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Oral prostaglandin E1 derivative for maintaining systemic circulation in a
neonate with duct-dependent congenital heart disease in a resource poor
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Abstract

Background: In neonates with duct dependent Congenital Heart Disease (CHD), the use of
Prostaglandin E1 (PGE1l) primarily in parenteral form to maintain the patency of the Ductus
Arteriosus (DA) is lifesaving. In settings with limited resources where parenteral PGE1l is not
routinely available, neonates with duct-dependent CHD are potentially fatal if surgical intervention is
not immediately feasible. After conducting a thorough literature search, only three case reports of oral
PGE1 use were found.

Case report: A Nigerian male infant was diagnosed with pulmonary atresia, sinus venosus atrial septal
defect and a moderately sized Patent Ductus Arteriosus (PDA) on his fourth day of life. On the ninth
day of life, he displayed signs of cardiogenic shock and a repeat echocardiogram on the tenth day of
life revealed that the ductus arteriosus had shrunk. Due to inaccessibility of parenteral prostaglandin
E1, oral prostaglandin E1 derivative (misoprostol) was administered every 4 hours via feeding tube.
The patient's cardiovascular condition steadily stabilized, and on the 215t day of life, echocardiography
revealed a large PDA.

Conclusion: Oral prostaglandin E1 was effective in maintaining the patency of the ductus arteriosus
and could be used as a palliative treatment in settings with limited resources.
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Introduction facilitate the closure of the ductus at birth, which typically

] ) ) closes within the first day after birth. However, an open ductus
The ductus arteriosus is a blood vessel connection between the is necessary for survival in certain heart conditions in which

large blood vessel that supplies blood to th.e lungs (pulmonary  p100d flow to the lungs is blocked, or in which the blood
artery) and the large blood vesse} that supphes blood to th§ rest  yessels supplying the lungs are switched [1-3]. In human
of the body (aorta). In the growing fetus, it allows the majority neonates, PGE1 and PGE2 are potent dilators of the ductus

of blood ejected from the right ventricle to bypass the ,iteriosus. Maintaining postnatal ductal patency in neonates
nonfunctioning lungs and transfer to the aorta and then the ity restricted pulmonary blood flow can prevent severe

placenta for oxygenation. hypoxia, cyanosis and death [4-6]. In ductus dependent

The lumen of the ductus produces endogenous prostaglandins, —congenital heart disease, intravenous Prostaglandin E1 (PGE1)

primarily Prostaglandin E2 (PGE2) and Prostaglandin 12 infusion is a treatment whose effectiveness has been
(PGI2), to maintain patency. An increase in arterial oxygen demonstrated and thus is recommended. However, PGEI is

saturation and a decrease in endogenous prostaglandins extremely —expensive, requires continuous infusion at
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recommended administrative doses and is difficult to obtain at
every center. When long-term use is required, these issues
become more significant.

Oral PGEI, which is less expensive, can be administered on an
outpatient basis, and commonly available in our environment
has not been investigated routinely and a comprehensive
literature search revealed only 3 reports of oral PGEl use
[7-9].

Case Presentation

A four-day-old infant presented with rapid respiration and
unwillingness to breastfeed. The infant's rapid respiration was
independent of position and worsened when breastfed. As his
rapid breathing worsened, he refused to suckle and his mother
resorted to feeding him infant formula. Observations of
excessive sweating were made during feeding. The mother did
not observe any bluish discoloration on the newborn's body,
but did observe that he was significantly darker than his
siblings at birth. Due to this, he was referred verbally by a
doctor friend to our tertiary specialist clinic of the tertiary
hospital in the state. The conception was unplanned and the
pregnancy was unwanted, but it was accepted. The mother took
several over the counter medications (unknown names) during
the first two months of pregnancy due to a feeling of illness,
weakness, and fever. However, after confirming her pregnancy
in the third month, she discontinued all over the counter
medications. In the sixth month of her pregnancy, she
registered at the antenatal clinic, was compliant with her
hemantinics (folic acid and fesolate), received a dose of tetanus
toxoid vaccination, and did not receive intermittent preventive
treatment for malaria. She did not experience any other febrile
illness during her pregnancy, is not diabetic or hypertensive
and is negative for retroviral diseases. The pregnancy was
carried to term, and spontaneous labor lasted about seven hours
[10]. He was born via vertex vaginal delivery, crying and
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weighing 4 kilograms. Following poor breastfeeding, he was
fed infant formula with a cup and spoon every three to four
hours. The formula was poorly constituted (1.5 to 2 heaped
scoops to 30 ml of water, instead of 1 level scoop to 30 ml of
water). Since his birth, he had not received any vaccinations.
He is the first son of his parents and has two living female
siblings. There was no history of heart disease in the family.
Parents are small-scale merchants whose highest level of
education is the senior school certificate examination.

