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Abstract

Heterotopic ossification can be found in neovascularized aortic valves with end-stage valvular disease, but its
histopathological characteristics are not fully understood. The present study found ossification and neovessels in
21 (28%) and 54 (72%) of 75 surgically removed dysfunctional aortic valves, respectively; there was a significant
association between them (P<0.001). Fatty bone marrow was found in 5 aortic valves (6.7%) and always contained
neovessels. Neovessels could be divided into thick-walled, arteriole-like vessels (ThKA-Vs) and thin-walled, capillary-
like vessels (ThNC-Vs). ThKA-Vs would be a hallmark of rheumatic disease, were always accompanied by ThNC-
Vs, and were closely related to ossification (P=0.046). ThNC-Vs may be in part branches of ThKA-Vs, but were also
identified in 23 aortic valves without ThKA-Vs. In 44 non-rheumatic dysfunctional aortic valves, such ThNC-Vs only
were also associated with ossification (P=0.004). In addition, the present study revealed vessel-independent focal/
minute ossification without nearby neovessels in 6 dysfunctional aortic valves, and also in 4 of 75 age- and sex-
matched postmortem non-dysfunctional aortic valves with no neovessels or prominent calcification/thickening; there
were no significant differences in the incidence between them. Neovascularized vessels would consist of rheumatic
neovessels (ThKA-Vs and their branches) and non-rheumatic neovessels (ThNC-Vs only), and the presence of
neovessels is one of the risk factors for aortic valvular ossification. However, aortic valvular ossification can occur in
various pathogeneses, such as rheumatic neovessel-dependent ossification, non-rheumatic neovessel-dependent
ossification, and rarely vessel-independent focal/minute ossification.

Defense Forces Central Hospital (1987-2013), including 65 tricuspid
and 10 bicuspid aortic valves, and were examined. The patients were 46
men and 29 women with a mean age of 71.3 years (range, 50-88 years),
and consisted of 35 with aortic stenosis, 24 with aortic regurgitation, and
16 with combined AS and AR. In 60 tricuspid and 10 bicuspid valves,
classified cusps were separately cut into 2-12 sections with free edges
and cuspal base. In the other 5 tricuspid valves, unclassified cusps were
cut into 1-18 sections. The total number of sections in each valve ranged
from 6 to 26 (mean, 16.9). All were fixed with 10-20% buffered formalin
and calcified valves were decalcified using formic acid. Four-pum-thick
sections were stained with hematoxylin and eosin (H&E) and elastica
van Gieson (EVG). The neovessels were divided into thick-walled,
arteriole-like vessels (ThKA-Vs) and thin-walled, capillary-like vessels
(ThNC-Vs). Clinical findings were available from the medical charts
and/or the request forms of surgical pathology examinations. According
to the proposed criteria [8-10], 75 dysfunctional aortic valves were
classified into 31 rheumatic aortic valves and 44 non-rheumatic aortic
valves (24 nodular calcific tricuspid aortic valves, 3 congenital bicuspid
aortic valves, 15 regurgitant floppy aortic valves, and 2 regurgitant
aortic valves with other causes). The associations of ossification with
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Abbreviations: EVG: Elastica Van Gieson; H&E: Hematoxylin and
Eosin; ThKA-Vs: Thick-walled Arteriole-like Vessels; ThINC-Vs: Thin-
walled Capillary-like Vessels

Introduction

Heterotopic ossification in aortic valves usually involves calcified
valves with end-stage valvular disease [1-5]. Ossification in calcified
aortic valves has been considered to be a partly metaplastic process
similar to enchondral or endochondral ossification [1-4] accompanied
by vessel proliferation [1,6,7]. Aortic valve itself is avascular [3,5,8]
but neovascularization develops in postinflammatory or rheumatic
aortic valves [8-11]. Indeed, the relationship between aortic valvular
ossification and neovessels has been suggested [1-3]. However, the
detailed pathological features of aortic valvular ossification have not
been fully elucidated because 1) previous examinations of aortic valvular
ossification in larger series were mixed together with those in mitral
valves [1,2]; 2) the neovessels have been mentioned in non-rheumatic
aortic valves [5,12]; and 3) the illustrated neovessels appeared to be
divided into thick-walled and thin-walled vessels [5,9]. In addition, we
speculated that ossification may occur in non-neovascularized aortic
valves because ossification can be found in an avascular condition, such
as intra-articular free bodies without blood supply [13,14]. In this study,
focusing on the presence and the histology of neovascularization, we
examined ossification in surgically excised dysfunctional aortic valves.
For a control study, postmortem non-dysfunctional aortic valves were
also histologically examined.

