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Heart valve surgery in II4 patients
over the age of 6o
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Heart valve surgery was performed in II4 patients over the age of 6o at the National Heart Hospital between
November I964 and November 1970. This included 73 aortic, 22 mitral, and I0 multiple valve replacements,
2 mitral valve repairs, and 7 closed mitral valvotomies.

There were 2I (i8%) hospital deaths, 12 (II%) late cardiac deaths, and 6 (5%) late non-cardiac deaths.
The 93 patients who left hospital were followed up from 3 months to .5 years 6 months (average 20 months).
Seventy-two (77%) of the survivors improved by one or more functional grades.

The mortality for aortic valve replacement was II (I5%) hospital deaths and 7 (IO%) late cardiac deaths.
The respectivefiguresfor mitral valve replacement were 4 (i8%) and 3(4%) andfor multiple valve replace-
ment 6 (6o%) and o. The 2 patients who had a mitral valve repair died after they left hospital. There were no

deaths among those who had a closed mitral valvotomy.
There was no difference in the average age of those who died after surgery and those who survived. Adverse

factors included replacement of more than one valve, a prolonged operation asjudged by the cardiopulmonary
bypass time, pre-existing coronary artery disease which was present in 6 (29%) of the 2I hospital deaths and
in 4 (22%) of the late deaths, also obstructive airways disease which was present in 3(4%) of the 2I hospital
deaths and in 2 (II%) of the late deaths. There were 3 thromboembolic complications in the 62 patients who
received prosthetic valves and none in the 43 patients who had biological valves.

It was concluded that age alone should not be regarded as a contraindication to surgical treatment in those
patients who are severely incapacitated from chronic valve disease.

The mortality of heart valve surgery has declined
during recent years, mainly due to refinements in
operative technique and improvements in post-
operative care. The selection of patients for cardiac
surgery, particularly valve replacement, has there-
fore become less stringent, but recently some reports
quoted by Davies (I970) have been pessimistic
about operations in the older age groups. We have
therefore analysed II4 consecutive patients over
the age of 6o who had cardiac surgery (I07 open
heart procedures and 7 closed mitral valvotomies)
at the National Heart Hospital between November
I964 and November I970.
The II4 patients consisted of 6i men and 53

women. Their age distribution is given in Table i
and was from 6o tO 74 years, three-quarters of the
patients being between 6o and 64 years. The average
duration of the postoperative follow-up period was

Received 22 March 1972.

TABLE I Age distribution

60-64 years 65-69 years 70-74 years

85 27 2
(74 5%) (23 7%) (I.8%)

20 months. Seventy-one patients were followed for
I year, 42 for 2 years, 22 for 3 years, and 9 for more
than 4 years. Seventy-eight of the 93 survivors were
followed up at the National Heart Hospital; infor-
mation about the others was obtained from the
referring physician or general practitioner.
The patients were divided into 4 groups according

to the operations performed (Table 2). In group A
there were 73 who had an aortic valve replacement,
which included 43 prosthetic valves, 25 homografts,
and 5 frame-mounted autogenous fascia lata.
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Heart valve surgery in 114 patients over the age of 60 175

TABLE 2 Distribution of valve surgery and mortality in 114 patients

Group No. Hospital Late deaths
deaths

Cardiac Non-cardiac

A Aortic valve replacement
Homograft
Homograft and mitral valvotomy or repair
Prosthesis
Prosthesis and mitral valvotomy or repair
Prosthesis and tricuspid annuloplasty
Fascia lata

B Mitral valve replacement
Homograft
Homograft and tricuspid annuloplasty
Prosthesis
Prosthesis and tricuspid annuloplasty
Fascia lata
Fascia lata and tricuspid annuloplasty
Mitral and tricuspid homografts

C Multiple valve replacements
Aortic and mitral homografts
Aortic and mitral homografts and tricuspid annuloplasty
Aortic and mitral prostheses
Aortic mitral and tricuspid prostheses
Aortic and mitral fascia latas

D. Mitral valve surgery
Mitral valvotomy
Mitral valve repair

20 5
5 0

37 5
5 0
I 0

5 I

73 II

('5%)

6 0
I 0

II 2
I 0
I 0
I I
I I

22 4
(i8%)

I 0
I I

5 2
2 2
I I

Io 6
(60%)

7 0
2 0

9 0
(o%)

I
0

4
I
I
0

7
(Io%)

2
0
I
0
0
0
0

3
(I4%)

0
0
0
0
0

0

(o%)

0
2

2
(22%)

Overall II4 21 I2 6
(I8%) (II%) (5%)

Group B consisted of 22 patients who had mitral
valve replacements. Prosthetic valves were used in
I2, homografts in 8, and frame mounted-autogenous
fascia lata in 2. In group C there were IO patients
with multiple valve replacements and in group D
9 patients who had mitral valve surgery but not
replacement. Seven had a closed valvotomy and 2 a

mitral valve repair. Thus, 105 of the II4 patients
had i or more of the heart valves replaced and 9

had valvotomies or repair procedures.