On presentation to the specialist outpatient clinic, he was in
respiratory distress (nasal flaring and subcostal recession) with
a Respiratory Rate (RR) of 68 c¢/m, afebrile with a temperature
of 36.8°C, not pale, centrally cyanosed (SPO,-87%), anicteric
and no clinical signs of dehydration. He had a regular
bounding pulse with a rate of 156 beats per minute and his
blood pressure was 70/28 mmHg and capillary refill was
instant.

An examination of the cardiovascular system revealed a
hyperactive precordium with its apex at the 5 left intercostal
space, lateral to the midclavicular line. A single first and
second heart sound was heard. He had a grade 4 ejection
systolic murmur maximal in the pulmonic area, radiating to the
left infraclavicular region, as well as a pansystolic murmur
maximal in the third left intercostal space [11]. The
examination of the respiratory system revealed no abnormal
sounds. He did not have abdominal organomegaly and his
central nervous and musculoskeletal systems were normal. An
antero-posterior chest radiograph showed cardiomegaly with
cardiothoracic ratio of 70% and slightly prominent pulmonary
vascular markings. Electrocardiogram showed normal sinus
rhythm and QRS axis, with P-pulmonale (Table 1).

Table 1. Two dimentional echocardiogram findings are enumerated in the table below.

Situs

Levocardia with apex directed leftward

Aortic root/valve

Normal, no regurgitation/stenosis

Coronary arteries

Normal

Left atrium

Compressed, smaller than right atrium

Pulmonary vein

Patent, normal flow velocities

Mitral valve

Bi-leaflet, good motion and coaptation, no regurgitation/stenosis

Left Ventricle (LV)

Compressed, smaller than right ventricle, good systolic function

Main pulmonaryartery

Normal sized (0.80 cm)
No flow from the right Ventricular Outflow Tracts (VOT) into the MPA

The blood supply to the lungs comes from a medium sized Patent Ductus
Arteriosus (PDA) that connects the descending aorta to the pulmonary artery

Moderate continuous left to right shunt flow noted

The right and left pulmonary arteries are normal sized

Pulmonary valve

Thickened cusps with no opening (membranous pulmonary atresia)

Right atrium

Severely enlarged, prominent eustachian valve noted
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Interatrial septum

Deviated to the left, two shunts seen with right to left flow (stretched Patent
foramen ovale and 0.5 cm sinus venosus atrial septal defect)

Tricuspid valve

Normal structure/function, no stenosis, moderate to severe regurgitation, increased
annulus dimensi on (1.70 cm)

Right Ventricle (RV)

Severely dilated and hypertrophied, good systolic function

Interventricular septum

Intact, deviated to the left, no ventricular septal defect

Systemic veins

Right superior vena cava; inferior vena cava is not distended, with good respiratory
response

Pericardium

No effusion seen

LV ejection fraction

Good=70% (composite figure)

Cardiac output

Normal=3.24 L/min/m? (using LVOT doppler method)

RV systolic function

Good. TAPSE=1.10 cm, normal for age

Left VOT

Normal dimension (0.70 cm), no obstruction seen

Right VOT

Normal RVOT 1 and 2 diameters.

