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Objectives 

• Describe the etiology and pathophysiology of 
the various valve disorders 

• Explain the various symptoms associated with 
valve disease 

• Discuss the physical exam findings and 
diagnostic testing 

• Explain current treatment options, with 
emphasis on the aortic and mitral valves 

• Discuss the new treatment options 



Etiology 
• Valvular heart disease (VHD) accounts for 10-20% 

of all cardiac surgical procedures in the US  
• Most common form of VHD 

– degenerative valve disease in US 
– rheumatic heart disease in developing nations 

• Disease of the elderly  
– >65 – 2% 
– >75 – 3% 
– >85 – 4% 

 
 





Aortic Stenosis 

• Third most common form of CV disease 
• Caused by degenerative calcification of 

trileaflet valve or progressive stenosis of 
congenital bicupsid valve 

• Risk factors for calcification are similar as 
those for atherosclerosis 
 
 



Aortic Stenosis: Etiology 
Most Common Cause: ‘Degenerative’ or 

‘Calcific’ 

Passik CS et al. Mayo Clinic Proc 1987;62:119. 

Age > 70 years Age < 70 years 



Bicuspid aortic valve 



Calcific Aortic Valve 



Severity of stenosis increases 
gradually over years 

LV adapts to the obstruction by 
increasing wall thickness while 

maintaining normal LV chamber 
size  

LV systolic function is preserved 
and cardiac output can be 
maintained for many years 
despite increased pressure 
gradient across the valve 

Systolic function begins to 
decline as a result of the pressure 

overload 

LV becomes less compliant and LV 
diastolic pressure increases 

Symptoms occur 



• Natural history 
– Process develops gradually – over decades 
– Prolonged latent period – no symptoms 

• GOOD OUTCOME: No Treatment 

– Eventually symptoms occur 
• POOR OUTCOME:  Treatment Needed 

 

• Symptoms 
– Angina  
– Syncope 
– Dyspnea and/or heart failure 

 
• Average survival 2-3 years after symptom onset 
 



Aortic Stenosis:  
Symptoms Indicate Poor Outcome 

Onset of Sxs 

Average age 
of death 

Ross J, Braunwald E. Circulation 1968. 

0     2     4     6 



ACC/AHA Classification of the Severity 
of Valve Disease - Aortic Stenosis 

Indicator Mild Moderate Severe 

Jet velocity (m/second) Less than 3.0 3.0-4.0 Greater than 4.0 

Mean gradient (mm 
Hg) 

Less than 25 25-40 Greater than 40 

Valve area (cm2) Greater than 
1.5 

1.0-1.5 Less than 1.0 



Aortic Stenosis Physical Examination 

• Systolic murmur of a harsh crescendo-
decrescendo along left sternal border; 
radiates to upper right sternal border and 
carotid arteries 

• Pulsus parvus et tardus – diminished and 
delayed carotid  

• Fourth heart sound 
• Precordial thrill 
 



Mitral Regurgitation  

• Affects 2% of population; male = female 
• Acute 

– Endocarditis 
– Papillary muscle rupture 

• Chronic 
– Rheumatic fever 
– Marfan’s syndrome 



ACC/AHA Classification of the Severity 
of Valve Disease – Mitral Regurgitation 

Mild Moderate Severe 

Angiographic grade 1+ 2+ 3+ 

Color Doppler jet 
area 

Small, central jet  Signs of MR greater 
than mild present 
but no criteria for 
severe MR 

Vena contracta 
width greater than 
0.7 cm with large 
central MR jet or a 
wall-impinging jet 
of any size, swirling 
in left atrium 



Mitral Regurgitation 

• Physical Examination 
– Holosystolic murmur; at the apex 
– Apical pulse brisk and hyperdynamic 

• Symptoms 
– Heart failure symptoms 
– Palpitations 
– Pulmonary Edema      



Mitral Valve Prolapse 

• One or both mitral leaflets extend or protrude 
abnormally above the mitral annulus into LA 

