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Histological assessment of the human heart
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Abstract: The human heart valves are complex anatomical structures consisting of leaflets with many supporting structures.
With advancing age, the microstructure of the components of the valves can change. Knowledge and understanding of the
anatomical relationships between the different components of the heart valve structures and their relationship with age is
crucial for the development and progression of treatment of valvular disease. The purpose of this study was to determine
histological changes of the components of the heart valves and their relationship with age. Fifty hearts taken from cadavers
were included to examine the histology of the tricuspid, mitral, pulmonary, and aortic valves. All specimens were stained
with Elastic Van Gieson, and picrosirius red to enable the evaluation of elastic and collagen fibers, respectively. There was a
gradual increase in elastic and collagen fibers with advancing age, particularly over 40 years, in all valve types. In the case
of tricuspid and mitral valves increases in collagen and elastic fibers were observed starting in the fifth decade. Elastic fiber
fragmentation was observed in specimens over 50 years. In the case of the pulmonary and the aortic valves, collagen fibers
were denser and more irregular in the sixth to seventh decades when compared to younger ages while elastic fibers were
significantly increased in the sixth decade. In addition, an increase in fat deposition had an association with aging. These
findings provide additional basic knowledge in age-related morphological changes of the heart valves and will increase
understanding concerning valvular heart diseases and treatment options.
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Introduction These diseases are a major cause of death worldwide in the
majority of populations [5-7]. Heart valve disease is related to

Age is a significant factor in the microstructural and mac-  a high rate of mortality that can be affected by the structural
rostructural changes of many body systems. In the cardio-  or functional abnormality of the valve. Some pathological
vascular system, the heart, blood vessels, and cardiac valves  diseases of the valves often induce changes in the heart and
can change with advancing age [1-4]. Cardiovascular diseas-  blood vessels that can lead to heart failure. Heart valve dis-
es are associated with dysfunction in the heart and vessels.  eases can occur in all age groups especially in older age, the
incidence of disease increasing progressively after 65 years [8,
9]. This indicates that heart valve disease has a high preva-
lence and is life threatening. Therefore, to better understand
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of how the structures change with age in comparison to the

The heart valves are passive structure which are directed
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to open and close due to inertial forces exerted by the sur-
rounding blood. They are divided into 2 main types, the
atrioventricular and semilunar valves. There are specific
characteristic morphological features of each valve. The
tricuspid and mitral valves are the atrioventricular valves
which separate the atria and the ventricles. These valves
consist of three and two leaflets, respectively [10, 11]. The
semilunar valves consist of the pulmonary and aortic valves
which separate the ventricles from the pulmonary artery
and aorta, respectively [1, 12]. The primary function of all
the cardiac valves is maintaining the unidirectional blood
flow throughout the heart although they do have differ-
ent structural characteristics [2, 13]. In general, the human
heart valves open and close about forty million times per

year, therefore, during a lifetime they close and open over
three billion times [9, 14]. The heart pumps blood through
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the valves at about 3-5 liters per minute and have a highest
blood velocity through the aortic valve of 1.35+0.35 m/s [15].

Microstructural changes of the valves in relation to age
are that the number of collagen fibers increase, and the par-
allel orientation of these fibers is lost. There are also increases
in elastic fibers and a decrease in mucopolysaccharides with
age. Lipid accumulation and calcification increases with ad-
vancing age, but the number of cells in the valves decrease [13,
16-20]. To date there have been few studies on histological
changes with age in all valve types. Thus, the purpose of this
study was to investigate the microscopic structural changes
of the tricuspid, mitral, pulmonary, and aortic valves in hu-
mans and compare these findings between the valves.

Fig. 1. Radial histological sections of
the tricuspid valve in various age groups
with Elastic Van Gieson staining. (A)
A 20-29 years, (B) 40-49 years, (C)
50-59 years, (D) 60-69 years, (E)
70-79 years. A, atrialis; F, fibrosa; S,
spongiosa. Scale Bars=50 um (A-E).
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Materials and Methods

