
      

 

 

 

 
  

           

         

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
     

 

   

 

    

   
  

    
    

 

  

 

  

 

    
 

 

    

    
    

 

   
 

   

 

 

   
 

 

  

 

   

 

 

 

 

 

  

 

 

 

 

     

  

 

 

  

  

  

  

  

  

   

    

      
    

 

   

 

     

 

  

  

 

   
 

 

 

      

   

   
    

 

 

 

 

 

 

  

 

 

 

 

UCDAVIS CHILDREN'S 
HEALTH HOSPITAL 
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Inhaled Nitric Oxide Use in Preterm Infants <34 Weeks of Gestation 

at Birth, aged <14 days with Persistent Pulmonary Hypertension 

(PPHN) in the NICU 

Exclusion Criteria: 

• Structural CHD 

• Congenital 

abnormalities of the 

respiratory system (ie. 

CDH, TEF) 

• Bleeding disorders (plt 

<50k) 

• Known or suspected 

major hemorrhage (grade 

III or IV IVH) 

Responsive to iNO 5-ppm 
Post-ductal PaO2 increase ≥20 mmHg if available 

OR 

FiO2 decrease ≥20% 

OR 

Post-ductal SpO2 increase ≥10% 

Maintain iNO 5-ppm 
Wean FiO2 (titrate for post-ductal SpO2 92-98%) 

Non-Responsive to iNO 5-ppm 
Post-ductal PaO2 increase <20 mmHg if available 

AND 

FiO2 decrease <20% 

AND 

Post-ductal SpO2 increase <10% 

Escalate iNO to 20-ppm 
After 30-60 mins, repeat ABG* 

(*CBG when arterial access not available) 

Responsive to iNO 20-ppm 

Post-ductal PaO2 increase ≥20 
mmHg if available 

OR 

FiO2 decrease ≥20% 
OR 

Post-ductal SpO2 increase 

≥10% 

Non-Responsive to iNO 20-ppm 

Post-ductal PaO2 increase <20 
mmHg if available 

AND 

FiO2 decrease <20% 

AND 

Post-ductal SpO2 increase <10% 

Wean and discontinue iNO 

due to persistent non-

response 

Consider discontinuing iNO 

Obtain repeat ECHO within 12-30h of iNO initiation 

Optimize ventilator 

settings with adequate 

lung expansion (8-9 ribs) 

iNO Weaning – once the FiO2 is at or below 0.60 

note the baseline SpO2 and begin weaning iNO every 2hrs 

per steps below. 

Step 1: Decrease iNO to 10-ppm (if starting dose is 20-ppm) 

Step 2: Decrease iNO to 5-ppm 

Step 3: Decrease iNO to 4-ppm (if starting dose is 5-ppm) 

Step 4: Decrease iNO to 3-ppm 

Step 5: Decrease iNO to 2-ppm 

Step 6: Decrease iNO to 1-ppm 

Step 7: If preductal SpO2 stays within 4% of baseline 

increase FiO2 by 0.1 and stop iNO 

Step 8: After 60 minutes assess patient and restart iNO at 
1-ppm if FiO2 > 0.6 to maintain SpO2 ≥92%. 

Failed weaning criteria: If preductal SpO2 decreases by 5% 

or more from baseline go back to previous iNO dose and re-

attempt in 12-24 hours. 

*CBG when arterial access not available 

Maintain iNO 20-ppm 

Wean FiO2 (titrate for post-ductal 

SpO2 92-98%) 

Initiating iNO 5-ppm 
1. Obtain Baseline ABG* 

2. Initiate iNO 5-ppm 

3. After 30-60 mins, repeat ABG* 

Preterm Infant <34 Weeks of Gestation at birth, aged 

<14days with PPHN 

Obtain ECHO 
(prior to starting iNO if possible OR shortly after starting) 

Updated: (LM, 10/2026 Medical Disclaimer 



    

 

 

 
 

 
               

               

               

         

            

              

               

             

           

            

           

                 

             

                

            

            

            

              

              

              

             

           

            

            

              

                  

                

       

       
     

  

          
            

 

                
 

