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SUMMARY To examine the effect of preoperative prostaglandin infusion on surgical mortality the
records of all patients aged <28 days operated between January 1979 and December 1981 for
obstructive lesions of the systemic circulation were reviewed. Forty patients had coarctation of the
aorta, five interrupted aortic arch, and seven critical aortic stenosis. Fourteen patients received
intravenous prostaglandin before operation. Among preoperative variables low cardiac output was
identified as a possible risk factor for hospital death, whereas the presence of a raised blood urea
concentration was possibly significantly associated with hospital mortality only in patients not
treated with prostaglandin. The preoperative administration of prostaglandin had a strongly favourable influence: 11 out of 38 (29.0%) patients who did not receive prostaglandin died compared with
none of 14 treated with prostaglandin. The two groups were otherwise comparable with respect to
the incidence of coagulopathy, urgency of operation, associated anomalies, and other medical treatment. Mean age at operation was younger and mean admission blood urea concentration higher in
the group treated with prostaglandin, whereas the incidence of preoperative low cardiac output was
probably higher.
It is concluded that short term preoperative infusion of prostaglandin is associated with a
significant reduction in early surgical mortality in this high risk group of infants.

Congenital malformations that obstruct the systemic
circulation often present with low cardiac output and
severe heart failure during the first weeks of life.
Closure of the ductus artenosus probably plays an
important role in their natural history, and the
maintenance of ductal patency by prostaglandin infusion has been reported to improve the clinical condition of some infants with coarctation of the aorta,
interrupted aortic arch, and critical aortic stenosis. -4
Although early surgical relief of the obstruction is
mandatory, this is associated with a significant mortality. To determine if preoperative prostaglandin infusion might decrease operative mortality, we reviewed
our preliminary experience with its use in the management of critically ill infants with obstructive
lesions of the systemic circulation.

Patients and methods

Between January 1979 (the first year in which prostaglandin was used in our institution for these conditions) and December 1981, 54 patients aged -28 days
were identified as having coarctation of the aorta,
interrupted aortic arch, or critical aortic stenosis at
this hospital. Sixteen of these patients received an
intravenous infusion of prostaglandin El. Two were
excluded from this study: an 8 day old infant with
isolated coarctation died of acute haemorrhage after
institution of peritoneal dialysis before operation and
a 2 day old infant with mild coarctation died during
attempted valvotomy for critical pulmonary stenosis.
None of the patients who did not receive prostaglandin died from causes unrelated to left heart obstrucRequests for reprints to Mr J Stark, FRCS, Thoracic Unit, The tion. Patients with hypoplastic left heart syndrome
Hospital for Sick Children, Great Ormond Street, London were not treated medically or surgically during this
WC1N 3JH.
period. The 52 patients in this study ranged in age
*Present addresses: Dr F Leoni, Institute Gaslini, Genova, Italy; Dr J C Huhta, from 1 to 28 days (mean 10*4 days) at the time of
Texas Children's Hospital, Houston, Texas; Dr R MacKay, Royal Liverpool
operation.
Children's Hospital, Liverpool.
Tables 1 and 2 summarise the anatomical and cliniAccepted for publication 2 August 1984
cal characterisation of patients who did (group 1) and
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Table 1 Obstructive lesions of the systemic circulation in 14
patients treated with (group 1) and 38 not treated with (group 2)
prostaglandin before operation
Congenital anomaly
Isolated coarctation
Coarctation and ventricular
septal defect
Coarctation and mitral valve
anomaly
Coarctation and complex
congenital heart disease*
Interrupted aortic arch
Critical aortic stenosis
Total

Group 1
No
%

Group 2
No
%

5

35-7

10

26-3

3

21-5

12

31-6

4

10-5

5
2
5
38

13-2
5-2
13-2

1
3
2
14

7-1
21-5
14-2

*Including two patients with double outlet nght ventricle, two with
univentricular heart, one with transposition ot the great arteries, and
one with transposition of the great arteries and ventricular septal
defect.

