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A
ortic stenosis (AS) has become the most frequent valvar heart disease and the most

frequent cardiovascular disease after hypertension and coronary artery disease in Europe

and North America. It primarily presents as calcific AS in adults of advanced age. The

prevalence in the population older than 65 years has been reported between 2–7% and aortic

sclerosis, the precursor of AS, has been found in 25%.1 Considering this high prevalence and the

poor outcome of AS without cardiac surgery, this disease has definitely become a major health

problem.

Besides calcific AS, the second most frequent aetiology which dominates in the younger age

group is congenital AS, whereas rheumatic AS has become very rare in developed countries.

Among patients with calcific AS, bicuspid valves are very common in those presenting in their 70s

and 80s, whereas tricuspid valves become more common in octogenarians.

Proper physical examination remains essential in AS. It is the characteristic systolic murmur

that draws attention and guides further diagnostic workup in the right direction. Doppler

echocardiography is the ideal tool to confirm diagnosis and quantify AS by calculating pressure

gradients and valve area, although the technique remains investigator dependent requiring

special skill and experience. Heart catheterisation is mostly restricted to preoperative evaluation of

coronary arteries rather than for evaluation of the valve lesion itself.

During a long latent period with increasing outflow tract obstruction, which results in

increasing left ventricular pressure load, patients remain asymptomatic and acute complications

are rare. However, as soon as symptoms such as exertional dyspnoea, angina, or dizziness and

syncope occur, outcome becomes dismal. Average survival after the onset of symptoms has been

reported to be less than 2–3 years.2 In this situation, valve replacement not only results in

dramatic symptomatic improvement but also in good long term survival.2 This holds true even for

patients with already reduced left ventricular function, as long as functional impairment is indeed

caused by AS. Thus, there is general agreement that urgent surgery must be strongly

recommended in symptomatic patients.3 4

This article primarily addresses two controversial issues on which current research efforts focus

in particular: (1) the pathogenesis of calcific AS and possible ways to halt progression to severe

symptomatic AS; and (2) the question of whether and when to operate on asymptomatic,

haemodynamically severe AS.

PATHOGENESIS OF CALCIFIC AORTIC STENOSIS AND PREVENTION OF
PROGRESSIONc
Calcific AS is a chronic progressive disease, starting with thickening and calcification of valve

cusps without haemodynamic significance (that is, aortic sclerosis) and eventually ending in

heavily calcified stiff cusps causing severe valve stenosis. The progression from aortic sclerosis,

which can already easily be detected by echocardiography or computed tomography, to

haemodynamically severe AS takes many years. Thus, we are faced with the rather unique

situation in valvar heart disease that the disorder can be diagnosed at an early stage, offering the

chance of interfering with its further progression to a clinically relevant valve problem. While

calcific aortic valve disease was until recently considered a degenerative and unmodifiable process

basically induced by long lasting mechanical stress, histopathologic studies have made it clear

that it is an active process sharing a number of similarities with atherosclerosis.5 Inflammation,

lipid infiltration, dystrophic calcification, ossification, platelet deposition, and endothelial

dysfunction have been observed in both diseases and hypercholesterolaemia, raised lipoprotein

Lp(a), smoking, hypertension, and diabetes have been reported to be common risk factors for

both of them.5 Thus, modification of atherosclerotic risk factors may slow progression of aortic

valve calcification. In addition, the renin–angiotensin system—which has been shown to play a

role in atherosclerosis—may also be important in the pathogenesis of calcific AS.5 6 Thus, drugs

that interfere with this system may have the potential for delaying disease progression.
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The agents that have, however, gained most interest in

recent years with regard to AS progression prevention are

definitely statins.

Statins and aortic stenosis
The observation that AS and atherosclerosis share risk factors

such as low density cholesterol and Lp(a) elevation, and the

fact that statins can slow the progression of atherosclerosis,

raised the hypothesis that these drugs may also delay the

progression of calcific AS. Indeed, several retrospective

studies have consistently demonstrated that statin treatment

is associated with notably lower haemodynamic progression

of AS.7–9 The question of whether this effect is dependent on

cholesterol lowering or not, however, remains controversial.