• Previous high prevalence 
• Symptoms  

– Chest pain, dyspnea, anxiety and palpitations 

• Treatment 
– Beta blockers for patients with symptoms 
– Alcohol, tobacco and caffeine cessation 
– Antibiotic prophylaxis controversial 

• Not recommended for use with MVP in the absence of MR 

 



Aortic Regurgitation  

• Acute 
– Infective endocarditis 
– Trauma 

• Chronic 
– Rheumatic fever 
– Bicuspid AV 
– Marfan’s Syndrome 
– Ehlers-Danlos Syndrome 
– SLE 



ACC/AHA Classification of the Severity 
of Valve Disease – Aortic Reguritation  

Mild Moderate Severe 

Angiographic grade 1+ 2+ 3+ 

Color Doppler jet 
width 

Central jet, width 
less than 25% of 
LVOT 

Greater than mild 
but no signs of 
severe AR 

Central jet, width 
greater than 65% 
LVOT 



Aortic Regurgitation  

• Physical Examination 
– Diastolic blowing murmur along left sternal border 
– Diastolic rumble over apex 
– Signs of severe disease  

• Hyperdynamic circulation 
• Quincke’s pulse – alternating blanching and erythema 

of the nailbed with gentle pressure 
• Musset’s sign – head bobbing 



Mitral Stenosis 

• Most common valvular heart disease during 
pregnancy  

• Almost always caused by rheumatic heart 
disease 
 



Mitral Stenosis 

• Physical Examination 
– Opening snap followed by a low pitched diastolic 

rumble  
– Murmur best heard with the bell of the 

stethoscope; lying on the left side 
 
Symptoms include: heart failure symptoms, 
palpitations, chest pain, thromboembolism, ascites 
and edema 

 

 



ACC/AHA Classification of the Severity 
of Valve Disease – Mitral Stenosis 

Mild Moderate Severe 

Mean gradient (mm Hg) Less than 5 5-10 Greater than 10 

Pulmonary artery systolic 
pressure (mm Hg) 

Less than 30 30-50 Greater than 50 

Valve area (cm2) Greater than 1.5 1.0-1.5 Less than 1.0 



Tricuspid Valve Disease  
• Very uncommon in young adults 

– Trauma, bacterial endocarditis in IV drug use, VSD 

• Congential 
– Ebstein’s anomaly  
 
 

 
• Treatment indication 

– Severe TR with deteriorating exercise capacity 
– Severe TR with progressive cyanosis and O2sat 

<80% at rest or exercise 
 

 



Heart Sounds 
Findings Murmur S1 S2 Maneuvers 

Aortic Stenosis Mid to late 
systolic 

Normal Single or split Murmur softer 
with Valsalva 
maneuver 

Mitral Stenosis Diastolic 
rumble 

Loud Normal Murmur 
increased with 
brief exercise 

Aortic 
Regurgitation 

Blowing 
diastolic 

Soft Normal Murmur 
increased with 
handgrip or 
squatting 

Mitral 
Regurgitation 

Holosystolic Soft Normal or split Murmur louder 
with Valsalva 
maneuver 
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Diagnostic Testing 

• Chest Radiography 
• EKG 
• Echocardiography 
• CT scan 
• Cardiac MRI 
• Cardiac catheterization 
• Exercise testing 

 



