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During recent years, which have seen an inordinate con-
centration of effort and publicity on heart transplantation-a
procedure which can only be offered to a minority of
patients-important advances in the surgical treatment of
coronary artery disease, which have already benefited many
hundreds of patients, have received little attention. The dev-
elopment of high quality coronary angiography has led to a

better understanding of the coronary circulation and the
pathological anatomy of these vessels. Morbid anatomical
studies, haemodynamic investigations, and left ventriculo-
graphy have allowed an assessment of the nature and
frequency of the various conditions which are amenable to
surgical treatment.
The aspects of surgical treatment to be discussed in this

paper may be classified broadly as, firstly, the treatment of
the sequelae of infarction (both early and late complications
and power failure), and, secondly, treatment of coronary
artery insufficiency. Before any form of surgical treatment is
undertaken an accurate diagnosis is essential. This necessitates
coronary angiography, left ventriculography, and in some cases
right and left heart catheterization. These investigations may
have to be carried out as emergency procedures in the acute
phase, but, though this sounds alarming, in practice the
procedures have been performed safely,32 33 if necessary with
the aid of partial cardiopulmonary bypass.

Early Complications

PERFORATION OF THE VENTRICULAR SEPTUM

This complication is responsible for 1-2% of all deaths
after acute myocardial infarction. When the perforation is a

large one (>1.5 cm/m2) it is likely to be rapidly fatal, and 80%
of the patients die within eight weeks. If medical treatment
fails to control the severe heart failure caused by the left-to-
right shunt, early operation is essential. Ideally surgical treat-
ment is delayed for five to six weeks to allow fibrosis of the
margins of the defect-to develop. The differential diagnosis
from mitral incompetence due to papillary muscle dysfunction
can be very difficult. Catheterization of the right side of the
heart is therefore carried out as soon as possible when the
diagnosis is suspected. The operation is performed using car-
diopulmonary bypass. Especially in early cases, it may be
necessary to close the perforation with a large patch of
prosthetic material so as to avoid placing sutures in the fri-
able muscle adjacent to the defect. The mortality is high in
those patients who must be operated on within four weeks of
the infarction,34 -6 but good results are obtained when medical
treatment can tide the patient over the period of optimal
delay.

PERFORATION OF THE FREE WALL OF THE LEFT VENTRICLE

Rupture of the heart occurs in 3-6'/'. of patients with
myocardial infarction, usually during the first week. Though
death may occur almost immediately, the sequence of events

may be a sudden development of "shock," with signs of car-
diac tamponade, and the patient may survive for hours and
eve.n as long as a week. Slowing of the pre-existing rhythm,
alternating with nodal rhythm, is probably diagnostic of acute
tamponade in these cases.37 Immediate operation with repair
of the perforation has occasionally been successful.

ACUTE MITRAL REGURGITATION

Infarction of a papillary muscle, commonly the posterior
one, of the mitral valve may result in papillary muscle dys-
function or rupture. Free mitral regurgitation results; the
patient develops acute dyspnoea, and is found to have severe
pulmonary oedema. With complete rupture the mortality is
over 50°/, in the first 24 hours. Few of these patients are
treatable because of their rapid deterioration, but mechanical
circulatory assistance may improve the haemodynamic state
for long enough to permit surgical treatment. If the condition
is one of dysfunction of the papillary muscle, the patient dev-
elops a systolic murmur, which is initially ejection in type
and later becomes pansystolic. The pulmonary oedema can be
controlled by vigorous medical treatment, but usually the
patient remains bedridden. Investigation shows that the heart
is little enlarged, and on cardiac catheterization a late tall V
wave of up to 50 mm Hg is seen in the indirect left atrial
pressure tracing. This investigation-or left ventricular
angiography, which shows the regurgitant stream and flail
mitral cusp-is essential before proceeding to surgical treat-
ment. Most surgeons have abandoned attempts to-repair the
mitral valve and prefer to replace it with a prosthesis. There
are now many reports of complete recovery following this
operation.-' 19

