
52 GERIATRICS & AGING • May 2003 • Vol 6, Num 5

The Morphology of the Aging Heart

Introduction
Worldwide, there is an ongoing increase
in life expectancy and a major expansion
in the population. This increase is even
more rapid in the population older than
65 years of age. All the known risk factors
for cardiovascular disease, as well as the
frequency of their manifestations,
increase with age. Cardiovascular dis-
eases such as atherosclerosis, coronary
artery disease, hypertension and chronic
congestive heart failure reach epidemic
proportions in the elderly, making it the
leading cause of morbidity and mortali-
ty among this age group and a major
focus of interest in geriatrics. 

The cardiovascular system undergoes
subtle but progressive changes with age.
These alterations of cardiovascular struc-
ture result in progressively altered func-
tion with advancing age. A good
appreciation of these changes (structural
and functional) is therefore essential for a
good understanding of clinical symptoms
and signs, as well as for better targeted
and successful therapeutic interventions. 

These age-related changes involve
both blood vessels and the heart. In the
heart, the changes can be divided into
those involving the myocardium (includ-
ing the interstitium), the cardiac valves,
the conduction system, the pericardium
and the coronary arteries. In this paper,

we will concentrate on changes within
the heart (Table). 

Morphological Changes
Endocardium
The heart wall has three layers, the endo-
cardium, myocardium and pericardium
(outermost layer). The innermost endo-
cardium, a single-cell layer of tissue lin-
ing the entire cardiovascular system, is
the continuation of the intima of blood
vessels. Its integrity—morphological and
functional—is essential for a non-throm-
botic surface. Ultrastructurally, the endo-
cardium is comprised of a layer of
endothelial cells, which has a basement
membrane, a thin layer of collagen fibrils,
occasional fibroblasts and smooth mus-
cle cells, and a layer of elastic tissue (the
internal elastic lamina). 

With increasing age, the endocardi-
um that is normally invisible to the naked
eye becomes thicker and opaque in areas,
a change that is most prominent in the
left atrium and least prominent in the
right ventricle (RV).1 Endocardial plaques
or friction lesions are found more com-
monly in the elderly. Left ventricular fric-
tion lesions are most commonly found in
the posterior wall, “behind” the posteri-
or mitral valve (MV) leaflet, and are asso-
ciated with changes in MV function,
including floppy mitral valves.2

Myocardium
The myocardium is a mass of cardiac
muscle fibres, with an interstitium com-
prised of collagen fibrils and blood ves-
sels. In the ventricles, the muscle fibres
are arranged in two to three layers
while in the atria they are circumferen-
tially and longitudinally arranged.
Common age-related myocardial
changes include an increase in thickness
of the left ventricular (LV) wall,3 left
atrial muscle fibre hypertrophy, an
increase in interstitial fibrous tissue,4

and a decrease in the number of the
myocytes, although the size of the
remaining individual myocytes may
increase. LV wall thickness has been
shown to increase with age, in both
males and females.3 

Jagdish Butany, MBBS, MS, FRCPC and Manmeet S. Ahluwalia, MBBS,
Department of Pathology,Toronto General Hospital, University Health Network,
Toronto, ON.

Cardiovascular Disease

With advancing age, the cardiovascular system undergoes subtle but progressive changes that
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Structural Changes

Endocardium
Thicker and opaque
Left ventricular frictional lesions

Myocardium 
Increased left ventricular wall thickness 
Left atrial hypertrophy
Decreased number of myocytes
Increased size of myocytes
Increased amyloid deposition

Pericardium
Increased fibrosis (“milk” patches)

Conduction system 
Decreased number of cells in sinoatrial 
and atrioventricular nodes

Functional Changes

Decreased early diastolic filling rate

Rapid late diastolic filling

Decreased maximum achievable 
heart rate
Increased stroke volume

Table

Age-related Changes in 
the Heart



www.geriatricsandaging.ca 53

Morphology of the Aging Heart

1

2

4

5

3

3

3

1

3 Fibrosis

Endocardium thickened
and opaque in areas

2 Endocardial plaque

1

4 Friction lesions

5 Increased wall thickness

Increased
adipose
tissue

Areas of
fibrosis

Morphological Changes in the Aging Heart

Normal cardiac cells

Size of cells increases
while overall numbers
decrease



54 GERIATRICS & AGING • May 2003 • Vol 6, Num 5

Morphology of the Aging Heart

Although it was earlier believed that
left atrial dimensions increased with
advancing age, a study by Thomas, et al.
found no change in the maximum (end-
systolic) atrial size with normal aging.5

The reduction of myocytes is attributed
mainly to increased necrosis and apopto-
sis in older hearts, with the decrease
being more pronounced in males than in
females.4 In male hearts, the number of
mononucleated cells progressively
decreases with age while the number of
binucleate cells increases in both ventri-
cles. It has been suggested that binucle-
ate cell number increases in pathological
conditions.6 This loss of myocytes results
in a greater stress on the remaining mus-
cle fibres, resulting in myocyte hyper-
trophy and increased interstitial fibrosis.
Increased interstitial fibrosis is more pro-
nounced in the atria (especially the left)
than in the ventricles.7 In addition, there
is an increase in vascular load due to arte-
rial stiffening that leads to enhanced
myocyte size.8 An apparent increase in
interventricular septal thickness may be
observed, mainly in the subaortic region,
and must be differentiated from septal
changes in hypertrophic cardiomyopa-
thy. This age-related subaortic septal
prominence is due to a change in the
angle that the ascending aorta makes
with the left ventricular outflow tract
(LVOT), giving the septum a sigmoid
shape. However, it is not known to have
any clinical significance. 

