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  Background
 ► Inhaled nitric oxide (iNO) is a selective pulmonary vasodilator1,2 that improves oxygenation 

and reduces the need for extracorporeal membrane oxygenation (ECMO) in neonates >34 
weeks of gestational age (GA) who have pulmonary hypertension (PH) associated with hypoxic 
respiratory failure (HRF)3-6

 – Efficacy of iNO in preterm (PT) neonates with HRF/PH has not been definitively established7,8

 – Studies conducted to evaluate the efficacy of iNO in PT infants for prevention or treatment of 
bronchopulmonary dysplasia (BPD) and severe acute respiratory failure have shown mixed 
results9-11

 ► Current guidelines/consensus recommendations conclude there is insufficient evidence 
available to recommend routine use of iNO in PT infants.10,12,13 Nevertheless, off-label use in 
PT neonates with HRF/PH is common

 – Placebo-controlled trials in PT neonates are unlikely, due to ethical considerations
 ► Observational data on iNO use from a large Japanese study of both PT and term/near-term 

(TNT; ≥34 weeks’ GA) neonates with PH (N=1114) showed that iNO improved oxygenation as 
effectively in the PT group as in the TNT group without a negative impact on survival14,15 

 – The Japanese registry study design was also used in the PaTTerN registry study 
(NCT03132428), which evaluated the use of iNO in PT versus TNT neonates in the 
United States with HRF-associated PH

 Objective
 ► To evaluate whether there is a difference in the degree of improvement in oxygenation between 

PT and TNT neonates with HRF/PH during and up to 96 hours of iNO administration, based on at 
least a 25% decrease in oxygenation index (OI) or surrogate OI (SOI; in nonintubated neonates)

 Methods
 ► A multicenter, observational, prospectively defined, retrospective study of patient data in the 

United States. An overview of the study design is shown in Figure 1

Figure 1. The PaTTerN Study Design
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 ► PT neonates born at ≥27 weeks to <34 weeks of GA or TNT neonates born at ≥34 to ≤40 weeks 
of GA were included in the study

 – Patients had to be treated with iNO after birth to 7 days of age for a minimum treatment 
period of at least 24 hours and up to 96 (±12) hours as part of routine clinical practice in a 
Level III or higher NICU

 – Diagnosis of PH had to be confirmed by echocardiogram or differential saturation gradient  
of ≥10%

 ► Neonates at risk for imminent death within 24 hours of birth and those who had received ECMO 
and/or had other clinical complications were excluded

 ► Neonates in each age group were stratified by severity of PH (ie, mild, OI <16 or SOI <10; 
moderate, OI 16–25 or SOI 10–15; or severe, OI >25 or SOI >15 or progression to mechanical 
ventilation)

 ► The primary efficacy outcome measure is the number of neonates in the PT and TNT groups 
with ≥25% decrease in OI or SOI compared with baseline

 – Secondary efficacy measures included ≥25% decrease in OI/SOI in each severity subgroup; 
time to ≥25% decrease in OI/SOI; and effect of demographic parameters on achievement of 
≥25% decrease in OI/SOI

 ► Adverse events of special interest included intracranial hemorrhage, air leaks of any type, 
necrotizing enterocolitis, intestinal perforation, pulmonary hemorrhage, retinopathy of 
prematurity, and sepsis

 ► Data were analyzed using the Farrington-Manning score test for noninferiority, based on data 
observed in the Japanese registry study

 – The 95% CI for the difference in proportions of PT and TNT patients with ≥25% decrease 
in OI/SOI must have had a lower bound greater than -0.1452 to achieve significance for 
noninferiority

 Results
 ► A total of 140 neonates (PT, n=55; TNT, n=85) were enrolled; 51% completed 96 hours of 

treatment (mean [SD] 7.0 [6.2] days). Baseline characteristics are summarized in Table 1
 – Mean (SD) duration of treatment was 8.2 (9.1) days in the PT group compared with 

6.2 (2.9) days in the TNT group

Table 1. Baseline Characteristics

Premature
(N=55)

Term/Near-term
(N=85)

Total
(N=140)

Gestational age, mean (SD), weeks 29.41 (2.123) 37.94 (1.843) 34.59 (4.613)

Birth weight, mean (SD), grams 1323.7 (481.4) 3311.5 (797.2) 2530.6 (1193.1)

Apgar score at 5 minutes, median 
(min, max)*

6 (2, 9) 8 (1, 9) 7 (1, 9)

*Data were missing for 5 patients.

