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Abstract

We describe two infants with congenital diaphragmatic hernia (CDH) with severe pulmonary
hypertension at 6-weeks. Treprostinil was used with rapid clinical improvement. Repeat cardiac
catheterization showed dramatic improvement. Both infants weaned off the drug, representing the
first reports of successful short-term treprostinil use in neonates with CDH.
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Congenital diaphragmatic hernia (CDH) occurs 1:4-5,000 live births [1,2]. Despite advances
in the care of these infants, pulmonary hypoplasia and resulting pulmonary hypertension
(PH) carry significant morbidity and mortality [3,4]. We recently demonstrated that 28% of
infants with any PH by echocardiogram at 4 weeks die, and an additional 37% have chronic
lung disease [5]. Others have shown 56% mortality among infants with PH at 1-month [6].
Although chronic oral and inhaled drugs from various classes have been used by us and
others to treat PH in infants with CDH [7], in chronic, severe PH, these agents may not
provide sufficient vasodilation due to dose limitations and/or lack of continuous effect.
Thus, when an infant is unable to separate from assisted ventilation, inhaled nitric oxide
(iNO), and other adjunctive therapies, parenteral prostanoid therapy may be considered, to
allow for withdrawal of these other therapies and transition home.
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A female infant born at 37 weeks' gestation with pregnancy complicated by late prenatal
care was noted at initial referral to have a left-sided CDH with the liver herniated into the
thoracic cavity. Fetal echocardiogram showed normal cardiac anatomy and function.

She was intubated at delivery and managed with gentle ventilation, permissive hypercapnia,
and iNO, which was initiated for persistently low right upper extremity (pre-ductal) oxygen
saturation (SpO,) and pre- and post-ductal SpO, differential. Initial echocardiogram on day-
of-life (DOL) 1 confirmed normal cardiac anatomy, with systemic-to-suprasystemic right
ventricular pressure (RVp) estimate and a large patent ductus arteriosus (PDA). On DOL 3
she had an uncomplicated hernia repair with a large Goretex patch required to close the
defect. At 1 week, a repeat echocardiogram still showed systemic-to-suprasystemic RVp,
while intubated on iNO with pre- and post-ductal SpO, differential. At 2 weeks, there was
persistence of systemic-to-suprasystemic RVp, with decreased function, so prostaglandin E2
(PGE) infusion was initiated to protect the RV. By 3 weeks she was extubated to nasal
continuous positive airway pressure (NCPAP) after which an echocardiogram showed
improvement in estimated RVp and PGE was discontinued. At 4 weeks, iINO was weaned
and a subsequent echocardiogram showed continued improvement, with elevated estimated
RVp < 2/3 systemic and a tiny PDA. However, iNO was re-started 2 days later for
increasing respiratory distress; she was re-intubated for episodes of hypoxia consistent with
pulmonary hypertensive crises. Echocardiogram at that time demonstrated systemic-to-
suprasystemic RVp, with decreased systolic and diastolic function with no PDA. Cardiac
catheterization at 44 days measured suprasystemic pulmonary pressures with severely
elevated pulmonary vascular resistance (PVR) (Table).

Given her severe condition, the patient was started on continuous intravenous epoprostenol,
and transitioned to intravenous treprostinil after 48 hours. Treprostinil was titrated up over
the next 4 weeks to a peak dose of 48 ng/kg/min with minimal side effects, initially by 2
ng/kg/min daily, then bi-weekly, then weekly (Figure). She was weaned off iNO, extubated
and weaned to nasal cannula (NC) oxygen (Table). At 4 weeks, bosentan was initiated and
titrated to goal dose (2 mg/kg twice daily). After 2 weeks, treprostinil was weaned over 30
days, first down to 40 ng/kg/min, then by 5 ng/kg/min bi-weekly until discontinuation
(Figure). Echocardiograms continued to show improvement with normal RVp. At 3 months
of age, sildenafil was initiated, but then discontinued due to retching and vomiting.

The infant was discharged home at 135 days on bosentan and NC 0.5 LPM.
Echocardiograms after discharge (at 155, 183, and 344 days of age) continued to be
reassuring.