Diagnostic Testing 
Aortic Stenosis Mitral Stenosis Aortic 

Regurgitation 
Mitral 
Regurgitation 

Chest X-Ray Calcific AV 
Enlarged LA/LV 

LA 
enlargement 

LV hypertrophy 
Dilated aorta 

Dilated LV 

Echo LV hypertrophy 
Thick, immobile 
AV 
Dilated aortic root 

LA 
enlargement 
Thick, calcified 
mitral valve 
 

Dilated aortic 
root 
Reversal of 
blood flow in 
aorta 

Mitral reverse 
flow 
Dilated LA/LV 
Decreased LV 
function 

EKG LV hypertrophy 
LA abnormality 

LA 
enlargement 



Indications for valve replacement 

• Severe valve disease with symptoms 
• Asymptomatic patients with severe valve 

disease and LV dysfunction 
• Patients with severe valve disease undergoing 

CABG or surgery on the aorta or other valves 
 



Therapy for Aortic Stenosis 
Aortic Valve Replacement 

• AVR: standard of care 
• Excellent surgical outcomes 
• High risk predictors 

• Age>80 
• NYHA Class III or IV 
• EF<30% 
• Emergency operation 
• Concomitant CABG 





Aortic Valve Replacement: 
Denied Surgery 

 

 Euro Heart Survey on Valvular Heart Disease  
 n = 5,001 Patients 

 

33%  DID NOT HAVE SURGERY 

=>  Annual Mortality  15 to 25% 

 
 

 

 
Iung B. et al. Eur. Heart Journal 2003;24:1231-1243 

Ross et al. Circulation 1968; 38 Suppl V : V-61-7 



Catheter Based Therapy for Aortic 
Stenosis 

Balloon Aortic Valvuloplasty 
• Described by Cribier 1985 
• 20 to 25 mm balloon 
• Results assessed during procedure 
• Final AVA: 0.7 to 1.0 cm2 
• Short term improvement in most 

patients 







Balloon Aortic Valvuloplasty:  
Poor Long Term Results 
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Balloon Aortic Valvuloplasty:  
ACC/AHA Guidelines 

INDICATION          CLASS 
1. ‘Bridge’ to surgery in unstable          IIa 
    patients who are at a high risk for AVR 
2. Palliation in patients with serious          IIb  
    co-morbid conditions 
3. Patients who require urgent             IIb 
    non-cardiac surgery 
4. An alternative to AVR                III 

 

 
 



Could the Results be Better? :  
First Case: Percutaneous Aortic Valve 

 
 

• 57 year old male severe AS (AVA 0.6 cm2; mean∆ 30) 
• Severe LV dysfunction EF 14% 
• PVD, Aorto-Bifemoral bypass graft 
• Silicosis, Lung CA, Chronic Pancreatitis 
• Cardiogenic shock with sub-acute ischemia of right leg (occlusion of right limb of 

bypass graft) 
• PABV: AVA 1.06 cm2; mean∆ 13 
• Recurrent cardiogenic shock, SBP 70 mm Hg on pressors ⇒ Percutaneous 

Aortic Valve 
 

 
 

Cribier A et al Circulation 2002;106:3006-08. 



Catheter Based Therapy for Aortic Stenosis 
Percutaneous Aortic Valve 



Catheter Based Therapy for Aortic Stenosis 
Percutaneous Aortic Valve 



First Case: Percutaneous Aortic Valve 
Clinical Follow-Up 

 
• Following procedure: mean ∆ 6; AVA 1.9 cm2 
• 48 hrs pressors weaned to off 
• Follow-UP TEE performed at 1, 4, 7, 9 wks with stable valve function. EF 

remained poor 13 to 20% 
• Multiple other issues: PE, sepsis and worsening right leg ischemia → mid-thigh 

amputation D70 
• Following amputation, progressive decline and lack of healing at surgical site and 

Death D119 

• No recurrent CHF 

Cribier A et al Circulation 2002;106:3006-08. 