did not (group 2) receive prostaglandin. Renal failure
was considered to be present if the blood urea concentration exceeded 7 mmol/l. Preoperative dialysis
was performed for the indications previously
described.5 Low cardiac output was defined as the
need for positive inotropic support to maintain a systolic blood pressure above 50 mm Hg in combination
with clinical signs of poor peripheral perfusion. Many
patients also had severe metabolic acidosis, the mean
(SD) pH in group 1 being 7.22(0-23) and in group 2
7.31(0.14) with a base deficit of 11.9(8.7) and 6.6(8.0)
respectively.
If the patient's prothrombin time or partial thromboplastin time was greater than twice the control
value coagulopathy was considered to be present;
most of these patients also had reduced platelet
counts, hypofibrinogenaemia, and overt clinical
bleeding.
Any operation performed within 24 hours of admission or necessitated by sudden clinical deterioration
was considered to be an emergency procedure. The
timing of surgery to some extent, however, also
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reflected other factors, such as the availability of
operating facilities and the time spent correcting clotting defects. With growing experience in the use of
cross sectional echocardiography an increasing
number of patients underwent operation without preliminary diagnostic cardiac catheterisation or angiography.6 Mean age at the time of surgery was 7.6
days (range 2-15 days) among patients who received
prostaglandin and 11 5 days (range 1-26 days) among
those who did not (p<0 05). Before January 1981,
prostaglandin infusion was reserved for those infants
presenting with renal failure, which had been shown
to be a risk factor for operative death from repair of
coarctation.7 Subsequently, the indications were
widened to include all patients with absence of lower
extremity arterial pulses together with any combination of renal failure, low cardiac output,
coagulopathy, or severe metabolic acidosis. Prostaglandin El was administered by continuous infusion
into an upper extremity or internal jugular vein at a
dose of 0.02-0.1 ,ug/kg/min. Of the 14 patients in
group 1, preoperative prostaglandin was infused for
4-10 hours in four, 10-24 hours in four, and longer
than 24 hours in three. The three remaining patients
were receiving prostaglandin treatment on admission
to our unit and underwent operation between four
and 10 hours after transfer.
Other supportive treatment included: (a) digoxin,
dopamine (3-6 ,ug/kg/min) in patients with low cardiac output; (b) correction of acidosis with sodium
bicarbonate; (c) ventilation as required to maintain
adequate blood gases, and (d) diuretics for oliguria.
Late follow up was obtained from outpatient or
subsequent inpatient records, all patients having been
followed to the time of death or to 1 January 1982.
STATISTICAL ANALYSIS
Data were analysed at the

University of London
Computing Centre using unpaired t tests for univariate comparison of the means of continuous variables
between groups and Fisher's exact test for 2x2 con-

Table 2 Preoperative status ofpatients with obstructive lesions of the systemic circulation treated with (group 1) and not treated with
(group 2) prostaglandin
Group I
No (%) of patients with:
Low cardiac output
Renal failure

8(57)
9(64-4)
Coagulopathy
4(28-5)
Emergency operation
8(57-1)
Mean (SD) age at operation (days)
7.6(4 0)
Mean (SD) arterial pH
7.22(0.23)
Mean (SD) arterial base deficit
-11.9(8-7)
Mean (SD) blood urea concentration (mmol/l)
9-4(4-6)
NS, not significant.
Conversion: SI to traditional units-urea: 1 mmol-6 mg.

Statistical sigmficance

Group 2

p=007
p<0-05

13(34-2)
8(21)
7(18-4)
21(55-3)
11.5(6-4)
7-31(0-14)
-6&6(8-0)

NS
NS

p<0-05
p<0.05

NS

p<0-01

6-1(3-8)
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Table 3 Early mortality in 11 patients undergoing surgery without preoperative prostaglandin infusion
Age
(days)

Diagnosis

Operation

Time of death
(postoperatively)

Cause of death

5
3
13
26

Coarctation
Coarctation and VSD
Coarctation and VSD
Coarctation and multiple VSDs

4 days
5 hours
2 hours
2 hours

Renal failure, acidosis
Low cardiac output
Low cardiac output
Low cardiac outputt

12
19
1
7

Coarctation, complex CHD
Coarctation, complex CHD
Coarctation, complex CHD
Aortic stenosis

Resection
Subclavian flap angioplasty
Subclavian flap angioplasty
Subclavian flap angioplasty,
pulmonary artery band
Subclavian flap angioplasty
Subclavian flap angioplasty
Subclavian flap angioplasty
Valvotomy (cardiopulmonary
bypass)
Valvotomy (inflow occlusion)
No procedure
Anastomosis, pulmonary
artery band

5 days
4 days
5 days
At operation

Low cardiac output
Sudden death, no necropsy performed
Low cardiac output
Low cardiac output*

2 hours
At operation
2 days

Low cardiac output, renal failure
Low cardiac output
Low cardiac output

9
1
7

Aortic stenosis
Interrupted aortic arch
Interrupted aortic arch

*Intracranial haemorrhage.
tMitral atresia found at postmortem examination.

