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ment of the severity of the aortic valve lesion in the pre­
sence of severe mitral valve dysfunction.

2. Optimal Total Body Perfusion
The technique used is basically similar to that described

previously.l2 High flow rates at slightly reduced body
temperatures, with haemodilution, appear to be more
satisfactory, however.13, 14 The bubble oxygenator having
been primed with one-third of 5% dextrose and water, and
two-thirds of fresh, whole, heparinized blood, flow rates of
2·2 1./min./metre2 body-surface area, were used. The
duration of perfusion was 215 minutes in case 1 and 192
minutes in case 2.

3. Careful Protection of the Myocardium
Coronary blood flow is maintained throughout the pro­

cedure. Both coronary arteries are cannulated and perfused
via a separate system with cold, oxygenated blood.6
Another important point is the prevention of forceful
retraction of the heart muscle, and decompression of the
left ventricle as soon as bypass is begun to avoid over­
distension.

SUMMARY

Severe disease of both mitral and aortic valves is a common
clinical condition resulting in considerable disability, frequently
ending in congestive cardiac failure and death. Prosthetic mitral
and aortic valves which provide adequate function have been
developed and can be used to replace diseased valves with a
low operative morbidity and mortality. Replacement of both
valves at one procedure presents a severe challenge to the
cardiac surgeon.

\Ve report the successful replacement of both aortic and
mitral valves in 2 patients.
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Sehuur Hospital, for their cooperation and assistance, and in
particular Mr. C. C. Goosen for the large part he played in
the development of the ucr prosthetic valves. We also thank
Dr. J. G. Burger, Medical Superintendent of Groote Sehuur
Hospital, for permission to publish details of these cases.
Finally, we are grateful to the CSIR, the City Council of Cape
Town and the University of Cape Town for financial assistance.
As always, Prof. J. H. Louw of the Department of Surgery,
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his constant support.

REFERENCES

1. Ellis. F. H., McGoon, D. C., Brandenburg, R. O. and Kirklin, J. W.
(1963): J. Thorac. Cardiovasc. Surg., 46, 482.

2. EtfJer, D. B. and Groves, L. K. (1963): Dis. Chest, 43, 529.
3. Bjork, V. 0., Cullhed, I. and Lodin, H. (1963): J. Thorac. Cardiovasc.

Surg., 45, 635.
4. Kay, E. B., Zimmerman, H. A. and Mendelsohn, D. (1963): Circula­

tion, 1:1, 767.
5. Bamard, C. N., Goosen, C. C., Holmgren, L. V. and Schrire, V.

(1962): Lancet, 2, 1087.
6. Bamard, C. N., Schrire, V. and Goosen, C. C. (1963): Ibid., 2, 856.
7. Bamard, C. N. and Schrire, V. (1963): Surgery, 54, 302.
8. Bamard, C. N., Schrire, V.• Frater, R. W. M. and Goosen, C. C.

(1964): Surgery tin the press).
9. Cartwright, R. S., Giacobine, J. W., Ratan, R. S., Ford, W. B. and

Palich, W. E. (1963): J. Thor. Cardiovasc. Surg., 45, 35.
10. EtfJer, D. B., Groves, L. K. and FavaJoro, R. (1964): Arch. Surg.,

88, 145.
11. Frater, R. W. M., Bamard, C. N. and Schrire, V. (1964): S. Afr. Med.

J., 38, 776.
12. Bamard, C. N. and Schrire, V. (1961): Surgery, 49, 500.
13. DeWall, R. A., Lillehei, R. C. and Sellers, R. D. (1962): New Eng!.

J. Med., 266, 1078.
14. Kirklin, J. W. (1962): Surg. Clin. N. Amer., 42, 1537.

CONSIDERATIONS IN THE PROSTHETIC CONSTRUCTION OF THE AORTIC VALVE
J. C. VAN DER SPUY, M.B., RCH., DIP. SURG. (RAND), Thoracic Surgeon, Pretoria

'I will praise thee; for 1 am fearfully and wonderfully
made; marvellous are thy works; and that my soul knoweth
right well.
My substance was not hid from thee, when 1 was made in
secret, and curiously wrought in the lowest parts of the
earth'.

Psalm 139: 14, 15.

Diseased aortic valves are at present being replaced by
prosthetic valves by cardiac and experimental surgeons in
many parts of the world. In the construction of such valves
synthetic materials,1, 2, 6, 7, 9,10, 14 homologous3, 11, 12 or au­
togenous8, 13 tissues are being employed.