History 

• 1985 – Cribier described aortic valvuloplasty 
• 1992 - Henning Andersen described the first 

transcatheter aortic stent valve  
– Constructed of a handmade wire frame within which 

was sewn a porcine aortic valve, crimped onto a 
balloon catheter and implanted transarterially into a 
pig 

• 2002 – 1st percutaneous valve implantation in 
pulmonary position in a human 

• 2002 – Cribier performed first clinical antegrade 
transcatheter placement of AV prosethesis 
 



Catheter Based Therapy for Aortic Stenosis 
Alain Cribier: Percutaneous Aortic Valve 

 
20 no-option patients treated in FRANCE 
 
50% male, mean age 78+10 yrs (57 to 91) 
 
All with NYHA class IV; four cardiogenic shock 
 
All patients refused surgery by four cardiac surgeons secondary to cardiac and 
non-cardiac factors 
 
Expected surgical mortality ~ 50% 

 
 
 
 
   
 
    



Percutaneous Aortic Valve: 
Procedural Results 

Success    17/20 (85%) 
 
Technical Failures  4 (3 pts) 

1 valve migrated → severe AR → death 
3 failures to cross aortic valve with valve 
 

Complications 
1 stroke secondary to crossing valve 
1 RV perforation from pacer 
2 procedural deaths 
 

 



Percutaneous Aortic Valve: 
Procedural Results 

p=0.0076 p=0.0076 



Balloon expandable valve evolution 
Edwards Lifesciences Inc. 

A – Original Cribier-Edwards valve  
 Constructed from a laser-cut stainless steel tubular frame with equine 
 pericardium valve leaflets 
B – Edwards SAPIEN transcatheter heart valve  
 More durable bovine pericardium and a higher sealing cuff to reduce paravalvular 
 leaks low-profile  
C - Edwards SAPIEN-XT valve  
 Stainless steel was replaced with a cobalt chromium alloy frame 
 Reengineered leaflets 
 Small diameter system 
 



Catheter Based Therapy for Aortic Stenosis 
Percutaneous Aortic Valve 



CoreValve 
Medtronic Inc. 

• In 2005 CoreValve developed 
• Self expanding 
• Valve frame constructed of nitinol 
• Leaflets constructed of porcine 

pericardium 
• Only limited non-randomized 

comparisons are available  
• Deployment of the CoreValve 

device may be more intuitive, and 
does not require rapid pacing  

• Can (up to a point) be 
repositioned or retrieved, 
although this process is not 
without complications  

• Atrioventricular block requiring 
pacemaker implantation is much 
more common 

 



CoreValve delivery system 



Work up 

• Echocardiogram 
• CT scan  

– Best at assessing for calcification 

• Coronary angiogram 
• Aortic root angiogram 
• Lower extremity angiogram 



Percutaneous Aortic Valve 
Implantation 

• Right heart catheterization 
• TEE – 3D 
• Fluoroscopy 
• Temporary Pacemaker 
 









Transapical Approach 



PARTNER Trial 

• Placement of AoRtic TranNscathetER Valves 
• Multicenter randomized clinical trial  
• 2 parallel trials 
• High risk 700 patients –TAVI (TF/TA) vs AVR 

Cohort A 
• Inoperable 358 patients TAVI (TF) vs Standard Rx 

(BAV 86%) Cohort B 
• Use of Edwards Sapien – bovine pericardial valve 



Rigorous Study Design 

TA, transapical; TF, transfemoral. 
59 



RetroFlex 3  
Introducer Sheath Set 

RetroFlex 3 
Delivery System 

Atrion 
Inflation Devices 

RetroFlex 
Balloon Catheter  

Edwards SAPIEN Transcatheter 
Heart Valve 

The PARTNER Trial  
Study Devices 

60 

RetroFlex Dilator Kit Crimper 



Cohort A 
 

Edwards SAPIEN Transcatheter Heart 
Valve (THV) compared to AVR 

in high risk patients with severe 
symptomatic aortic stenosis 

 
Results announced in 2011 at ACC 



Original Article  
Transcatheter versus Surgical Aortic-Valve 

Replacement in High-Risk Patients 

Craig R. Smith, M.D., Martin B. Leon, M.D., Michael J. Mack, M.D., D. Craig 
Miller, M.D., Jeffrey W. Moses, M.D., Lars G. Svensson, M.D., Ph.D., E. Murat 

Tuzcu, M.D., John G. Webb, M.D., Gregory P. Fontana, M.D., Raj R. Makkar, M.D., 
Mathew Williams, M.D., Todd Dewey, M.D., Samir Kapadia, M.D., Vasilis 
Babaliaros, M.D., Vinod H. Thourani, M.D., Paul Corso, M.D., Augusto D. 

