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Coarctation of the aorta: review of 362 operated
patients. Long-term follow-up and assessment of

prognostic variables
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362 patients operated upon for coarctation of the aorta from 1961-1980 were analyzed retrospectively. Age at
operation was < 2 years in 74 (group A ) and > 2 years in 288 patients (group B). Associated cardiovascular
malformations were common, especially in group A patients. Early mortality was 12-2% for group A and
1-4% for group B patients. 336 patients were followed for 6 months to 21 years (mean 8-9 years). Late
mortality was 0-8% per patient year. Associated cardiac defects and postoperative hypertension were respon-
siblefor most of the late deaths. Late reoperations were performed because of aortic valve disease, residual
coarctation (with persistent hypertension) and aortic aneurysms at the site of anastomosis. The incidence of
hypertension decreased from 82-5% preoperatively to 33-5% at discharge from the hospital. It decreased
further during follow-up in patients operated < 10 years of age, but remained constant in the older patients.

In conclusion, morbidity and mortality after operative repair of coarctation are determined mainly by (1)
associated cardiac malformations, and (2) postoperative hypertension. Patients with isolated coarctation and
postoperative normal blood pressure have an excellent prognosis. Patients operated upon from between 2-9
years of age carry the lowest risk for residual coarctation and late postoperative hypertension.

Introduction ,. . . c . , . . .
myocardial infarction, congestive heart failure or

In the natural history of coarctation two critical aortic rupture. At the age of 50 years over 80% of
periods threaten health and life of the patients, untreated patients have already died121. There are
Severe narrowing of the descending aorta and insuf- very few reports of asymptomatic elderly patients
ficient collateral circulation, particularly if there is with coarctation131.
an associated cardiac malformation, will lead to Operative repair of coarctation has largely
symptoms of left ventricular failure during the first improved survival. However, even in patients with-
year of life, in half of those patients even in the out an associated cardiovascular malformation,
neonatal period. The majority of patients surviving morbidity and mortality remain elevated compared
the first year of life pass from an asymptomatic into to controls'41. Postoperative persisting hypertension
the second critical phase which begins around age is thought to represent the main risk factor. There-
15 and lasts through the third decade. More than fore, many reports have addressed the question of
90% of the patients experience symptoms from optimal timing of the operation in order to minimize
their malformation by that time"1. Morbidity and the incidence of postoperative hypertension'1-*""1,
mortality are mainly determined by complications Although most authors agree that elective repair of
of systemic hypertension associated with the coarctation should not be performed in infancy
coarctation. Patients may suffer from ischaemic because of the risk of residual stenosis later in life,
cerebrovascular disease, intracranial haemorrhage, there is no agreement about how long the operation

may be delayed in asymptomatic patients. In the
literature, upper age limits vary from 6'1-7-8-101 to 25
years'6'.

s t u d y r e P o r t s t h e Pre" a n d Postoperative
findings as well as the long-term follow-up of all
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Methods
The records of 362 patients operated upon for

coarctation at the University Hospital of Zurich
over a 20 year period from 1961 to 1980 were
reviewed. Special attention was focused at pre-
operative findings, the surgical technique, early
postoperative as well as late follow-up of the
patients. A questionnaire was sent to the patients in
1983. They were contacted by telephone or through
their private physician if they did not respond spon-
taneously. Questions included actual blood pressure
(measured by a physician), hospitalizations, com-
plications such as cerebrovascular and coronary
artery disease, lower leg weakness or parasthesia,
cardiac symptoms (according to the NYHA classi-
fication), actual medication and death. In those
patients who could not be contacted in 1983, records
of previous ambulatory examinations, which
had been sent to the documentation centre of our
hospital, were reviewed.

Patients were divided into two groups according
to their age at operation, group A: <2 years and
group B ̂  2 years.

