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ABSTRACT

Purpose: Inhaled nitric oxide (iNO) is a potent selective pulmonary vasodilator and
an important treatment for newborn infants with hypoxic respiratory failure due to
persistent pulmonary hypertension of the newborn (PPHN). The Ministry of Food and
Drug Safety of Korea first approved iNO in 2009 for use as a new drug to treat hypoxic
respiratory failure with PPHN. A post-marketing surveillance study (PMSS) was con-
ducted to assess the effectiveness and safety of the iNO treatment. We evaluated the
clinical status of the iNO treatment currently available in Korea by using the PMSS data.
Methods: We retrospectively reviewed the PMSS data from 22 hospitals in Korea from
October 2014 to September 2018. Altogether, 97 infants were enrolled and divided
into early response (ER), delayed response (DR), no response (NR), and death groups
according to their response to the iNO treatment.

Results: The ER group included 52 infants (53.6%); DR group, 33 (34.0%); NR group,
seven (7.2%); and death group, five (5.2%). The iNO treatment was initiated within 14
days after birth at a concentration of 20 ppm. The median treatment duration was 91.5
hours (69.0 to 134.3) in all the infants. Of the infants, 43 (44.3%) received the treatment
for >96 hours. Fifty-one infants (52.6%) needed >20 ppm of iNO, and 10 (10.5%) needed
a maximum of 80 ppm of iNO. None of the infants had hypermethemoglobinemia or
an alarm report of NO.,.

Conclusion: Korean neonatologists reported that a large proportion of the infants
with PPHN showed improvement in oxygenation after treatment with the approved
iNO. These infants received relatively longer durations and higher concentrations of
the iNO treatment than the current recommendations, without any side and adverse
effect.
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Table 1. Clinical and Demographic Characteristics of the Infants

Group by response
Characteristic Total (n=97)
ER (n=52) DR (n=33) NR (n=7) Death (n=5)

Male sex 32(61.5) 24 (72.7) 4(57.1) 1(20.0) 61 (62.9)

Gestational age (wk) 38.0+2.1 38.0£1.6 37.8+2.1 40.2+0.8 38.1£1.9

Birth weight (kg) 3.1+0.6 3.2+0.4 3.1+0.5 3.8+0.6 3.210.5

Concomitant disease*
Respiratory distress syndrome 27 (50.0) 20 (62.5) 6(66.7) 3(50.0) 56 (55.4)
Meconium aspiration syndrome 14 (25.9) 2(6.3) 1(11.1) 1(16.7) 18(17.7)
Pneumothorax 3(5.6) 4(12.5) 1(11.1) 0 8(7.9)
Pneumonia 1(1.9) 3(9.4) 0 0 4 (4.0)
Pulmonary hemorrhage 3(5.6) 0 0 2(33.3) 5(5.0)
Amniotic aspiration 2(3.7) 3(9.4) 0 0 5(5.0)
Lung disease 1(1.9) 0 0 0 1(1.0)
Pulmonary hypoplasia 2(3.7) 0 0 0 2(2.0)
Fetal hemorrhage 1(1.9) 0 0 0 1(1.0)
Lung anomaly 0 0 1(11.1) 0 1(1.0)

Values are expressed as number (%) or mean+standard deviation.

*Concomitant diseases are duplicated.

Abbreviations: ER, early response; DR, delayed response; NR, no response.

