Drug Therapy

ROLE OF PROSTAGLANDINS
IN CONGENITAL HEART
DISEASE
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Neonatal heart disease, which would
mostly consist of cyanotic congenital heart
disease, referred to as the “blue babies” is
an enigma to most of the general practitio-
ners as well as to the pediatricians. Only a
few of them can be salvaged if they manage
to reach centres where specialized care is
given to such children. Congenital heart
disease (CHD) has become important in
recent years because as it i1s being diag-
nosed in the neonatal period and early
infancy because of the availability of
certain specialized diagnostic facilities. The
incidence of CHD in the newborns tends to
vary a lot and the reported incidence in the
western literature varies from 0.65/1000(1)
to 11.9/1000(2) and in the Indian studies it
varies from 1.45/1000(3) to 4/1000(4).
This data is from surveys conducted prior
to the availability of echo-cardiography,
which is now the most reliable cardiovascu-
lar diagnostic facility available.
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Since these children are being increas-
ingly diagnosed and to manage them ade-
quately, medically as well as surgically, one
must understand the physiology of neona-
tal cardiac problems. Neonatal cardiac sur-
gery is still in its in-ancy in India, and to set
up centres for cardiac surgery for neonates
and infants is a very expensive exercise. In
the full term and pre-term newborns who
are born with cyanotic congenital heart dis-
cases, their life depends on the patency of
the ductus arteriosus. Drugs that close or
re-open the ductus arteriosus are becom-
ing vital in neonatal cardiology because the
presence or absence of ductal patency can
have a large impact on newborn physio-
logy, particularly in critically ill infants who
may have significant pulmonary compro-
mise on ductal dependent congenital heart
lesions.

Indomethacin constricts the ductus(3)
and prostaglandin E re-opens it(6). The
recognition of the effect of prostaglandins
and inhibitors of their synthesis on the
ductus arteriosus has been one of the most
important developments in the cardiovas-
cular drug therapy in infants and chil-

dren(7).
Pharmacological Aspects

Prostaglandins were identified in the
human umbilical cord about 20 years
ago(8). Prostaglandins are eicosanoids
derived from arachidonic acid which arc
unsaturated, hydroxy fatty acid, 20 carbon
compounds(9). They have a cyclopentane
ring with 2 side chains containing 1, 2 or 3
double bonds. They are further classified
as series E, I and F. PGF causes vasocon-
striction whereas PGE and PGI are vaso-
dilators (Fig.). Prostaglandins are elimi-
nated by catabolism in the Jungs. ‘
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Prostaglandins I, and E, are vasodila-
tors in several vascular tissues. Large
amounts of PGE are produced by the
placenta. PGE, is two to three times more
potent vasodilator of ductus arteri-
ousus(10,11). This marked sensitivity of
ductus arteriosus to PGE, makes it the
most important prostaglandin in the regu-
lation of patency of the vessel. Thus, PGE
is used to increase pulmonary blood flow
and oxygenation of blood in infants with
congenital heart disease, especially in those

with restricted pulmonary or systemic
blood flow.

Therapeutic Uses

During embryonal life, prostaglandins
play an important role in maintaining the
patency of ductus arteriosus. In infants,
several congenital heart diseases are de-
pendent on the patency of ductus arterio-
sus for maintaining their circulation(7).
The various envisaged therapeutic uses
include:

1. In transposition of great vessels
with intact atrial or ventricular septa or

388

small atrial or ventricular septal defects,
patency of ductus arteriosus for mixing of
systemic and pulmonary circulations is
essential for life. Several workers(12-15)
observed a significant increase in PaO,
following PGE infusion in cascs with trans-
position. Prostaglandin E infusion is an
effective initial therapy when cardiac
catheterization is not available or a balloon
atrial septostomy is not feasible. Reports
are available of its use in treating severe
hypoxemia even after atrial septo-
stomy(1,3,15).

2. In severe right sided obstructions
like pulmonary atresia or severe pulmonic
stenosis with intact ventricular septum or
in tricuspid atresia, again pulmonary circu-
lation depends on ductus arteriosus.
Freed(16) found favorable. response to
intravenous infusions and oral administra-
tion of PGE in large series of patients with
these conditions. The arterial oxygen ten-
sion increased and the ductus remained
patent.