Fifty human hearts were obtained from the donor cadav-
ers and autopsy cases at the Faculty of Medicine, Chiang
Mai University, Thailand. Individuals were aged from 20-90
years. Research on human cadaver tissues was approved
by The Research Ethics Committee, Faculty of Medicine,
Chiang Mai University (Research ID: ANA-2561-05232).
The hearts were removed from the cadavers and cleaned, all
pericardium extracts being removed from the hearts, then
we dissected out all types of the heart valves. The tricuspid
and mitral valve leaflets were selected from the interchordal
space at the free edge of the valve attachment. The pulmo-
nary and aortic valve leaflets were sectioned at the center
area between the free edge and attachment site at the an-

nulus. Each valve leaflet was cut from the central area and
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perpendicular to the base of the leaflet attachment in a radial
direction. Sections were 3 mm wide. We investigated the his-
tological components of the valves using picrosirius red, and
Elastic Van Gieson staining. Picrosirius red was used to stain
collagen fibers and elastic staining for the elastic fibers. The
qualitative assessment was performed using a light micro-
scope. Since the general morphology of each leaflet within
the same valve did not differ, one leaflet of each valve was
selected for examination. The anterior leaflet of the tricuspid
valve, anterior leaflet of the mitral valve, anterior leaflet of
the pulmonary valve, and right coronary leaflet of the aortic
valve were selected for observation of the histological fea-
tures.

Fig. 2. Radial histological sections of
the tricuspid valve in various age groups
with picrosirius red staining. (A) A 20-
29 years, (B) 40-49 years, (C) 50-59
years, (D) 60-69 years, (E) 70~79 years.
A, atrialis; F, fibrosa; S, spongiosa. Scale
Bars=50 pum (A-E).
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Results

Tricuspid valve

There were three distinct layers of the tricuspid valve;
fibrosa, spongiosa, and atrialis. Sometimes, a ventricularis
layer was also found in the tricuspid leaflet. The atrialis faced
the atrium, followed by the spongiosa, fibrosa and ventricu-
laris. The fibrosa mostly composed of collagen fibers and was
the thickest layer. The spongiosa consisted of predominantly
glycoaminoglycans but included loose collagen and elastic
fibers. The ventricularis was the thinest layer and it some-
times could not be identified. The annulus (attachment site)
and free edge region of the tricuspid valve were thicker than
the middle valve region. Figs. 1 and 2 show the histological
features of the tricuspid valve in cadavers of various ages.

Between 20-39 years, the fibrosa showed irregular collagen
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bundles. Most of these fibers were arranged in a circumfer-
ential direction of the valve and the fibrosa in middle valve
region was the thinnest area. The fibrosa extended continu-
ously from the annulus and was absent at the free edge of
the valve. The spongiosa had very loose collagen fibers with
some elastic fibers. The atrialis consisted of very thin elastic
fibers oriented parallel in a radial direction and elastic fibers
were more clearly observed in the atrialis than in the ventric-
ularis. Moreover, some collagen fibers were found in the atri-
alis. In heart valve from cadavers of 40-49 years, there was
little fat accumulation in the free edge region and the num-
bers of elastic fibers gradually increased, especially in the
atrialis layer. Elastic fibers were found in large numbers in
the annulus and presented as multiple thin layers in a radial
direction. Additionally, collagen fibers increased in number
and irregularity and the spongiosa appeared narrower. In
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Fig. 3. Radial histological sections of
the mitral valve in various age groups
with Elastic Van Gieson staining. (A) A
20-29 years, (B) 40-49 years, (C) 50-59
years, (D) 6069 years, (E) 80-89 years.
A, atrialis; F, fibrosa; S, spongiosa; V,
ventricularis. Scale Bars=50 um (A-E).

www.acbjournal.org



Histological changes of the valves with age

hearts from 50-69 years, elastic fiber fragmentation and
densely packed collagen fibers in the fibrosa were obvious.
Over 70 years, fatty tissue presented in the tricuspid layers in
some cases and elastic fibers became more fragmented and
wavy. The spongiosa narrowed increasingly with age.
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Mitral valve

Overall the microstructure of the mitral valve leaflet was
similar to that of the tricuspid valve as were the histological
changes in relation to age. These are shown in Figs. 3 and 4.
At 20-39 years, the fibrosa, the thickest layer of the valve,

Fig. 4. Radial histological sections of
the mitral valve in various age groups
with picrosirius red staining. (A) A 20-
29 years, (B) 40-49 years, (C) 60-69
years, (D) 80-89 years. A, atrialis; F,
fibrosa; S, spongiosa; V, ventricularis.
Scale Bars=50 pum (A), 20 pm (B-D).

