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Abstract
Objective-To study early and late

mortality after surgical correction of
coarctation of the aorta.
Design-Data on 223 patients operated

on at the Westminster Hospital, London,
between 1946 and 1981, were collected
and updated by questionnaire.
Participants-All 223 patients recor-

ded as undergoing operation for aortic
coarctation up to the end of 1981. Fifteen
of 197 survivors were lost to follow up;

most of them were patients from over-

seas.
Outcome and results-The early mor-

tality (within one month of operation)
was 12% overall, 2-6% for elective sur-

gery, and 0% for the 77 patients under-
going surgery since 1968. Survivors were

followed up for a total of 3288 patient
years; in 27 follow up lasted more than 30
years. In a few it reached 40 years.

Twenty two patients died during this
period, 18 from causes that could be
attributed to coarctation or its repair.
Mortality was highest more than 20
years after the operation.
Conclusion-Repair increased life

expectancy in patients with aortic coarc-
tation. Late problems caused by persis-
tent hypertension or recoarctation
became apparent in long term survivors.
The increased risk of late mortality
associated with the duration of
preoperative hypertension was not stat-
istically significant. There were no deaths
from cerebrovascular accidents. (In an

earlier necropsy series cerebrovascular
accidents accounted for 11-8% of deaths.)
The incidence of deaths from aneurysms
resembled that in the earlier necropsy
series.
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Operations to correct coarctation of the aorta
have been carried out since 1944.' 2 The
earliest correction in the United Kingdom was

performed by Sir Clement Price Thomas at
Westminster Hospital in London in 1946. We
have assessed the survival of patients who had
the operation at Westminster Hospital since
1946.

Patients and methods
Between 1946 and 1981 223 patients with
coarctation of the aorta were operated on at
Westminster Hospital. Details of these
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patients were extracted from their discharge
summaries and operation notes and from
necropsy reports where available. Those who
survived the operation were followed up to
assess their present condition. Some of these
patients had been followed up for up to 40
years and so the series gives valuable informa-
tion about long term mortality and morbidity
in patients who have had surgical correction
of congenital coarctation of the aorta.
Of the original 223 patients, 156 (70%)

were male. Thirty one (14%) were less than
one year old at operation, a further 39 (17%)
were 1 to 5, and 85 (38%) were aged from 5 to
15. Of the remaining 68, 15 (7%) were over

the age of 30; the oldest was 48. Hypertension
was common; about half the patients had a

preoperative systolic blood pressure of
> 160 mm Hg. Forty patients had had a

period of heart failure. Some patients had
associated lesions-notably, 10 had a

ventricular septal defect and 31 a ductus
arteriosus of whom seven also had a ven-

tricular septal defect. In most patients the
coarctation was postductal, but in 14 patients
the coarctation was described as preductal and
in 23 as juxtaductal.
The most common surgical technique was

resection of the coarctation with end-to-end
anastomosis. No record of the use of a Dacron
patch was found. The subclavian flap
technique was increasingly used from 1974.
Pulmonary artery banding was also carried
out on eight patients presenting with complex
lesions in infancy, and where there was a

ductus this was ligated. Only two patients
who had pulmonary banding as part of their
treatment survived-one with established
pulmonary vascular disease despite the band,
and the other, who was treated for ventricular
septal defect with double aortic arch and coar-

ctation, was well when last seen (debanded
with the ventricular septal defect closed) but
with some evidence of recoarctation six years
after operation. No neurological complica-
tions were seen.

The total follow up time was 3288 patient
years: The length of follow up ranged from
one month to 40 years, with 107 patients
being followed up for over 15 years and 27 for
more than 30 years.

Results
OPERATIVE SURVIVAL

For the purposes of this analysis the patients
were divided into those who had an elective
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Figure 1 Deaths within 30 days of operation by age at operation.

of the patients who had elective operation
were alive 30 days afterwards.

Nearly all (91%) of the operations were
performed between the early 1950s and the
late 1970s-all of the "complicated" cases
were operated on before 1980. The patients
who were operated on before the 1960s tended
to be older (fig 2). There was no obvious trend
in operative survival over the decades (table
2); however, between 1968 and the end of the
study period there were no early postoperative
deaths among the 77 patients who had elective
operations. Of the five deaths among 112
patients who had elective operations up to
1968, three were operated on before 1950.
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Figure 2 Age at operation by decade of operation.

