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Introduction

Persistent pulmonary hypertension of the newborn (PPHN) 
is a result of delayed transition from fetal to neonatal circula-
tion. It is characterized by elevated right ventricular (RV) 
pressure, right to left shunt at the ductal level and/or foramen 
ovale, and hypoxemia. The incidence is 1.9 per 1000 live 
births, and mortality ranges between 4% and 33%.1 Treatment 
strategies include optimization of ventilatory support, use of 
inhaled or intravenous pulmonary vasodilators, and/or ino-
tropic support. Neonates who are refractory to medical man-
agement require extracorporeal membrane oxygenation 
(ECMO) as rescue modality. Medical advances such as 
inhaled nitric oxide (iNO), high-frequency oscillatory venti-
lation, and surfactant led to a decrease in neonatal respiratory 
ECMO from 1992 to 2000.2,3 However, from 2000 onwards 
for the last two decades, ECMO use has plateaued, indicat-
ing the need for new approaches in managing PPHN-related 
respiratory failure.4

Vasopressin has been suggested for neonatal PPHN 
management as it is thought to be selective systemic 
vasoconstrictors.5 Arginine vasopressin increases systemic 

vascular resistance (SVR) and mean arterial blood pressure 
(MAP) with minimal chronotropic effects by acting on V1 
receptors.6 In an animal model, its action on pulmonary 
endothelial V1 receptors induces nitric oxide release, which 
is critical in decreasing pulmonary vascular resistance 
(PVR).7 However, hesitance on use of vasopressin centers 
around the potential to cause electrolyte disturbances such as 
hyponatremia and/or reduce splanchnic circulation, thereby 
increasing the risk for necrotizing enterocolitis.8 Vasopressin 
has been successfully used to treat septic shock in premature 
neonates, children, and adults.9-11 However, data on use of 
vasopressin in neonates with PPHN are limited. We describe 
our center’s experience with the use of vasopressin in a 
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group of neonates with refractory PPHN, the effect on hemo-
dynamic parameters, and short-term outcomes.

Case

This is a retrospective case series of 10 neonates with severe 
PPHN treated with vasopressin in a tertiary academic neona-
tal intensive care unit from January 2017 to December 2020. 
The group had a male predominance (70%) with a mean ges-
tational age and birthweight of 38 weeks and 3200 g, respec-
tively (Table 1). Meconium aspiration was the leading cause 
of PPHN (50%). All patients received iNO and were on a 
median of two vasopressors/inotropes before initiation of 
vasopressin. Five out of ten patients needed ECMO. 
Indication of ECMO in this cohort was meconium aspiration 
syndrome, hypoxic respiratory failure, and sepsis.

Six patients (60%) received therapeutic hypothermia for 
moderate to severe hypoxic ischemic encephalopathy (HIE). 
Frequency of vasopressors/inotropes used included dopa-
mine,9 dobutamine,8 epinephrine,4 and milrinone.2 The mean 
initiation time of vasopressin was at 30 ± 10 h of life with dose 
ranging from 10 to 85 milliunits/kg/h and mean duration of 
53 ± 72 h (Table 1). The median time between initiation of 
vasopressin and ECMO in those five patients was 7 h.

Oxygenation index (OI) was noted to decrease following 
vasopressin initiation, most notable after 12 h of exposure 
(mean 25.10 ± 24.14 to 11.36 ± 4.67, Table 2).12 One 
patient had rebound in OI associated with rewarming 

Table 1. Characteristics of patients receiving vasopressin for PPHN.

Subject Birth 
weight 
(g)

Sex Gestational 
age (weeks)

Diagnosis Need for 
therapeutic 
hypothermia

Need for 
ECMO

Age at 
initiation 
(h)

Initial 
vasopressin 
dose  
(milliunits/kg/h)

Maximum 
vasopressin 
dose  
(milliunits/kg/h)

Duration of 
vasopressin 
(h)

1 3663 M 34.3 Naphthalene 
exposure

N/A N 47 40 60 212

2 2710 M 39 MAS N/A Y (VA) 17 40 80 5
3 3730 M 39 HIE with 

pulmonary 
hemorrhage

Y N 21 60 80 157

4 2590 M 40.1 HIE with 
pneumothorax

Y Y (VA) 43 40 80 12

5 3200 M 41.1 MAS N/A N 25 60 80 54
6 2321 F 40 MAS with 

pneumothorax
N/A N 37 20 20 41

7 3145 F 39.3 HIE with MAS Y N 20 30 80 14
8 3940 M 38.5 HIE, 

COVID-19 
exposure

Y Y (VA) 28 60 80 7

9 3510 M 35.1 HIE and LV 
dysfunction

Y Y (VV) 30 10 80 20

10 3134 F 41 MAS/HIE/
sepsis

Y Y (VA) 35 20 85 9.5

COVID-19: Coronavirus disease-19; ECMO: extracorporeal membrane oxygenation; F: female; HIE: hypoxic ischemic encephalopathy; LV: left ventricle; 
M: male; MAS: meconium aspiration syndrome; N: no; N/A: not applicable; PPHN: persistent pulmonary hypertension of newborn; VA: veno-arterial;  
VV: veno-venous; Y: yes.

phase of therapeutic hypothermia (Figure 1). MAP 
improved at 1 h of vasopressin exposure (mean 44.50 ± 7.80 
to 57.90 ± 13.27 mm Hg). There was a decrease in mean 
inotropic score (IS) at 12 h (24.70 ± 12.94 to 10.5 ± 10.25). 
Mean vasoactive-inotropic score (VIS) decreased gradu-
ally, lowest at 24 h (25.50 ± 12.78 to 16.57 ± 8.45, Table 
2).13 Five patients (50%) averted ECMO, and all had vaso-
pressin therapy for >12 h. Of those who required ECMO, 
only one out of five received vasopressin for >12 h.