Background 

During the transition from fetal to neonatal circulation, nitric oxide (NO) plays an important role 

in regulating pulmonary vascular tone. In normal physiology, the rise in oxygen tension at birth 

is thought to contribute to an increased production of NO by the vascular endothelial cells, 

which promotes vasodilation of the pulmonary vasculature, improves ventilation-perfusion 

mismatch and decreases inflammation (Kinsella et al, 1997). When this transition doesn’t 
develop properly and the pulmonary vasculature fails to adapt after birth, the circulation shunts 

blood away from the lungs across the ductus arteriosus and the foramen ovale, and ultimately 

leads to hypoxia (Rajiv et al, 2019). Numerous randomized controlled trials (RCTs) have 

demonstrated that inhaled nitric oxide (iNO), a selective pulmonary vasodilator, improves 

oxygenation and decreases the need for extracorporeal membrane oxygenation (ECMO) in term 

and near-term infants with hypoxic respiratory failure (Barrington et al, 2017). 

iNO is an FDA-approved drug for use in term and near-term infants ≥34 weeks of gestation, but 
is commonly used off-label as rescue therapy for acute pulmonary hypertension and acute 

hypoxic respiratory failure in infants born at <34 weeks of gestation. In the PiNO trial (Inhaled 

Nitric Oxide for Premature Infants with Severe Respiratory Failure), 5-ppm iNO significantly 

increased PaO₂ and reduced oxygenation index when compared with placebo in preterm infants 

with severe respiratory failure (p<0.001). Escalation from 5-ppm to 10-ppm in non-responders 

did not provide additional significant benefit (Van Meurs et al 2005). Similarly, in another dose-

response study of inhaled nitric oxide in hypoxic respiratory failure in preterm infants, no 

difference in response to iNO was reported between 5-ppm, 10-ppm, 20-ppm, and 40-ppm in 

preterm infants (Ahluwalia et al, 2006). Low dose iNO may adequately improve oxygenation 

while higher doses may increase methemoglobinemia, nitrogen dioxide exposure, and formation 

of oxidative and nitrosative metabolites. In addition, rapid decrease in pulmonary vascular 

resistance (PVR) in extremely preterm infants can potentially increase fluctuation on cerebral 

blood flow increasing the risk for intraventricular hemorrhage (IVH). Hence, at UC Davis, we 

propose to start iNO at 5-ppm in preterm infants <34 weeks of gestation and who are <14 days 

old after birth, and escalate to 20-ppm if the patient fails to respond in 30-60 minutes. 

Inclusion Criteria – suspicion or confirmation of: 

■ Persistent pulmonary hypertension of the newborn 
■ Acute hypoxemic respiratory failure 

Exclusion Criteria 

■ Obstructed Total Anomalous Venous Pulmonary Venous Connections (TAPVC); for 
other congenital heart disease (CHD) etiologies discuss with pediatric cardiology prior to 
use 

■ Known or suspected major hemorrhage (Grade III or IV IVH) due to risk of platelet 
dysfunction 
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■ Left ventricular dysfunction (primary, not secondary to RV dysfunction) 

iNO Initiation, Responsiveness, and Patient Monitoring 

■ In addition to routine cardio-respiratory intensive care monitoring, the following 
monitoring and workup are also recommended: 

o Initiation: 

■ Obtain baseline vitals 

■ Obtain ABG (CBG when arterial access is not available) 

■ Baseline Methemoglobin 

■ Obtain ECHO (prior to starting iNO if possible) 

• Does not need to precede the clinical decision to initiate iNO; 
however, it should be obtained as soon as possible 

■ Start iNO at 5-ppm 

o Monitoring: 

■ Evaluate clinical response 30-60 minutes after initiation and obtain ABG 
(CBG is no arterial access): 

• Post-ductal PaO2 increase ≥20 mmHg if available 
OR 

• FiO2 decrease ≥20% 
OR 

• Post-ductal SpO2 increase ≥10% 

■ If no improvement seen, increase iNO dose to 20-ppm. Evaluate clinical 
response after 30-60 minutes and obtain ABG (CBG if no arterial access): 

• Post-ductal PaO2 increase <20 mmHg if available 
OR 

• FiO2 decrease <20% 
OR 

• Post-ductal SpO2 increase <10% 

■ Check a blood gas at least every 24 hours while on iNO. 