DEFINITION OF HYPERTENSION

In patients over age 18 years hypertension was
denned as blood pressure values > 140/90 mmHg.
This blood pressure limit (instead of a higher value,
e.g. > 160/95 mmHg) is based on our results
obtained in the late postoperative examination of a
limited number of patients'121. The significance of a
resting blood pressure between 140/90 and 160/
95 mmHg is derived from the observation that 6 of 7
(85-7%) patients demonstrate hypertension with
exercise. Hypertension with exercise was found
significantly more frequent in patients with a resting
blood pressure > 140/90 mmHg (8 of 9 patients)
compared to those < 140/90 (3 of 12 patients, x1 =
8-416, /><001). Hypertension was called moderate
if the diastolic blood pressure exceeded 105 mmHg
and severe if it exceeded 115 mmHg. In patients
below 18 years of age hypertension was diagnosed if
the systolic or diastolic blood pressure exceeded the
95th percentile for their age group according to the
Report of the National Heart, Lung and Blood
Institutes Task Force on Blood Pressure Control in
Children"31.

Patients with normal blood pressure values were
considered hypertensive if they received antihyper-
tensive drugs. Paradoxical hypertension is defined
as a systolic and/or diastolic early postoperative
blood pressure which exceeds the preoperative
blood pressure by at least 20 mmHg.

BLOOD PRESSURE DETERMINATIONS

Preoperative measurements: Average blood
pressure values are indicated where several measure-
ments were available. Postoperatively, the patients
stayed in the intensive care unit for 1 to 3 days.
During this period multiple daily blood pressure
determinations were made. In order to detect
patients with paradoxical postoperative hyper-
tension, the highest blood pressure measurements
during those days (at least two sequential high
blood pressure measurements not associated with
postoperative pain) were registered. All patients had
multiple blood pressure determinations through
their postoperative course until their discharge
from hospital. A first postoperative ambulatory
examination was performed 6 months after the
operation in one of the university hospitals. During
late follow-up most patients were reexamined
several times at the University Hospitals of Zurich,
the University Children's Hospital of Zurich, at
other hospitals in Switzerland or abroad, as well as
by their private physician.

STATISTICAL ANALYSIS

The chi square test was employed for statistical
analysis. P<0-05 was accepted for statistical
significance.

Results

PATIENT POPULATION

From 1961 to 1980 362 patients (244 males, 118
females), were operated upon for coarctation. The
ages at operation ranged from a few days to 64
years. 74 patients were <2 years (group A), 288
patients ^ 2 years (group B). One hundred and
forty-four patients were between 2-19 years and
144 >20 years old at operation. Out of the 74
patients of group A 30 were operated upon during
the first month, 63 during the first year of life. Only
34 patients (9-3%) were operated upon after 40
years of age. Figure 1 illustrates the number of
patients according to their age at operation. The
percentage of patients operated before age 2 years
of age doubled from the first (1961-1970) to the
second 10-year period (1971-1980; 120% to 25-9%)
whereas that of patients > 20 years decreased from
56-3% to 30-9%.

Of all 362 patients, 13 died in the first month after
the operation. In 13 additional patients only the
hospital record was available. In the remaining 336
patients the postoperative follow-up ranged from
0-5-210 years resulting in a total observation
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Figure 1 Age at operation of 362 patients operated for coarctation of the aorta 1961-1980.

period of 2983-5 years or 8-88 years per patient.
Two hundred and sixty-five of the 336 patients
(78-9%) could be traced to the end of the obser-
vation period (1983) or to their death. Twenty-four
patients died, 181 responded to the questionnaire
and 60 were contacted by telephone directly or
through their private physician. Postoperative
follow-up ranged from 2-3—210 (mean 10-4) years.
The remaining 71 patients could not be contacted
in 1983. Documented follow-up in these patients
varies between 0-5-17-8 (mean 4-5) years.

OPERATIVE PROCEDURES (TABLE l)

In 296 patients (81-8%) resection and end-to-
end-anastomosis was performed. Fifty-five (15-2%)
needed graft material for the reconstruction of the
descending aorta. In 21 patients, mainly babies, a
plastic procedure (subclavian flap operation) was
performed.

