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[HZ ] 0 7D QI TR A B AE i R B A BORBZ 3 7E 1™ LI S B 255 i (RDS)
IR0 BRAIT R G AE S (NIV) FiR, e 500 40 45, G a8 B IE RS (NCPAP) — EJE{A)T
RDS 9 32 285X, H R IEME— 1 NIV A, 4Rk, B MRS AN LIE B et , 772 TR
NIV B2, AN B RIAE RGBS (NIPPV) | BUKPAUEIEJEEA (BiPAP) 55, BEJGRORTFEERM], A LEp
2fE RDS HYIRYT LT RER NCPAP BN O Tk RESAE T i NIV £E5L7 )L RDS B14RiAT T W HTBT LR
SERFRYIE I NIV FR, %308 ) 1A RAN S SCRROIFAR T 2454
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Current application of noninvasive ventilation in preterm infants with respiratory
distress syndrome
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Abstract: In order to reduce the serious complications associated with invasive mechanical ventilation, non-
invasive ventilation (NIV) has increasingly been chosen as the primary ventilation in preterm infants with respiratory
distress syndrome (RDS). In the last 4 decades, nasal continuous positive airway pressure (NCPAP) has been as a main,
or even the only mode of NIV in preterm infants with RDS. In the recent decade, improvements in sensors and nasal
airway interfaces have resulted in the introduction of a variety of other new types of NIV, such as nasal intermittent
positive pressure ventilation (NIPPV), bi-level positive airway pressure (BiPAP). Subsequent studies have shown that
some new modes may be more superior to NCPAP in preterm infants with RDS. In order to further understand the
application of various NIV modes, we review literatures about all kinds of NIV as a primary mode of ventilation in
[Chin J Contemp Pediatr, 2014, 16(11): 1177-1182]

Key words: Non-invasive ventilation; Respiratory distress syndrome; Nasal intermittent positive pressure
ventilation; Nasal continuous positive airway pressure; Preterm infant

preterm infants with RDS.

1971 4F: Gregory 45 " i YR ARl IE RGBS

( continuous positive airway pressure, CPAP ) FT#r
He LRI 30 25 A AIE (respiratory distress syndrome,
RDS) HAIT, IFHA5 1T, BlJE CPAP Bk [
R ZER 7 A TIE A, bR E BT A LG R
S ( non-invasive ventilation, NIV ) ¥ R4, 111
JF I 40 4, £ 5 CPAP (NCPAP) it 545 =)
ZHT RDSHATT, FFHUS TRAFRCR 4Pk,

[ ik HI ] 2014-05-12; [ #2532 HHY | 2014-07-03
(Vs | BifE, B, fit, FIRE,

W5 A% SR AR AL 3 57 T 2 1) A B el

NIV (Rl Uk e, X HL NIV EERIR IR
W) FRTEEBR BRI RE LR, Jfm A2
AR, ANt S A E RS (nasal intermittent
positive pressure ventilation, NIPPV ) | £% 5 [F] 25 (1]
B IFE i8R, (nasal synchronized intermittent positive
pressure ventilation, NSIPPV ) | £ £ [5] A 8] B) 48

4> 8 X (nasal synchronized intermittent mandatory
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ventilation, NSIMV ) . W 7K - il 1E 1l < (bi-
] 2 W
7K S 38 1F H i A (synchronized bi-level positive
airway pressure, SBiPAP ) | TN = i R S
i R (heated, humidified, high-flow nasal cannula,
HHHFNC ) . £ & 5418 < ( nasal high frequency
ventilation, NHFV ) FI1Z &4 2598 15 4 Bl <, (nasal
neurally adjusted ventilatory assist, NNAVA ) %5, &
A4 TG IR, NCPAP A& IR YT WA 18
ZEGAE (RDS) 45587 A JLYR 0 1Y iE— NIV i,
IS G B A AR SCHR, I AER NIV 7E R ™ )L
RDS W asi657 O A8 SR A — 2R an