While Novaro et al8 have reported an association between AS

progression and cholesterol values, Bellamy and colleagues7

and our group in Vienna9 could not find such an association,

supporting the hypothesis that the effects of statins may

rather be caused by their pleiotropic and anti-inflammatory

properties than by cholesterol lowering. The beneficial effects

of statin treatment do not appear to be restricted to the early

stage of disease.9 Since a rapid increase of the peak aortic jet

velocity among patients with severe AS and moderately to

severely calcified valves has been shown to indicate a poor

outcome,10 slowing disease progression in these patients may

still beneficially alter their outcome with respect to the

development of symptoms and the necessity of surgery. Thus,

current data suggest that statin treatment may be indicated

in any patient with AS, regardless of AS severity and

cholesterol values.

Final conclusions on the efficacy of statin treatment can,

however, only be drawn from prospective randomised

controlled trials. Preliminary data with surprisingly negative

results were presented at the last annual sessions of the

American Heart Association.11 However, this study may not

have comprised enough patients (n = 155) and the follow

up may have been too short (26 months on average).

Therefore, one must wait for the results of ongoing large

multicentre trials.

Renin–angiotensin system and aortic stenosis
The fact that angiotensin converting enzyme (ACE) and

angiotensin II can be found in sclerotic but not in normal

aortic valves suggests a potential role for the renin–

angiotensin system in the pathogenesis of calcific AS.5 6

ACE is also found in atherosclerotic lesions and angiotensin

II is assumed to contribute to the atherosclerotic process via

its pro-inflammatory effects. Clinical trials have demon-

strated clinical benefit of treatment with agents that block

the renin–angiotensin system components in patients who

either have had or are at high risk for atherosclerosis,

suggesting similar effects in calcific AS. Indeed, ACE

inhibitors have recently been shown to slow the calcium

accumulation in aortic valves in a retrospective study using

electron beam computed tomography.12 So far, there has only

been one study evaluating the effects of ACE inhibitors on

the haemodynamic progression of AS.9 This retrospective

analysis, however, could not find any difference in progres-

sion rates between patients with and without ACE inhibitor

treatment. Nevertheless, it could still be that the initiation of

ACE inhibitor treatment at an earlier stage of disease and

longer treatment may have positive effects on disease

progression. Further studies may therefore be required.

In conclusion, there is so far no solid evidence that AS

progression can be prevented with any medical treatment

and it is too early for treatment recommendations.

WHEN TO OPERATE ON ASYMPTOMATIC AS
While there is consensus that urgent valve replacement is

required in symptomatic AS, the management of asympto-

matic patients with severe AS remains a matter of con-

troversy.2 3 Because of the widespread use of Doppler

echocardiography it is estimated that about 50% of patients

who come to medical attention with severe AS are still

asymptomatic. Thus, cardiologists are increasingly faced with

the difficult decision whether to operate on asymptomatic

patients with severe AS or not. The following prognostic

reasons could potentially favour elective surgery in an

asymptomatic patient: prevention of sudden cardiac death;

prevention of irreversible myocardial damage; lowering

surgical risk by performing valve replacement early; and

certainty that the symptom-free phase of haemodynamically

severe AS can only be very short and surgery is inevitable

within a short time interval anyway.

Prevention of sudden cardiac death
Sudden death is probably the major concern when asympto-

matic patients with severe AS are followed conservatively.

How likely is sudden death in asymptomatic AS? Besides

several studies which included patients with non-severe AS

and did not observe sudden deaths, there are now two

prospective studies reporting the outcome of sizeable cohorts

of patients with exclusively severe AS (peak aortic jet velocity

> 4.0 m/s). Pellikka et al13 observed two sudden deaths

among 113 patients during a mean follow up of 20 months.

Both patients, however, had developed symptoms at least

three months before death. We have reported one sudden

death that was not preceded by any symptoms among 104

patients followed for 27 months on average.10 Thus, sudden

death—although a common cause of death in symptomatic

patients—appears to be a very rare event in asymptomatic AS

(, 1%/year). It also has to be considered that sudden death

has even been reported after successful valve replacement

and, thus, this risk can apparently not be entirely eliminated

by surgical treatment. Thus, prevention of sudden death is

not a strong argument for surgery in asymptomatic patients.

However, patients unfortunately do not always promptly

report their symptoms. In addition it has to be considered

that in some countries patients may wait several months for

surgery. Mortality has, however, been reported to be quite

significant already within the following months after

symptom onset. In a Scandinavian study,14 for example,

seven of 99 patients with severe aortic stenosis who were

scheduled for surgery died during an average waiting period

of six months.

Prevention of irreversible myocardial damage
In contrast to valvar regurgitation, patients with asympto-

matic severe AS who have already developed impaired

systolic left ventricular function are extremely uncommon.

