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Coarctation of the aorta in infancy and childhood
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The management and results of treatment in 181 children with coarctation of the aorta are presented. In this
series, 79 per cent of the patients presented in the first year of life and 55 per cent presented as neonates.
One hundred and fifty patients were operated on, with a total surgical mortality of 21 per cent. Only one
surgical death occwured in those operated on after 3 months of age. The higher mortality in young infants is
closely related to associated cardiac anomalies and to the frequency of aortic and isthmal hypoplasia. Our
findings suggest that neonates presenting with heart failure and coarctation should be operated on early, as
the surgical mortality under 6 weeks is 45 per cent, whereas there is an 86 per cent mortality in neonates who
were not operated on. Analysis offollow-up indicates that when operation can be performed electively the
optimal periodfor surgical treatment is between 6 months and 1 year of age. If operation is performed after
this age, there may be persistent systemic hypertension despite relief of aortic obstruction.

Coarctation of the aorta is one of the commonest by either cardiac catheterization and angiocardiography,
congenital cardiovascular anomalies in infancy and surgery, or necropsy Their ages ranged from 1 day to 14
childhood (Keith, Rowe, and Vlad, 1967). It is a years, with a male:female ratio in the whole series of
common cause of early heart failure (Rowe and 1-7:1. When coarctation was consideied as an isolated
Mehrizi198anasthifhosre

condition this ratio was 2-6:1. In contrast, coarctation
with associated cardiac anomalies gave a male:female

cardiac anomaly in one series of 500 infants under- ratio of 1 1:1.
going cardiac surgery in the first year of life (Cooley During this period two patients have been seen in
and Hallman, 1964). However, the optimal time for whom coarctation was associated with right aortic arch;
operation is by no means established. When con- these have been reported separately (Honey et al., 1975)
gestive heart failure is a complicating factor during and are not included in this series.
infancy it can be argued that immediate relief of the
obstruction is a necessity. In the absence of heart
failure the decision regarding timing of surgery is Clinical presentation
more difficult, since resection in infancy poses con- The mode of presentation in four age groups is
siderable technical problems, and it is known that shown in Table 1.
some patients may develop recurrent coarctation.
In order to provide data pertinent to this problem
we have reviewed the results of management of 181 Associated anomalies
infants and children with coarctation seen at the
Brompton Hospital in the 7-year period between Associated cardiac anomalies, which profoundly
January 1967 and December 1973. influence mode of presentation, were commoner in

the younger infants (Table 2). Thus 84 per cent of
patients under 1 week and 86 per cent of patients

Patients studied up to 4 weeks had major cardiac anomalies in con-
trast to 52 per cent of patients between 4 weeks and

Altogether 181 patients were studied in whom the 1 year ofageand 27percentoofpatients over 1 year.
diagnosis of coarctation of the aorta had been confirmed It ouldelso be ned that th patients presenting

It should also be noted that the patients presenting
Received 31 October 1975. as neonates had more complex anomalies, either
1R.H.A. is a British Heart Foundation Senior Research cyanotic or acyanotic, than those presenting after
Fellow. this time.
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TABLE 1 Mode ofpresentationofcoarctationofaorta distinct pathophysiological entities, for the purposes
ofthis presentation they have been grouped together

1 wk- 4 wk- as 'coarctation'.
<1wk 4wk lyr 1-14yr

Total number 55 44 44 38 Management

Heart failure 35 30 18 1 All patients who were admitted to hospital in heart
Cyanosis+heart failure 11 7 2 0 failure were treated with appropriate therapy and in
Cyanosis 4 0 0 0 the majority cardiac catheterization was undertaken.
Failureto thrive 1° 2 0 Thirty-five of the 55 neonates presenting in the
Asymptomatic 4 6 22 37 first week of life had resection of coarctation within

the first 6 weeks of life and 12 died before operation
could be performed. Five patients had delayedDiagnosis operations, one being performed at 2 months, one at

