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The marked change in the epidemi-
ology of valvular heart disease (VHD)
over the last 50 years has been the dra-
matic reduction in the incidence of
rheumatic heart disease in developed
countries.1 Rheumatic disease remains
a major problem in developing coun-
tries, but most VHD in industrialised
nations is now degenerative which,
until recently, was thought to be rela-
tively unimportant as a public health
problem.1–3

US data on the prevalence of
valvular heart disease

There are surprisingly little good
quality data on the epidemiology of
VHD. One difficulty in obtaining such
data is that accurate diagnosis of the
occurrence and severity of VHD
requires high quality echocardiography
in large numbers of patients.1,3 In a
landmark paper in 2006, Nkomo et al
analysed pooled data from 12,000 sub-
jects in three US population-based
studies and a separate cohort of 16,500
patients from a well defined commu-
nity setting.1 The principal findings are
summarised in Fig 1. It is evident from
these data that VHD in the US popula-
tion is a disease of increasing age (par-
ticularly the over-75s) and that mitral

regurgitation (MR) and aortic stenosis
(AS) make up the bulk of disease. Males
and females are equally affected. Mitral
stenosis (MS), highly prevalent in pop-
ulations affected by rheumatic disease,
is now uncommon.1–3 It is important to
emphasise that only moderate to severe
VHD was included in the Nkomo
analysis, reflected in the fact that sub-
jects demonstrated evidence of cardiac
chamber remodelling and reduced 
survival.

Extrapolation to the UK

The Nkomo study found a population
prevalence of moderate to severe valve
disease of 8.5% in the 65–74 age group
and 13% in those over 75 years. There are
currently no equivalent data for the UK
population but extrapolation from the
US figures would give an estimate of
around one million affected individuals
over the age of 65 years.4 It is worth
noting that the UK population aged over
75 years is projected to increase by
around 50% by 2025 so the healthcare
impact of valve disease is likely to increase
substantially (Fig 2(a)–(c) and 3).5

Aortic stenosis

Pathophysiology

AS results from a gradual reduction in
the mobility of the cusps of the aortic
valve, leading to reduced systolic excur-
sion and reduction in the area of the
open valve from the normal of 3–4 cm2.
As the valve becomes progressively nar-
rowed, left ventricular (LV) systolic pres-
sure rises and a pressure gradient
develops between the ventricle and the
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Fig 1. The rising
prevalence of valvular
heart disease with age
in (a) three US
population studies; (b)
the community of
Olmsted County, MN.
Reproduced from the
Lancet with permission
from Elsevier.1
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aorta. The ventricle compensates for this
pressure rise with an increase in wall
thickness and patients may remain
asymptomatic for a long time despite a
severely narrowed valve (�1 cm2).
Progressive hypertrophy eventually
causes the ventricle to become less com-
pliant, resulting in symptoms, most com-
monly exertional breathlessness. Most
patients develop these symptoms before
a reduction in ejection fraction but some
present with poor ventricular function
and overt heart failure.6

Aetiology and progression

The three main causes of AS in devel-
oped countries are:

• calcification of a congenitally bileaflet
(or occasionally single leaflet) valve

• calcification of a trileaflet valve and,

• less commonly, rheumatic disease.

Thickening of the aortic valve without
obstruction (or aortic sclerosis) is pre-
sent in 25% of patients over 65 years and
is associated with age, male gender,
hypertension, smoking, low-density
lipoprotein levels and diabetes mellitus.7

Over five years, around 9% of such
patients progress to AS.8 Prediction of
the rate of progression in any individual
patient is difficult, although surgical data
suggest more rapid change in single and
bileaflet valves.9 Excluding rheumatic
valves, just over half of all stenotic valves
are morphologically abnormal:

• below 50 years: two-thirds a bileaflet
and one-third a single leaflet valve

• 50–70 years: two-thirds a bileaflet
and one-third a trileaflet valve

• over 70 years: 40% a bileaflet and
60% a trileaflet valve.

Despite initially promising results for
treatment with statins there is no con-
vincing evidence that any medical treat-
ment slows the progression of AS.10 Valve
replacement is the only effective treat-
ment for severe AS.

Aortic regurgitation

Pathophysiology

Aortic regurgitation (AR) is caused by
inadequate coaptation of the aortic
valve cusps during diastole. It may arise
either from primary abnormality of the
valve or from abnormality of the aortic
root causing disruption of normal valve
closure. As a result, a proportion of LV
stroke volume (�50% in severe AR)
leaks back through the aortic valve in
diastole. This in turn induces a com-
pensatory response of ventricular
dilatation and wall thickening which
maintains efficient ventricular pump
function. If regurgitation progresses
unchecked, this compensatory response
eventually becomes inadequate,
resulting in progressive ventricular
enlargement and the onset of exertional
breathlessness.

Rheumatic heart disease is now uncommon in industrial nations but still a major
burden in the developing world

Valvular heart disease (VHD) is a disease of advancing age in the developed world
and particularly prevalent over the age of 75 years

Aortic stenosis usually results from progressive valvular calcification. Congenitally
abnormal (single and bileaflet) valves stenose more rapidly than those which are
morphologically normal (trileaflet)

Mitral regurgitation (MR) is the most common form of moderate to severe VHD in
the community setting

Ischaemic MR is common after myocardial infarction, often difficult to detect and
associated with an adverse outcome

Key Points
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Fig 2. (a) Population estimates for
England and Wales for 2009, 2015
and 2025, illustrating the anticipated
growth in the 76–80 and 81–85 age
groups; (b) number of aortic valve
replacements (AVRs) per year in the
UK for age 65–74 and over-75; (c)
number of aortic valve replacements
per year as a percentage of the
population estimated to have
moderate or severe aortic stenosis. 
A relatively smaller proportion of the
over-75 age group undergo surgery. 
CABG � coronary artery bypass grafting.
Reproduced with permission from SCTS
and Dendrite Clinical Systems.5
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Aetiology and progression