Pichard, M.D., Joseph E. Bavaria, M.D., Howard C. Herrmann, M.D., Jodi J. 
Akin, M.S., William N. Anderson, Ph.D., Duolao Wang, Ph.D., Stuart J. Pocock, Ph.D., 

for the PARTNER Trial Investigators 

N Engl J Med 
Volume 364(23):2187-2198 

June 9, 2011 



Baseline Characteristics of the Patients. 

Smith CR et al. N Engl J Med 2011;364:2187-2198 





Clinical Outcomes at 30 Days and 1 Year in the Intention-to-Treat Population. 

Smith CR et al. N Engl J Med 2011;364:2187-2198 

Primary end point was rate of death from any cause at 1 year 





Time-to-Event Curves for the Primary End Point and Other Selected End Points. 

Smith CR et al. N Engl J Med 2011;364:2187-2198 



Subgroup Analyses for Death from Any Cause at 1 Year. 

Smith CR et al. N Engl J Med 2011;364:2187-2198 



Symptom Status. 

Smith CR et al. N Engl J Med 2011;364:2187-2198 







Conclusions 

• In high-risk patients with severe aortic stenosis, transcatheter and 
surgical procedures for aortic-valve replacement were associated with 
similar rates of survival at 1 year, although there were important 
differences in periprocedural risks. 

• Transcatheter replacement is an alternative to surgery replacement in a 
well chosen, high risk subgroups of patients with aortic stenosis. 



Cohort B 
 

Edwards SAPIEN Transcatheter Heart 
Valve (THV) compared to standard 

therapy (best medical management) in 
operable patients with severe 
symptomatic aortic stenosis 

 
Results announced in 2010 in NEJM 



Background 
September 22, 2010 on NEJM.org 
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An Elderly and Highly 
Symptomatic Population  

BAV, balloon aortic valvuloplasty; CABG, coronary artery bypass graft; CAD, coronary artery disease; CVD, cardiovascular disease; 
MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; STS, Society of Thoracic Surgeons. 
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Patients Had Multiple Severe 
Comorbidities  

76 



Absolute Reduction in Mortality 

77 



25% Absolute Reduction in 
Mortality 

78 



> 30% Absolute Reduction in 
Mortality or Repeat 

Hospitalization  



Increased Valve Area 

Error bars = ± 1 Std Dev 
80 



Reduction in Symptoms and 
Restoration of Quality of Life 

•At 1 year, patients that underwent TAVR with  
the Edwards SAPIEN THV showed significant 
improvements in:  
•NYHA functional class  
•Kansas City Cardiomyopathy Questionnaire 
(KCCQ)  
•SF-12  
•6-minute walk test  

81 



Complications 



Higher Incidence of Stroke 
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Stroke by Type 
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Mortality or Stroke 
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Higher Incidence of Major 
Vascular Complications 
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Higher Incidence of Major Bleeding 

* Major bleeding is defined as an event that causes death; causes a hospitalization or prolongs hospitalization; requires pericardiocentesis or an open and/or endovascular  
procedure for repair or hemostasis; causes permanent disability (eg, blindness, paralysis, hearing loss); or requires transfusion of > 3 units of blood within a 24-hour period. 
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New Pacemaker Implantation 

88 



Conclusions 
 • At 2 years, in patients with severe 

symptomatic aortic valve stenosis who were 
not suitable candidates for surgery 
– 20% absolute reduction in mortality 
– 29% absolute reduction in all-cause mortality or 

repeat hospitalization at 1 year 
– 75% of SAPIEN patients were NYHA Class I or II  
– Need to treat 5 patients to save a life! 