Follow-up cardiac catheterization at 7 months showed near-normal PVR (Table) and
bosentan was discontinued. By 1 year, she was weaned from supplemental oxygen and
continued to grow and develop well.
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A female infant was born at 40 weeks gestation with pregnancy complicated by a diagnosis
of left-sided CDH with liver herniated into the chest at 16 weeks. Fetal echocardiogram
revealed normal cardiac structure. She was intubated and paralyzed at delivery, with initial
support by high frequency oscillatory ventilation with FiO2 of 1.0 and 20ppm iNO, due to
low pre-ductal SpO,. Echocardiogram on DOL 1 showed evidence of systemic-to-
suprasystemic RVp, moderate-severe right heart dilation, and diminished bi-ventricular
function. PGE was initiated. On DOL 2, the diaphragamatic defect was closed by internal
oblique muscle flap. On DOL 5, an echocardiogram showed continued evidence of
systemic-to-suprasystemic RVp, moderate RV dilation and mildly diminished RV function.
At 2 weeks, she self-extubated. On NCPAP, iNO and PGE, repeat echocardiograms at 2 and
3 weeks were unchanged. Milrinone was started at 3 weeks for additional pulmonary
vasodilation. An echocardiogram at 4 weeks showed transient improvement, with near-
systemic RVp. However, at 6 weeks, RVp was systemic-to-suprasystemic with diminished
function (Table).

Cardiac catheterization at 48 days of age confirmed normal anatomy and systemic
pulmonary pressures with elevated PVR. Subcutaneous treprostinil was initiated and
successfully titrated up over the next 5 weeks to a peak dose of 52 ng/kg/min with minimal
side effects. The dose was increased by 2 ng/kg/min every 8 hours initially, then daily, then
every other day (Figure). She improved rapidly, by clinical and echocardiographic
assessment, successfully weaning off PGE, milrinone, and iNO in the first 2 weeks of
therapy (Table). The subcutaneous catheter site was changed only once, due to pump
occlusion with no other etiology identified. Other indications for catheter site change include
leakage, bleeding and signs of local infection, but these did not occur through the inpatient
course.

The infant was discharged home at 97 days of age on NC 0.5 LPM and subcutaneous
treprostinil. On average, the parents replaced the catheter every 4 weeks, as needed. There
was one episode of site infection that resolved with warm compresses. Bosentan was
initiated at 6 months of age and increased to full dose (2 mg/kg twice daily). At 8 months,
supplemental oxygen was weaned off and repeat cardiac catheterization confirmed normal
pulmonary pressures on room air (Table). With excellent growth, her treprostinil dose had
effectively decreased to 30 ng/kg/min based on her actual weight. Weaning was initiated,
with dose decreases by 5 ng/kg/min every 3 days down to 15 ng/kg/min. An echocardiogram
and examination at that time showed no evidence of PH. The dose was then weaned by 5
ng/kg/min every 6 days. An echocardiogram and examination off of treprostinil were
normal.

Discussion

These cases demonstrate benefit of short-term treprostinil use initiated at 6-8 weeks of age
in neonates with severe PH following CDH repair. These cases are consistent with our prior
report demonstrating pulmonary vascular reactivity in infants with CDH at 2-3 months of
age [7]. Further, the successful use of subcutaneous treprostinil improves the safety of
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administration of prostanoids in this vulnerable population, eliminating the need for a central
line and its associated risks, and allowing for outpatient therapy in a young infant. Although
some practitioners have concerns that appropriate infusion sites will become limited when
initiating subcutaneous therapy in infants, this infant had minimal problems with the catheter
and she was able to wean off the drug with a limited duration of parenteral therapy.
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Abbreviations and Acronyms

CDH Congenital diaphragmatic hernia

DOL Day of life

iNO Inhaled nitric oxide

NC Nasal cannula

NCPAP Nasal continuous positive airway pressure
PDA Patent ductus arteriosus

PGE Prostaglandin E2

PH Pulmonary hypertension

PVR Pulmonary vascular resistance

RVp Right ventricular pressure
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Figure.

Dose titration for treprostinil, based on infant weight at drug initiation unless otherwise
noted. Effective dose, after adjustment for A, weight at discharge and B, weight gain; active
wean initiated. Hash marks indicate periods when infant gained weight without active

changes in dose or dose adjustment.
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