Table I Ages at operation

Data Elective Complicated

Total 189 34
Average age at operation 12 yr 6 mnth
Range 1 mnth-48 yr 7 days-A yr
Median age 8 yr 9 mnth 1.5 mnth
Died < I day 3 (1-6%) 15 (40-5%)
Died <1 month 5(2-6%) 21(61 8%)

operation (189 patients) and those who
required emergency or more immediate
operation because of complicating factors
including resistant heart failure, ductus
arteriosus, or ventricular septal defect (34
patients). Patients were considered to have
survived the operation and its immediate
effects if they were alive 30 days from the date
of operation (table 1).

Figure 1 shows the survival from operation
by age at operation for the two categories. The
mean age at operation was much less for the
complicated cases; these operations were often
emergencies performed on very young infants
in severe heart failure, many of whom did not
survive the operation. In contrast, over 97%

LONG TERM RESULTS OF REPAIR
Fifteen of the 197 patients known to have
survived the operation were lost to follow up on
discharge from hospital and were excluded
from the analysis. Most of these were patients
referred from abroad who returned to their
homes after operation. Figure 3 shows all
patients according to age at first operation.
Twenty two of the 197 survivors died during
the follow up. Five of these deaths were
unrelated to coarctatioA or its repair. One
patient died aged 5 from acute laryngotra-
cheitis, three patients died from malignant
neoplasms, and one drowned in a sailing
accident; the last four all died after the age of35
and had survived over 18 years since the repair
of their coarctations.
The other 17 deaths could be attributed to

coarctation, associated abnormalities, or the
repair. All these patients had had end-to-end
anastomoses. Table 3 summarises the age at
operation, age at death, and underlying clinical
cause of death in these patients. Five deaths
were related to persistent coarctation; two of
these patients died during further operations.
Three other patients did not survive to the age
of 20: one died aged 4 of septicaemia caused by
acute bacterial endocarditis on a congenitally
bicuspid valve (necropsy showed that the
operation site was uninfected), one died aged
18 from congestive cardiac failure, and one at
the age of 19 from an aneurysm related aortic-
oesophageal fistula. There were five further
deaths from aortic aneurysms. According to the
reports, none of these was related to the opera-
tion site: one occurred in the arch of the aorta;
two. in the ascending aorta; and the exact site
was not specified in the remaining two patients.
There were four deaths from congestive
cardiac failure. Ventricular fibrillation caused
death in a patient who had already had a short
previous attack in the absence of any apparent
cause. There were no deaths from cerebro-
vascular accidents.

Table 2 Early mortality by year operation

Elective Complicated

Year of operation Number Number (%) died within 30 days Number Number (%) died within 30 days

1946-49 17 3(17-6) 0 0 (0)
1950-59 55 1 (1-8) 3 1 (333)
1960-69 56 1 (1-8) 18 13(72 2)
1970-79 55 0 (0) 13 7 (53 8)
1980-81 6 0 (0) 0 0 (0)
Total 189 5 (2 6) 34 21 (61 7)
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The five patients who died from causes
unrelated to their coarctation were considered
as having left the study on their date of death.
Figure 4 shows the survival and cumulative
hazard functions: 3-8% died in the 10 years
after the repair of their coarctation, 4 1% died
between 10 and 20 years after the operation,
and 9-2% died in the 10 years after that;
thereafter mortality decreased. Only 27 people

in the study were followed up for 30 years or
more. It seems that even when general
mortality was taken into account, the risk of
dying from the effect of coarctation increased
with the interval since operation. Only patients
operated on before 1969 were followed up over
20 years, so the increase in mortality 20 years
after operation might have been caused by
problems with the early operative technique.
But, because mortality by decade of operation
showed no decline 10 and 15 years after opera-
tion, this seems unlikely.

FACTORS AFFECTING LONG TERM SURVIVAL
Age at operation
The patients were divided into three groups
according to their age at operation-aged 4
years and under (56 cases), 5-14 years (76
cases), and > 15 years (50 cases). Figure 5
shows plots of the Kaplan-Meier survival
curves for each group. There was no statis-
tically significant difference at the 0.05
probability level (when an approximation to
Cox's F test was used) in long term survival
between the groups, though a longer period of
follow up might well indicate which age group
fared the best. The best 20 year postoperative
survival in our study was achieved by the 0-4