ASSOCIATED CARDIOVASCULAR MALFORMATIONS

(TABLE 2 AND 3)

The high frequency of associated cardiovascular
defects in patients of group A is evident. The leading
malformation of these young patients were persist-
ent ductus arteriosus (in 64-9%), ventricular septal
defect (in 33-8%) and atrial septal defect (in 270%).
All persistent ductus arteriosi were ligated con-
comitantly with the operation of the coarctation. In
21 patients of group A with malformations compli-
cated by pulmonary hypertension, a pulmonary
banding procedure was performed together with

Table 1 Operative procedures

Resection, end-to-end-anastomosis 296
Resection, graft-interposition 47
Plastic repair 11
Resection, end-to-end-anastomosis, graft-patch 8
Total 362

the coarctation operation (ventricular septal defect
9, ventricular and atrial septal defect 6, atrial septal
defect 1, transposition of the great arteries 4,
double outlet right ventricle with ventricular septal
defect 1). A bicuspid aortic valve, the most common
anomaly, was found in 94 of all patients (260%),
but only 40 of these had aortic valve dysfunction
(regurgitation, stenosis or both); in 9 patients an
aortic valve operation had to be performed simul-
taneously with the repair of coarctation. Mitral
valve disease required operative correction only in 4
of 20 patients.

MORTALITY

Operative mortality
13 patients died in the operating room or during

the first postoperative month. Nine of these patients
were operated upon in their first year of life and
all of them had severe associated cardiovascular
malformations (5 ventricular septal defects, 2
hypoplastic left ventricles, 1 atrial septal defect, 1
mitral stenosis with associated pneumonia). Among

m
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Table 2 Associated cardio-vascular malformations

Group and patients age at operation

otal

94

4

9

5

15

71

35

26

5

6

16

Group A
< 2 years
(yv=74)

12
1
2
0

0

3

1

2

48

25

20

5

6

16

1-9

Group B
^ 2 years
(AT = 288)

42
6
4

27

4

6

4

13

23

10

6

0

0

0

0-5

Bicuspid aortic valve
(a) Accidental finding
(b) Aortic stenosis
(c) Aortic regurgitation

(d) Combined defect

Tricuspid aortic valve disease

Subvalvular membranous aortic stenosis

Mitral valve stenosis

Mitral valve regurgitation

Patent ductus artenosus

Ventricular septal defect

Atrial septal defect

Transposition of the great arteries

Hypoplasia of the aortic arch
Anomalous pulmonary venous connection, pulmonary stenosis,

double outlet right ventricle, vena cava superior sinistra
persistens, sinus-venosus defect, hypoplastic left ventricle

Aver. no. of associated malformations per patient

Table 3 Concomitant operation of associated cardiovascular malformations

Ligation of patent ductus arteriosus 71
Pulmonary banding procedure 21
Aortic valve operation (valve replacement, reconstruction) 9
Mitral valve operation (valve replacement, reconstruction, commissurotomy) 4
Atrioseptostomy (Rashkind) 2
Closure of ventricular septal defect 2
Closure of atrial septal defect 1
Resection of membranous subvalvular aortic stenosis 1
Closure of sinus venosus defect 1

the other 4 patients, there was a 20 year old woman
with a parachute mitral valve and bicuspid aortic
valve who died of left ventricular failure on the
operating table. A 40 year old man died of pump
failure in the operating room. He had suffered from
severe aortic insufficiency necessitating aortic valve
replacement. The third patient was a 31 year old
man who had a residual stenosis after operation for
coarctation 10 years previously at another hospital.
He had associated severe aortic regurgitation and

died because of unrecognized postoperative bleed-
ing. His heart weighed 520 g. The fourth patient
arrived at the emergency room in haemorrhagic
shock. A spurious aneurysm had perforated into
the left lung. He died 5 days postoperatively in low
output failure. Like the third patient, he had been
operated previously for coarctation elsewhere.

Overall operative mortality was 3-6%. In patients
of group A mortality was 12-2% (9/74), in those of
group B 1-4% (4/288).
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Late Mortality
Of the 336 patients who survived the first post-

operative month and who could be followed for at
least 6 months after the operation, 6 patients of
group A and 18 patients of group B died, resulting
in a late mortality of 24/2983-5 patient years or
0-80% per patient year. Age at death was 2-6 ± 1-9
(SD) years for the 6 patients of group A and
45-2+14-8 (SD) years for the 18 patients of group
B. Late mortality was strongly influenced by the age
at operation, as can be seen in Fig. 2. It was lowest in
patients between 2-19 years and highest in those
^ 40 years.

