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Clinical application of inhaled nitric oxide in hypoxic respiratory failure of preterm
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Abstract: Inhaled NO (iNO) has been shown to have beneficial effects on decreasing pulmonary inflammation,
increasing function of surfactant and improving lung growth in prematurely born animal models. iNO has been gradually
applied in the neonatal intensive care unit since its first use for persistent pulmonary hypertension (PPHN) in the early
1990's. Although many research findings have shown the benefits of iNO for hypoxic respiratory failure (HRF) of
preterm infants, there is no certain evidence to support the routine use of iNO in premature infants. According to recent
literature, the mechanism of iNO therapy, treatment scheme, iNO effectiveness and safety in premature infants were

reviewed in this article, so as to provide bases for the clinical use of this treatment.

[Chin J Contemp Pediatr, 2013, 15(12): 1100-1103]

Key words: Nitric oxide; Hypoxia; Rrespiratory failure; Bbronchopulmonary dysplasia; Preterm infant

11 %P PR % 52 38 (hypoxic respiratory failure,
HRF) 2 SH0H AL, JCHZ R JLALAGE < r)
EEHE Y, fEgit, EEEER HRY 0 AL
E S BT AR LR 3.5 T P B A JLERSE
fili ) ik & & ( persistent pulmonary hypertension of
neonates, PPHN ) . W IF & 30 25 & 1iF ( respiratory
distress failure, RDS ) | FaZEW AZEEE ( meconium
aspiration syndrome, MAS ) . Jili & J& 5| & #r 4= )L
HRF 55 WL A o

HHT HRF 19 £ 256 r a6 407 . HLIGE <
Jiti 2 T 36 PE 9 i ( pulmonary surfactant, PS) DL A&
& Ah B Bl (extracorporeal membrane oxygenation,

[ sk HIW ] 2013-05-04; [ &RIH | 2013-07-10

ECMO) . —% 4t A (nitric oxide, NO ) 2145 N
B 0 A 1R 300 1 — b 1L A PR R A AR 1
i N, W5 R A — % L A (inhaled NO,

iNO ) 1] Rl AR AT sh kR A, WO A 1) 22 4
Wi, BCEES, AIEMREINE Y Ak, E Nk
EIATR INO YA A LALE 2 A L (R E =)L)

PPHN (AR . REHZHOIGIRITFTIESS, X
J“H HRF B9 2 A LA R =)L, iNO G YT INGE
R IGE S . FRAE ECMO O R 9 (B
K ANO XL L HREF #9972k, VA H T 57 L
(e e RE R, S

[ H ] ERRRTES LR QLR A L) @il B VT2 FAHT A & 310 (PCSIRT0935) 5 PO RHETRHL

TR E (2010F20011)
[MEHETEAN ] 25800, L, M, FREIn,

-1100-



ERRECE bR ]
2013 4 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.12
Dec. 2013

1 iINO HIfERHLHI

N K N A 38 NO & A (nitric oxide
synthase, NOS ): nNOS ( #2754 ) | eNOS( Rz AL ) |
iINOS (ifs80 ) | FEHE LI b vh ¥ 2k T
FHor, nNOS 1 eNOS 2 #5446 54, i iNOS 2y 3F
FEARHE . IEH 5O T, NO 7E eNOSFERI T, DA L-
WA, RIS NO F1 L- R . i
FEARA . E AN BLRNECIRAS R, iNOS ¥
ik, BT NO KREA .

WA, KA HRF 1R 7L, 7EEE. &
PEA LR REHT, HANTEME NO & B 32
M P, MW NO S5, B R NO MR EE R o i
NO R =Py 24 8 2 1 i P NO SREHE AN I 1
V-8 LA MO0 TP S e, 2P
VOIS P 5 R AR R 2R 1 PGS S i,
S LA AT AR MY T INO A9 I AT SR AR AR
XFAGERINAY , AN2ma gk ", g
HT: (1) NOrFai/h, HANEIREE,
UL AT B R A, 5 /N Sl Dk B e i

(2) NO PIIRAL, 1A 3~5s, FEME PR
B M LL R KA, 02 25 5 HAW AL i 451 5 L
YERPIBLE

2 iNO&BIFE”JLHRF WIEEKAE

W [ 52 e T 1992 4E T 16 K% iNO R T
PPHN 3497 ", 2011 4F KR 25 4% 21 = it vfE iNO
HTFI6Y7 34 JALL E PPHN, 26 E & & 254 B

(FDA) 7£ 1999 4t s iNO L HH FiR97 2 H
Fi L P LB ™ 8 HRF A1 PPHN', 17 76 7
%R, HARRRET 1994 4E557 T84 )L iNO 3697
Wy, FFF 2001 4F k3 T HE i 2 iR
FFE 4 1,

