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of blood vessels,. increase in capillary permeability, accu
mulation and migration of leukocytes, and the production
of pain. Very significant is the vasodilator action in which
regard it is the most potent of all substances having this
action in man. Intravenous injection causes a flushing in
the face and neck and, with larger doses, dilatation of
peripheral vascular beds. The polypeptide is rapidly
destroyed in the blood.

Bradykinin increases capillary permeability which is
different from that produced by histamine. It does not
produce the typical classical response.

Although the changes produced by bradykinin resemble
those that occur in the early stages of an inflammatory
reaction, there is no direct evidence of the part played by
this agent in local tissue reactions. There is experimental
evidence that the plasma-kinin forming mechanism is
important in producing the vasodilatation which accompa
nies activation in all glands, (including salivary, lachrimal,
pancreatic). It has also been suggested that bradykinin may
play a role in shock, allergy, and anaphylaxis. In such
circumstances the suggestion is that plasma-kinin forma
tion takes place in the general circulation and causes
generalized peripheral vasodilatation, collapse and shock.s

It has recently been demonstrated that a kinin peptide is
released in the carcinoid syndrome.4 The role of 5-hydroxy
tryptamine (serotonin) as the sole mediator of flushes in
patients with the carcinoid syndrome has been questioned,
since injection of the amine does not produce a typical

flush, and the levels of the amine in the blood do not
correlate well with attacks of flushing. Since it has been
shown that catecholamines release a kinin peptide it was
suggested that the latter might be responsible for the car
cinoid flushes. Bradykinin was found to produce the flushes.
It has been shown that carcinoid-tumour metastases con
tain an enzyme (kallikrein), which can be activated or
released by adrenaline, alcohol, and other stimuli, and this
catalyzes the formation of a vasoactive kinin peptide from
the substrate (kallidinogen). The exact physiological action
of the carcinoid kinin needs to be demonstrated. In addi
tion to the fiush several other features of the carcinoid
syndrome, that cannot be ascribed to the action of sero
tonin, may be due to kinins. These include bronchocon
striction, decrease in peripheral vascular resistance produc
ing a high-output state, altered endothelial permeability
actions which may account for the development of the
heart lesions in the carcinoid syndrome. The fact that the
levels of kinin fall markedly during their passage from
hepatic vein to peripheral artery may explain why the most
severe valvular lesions are found on the right side of the
heart. Synthetic bradykinin (Sandoz) was used in the
studies mentioned, a single dose of 0·1 - 1·5 microgram per
kg. intravenously producing flushing episodes resembling
those occurring spontaneously in the carcinoid patients.
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I have planted, Apollos watered; but God gave the increase.
So then neither is he that planteth anything neither he that
watereth; but God that giveth the increase (l Corithians:
3, v. 6, 7).

Since Lillehei and his associates6 first presented an open
heart method for the treatment of mitral insufficiency in
1957, several other reports have been published on this
subject and several different approaches to the mitral
valve described. Thus the mitral valve has been
approached from the right through a vertical inCISIOn in
the left atrium posterior to the inter-atrial groove or via
tbe right atrium, by incising the inter-atrial septum using
postero-lateral,6 antero-lateral4 and median sternotomy7

incisions, and through the left atrial appendage by means
of a transverse transsternal incision.4

. As we believed that the complete correction of mitral
insufficiency could best be obtained by paying detailed
attention to the functional correction of the morbid
anatomy14 of the valve unit, it became clear that the
approach to the valve should ideally be one which would
allow the surgeon an excellent view of the valve unit from
close range. During 1958 and 1959** 2 left-sided
*Bursar, Cardiac Research Group, CSIR.

