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J Thorac Cardiovasc Surg 2009;137:82-90 

Percentage use of  bioprosthetic valves relative to mechanical valves from 1997 

through 2006 



Nat. Rev. Cardiol. 7, 711–719 (2010) 

Increase in percentage of bioprosthetic valves implanted for aortic valve replacement 

according to patient age. 



Dramatic shift toward bioprosthetic valves away from 

mechanical valves during the course of the study (68% 

mechanical in 2000 to 37% mechanical in 2007; p 0.0001). 

Ann Thorac Surg 2009;87:1431–9 

Cumulative age distribution of patients receiving mechanical and bioprosthetic replacement valves. 

Ann Thorac Surg 2009;87:1431–9 
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Prosthetic valve malfunction: 

 

 

Any abnormality intrinsic or not intrinsic to the prosthetic valve 

itself that results in stenosis or regurgitation of the operated 

valve, or hemolysis. 

J Thorac Cardiovasc Surg 2008;135:732-8 



J Thorac Cardiovasc Surg 2008;135:732-8 

Structural Valve Deterioration 
 

The term refers to changes intrinsic to the valve, such as wear, fracture, calcification,  leaflet  tear, stent 

creep,  and suture line disruption  of  components  of a prosthetic valve. 

Clinical investigation should include periodic echocardiographic surveillance. 

The increased regurgitation or stenosis of the operated valve over time should be reported with quantitative 

or semiquantitative methods.  



Circulation. 2009;119:1034-1048 



J Thorac Cardiovasc Surg 2008;135:732-8 

Nonstructural Dysfunction  (I) 
 

It is any abnormality not intrinsic to the valve itself that results in stenosis or regurgitation of the operated 

valve. Hemolysis. 

It may include:  entrapment   by  pannus,  tissue,  or suture;   paravalvular leak;    inappropriate  sizing   or 

positioning; residual leak or obstruction after valve implantation (or repair). Clinically important 

intravascular hemolytic anemia.  The increased regurgitation or stenosis …… 



First proposed in 1978 by Rahimtoola. 

 

When the EOA of a normally functioning 

prosthesis is too small in relation to the 

patient’s body size (and therefore cardiac 

output requirements), resulting in abnormally 

high postoperative gradients.  

 

Indexed EOA (EOA of the prosthesis divided 

by the patient’s body surface area) 

 

Moderate PPM may be quite 

frequent in both the aortic (20% 

to 70%) and mitral (30% to 70%) 

positions, whereas the prevalence 

of severe PPM ranges from 2% to 

10% in both positions. 

JACC 2012;13:1136-9 



Valve Thrombosis 
 

Any thrombus not caused by infection attached to or near an operated valve that occludes part of the blood 

flow path, interferes with valve function, or is sufficiently large to warrant treatment. 

J Thorac Cardiovasc Surg 2008;135:732-8 

Operated Valve Endocarditis 
 

Any infection involving a valve  

on which an operation has been  

performed. 
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http://circ.ahajournals.org 

Patients  who  have undergone valve replacement are not cured but 

still have serious heart disease.  

 

They  have  exchanged  native  valve  disease  for  prosthetic  valve 

disease…  

 

and must be followed with the same care as those with native valve 

disease. 



http://circ.ahajournals.org 
Class I 

1. An initial TTE study is recommended in patients after prosthetic valve implantation for 

evaluation of valve hemodynamics . (Level of Evidence: B) 

 

2. Repeat TTE is recommended in patients with prosthetic heart valves if there is a change 

in clinical symptoms or signs suggesting valve dysfunction. (Level of Evidence: C) 

 

3. TEE is recommended when clinical symptoms or signs suggest prosthetic valve 

dysfunction. (Level of Evidence: C) 

 

Class IIa 

1. Annual TTE is reasonable in patients with a bioprosthetic valve after the first 10 years, 

even inthe absence of a change in clinical status. (Level of Evidence: C) 

Earlier  evaluation  may  also be prudent in selected patients at increased  

risk of early bioprosthetic valve degeneration, including those with renal  

impairment,  diabetes mellitus,  abnormal calcium metabolism, systemic  

inflammatory disease, and in patients <60 years of age. 



www.sts.org 

SVD = structural valve deterioration 

JACC 2010;22:2413–26 



www.sts.org Zoghbi et al, Journal of the American Society of Echocardiography : 2009 



www.sts.or
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Imaging of the Bioprosthesis 



www.sts.org 
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http://circ.ahajournals.org 
Prosthetic Valve Stenosis  

(fibrosis, calcification, thrombosis, PPM) 

 

Class I 

1. Repeat valve replacement is indicated for severe symptomatic prosthetic valve 

stenosis. (Level of Evidence: C) 

 

 

Prosthetic Valve Regurgitation 

(leaflet degeneration and calcification, tear or perforation, paravalvular leak) 

 

Class IIa 

1. Surgery is reasonable for operable patients with severe symptomatic or 

asymptomatic (*) bioprosthetic regurgitation. (Level of Evidence C) 

(*) due to the risk of sudden clinical deterioration if further leaflet tearing occurs. 