Results
Functional status before operation was classified in
4 grades (I-4) according to the New York Heart
Association criteria (I964): 7 per cent were in

grade I, 43 per cent were in grade 2, 38 per cent in
grade 3, and I2 per cent in grade 4. Details of indi-
vidual symptoms in each surgical group are given
in Fig. i.

After operation 54 (58%) patients improved by
one fimctional grade and i8 (ig%) patients by two
grades. The postoperative assessment showed that
65 per cent of the survivors were in grade I, 27 per

cent in grade 2, 8 per cent were in grade 3, and
none was in grade 4. Details of the improvement of
individual symptoms in the 4 surgical groups are
shown in Fig. i. As expected, the more severe the
preoperative symptoms the higher the mortality.

Cardiac failure (congestive or acute pulmonary
oedema) was present before operation in 46 (63%)

0
0

4
0
0
0

4
(5%)
0
0
I
0
0
0
0

I

(4%)

0
0
I
0
0

I
(lo%)

0
0

0
(4%)
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FIG. i The functional status and symptoms before and after operation in each surgical group. Group A:
aortic valve replacement; group B: mitral valve replacement; group C: multiple valve replacement;
group D: mitral valve operation; PND: paroxysmal nocturnal dyspnoea.

patients in group A, in i9 (87%) patients in group
B, and in all I9 patients in groups C and D (Fig. 2).
There was considerable improvement in all groups
after operation. In group A, only 3 patients con-
tinued to have cardiac failure, one of whom had
coronary heart disease (as defined by White, 1971)
but was alive 4 years after operation. In group B,
one patient had residual cardiac failure and died 20
months after operation. None of the 4 survivors in
group C had cardiac failure after operation. In
group D, 2 patients had congestive cardiac failure
but were alive 44 and 54 years after operation
(Fig. 2).

Electrocardiographic findings
In group A there were ii (I5%) patients with atrial
fibrillation before operation. Of these, 4 had coron-
ary artery disease and 4 mitral valve disease
requiring mitral valvotomy in addition to aortic
valve replacement. A further 2 patients had paroxys-
mal atrial fibrillation. Atrial fibrillation was present
in i6 (73%) patients in group B, all the patients in

group C, and 7 (78%) patients in group D.
After operation, the number of patients in group

A with atrial fibrillation remained the same, but 3
patients reverted to sinus rhythm after operation (2
spontaneously and the third after cardioversion),
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Cardiac failure, left ventricular hypertrophy, and cardiomegaly

100 -

GROUP 50-
D

O

100%
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FIG. 2 The incidence of cardiac failure, left ven-

tricular hypertrophy, and cardiomegaly before and
after operation in each surgical group. Group A:
aortic valve replacement; group B: mitral valve re-

placement; group C: multiple valve replacement;
group D: mitral valve operation.

while 3 additional patients who were previously
in sinus rhythm developed atrial fibrillation (2 with
coronary artery disease, and i had a history of pul-
monary embolism). In group B, I2 of the i8 sur-

vivors remained in atrial fibrillation, as did all the
survivors in group C and 8 out of 9 in group D.

Left ventricular hypertrophy was assumed to be
present if the sum of the S wave in Vi and the R
wave in Vs or 6 exceeded 45 mm. Excluding
patients with bundle-branch block, left ventricular
hypertrophy was present before operation in 4I
(58%) patients in group A, in 2 (ii%) patients in
group B, in 3 (30%) patients in group C, and in I

(13%) patient in group D (Fig. 2).

Left ventricular hypertrophy was still present
after operation in I5 (24%) patients in group A and
in 2 out of 4 survivors in group C. None of the sur-
vivors in group B or D had left ventricular hyper-
trophy after operation (Fig. 2).

X-ray findings Cardiomegaly (cardiothoracic
ratio of greater than o 5) was present in 55 (75%)
patients in group A. In groups B, C, and D, it was
present in nearly all, i.e. 38 out of a total of 40
patients. In group A pulmonary venous congestion
was present in 4I (57%) patients and was commoner
among the patients who died - I4 (88%) patients
compared with 27 (48%) patients who survived. In
groups B, C, and D, pulmonary venous congestion
occurred in all but 3 patients (Fig. 2).

Cardiomegaly was still common in all groups
after operation. In group A it occurred in 39 (63%)
patients, in group B, in i8 (90%) patients, in group
C, in 3 (75%) patients, and in group D, in 7 (88%)
patients (Fig. 2). Pulmonary venous congestion was
present after operation in only 6 (6%) out of the
total of 93 survivors.

