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SUMMARY The late outcome in 226 patients who survived surgical repair of aortic coarctation
was assessed 15-30 years after operation. Twenty six patients died during the follow up mainly
from causes related to surgical repair or to associated cardiovascular anomalies. The survival rates
of patients operated on between the ages of four and 20 years are 97%, 97%, 92% at 10, 20, and
30 years after operation. For patients operated on after the age of 20 the corresponding rates are
9300, 85%0 and 68%. This difference is statistically significant from the fifteenth year of follow
up onwards. The survival of patients operated on before the age of 20 is not significantly different
from that of a comparable general Italian population. Recoarctation occurred in only 8% of
patients who had end to end anastomosis, whereas it occurred in 35% of those who had other
types of operation. Two thirds of the patients were hypertensive at the last visit. The actuarial
curve shows that blood pressure was normal in most patients 5-10 years after operation, but 30
years after coarctation repair only 32% of patients are expected to be normotensive.
Thus early repair of aortic coarctation appears to improve long term survival. Intervention in

older patients and when blood pressure is high seem to be the most important predictors of late
hypertension.

Forty years after the first successful operation for
the relief of aortic coarctation' there is still contro-
versy about the optimal age and the most suitable
technique for the repair of this anomaly.2`4 Long
term morbidity and mortality remain high, with
complications and deaths being mainly the result of
associated cardiovascular lesions, infective endo-
carditis, and residual or recurrent coarctation and
hypertension.' 7

We have analysed the long term results of a large
group of patients operated on in our institution 15 to
30 years ago.

Patients and methods

PATIENTS
Two hundred and forty four patients (163 male and
81 female) were operated upon from 1954 to 1969 in
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our department. In all patients the diagnosis had
been confirmed by angiography. Two hundred and
twenty six patients left the hospital and were fol-
lowed for 15-30 years (mean 20 years). Resection
with end to end anastomosis had been performed in
170 patients; Clagett's operation8 (end to end anas-
tomosis of the left subclavian artery to the
descending aorta) in 25; a prosthetic tube graft had
been inserted in 24; and three required a patch
repair. Four patients had an operation of another
type.

Patients were aged 4-48 years (mean 20) at oper-
ation. Their age at last examination ranged from 19
to 65 years (mean 40).
Twenty six patients died and 17 were lost to

follow up. Forty patients could be contacted only by
telephone. The remaining 143 were assessed in our.
department.

METHODS
Blood pressure in the arm was measured by a stan-
dard sphygmomanometer with a cuff that was 14 cm
wide and 48 cm long. Systolic pressure in the legs
was measured in either the popliteal artery by means
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of a cuff that covered at least two thirds of the thigh
or in the posterior tibial artery by a cuff that covered
at least two thirds of the calf.
An electrocardiogram and chest x ray were

obtained in all 143 patients who were reassessed in
our department. Twenty patients had left heart
catheterisation and angiography because recoarcta-
tion or additional cardiovascular anomalies were
suspected. Patients aged > 30 years were regarded as
hypertensive when their systolic blood pressure was
> 160 mmHg or the diastolic pressure was >95
mmHg or both. In those aged between 19 and 30
years hypertension was defined as a systolic pressure
of > 150 mmHg or a diastolic pressure of >90
mmHg or both.9 10 All patients on antihypertensive
treatment were regarded as having hypertension.

Recoarctation was diagnosed when the pressure
gradient between arms and legs was > 20 mmHg at
rest or > 30 mmHg after exercise. ' 12 Fifteen of the
17 considered to have recoarctation consented to
cardiac catheterisation; this confirmed the clinical
diagnosis in all except two of the patients who had a
gradient of < 20 mm Hg.

Standard actuarial methods were used to calculate
cumulative incidence rates.'3 Cumulative actuarial
curves of survival were constructed for our patients
and these were compared with the actuarial survival
curves of the Italian population in the years
1967-69. We also compared our results with the sur-
vival curves reported by Campbell in patients with
coarctation who were not treated by operation.14
The actuarial curves of postoperative blood pres-

sure were constructed from the patients' personal
medical records and history. Those with
recoarctation were excluded. The prevalence of
hypertension in our population was compared with
that in the Italian population.'5 Hypertension is
more common in males than in females and also
increases with age. Because the distribution of age
and sex in our patients was different from that in the
Italian population we have adjusted the crude
(observed) hypertension rates of our patients
according to the age and sex specific rates of the
general Italian population, using the indirect stan-
dardisation of rate,16 to give the expected rates.
We used the x2 test to compare the observed and

expected data. Between group comparisons were
made by the two tailed test of proportion.
Differences of p < 0-05 were regarded as significant.
Data are presented as mean (SEM). Qualitative vari-
ables were compared by means of a multifactorial log
linear model.'7

Results

LATE MORTALITY

Twenty six patients died 1-30 years (median 12

years) after the operation at a mean age of 39 years
(range 15-53 years). Three patients died of causes
related to the surgical repair. Two had had a Cla-
gett's anastomosis; one of them died 16 years after
surgery of a ruptured aneurysm of the thoracic aorta
and the other died of bleeding at the site of anas-
tomosis after a reoperation 10 years after the first
operation. The third patient, in whom a long
coarctation had been replaced by a prosthetic tube
graft, died of endocarditis a year later.