Late Complications

LEFT VENTRICULAR ANEURYSM

Aneurysms follow myocardial infarction in about 10% of
patients. In the majority they do not have any effect on the
course of the disease, and rupture of the sac is rare. The
indications for surgical treatment are progressive enlargement,
persistent heart failure, or low cardiac output, embolism from
clot within the sac, and intractable arrhythmia. Resection of
the aneurysm requires cardiopulmonary bypass, and precau-
tions must be taken to avoid embolism from dislodgement of
the clot in the sac. The aneurysm is opened, the clot
removed, and the fibrous wall excised, except for a fringe
which is used to reinforce the suture line. The walls of the
ventricle are then approximated with mattress sutures. The
coronary circulation is not interrupted and the heart con-
tinues to beat throughout the operation, which is remarkably
well tolerated. It might be expected that the reconstituted left
ventricular cavity would provide an inadequate stroke
volume, but the effects of the aneurysm lead to dilatation of
the ventricle, so that one can be sure that if the patient has
survived in spite of the presence of the dyskinetic area the
capacity of the ventricular cavity will be sufficient. The oper-
ative mortality varies from 5-10%,! in different series40"" and
the improvement in the cardiac output in many cases is
remarkable.
The prognosis in left ventricular aneurysm is not good

because the development of an aneurysm indicates a large
infarct and usually extensive arterial disease. In an attempt to
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improve the patient's prospects some surgeons now combine
the operation with bypass grafts from the aorta to the
coronary arteries beyond the obstruction42 (see below). If a
revascularization operation is projected, coronary arteriography
must be carried out beforehand.

LEFT VENTRICULAR ASYNERGY

An asynergic area develops immediately in all cases of
myocardial infarction. There may be lack of movement of the
ventricular wall (akinesis) or paradoxical movement
(dyskinesis)."3 Often function returns in a short time, but if
the dysfunction persists it may be responsible for "car-
diogenic shock" in the acute phase, and for chronic conges-
tive cardiac failure or persistent low cardiac output later. The
asynergic area also appears to be a focus of electrical irri-
tability, and its removal can lead to stability of rhythm and
easier ventricular defibrillation."4

This focal asynergic area can be identified by two-plane
quantitative left ventriculography, but some newer techniques,
such as ultrasonic echography,45 radarkymography,46 and elec-
trical impedance cardiography,47 permit the damaged area to
be identified with minimal disturbance of the patient. The
benefits of excision of the asynergic area have been shown
experimentally on many occasions since the pioneering work
of Gordon Murray in 1947," and have been summarized else-
where.49 Recently a number of reports on the treatment of
patients by excision of asynergic areas has appeared.50 '" The
patients were suffering from intractable heart failure or car-
diogenic shock, and many had septal perforations, ventricular
aneurysms or mitral regurgitation as well. For example,
Schimert et al.51 treated 21 patients with intractable heart fail-
ure and ventricular asynergy; 25-30% of the left ventricular
mass was excised using cardiopulmonary bypass. There were
three operative deaths and four more within six months. All
except two of the survivors were relieved of their heart fail-
ure.

In the past patients with these features have been diagnosed
as suffering from "muscle failure" and it has been assumed
that the whole of the left ventricle is uniformly damaged. The
results of surgical treatment have shown that it is well worth
investigating myocardial function in detail in these patients.
Excision of asynergic areas has also cured intractable arrhyth-
mias following myocardial infarction in a few patients.
As with the treatment of left ventricular aneurysm, some

surgeons have combined the excision of asynergic areas with
procedures for myocardial revascularization.5' Kay et al.,5'
finding the mortality unduly high in patients in whom car-
diopulmonary bypass was used, developed the technique of
excluding the inactive area of the ventricle by simply passing
mattress sutures on a large needle through the ventricle from
the posterior to the anterior wall. A similar operation was
used to plicate asynergic areas of the posterior wall of the left
ventricle, thus avoiding damage to the posterior papillary
muscle. Thirteen out of 16 patients recovered.

Power Failure

This term is used to describe certain cases of cardiogenic
shock. The mortality of this condition is still about 80%, in
spite of the use of volume replacement, positive pressure
ventilation, and hyperbaric oxygenation. Temporary improve-
ment can be obtained in the majority by various techniques
of mechanical circulatory assistance. The reasoning behind
this treatment is that the changes in the infarct induce
asynergy and ischaemia in the muscle around it, which may
be reversible if coronary flow can be temporarily improved.
Circulatory assistance also buys time for detailed investiga-
tion, and makes excision of the infarct possible in those
patients who do not show permanent improvement. Emer-
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gency resection of the infarct has now been carried out in
several cases with complete recovery.Y 55 56 The mortality is of
course high, but in this situation it is 100% without surgical
treatment. There are still many unanswered questions about
the place of infarctectomy. We do not know how much of the
left ventricle can be excised in man. Estimates vary from 10-
30 %. The location of the infarct is of critical importance. It
must be below the papillary muscles and must not involve
the outflow tract of the left ventricle.