**Unpublished data..

approaches were therefore developed in the animal labora
tory, namely, transventricular to the cusps, chordae tendi
neae and papillary muscles and transatrial to the ring and
cusps. Both these approaches as such were employed
with equal success. As it became apparent that lengthen
ing of the shortened and thickened chordae tendineae
would present serious technical difficulties, and because
the ring and cusps were much more readily accessible via
the left atrium, the transventricular approach was aban
doned and the transatrial approach fully developed.
Nichols and associates,6 working independently, published
the results they obtained with annuloplasty in 36 patients
with mitral insufficiency and in 37 with mitral stenosis
using a ve:ry similar left-sided approach.

ANATOMICAL CONSIDERATlONS12

The antero-medial (anterior) cusp of the mitral valve is much
longer than the postero-Iateral (posterior) cusp. As the apical
zones of the 2 cusps correspond, the body of the anterior cusp
lies opposite the base of the shorter posterior cusp.

The chordae tendineae of the posterior cusp are inserted
into the entire undersurface of the cusp except for a narrow
basal zone. Those of the anterior cusp are inserted into a wide
zone along the periphery of the cusp. The remaining larger
central trigonal portion of the anterior cusp is therefore
thinner and more mobile than the marginal zone since its
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movements are not directly limited by the chordae tendineae.
On the undersurfaces of the cusps the chordae tendineae
expand into flat, somewhat triangular, sheets which are
attached to the cusps at acute angles, resulting in the forma
tion of many small nooks and crevices.

The base of the anterior cusp is attached to the postero
lateral half of the root of the aorta and, therefore, in the
resting position this cusp is naturally convex posteriorly. The
excursions of the central portion of the anterior cusp during
systole increases this convexity. The posterior cusp is
attached to the concave base of the left ventricle, and the
base of this cusp is therefore concave anteriorly. At the end of
systole the convex anterior cusp fits into the concave base of
the posterior cusp. At this stage a large portion of the anterior
cusp billows towards the left atrium above the level of the
base of the posterior cusp.

During systole the anterior cusp swings upwards and back
wards. This swing is made possible by the absolute length of
the cusp and its chordae tendineae, by the relative increase in
this length caused by systolic approximation of the bases of
the papillary muscles towards the mitral 'ring', and by the
stretching of these muscles by the intraventricular pressure
exerted on the undersurface of the cusp.

Shortening of the cusps and of the chordae tendineae,
fixity of the papillary muscles, and thickening of the central
trigone of the anterior cusp will therefore reduce the efficient
functioning of the mitral valve.

PATIlOLOGICAL CONSIDERATIONS14

The characteristic valve lesions found in mitral rheumatic
endocarditis are the result of both valvulitis and tendinitis. The
tendinitis plays a very much more important role in the pro
duction of incompetence, and even perhaps of stenosis, than
the valvulitis. As a result of a fibrinous deposit on the surface
of the chordae tendineae, the fine filaments become fused and
thickened. Subsequently, owing to fibrosis, they become
shortened. The fibrinous deposit in the nooks and crevices on
the under-surfaces of the cusps leads to thickening and even
tually to shortening of the corresponding areas of the cusps.
Thickening and shortening will therefore chiefly affect the
chordal zones of the cusps and consequently the extent and
distribution thereof will differ considerably in the 2 cusps. The
cusp which is the seat of active valvulitis is oedematous and
infiltrated by macropha.ges and fibr?blasts with fibrin deposited
on the surface. Later It becomes mfiltrated by fibrous tissue.
This valvulitis is of particular importance in relation to the
mobility of the central trigone of the anterior cusp.

SURGICAL CONSIDERATIONS

There is probably general agreement by workers in this
field that on the whole the results of the treatment of
mitral insufficiency with annular plication are very un
satisfactory. Annuloplasty will, no doubt, be of consider
able value in the treatment of incompetence caused by a
markedly dilated annulus4 and also perhaps in cases of
lateral commissural incompetence owing to eccentric endo
carditis.14

Work is at present in progress in many centresl -3,5, 11 in
an attempt to find a completely satisfactory mitral valve
prosthesis, which many hope may be the final solution to
this difficult problem. Even gross incompetence, however,
is very frequently produced by a very limited disease
process, and even grossly scarred valve tissue is good,
strong, functioning tissue and should not be sacrificed
indiscriminately. In such cases it is probably more correct
to reconstruct an incompetent valve anatomically and
functionally, perhaps with the aid of autogenous tissue,5,10
rather than to replace the whole valve with a prosthetic
valve unit.