■ Check methemoglobin at 1-hour, 4-hours and 24-hours after initiating 

iNO. Continue monitoring MetHgb at least every 24 hours while the 

patient remains on iNO. Monitoring of methemoglobin can be stopped 

once weaning is initiated. 
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o Weaning: 

■ Gradually wean as tolerated and per unit protocol, while monitoring 

closely for rebound pulmonary hypertension. Once the FiO2 is at or below 

0.60 note the baseline SpO2 and begin weaning iNO every 2hrs per steps 

below: 

■ Weaning Steps: 

• Step 1: Decrease iNO to 10-ppm (if starting dose is 20-ppm) 

• Step 2: Decrease iNO to 5-ppm 

• Step 3: Decrease iNO to 4-ppm (if starting dose is 5-ppm) 

• Step 4: Decrease iNO to 3-ppm 

• Step 5: Decrease iNO to 2-ppm 

• Step 6: Decrease iNO to 1-ppm 

• Step 7: If preductal SpO2 stays within 4% of baseline increase 
FiO2 by 0.1 and stop iNO 

• Step 8: After 60 minutes assess patient and restart iNO at 1-ppm 
if FiO2 > 0.6 to maintain SpO2 ≥92%. 

■ Failed weaning criteria: If preductal SpO2 decreases by 5% or more from 

baseline go back to previous iNO dose and re-attempt in 12-24 hours. 

■ For patients receiving an initial iNO dose of 5-ppm, begin the weaning 

protocol at Step 3. 

Possible Adverse Events: 

■ Methemoglobinemia—generated by the oxidation of hemoglobin by nitric oxide 

■ Peroxynitrite/Nitrotyrosine formation—cytotoxic oxidant that can interfere with 

surfactant functioning and can cause vascular constriction 

■ Impaired platelet adhesion and aggregation 
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Medical Legal Disclaimer: 
Welcome to the UC Davis Health, Department of Pediatrics, Clinical Practice Guidelines 
Website. All health and health-related information contained within the Site is intended chiefly 
for use as a resource by the Department’s clinical staff and trainees in the course and scope of 
their approved functions/activities (although it may be accessible by others via the internet). 
This Site is not intended to be used as a substitute for the exercise of independent professional 
judgment. These clinical pathways are intended to be a guide for practitioners and may need to be 
adapted for each specific patient based on the practitioner’s professional judgment, consideration of 
any unique circumstances, the needs of each patient and their family, and/or the availability of various 
resources at the health care institution where the patient is located. Efforts are made to ensure that the 
material within this Site is accurate and timely but is provided without warranty for quality or accuracy. 
The Regents of the University of California; University of California, Davis; University of California, Davis, 
Health nor any other contributing author is responsible for any errors or omissions in any information 
provided or the results obtained from the use of such information. Some pages within this Site, for the 
convenience of users, are linked to or may refer to websites not managed by UC Davis Health. UC Davis 
Health does not control or take responsibility for the content of these websites, and the views and 
opinions of the documents in this Site do not imply endorsement or credibility of the service, 
information or product offered through the linked sites by UC Davis Health. UC Davis Health 

provides limited personal permission to use the Site. This Site is limited in that you may not: 

• Use, download or print material from this site for commercial use such as selling, 
creating course packets, or posting information on another website. 

• Change or delete propriety notices from material downloaded or printed from it. · Post 
or transmit any unlawful, threatening, libelous, defamatory, obscene, scandalous, 
inflammatory, pornographic, or profane material, any propriety information belonging 
to others or any material that could be deemed as or encourage criminal activity, give 
rise to civil liability, or otherwise violate the law. 

• Use the Site in a manner contrary to any applicable law. 
You should assume that everything you see or read on this Site is copyrighted by University of 
California or others unless otherwise noted. You may download information from this Site as long as 

it is not used for commercial purposes, and you retain the proprietary notices. You may not use, modify, 
make multiple copies, or distribute or transmit the contents of this Site for public or commercial 
purposes without the express consent of UC Davis Health. 
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