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The most common valvular heart disease in developed nations would be aortic stenosis which affects 3% of individuals above 
the age of 65 years [1]. 60 - 75% narrowing from the normal valve area makes the lesion haemodynamically significant. Currently 
degenerative causes take preponderance over rheumatic aetiology in developed countries. Sclerotic and radiation induced lesions 
are also noted [2]. Initial stages remain asymptomatic due to compensatory role played by left ventricular hypertrophy and atrial 
augmentation of preload [3]. Heart failure angina and syncope ensues with life expectancy being shortened to approximately 3 years 
unless the obstruction is relieved. Asymptomatic patients, serial Doppler echocardiography is done every six to 12 months if aortic 
stenosis is severe, every one to two years for moderate disease, and every three to five years for mild disease. Select few may benefit 
by interventions prior to onset of symptoms. Transcatheter interventions have revolutionized the treatment in high or prohibitive 
risk category is now being extended to the moderate risk group too. Subvalvular and supravalvuar pathologies are not included in 
this discussion. Management of associated conditions like hypertension, coronary artery disease and atrial fibrillation is also needed. 
Symptoms, severity and LV response to pressure load are current deciding factors on management strategy for aortic stenosis. It can 
affect 6/1000 new born infants and can be diagnosed as early as 16 weeks in-utero.

Introduction

There has been a better understanding of pathophysiology of aortic stenosis and paradigm shift in management strategies that have 
led to a better outcome in this spectrum of valvular heart pathologies. Earlier onset of the disease is noted in those with congenital bicus-
pid valves, disorders of calcium metabolism and renal failure and is also the most common cause of sudden death amongst valvular heart 
diseases. In aortic stenosis it is progressive calcification, even with lamellar bone formation that causes immobility of the valve [8]. In 
bicuspid valves fusion of non-coronary with right or left is noted more often than fusion of left and right cusps. Aortic root pathology may 
co-exist in cases with congenital bicuspid valves. A pathological process similar to atherosclerosis with lipid accumulation, inflammation 
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and calcification is noted in valves. Left ventricular hypertrophy leads to diastolic dysfunction and resistance to left ventricular filling 
[4,5]. Myocyte thickening, increased stiffness of extracellular matrix leads to increased isovolumic relaxation phase and reduced ventricu-
lar filling. Increased demand, reduced filling and compression effects on coronary arteries can lead to ischaemic symptoms in absence 
of coronary occlusion also. Endocardial flow may be compromised by increased chamber pressure also [6,7]. Better predictors of angina 
are aortic valve area and ratio of systolic ejection time to diastolic filling time. Decompensation and drop in systemic vascular resistance 
leads to hypotension and syncope. Elderly patients may just experience loss of exercise tolerance while classical triad may be present in 
the majority. Also, elderly patients murmur may be less intense with radiation to apex instead of to carotids. Valve orifice area of less than 
0.6 cm2 is noted in severe aortic stenosis. Reduction in stroke volume may be noted with normal ejection fraction with the end diastolic 
volume is reduced secondary to concentric remodelling. In these situations transvalvular gradients may be low. Transvalvular gradients 
of more than 40 mmHg being judged as severe applied only when left ventricular function is normal. Transvalvular gradient increased by 
square of output and hence activation of myocardial sensors leads to drop in vascular resistance during exertion explaining the syncope 
noted with this pathology. Exercise induced arrhythmias are also contributory factors. Both systolic and diastolic dysfunction contributes 
to difficulty in breathing that is experienced by the patients.

See table 1 for classification of severity of aortic stenosis.

Transaortic velocity 
(m per second)

Mean pressure gradient 
(mm Hg)

Aortic valve area 
(cm2)

Normal < 2.0 < 10 3.0 to 4.0
Mild 2.0 to 2.9 10 to 19 1.5 to 2.9

Moderate 3.0 to 3.9 20 to 39 1.0 to 1.4
Severe ≥ 4.0 ≥ 40 < 1.0

Table 1: Classification of aortic stenosis severity classification.

Echocardiography helps in assessment of number of leaflets, valve motion, calcification, LV function, transaortic velocity and Doppler 
pressure gradients. Symptoms are noted when transvalvular velocity exceeds 4.0 m/sec. With EF less than 50% diagnosis of LV dysfunc-
tion and low flow aortic stenosis must be considered. Dobutamine stress echocardiography can help in detection of causes of low ejection 
fraction. In Pseudo severe AS, the increase EOA with little increase of gradient in response to increase flow occurs whereas in true severe 
AS little or no increase EOA with increase in gradient with increase of flow is noted.