Materials and Methods
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clinicopathological findings in each case were statistically analyzed
using chi-square test, Fisher’s exact test, Mann-Whitney U-test, and
unpaired t-test. Statistical significance was set at P<0.05. In addition, to
assess the relationship between each cuspal ossification and neovessels,
the histological features were evaluated in each cusp with ossification.
For a control study, 75 age- and sex-matched postmortem tricuspid
aortic valves from patients without aortic valvular dysfunction and
infectious endocarditis, composed of 46 men and 29 women with a
mean age of 71.3 (range, 50-88), were retrieved from the autopsy files
of the Department of Pathology, Japan Self-Defense Forces Central
(2008-2012), and were examined. Postmortem interval ranged from 1
to 36 hours (mean, 9.9 hours). Each cusp was cut into 1-7 sections and
stained with H&E and EVG. The number of valvular sections in each
case ranged from 3 to 20 (mean, 15.3).

Results

Neovessels and heterotopic ossification were found in 54 (72.0%) and
21 (28.0%) of 75 dysfunctional aortic valves, respectively. Ossification
was more common in rheumatic aortic valves (13 of 31, 41.9%) than
in non-rheumatic ones (8 of 44, 18.2%) (P=0.046). Ossification usually
consisted of rim-like small lamellar bones in the peripheral regions
of calcified lipid or atheromatous materials, frequently accompanied
by nearby neovessels (Figure 1a). Ossification was highlighted red by
EVG, which was discriminated from calcified lipid (Figure 1a, inset).
Scattered ThKA-Vs were found in 31 dysfunctional valves (41.3%),
continuously connected to the cuspal base, and were always concomitant
with ThNC-Vs. ThNC-Vs were occasionally aggregated in an insular
fashion (Figure 1b), and were also identified in 23 dysfunctional valves
without ThKA-Vs. These 23 dysfunctional valves with ThNC-V's only
included 21 nodular calcific tricuspid aortic valves (87.5% of the cases),

Figure 1: Heterotopic ossification in dysfunctional aortic valves. (a) Rim-
like ossification (arrows) in calcified atheroma, accompanied by thick-walled
arteriole-like neovessel (arrowhead), and a high-power view (inset) of
ossification stained red by EVG and nearby thin-walled capillary-like vessels
(asterisks). (b) Heterotopic ossification (arrows) and aggregated thin-walled
vessels (arrowheads) in a nodular calcific tricuspid aortic valve without thick-
walled vessels, and a high-power view (inset) showing bone and nearby thin-
walled vessels (asterisks). (c) Enchondral ossification composed of bone and
fatty marrow adjacent to metaplastic cartilage accompanied by thin-walled
vessel proliferation (arrowheads). (d) Focal and minute ossification (arrow) in
calcified lesions without nearby neovessels and a high-power view (inset) of
thin rim-like bone stained red by EVG adjacent to edematous stroma without
vessels.
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AVs with HO AVs without HO Pvalue
(n=21) (n=54)
Age (y), range (mean) 52-84 (70.8) | 50-88 (71.5) | 0.845
Gender (male/female) 15/6 31/23 0.392f
Moderate to severe calcification 21 27 <0.001*
Moderate to severe fibrous thickening 18 17 <0.001#
Neovessels (ThKA-Vs and/or ThNC-Vs) 21 33 <0.001*
ThKA-Vs 13 18 0.0461
ThNC-Vs only 8 15 0.554%
Foamy cell aggregation 10 17 0.299f
Lymphoplasmacytic infiltration 19 18 <0.001*

AVs: aortic valves; HO: heterotopic ossification; ThRNC-Vs: thin capillary vessel-like
neovessels; ThKA-Vs: thick arteriole-like neovessels.

"Mann-Whitney U test.

fChi-square test.

*Fisher’s exact test.

Table 1: Clinicopathological comparison of 75 dysfunctional aortic valves with and
without heterotopic ossification.