In cases of posterior-cusp incompetence it would seem
correct to lengthen the cusp unit by means of a thin and

mobile inlay into the bare basal area of the posterior cusp.
In the case of anterior-cusp incompetence with shorten

ing and tltickening of the chordae tendineae, the marginal
zone and central trigone, competence will be restored by
means of a somewhat semilunar inlay along the outside
margin of the central trigone, i.e. along the inside margin
of the peripheral zone of chordal insertion.

APPROACH AND TECHNIQUE OF OPERATION

With the patient in the supine position a No. 4 polythene
tube, for monitoring right atrial pressure during cardio
pulmonary bypass and during the early postoperative
period, is passed into the inferior vena cava via the right
saphenous vein.

With the patient in the lateral position the left pleural
cavity is entered by means of an extended postero-Iateral
incision through the bed of the sixth rib. The mediastinal
pleura and blood vessels are dissected from a portion of
the pericardium selected for the reconstruction of the
incompetent mitral valve. The pericardium is thereafter
opened vertically anterior to the phrenic nerve. The mitral
valve is explored digitally through the left atrial appen
dage and the size and localization of the valve opening,
the mobility and tltickness of the individual cusps and
the extent and localization of the regurgitant stream very
carefully noted. The left subclavian artery is dissected out.
Heparin is then administered.

A slightly angled arterial cannula, mounted on a 10
inch length of tygon tubing, is introduced into the
proximal portion of the subclavian artery through the
second intercostal space in the paravertebral region. This
approach to the subclavian artery facilitates cannulation of
the artery and removes the arterial line from the field of
operation.

A right-angled stainless steel cannula mounted on a 10
inch length of tygon tubing, is passed through an opening
of the same size, made with Hegar's dilators, at the base of
the right ventricular outflow tract and connected to the
venous line of the pump-oxygenator.

A second right-angled stainless steel cannula, mounted
on a lO-inch length of tygon tubing, is passed into the
cavity of the left ventricle through an opening, dilated to
the same size with Hegar's dilators, near the apex of the
ventricle. This catheter is connected to the decompression
line from the inflow end of the left ventricular decom
pression chamber illustrated in Fig. 1.

Partial bypass is now started. At the very same moment
the left ventricular decompression system is allowed to
function by removing the clamp across the decompression
line. When a flow rate of about 50 m!. per kilo. per
minute is reached, the pulmonary artery, not previously
dissected out, is cross-clamped. Drainage from the right
ventricle is by means of suction and removes caval as well
as coronary sinus blood. The patient's temperature is con
trolled at 32°C.

Ventricular fibrillation is produced by means of electri
cal fibrillation or hypothermia.

Before extending the incision in the left auricle widely
into the atrium, about t inch above the atrio-ventricular
groove, the decompression line is clamped off. With the
left atrium now widely opened, the cusps and chordae
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Fig. 3A. Posterior-cusp
clamp. The clamp is applied
to a portion of the pericar
dium from which the me
diastinal pleura and small
blood vessels have been re
moved, and the proposed
cusp, its margins projecting
± 3/16 inch or more be
yond the outside edge of the
clamp, is excised.
Fig. 3E. Anterior-cusp
clamp.

conjunction with cusp reconstruction is required.
Valvuloplasty is now performed. In a case of posterior

cusp incompetence an incision which extends almost com
pletely from commissure to commissure, is made through
the base of the posterior cusp. Often a short and retracted
posterior cusp cannot be visualized at all at this stage.
The incision through the 'bare' basal area of the cusp is
then made from its ventricular aspect with the aid of a
posterior-cusp hook-knife (Fig. 2).