CHD, congenital heart disease; VSD, ventricular septal defect.

tingency tables. In both of the above, two tailed tests
were used. Multivariate assessment of risk factors was
carried out where possible using stepwise logistic
regression.
SURGICAL REPAIR
Forty patients with coarctation of the aorta underwent
repair; 37 by subclavian flap angioplasty, two by
patch angioplasty, and one by end to end anastomosis.
The pulmonary artery was banded in five patients.
Two had patch angioplasty of the distal aortic arch,
and one a reverse subclavian flap. Three of the five
patients with interrupted aortic arch underwent palliative treatment by insertion of a prosthetic conduit
between the main pulmonary artery and descending
aorta, ligation of the persistent ductus arteriosus, and

pulmonary artery banding distal to the conduit. The
interruption was repaired by end to end anastomosis
between the left subclavian artery and the descending
aorta in one patient, who also had banding of the
pulmonary artery. The final patient suffered irreversible cardiac arrest during thoracotomy, and no
therapeutic operative procedure was accomplished.
Transaortic valvotomy was performed in each of the
seven patients with critical aortic stenosis, five under
normothermic inflow occlusion and two during car-

diopulmonary bypass.
Results

Preoperatively, clinical improvement was seen in
eight of the 14 patients who received prostaglandin

Table 4 Late mortality in patients treated with prostaglandin (group 1) and not treated (group 2)
Age at
operation

Diagnosis

Operation

(days)
8

Coarctation, complex CHD

1

Interrupted aortic arch
Interrupted aortic arch

2

Aortic stenosis

11

Cause of death

(months)

8

16
8

Interwl to
death after
operation

Coarctation
Coarctation and VSD,
hypoplastic left ventricle
and mitral valve
Coarctation, mitral valve
anomaly

Group 1
Reverse subclavian-lap angioplasty
for correction of hypoplastic arch,
patch angioplasty of coarctauon;
pulmonary artery banding
Main pulmonary artery to descending
aorta conduit
Main pulmonary artery to descending
aorta conduit
Valvotomy
Group 2
Subclavian flap, angioplasty
Subclavian flap, angioplasty
Patch angioplasty

CHD, congenital heart disease; VSD, ventricular septal defect.

2Y2
2
1
1

1½

10

1½2

Cardiac failure, infection

Respiratory failure,
bronchopulmonary dysplasia
--Renal failure, cortical necrosis
Cardiac and respiratory failure
Sudden death, no necropsy performed
Cardiac failure
Sudden death, severe mitral stenosis
at necropsy
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infusion are sufficient in this regard to justify delayed
surgical intervention in some patients, thereby
significantly reducing operative mortality.
The overall mechanism by which prostaglandin
affords haemodynamic improvement in patients with
obstructive lesions of the systemic circulation is probably complex and incompletely understood. In neonates with interrupted aortic arch, it has been shown
to reduce the pressure gradient between main pulmonary artery and descending aorta, while in those with
aortic coarctation it lowers the gradient between the
ascending and descending aorta.3 This may reflect
relaxation of ductal tissue present inside the aortic
lumenl8 or opening of the aortic end of the ductus.19
In addition, reduction of systemic resistance may
benefit patients with isolated simple coarctation,
where left ventricular failure has been shown to be
related to afterload.20 Venting the right heart and
pulmonary circulation towards the lower segment
may help to correct fluid overload and acidosis indirectly by increasing renal blood flow.
When the aortic coarctation is associated with a
ventricular septal defect, volume overload of the left
ventricle, pressure overload of the right ventricle, and
pulmonary hypertension occur. Prostaglandin may
reduce the left to right shunt at ventricular level in
these patients by decreasing systemic afterload, or it
may possibly reduce the pressure overload of the right
ventricle, again by venting the pulmonary circulation
across the ductus. Nevertheless, pulmonary artery
pressure does not fall in this condition.2'
In this series, prostaglandin infusion alone resulted
in clinical improvement in three patients. When combined with positive inotropic support, there was
improvement in an additional five. Six patients, however, showed no changes in their clinical conditions
and accordingly underwent emergency operation. In
that operative mortality was reduced, even these
patients may have had some haemodynamic benefit
from the infusion of prostaglandin.
Discussion
Several factors may have been responsible for a lack
of clinical response; in one patient a haematoma of the
Prostaglandin E1 and E2 induce relaxation of ductal ductus arteriosus was found at the time of operation
tissue in increased as well as low oxygen environ- and almost certainly caused mechanical occlusion of
ments8-I0 and may thereby provide a means of con- the ductus. In another 2 week old infant who pretrol of ductal patency. In cyanotic congenital heart sented with low cardiac output and severe renal faildisease with decreased pulmonary blood flow and ure, ductal patency may not have been sufficient in
ductus dependent pulmonary circulation, prostaglan- itself to reverse established low cardiac output. Prosdin affords excellent temporary palliation.' 1-16 More taglandin had been started at the referring hospital
recently, prostaglandin has been used for aortic arch and the ductus was widely patent at operation,
anomalies and coarctation, where part of the systemic although no clinical improvement was observed. The
circulation may depend on patency of the ductus observation that patients with aortic obstruction
arteriosus.'-4 17 The aim here is to prevent or alleviate require a longer period of prostaglandin infusion than
the consequences of ductal closure such as low infants with cyanotic congenital heart disease to
cardiac output, renal failure, and metabolic acidosis. achieve maximal clinical response2' suggests that
This study suggests that the benefits of prostaglandin improved myocardial function may be a prerequisite