The present-day opinion seems to favour synthetic
materials. At the same time, however, homologous-organ
transplantation4, 5, 15, 16 is receiving the serious attention of
many workers in this field. It has been well established that
only in the case of identical twins will the transplanted
organ be tolerated by the host, without the development of
immunological reactions. In the case of valve surgery it
can therefore be justly assumed that the heart will simi­
larly tolerate its own pericardium as a valve. Whether,
however, the healing granulation-tissue reaction at the site
of UIiion will be so limited to the vicinity of the suture line
as not to cause significant scarring and possibly calcifica­
tion, even after many years, and whether the relatively
avascular pericardium will obtain sufficient nutriment from
the blood medium as to prevent significant anoxic degene-

ration with ultimate fibrosis, are questions which, as yet,
cannot be fully answered.

Autogenous pericardium has several other important
attributes. It is readily and freely available at the time of
operation in a fresh and sterile state and at no cost to the
patient or institution. It is strong and thin and when em­
ployed as a valve cusp it has great mobility.

In order to manufacture such pericardial cusps at the
time of operation, a formula was devised whereby it be­
came possible to determine correctly the size and shape of
a cusp which would fit the aorta in question in such a way
that neither incompetence nor stenosis would either persist
or develop. Thereafter the main objection to pericardium
seemed a technical one because pericardium was extremely
difficult to handle as a single cusp, while as a whole valve
it was virtually impossible to handle. This difficulty was

Fig. 1. Aortic pericardial-cusp clamp.
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Fig. 5. See text.

The measurements of a pericardial cusp, which will
neither cause obstruction nor regurgitation in an aorta
with an internal diameter of 1·5 in., will therefore be the
following:

Width 1·75 in.
Height at the sides 0·75 in.
Height at the centre 1·18 in.

When an aortagram is available, the diameter of the
aorta immediately above the level of the cusps is com­
pared with that at a suitable
level higher up. The external
diameter at this latter level is
determined at the time of ope­
ration with the aid of calipers.
By subtracting an estimated -I:
double wall thickness from the
external diameter, the internal I)::
diameter can be determined -- "
and the diameter at the level '··· .. _._~ ~~·'6
of the cusps calculated. po 6 S

In other cases, and particu- Ig. . ee text.
lady when there is significant post-valvular dilatation, the
internal diameter of the aorta below the level of the
transverse aortotomy is determined by means of a set of 7
screw-on plug type gauges with a universal handle (Fig. 7).
These plug-gauges and corresponding cusp clamps are
numbered 1 to 7. The serious drawback of this latter
technique is that the cusps can only be fashioned after the
aortotomy has been completed.

The selected cusp clamp is applied to a suitably prepared
portion of pericardium and the cusp excised with at-in.
margin of pericardium projecting beyond the sides of the
clamp. At the proposed free margin of the cusp, the peri­
cardium is trimmed flush with the clamp. A curved length
of o. 1 black dermalon is sutured to the free margin of
pericardium along the edge of the cusp clamp with inter­
rupted 4-0 white silk suture5, the projecting ends of the

0·09375 in. and the width of the flat cusp by a further
0·1875 (3/16) in. (circumference approximately equals
radius x 6).

overcome by the development of a pericardial-cusp clamp
(Fig. 1) which not only served to hold the cusp, while
suture5 were being introduced along its free margin, but
which also determined the size and shape of the cusp to be
inserted.

Seven such aortic pericardial-cusp clamps have been
designed for aortas with internal diameters ranging from
.lin. to 1tin. The size and shape of the clamping end of
each instrument were determined according to the follow­
ing observations and calculations.

Fig. 2 represents a horizontal section through the
f ascending aorta immediately
I above the aortic cusps during
: diastole. If the internal dia-
I meter of the aorta is 1·5 in.,
:~ then during diastole each side
I of each cusp measures 0·75 in.,

.75 I the total width of each cusp
: then being 1·5 in.
I A vertical section through
.. 2 the same ascending aorta and

Fig. 2. Horizontal section 2 cusps in the diastolic posi­
through the ascending aor-
ta immediately above the tion is shown in Fig. 3. During
aortic cusps during dia- diastole each individual cusp
stole. must have a horizontal depth
of not less than 0·75 in. to prevent regurgitation.

Fig. 4 again shows a vertical section through the aorta
and cusps as in Fig. 3. In addition a circle with a radius of
0·75 in. has been drawn so as to include a cusp body as a

I quadrant. The vertical depth

I
of this cusp during diastole is
also 0·75 in. As the circumfer­
ence of this circle is 27T R,

• :-. -75-.- -- - -75- - -1 which equals 33/7 in., the true
: ;:;:::,. .~.': : ; ; . - - . . . height of the cusp substance is
I ~~~::~;: "~l".-.·_J.r-_-.T; 33/7 x t= 1·18 iD.
I .... _ l • t - ... - - -t -.
I . _ , , • . , + - -. t' Fig. 5 illustrates the incor-
: : ~: .' •• : : : 3 rect and the correct size and

shape of a flat pericardial cusp
Fig. 3. Vertical section to fit competently an aorta
through the same ascen-
ding aorta as in Fig. 2, with an internal diameter of
showing 2 cusps in dia- 1·5 in.
stole. Fig. 6 shows cusps 1 and 2

in diastole and cusp 3 (broken line) in systole. As the
internal circumference of the aorta is 33/7 in., one-third
of the circumference is 1·57 in. Should the systolic width

of each cusp be its diasto­
lic width, viz. 1·5 in., then
the cusp (broken line) will
not reach the aortic wall
in systole and therefore
cause some slight systolic
obstruction. The width of
the cusp should therefore