level positive airway pressure, BiPAP ) |

1 NCPAP

1.1 NCPAP &4t

NCPAP JEXHA A 3200 1) B LTE 58 A 1 ]
1A R SR AR P B A — 2 1 R A3 SRR
LR Rl R B AR fr VAT, JF e E PR B4R
N AN A E . S TR,
IR A7 R R v B R0
1.2 NCPAP 7£ RDS H il Ak 5z F
121 ZEABGRERZAT 14 A1k, Jofl
IE Gl AR SO E . LR WO 5t
—[WbRiE. NCPAP ¥R S H0% B @il IPARIE
J£ (PEEP) 5~7 em H,0 ( FFR 5 9 em H,0) P,
2013 [ EK Y RDS By it 46 ma 72 i PEEP 271 6
em H,0%; DIRARM AR (FiO,) fif3 BHix
FARFEE (Sp0,) K 90%~95%" . ¥ 1 K
M5BT PF I HL S5k, NCPAP LAY 1 H
AL R Y B50% 2 PEEP 4 cm H,0 . Fi0, 0.30,
MASTER 323G H Y, NCPAP JAY 7 R i dn it (IR
AR A NIV BRI R S5 i ) i
TEA R SRR 25, (1) FERE A
Hy o (2) WP RAE (R T B E Hel A )
=2k /h; (3) Fi0,>0.40 A g 4E+F Sp0, = 88%
HAFZE 30 min L 5 (4) [8]F% 30 min LA _F#
Wl Bk A pH<7.2;  (5) [8]F% 30 min DL Y
KBk I < PaC0O,>9 kPa (68 mm Hg) *'. I},
T RS G E HLAGE S ( mechanical ventilation
via endotracheal tube, MVET ) .
122 pRAARTHEE AR, H7IL

RDS #AH (1% 38 5K W& 7™ b5 52 75 I i BRIV iz At
NCPAP, XIS 55 2 WP 32 45 (18 B 7 L S Al
FH NCPAP DIERFRINE BE A RZRK , 3% S5 IRt il
PP B e AR SR W, [ AT )8 2> MVET & PS f9 i
F P, 2013 REKIH RDS BiiG TR R 46 1, ML
NCPAP, B4 Al Gkt e B, 9 PS 1y H]
DL . B RDS [ =2 R e i iz P TR A A
18, XFFTAAAE RDS SER R EIL CAnisig
<30 FAATFENMGE A ), AR S YN T
FH NCPAP ( H i i Jo T Hoth NIV A5 2 5 B v 8
FWBESE ), ERENGRR G — 2 PPk, el
FH PS I, RRA “INSURE [ S8 - fdifH PS—
1% 4§ i NCPAP (intubation-surfactant-extubation,
INSURE ) 17 $iARIAJF RDS, XAl MVET, Jf
REREIR AU . LS & B AR (bronchopulmonary
dysplasia, BPD ) %W 58 58 01 i 1) A 58 S
FEAR BT INSURE $4 AR Al s A 1 HoAfth NIV 52
K

H A= P4 NCPAP [ sEALAT (Rafe )
ARG, A7 2e i Jy 5 2548 MVET /£ RDS B9
BINPIY SZRER M, X AT BEXT = LI TS 7= A
M, AR R E M,

2 NIPPV

2.1 NIPPV &
K NCPAP #b, NIPPV 2 H A EPr_ LA e %

) NIV £, NIPPV A9 B AE & 7E NCPAP [ JLhih
4T ) AR IE R A — B NIV 2, iz HAr e
WA, MRS A R ST R E . 28
WP AILAT$4IE NIPPV #55K, 411 Drager Babylog 8000