infusion. Lower extremity pulses returned to normal
volume in three, and one of the eight patients with
low cardiac output showed improved peripheral perfusion. The plasma urea concentration fell in five of
eight patients in renal failure, and metabolic acidosis
decreased in four out of 13. Of the patients showing
clinical improvement with prostaglandin infusion,
five underwent elective surgery within 48 hours of
the onset of infusion, whereas three underwent
emergency operation.
Six patients showed no improvement after at least
four hours of prostaglandin infusion, and operation
was undertaken as an emergency in five of these. In
the sixth patient, operation was delayed 24 hours to
obtain benefit from peritoneal dialysis.
There were no deaths within seven days of the surgical procedure among the 14 patients treated
preoperatively with prostaglandin. By contrast, there
were 11 deaths in the first postoperative week in the
group of 38 patients who did not receive prostaglandin (29-/0%) (p=0 04). These all occurred at operation
or in the immediate postoperative period (Table 3).
Four late deaths (beyond 28 days) occurred in the
prostaglandin treated group 1 (28.5%), whereas there
were three late deaths among the 27 survivors in the
group without prostaglandin (group 2) (11.1%) as
summarised in Table 4. Two of the four patients who
died late were among those who had shown preoperative improvement with prostaglandin. Seven day mortality was seven out of 34 (20.6%) among patients who
had undergone preoperative cardiac catheterisation,
and four out of 18 (22.2%) among those who had not.
This difference is not statistically significant. In the
group as a whole, no risk factor apart from prostaglandin treatment was statistically significant by logistic regression. In the non-prostaglandin group there
was a possible association (logistic p=0 097) between
blood urea concentration on admission and death
within seven days of operation.

Br Heart J: first published as 10.1136/hrt.52.6.654 on 1 December 1984. Downloaded from http://heart.bmj.com/ on May 21, 2022 by guest. Protected by copyright.

Prostaglandin and surgery for aortic obstruction

Leoni, Huhta, Douglas, MacKay, de Leval, Macartney, Stark

for clinical improvement in these patients. The most
encouraging observation in this study was a significant
reduction in operative mortality among the patients
who received prostaglandin. Although patients who
received prostaglandin were at least as ill preoperatively, as shown by the higher incidence of low cardiac
output and renal failure, all survived the operative
procedure. These indices of system failure indicate
clearly that the younger age of the prostaglandin
treated group reflected more serious degrees of cardiac abnormality. It is not possible to argue that the
better results in the prostaglandin treated group were
due to earlier referral since if this were true they
should have had a lower not a higher preoperative
incidence of low cardiac output and renal failure.
In both groups of patients late mortality reflected
associated cardiac anomalies. As expected, mortality
was not affected by prostaglandin and in no case could
be attributed to residual aortic obstruction. Based on
this limited experience, preoperative infusion of prostaglandin would appear to benefit patients with obstructive lesions of the systemic circulation who have
low cardiac output. At present, it is not possible to
decide exactly which criteria should be used to assess
a patient's response or for how long prostaglandin
should be given before operation in either those
patients showing improvement or those who fail to
respond. Nevertheless, even among patients who
showed no detectable clinical improvement the operative mortality was reduced. Accordingly, our present
policy is to use prostaglandin infusion in all infants
with symptomatic obstructive lesions of the systemic
circulation, while hoping that future analysis will
clarify the indications particularly in the treatment of
critical aortic stenosis. Here the mechanism of any
beneficial effect is not as obvious'as in the case of
interrupted aortic arch, for example. All that can be
said at present is that the results of this study are the
same whether patients with critical aortic stenosis are
excluded or included and that mortality was lower in
those patients with aortic stenosis who were treated
with prostaglandin, though the numbers are too small
to give statistically significant results.
It is generally believed that preoperative cardiac
catheterisation and angiocardiography are essential to
the management of this group of patients. If this were
so failure to perform cardiac catheterisation in these
patients should have constituted a risk factor, whereas
the seven day mortality was not significantly different
in patients who did and did not undergo preoperative
catheterisation. Since preoperative catheterisation
itself constitutes a significant risk to these patients22
our results lead us to question the necessity for cardiac
catheterisation when all aspects of non-invasive investigation, including clinical assessment, chest radiography, electrocardiography, and cross sectional

echocardiography, are typical for the condition suspected.6
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