S 25
% 20
B 15
I 10
B 5

<2 S402-9 10-19 20-29 30-39
Age at operation (years)

A/ 61 60 76 51 55 33
Figure 2 Late mortality in relation to age at operation.

Five of the 6 patients of group A died because of
severe associated cardiovascular defects (2 trans-
position of the great arteries plus ventricular septal
defect, 1 ventricular and atrial septal defect, 1
ventricular septal defect, 1 atrial septal defect). One
patient, a 4 year old girl, died in a car accident.

Ten of the deaths in group B were due to associ-
ated aortic valve disease (6 aortic regurgitation, 4
aortic stenosis). Two of these patients were children
who died at the age of 9 (membraneous subvalvular
aortic stenosis) and 15 (monocuspid aortic stenosis).
Three patients died of other cardiovascular disease
(2 myocardial infarction, 1 ruptured aneurysm of
the ascending aorta), 3 of non-cardiovascular dis-
ease (1 lung cancer, 1 posthepatitic cirrhosis of the
liver and 1 mountain climbing accident) and 2 of
unknown cause. Postoperative hypertension was
present in these last 2 patients as well as in the 3 with
nonvalvular cardiovascular disease.

COMPLICATIONS (INCLUDING REOPERATIONS)

Early complications
Severe postoperative bleeding occurred in 5

patients, one of them died before reoperation was
performed. Unilateral vocal cord paralysis was
detected postoperatively in 2 patients. Two patients
had to be reoperated early because of a dissection

of the descending aorta and uncontrollable pleural
effusion, respectively.

Late complications
Residual coarctation of the aorta, leading to

reoperation was observed in 10 patients. 8 belonged
to group A, the other 2 were 5 and 9 years old at
operation. The incidence of reoperation because of
residual coarctation was 13 1% for the 61 patients of
group A and 0-7% for the 275 patients of group B.

Reoperation because of an aneurysm of the
descending thoracic aorta at the site of anastomosis
was necessary in 5 patients. One patient was reoper-
ated early, two months after the first operation. The
other 4 were reoperated 13-6, 17, 21 and 21-2 years
after the first operation which had been resection
and Dacron graft-interposition (Table 1) in all 4
patients. Diagnosis was made by chance on routine
chest X-ray (Fig. 3). Three patients with late
aneurysms were successfully operated with an
uneventful postoperative course. One patient died
of left ventricular failure two days after an extended
operation including aortic valve replacement and
aortocoronary bypass grafting. In all 4 patients
with Dacron grafts of the descending thoracic
aorta, the first operation had been performed in the
early 1960s.

Myocardial infarction occurred in 3 patients, with
fatal outcome in two. One patient had a transient
ischaemic attack and another died of ruptured
aneurysm of the ascending aorta. Postoperative
hypertension was present in all these 5 patients.
Subacute bacterial endocarditis developed two
months after the operation in a patient with ven-
tricular septal defect and in another 6 months after
aortic valve replacement.

Reoperations because of associated cardiovascu-
lar defects. Thirteen aortic valve replacements were
performed in 11 patients, because of aortic regurgi-
tation in 8, aortic stenosis in 3 and combined aortic
valve lesion in 2. Two patients received a prosthetic
mitral valve. In 13 patients, a major congenital
heart defect was corrected with a second operation:
Ventricular septal defect (9 patients), transposition
of the great arteries (3 operations in 2 patients),
atrial septal defect (1 patient), anomalous
pulmonary venous connection (1 patient).

Postoperative hypertension
Figure 4 illustrates the effect of operative correc-

tion of coarctation on systemic hypertension.
Pre-operatively, 82-5% of all patients were hyper-
tensive. Hypertension was moderate to severe in

#
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Age at operation (years)

<2 2-9 ?IO

Figure 3 Chest X-ray (PA. and lat.) and aortic angiography
(LAO projection) show a dumbbell-shaped aortic aneurysm
in the isthmic region in a 37 year old man, 21 years after
resection of coarctation of the aorta and Dacron graft
implantation (silk sutures).
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Figure 4 Pre- and postoperative incidence of hypertension
in patients with coarctation of the aorta.