1. Surgery in Active Endocarditis   MJ Dinubile     –   Ann Int Med   1982 

 

2.  Duke Criteria.                             DT Durack       –   Am J Med      1994 

 

3.  Infective Endocarditis.               LM Baddour    -    Circulation     2005 

 

 



Circulation. 2010;121:1141-1152 

Prosthetic valve endocarditis 

 

Virtually all cases of early prosthetic valve endocarditis 

 

Virtually all cases of prosthetic valve endocarditis caused by S. aureus, 

               aggressive Gram neg, Fungal IE. 

 

Late prosthetic valve endocarditis with heart failure caused by prosthetic 

dehiscence or obstruction 



Circulation. 2010;121:1141-1152 



www.sts.org 

The lifetime risk of reoperation 

decreases with increasing patient age 

at the time of implantation. 

More specifically, the lifetime 

incidence of reoperation can be as 

high as 45% and 25%  in those 

patients with a primary operation at 

50 and 60 years of age, respectively. 

Piazza N. et al. J Am Coll Cardiol Intv 2011;4:721–32 

Re-operation 
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Operative risk evaluation in potential surgical candidates 

Operative risk scoring algorithms are currently being used to identify the 

appropriate patient population for cardiac surgical therapies. 





Copyright - EuroSCORE Study Group 2011 



  Rare conditions (i.e. amount of adhesions, mediastinal radiation, scoliosis, pericarditis, 
             etc.) 

 

 Covariates (i.e. quality of target vessels, calcified ascending aorta, tissue fragility, etc.) 

 

  Surgeon/hospital experience and management quality (ICU)  

 

 

 

 

 

 

 

 

 

Are all the variables captured in Risk-Predictors models ? 

 2002;346:1128-37 

Mortality  rates may be 33% higher in centers  with low volume than in centers with the highest 

surgical volume. 



G.A. 81aa M.R. 83aa 



FRAILTY 

 

Increased  vulnerability  to  stressors  because of impairments in 

multiple inter-related systems that lead to decline in homeostatic 

reserve and resiliency, and cause vulnerability to adverse 

outcomes; 

 

It is not synonymous with either comorbidity or disability; 

 

Comorbidity is an etiologic risk factor for frailty; 

 

Disability is an outcome of frailty; 

 



Fried LP et al. Journal of Gerontology 2001;56:146-156 

The estimation of frailty  

 in inpatients 

is of crucial importance  

and may inform 

decisions  on 

 management and prognosis  

The estimation of frailty  

 in inpatients 

is of crucial importance  

and may inform 

decisions  on 

 management and prognosis  

Phenotype model of Frailty (Fried et al.) 

 

Pursers’ performance-based measures (Pursers et al.) 

 

Edmonton Frail Scale  

 

Reported Edmonton Frail Scale (REFS) 

 

Geriatrician’s Clinical Impression of Frialty (GCIF) 

 

Charlson Comorbidity Index (CCMD) 

 

Katz Daily Living Scale (KATZ) 

 

 

 

 

Cognition 

General health status 

Functional independence 

Social support 

Medication use 

Nutrition 

Mood 

Continence 

Self-reported performance 

Frailty domain 



 Risk of operative mortality in redo cardiac operations 

Older age (>70 years),  

female sex, 

diabetes mellitus,  

chronic obstructive pulmonary disease,  

renal failure or elevated baseline serum creatinine (>2 mg/100 mL),  

pulmonary hypertension 

history of stroke,  

elevated BMI 

Contribute to a higher mortality: 

repeat valvular surgery for prosthetic valve endocarditis, 

low left ventricular  EF (~20%),  

urgent operation  

number of previous operations 

m
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Special issues in redo cardiac surgery 

Redo Sternotomy /Re-entry strategy / Adhesion 

 

Institution of Cardio-pulmonary Bypass 

 