A posterior-cusp clamp (Fig. 3A) is applied to the pre
viously prepared pericardium and the proposed cusp, with

its margins projecting ±
3/16 inch or more beyond
the outside edge of the
clamp, excised. With the
surgeon standing behind
the patient, closely spaced
4-0 interrupted silk sutures
are passed successively,
first through that margin
of the divided cusp to
which the chordae tendi
neae are attached and
then through the corre
sponding free margin of
pericardium which pro
jects beyond the right
sided edge of the poste
rior-cusp clamp. Each
suture is held with a pair
of mosquito forceps and
the one ear of each for
ceps successively hooked
in the correct serial order
over the prong of a Mayo
artery forceps safety-pin
which has previously been
fixed to the drapes by
means of a towel clamp.
These sutures are passed
in a direction from the
lateral towards the medial
commissure. A second

series of 4-0 interrupted sutures are now passed first
through the left free margin of the pericardial cusp and
thereafter through the mitral ring in a direction from the
medial towards the lateral commissure. The free ends of
these individual sutures are again held with mosquito
forceps which are again hooked in the correct serial order
over the prong of a second artery forceps safety-pin. The
cusp clamp, which during the placing of the sutures is
held just outside the lumen of the left atrium, is with
drawn and the sutures tied. Although about 30 sutures are
placed along the margin of the cusp, there is, with this
technique, no danger whatsoever of these sutures becom
ing entangled. All these sutures, before their insertion, are
soaked in a solution of synthetic penicillin.

Anterior-cusp incompetence can be corrected in a very
similar fashion. An anterior-cusp clamp (Fig. 3B) is used
to determine the size and shape of the pericardial inlay
into this cusp and to facilitate its insertion.

B

1
a b C

Fig. 1. The assembled decompression chamber.

A. Stainless steel upper end-plate with air vent (d)
through which first the i-inch tygon decompression line,
and thereafter the decompression chamber, are filled with
heparinized donor blood to a level just below the inner
opening of the outflow tube (c).
B. Stainless steel lower end-plate with one outflow (c)
and two inflow, (a) and (b), tubes. The inner openings of
the latter are flush with the inner surface of the lower
end-plate. The inner end of the outflow tube is 5 cm.
higher. Only the left ventricular inflow tube (a) is con
nected in open-heart operations on the mitral valve where
venous drainage is directly from the right ventricle instead
of from the superior and inferior vena cava. The second
inflow tube in such cases is closed with a short length of
tygon tubing and metal stopper. The lower end-plate is
fixed at ventricle level. When the pressure in the left
ventricle rises above 5 cm., blood overflows into the out
flow tube and drains by gravity into the cardiac sucker
reservoir.
C. Tygon barrel.

Fig. 2. Posterior-cusp hook-knife which is used to make
several stab incisions through the base of the posterior
cusp from its ventricular aspect.

tendineae can be carefully inspected without any danger
of air embolism.

The pre-operative assessment of the morbid and func
tional anatomy of the valve,14 and the information ob-

tained during the earlier digital exploration and by direct
inspection of the valve should make it quite clear whether
the anterior or posterior or even perhaps both cusps are
to be reconstructed or whether annuloplasty alone or in
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l POST OP.

With the valvuloplasty completed, rewarming of the
patient is started. The incision in the wall of the left
atrium, excluding the original incision in the auricle,
which is to be used later for re-exploring the valve, is
closed with a continuous O-silk suture. With the atrium
filled with blood, the base of the auricle is cross-clamped.
The ventricular catheter is held vertically and allowed to
fill with blood from the ventricle or filled with saline,
thereby allowing air trapped in the ventricle to escape. The
filled catheter is then reconnected to the decompression
line and the clamp across the latter removed. Should
ventricular fibrillation not spontaneously revert to sinus
rhythm, defibrillation is instituted. With the oesophageal
temperature at 37°C, the clamp across the pulmonary
artery is removed. With the heart beating satisfactorily,
the bypass is discontinued and the arterial, venous and
decompression lines clamped off simultaneously. The
mitral valve is explored once more through the unsutured
opening in the left auricle. The wound in the auricle is
sutured, the cannulae removed, and the ventricular wounds
and the incision in the subclavian artery sutured. Poly
brene is administered. Two intercostal drains are intro
duced and antibiotic solution injected into the pleural
cavity and the chest wall closed in layers.