Clinical recognition of coarctation depended upon 9 months, and three after 1 year. Three patients had
the finding of absent or decreased femoral pulses in no operation because the gradient between brachial
all cases. A difference in systolic blood pressure and femoral systolic pressures was small, barely
measurements between upper and lower limbs of exceeding that found in the normal neonate (de
greater than 30 mmHg (4.0 kPa) was taken as con- Swiet et al., 1974). Operations were performed on
firmatory evidence of the diagnosis. Over the past 38 of 44 neonates presenting between 1 week and
two years blood pressure measurements have been 4 weeks of age, 25 before 6 weeks, 10 before a year,
recorded using a Doppler shift technique which has and 3 after this time. Six patients in this group died
been shown to give accurate and reproducible before operation could be carried out. Of the 44
results (Elseed, Shinebourne and Joseph, 1973). infants who were seen between 4 weeks and 1 year,
Pressure differences of up to 30 mmHg (4 0 kPa) 21 were operated upon before and 17 after 1 year;
between the upper and lower limbs are commonly 6 patients were not operated upon because of minor
found in the normal neonate (de Swiet, Peto, and coarctation. In the 38 children who were older than
Shinebourne, 1974), and hence have been disre- 1 year at presentation, 24 were operated upon within
garded. In the majority of instances cardiac 1 year of referral and lOin the subsequent years; the
catheterization and angiography were performed. age at operation ranged from 2 to 16 years. Four
In broad terms the angiographic appearances patients were not operated upon as the coarctation
showed the obstruction to be either a discrete was mild. Fig. 1 relates surgical mortality to age
juxtaductal coarctation or more widespread aortic at the time of operation.
and isthmal hypoplasia (Rudolph, Heymann, and
Spitznas, 1972; Shinebourne and Elseed, 1974; Complications of surgery
Elseed, Shinebourne, and Paneth, 1974). While it is Operations were performed on 150 (82%) of the 181
realized that these different types are probably patients. Of these, 27 (18%) died within 48 hours of

TABLE 2 Associated cardiac anomalies in 181 patients with coarctation of aorta

Associated cardiac anomalies <1 wk 1 wk-4 wk 4 wk-1 yr 1-14yr

Nil 9 8 21 30 (1)
+PDA+VSD+ASD 22 (8) 21 (4) 9 (2) 4
Atrioventricular canal+PDA 3 (1) 2 (1)
Total anomalous pulmonary venous drainage+VSD 2 (1) 1 (1)
Mitral stenosis/regurgitation+PDA 1 3 6 3
Aortic stenosis/regurgitation 1 1 2
Endocardial fibroelastosis 1 4 (1)
1-transposition of great vessels+VSD 2 (1)
d-transposition of great vessels+PDA+VSD 9 (3) 2 (2) 1
Primitive ventricle+PDA 6 (3) 1 (1)
Double outlet right ventricle 1 (1)
Hypoplastic left heart 2 (1)
Pulmonary hypertension 1 1
Total 55 (17) 44 (10) 44 (4) 38 (1)

Note: Figures in parentheses indicate all operative and postoperative deaths. PDA, persistent ductus arteriosus; VSD, ventricular
septal defect; ASD, atrial septal defect.
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Surgical mortalityin relation to age performed was therefore 86 per cent. Of the 38
a Alive patients who, in the first year of life, were found to

Deaths after 48hours have isolated coarctation, 12 presented in heart
m under - - failure, 10 had immediate operations, with only

60 one death. Our present policy, therefore, is to
operate upon all patients with heart failure ac-

so companying coarctation. All the patients presenting
above the age of 1 month who were not operated on

40 had coarctation of minor degree and all survived.