Calcified Ascending Aorta 

 

Surgical Dissection 

 

Patent coronary grafts 

 

Myocardial protection 

 

Exposure   (aortic root / left atrium) 

 

LV venting 

 

De-airing the heart 

 

Bleeding control 



www.sts.org 
Ann Thorac Surg 2008;85:1239–46 

Routine use of preoperative MDCTA to 

detect high-risk findings has a strong 

association with adoption of preventive 

surgical strategies in high-risk patients 

undergoing redo cardiac surgery. 



www.sts.org 

European Journal of Cardio-thoracic Surgery 28 (2005) 244–249 



Diagnostic assessment: femoral vessels patency 

periferal vessels suitability for CPB cannulation 

 

echocolordoppler 

 

angiography 

 



Periferal Cardiopulmonary Bypass 



www.sts.org 

Periferal Cardiopulmonary Bypass 



www.sts.org 

Alternative less invasive approaches 



www.sts.org 
European Journal of Cardio-Thoracic Surgery (2014) March 

Early-to-mid-term results and determinants of mortality in 711 cases of RAVR from seven 

European institutions; 

Overall hospital mortality  5.1% (CV hospital mortality 4.6%) 

Preoperative LVEF <30%, MRCVCs, CPB-time, periop LCOS and ARI predicted hospital death. 

 

 



Ann Thorac Surg 2013;96:1358–66 

Operative mortality was 4.6% (43/926) in the first-time sternotomy group and 4.6% 

(6/130) in the repeat sternotomy group. 

Repeat sternotomy is the 

operation of choice for 

most patients with a 

previous sternotomy who 

require MV operation. 
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http://circ.ahajournals.org 

Prosthetic Valve Stenosis  (fibrosis, calcification, thrombosis, PPM) 

 

Class I 

1. Repeat valve replacement is indicated for severe symptomatic prosthetic valve 

stenosis. (Level of Evidence: C) 

The use of transcatheter valve prostheses to treat bioprosthetic valve stenosis with a 

“valve-in-valve” approach is promising but is not yet fully validated. 

 

Prosthetic Valve Regurgitation (leaflet deg/calcif., tear / perforation, parav. leak) 

 

Class IIa 

1. Surgery is reasonable for operable patients with severe symptomatic or 

asymptomatic bioprosthetic regurgitation. (Level of Evidence C) 

The use of transcatheter valve prostheses to treat bioprosthetic valve  

regurgitation with a “valve-in-valve” approach is promising but is not  

yet fully validated. 



www.sts.org 

Circulation 2012 

126: 

2335-2344 

202 patients 

Aged 77.7+10.4 years  (52% men) 

Stenosis (n85; 42%) 

Regurgitation (n68; 34%) 

Combined (n49; 24%) 

 

CoreValve (n124) 

Edwards SAPIEN (n78) 

 

Procedural success was achieved in 93.1% of cases. 

 

Device malposition (15.3%) 

Ostial coronary obstruction (3.5%) 

 

Valve maxi/mean gradients were 28.4+14.1/15.9+8.6 mmHg,  

95% of patients had 1 degree of aortic regurgitation.  

 

At 30-day follow-up, all-cause mortality was 8.4%,  

84.1% of patients were at NYHA FC I/II. 

One-year follow-up  (87 pts) showed 85.8% survival. 



www.sts.org 
J Thorac Cardiovasc Surg 2014;147:210-9 



www.sts.org 

Transjugular Tricuspid Valve-in-Valve 

Implantation:  

A Safe and Effective Approach 

Cerillo et al. Ann Thorac Surg 2011;92(2):777-8 

71-year-old woman  

 

Heart failure s/p triple valve replacement for RHD 

27-mm Hancock II prosthesis severely stenotic (mean transvalve gradient, 13 mm Hg),  

                                                    moderately insufficient (3/4). 

 

Cachectic, COPD, hepatic failure with ascites.  

EuroSCORE 40.9. 



http://circ.ahajournals.org 

 

Prosthetic Valve Regurgitation (paravalvula leak) 

 

Class IIa 

 

2. Percutaneous repair of paravalvular regurgitation is reasonable in patients 

with prosthetic heart valves and intractable hemolysis or NYHA class III/IV HF 

who are at high risk for surgery and have anatomic features suitable for catheter-

based therapy when performed in centers with expertise in the procedure. (Level 

of Evidence B) 

 

Centers of expertise under the guidance of a multidisciplinary  

team. 