Table 3 Information on 17 deaths related to cardiovascular disease

Age at Age at
operation death
(yr) (yr) Causes of death

1 6 wk 5 Died during operation to correct recoarctation of aorta
2 3 mth 11 Died during operation to correct recoarctation of aorta
3 4 mth 5 Septicaemia, acute bacterial endocarditis
4 1 22 Recurrent coarctation of aorta
5 5 19 Aortic-oesophageal fistula (presumed aneurysm-details unavailable)
6 5 30 Congestive cardiac failure
7 7 20 Ventricular fibrillation (previous episode ofVF-no other abnormalities apparent before fatal recurrence)
8 10 33 Ruptured aortic aneurysm, persistent coarctation
9 11 22 Acute heart failure, aortic incompetence, persistent coarctation
10 11 18 Congestive cardiac failure
11 18 24 Ruptured aortic aneurysm
12 25 57 Aortic aneurysm, gross aortic incompetence
13 29 36 Congestive cardiac failure, aortic incompetence
14 30 41 Aortic aneurysm
15 30 40 Ruptured aortic aneurysm
16 31 53 Congestive cardiac failure, aortic stenosis, bacterial endocarditis
17 48 69 Congestive cardiac failure

All except patient 2 had end-to-end anastomosis. The coarctation site was considered satisfactory or not mentioned in the
necropsy report, unless otherwise stated.

Figure 4 (A) Long term
survival in all cases,
excluding perioperative
deaths and (B)
cumulative hazard in all
cases, excluding
perioperative deaths.
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age group. Thirty year survival M
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number of patients (27) who ha
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Figure 6 Long term
survival according to blood
pressure at operation and
excluding perioperative
deaths.
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vas similar for Hypertension
of the small Figure 6 shows survival according to blood
ve been foll- pressure at operation. Four of the 76 patients
ig is not very who had a systolic blood pressure of

< 160 mm Hg before the operation died in the
follow up period compared with 10 of the 80
patients with a systolic blood pressure of
) 160 mm Hg; however, this was not statis-
tically significant at the 0 05 probability level.
Figure 6 also shows the survival ofpatients who
had a systolic blood pressure of > 160 mm Hg
and were aged > 15 when they were operated
on. Though they had had prolonged pre-
operative hypertension, their late mortality was
no higher than in other groups, and their 30

---------- year survival was better than those with a
preoperative blood pressure of < 160 mm Hg.
For 26 patients we had no record of pre-
--5-14 operative blood pressure.
15 & over

OVERALL SURVIVAL
In 1970 Campbell estimated the mortality
among patients who had coarctation of the
aorta without surgical intervention.' Figure 7

25 30 shows the proportion surviving plotted against
age for his set of patients and the results from
the present study and normal mortality in the
general population ofEngland and Wales.3 The
results of our study are presented as an
actuarial survival plot of the proportion surviv-
ing to reach each age, taking into account all
deaths, whether perioperative or late unrelated
to the coarctation. In all the plots, deaths under
1 year of age are excluded, because this is how

--- Campbell calculated his figures. This plot
showed that our patients survived longer than
those with an unrepaired coarctation but not as
long as the general population.

BP<160 mmHg
BP>160 mmHg
BP>160 mmHg and
age at operation>15

5 10 15 20 25
Years since operation

30

Discussion
Operative mortality for elective repair of coarc-
tation of the aorta is low4 -3% in our series of
patients (0% since 1968). Without correction,
the mean life expectancy of those with
unoperated coarctation of the aorta is 35 years.'
Correction of the coarctation has been shown
by this and many other studies"'0 to increase
life expectancy.

Repair of aortic coarctation has been carried
out since 1944.2 As more patients enter their
second, third, and fourth postoperative
decades, problems associated with their coarc-
tation and its repair are now becoming evident.
Many studies have shown significant late mor-
tality,4579' the rate being generally more than
10% when follow up exceeds 10 years. Some of
our patients were followed up for 40 years and
they included some of those who had the
earliest operations for coarctation repair. The
increase in mortality among these patients in
the third decade after operation is worrying;
Presbitero et al whose postoperative follow up
ranged from 15 years to 30 years reported
similar findings.7 So far, very few patients have
been followed up into their fourth post-
operative decade (27 in this series) and it is
difficult to give a longer term prognosis, but it
seems likely that problems caused by recoarcta-

Figure 5 Long term
survival by age at
operation, excluding
perioperative deaths.
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Figure 7 Comparative survival, excluding deaths in first year of life.
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tion, vascular disease, and persistent hyperten-
sion will only increase with increasing age and
time after operation.