Seven patients died of coronary heart disease at a
mean age of 38 years; four died in cardiac failure
because of associated cardiac lesions. Two patients
died suddenly. Three patients, two of them with
recoarctation, died of a cerebrovascular accident.
Two patients died in motoring accidents and in five
cases the cause of death is unknown. The mean age
at operation was 25 (1 45) years in the patients who
died and 19 (0-67) those who survived (p < 0-02).
The type of surgical repair seemed to affect late

survival. Only 6 3% of the patients who had had end
to end anastomosis died, whereas 23% of those who
had had other kinds of operation died (p < 0-01). In
patients aged > 20 years at operation, 10% of those
who had an end to end anastomosis and 36% of
those with other kinds of operation died (p < 0 05);
thus the type of operation remains an important
additional independent risk factor even in patients
who were older at operation.
The distribution of age adjusted mortality rate (fig

1) shows that most late deaths after the intervention
occurred between the fourth and the fifth decade; in
Campbell's study mortality rates reached a peak two
decades earlier in patients with coarctation that was
not treated by surgical repair.'4
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Fig 1 Distribution of death by age of subjects with
coarctation, of subjects with coarctation repair, and of the
general population. The curves on the left and right are taken
from Campbell. 4 The middle curve shows the distribution of
death in our patients with coarctation repair. These curves
have been adjustedfor age.
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SURVIVAL
Thirty years after operation the actuarial survival is
78 (6)% (fig 2). In patients aged 4-20 years at oper-
ation survival is 97%, 97%, 92% at 10, 20, and 30
years after operation. For those operated on after the
age of 20 the corresponding rates are 93%, 850%, and
68%. The difference between the two curves
becomes statistically significant from the fifteenth
year of follow up onwards.
To evaluate the influence of age on mortality, we

have compared the survival at 15 and 30 years of our
operated patients with the survival curves of the
general Italian population (fig 3). The patients were
divided into four groups according to their age at
operation: group 1, 4-14 years; group 2, 15-24
years; group 3, 25-34 years; group 4, 35-48 years.
Up to 15 years after the operation survival was not
significantly different in the four groups of operated
patients and in the general population. At 30 years,
survival was significantly worse in groups 2
(p < 0-003) and 3 (p < 0 00047) than the general
population. None of the 17 patients in the oldest age
group (group 4) had died within 30 years of oper-
ation. This group is not included in fig 3, however,
because the number of patients was too small for
valid statistical analysis.

Patients who had an operation for coarctation
lived longer than those who did not, but they did not
have the life expectancy of the general population
(fig 4). The percentage of survivors at the end of
each decade up to the age of 30 equals that of the
general population. But survival later decreases;
however, the pattern of the curve remains similar to
that of the general population.
Most survivors of surgical repair live normal lives:

4l yearsloftterperatDn|
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im.. NS NS NS
Follow upat 30years

NS
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3 1
Age at operation

Fig 3 Survival ofpatients at 15 and 30yearsfollow up
divided into three groups (group 1, 65patients; group 2,
67patients; group 3, 60patients) according to age at
operation. The survival was compared with that of the
general Italian population (ISTA T data for 1967-69) 8 of
the same age group andfor the same period offollow up.

810% are in New York Heart Association functional
class I, 15% in class II, and 4% in class III.

ELECTROCARDIOGRAM
The electrocardiogram was normal in 48% of the
patients (68/143). Twenty one had signs of left ven-
tricular hypertrophy; 10 of them had systemic
hypertension, two had recoarctation, four had aortic
valve disease, and five were normotensive without
any associated anomaly. Fifteen patients had com-
plete left bundle branch block and 15 had complete
right bundle branch block. Two patients had a pace-
maker because of complete heart block; both of them

*aNormntlsubjects
o--o- Patientswith coarctation
o--o Potierts with coarctation repair

Age (years)

Fig 2 Actuarial curves ofpatients excluding deaths in Fig 4 Percentage of the subjects still alive at the end of each
hospital. The middle curve shows the actuarial survival of all decade. The curve on the right (normal subjects) and the
the patients. The upper and lower curves relate the chance of curve on the left (subjects with coarctation) are takenfrom
long term survival to age at operation. Absolute numbers are Campbell"4 and the curve in the middle is drawnfrom our
given on the horizontal axis. data.
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had severe aortic valve stenosis. Two patients had
atrial fibrillation; one had ventricular septal defect
and the other had mild aortic stenosis. One patient
had a Wolff-Parkinson-White pattern; in 19 cases
only non-specific ST-T changes were recorded.