19 • 8 %. Due to the almost universally found cardiac
insufficiency in patients of group A, the incidence of
preoperative hypertension was significantly lower
among the infants compared to patients of group B
(7><0001). At discharge from the hospital hyper-
tension was only seen in 33-5% of all patients with-
out a significant difference among the age groups.
After the operation not only the overall incidence of
hypertension had decreased but also the percentage
of patients with moderate to severe hypertension
has fell from 19-8% to 0-6%.

Paradoxical hypertension was found in 24-5% of
the patients of all age groups. It did not correlate
with preoperative or discharge blood pressure or
with the age at operation, nor was it a predictor for
late postoperative hypertension. No severe acute
mesenteric arteritis occurred.

Of the 336 patients that could be followed for at
least 6 months after the operation, 250% had late
postoperative hypertension. Again, moderate to
severe hypertension was found in only 0-6% of all
patients. As can be seen in Fig. 4, the incidence
of hypertension decreased further after discharge
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from the hospital in those operated before age 10
years, whereas it remained unchanged in the older
patients. The incidence of hypertension in patients
operated between 2-9 years (100%) was signifi-
cantly lower compared to all patients operated
> 10 years (30-7%, /><001) and even to the
subgroup of patients operated upon between 10-19
years (26- \%,P< 002).

The results are similar if the 241 patients with a
complete follow-up until the end of the study and an
observation period between 2-3 and 21-0 years are
considered. Here the incidence of hypertension was
19-9% for the whole group. Again, it was lower for
patients operated upon at < 10 years of age (81%)
compared to the older patients (251%, /><001).

In 214 patients, blood pressure determinations
from the upper and lower extremities were recorded
in order to detect residual coarctation. In 80
patients residual coarctation, defined as a positive
systolic pressure gradient between the upper and
the lower extremities, was found. Postoperative
residual coarctation was significantly more frequent
in patients who had been operated upon as babies.
Twenty-two of the 34 patients (64-7%) operated
upon before age 2 years showed a gradient whereas
residual coarctation could be demonstrated in only
58 of the 181 patients (320%) operated upon after 2
years of age (/><0001). There was, however, no
significant difference in the incidence of systolic
pressure gradients in patients operated between
2-9 years (37-5%) compared to those operated
3s 10 years (29-6%).

In patients with a pressure gradient, the incidence
of hypertension was 46-3% (37/80) as compared to
14-2% (19/134) in those without a pressure gradient
(/><0-001). Minor (<25mmHg) systolic pressure
gradients were not associated with a higher inci-
dence of postoperative hypertension. Of 63 patients
with a systolic pressure gradient of <25 mmHg 14
or 22-2% were hypertensive compared to 12 of 20
patients (60%) with a gradient of > 25 mmHg
(/><0-01). Eight out of 10 patients with a pressure
gradient 5=40 mmHg were operated upon before
age 2 years.

ADDITIONAL RESULTS FROM THE 181 QUESTIONNAIRES

Cardiac symptoms
No restriction of physical capacity was indicated

by 154 patients. Nineteen had to be classified in
class II according to the NYHA, one in class III and
none in class IV. Two patients suffered from severely

debilitating multiple sclerosis (first symptoms of the
disease in 1 patient several years before, in the other
4 years after the operation).

Medication
Twenty-six patients reported that they took one

or more drugs regularly. Systemic hypertension was
the most frequent indication (21 patients). The fol-
lowing drugs were used: diuretics (12), betablockers
(9), other antihypertensive drugs (5), digoxin (4),
nitrates (2), verapamil (1), phenprocoumon (1).

Discussion

Coarctation is an anomaly which affects twice as
many boys as girls. Through the study period there
was a tendency to operate on more babies and fewer
patients 5^20 years of age. Better operative tech-
nique and perioperative care for the very young
patients as well as better awareness for the diagnosis
of coarctation with earlier referral for operation
during the second 10 years of the study period
account for this finding.

Resection of the coarctation with end-to-end
anastomosis was possible in the vast majority of our
patients (Table 1). A plastic procedure (subclavian
flap procedure) was performed in selected cases,
mostly babies. Resection of the stenosis and graft
interposition was necessary in those with elongated
coarctation and in some older patients because of
problems relating to insufficient mobilization of the
aorta.