Hypertension and vascular disease cause
most of the morbidity and mortality associated
with advancing age in patients with coarcta-
tion. Our results suggested an association bet-
ween preoperative hypertension and an
increased risk of later mortality. Others found
that the younger the age at operation the greater
the postoperative reduction in blood pressure"
with late hypertension being more common
when the operation was delayed until after the
age of 20.9 Maron et al suggested that the
duration of preoperative hypertension is an
important factor, with prolonged preoperative
hypertension and operation after age 25
increasing the risk ofpremature cardiovascular
death.6 In our series 23 patients, with a
preoperative blood pressure >e 160 mm Hg
systolic were operated on after age of 20 and
survived the operation; all ofthem are still alive
and have survived an average of over 20 years.
These findings endorse Liberthson et al's view
that repair should not be denied on the basis of
age or longstanding hypertension.'2
The duration and severity of hypertension

are also likely to be important factors in
aneurysm formation remote from the repair
site. Table 3 shows that in five of the six deaths
related to aneurysms there had been exposure
to hypertension and coarctation for more than
30 years in three, 25 years in one, and 18 years
in two. Proximal distension, limited only by the
degree and rate of development of collaterals,
could be an equally damaging factor. Dissect-
ing aneurysm of the ascending aorta caused late
postoperative deaths in four patients and was
detected in vivo in a further four of 343
survivors reported by Forfang et al.'3 In these
patients surgical relief of coarctation occurred
at age 9 (one) and at age 15-48 in the remainder.
Aneurysm related to the repair patch is another
hazard, discussed among others by Koller et
al. "4 In the pre-surgical era, necropsy studies
showed death from aneurysm rupture in 17 1 %
of 304 patients with coarctation reported by
Abbott'5 and Reifenstein et al.'6 In our series,
we found an even higher proportion of deaths
related to aneurysm (27%), whereas so far
there have been no deaths from cerebrovas-
cular accidents, which accounted for 11 8% in
the earlier necropsy series.'5 16 Relief of disten-
sion of the upper vascular segment and of
hypertension after operation may be the
reason; none the less aneurysm formation has
persisted.
The desire to operate at an early age to

reduce the risk of persistent hypertension and
its associated problems must be balanced
against the fact that residual and recurrent
coarctation ofthe aorta are more common when
the operation is undertaken in young
patients,5 10 "1 though not necessarily with a
worse outcome.'0 Of the five late deaths in our
series in which persistent coarctation was a
contributory cause, three occurred in patients
who had their initial operation at the age of 1 or
less.

It was hoped that subclavian flap arterio-

plasty"' for the repair of coarctations would
reduce recoarctation in infants. But this has not
proved to be so. It seems that it is best to
operate at the earliest age that gives the best
results in the unit in which the operation is
performed.
Doppler techniques,'819 angiography, or

magnetic resonance imaging" can be used to
show recoarctation of the aorta and other
circulatory problems. Balloon dilatation may
provide relief, and aneurysms can be mon-
itored and operated on if indicated. These
techniques mean that we can now do a more
sensitive analysis than one based solely on
mortality. It will then be possible to take
prophylactic action to prevent further mor-
bidity caused by recoarctation of the aorta,
associated conditions, or problems associated
with hypertension.

Additional work in progress shows that 80%
of patients contacted claim to have experienced
no symptoms or worsening in their quality of
life after coarctation repair; yet many of the
patients we re-examined 20 + years after
operation were hypertensive despite absence of
recoarctation. These data will be submitted for
publication in due course.
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start this project; the Department of Child Health, Westminster
Children's Hospital, for help with administration; Miss Clare
Jenkins and Dr Kevin Walsh (former Garfield Weston Research
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Smith and Mrs Dorothy Taylor for backup for the study. We
also thank Dr David Preston for his advice. Most of the patients
included in this study were operated on by Mr Charles Drew and
his team. Mr Drew was appointed to the staff of Westminster
Hospital in 1951 and undertook much pioneering work on
congenital heart disease. He died in May 1987.
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Addendum
A further investigation into present state is
underway. So far information is limited, but
68(80%) of the 85 survivors who were contac-

ted because they had survived for 20 years or

more consider themselves to be free of symp-
toms. Ofthe remaining 17 patients, 11 said they
experienced some shortness of breath on exer-

cise, such as running upstairs, five on more

restricted exercise when walking upstairs, and
only one when walking on the level.

So far, 22 patients have been reinvestigated
20-38 years after operation (mean 29) presently
aged 21-51 years (mean 45) with age at opera-
tion being 1 month-45 years (mean 2 years).
Blood systolic pressure readings (mm Hg)
were as follows: > 160 in two; > 150 in four;
> 140 in three. Diastolic pressures were
> 90 mm Hg in eight.
Doppler assessment of the coarctation site

showed velocities indicative of a gradient of
between 0 and 30 mm Hg (mean 8 75 mm Hg).
One patient had had a further operation for
recoarctation, and two had had aortic valve
replacement. So far no patients have had
important aortic valve gradients.

Further follow up work is in progress, but it
seems that recoarctation is not primarily res-
ponsible for most of the late hypertension.
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