ASSOCIATED ANOMALIES
The presence of associated abnormalities was diag-
nosed mostly on clinical and echocardiographic
grounds. In a few patients the diagnosis was
confirmed by cardiac catheterisation. Thirty eight
(44%) of the 86 patients in whom either a cross sec-
tional echocardiogram or an angiogram was obtained
had evidence of a bicuspid aortic valve. Fourteen
(9 8%) of 143 had moderate to severe aortic valve
stenosis or insufficiency or both. Three patients had
an aortic valve replacement 16-20 years after
coarctation repair and four patients are awaiting
operation. The seven remaining patients are being
followed up.
There was clinical and echocardiographic evi-

dence of mitral regurgitation in four; in two of them
it was due to a mitral valve prolapse. A small ventric-
ular septal defect was detected in two patients and
another patient (aged 56) has a ventricular septal
defect with a 2 8:1 shunt and is awaiting operation.
In all cases the defects were perimembranous.
Two of three patients with discrete subaortic

stenosis were operated on seven and nine years after
coarctectomy. One had an additional supravalvar
aortic stenosis relieved at operation. In the second
patient a bicuspid aortic valve and an aneurysm of
the perimembranous septum were also found at
operation. In the third patient, who was not oper-
ated on, the stenosis was discovered by cross sec-
tional echocardiogram 17 years after the operation.

In three patients dilated cardiomyopathy was dis-
covered by cross sectional echocardiography 27-30
years after the surgical repair of the coarctation. In
all angiography showed diffuse ventricular hypo-
kinesia without coronary lesions. One of these
patients had a 30 mmHg pressure gradient across
the aortic valve and severe mitral regurgitation due
to dilatation of the annulus. Another had a 20
mmHg pressure gradient across the coarctation but
no aortic valve stenosis or regurgitation, and the
third one had no residual gradient.
Three patients had clinical evidence of coronary

artery disease.

RECOARCTATION
Fifteen of the 143 reassessed survivors had
recoarctation; the gradient varied from 20 to 100
mm Hg. One patient had successful reoperation; six
of the 26 patients who died during follow up had
recurrent coarctation.

Eight per cent of the patients with end to end
anastomosis and 35% of those in whom the inter-
vention was of another type had a recurrent
coarctation. This difference is statistically significant
(p < 0-01), whereas there is no difference between
patients operated on at a younger or older age.

HYPERTENSION
Forty six of 128 patients had systemic hypertension
without recoarctation. Figure 5 shows the actuarial
curve for the presence of hypertension. Blood pres-
sure was normal in most patients seen 10 years after
operation, but later hypertension gradually became
more frequent. Thirty years after coarctation repair
only 32% of the patients are expected to be nor-
motensive. Late hypertension was less common in
patients operated on at younger ages (<20 years),
but this difference was statistically significant only in
the period between 15 and 25 years of follow up.
The number of patients with a longer follow up was,
however, small.

Because the incidence of hypertension in our pop-
ulation seemed to increase with the length of the fol-
low up and therefore with the age of the patients, as
it does in the general population, we compared the
prevalence of hypertension in our population with
that of the general Italian population for each
decade.9 In the patients who had surgical repair
hypertension was more than 1 34 times more com-
mon than would be expected in the general Italian
population (X2 = 4-5, p < 0-05). We also found that
the standardised ratio for hypertension was 1 15 in
the patients operated on before the age of 35 years
(X2 not significant) and 1-37 in the patients operated
on after that age (X2 = 4-60, p < 0 05). This means
that the patients operated on at an older age are more
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Fig 5 Actuarial curves for continuing normotension in
patients (absolute numbers are given on horizontal axis).
The middle curve shows the actuarial percentage of
normotensive patients among all the patients. The upper and
lower curves relate the chance of long term normotension to

the age at operation.
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likely to become hypertensive than the general Ital-
ian population. Hence the difference between the
two curves in fig 5 is due not only to the fact that one
group of patients is older, but also to the fact that
surgical repair was performed.

Patients with higher preoperative blood pressure
had a tendency to have late hypertension. To assess
this effect we examined preoperative and present
blood pressure levels in the 97 patients in whom
both were available after excluding patients with
recoarctation. Hypertension was less common
(25%) at the last postoperative examination in
patients with a preoperative blood pressure of < 200
mmHg than it was in those in whom the pre-
operative blood pressure was > 200 mmHg before
operation (60%) (p < 0-01).