Non-rheumatic AVs Non-rheumatic AVs P-value
with HO (n=8) without HO (n=36)

Age (y), range (mean) 67-84 (76.1) 52-88 (73.9) 0.558"
Gender (male/female) 4/4 20/16 0.915f
Mod.eratg to severe 8 17 0.007+
calcification
Mpdergte to severe fibrous 7 9 0.002¢
thickening
ThNC-Vs only 8 15 0.004*
Foamy cell aggregation 3 8 0.3911
Lymphoplasmacytic 6 9 0.013¢
infiltration
Metaplastic cartilage
(fibrous and/or hyaline 3 2 0.039¢
cartilage)

AVs: aortic valves; HO: heterotopic ossification; ThNC-Vs: thin capillary vessel-like
neovessels; ThKA-Vs: thick arteriole-like neovessels.

‘Unpaired t-test.

fChi-square test.

*Fisher’s exact test.

Table 2: Clinicopathological comparison of 44 non-rheumatic dysfunctional aortic
valves with and without heterotopic ossification.

1 congenital bicuspid aortic valve, and 1 regurgitant aortic valve due
to aortitis. Fatty bone marrow without hematopoietic cells (Figure
1c) was found in 5 valves (6.7%), and was invariably accompanied
by neovessels. The association of ossification with other features in
75 dysfunctional aortic valves is summarized in Table 1. Ossification
was associated with moderate to severe calcification, moderate to
severe fibrous thickening, neovessels (ThKA-Vs and/or ThNC-Vs),
lymphoplasmacytic infiltration, metaplastic cartilage (hyaline and/or
fibrous cartilage) (all, P < 0.001), and ThKA-Vs (P=0.046), but not with
age, gender, ThNC-Vs only, and foamy cell aggregation. Regarding 44
non-rheumatic dysfunctional aortic valves (Table 2), ossification was
closely related to ThNC-Vs only (P=0.004), together with moderate to
severe calcification (P=0.007), moderate to severe fibrous thickening
(P=0.002), lymphoplasmacytic infiltration (P=0.013), and cartilage
(P=0.039). Ossification was present in 18 (56.3%) of 32 prominently
calcified and thickened dysfunctional aortic valves (coexisting with
both moderate to severe calcification and moderate to severe fibrous
thickening).

Twenty-one ossified dysfunctional aortic valves consisted of 1
unclassified tricuspid valve and 20 classified valves (6 bicuspid and
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14 tricuspid valves). Ossification was found without exception in 33
classified cusps and involved >2 cusps within each aortic valve in 11
(55.0%) of the 20 classified valves (Table 3). Regarding the 14 classified
tricuspid aortic valves, ossification was distributed in 6 left coronary
cusps, 7 right coronary cusps, and 11 non-coronary cusps; there were
no favored cusps of ossification among these 3 cusps (P=0.279). Table
4 summarizes the histopathological features of the 33 classified cusps
with ossification. Ossification was focal and multifocal in 9 (27.3%)
and 24 cusps (72.7%), respectively. Thirty-two ossified cusps (97%)
were neovascularized. In 27 of them, ossification was always found
concomitant with nearby neovessels, and mostly (in 24 cusps) multifocal.
However, in the other 5, ossification was focal and minimal, and was
not accompanied by nearby vessels, suggesting vessel-independent
ossification (Figure 1d), although ThNC-Vs were identified in areas
distant from ossified lesions. Foamy cells aggregated adjacent to the
vessel-independent ossification in cusp only. Focal and minute vessel-
independent ossification was also observed in 1 non-neovascularized
cusp, but was not accompanied by foamy cells. These 6 cusps exhibiting
vessel-independent ossification belonged to 6 classified aortic valves (6
of 70 classified dysfunctional valves, 8.6%), all of which were nodular
calcific tricuspid aortic valves with aortic stenosis/combined aortic
stenosis and regurgitation. Lymphoplasmacytic infiltration near ossified
lesions was observed in 24 cusps (72.7%), and invariably coexisted with
ThNC-Vs. Seventeen ossified cusps had metaplastic cartilage, and 10
of them showed the transition between cartilage and bone. In 9 of
10 cusps showing ossification from cartilage, there were enchondral

The number of cusps  The number

involved by HO of AVs
Total classified AVs with HO (n=20) 1 cusp only 9
=2 cusps "
Classified tricuspid AVs with HO (n=14) 1 cusp only 6
2 cusps 6
All 3 cusps 2
Classified bicuspid AVs with HO (n=6) 1 cusp only 3
All 2 cusps 3

