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Abstract
A case of aortic valve disease due to atherosclerosis in combination with clinically latent metabolic disorders is presented using

a novel microscopic technique.
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AC: Arterial Calcification; CC: Cholesterol Crystals - [C27H46O]; CPPD: Calcium Pyrophosphate Dihydrate - [Ca2P2O7.2H2O]; HA: Calcium
Hydroxyapatite - [Ca5(PO4)3(OH)]; LDH: Lactic Dehydrogenase; MSU: Monosodium Urate - [C5H4N4O3]; H-E: Hematoxylin-Eosin

Introduction

Calcification of cardiac valves is a progressive disease akin to atherosclerosis with lipoprotein deposition, chronic inflammation, and

active leaflet calcification [1]. However, there are differences between calcific valve disease and atherosclerosis which may be due to
genetic polymorphisms, clinical risk factors (age, gender, body mass, hypercholesterolemia, elevated LDH or calcium level, chronic renal
failure, diabetes mellitus, smoking etc.) [1-3].

Atherosclerosis is characterized by excessive deposits of cholesterol and cholesterol crystals (CC), accompanied by macrophages and

an inflammatory cellular reaction contributing to the development and progression of atherosclerosis [4]. Hydroxyapatite (HA), calcium
pyrophosphate dihydrate (CPPD), and monosodium urate (MSU) crystal deposition are linked to metabolic disorders independent of
atherosclerosis [5-12].

This case demonstrates the metabolic diversities of deposits in calcific aortic valves.

Methods

Tissue blocks of surgically removed aortic leaflets were fixed in an 8% aqueous solution of formaldehyde at pH 7.6 for > 24 hours at

room temperature (20oC), dehydrated and embedded in paraffin.

Serial sections (5 μm) were stained with H-E [13] and were compared with unstained sections according to Bély and Apáthy [14-

16]. The fixation and embedding of tissue blocks was the standard one for staining and reactions, whereas unstained tissue sections
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were deparaffinized, mounted and cover slipped with Canada balsam. This sensitive method is suitable to identify cholesterol (CC), hydroxyapatite (HA), calcium pyrophosphate dihydrate (CPPD), monosodium salt of uric acid (MSU) crystals etc. in formalin fixed, paraffin
embedded, unstained tissue sections viewed with the light microscope (Olympus BX51) and under polarized light, respectively [14-17].

Case Report

This 85 year old man had known aortic stenosis for many years. He also had a single attack of gout (right great toe) 20 years ago and

has daily been taking allopurinol (200 mg) without any further symptoms. Lab tests revealed hyperlipidemia. Over the last two months

he noted chest pain with exertion, dyspnoe on exertion and palpitations. A stress echocardiogram revealed severe aortic stenosis for

which he underwent aortic valve replacement with a 25 mm St. Jude tissue valve. Three intact semilunar valve cusps were submitted for
microscopic examination.

Surgical pathology report: Calcific degeneration with amorphous calcific debris, focal chondroid and osseous metaplasia with lamellar
bone formation accompanied by deposits of CC, CPPD, HA crystals and occasional MSU crystals in cardiac valves.

Figure 1-6 demonstrate the calcification of aortic valves in combination with crystal deposition of metabolic disorders. The results of

traditional staining and reactions are compared with polarized light observations of the non-staining technique.
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Figure 1a-1j: Aortic valves, atherosclerosis with lipid deposits, amorphous calcification, chondroid metaplasia
and bone formation (stained with H-E).
(a-b) Lipid deposits with foam cells (yellow star), and amorphous calcification (red star) within aortic valve (a) H-E, x 20, (b) same as (a) x40.
(c-d) Massive amorphous calcification (red star), within aortic valve, (c) H-E, x 20, (d) same as (c) x40.
(e-f) Subendothelial lipid deposition (arrow heads), woven bone formation (yellow arrow), and chondroid metaplasia (red star), (e) H-E, x
20, (f) same as (e) x40.
(g-h) Lamellar bone formation with true medulary spaces (black arrows), and chondroid metaplasia (red star), (g) H-E, x 40, (h) same as (g)
x100.
(i-j) Lamellar bone formation with true medulary spaces, and chondroid metaplasia (red star), (i) H-E, x 100, (j) same as (i) x100.

a

b

Figure 2a and 2b: (Same as Figure 1, unstained section).
Subendothelial fibrosis of aortic valve with cholesterol, HA, and CPPD crystal deposits.
Collagen fibers (marked with green arrowheads), fragments of cholesterol crystals (yellow arrows) combined with HA and CPPD deposits in
coincidental metabolic disorder.
In traditionally fixed, H-E stained sections the cholesterol and HA crystals (crystal clusters and aggregates of clusters) dissolve and thus are
not demonstrable. CPPD crystals may be preserved, but the few sporadic CPPD crystals or fragments are usually not visible.
(a) Fragments of cholesterol and CPPD crystals (with strong birefringence) and clusters of needle shaped, rod like HA crystals (with weak
birefringence), non-stained section viewed under polarized light, x40, (b) same as (a) x100.
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3a-3d: (Unstained section).
Fibrotic aortic valve with cholesterol crystals.
(a) Needle shaped cholesterol crystals typically arranged in clusters, viewed under polarized light x 400, (b) same as (a) x600.
(c) The birefringence of cholesterol crystals is positive or negative; the needle-shaped crystal fragments rotating around the axis may show
in the same position (direction) positive or negative birefringence (in this Figure the breaking direction is positive). Unstained section, Red I
compensator, viewed under polarized light, same as (a) x400, (d) same as (b) x600.