Despite a down-trending heart rate from mean of 146 
beats per minute (bpm) to 130 bpm after 6 h of vasopressin, 
there was a concurrent worsening lactic acidosis with peak of 
4.65 ± 3.16 at 6 h (Table 2). This was followed by a gradual 
decrease at 48 h with mean lactate of 2.1 ± 0.56. There was 
no notable change in urine output. Transient hyponatremia 
was appreciated after 12 h of vasopressin (135.90 ± 1.87 
to 130.33 ± 3.50 mmol/L) with nadir identified at 24 h 
(126.20 ± 4.49 mmol/L) and subsequent improvement by 
72 h (134.22 ± 9.71 mmol/L). There were no cases of 
necrotizing enterocolitis. Three (30%) required a gastros-
tomy tube and nine (90%) were discharged in room air with 
one (10%) requiring low flow oxygen via nasal cannula. All 
neonates survived to discharge.

Discussion

The ideal approach to treating PPHN should target a decrease 
in PVR, while simultaneously increasing SVR and MAP. 
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This combined approach results in left to right shunting, 
improved oxygenation, and organ perfusion. Inhaled nitric 
oxide selectively reduces PVR; however, there are data sug-
gesting approximately 30% of patients with PPHN are non-
responders.14 Sildenafil and milrinone reduce PVR via their 
actions as phosphodiesterase 5 and 3 inhibitors, respectively. 
However, their effects on SVR can induce systemic hypoten-
sion and decreased end organ perfusion. Commonly used 
inotropes like dopamine and epinephrine can be used to 
deliberately achieve supra-systemic blood pressures and 
reverse the right to left shunt. Unfortunately, their non-spe-
cific vasoconstriction can also worsen underlying PPHN.

Vasopressin in principle is ideal for treating PPHN. 
Vasopressin decreases PVR, improving RV function 
while concomitantly increasing SVR, thereby sustaining 
perfusion.8 Although vasopressin has been successfully used 
in preterm infants for septic shock,9,15 its use in neonatal 
PPHN is limited to case reports. Scheurer et al.16 described 
successful use in a late preterm and term infant with post-
operative pulmonary hypertension on multiple inotropes 
following cardiac surgery. One hour after initiation of vaso-
pressin, a marked improvement in MAP allowed for discon-
tinuation of epinephrine. However, both patients developed 
hyponatremia and vasopressin was discontinued.

Mohamed et al.17 described the use of vasopressin in 10 
term neonates with refractory PPHN on multiple pressors. 
They used vasopressin as a rescue therapy with a dosing 
range of 6–72 milliunits/kg/h. All patients had significant OI 
reduction at 6 h, and MAP improved at 24 h. The lowest 
sodium reported was 127 mmol/L and no patients had 
necrotizing enterocolitis. Acker et al.18 described the use of 
vasopressin in 13 patients with congenital diaphragmatic 
hernia who all met ECMO criteria. After vasopressin use for 
12 h, with a dose ranging from 6 to 120 milliunits/kg/h, the 
MAP improved, and six patients did not require ECMO. 
They reported hyponatremia (mean 117 mmol/L) in all 
patients who received vasopressin for greater than 24 h.

Our cohort had more than a 50% reduction in mean OI 
after 12 h of vasopressin exposure with a dose ranging from 
10 to 85 milliunits/kg/h and a mean duration of 53 h. Like 
Scheurer et al., we saw an improvement in MAP after 1 h of 
initiation, permitting the reduction of inotropic support as 
reflected by lower mean IS at 12 h. While all patients in our 
series met ECMO criteria prior to vasopressin initiation, five 
(50%) avoided ECMO. Our findings of transient hypona-
tremia, with nadir at 24 h, are comparable to other studies 
warranting close monitoring of electrolytes.16,17 No case of 
necrotizing enterocolitis was identified in our case series. 
Limitations of the study are its retrospective design, case 
series, unknown confounders, and 4 years of data collection.

Conclusion

Rescue therapy with vasopressin stabilized hemodynamics 
in a subset of neonates with refractory PPHN. Although our 
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findings are exploratory and further research is needed to 
establish safety and efficacy, our experience suggests that 
vasopressin may have rescue properties in the management 
of refractory PPHN. The near immediate improvement in 
MAP coupled with maximum OI effect at 12 h suggests at 
least 12 h of exposure would be beneficial to avoid need for 
ECMO. Further study is needed to determine the optimal 
timing of vasopressin initiation and duration in this unique 
population.
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