About half of patients undergoing valve
replacement for pure AR have an abnor-
mality of the valve itself while the rest
have an abnormality of the aortic root
(most commonly of non-specific
cause).11 Of the valvular causes, bileaflet
valves constitute about 60% and infective
endocarditis 20% (rheumatic heart dis-
ease now accounts for �10%). There is
conflicting evidence that treatment with
vasodilating agents (eg angiotensin-con-
verting enzyme inhibitors) may slow the
progression of AR.6

Mitral regurgitation

MR is the most commonly occurring
valve abnormality.1 The epidemiology
and natural history are critically depen-
dent on aetiology. It may be classified into:

• primary: an abnormality of the valve
itself, or

• secondary: an abnormality of the left
ventricle.

Primary mitral regurgitation

Pathophysiology

Primary MR results from failure of sys-
tolic coaptation of the mitral leaflets as a

result of abnormalities of the valve appa-
ratus. A proportion of the LV stroke
volume (�50% in severe MR) is ejected
into the left atrium which enlarges as a
result. The left ventricle also enlarges to
accommodate the increased stroke
volume and a compensated state develops
during which patients may remain
asymptomatic for many years. This com-
pensatory response is eventually inade-
quate and patients develop exertional
breathlessness and/or echocardiographic
signs of ventricular decompensation. No
current medical treatment slows the pro-
gression of primary MR.

Aetiology and progression

The most common form of primary MR
in the developed world is degenerative
mitral valve disease (also known confus-
ingly by other names, including mitral
valve prolapse or myxomatous mitral
valve disease). The term ‘degenerative’
combines a variety of pathologies that
lead to varying degrees of leaflet redun-
dancy, thickening or thinning, and
lengthening or rupture of the chordae.
The second most common cause is infec-
tive endocarditis. Rheumatic MR is rare
in the industrial nations but highly
prevalent in the developing world.2,3

Other less common causes are congenital

abnormalities, trauma and drug-induced
MR.12

The prevalence of primary MR
depends critically on the method of
assessment. Definitions in the early days
of echocardiography were lax, resulting
in an apparent prevalence as high as 30%
in young women. Using carefully stan-
dardised criteria, the true prevalence
appears to be around 2%, roughly equal
between males and females and with a
fairly even age distribution.13 However,
natural history is highly variable. Life
expectancy is normal in about half of
subjects, with minimal health impact.14

About 20% have an adverse prognosis
and are at high risk of progression to
surgery, heart failure or death. The prin-
cipal predictors of a more aggressive
course are moderate or severe MR at
diagnosis and any reduction in LV ejec-
tion fraction.14 Patients with a flail mitral
leaflet due to chordal rupture tend to
progress particularly rapidly.15 Women
generally have a more benign form of
disease, with fewer flail leaflets and less
severe MR, but those who develop severe
MR fare worse than men with equivalent
MR and are less likely to undergo
surgery.16 Successful valve repair in
patients with no more than mild symp-
toms and normal LV function restores
normal life expectancy.17

Secondary mitral regurgitation

Secondary MR results from distortion of
ventricular anatomy, usually as a result of
myocardial infarction (MI) but also as a
result of ventricular dilatation or hyper-
trophic cardiomyopathy. Pathophysiology
depends upon the underlying aetiology.

Ischaemic MR is common, but often
clinically silent and only detected using
echocardiography. Scarring of the left 
ventricle distorts chamber anatomy, with
consequent dysfunction of the mitral
apparatus and failure of leaflet coaptation
(though the leaflets themselves remain
normal). The haemodynamic load of the
resultant MR is imposed on an already
damaged ventricle. About 50% of patients
have some MR 30 days after MI, moderate
or severe in 12%.18 MR is more frequent in
women, older patients and those with

Fig 3. Advancing age of patients undergoing aortic valve surgery in the UK. Isolated
aortic valves: age categories (n�31,200). Reproduced with permission from SCTS and
Dendrite Clinical Systems.5
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triple vessel disease19 and just as common
after both non-ST segment elevation MI
(NSTEMI) and STEMI.20 Over a five-year
follow-up after MI, moderate or severe MR
is associated with a substantial risk of heart
failure or death independent of age, sex or
baseline ejection fraction.18 Paradoxically,
there is minimal long-term symptomatic
or survival benefit associated with the
addition of mitral valve repair to coronary
grafting in patients with ischaemic MR,21

although appropriate medical treatment
for heart failure may reduce the degree of
regurgitation in some patients.

Mitral stenosis

Pathophysiology

MS results from fusion, thickening and
reduced mobility of the mitral leaflets and
chordae tendinae. The major cause world-
wide is rheumatic fever, but congenital
abnormalities of the valve make up a larger
proportion of cases in industrialised
nations. Valve area decreases from the
normal of about 4 cm2 to 1 cm2 or less,
producing a diastolic gradient between the
left atrium and left ventricle, raised left
atrial pressure (and consequent enlarge-
ment), secondary pulmonary hyperten-
sion and right heart failure. The primary
symptom is breathlessness on exertion.

Aetiology and progression

MS tends to develop within a few years of
rheumatic fever in the developing world2

but the interval is longer in industrialised
nations. Once MS has developed, the
average fall in valve area is approximately
0.1 cm2 per year.22

Conclusions

Rheumatic fever has declined sharply as
a cause of chronic VHD in industri-
alised nations and most valve pathology
is now degenerative. Symptomatic VHD
(particularly aortic valve disease) is
generally a disease of increasing age and
will become more common in forth-
coming decades. As a consequence,

VHD is now a major public health
issue.
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