XKFIT R L HRE (e iNO W, &0
WF 5T 20 A 25 AR AN A A . 30— R A0 R A
FEAEFH B INO W E £ R 5~40 ppm, SR EH, A
[7] W A e 8 % i 8 L7 )L HRF 4808 & B LI ] G
A 25 5 TP AR SR TR I R £ R i 5
g AR ZHEF BN E LA 20 ppm A AT
JE, 5 ppm NAERRER RS R L HRF, BRKIRYT
I AT A 21 dP02Y, SEE ARG SR T b
HEFE Y INO YRIT TN X FHAIS >34 & 0H 4
JLHRF, NO #IEHRE K 20 ppm. WA 4h 5, &
AGUGE, TN E 5 ppm, AJIFLSERA 14 d;
X ANO G I AN UR B L, T NO W ER S 2

40~80 ppm;  FFIA g KN B WA 5 v B 118 NO A X
By, (SRR R B WA RGN & A e gk i 4T
P ILAE A XU 22

P iNO JRYT AL TR B, 124 M1k,
Y FH TR B R /INFEAS | B I RIS, ik
= iNO VAT 577 )L HRF B9 2 F0 s RBF ST 4GE
2007~2008 4F- 5 H =2 @ JLRHEE B4l 2 28 ZK 1
ERNL S 5 —TE R Z P b, SRITDLT
T EEIF RS LHRE (1) =LA (K
I 34~36" J& )« WILHHE R 10 ppm, WA NO J&
1h, M%7 Pa0, I J} >20 mm Hg, H. Sp0,>85%,
Pa0,>50 mm Hg, NO Ji & % 5 ppm, UIHEMT 37,
WEHF 6~12 h FEAK 1 ppm, FLEHRE NOA; @
# Pa0, [ Ft <20 mm Hg, #&& NO ¥k & £ 20 ppm
WA 1h; #7 PaO, [-FF >20 mm Hg, #%H7A7 H:0
;A7 PaO, [ TH5 <20 mm Hg, ¥ [H NO e N
10 ppm, FFEEWA 3 d J5 B Wimfss . FREem AR a]
AINFTde (2) B JLA (FRiE 28~33" &)
5ppm WAMREE, 2/ 7d,

3 iINO&fFEr=)L HRF B9z R

iNO 797 5= JL HRF B9¥75L, FEATE I IR
OIS B ZE R IR, FTRE S5 R, G .
AR | IRYTIR ] KR RS2 R FE A T,
Z I FEHL FRBFSE 0 43 B 6B, X BB HRF 192
H LRI )L, JUHZ PPHN &L, iNO ] B
WEEA ™, I ECMO i FHFIREAR #LR
Fe P X F 6 ECMO R FFRAE A L,
FiNO 3697, BRAESE A = BeRst ] ™, Lindwall 45
T NREARIG RIFFE A3, XPERAIRG IS 32 4,
SR 1940 ¢ =L, 7RG ZEXFFEAGE IE
JE (nCPAP) Z4%A H A /NFIE NO (10 ppm ) 7]
5 4% HRF BJLAAIRE

oy — T 3¢ [ By B HLSUE X A gT R B, X
PR LA ™ M HRE, B35 iNO AT &A%
9 AL N L AE I & F A B (bronchopulmonary
dysplasia, BPD ) %Az, /b ™ 5 it P 4 i A
P B A8 & A2 R P R S g Mk — RS T
INO ] B0 M 8 R ge i W s P70 i R A i —
TG R AT BRIIG R 5T 230, XT TG i <30 JiIF &
A= P HE HRF 572 L, iNO [RJRE AT AR A6 3 F
BPD % /B, (HIA N T A AT <750 ¢ 1 7
L, FTREXT INO JRYT R PR P,

