
A COMPARISON OF 
MACROSCOPIC LIPID 
CONTENT WITHIN 
PORCINE PULMONARY AND 
AORTIC VALVES 

Implications for 
bioprosthetic valves 

Lipid droplets have been demonstrated within both explanted porcine 
bioprostheses and normal porcine aortic valves. Because of the increasing 
interest in pulmonary valves as an allograft or xenograft aortic valve 
substitute, we examined the incidence and distribution of such lipid 
deposits in 50 porcine aortic valves and 50 matched porcine pulmonary 
valves. All 300 cusps were removed with surgical scissors and, under a 
dissecting microscope, the ventricularis layer was removed to expose the 
spongiosal layer. Macroscopic extracellular lipid droplets were exposed. 
The position and amount of the visible unstained droplets were analyzed by 
means of a dissecting microscope with an eyepiece grid and stereology 
point-counting techniques to provide an area-density average spatial 
probability map for each cusp. Only 8% of porcine aortic valves were free 
of lipid, with the distribution of the lipids being 52% +- 14% right coronary 
cusp, 90% -+ 8% left coronary cusp, and 68% _ 13% noncoronary cusp. Of 
the pulmonary valves, 60% were free of lipid, with the incidence of lipids 
being 26% -+ 12% left cusp, 6% - 7% right cusp, and 12% + 9% anterior 
cusp. Subsequently, lipid cluster samples underwent thin-layer chromatog- 
raphy, which showed them to be phospholipids, oleic acid (fatty acid), 
triglycerides, and unesterified cholesterol. One primary mode of biopros- 
thetic valve failure is leaflet calcification. The similarity of distribution 
within the spongiosal layer between leaflet calcification and intrinsic cusp 
lipids suggests that the observed lipids might act as a nucleation site for 
calcification. The substantially lower incidence of lipid in pulmonary valves 
therefore may represent a potential benefit when these valves are consid- 
ered for use as aortic valve replacements. (J THORAC CARDIOVASC SURG 
1995;110:1756-61) 
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L imited durability is a primary disadvantage of 
bioprosthetic heart  valves. For example, a clini- 

cal follow-up study by Bortolotti and colleagues 1 
showed only 40% of glutaraldehyde-treated porcine 
aortic valves to be free f rom primary tissue failure at 
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15 years. A similar large study by Magilligan and 
associates 2 reported comparable results. 

Bioprosthetic valve failure is structural in nature, 
involving tissue calcification and tissue rupture. Nu- 
merous anticalcification agents are being introduced 
into the tissue-preparation process, yet the causes of 
the problem remain uncertain. 3-6 The specific site of 
calcium deposition is variable, but deposition has 
been widely reported to occur in the basal region of 
the cusps, 711 initially intrinsic, deep within the cusp, 
and later rupturing outward toward the surface. A 
reasonable analogy might be the pattern of  calcifi- 
cation within vascular atherosclerotic plaques. In 
that situation, calcium is laid down within the 
neointima and later may rupture through to the 
plaque surface, with a strong association suggested 
between lipids and the calcification process. 12' 13 We 
have been considering the possibility of a similar 
association in prosthetic heart  valves, and in a recent 
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Fig. 1. Schematic diagram representing the lipid clusters found within the spongiosal layer during the 
dissection of the valve cusps. The ventricularis was grasped with forceps and carefully peeled back to reveal 
the lipid clusters. 

study we described macroscopic lipid deposits within 
the spongiosal layer of 92% of porcine aortic valves 
from the abattoir. ~4 Most of the lipids were located 
in the basal region of the cusps within the spongiosal 
layer. 

The pulmonary valve has received little attention 
as a potential source of bioprosthetic tissue, except 
as an autograft as first described by Ross 15 in 1962. 
The long-term results with that procedure have been 
extremely good, and similar favorable results were 
recently reported by others. 16-18 In this pulmonary- 
to-aortic autograft, tissue degradation and calcifica- 
tion do not appear to be a problem. 18-2° Direct 
mechanical comparisons between porcine pulmo- 
nary valves and porcine aortic valves indicate that 
these valves have nearly identical mechanical prop- 
erties.2~, 22 Although use of the porcine pulmonary 
valve as a replacement device has been suggested, its 
only described advantage has been its structural 
characteristics; the muscular shelf present in the 
porcine aortic valve right coronary cusp is not a 
feature of the pulmonary valve, and the latter there- 
fore might have better  hemodynamics. The possibil- 
ity of other positive structural features was therefore 
of interest. Because normal human pulmonary 
valves behave differently from aortic valves over the 

long te rm-- they  do not thicken, calcify, or sclerose 
like aortic valves--we believed that a macroscopic 
examination of the material was appropriate and 
might lend further weight to the argument for 
considering the porcine pulmonary valve as a poten- 
tial bioprosthetic device. 

Methods 

Fifty whole porcine hearts were obtained from the 
abattoir and transported to the laboratory on ice slush. 
Both the aortic and pulmonary valves were excised, and 
the cusps were removed and labeled according to their 
anatomic position. The excised cusps were then placed 
on the stage of a dissecting microscope, and the ven- 
tricularis was gently dissected free from the fibrosa 
along the spongiosal layer. Throughout the dissection 
procedure, the tissue was kept moist with saline solu- 
tion. 