(2 ) 5, HAh, A TCBE R LT 24t
NIPPV, i +4E3€, NIPPV #iikEE K 2T
RDS WRYT, (BAER R E R AR D Z 8 6E (A
SCNIPPV SR HIBE L B ©
2.2 NIPPV # RDS s iyl K M A
221 T EAKEZRERZAYT  NIPPV VIS
PE AL, WS (PIP) 15~16 em H,0, PEEP
5 cm H,0, W] (Ti)0.3~0.35 s, FEIZJR ( RR )
~50 YK fmin™", PLERAR K FiO, 45 H b5 SpO, ik F)
90%~95%" . ARHEFTIE B ML A M AT IS EL
NIPPV L 3 >4 2 %4 B 2 PIP 14 cm H,0,
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PEEP 4 ¢cm H,0. RR 30 /X /min, FiO, 0.30, Ifil X,
FER 3R Y,
222 FAMR#E IR ENIMIR SR
7, NIPPV 5 NCPAP — i Fl 2 4, A HE n <
ity HH I RS R I A R PR R A | b3
EARG . IRIEHE /NI G R R S A AU
B IA R R SR A A R 9T R L
RDS, NIPPV 5 NCPAP fHLL, P& Y%A 2
5o (HZET R, 5 NCPAP AL, NIPPV AJ
i F A RDS B2 JLAT MVET B9 Ee il (3697 2h
Ry ) WSRO B AEAET . BPD AR HUS i
() FL B 58 — AP AE 41 . Ramanathan %5 B 55
KBL, NIPPV AJ &g #0870 BPD iy kA, (HASBENR
/BHET, Kahramaner 25 " #f 57 & ¥, NIPPV HJ J&
DHET R, (HABEN /D BPD &4 . Meneses 25 1"
T P A 25 PV 9T AR, NTPPV RE AN BRI/ D BET ™,
NSRRI/ BPD B & o SR Tang 25 " B9 2%
IR, NIPPV BERTJ8/SET, SCREFEAR BPD 119
KR, 2013 4F R RAE CHroess 22 deik) ©
() — IR R 2 ey RCT BF9E 878, 5 NCPAP AH
b, NIPPV JfASRER#AE RDS 7= JLFET- A (1])
BPD [y 3 12,

5 NCPAP fH Ik, Z%WF5% W7~ NIPPV 7] if
— /> MVET, {H A2 105 5 1A H BTGk =
BEE A LA Wov JC B B 25 2AE ) RDS 7 L,
DL PR R A Sy — 2 S R T B, AR
FUVFEE, ATOLSETE S NIPPV i,

3 NSIPPV #1 NSIMV

3.1 NSIPPV #1 NSIMV &/

NSIPPV A1 NSIMV J2 JC 4] 1F J& 3 < 1) P b
[ A 5 (54 5 3 5 NIPPV 2840 ) » #ig b
NSIPPV Fl NSIMV 3 9 Fit [] 25 45 2 7 B B 3 A< isf
SR A O T IR BRI, AT AR
NIPPV B H A3, ZHhed it NIPPV #5 X I
HLIRBESRAIE NSIPPV F1 NSIMV i [a] oA=L
32 NHAMRIE

NSIPPV H1 NSIMV 7E RDS #J #4167 H o FH B
R, AR BESE o, #E RDS MiRYT L
NSIPPV A1 NSIMV 5 NCPAP — kf i 22 4> "%
Bhandari % "' {2 NSIPPV /E N4 i 18 S AR (2R

J “INSURE A" ) A7 5 7E 600~1250 g [
RDS H. 7))L, 250 &M 5155 MVET A b NSIPPV
Al g 3 FEAIR BPD FIAE T 19 & AR, H)E RALA
Gizzi %5 " #1 NSIPPV 1E >~ RDS ) 4] 15 i < F =
5 NCPAP #47 L8, JFRH “INSURE £ AR” ,
g5 5 W R, NSIPPV Af i#f — 4 )d /4> MVET, {H7E
FET-. BPD TG A i, W& Z I EER.
F£ NSIMV 55 NCPAP ) HL 8 8F 5% 77 1fii, Kugelman
2 UV BE 5T W], NSIMV 5 NCPAP A H AT i 25 0k
/> MVET, F#AK BPD &A%, [N s A 5 ™ i)
W55 78 .78 NSIMV 5 NCPAP AH F A ik — 45 ik 2>
MVET, {HEA ¥ & BPD 257 P 19 Feds . b,
A —TUER X NSIPPV A1 NIPPV X JRAFF 57, 45
SR PIE X RDS 5L LI AR 45 Ry 9 5 i G k2%
25 2 #i5 | NSIPPV I NSIMV 7 fift [/ 25 =
B NIPPV A R, (HIH-B A B BA 191G PR
FITUESE, FE—RARFIE