Mortality
The hospital mortality in II4 patients was I8 per
cent (21 patients). There were an additional i8
(i6%) late deaths, 6 of which were not cardiac or
related to a cardiac operation. The late deaths
occurred 3 months to 2 years after operation, with
an average of 8-3 months.
There was no difference in the average age of

those who died and the survivors, being 63-2 and
63- I years, respectively. The operative mortality
and late deaths, both cardiac and noncardiac, for
each surgical group are shown in Table 2. Of the
2I hospital deaths, there were 5 due to ventricular
fibrillation at operation, and a further patient had
ventricular fibrillation after complete heart block.
In only i of these 6 cases was there a preoperative
history of coronary artery disease. There were 4
deaths from circulatory failure, 2 of which were due
to uncontrollable haemorrhage, and the other 2 had
coronary artery disease. Cerebral damage due to air
or calcific emboli was responsible for 2 of the 4
cerebral deaths. A cerebrovascular accident caused
the death of another patient who had pre-existing
systemic hypertension and coronary artery disease.
The 3 patients who were unable to sustain an ade-
quate circulation after coming off cardiopulmonary
bypass and the 2 patients who died from cardiac
tamponade had multiple valve replacements (see
Table 5).
Among the I2 late cardiac deaths, the majority

were severely disabled before operation and there
was evidence of coronary artery disease in 4.
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TABLE 3 Occurrence of preoperative complications and coexistent disease

Overall incidence Hospital deaths Late deaths
(Total 114) (Total 21) (Total I8)

Coronary heart disease 22 (19%) 6 (29%) 4
Chronic obstructive airways disease 8 (7%) 3 (I4%) 2
Hypertension 7 (6%) 2 (I0%) I
Pulmonary embolism 6 (5%) I (5%) I
Systemic embolism 5 (4%) I (5%) I
Peripheral arterial disease 5 (4%) I (5%) 2
Diabetes 5 (4%) 2 (Io%) 0
Infective endocarditis 4 (3%) I (5%) I
Cerebrovascular disease 3 (3%) 0 (0%) I

Importance of pre-existing disease
In this elderly group it was not surprising to find
more pre-existing disease than in younger patients,
the most important being coronary artery disease
which was present in 22 (I9%) of the 1I4 patients.
Other pathology of note before operation included
chronic obstructive airways disease in 8 (7%) pa-
tients, hypertension in 7 (6%) patients, and previous
pulmonary emboli in 6 (5%) patients. It was difficult
to be certain of the influence of pre-existing disease
on the operative and late mortality, but it is prob-
ably relevant that coronary artery disease was pre-
sent in 6 (29%) of the hospital deaths and in 4
(22%) of the late deaths. Similarly, chronic obstruc-
tive airways disease was present in 3 (I4%) of the
hospital deaths and in 2 (II%) of those who died
later. Hypertension may or may not have been a
contributory factor as it occurred in 2 (I0%) of the
hospital deaths and i late death. Further details are
given in Table 3.
The effect of the duration of the cardiopulmonary

bypass (bypass time) and the duration of cardiac
arrest (ischaemic arrest time) was compared in the
survivors and non-survivors who had aortic and
mitral valve replacements (group A and group B).
The term 'ischaemic arrest time' has been used to
include all periods of operation during which either
one or both coronary arteries were not perfused.
The average bypass time in both groups was longer
in those who died than in those who survived (Table
4). In group A it was 130 minutes in the I0 who died
in hospital, compared with 104 minutes in the sur-
vivors. The respective figures for group B, 102
minutes and 7I minutes. The average ischaemic
arrest time was not significantly longer in the fatal
cases of either group.

Discussion
The operative results should be assessed in relation
to the natural history of the valve disease without

TABLE 4 Comparison of average bypass time and
ischaemic arrest time in survivors and fatal cases in
groups A and B

Survivors Hospital deaths

Group A No. No.
Bypass tme I04 min 55 I30 min I0
Ischaemic arrest time 25 Mm 53 29 min 4

Group B
Bypass time 7I mm I5 I02 mim 4
Ischaemic arrest time 40 min 14 41 min 4

TABLE 5 Cause of death

Causes of hospital deaths No.

Ventricular fibrillation
Circulatory failure
Cerebral damage
Failed to come off bypass
Cardiac tamponade
Asystole
Died during operation

Total

Causes of late deaths
Cardiac arrest
Acute chest infections
Cardiac failure
Bronchial carcinoma
Esch. coli endocarditis
Cerebral damage
Gastrointestinal tract haemorrhage
Embolic splenic rupture
Unknown

6
4
4
3
2
I
I

21

5
3
3
2
I
I
I
I
I

Total
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surgical intervention. Ross and Braunwald (I968)
found that in aortic valve disease, go per cent of
those with angina and syncope died within three
years of onset of symptoms, while if heart failure
was present, death occurred within iI tO 2 years.
After operation, the mortality rates of survivors
tended to parallel the normal mortality rates.