 ► A total of 50 (90.9%) PT and 75 (88.2%) TNT neonates achieved a ≥25% decrease in OI/SOI 
(Table 2) 

 – Efficacy of iNO to treat HRF/PH in the PT group was noninferior to the TNT group

Table 2. Patients With ≥25% Improvement in Oxygenation Index/Surrogate Oxygenation Index 
During iNO Treatment

Preterm Neonates
(N=55)

Term/Near-Term 
Neonates

(N=85)

Total
(N=140)

Difference
(95% CI)

Overall* 50/55 (90.9%) 75/85 (88.2%) 125/140 (89.3%) 0.0267 
(-0.0333, 0.0868)

Mild 11/15 (73.3%) 25/31 (80.7%) 36/46 (78.3%) -0.0731
(-0.2278, 0.0815)

Moderate 12/13 (92.3%) 25/27 (92.6%) 37/40 (92.5%) -0.0028
(-0.1058, 0.1001)

Severe 27/27 (100%) 25/27 (92.6%) 52/54 (96.3%) 0.0741 
(0.0161, 0.1321)

*Primary efficacy endpoint. 
CI, confidence interval; iNO, inhaled nitric oxide.

 ► Mean time to achieve a ≥25% decrease in OI/SOI tended to be shorter in the PT group 
compared with the TNT group, but the between-group differences were not statistically 
significant (Figure 2)

Figure 2. Mean Time to ≥25% Decrease in OI/SOI
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 ► Overall, median (95% CI) time to first occurrence of 25% improvement in OI or SOI was 
5.1 (2.4, 5.9) hours in the PT group and 5.8 (4.9, 12.3) hours in the TNT group, with no 
statistically significant difference between the age groups (P=0.36) (Figure 3)

Figure 3. Time to First Occurrence of 25% Improvement in OI or SOI
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 ► A univariate analysis of age, severity group, disease subtype, birth weight, race, and gender for 
effect on achieving a 25% improvement in OI or SOI showed a significant difference for race

 – White race neonates were more likely than non-white neonates to achieve a ≥25% decrease 
in OI/SOI (odds ratio [95% CI], 1.69 [1.2, 2.4]; P=0.003)

 – The rate of achievement of ≥25% decrease in OI/SOI increased by a factor of 1.001  
(95% CI, 1.0005, 1.0010; P<0.0001) for each unit (gram) increase of birth weight

 – There was no difference between PT and TNT in achieving a ≥25% improvement in OI/SOI 
(odds ratio [95% CI], 1.78 [0.9, 3.5]; P=0.09)

 ► Overall, 12 (8.6%) patients showed no response (<5% decrease in OI/SOI) and 3 (2.1%) 
showed partial response (≥5% to <25% decrease in OI/SOI) to iNO treatment

 – More TNT neonates than PT neonates had no response (9 [10.6%] vs 3 [5.5%], respectively)

 ► Overall, 17 patients experienced a total of 21 adverse events of special interest, all of which 
were classified as serious events (Table 3)

 – None of the events were considered related to study medication

Table 3. Adverse Events of Special Interest

Preterm Neonates
(N=55)

No. patients (%)│No. events

Term/Near-Term Neonates
(N=85)

No. patients (%)│No. events

Any adverse event of special interest 13 (23.6) │17 4 (4.7) │4

Intracranial hemorrhage 10 (18.2) │10 1 (1.2) │1

Air leaks of any type 3 (5.5) │4 2 (2.4) │2

Necrotizing enterocolitis 1 (1.8) │1 0 │0

Pulmonary hemorrhage 1 (1.8) │1 1 (1.2) │1

Sepsis 1 (1.8) │1 0 │0

Death 0 │0 0 │0

CONCLUSIONS
 ► Results from this observational, noninferiority registry study testing treatment of PT vs TNT 

neonates with HRF/PH showed that treatment with iNO for improvement in oxygenation in 
PT neonates with PH was at least as effective as in TNT neonates

 ► 50% of treatment responders in each age group achieved a response within 6 hours after 
initiation of iNO treatment

 ► No new or unexpected safety signals associated with iNO treatment were reported

 ► Results from the current study are consistent with those observed in the previous Japanese 
registry studies
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