - 3.0. 



Relationship to DAPT is unclear but Warfarin 
appears to be protective!  



Relationship to DAPT is unclear but Warfarin 
appears to be protective!  

TAVR, N=649 

Antiplatelets 

n = 378 

Oral 
Anticoagulants 

n =267 

Valve thrombosis, N=18 (4.8%) Valve thrombosis, N=0 

CoreValve, 
n=3 

SAPIEN, 
n=13 

Lotus, n=2 

Incidence of valve 

thrombosis on 

antiplatelets = 4.8% 

P <0.001 

Slide courtesy of Dr Abdel-Wahab 



23/26 (88.4%) patients were successfully treated with 
anticoagulation. 

10.8±4.0 

41.9±12.3 

16.9±6.4 

p <0.001 p <0.001 

Response to anticoagulation is usually rapid 



A B’ B 

D 

C 

D’ 

C’ 

Complete resolution (8mmHg) 
after  

8-mo of AC 

Increase in gradient found (1050) at 17-months after TAVI. Patient treated only DAPT 
until 32 months after TAVI with minimal change in gradient (32mmHg).  Switched to AC 

15-mo after 1st signs of THV thrombosis 

Never too late for a trial of Anticoagulation 



Treatment for HALT, HAM and 
Thrombosis 

• Warfarin 

• ? And DAPT 

 



Koh YS et al.  Eur J Cardiothorac Surg 2013.  



• First 180 patients, median 319 days FU 
• 5 cases of IE (4 early onset, 1 late onset) 

 2 fatal 

• Overall incidence 3.4% 
• Comments 

 Difficult to diagnose 
 TAVI patients particularly vulnerable 
 Limited experience with image 

interpretation 

• Mechanisms 
 Paravalvular leak common - possible nidus 

for infection 
 Role of stiff wire – endothelial damage 
 Lack of complete endothelialisation 
 Role of leaflet thickening 
 Lots of metal 
 Residual valve disease 

Puls M et al 



Latib A et al. J Am Coll Cardiol 2014;64:2176-2178.   

• Multicentre study: 2572 patients in 14 centres - elderly high risk cohort (mean age 80, STS 13) 
• 55% procedures in catheter lab - 1191 BE, 1343 SE 
• Overall incidence of IE 1.1% (n=29) - TF 1.1%, TA 2.0% (BE 1.9%, SE 0.5%) 
• Early/intermediate onset in 80% - majority managed medically - one year survival 38% 



Amot-Santos IJ et al.  Circulation 2015;131:1566-1574.  

• Multicentre registry 
 7944 TAVI recipients (mean 70 yrs, 57% male) 
 Mean FU 1.1+/- 1.2 yrs 

• Incidence of IE 0.67% (n=53) 
 ET intubation (HR 3.9) 
 Corevalve (HR 3.1) 

• Microbiology 
 Staphylococcus aureus 21%, 
 Coagulase negative Staphylococcus aureus 24% 
 Enterococci 21% 

• Management 
 Complications common (CHF 68%) 
 Medical therapy predominant 
 Reintervention 11% 

• Mortality 
 In-hospital 47% 
 One year 66%  



• Single centre cohort of 55 patients (Leipzig, Germany): TAVR-IE 2006 - 2014 

• Cumulative incidence 3.02%; incidence rate 1.82% per patient year. Definite IE 64%, possible IE 36% (modified 

Duke) 

• Early IE (<12 months) 75% - median 35 days post-procedure, late IE 25% - median 628 days  

• Risk factors: on multivariate analysis, chronic hemodialysis (HR 8.37; 95% CI 2.54- 27.63; p < 0.001) & 

peripheral artery disease (HR: 3.77; 95% CI 1.88-7.58; p < 0.001) 

• Microbiology: S. aureus (38%), Enterococci (31%), CNS 9.1%, Streptococci 3.6% 

• 35 patients (65%) had indication for surgery: heart failure 37%, sepsis/septic shock 41%, large vegetation 

19%, structural complications 19%, MRSA 5.5%, systemic embolism 22% 

• Management: 46 (84%) antibiotics alone, 9 (16%) surgery 

• Outcome: In-hospital mortality 64% with a median survival of 28 days; 1 year mortality rate 75% 



Amat Santos IP et al.  J Am Coll Cardiol Intv 2015;8:334-346.  

28 publications 
60 patients 

• All studies 2000 - 2013 
• 32 TAVI, 28 TPVR 

 TAVI – high risk elderly (c. 80 yrs) 
 TPVR – significantly younger (c. 19 yrs) 

• Incubation 5 months (IQR 2-9 months) 
• Microbiology 

 TAVI enterococci (34%) 
 TPVR Staphylococcus aureus 

• Severe complications >>> surgery 
 70% of TAVI-IE cohort 
 Re-intervention in only 41% 

• In-hospital mortality 
 TAVI 34% 
 TPVR 7% 

TAVI 

SAVR 



Treatment for TAVI IE 

• The incidence of IE after TAVI seems to be at least as high 
as after SAVR 
 Patients – elderly, comorbidities, frequent healthcare exposure, 

residual cardiac lesions 

 Procedure - cath lab environment 

 Valve – multiple hypotheses and conflicting literature 

• Diagnosis is challenging and outcomes are poor 
 Late presentation and low rates of surgical intervention 

• More aggressive treatment algorithms are appropriate 
(particularly in lower risk cohorts) 

• Specific risk factors for IE after TAVI are poorly defined 

• Large real-world cohorts are required to better define risk 
factors for TAVI-IE and establish optimal treatment 

 