There has been a decline in interventional mortality from 5%to 2.5% [12] which is at par with the risk of sudden death in asymptom-
atic patients being managed medically. This has led to a revised management protocols in many countries. Asymptomatic patients with 
more than 1 risk factor like heavy valve calcification- indicating rapid progression of disease, transaortic jet velocity of more than 4.0 m/
sec, those with abnormal exercise test, severe left ventricular hypertrophy, high levels of B type natriuretic peptide may undergo interven-
tions at low risk centres listed out for the same. Patients with severe stenosis (transaortic velocity of at least 5.0m per second) or a rapid 
increase in transaortic velocity over time (0.3 m per second or more per year) with an increased likelihood of becoming symptomatic in 
one to two years are also better dealt with by intervention. Those who respond to inotrope augmentation in both the severe and pseudo 
aortic stenosis group will benefit from intervention. Asymptomatic patients with severe or moderate stenosis undergoing cardiac surgery 
for other indications are also better dealt with by simultaneous intervention. Clearly current concepts have clarity and notable differences 
from the previous management strategies for aortic stenosis.
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TAVI

Transcatheter interventions have evolved over a decade now with excellent relief of obstruction. The biggest attraction is still for the 
high risk surgical group providing better quality of life and longevity. 30-day surgical mortality for isolated surgical valve replacement is 
3% and 4.5% for valve replacement with coronary artery bypass grafting [13]. Mounting evidence for the use of transcatheter aortic valve 
replacement (TAVI) as standard therapy is being mooted currently with the release of data from two major new studies that demonstrate 
its role in low-risk patients [16]. Currently available devices are summarised in table 2. For transcatheter interventions annulus to ostial 
distance must be more than 12 mm. Low lying ostial will increase risk of coronary ostial occlusion. Transarterial access should be avoided 
with aortic tortuosity, aneurysm or protruding atheroma or thrombus. Porcelain aorta should have a lumen of adequate size for interven-
tions by this method. Patients with mild stenosis have no activity restrictions imposed upon. Asymptomatic patients with moderate to 
severe stenosis should avoid competitive or vigorous activities that involve high dynamic and static muscular demands, although other 
forms of exercise are considered safe [14]. Diuretics have the potential to reduce diastolic filling and should be used in low doses only and 
peripheral alpha blockers should be avoided.

 

Table 2: Current TAVI devices.

Current indications for aortic valve replacement (surgical or transcatheter) are as follows:

1. Severe high-gradient AS with symptoms (class I recommendation, level B evidence).
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2. Asymptomatic patients with severe AS and LVEF < 50 (class I recommendation, level B evidence).

3. Severe AS when undergoing other cardiac surgery (class I recommendation, level B evidence).

4. Asymptomatic severe AS and low surgical risk (class IIa recommendation, level B evidence).

5. Symptomatic with low-flow/low-gradient severe AS (class IIa recommendation, level B evidence).

6. Moderate AS and undergoing other cardiac surgery (class IIa recommendation, level C evidence).

TAVR is approved for the following:

1. Intermediate to prohibitive surgical risk patients with severe AS.

2. Valve-in-valve procedure for failed prior bio prosthetic valve.

Contraindications

Life expectancy less than 1 year due to a noncardiac cause, myocardial infarction within the last thirty days, congenital unicuspid, bi-
cuspid or noncalcified valve, hypertrophic cardiomyopathy, need for emergency surgery, left ventricular ejection fraction less than 20%, 
severe pulmonary hypertension with right ventricular dysfunction, echocardiographic evidence of intracardiac mass, thrombus or vegeta-
tion, native aortic annulus smaller than 18 or larger than 25 mm, severe mitral regurgitation, MRI confirmed CVA or TIA within last six 
months, end-stage renal disease, mixed aortic valve disease (concomitant aortic regurgitation), or significant aortic disease [19]. Refer to 
table 3 for absolute contraindications for the procedure. Relative contraindications include need for concomitant coronary revascularisa-
tion, bicuspid or noncalcified valve, LVEF of less than 20%, hemodynamic instability and for apical approach non accessible LV apex and 
severe pulmonary disease. As technology improves many of these may disappear from the list too.

Life expectancy of less than 1 year

No expected improvement in outcome due to co morbidities

Any other surgical indications for other valvular pathologies co exist

Non availability of heart team or appropriateness of procedure not confirmed by heart team

Inadequate annulus size- as per device availability status

Thrombus in left ventricle, ascending aorta or arch

Active endocarditis

High coronary ostial occlusion risk

Access site contraindications

Table 3: Absolute contraindications to TAVI.

Technique

Multiple options for transcatheter aortic valves exist. Only two currently FDA-approved for use in the United States are the SAPIEN 
valves (Edwards Life sciences, Irvine, CA) and the CORE valves (Medtronic Fridley, MN). The SAPIEN valves have balloon expandable 
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bovine pericardial tissue on a chromium cobalt alloy frame. Latest Medtronic valve is the EVOLUT-R made of porcine tissue and a nitinol 
frame, with added advantage of being self-expandable and ability for repositioning after deployment [20-22].