It has been speculated, however, that myocardial fibrosis and

severe left ventricular hypertrophy that may not be reversible

after delayed surgery could preclude an optimal postoperative

long term outcome. However, there are, so far, no data to

confirm this hypothesis,3 and the excellent outcome after

valve replacement in isolated AS with normal systolic left

ventricular function raises doubts that the risk of developing
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irreversible hypertrophy and myocardial fibrosis during the

asymptomatic phase may become a strong argument to

operate on asymptomatic patients. Further studies are,

however, required to clarify this question.

Surgical considerations
Patients with severe symptoms have been found to have a

significantly higher operative mortality than those with no or

only mild symptoms. According to the Society of Thoracic

Surgeons US cardiac surgery database 1997, for example,

patients in New York Heart Association (NYHA) classes I or II

had an operative mortality of less than 2% compared with

3.7% and 7.0% for patients in NYHA class III and IV,

respectively.15 In addition, urgent or emergent valve replace-

ment carries a significantly higher risk than elective surgery.15

Nevertheless, operative risk, even if it is small, must always

be weighed against the potential benefit. Although operative

mortality can ideally be in the range of 2–3% it may be as

high as 10% in the elderly and even higher in the presence of

significant co-morbidity.16 Even more importantly, not only

must operative risk be considered but also prosthetic valve

related long term morbidity and mortality must be taken into

account. Thromboembolism, bleeding, endocarditis, valve

thrombosis, paravalvar regurgitation, and valve failure occur

at the rate of at least 2–3% per year and death directly related

to the prosthesis has been reported at a rate of up to 1% per

year.3 This again underscores that surgery cannot be justified

early when a net benefit is not proven for the patient.

Duration of the asymptomatic phase
Some studies reported a very rapid progression and thus poor

outcome, with up to 80% of the patients requiring valve

replacement within two years.17 Such observations have also

raised the question of whether it is worthwhile to delay

surgery in still asymptomatic patients. However, other

investigators have reported better outcome and individual

outcome varies widely. For example, survival free of death or

valve replacement indicated by the development of symptoms

was 56 (5)% at two years in our series of asymptomatic

patients with severe AS.10 These discrepant results may be

explained by the fact that in some studies patients underwent

surgery without having developed symptoms while these

interventions were, nevertheless, counted as events. Thus, the

event-free survival reported in the literature has to be viewed

with caution.

In conclusion, it appears unlikely from current data that the

potential benefit of valve replacement can outweigh the risk of

surgery and the long term risk of prosthesis related complica-

tions in all asymptomatic patients. Surgery is, therefore, not

generally recommended in AS before symptom onset.3 4 In

particular, the fact that patients frequently do not present

immediately when symptoms develop and that some need to

wait some time for surgery while being symptomatic repre-

sents, however, significant risk; the ideal approach would

therefore be to refer patients for surgery just before symptom

onset. Risk stratification with identification of those patients

who are likely to develop symptoms within a short time

interval could definitely optimise the timing of surgery.

RISK STRAFICATION IN ASYMPTOMATIC SEVERE
AORTIC STENOSIS
Risk stratification by echocardiography
Among the echocardiographic parameters, peak aortic jet

velocity and ejection fraction13 as well as the rate of

haemodynamic progression17 have been identified as inde-

pendent predictors of outcome. However, these findings were

obtained retrospectively and did not allow any specific

recommendations on how to select prospectively high risk

patients who may benefit from early elective surgery.

Aortic valve calcification has turned out to be a powerful

independent predictor of outcome.10 Event-free survival at

four years was 75 (9)% in patients with no or only mild

calcification versus 20 (5)% in those with moderately or

severely calcified valves. The worse outcome of patients with

more severe calcification appeared to be paralleled by a more

rapid haemodynamic progression. However, even in the

presence of calcification the rate of haemodynamic progres-

sion varies widely.2 10 In fact, the haemodynamic progression

as determined by serial echocardiographic examination

appears to yield important prognostic information in addition

to the degree of calcification. The combination of a notably

calcified valve with a rapid increase in velocity of > 0.3 m/s

from one to the following visit within one year has been

shown to identify a high risk group of patients.