Postoperative results of surgery
.230_

Patients' data were included only if they were
followed for a period of at least 6 months. Eighty-
seven patients satisfied this criterion, and of these 24
had their coarctations resected in the first 6 weeks

lo of life and 22 in the period between 6 weeks and 1
year of age. The follow-up periods after operation

O lptobwk wk lyr Over yr in the first year were up to 5 years (Fig. 2), with a

AUe mean of 2-2 years. The 41 patients operated upon
after 1 year had a follow-up period ranging from 6

FIG. 1 Surgtcal mortaltty according to age at months to 10 years (Fig. 3), with a mean of 2-7 years.
operation. Note that of deaths under 48 hours in Many of our patients had been referred from other
group between 6 weeks and 1 year, only one patient countries, or other centres, thus accounting for the
died over age of 3 months. proportionately small number of patients with long-

term follow-up data.
operation. There were five deaths after 48 hours. In Fig. 2 and 3 upper limb blood pressure at the
Of these, one could be attributed to the presence of last follow-up has been compared with the normal
associated endocardial fibroelastosis, one to un-
controllable heart failure and jaundice with sus- Follow-up blood pressure in atients with

pected septicaemia; one infant died 3 days after 180 -r-IationoPeratedunderTear
operation as a result of severe preoperative acidosis, 0t
and in the remaining two cases, death occurred two o . o
weeks after operation from unknown causes. Thus, 4 A *. o
the overall surgical mortality was 21 per cent. - o o
Analysis within the age-groups at surgery indicated 120 ,v0 A A_

that the majority who died were under 6 weeks ofage A vv

(27 of the 32 who died) (Fig. 1). A high proportion c loo / v v
of these patients had serious associated cardiac v .A A

anomalies (Table 2). Between 6 weeks and 1 year of so .v_
age (33 patients operated) there were four operative .,

and postoperative deaths (12%). After 1 year of age 60 _
(57 patients operated) only one patient died after A < wk
operation, a girl whose aorta ruptured in the im- >v wk
... ~~~~~~~~~~~~~~~~~~~~0ULBP>LLBP

mediate postoperative period. 0 . . .L-.
Thirty-one patients with proven coarctation did 0 2 3 4 5 b

not undergo operation. Of 15 under 1 week, 12 Age at follow-up (yr)
died, and of these nine had severe associated cardiac F I G. 2 Follow-up systolic blood pressure in patients
anomalies. Birth injury, hypothermia, or profound with coarctation operated upon under 1 year of age.
acidosis on admission contributed to death, but A <6 weeks; V >6 weeks; 0 upper limb systolic
seven patients died while the accompanying heart blood pressure > lower limb systolic blood pressure.
failure was being treated medically. Six patients Normal systolic blood pressure (mean±2 SD) is
presenting between 1 and 4 weeks died before shown by continuous and dashed lines (Master et al.,
operation could be performed, five of these having 1950; Nadas and Fyler, 1972). Of 14 patients
associated anomalies. The mortality in patients whose follow-up bloodpressure was abnormally high, 10
presenting as neonates in whom no operation was had diminished femoral pulses. lmmHg 0 133kPa.
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Follow- up blood pressure in pgtients with coarctation Discussion
oaeroted over I year

ibo * We have presented an analysis of the results of treat-

140 . 6 *,__. ment of 181 infants and children referred to our hos-
..20 .* ....~* pital with isthmal hypoplasia or discrete coarctation

ml0 .._~ * of the aorta. Our data indicate that a high proportion
E . -* of neonates and young infants presented in heart
A.oo ~ __--~~~~-o; failure, making immediate surgery essential. Our

so80 earlier experience showed that if operation were noto ,~performed in the presence of heart failure, then
60 death was inevitable. Many of the patients present-

O _ 0 ULBP>LLmPing in infancy had the isthmal narrowing variety of0) 2 4 b 8 0l 12 14 lb 18 20 coarctation. It is now well established that this
Age at follow-up (yr) anomaly reflects reduced aortic flow during in-

trauterine development (Rudolph et al., 1972;FIG. 3 Follow-up systolic blood pressure in patyents Shinebourne and Elseed, 1974; Elseed et al., 1974):
with coarctation operated upon over the age of Iyear this fact itself usually indicates the presence of
O upper imb systolic blood pressure > lower limb additional intracardiac anomalies. Taking into
systolic blood pressure. Thirteen patients are seen to account, therefore, that coarctation is only part of
have abrormally high systolic pressures but in only 2 the overall anomaly, the surgical mortalities of 45
were femoral pulses diminished. lmmHg~ 0133kPa. per cent below the age of 6 weeks and 12 per cent