www.acbjournal.org

Fig. 5. Radial histological sections of
the pulmonary valve in various age
groups with Elastic Van Gieson staining.
(A) A 30-39 years, (B) 50-59 years,
(C) 60-69 years, (D) 70-79 years. F,
fibrosa; S, spongiosa; V, ventricularis.
== Scale Bars=50 um (A-D).
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consisted of irregular collagen bundles mostly arranged in
a circumferential direction especially in the central region.
However some collagen fibers in the fibrosa were arranged
in a radial direction. In both the atrialis and ventricularis,
multiple thin layers of elastic fibers and some collagen fibers
were observed. The atrialis contained more elastic fibers than
the ventricularis. The spongiosa showed loose connective
tissue. No remarkable changes of elastic fibers were observed
in this age period. The annulus site (attachment site) of the
mitral valve was thicker than the free edge and fat deposits
were initially seen in both the annulus and free edge in the
age group 30-39 years. In hearts from cadavers aged 40-49
years, more fat acuammulation was found in the annulus and
the collagen fibers in the fibrosa became denser. There were
a slight increase in numbers of collagen and elastic fibers and

the elastic fibers being initially fragmented. In the ventricu-
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laris of the mitral leaflet was more identifiable elastic fibers
were present than in the tricuspid valve especially in the free
edge. In the 50-69 year hearts, elastic fiber fragmentation in
the atrialis was obvious and thin layers of elastic fibers were
still seen in the ventricularis. The numbers of collagen and
elastic fibers gradually increased with age. Collagen fiber ar-
rangement in the fibrosa was more irregular and denser in
this age period. In addition, there was fat deposition between
the valve layers. In 70-79 year hearts, changes were similar.
Over 80 years, elastic fibers clearly increased in the atrialis
layer particulary on the annulus side. The proportions of
both collagen and elastic fibers in this age group were at their
highest with the thickest fibrosa and thinest spongiosa.

Pulmonary valve
Figs. 5 and 6 show the histology of the pulmonary valves

Fig. 6. Radial histological sections of the
pulmonary valve in various age groups
with picrosirius red staining. (A) A 20-
29 years, (B) 40-49 years, (C) 50-59
years, (D) 60-69 years, (E) 70-79 years.
F, fibrosa; S, spongiosa; V, ventricularis.
Scale Bars=20 pum (A), 50 pm (B-E).
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with three distinct layers: fibrosa, spongiosa, and ventricu-
laris. The spongiosa is situated between the fibrosa and the
ventricularis. The free edge was thicker than the annulus
side. In the 20-39 year hearts, irregular collagen fibers were
found in the fibrosa. The spongiosa showed loose collagen fi-
bers oriented parallel in a circumferential direction and this
layer was largest in the younger age group. Thin parallel col-
lagen fibers were observed in the ventricularis. There were
thin layers of elastic fibers in the ventricularis and this layer
was obvious in the semilunar valves. Fatty tissue was not
observed in the pulmonary leaflet in this age group. There
were no remarkable changes in the elastic fibers in the 20-49
year age group while there are slight increases in collagen fi-
bers. At 50-69 years, the numbers of collagen fibers were in-
creased and the orientation of the fibers was more irregular

and denser. Elastic fibers were also obviously increasing with
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increasing age. Over 60 years, fatty tissues were found within
the valve leaflet. An increase in denser collagen fibers in age
over 70 years was observed in all valve layers. Most elastic
fibers showed fragmentation in the ventricularis.

Aortic valve

The general histological features of the aortic valve were
similar to the pulmonary valve. Figs. 7 and 8 demonstrate
the histological changes with age of the aortic valves. At age
20-39 years, the fibrosa mostly contained dense and irregu-
lar collagen fibers arranged in a circumferential direction.
The spongiosa was the thickest and the ventricularis was the
thinnest. Thin collagen fibers oriented in a radial direction
were found in the ventricularis. More and denser collagen
fibers were present in the fibrosa of the aortic valve com-
pared with pulmonary valve. The proportion of elastic fibers