 

 



Clinical Implications  

• Two-year data continued to support the role 
of treatment with the Edwards SAPIEN THV 
as the standard of care for patients with 
severe symptomatic native aortic valve 
stenosis who are not surgical candidates 

• The ultimate value will depend on careful 
selection of patients, and yet do not have 
extreme comorbidities that overwhelm the 
benefits and render the intervention futile 

90 



Where are we today? 
Low Risk Intermediate 

Risk 
High Risk 
Cohort A 

Inoperable 
Cohort B 

Extreme Risk 
Inoperable with 
co-morbities 

AVR ?AVR vs. TAVR? AVR or TAVR TAVR Medical 
Treatment 
And/or  
Valvuloplasty 



Guidelines for the 
management of valvular heart 

disease(version 2012) 
 

The Joint Task Force of Valvular Heart 
Disease of the European Society of 
Cardiology (ESC) and the European 

Association for Cardio-Thoracic Surgery 
(EACTS) 







Patient Selection is KEY! 
• High risk surgical patients? 
• Inoperable patients 
• Minimize independent risk factors  

 
 
 
 
 

 
 
 
 
 
Predictors of futility with transcutaneous aortic valve replacement therapy (TAVR): An analysis from the PARTNER 
randomized trial.  J Am Coll Cardiol. 2012; 60(17_S).  
 

 
 

Hazard Ratio P value 

Hemodynamic support during TAVR 3.77 0.001 

Creatinine >2mg/dl 1.06 0.039 

Diabetes Mellitus 0.54 0.006 

Prior Liver Disease 4.11 0.001 

Total Mini Mental State Exam Score 0.94 0.022 

Prior Renal Disease 1.60 0.041 

STS Risk Score 1.08 0.001 



Where are we today? 

• Commercial use for high risk or inoperable 
aortic valve disease 
– Sapien valve 23 mm, 26 mm 

• Continuing PARTNER 2 and SURTAVI 
enrollment  
– PARTNER 2 – Edwards Sapien XT in intermediate 

surgical risk patients 
– SURTAVI – Medtronic CoreValve in intermediate 

surgical risk patients 
 



For the future… 

• Alternative access sites 
• Smaller sheath sizes 
• New valves 

– Sapien XT - 23 mm, 26 mm, 29 mm through 18F 
– Sapien 3 – 20 mm, 23 mm, 26 mm through 14F TF 

and 16F TA; 29 mm; external sealing 



Valves of the future 



Mitral Valve Disease 

• Approximately 4 million people have 
significant mitral valve insufficiency 

• Approximately 50,000 of these patients 
undergo surgery each year in the United 
States (20% of affected patients) 
– Repair is preferred over replacement 
– Surgery risk 

• Another 200,000 remain affected by MR 
 



MitraClip Mitral Valve Repair System 
 
• Developed and manufacted by Evalve, Inc. 
• Catheter-based therapy intended to reduce mitral 

regurgitation (MR) 
• 3,000 commercial performed; 1,500 study patients in 

U.S. 
• Less-invasive mitral valve repair/percutaneous 
• Venous access 
• Removable 

 
• The system consists of three major subsystems: 

– A Steerable Guide Catheter 
– A Clip Delivery System 
– The MitraClip device (implant) 

 





Double-Orifice Technique 
 
• Alfieri stich  

– pioneered in Italy by  
 Dr. Ottavio Alfieri 
– 1990’s – increasing used  
 in MR treatment and repair 

• Involves suturing together  
 the two leaflets of the mitral  
 valve. The valve continues to open on both sides of the 
 suture, allowing blood flow through the valve from the 
 left atrium to left ventricle, while assuring proper valve 
 closure 
• Mitral Clip based upon this technique 
 

 















Patient Selection 

• Important! 
• High risk surgical patients 
• Functional MR patients 
• Selected low risk degenerative MR patients 
• No rheumatic valve disease patients 
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