Circ Cardiovasc Interv. 2011;4:314-321 

141 paravalvular defects in 115 patients (age, 67+12 years;  men, 53%); 

Heart failure, hemolytic anemia, or both;  

STS score for mortality, 6.9%; 

Overall, successful percutaneous closure in 88 (77%) patients; 

Overall, the 30-day complication rate was 8.7% (sudden and unexplained death,  

                          1.7%; stroke, 2.6%; emergency surgery, 0.9%; bleeding, 5.2%).  

Two devices embolized during the procedure and were retrieved without sequelae.  

No procedural deaths occurred, but 2 (1.7%) patients died by 30 days. 



There has been a shift toward a more extensive use of bioprostheses 

in both mitral and aortic position; 

 

Patients who have undergone valve replacement are not cured but have 

exchanged native valve disease for prosthetic valve disease; 

 

Appropriate schedule for clinical and echocardiographic follow-up (age / 

bioprosthetic valve degeneration time-lapse); 

 

Need for quantitative or semiquantitative methods; 

 

Surgical indications according to Guidelines; 

 

Risk assessment, including Frailty scores; 

 

Choice of the best procedures on an individual pt basis; 

 

Conclusions 
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Diagnosis of Prosthetic Aortic Valve Stenosis 

Doppler parameters of prosthetic aortic valve function in mechanical and stented 

biologic valves* 

Parameter 

 

Normal 

 

Possible stenosis 

 

Suggests significant 

stenosis 

Peak velocity (m/s) <3 3-4 >4 

Mean gradient (mm 

Hg)† 

<20 20-35 >35 

DVI >0.29 0.29-0.25 <0.25 

EOA (cm2) 

 

>1.2 1.2-0.8 <0.8 

Contour of the jet 

velocity through the 

PrAV 

Triangular, early 

peaking 

 

Triangular to 

intermediate 

 

Rounded, 

symmetrical contour 

AT (ms) <80 80-100 >100 



Algorithm for evaluation of elevated peak prosthetic aortic jet velocity 

 



Doppler parameters of prosthetic mitral valve 

function/stenosis 

Normal* 

 

Possible 

stenosis‡ 

 

Suggests 

significant 

stenosis* ‡ 

 

Peak velocity 

(m/s)† 

 

<1.9 1.9-2.5 >2.5 

Mean gradient 

(mm Hg)† 

 

<6 6-10 >10 

VTIPrMv/VTILVO 

 

<2.2 2.2-2.5 >2.5 

EOA (cm2) 

 

>2 1-2 <1 

PHT (ms) 

 

<130 130-200 >200 



Parameter Mild Moderate Severe 

 

Valve Structure/Function Normal Abnormal Abnormal 

LV size Normal Normal or Mild 

Dilation 

Dilated 

Jet width (%LVO 

diameter) 

Narrow 

(≤25%) 

Intermediate (26-

64%) 

Large (≥ 65%) 

Jet density (CW doppler) Incomplete 

or Faint 

Dense Dense 

PHT, ms (CW doppler) >500 Variable (200-500) Steep (< 200) 

Diastolic Flow Reversal 

(Descending Aorta) 

Absent or 

Brief early 

diastolic 

Intermediate Prominent, 

holodisatolic 

Regurgitant Volume 

(ml/beat) 

< 30 30-59 >60 

Regurgitant Fraction (%) <30 30-50 >50 

Echo/Doppler Criteria for Severity of Prosthetic AR (TTE/TEE) 



Parameter Mild Moderate Severe 

LV size Normal NL or Dilated Usually Dilated 

Valve Usually Normal Abnormal Abnormal 

Color Flow Jet Area Small, central jet 

(usually <4 cm2 or 

<20% of LA area) 

Variable Large, central  

jet (usually 

>8cm2 or >40% 

of LA area) 

Flow Convergence None or Minimal Intermediate Large 

Jet Density: CW Incomplete/Faint Dense Dense 

Jet Contour: CW Parabolic Usually 

Parabolic 

Early peaking, 

triangular 

Pulm Vein Flow Systolic Dominance Systolic 

Blunting 

Systolic Flow 

Reversal 

VC Width (cm) <0.3 0.3-0.59 ≥0.6 

R vol (ml/beat) <30 30-59 ≥60 

RF (%) <30 30-49 ≥50 

EROA (cm2) <0.2 0.20-0.49 ≥0.50 

Echo/Doppler Criteria for Severity of Prosthetic MR (TTE/TEE) 