RESULTS

Pericardial reconstruction of the mitral valve has been
carried out in 20 patients with mitral incompetence since
6 December 1961 (Fig. 4). Of these patients 9 were in
persistent chronic congestive cardiac failure, 6 in intermit
tent chronic right heart failure, 1 in acute left heart failure
(traumatic rupture of anterior cusp during closed mitral
valvotomy 1 week earlier) and 4 complained chiefly of
dyspnoea or fatigue. Eleven patients had atrial fibrillation
and in 9 the rhythm was regular. Eleven were females and
9 males.

In 18 a murmur of gross incompetence and in 13 of
marked stenosis could be heard. In no case was there
evidence of significant aortic regurgitation. In 12 patients
there was roentgenographic evidence of marked cardiome
galy and in 5 of these the cardio-thoracic ratio ranged
between 80% and 85%.

The electrocardiograms were not of much value in
assessing correctly the nature of the mitral valve lesion.
Ten patients showed evidence of right-, 2 of left- and 2 of
combined ventricular hypertrophy. The electrocardiograms
of 6 patients did not show any evidence of ventricular
hypertrophy at all; in view of the radiographic and
operative findings, in relation to valve pathology and gross
cardiac appearances in these cases, they indicate balanced
biventricular hypertrophy.

Of 3 patients with gross cardiomegaly (cardio-thoracic
ratio 84% - 85%) and more or less pure mitral insufficiency,
I had definite right ventricular hypertrophy, 1 biventricu
lar hypertrophy and 1 doubtful right ventricular hyper
trophy. A fourth patient with very marked cardiac
enlargement (Cf ratio 85%) had a large ostium secundum
atrial septal defect and pure mitral insufficiency with right
ventricular hypertrophy, whereas a fifth case (Cf ratio
80%) had a moderately severe degree of stenosis and gross

insufficiency with no electrocardiographic evidence of
either right or left ventricular hypertrophy. lr is probably
significant to note that even in this small series the more
severe degrees of cardiomegaly in 80o~ of cases resulted
from more or less pure mitral insufficiency and that in
none of these instances was there electrocardiographic
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Fig. 4. Phonocardiograms of case 1 done pre-operatively
and again 18 months after reconstruction of the posterior
cusp with pericardium on 6 December 1961.

evidence of left ventricular hypertrophy. There was only
1 patient with a normal cardio-thoracic ratio. She, how
ever, had gross mitral incompetence, without stenosis, and
her electrocardiogram indicated the presence of left ventri
cular hypertrophy.

Right heart catheterization was done in 4 patients only.
In 3 of these there was only slight cardiomegaly with
moderate to severe pulmonary hypertension. All, however,
had a severe degree of stenosis and incompetence. Three
showed electrocardiographic evidence of right ventricular
hypertrophy and 1 had a balanced electrocardiogram. Four
patients had 1 or more previous closed mitral valvotomies
and 1 patient an unsuccessful annuloplasty.

In 6 patients the valve on digital exploration and on
direct inspection was completely or almost completely
incompetent. In the remaining 14 the lesions were of
varying degrees of combined stenosis and incompetence.
In I case the lesion was predominantly stenotic, but
severe incompetence was induced by closed mitral valvo
tomy. This was, however, anticipated and open-heart
reconstruction of the posterior cusp could be done at the
same time. In another patient, a boy aged 15, the anterior
cusp was completely ruptured with a Tubb's mitral valve
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dilator, and valvuloplasty could only be undertaken some
days later.