Macroscopic lipid deposits were easily visualized in the 
spongiosal layer when present (Fig. 1), and their distribu- 
tion was quantified with a stereologic point counting 
technique. 14 The dissected valve cusp was placed on a 
piece of celluloid divided into 144 sectors (12 × 12), and 
each sector was examined for lipids at a high magnifica- 
tion. An eyepiece with a 10 × 10 grid, sized to fit exactly 
into one of the 144 sectors, was used to view the valve 
cusps. The presence or absence of a lipid cluster under a 
stereologic grid point was determined. For the data to be 
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Fig. 2. Low-power light micrograph of fresh tissue stained with 0.1% oil red O, showing the presence of 
lipid clusters within the spongiosal layers of (A) aortic and (B) pulmonary valve cusps. The lipid can be 
identified by staining with oil red O. 

interpreted statistically, the area data was converted to 
binary form. "Lipid present" was given a value of 1 and 
"lipid absent" was assigned a value of 0. We then used a 
calculation to yield a confidence interval for a population 

proportion. We selected a confidence interval of 95%Y 
Regional densities of lipid occurrence were calculated, 
and frequency of lipid occurrence in a particular region 
was expressed as a density map image. The density of any 
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Fig. 3. Mean distribution maps showing the density of lipid clusters found within the 150 cusps of 50 
porcine aortic and pulmonary valves. The density, or darkness, of the valve cusp represents the incidence 
of lipid occurring in that region. Black represents 100% incidence and white represents 0%. A, aortic valve; 
B, pulmonary valve. 

region on the image was a measure of the frequency of 
lipid occurrence in that region. Black represented 100% 
occurrence and white represented 0%. These density map 
images of lipid distribution for the 150 aortic and 150 
pulmonary cusps were then averaged for each of the three 
cusps. 

After the initial analysis, lipid clusters were excised 
from the cusps and thin-layer chromatography was 
performed to establish the nature of the lipid material. 
Additionally, to verify the lipid nature of the material, 
oil red O stain was used on frozen sections and whole 
cusps (bulk staining) to identify the presence of lipid 
droplets, z4 

Results 

The oil Red O staining of histologic samples 
confirmed that the droplets present in the spon- 
giosal layer of the valve cusps were indeed lipid 
material (Fig. 2). Thin-layer chromatography deter- 
mined these lipids to be predominantly ph0spholip- 
ids, oleic acid (fatty acid), triglycerides, and some 
unesterified cholesterol. This pattern held true for 
the droplets observed in both the aortic and pulmo- 
nary valves. 

On examining the percentage of aortic cusps 
containing the macroscopic lipid deposits, we found 
again that 92% _+ 18% of the porcine aortic valves 
contained lipids. The most commonly involved cusp 
was the left coronary, with 90% _+ 8% of the cusps 
likely to contain lipid. The least involved was the 
right coronary cusp, with lipids seen in 52% + 14%. 
In contrast, only 40% _+ 14% of pulmonary valves 
contained lipids, with the left cusp having the great- 
est involvement at 26% _+ 12% and the right cusp 

being the least commonly involved at 6% -+ 7%. It 
was therefore clear that the pulmonary valves 
were substantially less likely to contain lipids and 
that the lipid content in any given porcine pulmo- 
nary valve was substantially less than for porcine 
aortic valves. 

Average spatial density maps for the six cusps 
were created (n = 50 for each cusp) from the 
probability density maps, and the predominant site 
for lipid distribution was shown to be in the basal 
region (Fig. 3). There was no indication of the lipids 
extending into the belly of the cusp or along the free 
edge. 

Discussion 

In explanted porcine aortic bioprostheses, Thu- 
brikar, Deck, and Aouad z5 showed calcification 
within the spongiosal layer in the basal region of the 
cusps corresponding to the region of lipid deposition 
that we observed in both aortic and pulmonary 
valves. We found no lipids extending into the belly 
of the cusp, and this region rarely becomes calcified. 
By comparison, lipids are a prevalent feature in 
vascular atherosclerosis and are often associated 
with calcified plaques) 2 Indeed, phospholipids are 
reported to be an important component in the 
formation of the phospholipid-calcium-phosphate 
complexes that act as the nucleation sites for calci- 
fication. 26 No single explanation for bioprosthesis 
calcification is likely to exist. Although our study did 
not include an assessment of cell-bound lipids, the 
presence of endogenous macroscopic lipid deposits 
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within porcine aortic valve cusps used for valve 
manufacture may be a factor worth considering. 

Our  findings suggest that  the lipids r epor ted  by 
Ferrans  and coworkers  26 in explanted aortic bio- 
pros theses  may have been  endogenous;  that  is, 
implanted  when the valve was inserted ra ther  than 
subsequently accumula ted  f rom the blood, as they 
implied. I f  a firm relat ionship can eventually be 
established be tween  these lipids and the calcifica- 
tion process,  we speculate  that  lipid extract ion 
during the p repa ra t ion  process of  b iopros thet ic  
mater ia ls  or the avoidance of valves with high 
lipid concentra t ions  might  be  an appropr ia te  
strategy. In that  circumstance,  the pu lmonary  
valve has a demons t rab le  advantage.  In addition, 
if the lower incidence of lipid deposi t ion is true 
for human  valves, then the cryopreserved human  
pu lmonary  valve might be  considered as a suitable 
homograf t .  

We thank Cindy Sawyez and Dr. Murray Huff for their 
advice and technical assistance. 
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