In this series the overall hospital mortality was
I8 per cent (2I patients). There were I2 (iI%) late
cardiac deaths and 6 (5%) non-cardiac deaths. In
group A (aortic valve replacement) the hospital
mortality was i5 per cent, with I0 per cent late
cardiac deaths; in group B (mitral valve replace-
ment) the hospital mortality was i8 per cent, with
I4 per cent late cardiac deaths; in group C (multiple
valve replacements) the hospital mortality was 60
per cent, with no late cardiac deaths; and in Group
D (mitral valve surgery) there were no hospital
deaths and 22 per cent late cardiac deaths. These
figures appear favourable, particularly for single
valve replacement, when compared with those from
other centres where patients of all age groups have
been included.

For example, the earlier mortality figures for
aortic Starr valve replacement were between 25 and
30 per cent (Lewis et al., i966). More recently these
figures have improved to between 5 and 20 per cent
(Cleland et al., i968; Hodam et al., I970; Spencer
et al., I970; Shean et al., I97I). Experience at the
National Heart Hospital with 259 aortic homograft
replacements for all age groups resulted in i6'6 per
cent hospital mortality and I3-5 per cent late mor-
tality, over a 7-year period up to i969. The hospital
mortality had, however, declined to 4-8 per cent for
the 2-year period i968 and i969 (Gonzalez-Lavin,
Al-Jabani, and Ross, I97i). Between January I970
and December I97I, 62 more patients had aortic
homograft replacements. There were 2 (3%) hos-
pital deaths and 4 (6%) late deaths (L. Gonzalez-
Lavin, D. N. Ross, and J. K. Ross, I972, unpublish-
ed observations).
The total mortality figures for mitral prosthetic

valve replacement have been between iS and 50
per cent (Bjork and Malers, i964; Kirklin, i965;
Morrow et al., I967; Najafi et al., I969; Schrire and
Barnard, 1970; Spencer et al., 1970; Starr, I97I). A
lower mortality has been obtained recently for mitral
homograft replacement; Angell and Shumway
(197I) had a total mortality of 8 per cent, Graham
et al. (I97I) II per cent, and Yacoub, Towers, and
Somerville (I97I) I2 per cent.

In cases of double valve replacements (aortic and
mitral) Spencer et al. (1970) had a total mortality of
28 per cent while Hodam et al.'s (1970) figure for
multiple valve replacements with cloth covered
prostheses was 4I per cent.

In patients over the age of 60 who had Starr
valve replacement of one or more valves, Ahmad
and Starr (I969) obtained an overall hospital mor-
tality of I8 per cent (which is the same as ours) and
a late mortality of io per cent. Their total mortality
for aortic valve replacement was 28 per cent, for
mitral valve replacement I3 per cent, and for mul-
tiple valve replacements 22 per cent. Ten out of
their 23 deaths were due to thromboembolism.

In our series there was, as expected, a higher mor-
tality in patients who were in functional grades 3
and 4 before operation, in patients who had intract-
able cardiac failure, and in those who had multiple
valve replacements. Adverse factors also included
prolonged cardiopulmonary bypass time and pre-
existing coronary artery disease and, to a lesser ex-
tent, obstructive airways disease. Coronary artery
disease occurred in 6 out of the 21 (29%) hospital
deaths (but was the direct cause of death in only 3
patients) and in 4 out of the i8 (22%) late deaths.
It was present in i6 out of the 93 (I7%) of the
patients who left hospital. Another feature of note
was that one-third of the late deaths were not car-
diac, which is consistent with the higher natural
death rate in this age group. The excellent results
of closed mitral valvotomy confirmed the value of
this operation in elderly patients.
The relative advantage of biological valves was

again demonstrated, for there were no thrombo-
embolic complications in the 43 patients who re-
ceived biological valves, i.e. homografts or frame
mounted autogenous fascia lata, while in the 62
patients with prosthetic valves, all of whom were
treated with long-term anticoagulants, there were 3
thromboembolic complications during the follow-
up period. Two patients had cerebral emboli and
i died after splenic infarction and rupture.
We feel, therefore, that the previous reviews re-

ported by Davies (1970) may have been unduly
pessimistic. Of the 93 patients who left hospital, 72
(77%) improved by one or more functional grade
after operation. The improvement was sustained
and the majority of patients were able to return to
work. The hospital mortality in this group while
higher than in younger patients was not prohibitive
at i 8 per cent.
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