Myocardial Revascularization

During the past 30 years innumerable operations have been
introduced for treating angina pectoris and have been
accepted for a time with uncritical enthusiasm. Until recently
there was no method of assessing these other than by the
relief of pain. However, the variability of angina, placebo
effects, and the results of subsequent infarction make any
assessment based on this criterion valueless. Most of these
operations have now been abandoned. There is little interest
now in vein patch onlay grafts, thromboendarterectomy with
loops or with carbon dioxide gas, or excision with end-to-end
anastomosis.

Implantation of the internal mammary arteries into the
myocardium introduced by Vineberg in 1946,57 and its modi-
fications,58 have been widely used, but though it is claimed
that angina is improved in over 90%/, of patients, there is still
considerable controversy about the value of the procedure.5'-
Few randomization studies have been carried out, and when
they have the evidence of benefit in terms of reinfarction
rates and late mortality has not been impressive.6263 There is
suggestive evidence that the long-term prognosis is improved
when three arteries are implanted into the myocardium.64 In
another series the incidence of subsequent myocardial infarc-
tion was found to be significantly less than in a medically
treated group of patients,65 but the overall long-term mortality
was not less if the operative mortality was included. These
comparisons have been made retrospectively with patients
whose angina could be controlled by medical treatment. Even
though coronary arteriograms showed a similar extent of
disease, the groups cannot be accepted as identical for pur-
poses of critical analysis. The operative mortality has varied
between 5 and 14', in different series.

BYPASS GRAFTS

Following the developments in the widespread use of
saphenous vein bypass grafts for relieving obstruction in the
limb arteries, and technical advances in the anastomosis of
small vessels, attention turned to applying these methods to

the coronary arteries. In recent years impressive results have
been obtained. The vein grafts are anastomosed to the
ascending aorta proximally, and to small branches of the
coronary arteries distally. An anastomosis can be made to any
vessel greater than 2 mm in diameter, and in almost all cases
of coronary artery disease the branches at this level are found
to be free of atheroma. Cardiopulmonary bypass is used dur-
i.ng the procedure, and two or three vein grafts are often
inserted into different branches at the same operation. The
operative mortality is remarkably low. Thus Favaloro reports
a mortality of under 4% in 1,100 patients,66 67 and Lepley and
Johnson figures of from 7% for those with good left ven-

tricular function to 15% overall.6669 The late patency rate is
about 85"%, though the period of follow-up is still relatively
short. Many of these patients have had left ventricular fail-
ure, and there has often been an improvement in myocardial
contraction as soon as the blood supply is restored. The relief
of angina is immediate, and often a decrease in heart size has
been seen in the early postoperative period. In some cases

the procedure has been combined with valve replacement and
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excision of left ventricular aneurysms or asynergic areas.
It is not possible at present to assess the results of this

operation because the follow-up period is too short. It is
known that when vein grafts are anastomosed to peripheral
limb arteries with a diameter of 2 mm half of them become
occluded within one to two years, a,nd therefore some reserva-
tion is necessary about the long-term prognosis. Hence at
present the indications for the operation must be considered
carefully. The procedure should certainly be considered in all
patients who are undergoing an operation to deal with some
mechanical complication of infarction. Otherwise, it should
probably be confined to patients with angina that does not
respond to medical treatment. Coronary arteriography will
have shown severe obstruction or total occlusion of one or
more arteries with patent distal arteries beyond the obstruc-
tion. The indication for operation will be stronger if the

patient also has left ventricular failure, but diffuse ventricular
dilatation in a patient without angina is a contraindicatiox.
The operation should not be carried out within three months
of an episode of infarction.

If the long-term results show that life is prolonged and the
incidence of subsequent infarction reduced, there will be a
strong case for advising this operation in many patients with
coronary artery disease even if their angina can be controlled,
for medical treatment cannot at present offer any protection
against subsequent infarction.
Finally we must consider the possibility of surgical treatment

for acute coronary insufficiency. It is questionable whether
medical treatment influences the outcome, and myocardial
infarction often follows. A few patients have been treated by
an emergency vein bypass operation,65 and the results so far
have been encouraging.