3. In aortic arch anomalies, blood
flow to the inferior part of the body again
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depends on right to left shunting through
the ductus arteriosus from the pulmonary
artery to descending aorta distal to the
interruption, Administration of PGE is
beneficial and may be life saving(17).

In infants with coarctation of aorta,
flow across ductus leads to increase in
blood pressure in descending aorta and
decrcase of blood pressure in ascend-
ing aorta. This hemodynamic improvement

results in improved renal function and cor- -

rection of acidosis(16).

Factors Determining the Response of Duc-
tus Arteriosus

The various important factors deter-
mining the response are:

(a) Age: In infants less than 4 days, the
ductus responds more favorably than 1in
older infants(16). However, infants at 3
weeks of age have also responded favor-
ably(18). Hence, a ductus may reopen soon
after functional closure or a week after clo-
surc too. Therefore, age is not an absolute
determinant for the response to PGE.

(b) Time: The time of onset of effect
may range {rom 15 min to as much as 20
hours(16). Therefore, infusion of PGE
should be continued till its maximum effi-
cacy 1s determined(7).

(¢) Cyanotic or acyanotic congenital
heart disease: The response to infusion in
cyanotic CHD is seen in younger infants,
i.e, less than 4 days and as early as 30 min
after birth. In contrast, in acyanotic con-
genital heart discase age was not critical
for a positive response and the initiation of
response was observed at 1.5 hours (15 min
to 4 hours)(16).

Treatment

(a) Initiation of Treatment

The treatment can be imitiated in a
critically ill infant suspected of having a
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“ductus dependent congenital cardiac

anomaly even before cathcterization for
confirming the diagnosis(19). This has
been based on the good results achieved
alongwith relative safety of the drug in
clinical studics. However, the problems
encountered may be further deterioration
of congestive heart failure in certain infants
and also the overall mortality due to PGE
infusion has not yet been determined.

R

(b) Monitoring of Treatment

During PGE infusion, one must moni-
tor heart rate, systemic arterial blood pres-
sure, rate of respiration, body temperature,
central nervous system signs and electro-
cardiogram(7).

(c) Dosage and Administration

Intravenous infusion of PGE should be
started at a rate of 0.002 to 0.006 ug/kg/
min and increased upto about 0.05 to 0.06
mg/kg/min(2). Once the patient responds
favorably the high dose may be reduced
gradually and maintained at lower rates of
0.2 ug/kg/min(12). It can be given intra-
arterial, but has no added advantage.

It can be given orally in a dose of 30-45
ug/kg/hour at 1 hour interval which can be
gradually increased to 6.5 ug/kg/hour if no
responsg is observed within 2 hours, This
may have Lo be continued for the initial 2-
3 weeks(19).

Side Effects .

When given for short periods and at
low doscs, PGE is well tolcrated by infants.
However, side effccts do occur occasion-
ally. The most common adverse effects are
cardiovascular followed by central nervous
system and respiratory as obscrved by
Lewis and associates(21). The various side
effects are summarized below:

1. Cardiovascular effects are the most
common and include bradycardia or
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tachycardia, arrhythmias, hypotension and
cutaneous vasodilation and edema. These
are more common 1n infants less than 2 kg
with a cyanotic lesion and infusion for
more than 48 hours. Heart failure may
develop or may worsen during therapy.

2. The central nervous system side
effects observed are scizure like activity,
irritability, lethargy and elevation of body
temperature.

3. Respiratory depression is a com-
mon side effect, more in infants less than
2 kg and with cyanotic lesions.

_ 4. Structural changes in the pulmo-

nary circulation were obscrved as aneurys-
mal dilatations in thc arterial walls which
correlated with the duration of infusion.
So the trcatment should be as short as
possible(22,23).

5. Gastrointestinal sidc-effects were
observed as nccrotizing enterocolitis in a
few paticnts and diarrhea was seen more
commonly in orally treated patients.

6. Hematological effects included
hemorrhage, disseminated intravascular
coagulation and thrombocytopenia.

7. Other side effects observed were
hypocalcemia, hypoglycemia(17) and corti-
cal hyperostosis of the long bones(24).

Prostaglandins are routinely being used
to palliate and to mange a number of criti-
cal cardiac lesions in the newborn period in
many centres in the West. Although, these
drugs arc not {reely available in our coun-
iry, they have a definite role to play in the
management of newborns with cyanotic
congenital heart lesions in the near future.
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