A, Van Meurs 25 %' Xt 420 1 i # <34 J&]
(% HRF B JLHEFTAFZE, & B iINO XA AR A 1A

-1101 -



ERRECE bR ]
2013 4 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.12
Dec. 2013

e L, IEAREI D IR BPD & A #
Barrington %5 P Xt 14 35 i WL BRAH 53 R 45 22 A
XFF L HRF W@ E ™ L, iNO BAK HE AT 0] i
AA, HIFAREREAR FL 2 L ] BPD FG #5140
KA, IR INO R ESUE M7= JL HRF 1Y
FEROEIR T . BEAh, 53— RCT 255 3% 1,
XFF HRF 5= L, iNOJRI7 A 1 AR R AR A7 50
WY ks, JF Hoi WP R 48 b 48 R B B0 R
IR P 3R T AR B — 00 22 HO I R 5
92 TAHE P ZE A, AR iNO B RE IS Ja HH i 2
A LA R =LA A, EXT R IR LA S
PRAS N TC It el

A — RN TR INO JF AT e 5 H A= A
FAH K, Van Meurs 25 PVHFSE R, X THRIE <34
JAE) HRE 5= )L, iNO Af RS H AR 7R 1000 ¢ L
T ABILAREFE N BPD A AR, X AR AR E /)
T 1000 g 1) £8 L) AT S S0 /55 15 S5 F ™ H fit
P& AR, Kinsella 258 ™ BOBFGEIRS 2 T—3%

45

4 iNO &ITRIRUBE

FIIBIFFEIN A INO AT ZiE K HH it s [ 0400 i 1
N, AT REHE N e E R L& AR IR
AR, R — e B BRI T A Hit)s
G RIFFE 2B, INO JAYT IS, P2 Ui H I %
AR TE RN PO I T A Y
g B

IEAh, NO HA AR AL, SRECA ML
SRR IEAR: AR EY ST AR N AR S| ARG S b2
M4E A, EAPFIRE TR ERA NO 5, Bk
JUAT % A v Ak ML 20 2 P I, (H AR IR B W AR
JPERJLH, AR s P R, HEREXT
INO J6YT RO = Lo HE I = 4k 1 4185 71 . Hamon
LIRS R, R H LA <20 ppm NO, H.r=JL
W A <10 ppm NO, A ¥ =y 26 121 85 1 IUAE 1Y &
Moy AR AR BE <8 ppm, X LA AN HLE
AT R R M 2126 1 )

2012 4F- 36 [H{ B — I R AF ST A T 37 KL
HEEBE 22 699 Bl L (k<34 J8 ) , Ho
1 644 fil35Z iNO JRYT, KB INO IRYT I By UL
BE A BN (36.3% vs 8.3%, P<0.05) , JfH
iINO BRIT S . FHURIATTIN ) | ZERinst (] & s
oAy 0 k25 5 PO W9 A N X — 4 SR R R 4%
I PR H 0 Bk 22 G0 — I R St b o, 2 40 T
RITTE R E S, X TR EMM BN, R

il 7€ 7 L ANO JR)T BB SE F ,  RILERR ARG T
JRURE, AR EIAERT

5 45iE

BIRZIHE T 45 R AUESE T iINO RIT IE BL
Pk, AH Z A TG PIIE PG 2 B R LR R R
% <34 FIng =)L, HRF A% HL8H INO J697
S DA (NIH) T 2011 £ T X T
FLANO JRIF B B, B S 3 T A I R
WA, AHEFEXT IR ES 34 & LL R 9572 LT LA NO
W AGEYT P AR, INO Y EE BIAE FH R #% 3840
AR, KA NO A 850 M e v itk —4
ST . LA IR A B, iR A R ot K I R AT
FREERRAUET, DIATES — . BB & T,
8545 INO LI 5 LfE SRR TR YT

(& % x W]

[1] Henderson-Smart DJ, Wilkinson A, Raynes-Greenow CH.
Mechanical ventilation for newborn infants with respiratory
failure due to pulmonary disease[J]. Cochrane Database Syst Rev,
2013(3): CD002770.

[2] Sinha S. Surfactant, mechanical ventilation or CPAP for treatment
of early respiratory failure in preterm infants: a continuing
conundrum? [J]. Indian Pediatr, 2011, 48(8): 599-600.

[3] Raffay TM, Martin RJ, Reynolds JD. Can nitric oxide-based
therapy prevent brochopulmonary dysplasia?[J]. Clin Perinatol,
2012, 39(3): 613-638.

[4] Dani C, Pratesi S. Nitric oxide for the treatment of preterm infants
with respiratory distress syndrome[J]. Expert Opin Pharmacother,
2013, 14(1): 97-103.