Our resultsclearly demonstrate that the prognosis
of patients with coarctation is determined mainly
by three factors: (1) clinically relevant associated
cardiac malformations which, if present, are almost
exclusively responsible for morbidity and mor-
tality, (2) postoperative (remaining) hypertension
accounting for a considerable amount of premature
cardiovascular disease and death in middle-aged
patients, and (3) postoperative complications at the
site of operative repair of the aorta, namely residual
coarctation and false aneurysms.

ASSOCIATED CARDIAC MALFORMATIONS

All studies on coarctation report on the frequent
association with other cardiovascular malfor-
mations (Table 2). Patent ductus arteriosus and
bicuspid aortic valves were by far the most frequent
associated defects in our patients, confirming the
results of previous series17'914'.

Patent ductus arteriosus was always ligated
together with the repair of the coarctation. It is
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located in the immediate proximity of the aortic
isthrrius and blood flow through the ductus is
thought to play a crucial role in the pathogenesis of
coarctation. A high ductal blood flow combined
with an aortic arch malformation may lead to the
development of the shell-shaped narrowing (coarc-
tation) of the posterior aortic wall opposite to the
ductus. In our patients a patent ductus arteriosus
was the only associated malformation which did
not bear an increased intra- and/or postoperative
risk. This fact together with the close pathogenetic
relationship suggest that a patent ductus in connec-
tion with coarctation should not be regarded as a
separate defect but as a variant of coarctation. As
pointed out by Shinebourne and Elseed"51 the high
ductal flow during the fetal period might also
explain the development of coarctation in patients
with associated intracardiac malformations.
Cardiac lesions with a left-to-right shunt (VSD,
ASD, transposition of the great arteries), with left
ventricular outflow obstruction (aortic stenosis) or
with left ventricular insufficiency (hypoplastic left
ventricle, mitral valve disease) all display a high
ductal flow.

The exact prevalence of an associated bicuspid
aortic valve is not known. Although our results of
20-3% for group A and 27-4% for group B lie in the
range of previous clinical studies which vary
between IS0/.171 and 39%"41, the actual figure
may well exceed 50%. The clinical significance of
bicuspid aortic valves cannot be completely derived
from our data. Aortic valve replacement had to be
performed in 14-9% of patients presenting with
bicuspid valves, in 6 at the time of the repair of
coarctation and in another 8 later during follow-up.
6 patients with bicuspid valves died. Aortic stenosis
and regurgitation were equally represented.

Associated complex heart defects with haemo-
dynamic significance were detected only in patients
of group A. In fact, coarctation in these patients was
often an accessory finding while the intracardiac
malformation dominated the clinical picture. In
several cases only a palliative procedure (pulmonary
banding) was performed together with the repair of
coarctation and the cardiac defect was definitively
corrected when the child was 3-5 years old.

The cause of the observed deaths underlines the
importance of associated congenital heart disease
which account for most early and late deaths. How-
ever, there are distinct differences between group A
and B. In group A, all fatal cases, except a girl
who died in a car accident, were due to associated
intracardiac, mostly complex defects. In group B,

only one in two deaths occurred in patients with
an additional malformation, mostly aortic valve
disease.

POSTOPERATIVE HYPERTENSION
The hypertension associated with coarctation is

considered one of the few surgically curable forms
of hypertension. However, not every successful
repair of coarctation normalizes the elevated blood
pressure. Although differences in the definition of
hypertension as well as in size and selection of age
groups and time of follow-up make comparisons
between studies rather difficult, some consistent
results emerge from most investigations. First, not
all patients respond favourably to the operation
and second, the response rate is better for younger
than for older patients"-6-10-141.

In evaluating the incidence of postoperative
hypertension after repair of coarctation the defi-
nition of hypertension is important. In this report,
blood pressure values exceeding 140/90 mmHg are
considered hypertensive in patients older than 18
years. The clinical relevance of this low range of
hypertension (> 140/90-160/95 mmHg) is reflected
by results of exercise stress testing. Patients with low
range hypertension demonstrate an incidence of
stress hypertension of 85-7% compared to only
25-0% for the patients with a resting blood pressure
< 140/90 mmHg"21.