Fig. 7. Radial histological sections of
the aortic valve in various age groups
with Elastic Van Gieson staining. (A)
A 20-29 years, (B) 40-49 years, (C)
50-59 years, (D) 60-69 years, (E) 70—
79 years, (F) 80-89 years. F, fibrosa;
S, spongiosa; V, ventricularis. Scale
S Bars=50 um (A-F).
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appeared to be highest in the aortic valve compared with

other valves. In hearts of age over 30 years there was little
fat accumulation at the annulus side. In hearts from 40-59
year old cadavers the spongiosa appeared narrower and the
fibrosa was thicker. Collagen and elastic fibers gradually
increased with increasing age. By 50-59 years, elastic fibers
were clearly increasing. Over 60 years, an increase in dense
and irregular collagen fibers were obvious in the aortic leaf-
let. The fibrosa was the thickest layer and there was more fat
accumulation within aortic leaflets. In 70-90 years, elastic
fibers were substantially increased in the venticularis and its
thickness increased to that of the fibrosa.

Discussion

In this study the histological features of distinct layers
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Fig. 8. Radial histological sections of
the aortic valve in various age groups
with picrosirius red staining. (A) A 20—
29 years, (B) 40-49 years, (C) 50-59
years, (D) 60-69 years, (E) 70-79 years.
F, fibrosa; S, spongiosa; V, ventricularis.
Scale Bars=100 pm (A), 50 pm (B-E).

of the tricuspid, mitral, pulmonary, and aortic valves are
presented. The heart valves consist of different layers which
have various types of extracellular matrix (ECM) and these
components provide high tension strength to offer resistance
to transvalvular pressures during the cardiac cycle for opti-
mal function [4, 21]. The fibrosa composed of mostly dense
packed of collagen bundles and spongiosa had few loose col-
lagen and elastic fibers. The ventricularis was thinnest layer
contained the parallel elastic fibers whereas the atrialis was
clearly seen in the atrioventricular valves (tricuspid and mi-
tral valves). We studied the histological changes of the heart
valves especially in collagen and elastic fibers with age. Col-
lagen fibers were mainly containing in the fibrosa comprised
the strongest portion of the valve leaflet that was responsible
for bearing diastolic stress. It provided the stiffness and
limit extensibility of the valve tissue. We also found that the
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fibrosa not extend along the whole thickness of the valve
and absented at the free edge of all valve leaflets. Conversely,
elastic fibers in the atrialis and ventricularis were high elas-
ticity structure and low stiffness that provided the ability to
extension and recoil to the original shape [1, 4]. Our findings
indicated that aging was accompanied by changes of ECM
like collagen and elastic structures.

We examined the histology of all valve types between 20-
90 years and found that there were progressively changes in
the microstructural compositions of the valve relation to age.
For the tricuspid valve, there were seen most dense collagen
fibers in the fibrosa. Elastic fibers were observed in radial di-
rection of the valve. The ventricularis was not clearly seen in
this valve and it seem that the tricuspid valve had more wavy
elastic fibers among other valves. In 40-49 years, collagen
and elastic fibers showed gradually increased with increas-
ing age Then, the elastic fibers were more fragmented with
denser collagen fibers above 50 years. In the mitral valve, the
compositions were similar to the tricuspid valve. There were
gradually increased of collagen fibers and presented elastic
fibers fragmentations in 40-49 years. Elastic fibers in the
atrialis were clearly observed in the mitral leaflet. Beyond
50 years, collagen fibers orientation was more irregular and
denser with more fragmented of elastic fibers. The fibrosa
was thicker with increasing age and thickest in over 80 years.
Changing of both tricuspid and mitral valves was similar
however, the mitral valve was thicker with high components
than the tricuspid valve. Our results were consistent with
others which reported by Sell and Scully [22], the qualitative
study found that for second to fifth decades of the mitral
valve, the collagen fibers presented thicker and not parallel
arrangement and was slightly increasing of the elastic fibers.
The annulus had lipid accumulation in third decade and
more deposited in 40 years. Over 50 years the collagen fibers
were more disorientated. In this study, we also found little fat
deposition in the annulus and free edge in aged 30-39 years
and beyond 50 years fat deposition more increased within
the mitral leaflet. While there was found fatty tissue deposi-
tion in the tricuspid valves over 40 years.