[5] Golombek SG, Young JN. Efficacy of inhaled nitric oxide for
hypoxic respiratory failure in term and late preterm infants by
baseline severity of illness: a polled analysis of three clinical
trials[J]. Clin Ther, 2010, 32(5): 939-948.

[6] Lindwall R, Blennow M, Svesson M, Jonsson B, Berggren-Bostrom
E, Flanby M, et al. A pilot study of inhaled nitric oxide in preterm
infants treated with nasal continuous positive airway pressure for
respiratory distress syndromel[J]. Intensive Care Med, 2005, 31:
959-964.

[7] Sood BG, Wykes S, Landa M, De Jesus L, Rabah R. Expression of
eNOS in the lung of neonates with pulmonary hypertension[J]. Exp
Mol Pathol, 2011, 91(1): 9-12.

[8] Aikio O, Metsola J, Vuolteenaho R, Perhomaa M, Hallman M.
Transient defect in nitric oxide generation after rupture of fetal
membrane and responsiveness to inhaled nitric oxide in very
preterm infants with hypoxic respiratory failure[J]. J Pediatr, 2012,
161(3): 397-403.

9] Posencheg MA, Gow AJ, Truog WE, Ballard RA, Cnaan A,
Golombek SG, et al. Inhaled nitric oxide in premature infants:
effect on tracheal aspirate and plasma nitric oxide metabolite[J]. J

Perinatol, 2010, 30(4): 275-280.

-1102-



HISEH 12 T E Y RILFLE Vol.15 No.12
20134 12 A Chin J Contemp Pediatr Dec. 2013
[10]  Dani C, Pratesi S. Nitric oxide for the treatment of preterm infants multicenter randomized controlled trial[J]. Neonatology, 2007,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

with respiratory distress syndrome[J]. Expert Opin Pharmacother,
2013, 14(1): 97-103.

Love LE, Bradshaw WT. Efficacy of inhaled nitric oxide in
preterm neonates|J|. Adv Neonatal Care, 2012, 12(1): 12-20.
Muraca MC, Negro S, Sun B, Buonocore G. Nitric oxide in
neonatal hypoxemic respiratory failure[J]. ] Matern Fetal Neonatal
Med, 2012, Suppl 1: 47-50.

Donohue PK, Gilmore MM, Cristofalo E, Wilson RF, Weiner JZ,
Lau BD, et al. Inhaled nitric oxide in preterm infants: a systematic
review|]]. Pediatrics, 2011, 127(2): e414-22.

Macrae DJ, Field D, Mercier JC, Moller J, Stiris T, Biban P, et al.
Inhaled nitric oxide therapy in neonates and children: reaching
a European consensus|J]. Intensive Care Med, 2004, 30(3): 372-
380.

Hamon I, Fresson J, Nicolas MB, Buchweiller MC, Franck P,
Hascoet JM. Early inhaled nitric oxide improves oxidative balance
in very preterm infants[J]. Pediatr Res, 2005, 57(5 Pt 1): 637-643.
Yamaguchi N, Togari H, Takase M, Hattori S, Yamanami S,
Hasegawa H, et al. A prospective clinical study on inhaled nitric
oxide therapy for neonates in Japan|J]. Pediatr Int, 2001, 43(1):
20-25.

NINOS(The Neonatal Inhaled Nitric Oxide Study Group). Inhaled
nitric oxide in full-term and nearly full-term infants with hypoxic
respiratory failure[J]. N Eng J Med, 1997, 336(9): 597-604.
Laubscher B, Greenough A, Kavvadia V, Devane R. Response to
nitric oxide in term and preterm infants[J]. Eur J Pediatr, 1997,
156(8): 639-642.

Van Meurs KP, Rhine WD, Asselin JM, Durand DJ. Response of
preterm infants with severe respiratory failure to inhaled nitric
oxide. NO Collaborative Group[J]. Pediatr Pulmonol, 1997, 24(5):
319-323.

Mercier JC, Hummler H, Durrmeyer X, Sanchez-Luna M,
Carnielli V, Field D, et al Inhaled nitric oxide for prevention
of bronchopulmonary dysplasia in premature babies(EUNO): a
randomised controlled trial[J]. Lancet, 2010, 376(9738): 346-354.
Ahluwalia J, Tooley J, Cheema I, Sweet DG, Curley AE, Halliday
HL, et al. A dose response study of inhaled nitric oxide in hypoxic
respiratory failure in preterm infants[J]. Early Human Dev, 2006,
82(7): 477-483.