In almost 2/3 of all patients who were hyper-
tensive before the operation, blood pressure values
returned to normal until discharge from the hospi-
tal (Fig. 4). Even more striking is the almost com-
plete disappearance of moderate to severe forms of
hypertension. During follow-up the incidence of
hypertension declined further in patients operated
upon before age 10 years while it remained constant
in the older patients. The lowest incidence of late
postoperative hypertension, 100%, was found in
patients operated between 2-9 years of age. This
low figure corresponds to that obtained from a
normal control population"61. Therefore in this
favourable age group, operation of coarctation
cures preoperative hypertension and should
normalize the increased risk for cardiovascular
disease. However, the incidence of hypertension
remains elevated in patients operated before 2 years
of age and after 9 years of age. Residual coarctation
explains the results of the very young patients. The
association between the residual coarctation and
hypertension is highly significant in our patients.
Almost 2/3 of patients of group A, but only 1/3 of
those of group B demonstrated a pressure gradient
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and severe gradients were found only in patients of
group A. The reason for the higher incidence of
postoperative hypertension in patients operated at
an age ^ 10 years remains speculative.

The clinical relevance of postoperative hyperten-
sion is demonstrated by the fact that all patients
dying of cardiovascular disease not associated with
congenital anomalies were hypertensive. Additional
hypertensive patients suffered from non-fatal
vascular disease.

RESIDUAL COARCTATION, FALSE ANEURYSMS
Severe residual or recurrent coarctation which

made a reoperation necessary, is a problem of the
very young patient. The risk of being reoperated
was 10-8% for patients of group A, 3 1 % for those
operated between 2-9 years and 0% for older
patients.

The late development of false aneurysms of the
descending aorta at the site of operation deserves
mention. In all 4 patients with this complication the
operation was performed in the early 1960s and
included resection of coarctation and Dacron graft
interposition. As described previously late failure of
silk sutures may lead to the development of these
aneurysms1717181. In all 4 patients diagnosis was
made incidentally on a routine chest X-ray before
spontaneous rupture had occurred. Angiography
revealed typically a dumbbell-shaped aneurysm at
the site of the graft (Fig. 3). It is not known how
many patients who had received an aortic Dacron
graft in the 1960s developed such a dumbbell-
shaped aneurysm. Although these aneurysms
remain asymptomatic for long periods as shown by
our results, they may carry a considerable risk for
aortic rupture. Therefore we suggest that patients
with graft material, fixed by silk sutures, should
have regular chest X-rays (every 3-5 years) in order
to detect false aneurysms of the descending aorta.

Conclusions

Operative mortality as well as late morbidity
and mortality are extremely low for patients with
isolated coarctation who normalize their blood
pressure after the operation. Based on our results
an age between 2-9 years seems to be optimal both
in achieving postoperative normotension and in
avoiding residual coarctation. For practical
reasons, operation is best performed at the age of
5-6 years just before the child enters primary
school.

In patients with postoperative hypertension resi-
dual coarctation should be sought. Our results
suggest that a systolic pressure gradient between the
upper and lower extremities of ^ 30 mmHg is rele-
vant to hypertension and therefore is an indication
for reoperation. Patients with lower or no pressure
gradient have to be treated with antihypertensive
drugs even if only borderline hypertension is found.
Normalization of postoperative hypertension is
expected to substantially decrease the incidence of
cardiovascular disease.

In babies with complex cardiac anomalies,
prognosis is dependent on the severity of those
malformations and not on the coarctation. During
late follow-up asymptomatic valvular heart disease,
mainly bicuspid aortic valve regurgitation and
stenosis, may become symptomatic. Therefore, in
every patient preoperative diagnosis should include
an accurate status of the aortic and mitral valve.
The presence of valvular anomalies requires regular
examinations.
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records of the pediatnc patients, and Mrs E. Bauer who takes
care of the documentation of all patients operated for cardio-
vascular disease and was of great help in the correspondence
with the patients, and Mrs M. Salman very kindly for the
preparation of the manuscript.
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