AV: aortic valve; HO: heterotopic ossification

Table 3: The number of cusps involved by heterotopic ossification in each case on
20 classified aortic valves.

n (% of 33 classified
cusps with HO)
Histopathological features of HO
Focal and minute HO/multifocal HO 9 (27.3%)/26 (72.7%)
Enchondral ossification-like features from cartilage 9 (27.3%)

Histopathological features in the background of cusps with HO
Neovessels (ThKA-Vs and/or ThNC-Vs)
Metaplastic cartilage (hyaline and/or fibrous cartilage)

32 (97.0%)
17 (51.5%)
Histopathological features near/adjacent to HO
Neovessels (ThKA-Vs and/or ThNC-Vs)
No distinct neovascularized vessels

27 (81.8%)
6 (18.2%)"

24 (72.7%)t
10 (30.3%)*

Lymphoplasmacytic infiltration
Metaplastic cartilage (hyaline and/or fibrous cartilage)

HO: heterotopic ossification; ThKA-Vs: thick, arteriole-like neovascularized
vessels; ThANC-Vs: thin capillary-like neovascularized vessels.

*Including 1 non-neovascularized cusp and 5 cusps in which neovascularization
was present in areas distant from HO.

TAll were found in neovascularized stroma.

*Including 9 cusps with enchondral ossification-like features and 1 cusp with
“vessel-independent heterotopic ossification” from cartilage.

Table 4: Histopathological features of 33 aortic valvular cusps with heterotopic
ossification.

Postmortem AVs' Postmortem AVs

with HO (n=4) | without HO (n=71) F-value
Age (y), range (mean) 64-86 (76.3) 50-88 (71.0) 0.308"
Gender (male/female) 31 43/28 0.961%
Moderate calcification 1 5 0.289%
Foamy cell aggregation 4 38 0.034+
Lymphoplasmacytic infiltration 0 4 0.512f

AVs: aortic valves; HO: heterotopic ossification; ThNC-Vs: thin capillary vessel-like
neovessels; ThKA-Vs: thick arteriole-like neovessels.

‘Unpaired t-test.

tChi-square test.

*Fisher’s exact test.

Table 5: Clinicopathological comparison of 75 non-dysfunctional postmortem
aortic valves with and without heterotopic ossification.

Figure 2: Vessel-independent heterotopic ossification (arrow) in mildly to
moderately calcified non-dysfunctional postmortem aortic valve. A high power
view (inset) showing rim-like bones accompanied by aggregated foamy cells
but without neovascularization.

ossification-like features accompanied by nearby ThNC-Vs, but in the
other 1, vessel-independent ossification from cartilage was suggested
because of a lack of nearby vessels.

In 75 age- and sex-matched control non-dysfunctional aortic valves,
neovessels, severe calcification, moderate to severe fibrous thickening,
and cartilage were not found, although moderate calcification,
lymphoplasmacytic infiltration, and foamy cell aggregation were
observed in 6 (8.0%), 4 (5.3%), and 42 valves (56.0%), respectively. In 4
non-dysfunctional valves (5.3%), focal and minute vessel-independent
ossification was found, and involved 1 cusp only in each valve (left
coronary cusp in 1, right coronary cusp in 1, and non-coronary cusps in
2 non-dysfunctional aortic valves). Ossification in non-dysfunctional
aortic valves was significantly associated with foamy cell aggregation
(P=0.034), but not with age, gender, moderate calcification, or
lymphoplasmacytic infiltration (Table 5). Aggregated foamy cells were
found adjacent to ossified lesions (Figure 2) in 2 non-dysfunctional
valves (50%), but nearby lymphoplasmacytic infiltration was not found.

Discussion

This study found neovessels in 72% of dysfunctional aortic valves,
and divided them into ThKA-Vs and ThNC-Vs, according to the
previously reported features [5,9]. ThKA-Vs were continuously found
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with the cuspal base and would be identical to a histological marker
of rheumatic aortic valves [9]. ThKA-Vs were invariably concomitant
with ThNC-Vs, and ThNC-Vs may be in part the branches of ThKA-Vss.
However, ThNC-Vs were also identified in 23 dysfunctional aortic valves
without ThKA-Vs. These findings suggest that the neovessels would be
composed of “rheumatic neovessels” (ThKA-Vs and their branches)
and “non-rheumatic neovessels” (ThNC-Vs only). Non-rheumatic
neovessels could be found in stenotic aortic valves [5,12,15] and would
be induced by rheumatic disease-unrelated inflammation, such as
endothelial injury, microthrombosis, plaque rapture or hemorrhage
(3,12,15]. In addition, in our study, non-rheumatic neovessels were
identified most frequently in nodular calcific tricuspid aortic valves,
accounting for 21 (88%) of the 24 cases. Non-rheumatic neovessels
were occasionally aggregated, simulating the localized organization of
microhematoma, microthrombi, or degenerated atheromatous lesions.