RV systolic pressure

Severely increased=116.05 mmHg using TR jet velocity

Systemic veins

The right SVC and IVC drain normally into the right atrium

Others

Left sided aortic arch, no coarctation, no pleural effusion

Arterial blood gas was also requested but could not be
accessed. A diagnosis of Pulmonary Atresia (PA) with a
moderate sized PDA was made. The baby was placed on oral
frusemide at 2 mg/kg/day and enalapril at 0.05 mg/kg/day. Five
days later (ninth day of life), the parents returned with
complaints of cough of three days duration, worsening fast
breathing of two days duration, extreme weakness and refusal
to feed of a day duration. On examination, he was lethargic, in
respiratory distress (RR: 22 c¢/m), febrile (Temperature:
37.9°C), dusky coloured, pale looking with cold extremities,
anicteric, centrally and peripherally cyanosed (SPO;: 35%).
Pulse was impalpable, heart rate was 168 bpm. Apex beat
remained at the 6% left intercostal space lateral to
midclavicular line and the cardiac mumur remained the same.
He had widespread coarse crepitations, without rhonchi. He
also had hepatomegaly, firm to soft and sharp eged and
tenderness could not be ascertained. While being examined, he
started rolling the eyeballs upwards which lasted for 5 secs; 2
episodes were obtained in 10 minutes. The pupils were equal
and reactive to light and there was global hypotonia and
suboptimal primitive reflexes. Diagnoses of cardiogenic shock
in a neonate with PA and a likely closing PDA, and
bronchopneumonia were made. Hypoglycemia and meningitis
were also considered as differential diagnoses. Random blood
sugar was 68 mg/dl, Full Blood Count (FBC) showed
leucocytosis (38 x 10%1) with relative neutrophilia (79%),
hemoglobin level was 16.1 g/dl [12]. Serum electrolytes were
normal except for bicarbonate (HCO;5: 18 mEq/L). The patient
was placed on intranasal oxygen at 2 L/min and resuscitated
using 5 mls/kg of intravenous 5% dextrose in normal saline
(antishock). Other medications given were Intravenous (IV)
diazepam 0.2 mg/kg stat, IV phenol barbitone loading 20
mg/kg, maintained at 2.5 mg/kg 12 hrly and IV ceftazidime at
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50 mgkg 12 hrly. Following 2 anti-shock and other
resuscitative measures, radial pulse became palpable (149
bpm), SPO,: 62% to 68%, RR: 72 breaths per minute.
Intravenous sodium bicarbonate 2 mmol/kg over 30 minutes
and IV gentamycin 2.5 mg/kg 12 hrly were then given. Repeat
2D echocardiogram revealed reduction in the size of the PDA
to approx 0.6 mm. A repeat chest X-ray showed patchy
opacities consistent with broncho pnuemonia. He was
subsequently placed on nasogastric tube and given 30 mls of
expressed breastmilk 3 hrly when he was stable. At this time,
the following drugs were added IV frusemide 2 mg/kg 12 hrly,
oral enalapril 0.05 mg/kg 12 hrly, oral spironolactone 1.5 mg/
kg 12 hrly and oral digoxin 10 pg/kg/day. Intravenous
misoprostol was sought was not available at the different
pharmacies and hospitals. By the second day on admission, the
patient’s condition had not significantly improved except for
reduced episodes of cough. SPO, varied 50% to 68% on
Intranasal Oxygen (INO,), heart rate ranged between 168 to
172 beats/min and respiratory rate was 72 to 84 breaths per
minute. Oral misoprostol (Cytotec®) was then compounded and
given at a dose of 0.5 ug/kg 6 hourly. About 4 hours following
administration of oral misoprostol, the SPO, increased to 79%
to 85% on INO, and by the 4th day the SPO, further increased
to 88% to 91% on INO,. Respiratory rate was between 44 to 58
breaths per minute, while the pulse rate ranged between 140 to
148 beats per minute. By the 7™ day on admission, the SPO,
had improved to 90% to 92% on INO, on oxygen concentrator
at 0.5 L/min and 88% to 90% on room air [13]. Repeat 2D echo
showed a large sized PDA measuring 5.8 mm (Figure 1).
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Figure 1. Repeat 2D echo showed a large sized PDA measuring
5.8 mm.

Five days later, the patient was transferred to a cardiac surgery
center within the Stat, where a team of paediatric cardiac
surgeons from the United States of America perform free
cardiac surgery.

Discussion

Oral PGEI1 has been found to be as effective as intravenous
PGE1 in maintaining the patency of the ductus ateriosus in
infants when intravenous PGEl is unavailable or when
resources are limited, but its use has not been thoroughly
investigated. There are three case studies on the usage of oral
PGE]1 that can be found in the research literature. These case
reports were from Turkey and Japan. According to these
publications, far lower dosages of oral PGEl were
administered (1.5-2.0 micrograms/kg/day), in comparison to
the high levels utilized for oral PGE2 and IV PGEIl. The
administration interval was 6 hourly which is longer than that
of oral PGE2, with good results. Oral PGE1 was given to this
patient at a dose of 0.5 micrograms per kilogram every 6 hours
(totaling 2.0 micrograms/kg/day). This dose was identical to
the dose that was given to a Japanese neonate, and the
treatment was successful in both instances. In this case, the
synthetic prostaglandin E1 analog misoprostol (Cytotec®) was
administered orally, whereas in Japan lipo-prostaglandin El
was utilized [14]. The oxygen saturation levels of the ten new
borns who were evaluated in Turkey were significantly higher
two hours after the commencement of oral PGE1 compared to
the levels before the initiation of PGE; however, in our case it
significantly increased after four hours. Even though resources
are limited in many African countries which should be at the
forefront of harnessing this innovation, there is a paucity of
African literature that discusses the application of such.

Conclusion

Until intravenous PGE]1 is available, resource poor facilities
could begin to explore oral PGE1 as an alternative treatment
option. In addition, patients who do not require hospitalization
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or an intravenous line could receive PGE1 orally, which is less
expensive and simpler to administer. Finally, more literature on
outcome of oral PGE1 use is needed.
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