for patients operated on between 6 weeks and 1 year
are not discouraging. The overall mortality in in-
fancy of 31 per cent compares favourably with

blood pressure for age (Master, Dublin, and Marks, previous reports, which cite mortalities in infancy
1950; Nadas and Fyler, 1972). Where there was a from 21 to 56 per cent (Mortensen et al., 1959;
discrepancy between the upper and lower limb Glass, Mustard, and Keith, 1960; Hallman et al.,
blood pressure, either by direct measurement or by 1967; Tawes et al., 1969; Sinha et al., 1969). Weploopat this has be dicted hure s. were able to judge the efficacy of the operation in 24

f
t h b

* of the 60 patients who had their operation in thethe 24 patients operated on before 6 weeks of first 6 weeks of lIfe and who were followed up for atage, 29 per cent had a blood pressure above the least 6 months. We found that 30 per cent of thesenormal range (7 patients); of the 22 patients operated patients had residual hypertension. The feature of
upon between 6 weeks and 1 year, the corresponding the data from this group was that upper limb pres-
figure was 32 per cent (7 patients). Thirteen of the
41 patients (32%) operated upon when over 1 ye sures were increased while lower limb pressures
Of age had a raised follow-up blood pressure. When decreased. This suggests that the hypertension
the data were analysed further, it was found that the resulted from incomplete removal of the hypoplastic
majority (10 to 14) of infants operated upon under a aortic segment, and it is significant that five of the
Year had upper limb hypertension associated with six patients requiring reoperation were in this age
diminished femoral pulses. In contrast, of the group. It may also be relevant that further analysisdiiise f b 13 showed that of the 14 patients with pressurepatients operated after 1 year, only two of those with showedthat of rthe 14p at with pessre

lim hyeteso ha diiise feoa differentials after operation, 13 had been severelyuPPer , lill at the time of operation and a rapid operativepulses (or decreased lower limb blood pressures).Tuls,s 1of 13cpaten we uimb blood.e. r* procedure had been essential. These findings agreeThSues, wgref13patients whose2us ardIdeviations with those of Rathi and Keith (1964), who reportedPressures were greater than 2 standard 150 children of whom 27 had their coarctation re-above the mean had normal femoral pulses. In those sected in infancy; they too found 30 per cent in this
where lower limb blood pressure was measured (by group with upper limb hypertension and reduced
the Doppler technique), a raised lower limb pres- lower limb pressures.
sure was found. When we critically analyse those of our patients
Thus far, six patients have required reoperation, referred as infants, that is between the ages of 1

five having had their first resection performed dur- month and 1 year, we find that only 18 of 44
ing the first 6 weeks of life. The remaining patient presented with heart failure. This lower proportion
had her first resection at 6 years of age. The age at compared with neonates undoubtedly reflects a
reoperation ranged from 3 weeks to 9 years, and smaller number of patients with aortic isthmal
there was no mortality. hypoplasia secondary to intracardiac anomalies. As
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would be expected in a group of patients with larger indicate the best time for operation to be in the
hearts and requiring less complicated operations, second half of the first year of life. As a corollary to
the operative mortality was also considerably re- this, we would also suggest that it is important to
duced (12%) when operations were performed diagnose coarctation of the aorta within the first
between 6 weeks and 1 year of age. Furthermore year of life, since delay in operation may result in
these operative deaths all occurred in patients the development of persisting systemic hyper-
below the age of 3 months. Twenty-two of the tension.
patients were followed up postoperatively and seven
had residual hypertension. As with the neonatal We thank all our colleagues at the Brompton Hospital
group, the patter of hypertension was for the who have assisted in the diagnosis and care of our
upper limb pressure to be higher than that in the patients. We are particularly indebted to Dr. G. A. H.Miller and Dr. K. F. W. Hinson. Dr. Tam was sup-lower limbs. It seems reasonable to suggest again ported by a grant from the Hong Kong Government.
that these findings reflect incomplete resection of
the hypoplastic aortic segment.
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