Figure 4a and 4d: (Same patient as figure 1, unstained section).
Ossification of aortic valve with crystal deposits.
Woven bone (birefringence is stronger than that of collagen fibers in fibrous part of aortic valves; marked with yellow arrowheads), partially fragmented CPPD crystals (green arrows) combined with HA deposits in the coincidental metabolic disorder.
The individual HA crystals are small, 50-500 nm, rod-shaped and are arranged typically in 1-5 μm spheroid microaggregates which are
not in visible range with polarizing microscopy. The figure a and b demonstrate crystal clusters and aggregates of clusters of 6.5 and 20
μm size, which may appear under polarized light using a professional polarizing microscope with high brightness, the clusters show week
birefringence. Under polarized light the birefringence is positive according to the long axis of HA crystals, like that of collagen fibers.
The HA crystal clusters (microaggregates) and aggregates of clusters are associated sporadically with much larger and partially fragmented CPPD crystals. The CPPD crystals are less soluble than HA crystals or crystal aggregates. The birefringence of CPPD crystals is stronger
than that of HA crystals or crystal aggregates.
(a) CPPD (with strong birefringence) and clusters of needle shaped, rod like HA crystals (with weak birefringence), Bély and Apáthy’s nonstaining technique, viewed under polarized light, x200, (b) same as (a) x600.
(c) Unstained section, Red I compensator, viewed under polarized light, same field as (a) x200, (d) same as (b) x600 Axis parallel direction
of birefringence of HA and CPPD crystals are positive (identical with collagen fibers).
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5a-5d: (Unstained section).
Loose part of aortic valve with HA and CPPD crystal deposits.
(a) Partially fragmented CPPD crystals (with strong birefringence; marked with green arrows) and clusters of needle shaped, rod like HA
crystals and aggregates of clusters (with weak birefringence), Bély and Apáthy’s non-staining technique, viewed under polarized light, x200,
(b) same as (a) x600.
(c) Unstained section, Red I compensator, viewed under polarized light, same field as (a) x200, (d) same as (b) x600, axis parallel direction of
birefringence of HA and CPPD crystals are positive (identical with collagen fibers).

6a-6b: Atherosclerotic aortic valve combined with metabolic disorder and clinically latent gout (unstained section).
The individual MSU crystals are needle-shaped, < 4 μm, and are typically arranged in bundles. MSU crystals are not present in H-E stained
sections (except if in extremely large amounts) of 8% formaldehyde fixed specimens.
MSU crystals are present in unstained sections of 8% formaldehyde fixed specimens, showing a strong negative axis parallel birefringence
with Rot I. compensator.
(a) Unstained section, Red I compensator, viewed under polarized light, x 600, (b) same as (a) x600.
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Original magnifications of all figures correspond to the 24 x 36 mm transparency slide; the correct height: width ratio is 2:3. The prin-

ted size may be different, therefore the original magnifications are indicated.

Discussion

Coincidence of different diseases in one patient may occur, atherosclerosis may be combined with metabolic disorders as well, and the

classic atherosclerotic calcification (with empty spaces of dissolved cholesterol crystals, ossification, etc. [18-21], may be associated with
deposition of various other crystals [22-24,30].

Figure 7 demonstrates the classic aortic valve disease of atherosclerosis with traditional staining and reaction.

Figure 7a-7j: Aortic valves, atherosclerosis with lipid deposits, amorphous calcification and chondroid metaplasia
(a-b) Lipid deposits with characteristic spaces of dissolved cholesterol crystals stained with H-E [13], (a) H-E x 20, (b) same as (a) x50.
(c-d) Amorphous calcification of blue-violet colour with H-E, (c) H-E, same as (a) x 20, (d) same as (c) x50.
(e-f) Massive, amorphous calcium containing mineral deposits are staining with calcium specific Alizarin red S [25-26], (e) Alizarin Red S
staining, viewed with the light microscope, same as (a) x20, (f) same as (e) x50.
(g-h) Amorphous phosphate or carbonate containing mineral deposits show positive reaction according to von Kossa [25-27], (g) von
Kossa's reaction, viewed with the light microscope, same as (a) x20, (h) same as (g) x50.
(i-j) Hyaline substances and fibrin stain red with Azan [28], (i) Azan, same as (a) x20, (b) same as (i) x50.
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Coexisting complications modify the basic pathological processes of calcific valve syndrome due to atherosclerosis and may cause dif-

ferences in clinical manifestation or progression of symptoms. Coincidental clinically latent or manifest metabolic disorders contribute
to aortic valve stenosis.

Conclusion

The patient’s history of aortic valve stenosis was in combination with clinically latent metabolic disorders, characterized by different

crystal deposition.

With Bély and Apáthy’s “non-staining” technique cholesterol, hydroxyapatite (HA), calcium pyrophosphate dihydrate (CPPD), mono-

sodium urate (MSU) crystals were identified in formalin fixed, paraffin embedded tissue sections.
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