In 17 cases the pericardial inlay was into the posterior
cusp and in 3 into the anterior cusp. In the first 4 cases
no cusp clamp was used and a portion of pericardium of
no specific size or shape was sutured into the basal zone
of the posterior cusp. As it proved very difficult to handle
a small and flimsy portion of pericardium, a posterior
cusp clamp was devised. With the aid of this clamp ellip
tical pericardial inlays measuring It x 1 inch were
introduced into the posterior cusp in the next 7 cases. It
soon, however, became apparent that such inlays were
often too small and that commissural incompetence tended
either to persist or to develop after such inlays. In each
of the next 6 cases a large posterior cusp was constructed
with the aid of a sausage-shaped cusp clamp measuring
2 x t inch. This size and shape proved higWy satisfactory.
In the next 2 cases an anterior cusp inlay was done with
the aid of an anterior-cusp clamp measuring It x t inch.
In the first of these cases this resulted in complete correc
tion of the incompetence, but in the second, a child of 12
with gross cardiomegaly, the reconstructed anterior cusp
was sWI too small and a moderately severe degree of
incompetence persisted. In the last patient an anterior
cusp clamp measuring 2 x 1 inch was employed and no
incompetence could be felt digitally at the termination of
the operation, although postoperatively a grade 1/6 systolic
murmur could be heard.

In 6 patients no incompetence could be felt with an
index finger in the left atrium at the termination of the
bypass with the systemic systolic pressure more or less
back to the pre-operative level. In 4 minimal, in 7 slight,
in 2 moderate and in 1 severe incompetence persisted. The
severe incompetence was due to a faulty technique in case
2; since no pericardial clamp was used the pericardial
inlay was too small and difficult to handle, with the result
that the medial half of the incision into the base of the
posterior cusp could not be closed satisfactorily with
pericardium. Otherwise The main cause for persistent in
competence was too small pericardial inlays. In the 2
patients with moderate postoperative incompetence (both
children) the smaller posterior and anterior cusp clamps
were employed.

In only 1 patient has there so far been evidence of a new
development of incompetence postoperatively. This was in
case 4 in whom a posterior cusp inlay was done without
the use of a cusp clamp and in whom we were quite
surprised to find no incompetence at the termination of
the bypass owing to technical difficulties experienced in
inserting the inlay as a flat sheet of tissue.

Seven of the 20 patients had very extensive valve calcifi
cation. Five of these patients died, 4 of them being in the
first series of 10. In spite of the very severe degree of
calcification 4 patients had no, 2 minimal and 1 slight
postoper.ative incompetence.

Six of the first 10 patients died. In only 1 of these,
however, was death due to an unsatisfactory operative
result (the second case in the series). Staphylococcal
endocarditis caused the death of 2 patients and a dissecting

aneurysm, which extended from the supravalvular region
to a point beyond the origin of the renal arteries, was the
cause of death in the fourth case. Postoperative bleeding
was the major cause of death of a patient who had been
subjected to 2 previous closed mitral valvotomies else
where and who had a pre-operative prothrombin index of
39% which would not respond to treatment. The sixth
patient died very suddenly and unexpectedly on the first
postoperative day, probably as a result of a calcific coro
nary artery embolism.

In the second 10 cases only 1 patient died. This was
a man of 57 who also suffered from a severe degree of
chronic bronchitis for which he received steroid therapy.
His wound ruptured 1 day after the removal of his sutures.
Cardiac arrest set in during the secondary suture of his
wound from which he recovered after massage and defibril
lation during a period of 1t hours. Three days later,
during endotracheal toilet via a tracheostomy tube, he
collapsed and died.

SUMMARY

Some important aspects of the normal anatomy and of the
pathological changes resulting from rheumatic endocarditis of
the mitral valve are briefly outlined.

A left-sided approach, which gives the surgeon an excellent
close range view of the mitral valve, is described.

The technique for treating mitral insufficiency by means of
the functional correction of the morbid anatomy with pericar
dium is described in detail.

Twenty cases of mitral incompetence, so treated, are re
ported.
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