The pulmonary and aortic valves were similar histologi-
cal morphology but there was the difference of changing
with age. In both semilunar valves, showed clearly thin layer
of elastic fibers in the ventricularis. Over 40 years collagen
and elastic fibers were gradually increased with age and the
fibrosa was thicker beyond 60 years. The aortic valves were
thicker than pulmonary leaflets in both gross and histologi-
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cal examination including fat deposition within the aortic
leaflets over 30 years. Some cases of the pulmonary valves
found fatty tissue over 60 years.

Most of previous studies investigated the histology of the
pulmonary and aortic valves. They studied in age between
fetus to adults and found most histological changes in fetus
to adolescent group. Earlier studies determined microstruc-
tures of the normal aortic and pulmonary valves in various
age groups. They divided samples into many groups as fetus
in the second trimester (14-19 weeks), fetus in the third
trimester (20-39 weeks), early neonatal (minutes to hours),
late neonatal (up to 30 days), children (6.0+1.6 years), adults
(50.1£2.5 years). They used the image analysis software
to quantify the percentages of each component within the
valves. The results showed that at 14-19 weeks of fetus there
was no distinguish into layer and composed of most glycos-
aminoglycans and low density of collagen and elastic fibers.
At 20-39 weeks of fetus, there were presented elastic fibers
in the ventricularis and collagen fibers were increased in
the fibrosa. The results showed the trilaminar structure was
presented at 36 weeks of fetus and collagen fibers increased
in fetus and unchanged. Moreover, there was increasing elas-
tic fibers with advancing age. When compared to the aortic
valves, the pulmonary valve had less elastic fibers in adult
groups [20]. Another study done by van Geemen et al. [18]
investigated age-related changes on morphology, microstruc-
tures, and biomechanical properties of the human aortic and
pulmonary valves. They divided samples into 3 age groups
as follows: 2 months-11 years, 18-22 years, and 35-53 years.
Histological results showed collagen fibers were increased
with age. There were no different between the pulmonary
and aortic valves for histological compositions [18].

Additionally, the other studies have also shown that there
was increasing accumulation of lipid in the aortic valve leaf-
lets with advancing age. The lipid found in the fibrosa over
30 years [16]. Our results also found initially fat accumula-
tion in the aortic valve leaflets in fourth decade (30-39 years)
in annulus whereas found in seventh decade (60-69 years) of
the pulmonary valves. The collagen and elastic fibers in the
tricuspid valve were seen to be not as tightly arrangement
along the radial direction as other valves that may resulting
from the different morphology and biomechanics function
of each valve types. However, the histology of the aortic
valves seemed similar to the mitral valve. The collagen fibers
were densely packed, and the thickness was similar. Four
heart valves are opening and closing directed by blood flow
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in different pressure conditions in each side of the heart.
Blood flow from the atria which have low pressure into
the ventricles that is high pressure. The left side has higher
pressure than in the right side of the heart so the thickness
between these valves was also different [1, 21]. The physi-
ological transvalvular pressures in normal condition of the
heart valves were 25 mmHg of the tricuspid, 10 mmHg of the
pulmonary, 120 mmHg of the mitral, and 80 mmHg of the
aortic valves [23]. These might be caused similarity changes
between the mitral and aortic valves.

Since age is the one of risk factors for valvular diseases,
some disease occurs progressively with age especially the left
side of the heart [24-26]. Calcific changes can occur in aging
valve. Calcification of the valve was calcium deposits. The
valve leaflets became stiffer and presented nodular calcifica-
tions in the annulus and valve surface and this condition
interrupted organization of the collagen fibers. Histological
examination demonstrated calcified masses within the leaf-
lets that ultimately protrude through the outflow surfaces
[24, 27-29]. We found larger calcific nodule in the older
specimens especially in the aortic valve and found mostly in
age over 70 years. However, early stage of valve calcification
was characterized by yellowish area (lipid accumulation and
fibrosis) without calcific nodule. Limitations of this study
were small sample sizes and the difference between male
and female need to be considered. Most previous literatures
studied the morphology of the valves related with age in fe-
tus, child, and adolescent. Suggesting that the morphology
of the heart valves was clearly and rapid changed in fetus to
adolescent rather than in adult and older groups. In current
study, we found gradually changes of the valve structures
with advancing age and age-related changes range was rather
wide. However, knowledge of the heart valve microstructures
dependent with age in normal was crucial for valve disease
conditions.
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