Table 2. Methods of Diagnosis of Pulmonary Hypertension

Variable Group by response Total (n=97)

ER (n=52) DR (n=33) NR (n=7) Death (n=5)

Echocardiography 32(61.5) 26 (78.8) 2(28.6) 4(80.0) 64 (66.0)

Clinical findings 3(5.8) 2(6.1) 1(14.3) 0 6(6.2)

Echocardiography with clinical findings 17 (32.7) 5(15.1) 4(57.1) 1(20.0) 27(27.8)

Values are expressed as number (%). Clinical findings are oxygen saturation gap between pre- and post-ductal saturation by pulse oximetry (SpO-)
and it is admitted for the diagnosis of pulmonary hypertension of newborn, if it is more than 5% to 10%.
Abbreviations: ER, early response; DR, delayed response; NR, no response.
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Table 3. Initiation Time and Total Duration of the Inhaled Nitric Oxide Treatment

Group by response

Variable Total (n=97)
ER (n=52) DR (n=33) NR (n=7) Death (n=5)

Age at the initiation of treatment (day after birth)
Day 0 12 (23.1) 3(9.1) 3(42.9) 0 18(18.5)
Day 1 25 (48.1) 20 (60.6) 4(57.1) 3(60.0) 52 (53.6)
Day 2 5(9.6) 7(21.2) 0 1(20.0) 13(13.4)
Day 3-7 9(17.3) 3(9.1) 0 0 12 (12.4)
Day 8-14 1(1.9) 0 0 1(20.0) 2(2.1)

Total duration of treatment 83.9 (65.5-102.0) 109.5 (81.0-158.9) 184.8 (22.8-273.5) 89.5(33.2-91.5)  91.5(69.0-134.3)
<96 hr 35 (67.3) 12 (36.3) 3(42.9) 4(80.0) 54 (55.7)
96-144 hr 11(21.2) 9(27.3) 0 0 20 (20.6)
6-14d 5(9.6) 10 (30.3) 3(42.9) 0 18(18.6)
14-28d 0 2(6.1) 1(14.3) 1(20.0) 4(4.1)
>28d 1(1.9) 0 0 0 1(1.0)

Values are expressed as number (%) or median (interquartile range).
Abbreviations: ER, early response; DR, delayed response; NR, no response.

Table 4. Maximum Doses of Inhaled Nitric Oxide in All the Groups

Group by response

Variable Total (n=97)
ER (n=52) DR (n=33) NR (n=7) Death (n=5)

20 ppm 37 (71.2) 8(24.2) 0 1(20.0) 46 (47.4)

21-39 ppm 7(13.5) 6(18.2) 0 0 13 (13.4)

40-59 ppm 5(9.6) 9(27.3) 4(57.1) 1(20.0) 19(19.6)

60-79 ppm 2(3.8) 4(12.1) 2(28.6) 1(20.0) 9(9.3)

80 ppm 1(1.9) 6(18.2) 1(14.3) 2 (40.0) 10(10.3)

Values are expressed as number (%).
Abbreviations: ER, early response; DR, delayed response; NR, no response; ppm, parts per million.
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Table 5. Concomitant Drugs Used for the Treatment of Persistent Pulmonary Hypertension of the Newborn

Group by response

Variable Total (n=97)
ER (n=52) DR (n=33) NR (n=7) Death (n=5)

Dopamine (IV) 8(15.4) 11(33.3) 3(42.9) 3(60.0) 25 (25.7)
Dobutamine (IV) 4(7.7) 7(21.2) 3 (42.9) 3 (60.0) 17(17.5)
Milrinone (IV) 16(30.8) 14 (42.4) 3(42.9) 3 (60.0) 36 (37.1)
Sildenafil (PO) 12(23.1) 14 (42.4) 4(57.1) 5(100.0) 35(36.1)
Tloprost (inhalation) 4(7.7) 5(15.2) 2(28.6) 1(20.0) 12 (12.4)
Bosentan (PO) 3(5.8) 1(3.0) 3(42.9) 1(20.0) 8(8.2)

Values are expressed as number (%).
Abbreviations: ER, early response; DR, delayed response; NR, no response; IV, intravenous; PO, per oral.
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Figure 1. Changes in oxygen saturation after treatment with inhaled nitric oxide in the (A) early response group and (B) delayed
response group. *P<0.05; "P<0.01; TP<0.001.Abbreviations: ER, early response; DR, delayed response; pre, pre-ductal saturation;
post, post-ductal saturation.
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