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A comparative study of different methods of
processing aortic homografts

W. WELCH!?

From the National Heart Hospital, London

Segments of the same aortic cusp were processed in different ways and compared from a
histological and histochemical point of view with a non-processed segment. Changes produced
by certain methods of processing bear a resemblance to the changes noted in the normal ageing
process of the aortic valves. These changes are commented upon ; but further experimental work
is necessary to determine which method of processing aortic homografts gives the best long-term

results.

Since Ross (1964) and Barratt-Boyes (1964) first
advocated the replacement of diseased aortic
valves with homografts and published their results,
the use of these grafts has become widespread.

One finds in the literature different ways of pro-
cessing valves (Barratt-Boyes, 1964 ; Longmore,
Lockey, Ross, and Pickering, 1966 ; O’Brien,
1967 ; Bentall, 1967 ; Harris, Kovalik, Marks, and
Malm, 1968) ; but very little is written about the
influence of these methods on the structure of the
aortic valve (Duran and Gunning, 1962 ; Harris
et al., 1968).

Hudson (1966), Lower, Pillsbury, Angell, and
Kosek (1966), and Smith (1967) have studied the
fate of homografts in the human but have not
referred to the histological changes produced by
processing these grafts.

METHOD

Forty-nine aortic valves were studied. These were
obtained from necropsy specimens and complied with
the criteria used in the selection of homografts
(Longmore et al., 1966). The valves were opened by
cutting the aorta along the commissure between the
left and right coronary cusps. Each cusp was conse-
quently cut in four sections, one of which was
retained and not processed, whereas the others were
processed in different ways (Fig. 1). The following
methods of processing were used:

1. Ethylene oxide sterilization, freeze-drying, and
storage at room temperature (Longmore et al., 1966);

2. Ethylene oxide sterilization, flash-freezing in
Cardice and acetone with storage at —79° (Ross,
1967) ;
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3. Sterilization and storage in buffered formalin
(O’Brien, 1967) ;

4. Sterilization in a 1%
B-propiolactone and storage
(Bentall, 1967).

5. vy-ray (Gibbons, 1967) and electron beam stenh-
zation at —79° (Harris et al., 1968) with storage atO
the same temperature.

Sections were stained with haematoxylin and eosm,
periodic acid-Schiff, toluidine blue, colloidal iron and-*
alcian blue, and Verhoeff-van Gieson elastic t1ssue3
method (Pearse, 1960).

6T J9QWAAON T UO 917/'9'¥2' XUY9ETT 0T Se paysiignd sy :xeioy L

aqueous solution of J
in Hank’s solution

OG

pape

y/:dny

=

The skeleton of the cusp is the fibrosa, which=
is the continuation of the annulus fibrosus and lsO
formed mainly of collagen. On the aortic andQJ
ventricular aspects are found, respectively, theo
arterialis and the ventricularis, which consist o
endothelium covermg layers of elastic tissue (Flgo
2). Elastic tissue is more abundant in the ventricu=.
laris. The spongiosa at the base of the cusp is©
formed of loose connsctive tissue. With the excep->
tion of the endothelial layer, the whole of theS.
adult aortic cusp is poor in cells, some ﬁbroblasts:
being present in the annulus fibrosus and the
fibrosa. All nuclei are stained darkly and corre-o
spond to images of pyknosis. N

Collagen fibres are placed in an orderly manne&
in the annulus and the fibrosa and are eosinow
philic. There is also collagen present between thes
laminae of elastic tissue of the arterialis and ven
tricularis. v

Positive P.A.S.-staining material is found in the;
fibrous tissue and between the elastic laminas. 2

Interfibrillar material, mainly in the ventricud
laris, stained with alcian blue and colloidal irofg
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FIG. 1. (I) Non-processed; (2) Ethylene oxide, freeze-
dried; (3) Ethylene oxide, flash-frozen; (4) Buffered
formalin; (5) B-propiolactone; (6) Irradiation.
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FIG. 2. Schematic section of the aortic valve.

and metachromatically with toluidine blue indi-
cates the presence of acid mucopolysaccharides.
Metachromasia is most marked in the loose con-
nective tissue of the spongiosa at the base of the
cusp.

The chemical properties of the elastic tissue of
the aortic wall and cusp differ as shown in the

course of the normal ageing process and the
formation of atheroma in these structures (Sell and
Scully, 1965).

Flash-freezing, buffered formalin, and irradia-
tion do not seem to alter either the basic struc-
ture of the valve or the histochemical aspects that
we have studied. No distinction is made between
y-rayed and electron beam irradiated material, as
no histological difference is found between them
(Fig. 3).

About two-thirds of the freeze-dried valves have
vacuoles in the annulus and the fibrosa at the base
of the cusp.

Processing with 8-propiolactone produces major
changes. Constantly the laminated structure of the
collagen fibres disappears and is replaced by an
amorphous mass of eosinophilic material. The
positive P.A.S.-stained material decreases markedly
and the whole cusp loses its content of acid muco-
polysaccharides (Fig. 3).

The changes produced in a processed valve com-
pared to a fresh valve can be assessed arbitrarily
and graded from 1 to 10 (Table). This shows that
valves processed with B-propiolactone are the
most modified, whereas freeze-drying also pro-
duces some alterations.

TABLE

Cyto- Elastic, Muco-
Collagen Tissue | proteins A.M.P.S.| Total

Ethylene oxide,

freeze-dried 0 3 0 3 3 9
Ethylene oxide,

flash-frozen 0 0 0 0 1] 0
Buffered

formalin 0 0 0 0 0 0
B-propiolactone 0 6 3 9 9 27
Irradiation 0 0 0 0 0 0

The effect of physical agents must also be taken
into consideration. As Pickering (1966) states and
as we also find, repeated freezing and thawing,
which occurs when valves are reprocessed, dis-
rupts the laminated structures of the collagen in
the cusps. When using irradiation to sterilize a
valve, the irradiation dose must be precisely con-
trolled. By over-irradiating, the structure is com-
pletely altered, nuclei disappear, and collagen is
reduced to an amorphous mass.

The conclusions that one draws from these
findings can only be speculative and it is impos-
sible to determine from them which of the
methods of processing will give the best long-term
results in valvular replacement. However, as Sell
and Scully (1965) have shown, alterations in the
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FIG. 3. Sections of a right coronary cusp. (a) Cusp processed with buffered formalin:laminated structure of elastic tissié
and collagen, comparable to the structure of a fresh cusp (Verhoeff~-Van Gieson). (b) Cusp processed with buffered form¥
alin:P.A.S.-positive material in the elastica and fibrosa, comparable to the structure of a fresh cusp (Periodic aci
Schiff'). (¢) Cusp processed with B-propiolactone and preserved in Hank’s solution at 4° C. Vacuoles are present be;
tween the layers of elastic tissue and in the fibrosa. Disappearance of the laminated structure of the collagen (Verhoe,
Van Gieson). (d) Cusp processed with B-propiolactone and preserved in Hank’s solution at 4° C. Reduction of P.A.
positive material in the fibrosa and disappearance of the laminated structure (Periodic acid-Schiff).
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structure of collagen fibres are precursory signs
of calcification seen in the normal ageing process
of aortic valves. A decrease in acid-mucopoly-
saccharides has also been noted in the chemical
analysis of ageing bovine cardiac valves (Jacob-
son and Bostrom, 1964). A further experimental
study is necessary to determine whether the
integrity of the aortic valve influences its uptake
by the host and whether the different methods of
processing influence the long-term results of aortic
valve replacement.

This work was supported by grants from the British
Heart Foundation and from the Fonds de 1la
Recherche Scientifique Médicale.
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