References

McNeilly, R. H., and Pemberton, J., British Medical Journal, 1968, 3,
139.

Wikland, B., Acta Chemica Scandinavica, 1968, 184, 129.
3Pantridge, J. F., and Geddes, J. S., Lancet, 1967, 2, 271.
4Dewar, H. A., McCollum, J. P. K., and Floyd, M., British Medical

Journal, 1969, 4, 226.
5Dundee, J. W., Clarke, R. S. J., and Loan, W. B., Lancet, 1967, 2, 221.
6 MacDonald, H. R., Rees, H. A., Muir, A. L., Lawrie, D. M., Burton,

J. L., Donald, K. W., Lancet, 1967, 2, 1070.
7Thomas, M., Malincroma, R., Fillmore, S., and Shillingford, J. P.,

British Heart Journal, 1965, 27, 863.
8 Scott, M. E., and Orr, R., Lancet, 1969, 1, 1065.
9Lal, S., Savidge, R. S., and Chhabra, G. P., Lancet, 1969, 1, 379.

10 Jewitt, D. E., Maurer, B. J., and Hubner, P. J. B., British MedicalJournal,
1970, 1, 795.

1' Eddy, J. D., and Singh, S. P., Lancet, 1969, 2, 1378.
12 McNichol, M. W., Kirby, B. J., Bhoola, K. D., Everest, M. E., Price,

M. V., and Freedman, S. F., British MedicalJournal, 1965, 2, 1270.
12 Lancet, 1969, 2, 526.
14 Lawrie, D. M., et al., Lancet, 1967, 2, 109.
15 Pentecost, B. L., and Mayne, N. M. C., British Medical3Journal, 1968, 1,

830.
16 Geddes, J. S., Adgey, A. A. J., and Pantridge, J. F., Lancet, 1963, 2, 273.
17 Lawrie, D. M., Lancet, 1969, 2, 1085.
18 Jewitt, D. E., Kishon, Y., and Thomas, M., Lancet, 1968, 1, 266.
19 Bennett, M. A., and Pentecost, B. L., British Medical Journal, 1970, 4,

468.
20 Lown, B., Fakhro, A. M., Hood, W. B., and Thorn, G. W., Journal of

American Medical Association, 1967, 199, 188.
21 Adgey, A. A. J., Geddes, J. S., Mulholland, H. C., Keegan, D. A., and

Pantridge, J. F., Lancet, 1968, 2, 1097.
22 Koch-Weser, J., Klein, S. W., Foo-Canto, L. L., Kastor, J. A., and

Desancits, R. W., New England journal of Medicine, 1969, 281, 1253.
23 Bennett, M. A., and Pentecost, B. L., Lancet, 1970, 2, 909.
24 Jewitt, D. E., Balcon, R., Raftery, E. B., and Oram, S., American Heart

Journal, 1969, 77, 290.
25 Chamberlain, D., and Leinbach, R., British Heart Journal, 1970, 32, 2.
26 Schluger, J., Iraj, I., and Edson, J. N., American Heart Journal, 1970,

80, 116.
27 Hanarayah, C., Bennett, M. A., Pentecost, B. L., and Brewer, D. E.,

British Heart Journal, 1970, 32, 728.
28 Nixon, P. G. F., Ikram, H., Morton, S., Lancet, 1966, 1, 1077.
29 Nixon, P. G. F., Taylor, D. J. E., Morton, S. D., Lancet, 1968, 1, 1230.
30 Kantrowitz, A., et al., Journal of American Medical Association, 1968,

203, 113.
Pantridge, J. F., Paper read to Association of Physicians, April, 1970.

32 Miller, A., and Mymin, D., Circulation, 1968, 38, Suppl. 6, 139.
33 Begg, F. R., et al., Journal of Thoracic and Cardiovascular Surgery, 1969,

58, 647.
3 Davison, T., et al., Annals of Surgery, 1964, 160, 33.
35 Barnard, P. M., and Kennedy, J. H., Circulation, 1965, 32, 76.
36 Campion, B. C., Harrison, C. E., jun., Giuliani, E. R., Ellis, F. H., jun.,

and Schattenberg, T. T., Annals of Internal Medicine, 1968, 68, 1152.
3 Meurs, A. A. H., Vos, A. K., Verhey, J. B., and Gerbrandy, J., British

Heart Journal, 1970, 32, 232.