Allen MC, Donohue P, Gilmore M, Cristofalo E, Wilson RF,
Weiner JZ, et al. Inhaled nitric oxide in preterm infants[J]. Evid
Rep Technol Assess (Full Rep), 2010, 195: 1-315.

Wang YF, Liu CQ, Gao XR, Yang CY, Shan RB, Zhuang DY,
et al. Effects of inhaled nitric oxide in neonatal hypoxemic
respiratory failure from a multicenter controlled trial[J]. Chin Med
J(Engl), 2011, 124(8): 1156-1163.

Field D, Elbourne D, Hardy P, Fenton AC, Ahluwalia J, Halliday
HL, et al. Neonatal ventilation with inhaled nitric oxide vs
ventilatory support without inhaled nitric oxide for infants with

severe respiratory failure born at or near term: the INNOVO

[25]

[26]

(27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

-1103-

91(2): 73-82.

Askie LM, Ballard RA, Cutter G, Dani C, Elbourne D, Field D,
et al. Inhaled nitric oxide in preterm infants : a systematic review
and individual patient data meta-analysis[J]. BMC Pediatr, 2010,
10: 15.

Schreiber MD, Gin-Mestan K, Marks JD, Huo D, Lee G, Srisuparp
P. Inhaled nitric oxide in premature infants with the respiratory
distress syndrome[J]. N Engl J Med, 2003, 349(22): 2099-2107.
Patrianakos-Hoobler Al, Marks JD, Msall ME, Huo D, Schreiber
MD. Safety and efficacy of inhaled nitric oxide treatment for
premature infants with respiratory distress syndrome: follow-up
evaluation at early school age[J]. Acta Paediatr, 2011, 100(4):
524-528.

Dani C, Bertini G, Pezzati M, Filippi L, Cecchi A, Rubaltelli FF.
Inhaled nitric oxide in very preterm infants with severe respiratory
distress syndrome[J]. Acta Paediatr, 2006, 95(9): 1116-1123.

Van Meurs KP, Wright LL, Ehrenkraz RA, Lemons JA, Ball MB,
Poole WK, et al. Inhaled nitric oxide for premature infants with
severe respiratory failure[J]. N Engl ] Med, 2005, 353(1): 13-22.
Barrington KJ, Finer N. Inhaled nitric oxide for respiratory failure
in preterm infants[J]. Cochrane Database Syst Rev, 2010, 12:
CD000509.

Watson RS, Clermont G, Kinsella JP, Kong L, Arendt RE, Cutter G,
et al. Clinical and economic effects of iNO in premature newhorns
with respiratory failure at 1 year{J]. Pediatrics, 2009, 124(5):1333-
1343.

Kinsella JP, Cutter GR, Walsh WF, Gerstmann DR, Bose CL, Hart
C, et al. Early inhaled nitric oxide therapy in premature newhorns
with respiratory failure[J]. N Engl ] Med, 2006, 355(4): 354-364.
Ballard RA, Truog WE, Cnann A, Martin RJ, Ballard PL, Merrill
JD, et al. Inhaled nitric oxide in preterm infants undergoing
mechanical ventilation[J]. N Engl ] Med, 2006, 355(4): 343-353.
Rhee CJ, Sriram S, lonchev A, Schreiber MD, Meadow W. Acute
haemodynamic effects of inhaled nitric oxide in premature infants
with mild-to-moderate respiratory distress[J]. Arch Dis Child Fetal
Neonatal Ed, 2013, 98(2): F183-184.

Hamon I, Gauthier-Moulinier H, Grelet-Dessioux E, Storme L,
Fresson J, Hascoet JM. Methaemoglobinaemia risk factors with
inhaled nitric oxide therapy in newborn infants[J]. Acta Paediatr,
2010, 99(10): 1467-1473.

Stenger MR, Slaughter JL, Kelleher K, Shepherd EG, Klebanoff
MA, Reagan P, et al. Hospital variation in nitric oxide use for
premature infants[J]. Pediatrics, 2012, 129(4): €945-e951.

Cole FS, Alleyne C, Barks JD, Boyle RJ, Carroll JL, Dokken D,
et al. NIH consensus development conference statement: inhaled
nitric-oxide therapy for premature infants[J]. Pediatrics, 2011,

127(2): 363-369.

(AR A7)