Approximately 80% of them required surgery or died within

two years.10 This criterion has been included in the European

recommendations as a IIa indication for valve replacement.4

Risk stratification by exercise testing
Although an abnormal exercise test is considered a probable

indication for valve replacement in current guidelines,3 4 this

recommendation was based on weak data. Amato and

colleagues18 performed exercise testing in 66 asymptomatic

patients with an aortic valve area , 1.0 cm2 and followed

them for 15 (12) months. Criteria for a positive test were

occurrence of symptoms, new ST segment depression, systolic

blood pressure increase , 20 mm Hg or complex ventricular

arrhythmias. At 24 months, event-free survival with events

defined as development of symptoms in daily life or death

was 85% in 22 patients with negative test but only 19%

(including four sudden deaths) in patients with a positive

test. Although these results look impressive they leave many

open questions. The majority of patients with a positive test

fulfilled the criterion of symptom development. In particular,

three of the patients who died had symptoms during the test.

Although the study allowed the conclusion that patients with

a negative exercise test appear to have a good outcome and

may not require surgery whereas those limited by typical

symptoms should undergo valve replacement, the positive

predictive value of an abnormal blood pressure response and/

or ST segment depression without occurrence of symptoms

remained unclear.

Until recently, there were no other studies providing more

detailed data on the predictive accuracy of these criteria.

However, Das and colleagues19 were able to clarify some of

the open questions. In 125 patients with asymptomatic AS

(effective valve area 0.9 (0.2) cm2), they assessed the

accuracy of exercise testing in predicting symptom onset

within 12 months. Similar to previous reports, approximately

one third of the patients were found to develop symptoms on

exercise. Abnormal blood pressure response, more strictly

defined as no increase in systolic blood pressure at peak

exercise compared to baseline, was found in 23% and ST

segment depression of.2 mm in 26% of patients. There were

no deaths during follow up but 29% of their patients

developed spontaneous symptoms. Absence of limiting

symptoms had a high negative predictive accuracy of 87%.

An abnormal blood pressure response or ST segment
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depression, however, gave no significant benefit above

limiting symptoms with respect to predictive accuracy. In

the absence of limiting symptoms, only two patients with

abnormal blood pressure response, two with ST depression,

and one with both developed symptoms during follow up.

Negative predictive values were 78% and 77% and positive

predictive values 48% and 45%, respectively. These findings

suggest that abnormal blood pressure response and ST

depression are rather non-specific findings and not helpful

for identifying asymptomatic patients who may benefit from

elective valve replacement.

Even limiting symptoms on exercise testing had a positive

predictive accuracy of only 57% in the present study when

including all patients and all symptoms. When considering

Figure 1 Stepwise approach to the management of patients with aortic stenosis. *Raised plasma concentrations of neurohormones may become an
independent indication for surgery when confirmed by further studies and then may step up in the decision algorithm. Their serial measurement at
follow up visits may be helpful. LV, left ventricle.
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only physically active patients younger than 70 years,

positive predictive accuracy rose to 79%. Apparently, it also

matters which symptoms occur on exercise testing: in the

entire study group, 83% of patients with dizziness developed

spontaneous symptoms compared to only 50% of patients

with chest tightness and 54% of patients with breathlessness.

The most likely explanation for these findings is that

breathlessness on exercise may be difficult to interpret in

patients with only low physical activity and particularly in

older patients (. 70 years). In this group it will be difficult to

decide whether breathlessness on exercise is indeed a

symptom of AS.

Thus, exercise testing is primarily helpful in physically

active patients younger than 70 years. A normal exercise test

indicates a very low likelihood of symptom development

within 12 months and watchful waiting is safe. On the other

hand, clear symptom development on exercise testing in

physically active patients younger than 70 years indicates a

very high likelihood of symptom development within 12

months and valve replacement should be recommended.

However, abnormal blood pressure response and/or ST

segment depression without symptoms on exercise have a

low positive predictive value and may not justify elective

surgery.

Risk stratification by neurohormones
Plasma concentrations of cardiac neurohormones have been

shown to increase with the haemodynamic severity of AS and

with increasing symptoms. More importantly, we recently

reported that plasma concentrations of neurohormones may

predict symptom-free survival in AS.20 Patients with brain

natriuretic peptide (BNP) concentrations , 130 pg/ml or

N-terminal BNP concentrations , 80 pmol/l were unlikely to

develop symptoms within nine months (symptom-free

survival close to 90%) whereas those with higher concentra-

tions frequently required surgery within this time period

(symptom-free survival less than 50%). Thus, serial measure-

ments of neurohormones during follow up may also help to

identify the optimal time for surgery.

Recommendations for surgery in current American and

European practice guidelines and suggestions for a practical

approach to the management of AS are summarised in fig 1

and table 1.
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