36 Morrow, A. G., Cohen, L. S., Roberts, W. C., Braunwald, N. S., and
Braunwald, E., Circulation, 1968, 37, Suppl. 2, 124.

39 Austen, W. G., Sokol, D. M., DeSanctis, R. W., and Sanders, C. A.,
New EnglandJournal of Medicine, 1968, 278, 1137.

40 Cooley, D. A., Hallman, G. L., and Henly, W. S., Archives of Surgery,
1964, 88, 114.

41 Favaloro, R. G., et al., Annals of Thoracic Surgery, 1968, 6, 227.41 Johnson, W. D., and Lepley, D., jun., Journal of Thoracic and Cardio-
vascular Surgery, 1970, 59, 128.

4 Gorlin, R., Klein, M. D., and Sullivan, J. M., American Journal of
Medicine, 1967, 42, 512.

4 Beck, C. S. American Journal of Surgery, 1962, 103, 157.
45 Kraunz, R. F., and Kennedy, J. W., American Heart Journal, 1970, 79,

36.
46 Kazamias, T. M., Gander, M. P., Ross, J., jun., and Braunwald, E.,

American Journal of Cardiology, 1970, 25, 108.
47Krohn, B. G., Dunne, E. F., Magidson, O., and Kay, J. H., Circulation,

1969, 40, Suppl. 3, 126.
4 Murray, G., Annals of Surgery, 1947, 126, 523.
49 Milstein, B. B., British HeartJournal, 1970, 32, 421.

Heimbecker, R. O., Lemire, G., and Chen, C., Circulation, 1968, 37,
Suppl. 2, 3.

Schimert, G., et al., Surgery, 1970, 67, 129.
52 Harman, M. A., Baxley, W. A., Jones, W. B., Dodge, H. T., and

Edwards, S., Circulation, 1969, 39, Suppl. 1, 91.
53 Najafi, H., Hunter, J. A., Dye, W. S., David, H., Ardekani, R. G. and

Julian, 0. C. American Journal of Cardiology, 1970, 25, 119.
5 Kay, J. H., et al., Journal of Thoracic and Cardiovascular Surgery, 1970,

59, 139.
55 Lindesmith, G. G., Circulation, 1968, 37, Suppl. 2, 128.
56 DeBakey, M. E., Diethrich, E. B., and Liddicoat, J. E., Bulletin of the

Cardiovascular Research Centre, Baylor Medical College, 1969, 8, 8.
5 Vineberg, A. M., Canadian Medical Association Journal, 1946, 55, 117.
5 Sewell, W. H., Sones, F. M., jun., Fish, R. G., Joyner, J. T., and

Effler, D. B., Journal of Thoracic and Cardiovascular Surgery, 1965, 49,
317.

9 Kaiser, G. C., Barner, H. B., Jeflinek, M., Mudd, J. G., and Hanlon,
C. R., Circulation, 1970, 41, Suppl. 2, 49.

60 Dart, C. H., jun., et al., Journal of Thoracic and Cardiovascular Surgery,
1970, 59, 117.

61 Balcon, R., Leaver, D., Ross, D., and Ross, K., Lancet, 1970, 1, 440.
62 Gorlin, R., and Taylor, W. J., Journal of the American Medical Associa-

tion, 1969, 207, 907.
63 Diethrich, E. B., Liddicoat, J. E., Kinard, S. A., and DeBakey, M. E.,

Journal of Thoracic and Cardiovascular Surgery, 1969, 57, 115.
64 Sewell, W. H., Annals of Thoracic Surgery, 1970, 4, 301.
65 Saksena, D. S., and Liddle, H. V., Annals of Thoracic Surgery, 1970,

10, 133.66 Favaloro, R. G., VIth World Congress of Cardiology, London, 1970.
67 Favaloro, R. G., Effler, D. B., Groves, L. K., Sheldon, W. C., and

Sones, F. M., jun., Annals of Thoracic Surgery, 1970, 10, 97.
68 Lepley, D., and Johnson, W. D., VIth World Congress of Cardiology,

London, 1970.
69 Johnson, W. D., Flemma, R. J., Harding, H. W., Cooper, G. N., jun.,

and Lepley, D., jun., Annals of Thoracic Surgery, 1970, 10, 141.

 on 19 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5740.96 on 9 January 1971. D
ow

nloaded from
 

http://www.bmj.com/