Surgical interventions are best for severe lesions with low and moderate surgical risk. Mechanical valve replacements should maintain 
INR in range of 2 - 3 and biological valves should have antiplatelet agents being continued on follow up. Indications for the Ross procedure 
are children with congenital stenosis, young adults with small aortic annulus, women of child bearing age group and those with complex 
left ventricular outflow disease or prosthetic valve endocarditis and those with dilated aortic annulus. It is contraindicated in Marfans and 
those with rheumatic valve disease with a dysplastic dilated aortic root due to autograft dysfunction. Homograft valves can be considered 
in those with active endocarditis.

Role of heart team

There are three questions that a heart team has to answer- is percutaneous intervention acceptable for that particular patient accord-
ing to current guidelines, is the anatomy suitable and of the various routes like transfemoral, transapical, axillary or transaortic which 
would be the best according to the patient anatomy and device selected. Here again a good clinical sense should prevail. The post evalu-
ation heart team meeting usually includes the cardiologist and cardiac surgeon plus anaesthetist, radiologist, intensivist, geriatrician, 
research nurses, or any other as deemed necessary relating the patient co morbidities. The heart team takes care of in hospital manage-
ment, compliance to registries and also organises the follow up. There is a need for optimal training programme with hands on experience 
in simulators.

Percutaneous interventions for valve in valve procedures are acceptable for the high surgical risk category where the dimensions and 
characteristics of failed valve are understood and compatible with good transcatheter valve function, and expected life expectancy is more 
than 2 years [9-11,17,18]. Left sided heart lesions can recur when one child is affected with a frequency of 4.5 to 13%. Measures of in-
utero intervention [15] of aortic stenosis are available in a few select centres globally.

Coexistent CAD and atrial fibrillation

Aortic stenosis frequently coexists with coronary artery disease and the safety and feasibility of PCI in conjunction with TAVI has been 
well established in selected patients. Currently heat team decisions based on thoughtful discussion on an individual basis is needed till 
high quality randomized trial results are available. See table 4 for management options.

1- or 2-vessel CAD:

•	 SAVR plus coronary artery bypass grafting (CABG) is appropriate for low, intermediate, or high surgical risk;

•	 TAVR plus percutaneous coronary intervention (PCI) is appropriate for patients at intermediate or high surgical risk; and

•	 SAVR plus PCI may be appropriate in the absence of proximal left anterior descending artery (LAD) involvement.

3-vessel CAD:

•	 SAVR plus CABG is appropriate for low, intermediate, or high surgical risk and regardless of the SYNTAX (Synergy be-
tween percutaneous coronary intervention with Taxus and Cardiac Surgery) score; and

•	 TAVR plus PCI is appropriate for patients at intermediate or high surgical risk and a SYNTAX score below 22.

Left main CAD:

•	 SAVR plus CABG is appropriate for low, intermediate, or high surgical risk and regardless of the SYNTAX score;

•	 TAVR plus PCI is appropriate for patients at intermediate or high surgical risk and a SYNTAX score below 33; and

•	 TAVR plus PCI may be appropriate for patients at intermediate or high surgical risk and a SYNTAX score of at least 33.

Table 4: Symptomatic severe high-gradient aortic stenosis with coronary artery disease (CAD).
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Atrial fibrillation is observed in up to a third of high risk patients undergoing percutaneous interventions on aortic valve stenosis. The 
risk of mortality is twofold at 1 year follow up. Among patients with AF CHA2DS2-VASC score directly co related with risk of all cause 
mortality. Incidence of post procedure atrial fibrillation is less 5% vs. 23% compared to surgical intervention [23].

Transformation to percutaneous routes has begun and likely to herald as the primary management strategy for other valvular disor-
ders also in near future. The reported success rates in USA and Europe are over 90% and 30 day mortality as low as 3% [23]. Early deaths 
are due to arrhythmias, heart failure and pulmonary complications. TAVI with third generation devices achieve similar short and midterm 
survival compared with surgical interventions. Long term durability especially in younger patients is to be evaluated before extending the 
use of this technology to low risk group.

Long term benefits envisaged includes a higher survival advantage, better quality of life, lower reintervention rates, low transvalvular 
gradients with better valve areas that tips the balance in favour of percutaneous interventions in future with better technological devices.

Conclusion

Better understanding of pathology, ground breaking technologies and refinements may still create a series of refinements in tunnel of 
future and lead to better in-utero strategies eliminating the disease in adulthood altogether. Multidisciplinary teams with patient at the 
core would emerge as the most practical scenarios as technology marches ahead with variable pace amongst specialisations of medicine. 
With better operator experience and advanced technological expertise TAVI may soon extend its applications to low risk group also be-
cause of lower complications and quicker recovery.
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