Ultrastructural studies show that
myocyte degenerative changes, such as
tubular dilation and lipid and lipofuscin
deposition, do occur with age in all
chambers of the heart.3,9 Changes in the
cellular and molecular mechanisms in the
aging heart have been well studied in
rodents, providing insight into changes
in the aging human heart. There is a
decrease in the rate of protein synthesis
that delays the replacement of contractile
proteins in myocytes and other proteins
(or damaged mitochondria), resulting in
a decrease in mitochondrial oxidative
phosphorylation. Expression of cardiac
genes is altered with advancing age, com-
promising the heart’s ability to adapt to
hemodynamic changes.5 Changes in

gene expression that accompany aging
affect various steps of the cardiac cycle
excitation-contraction-coupling process
in rodent hearts, resulting in prolonged
action potentials (AP).10 

Although the LV wall thickness
increases slightly with age, the average
size of the heart does not change.9,11

There is an increase in the amount of fat,
collagen and elastic tissue with increased
foci of fibrosis throughout the heart, even
in the absence of coronary artery disease.
Increased interstitial and subepicardial
fat is most common in the RV-free wall,
especially in elderly females. 

Amyloid deposition is increasingly
seen in the aging heart, with 80% of peo-
ple older than 80 years having detectable
quantities of amyloid in the atria.1,9 Amy-
loid dilated cardiomyopathy (DCM) is
noted and occurs primarily in the elder-
ly, usually with a restrictive pattern.
Senile systemic cardiovascular amyloid
is now known to contribute significant-
ly to heart failure in people older than
85 years.12

Pericardium
The most common change in the outer-
most pericardium is the presence of grey-
white areas of fibrosis in the epicardium
(the so-called “milk” or “soldier’s” patch-
es) of the RV and LV, as well as on the
atrial appendages. Histologically, these
are areas of fibrosis with mild, non-spe-
cific, chronic inflammatory infiltrates.
There is an increase in subepicardial adi-
pose tissue with advancing age that is
most prominent on the anterior aspect of
the RV and the atrioventricular grooves.13

This fat frequently extends into the RV
interstitium, occasionally into the endo-
cardium, and can, at times, be mistaken
for the replacement fat seen in arrhyth-
mogenic right ventricular dysplasia. 

Conduction System
The conduction system is comprised of
the sinoatrial (SA) node, atrioventricu-
lar node, the bundle of His and the left
and right bundles. There is an increase
in collagen, elastic tissue and fat cells in
the conduction system with increasing
age. Fat may accumulate in and around

the SA node, leading to its separation
from the rest of the atrial myocardium.
The number of cells in the SA node
decreases with age; the number of cells
at 75 years is often only 10% of that in
a healthy 20-year-old individual.14 This
striking reduction in the number of
pacemaker cells could explain the high
prevalence of sick sinus syndrome in
elderly people.15 Although these
changes are less pronounced in the atri-
oventricular node, fatty metamorphosis
of this node with or without fibroelas-
tosis can give rise to atrioventricular
block.16 Fibrosis or marked fat in the
bundles (left or right) can lead to bun-
dle branch block. The extent of the fibro-
sis and fat, along with the loss of the
cells in the conduction system, may
form the anatomic basis for arrhythmias
in the elderly.17

Functional Changes
Diastolic Function
The early diastolic filling rate of the LV
decreases with age. With advancing
age, there is an increase in the number
and activity of cardiac L-type Ca2+

channels, which inactivate slowly.18 In
addition, there is a decrease in outward
directed K+ current which adds to pro-
longed AP.19 Reduction in the rate of
Ca2+ sequestration by the sarcoplasmic
reticulum leads to prolonged Ca2+ tran-
sience and myocyte contraction, caus-
ing impaired myocardial relaxation
during early diastole.20 This may be
partly responsible for the decrease in
the early diastolic filling rate in older
myocardium.21 However, these changes
are believed by some to be adaptive
rather than degenerative—a slow rate
of myocardial shortening may be ener-
gy efficient, allowing myocardium in
the elderly to generate force for a longer
time after excitation.21 Decreased rate of
early diastolic filling is accompanied by
a greater filling in the late diastole aug-
mented by atrial contraction. Atrial
contraction becomes increasingly
important with age and repeated vigor-
ous contractions lead to atrial hypertro-
phy. These strong atrial contractions
produce the fourth heart sound. 
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Systolic Function 
LV systolic function (LV ejection fraction)
does not change with aging, though max-
imum achievable ejection fraction with
exercise decreases with age in healthy
persons (screened to exclude latent coro-
nary disease). 

Heart Rate
The resting heart rate does not change
with aging.22 However, the maximum
heart rate achieved during strenuous
physical exercise decreases progres-
sively with age, as does the heart rate
in response to most physiological
stimuli. 

Clinical Implications
Age has been identified as a significant
independent risk factor for heart fail-
ure.23 The risk of developing heart fail-
ure almost doubles in persons 75–84
years of age compared to those 65–74
years old. This increased incidence of
heart failure not only reflects the
increased prevalence of cardiovascular
diseases, but also age-related changes,
including increased vascular resistance
that impedes LV ejection, and reduced
sympathetic responsiveness that limits
the heart’s ability to increase rate and
contractility, predisposing the elderly
to development of heart failure. Heart
failure is the most common reason for
hospitalisation in patients older than
65 years,24 and is seen in approximate-
ly 10% of persons older than 80 years
of age.25

Summary
In this paper we have summarised the
age-related changes in the “wall” of the
heart. These changes are insidious and
their functional impact is usually seen in
old age. While individually many of
these age-related changes do not seem to
have a demonstrable functional impact,
collectively the single most significant
effect is the high incidence of heart failure
in the elderly. In combination with vas-
cular and valvular changes, this leads to
even greater functional effects.                 ◆
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