4 be 1·57 in. and not 1·5 in.
Anatomically, however,

Fig. 4. See text. the width of the proximal
part of the ascending aorta is wider than the rest of the
ascending aorta owing to the presence of the sinuses of
Valsalva. If each sinus is but 0·09375 (3/32) in. deep, then
the radius of the aorta at this level will be increased by
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dermalon are cut off long and the cusp removed from the
clamp. The cusp will now be of predetermined size and

Fig. 7. Four plug-gauges with the universal handle. Seven
such gauges are used to determine the internal diameter of
the aorta immediately below the transverse aortotomy.

retain its shape (Fig. 8). Two more cusps are similarly
fashioned and the 3 cusps kept in readiness for later use in
a solution of saline. If after the aortotomy one should find

that total replacement of
the valve is indicated, then
the 3 cusps are sutured to­
gether at their commis­
sures with 4-0 white silk
sutures, in such a way that
the black dermalon threads
will face the aortic wall,
and the tricuspid pericar­
dial valve inserted as a
complete unit. The derma­
Ion threads not only main­
tain the shape of the indivi­
dual cusps and of the valve
as a whole, but also guide
the surgeon when introduc-
ing interrupted anchoring

Fig. 8. Pericardial valve cusps
sutured in position. sutures along the periphery

of the cusps. After all the
2-0 black silk anchoring sutures have been passed through
the peripheral margins of the cusps, the valve is approxi­
mated to the aorta while applying tension to the anchoring
sutures. At this stage the 3 dermalon threads are with­
drawn and the valve unit anchored in position by tying the
individual 2-0 silk sutures.

SUMMARY

Provided that the internal diameter of the ascending aorta at a
level immediately above the attachment of the cusps is known,
then the size and shape of a fiat pericardial cusp that will fit
the aorta exactly can be determined according to the following
formula:

1. Height of cusp at sides where attached to aorta = inter­
nal radius of aorta

2. Height of cusp at centre = internal circumference of aorta
4

3. Width of cusp
= internal circumference of aorta + 0·188 in.

3
Seven aortic pericardial cusp clamps have been developed

for aortas with internal diameters ranging from t in. to Ii in.
Used in conjunction with lhe aortic cusp clamps, which are
numbered I to 7, are seven similarly numbered screw-on plug­
gauges, with a universal handle, to determine the internal
diameter of the aorta at a level below the aortotomy.

The clamping end of each selected instrument determines
the size and shape of the pericardial cusp for the aorta in
question and also holds the cusp while sutures are being
passed through its free margin.

A curved black dermalon thread, sutured to the free margin
of pericardium which projects beyond the sides of the cusp
clamp, not only maintains the shape of each individual cusp
but also of the tricuspid unit as a whole.

I wish to thank Mr. B. J. Badenhorst, senior heart-lung
machine technician, who made the pericardial cusp clamps and
plug-gauges, and Mr. T. Marais for the photographs.
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UITTREKSEL

DIE EET VAN EIERS VERANDER NIE CHOLESTEROLWAARDE NIE­
RUSSIESE WAARNEMING

R. F. Zubova, van die Geneeskundige Instituut, Lvov,
Rusland, het berig oor die cholesterolwaarde en die
arteriele druk van 225 werkers op 'n pluimveeplaas, wat
hoofsaaklik eiers geeet het, en gevind dat hierdie
waardes hoofsaaklik normaal was.l Almal van hierdie
mense was skynbaar gesond en sommige het cholesterol­
waardes getoon wat laer as die aanvaarde normale syfers
was. Dertig van hierdie werkers wat bo die ouderdom van
30 jaar is, het ook bykomstige ondersoeke ondergaan­
rontgenondersoeke van die hart en aorta, en elektrokardio-

grafiese en oftalmoskopiese ondersoeke, en die bevindings
is aangeteken. Veral is aandag geskenk aan aterosklerotiese
veranderinge wat nie in ooreenstemming met die ouderdom
was nie. Hierdie toetse het almal normale waardes aange­
dui. Die kontrole-groep, die bokant 30 jaar, is daarna 'n
maal gevoer wat met die geel van 5 eiers gelaai is, en die
cholesterol is gemeet voor die ete en elke 30 - 60 minute
daarna vir 'n tydperk van vier uur. Weer eens het die
waardes mill of meer gelyk gebly met wat dit voor die
maal was. Bloeddruklesings het ook onveranderd gebly.
1. Zubova, R. F. (1964): Vrach 0.10, 4, 50.