In the present study, heterotopic ossification was identified in 28%
of dysfunctional aortic valves. Ossification was limited to 1 cusp in
45% of classified dysfunctional valves with ossification, and was focal
and minute in 27% of 33 classified cusps with ossification. Therefore,
the detection of ossification would be influenced by the number of
aortic valvular sections examined, possibly contributing to a higher
incidence than previously reported (8-13%) [1,2,4,5], although the
number of valvular sections examined was not described in previous
studies. In addition, in our study, ossification was common (56%) in
the prominently calcified/thickened dysfunctional aortic valves, and
was more often in dysfunctional valves than in non-dysfunctional
valves (28% versus 5%), similar to the previously emphasized common
presence of ossification in end-stage aortic valvular disease [1,4].

The present study demonstrated the close association of
ossification with neovessels in aortic valves, consistent with previous
findings [1-3]. Fatty bone marrow in 5 dysfunctional aortic valves
always contained neovessels, suggesting that bone marrow formation
requires neovascularization. Rheumatic neovessels in aortic valves
were associated with ossification, related to the higher incidence of
ossification in rheumatic aortic valves than that in non-rheumatic
aortic valves (42% versus 18%). Non-rheumatic neovessels (ThNC-
Vs only) were also associated with ossification in 44 non-rheumatic
dysfunctional aortic valves. Lymphoplasmacytic infiltration, which
was associated with aortic valvular ossification, was always admixed
with ThNC-Vs in each cusp. A similar correlation between thin-
walled neovessels and abundant lymphocytes has also been described
previously [5]. These findings denoted that progressive aortic valvular
dysfunction, significant calcification, marked fibrous thickening,
neovessels, and lymphoplasmacytic infiltration are risk factors for
aortic valvular ossification, which would interact with each other.
Similar relationship between ossification and inflammation has been
reported in calcified arterial atherosclerotic plaques [16,17].

The current study also revealed vessel-independent focal/minute
ossification in 9% of classified dysfunctional aortic valves and in 5%
of non-dysfunctional aortic valves without considerable histological
changes; there were no significant differences between them (P=0.743).
These findings suggest that vessel-independent ossification rarely
occurs in aortic valves not associated with the currently proposed risk
factors. This process may be associated with foamy cell aggregation in
non-neovascularized non-dysfunctional aortic valves, although the
statistical analysis on dysfunctional aortic valves could not demonstrate
their relationship. On the other hand, vessel-dependent ossification
was usually multifocal and involved > 2 cusps in each case. Therefore,
vessel-dependent ossification is not a locally limited event and might be

influenced by “osteoblastic phenotype”-related bioactive factors, such
as bone morphogenic protein, and Cbfal [1,3,11].

Metaplastic cartilage was significantly related to ossification in
dysfunctional aortic valves, and was identified in >50% of ossified cusps.
Hence, the presence of metaplastic cartilage in aortic valves would also
be one of the risk factors for ossification. However, in the present study
of 33 ossified cusps, enchondral ossification-like features were limited
to 8 (24%) and vessel-independent ossification from cartilage to 1 (3%).

Limitation

This study included a relatively low number of cases.
Pharmacological anamneses were unknown in this study. In some
surgical cases, aortic valvular specimens were not classified in each cusp,
and the number of their sections was relatively low. Hence, sampling
error in the histological detection of minute ossification or other lesions
might be possible. We believe that the current study provided insightful
results regarding aortic valvular ossification. However, to confirm
our suggestion, further studies of larger series including multivariate
analysis and molecular investigation are needed.

Conclusion

Neovessels are one of the risk factors for aortic valvular ossification.
However, heterotopic ossification in aortic valves would be caused
by wvarious pathogeneses, including rheumatic vessel-dependent
ossification, non-rheumatic vessel-dependent ossification, and rarely
vessel-independent ossification.
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