Multifactorial analysis (log linear model) shows
that in patients with late postoperative hypertension
there is a positive correlation with high preoperative
blood pressure and with an older age at operation.
This means that a patient who is > 20 at operation
with a very high blood pressure will have little
chance of becoming and remaining normotensive
after the operation.

Discussion

DOES COARCTATION REPAIR IMPROVE LIFE
EXPECTANCY?
The goals of operation in aortic coarctation are pro-
longation of life and relief of symptoms, including
normalisation of blood pressure. Our data confirm
that life expectancy was significantly higher in our
patients than in those who were not operated upon;
however, it remains lower than in the general Italian
population (fig 4). The shorter life expectancy after
an apparently successful repair in our series was
mostly the result of cardiovascular causes. Pre-
mature coronary artery disease, congestive heart
failure, and cerebrovascular accidents, which were
probably related to congenital aneurysms of brain
arteries, were the commonest causes of death.
Except for ischaemic heart disease, the causes of
death in our patients resembled those reported by
Campbell in a series of patients with coarctation that
was not treated by surgical repair.14

IS AGE AT THE TIME OF OPERATION
IMPORTANT?
Age at operation does not seem to influence survival
during the first 15 years of follow up (fig 2). After-
wards life expectancy is significantly lower than in
the general population in those in whom the oper-
ation was performed after the age of 14. Further-
more, all but one of our patients who died because of
coronary artery disease were older than 20 at the

time of coarctation repair.
No patients operated upon after the age of 35 died.

Patients who survived to be operated on after 35 may
have had the mildest form of the disease. The small
number of such patients precludes any firm conclu-
sion, however.
The three main problems encountered in patients

operated on for coarctation were associated anoma-
lies, recoarctation, and late hypertension.

ASSOCIATED ANOMALIES
A bicuspid aortic valve is common in patients with
aortic coarctation. Careful follow up is necessary in
these cases because clinically important aortic steno-
sis and insufficiency may develop. An important aor-
tic valve lesion, which may have been related to the
presence of bicuspid aortic valve, was found in about
10% of the patients. Some required operation.

Serious coronary heart disease seems to be com-
mon in our patients despite their youth. It was the
commonest cause of late death. We cannot say
whether coronary artery disease in such patients
develops because of residual hypertension or
because of associated anomalies.

Ventricular septal defect, mitral insufficiency, and
dilated cardiomyopathies are rare. In the individual
cases, however, these conditions can influence late
outcome.

RECOARCTATION
As reported elsewhere'1 19 recoarctation was not a
major problem in patients who were > 4 years old if
they had an end to end anastomosis (8%). Recur-
rences were rather common (35%), however, in
those in whom different operative techniques (Cla-
gett, prosthetic tube) were used. Such techniques
are now seldom used.

LATE HYPERTENSION
About 30% of our patients had hypertension after
coarctation repair. This figure is similar to that
reported by others.2 3" 20 Hypertension is often
associated with the development of recoarctation
and its cause remains unknown. It is more frequent
in patients operated upon after the age of 20 and it
may appear 10-15 years after an apparently success-
ful repair.
This is not solely due to the normal aging process,

since the percentage of cases with arterial hyper-
tension in patients with a successfully operated
coarctation is higher than in the general population
of the same age.
From our data it also appears that a high pre-

operative blood pressure predisposes the patient to
the development of hypertension.
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LIMITATION OF THE STUDY
Our patients were operated on between 1954 and
1969 and preoperative investigations were, there-
fore, limited; no intracardiac pressure mea-
surements, no coronary angiography, no echo-
cardiography, and only few aortograms were
performed. The diagnosis of coarctation was always
confirmed at surgery, however.
Not all patients had an annual examination; how-

ever, at least one intermediate blood pressure mea-
surement was available and the time that hyper-
tension reappeared could be determined with
confidence. Furthermore, our own evaluation was
mainly conducted on clinical grounds; invasive
investigations were confined to patients in whom we
suspected complications or additional anomalies or
both. Not all patients had an echocardiographic
examination. Our study group included 25 patients
who "had operations (mainly Clagett's procedure)
that have subsequently been abandoned.

Conclusions

A successful coarctectomy prolongs life. The
benefits of the operation are, however, limited by
age and severe hypertension at operation, and by
associated anomalies and premature coronary artery
disease. Recoarctation is uncommon but the inci-
dence of unexplained recurrent hypertension is
high.

We thank Professor A Dato who operated on most of
the patients we reviewed.
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