4 BiPAP

4.1 BiPAP &#t

I JUAE A 52 B 6 3 1Y BiPAP & H 36 [
Respironics 2 7] 7£ 20 122 90 4F A4 81 FH ) —Fh
o IE Mol R, Rk BLAY BiPhasic (36
Carefusion AT ) . DuoPAP ( Fi-1- Fabian ) %, 3
J& 5 BIPAP AR Al U, FUR AR AT o
HTAE S 3 A S it — ] ) FLAE E A9 LAtk o
JE R CPAP 7K (fRJEKF ) FTRIF,  ada] sk
PEHE T O — IS e BRI i 2 b TR A AR,
TEHUER — 9% CPAP /KF (i FEAKF) P AT LI
fi#t k. BiPAP AHS T—Fh IR A AF T i 5 it
RN ) SRRl A, WA S K- [ AH
BTSSR (PSV) |, MPUAHRAHME K (4
4T PEEP) o H B [ Br b NICU ¢ # R I #9 2
Infant flow SiPAPTM JC & PEZ #L ( 3¢ [ Carefusion
AR BT PR ) P BiPAP 15,
4.2 BiPAP 7£ RDS il Ak 5z F
421 EZAKEKEARAT  BPAP WIS
wE AW [KEKFE (lower CPAP-level, Plow ) 4
em H,O ( EBR 6 em H,O) , & JE K ( higher
CPAP-level, Phigh ) 8~9 cm H,0, & & 7K F 4 +¢
IFIE] (time high, Thigh ) 0.6~0.7 s, J& JJ %% #45 %
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30~40 K min™, UEAK FiO, 15 HFx Spo, ik
) 90%~95%"", HR I 175 B 1ML <53 AT 8 5 IR L
Z 40, NIPPV AL 1. 4 240 [% % Phigh 6 cm
H,0. Plow 4 ecm H,0, FE JJ #5345 % 15 K /min
Fi0,<0.30, IfiRIG RDS F AT 1,

422 FAMR#E WX THREESENE
RITBIREST 4R, BiPAP 5 NCPAP AH Fb Al fE 234
T ER A (ROP) & A g XU ™, HT 470k
A K BiPAP fE W1 R iR T B e 34 o, e
RDS 3797 I BiPAP 15 NCPAP — FE fifi Ji] % 42,
IF B A N ROP %5 & A= A RS 27, AR 4 T4
JEFE, PRSI BiPAP 48 NCPAP 4 B 58 14 I 1% %
FRfE . Lista 25 P A58 B, 5 NCPAP L,
BiPAP 1] &} 2 45 4 RDS F 7= LI S #7F . X &A
WA S AR e B Bsf ), HORSREDE > MVET, KiE R
fIRAET- I BPD %R R IRZS Ry & AR %, ENAL
AP PR A B, 5 NCPAP M LL, 316
BiPAP[DuoPAP ( i -+ Fabian ) | 7] B i J8 /b> RDS
K= )L MVET, {EORRESR T S Rp . 7 S K fE
BERgmFa], ANBEREAR BPD B & AR5, il i F1ob)
PR “INSURE” AR Y7 H7= L RDS, 45
AR BiPAP FEHR R A, I CO, U R T A
T NCPAP, {H AR — k> MVET, SCTEST 2L
D7, HICHEYEZE B BiPAP &8 NCPAP BAA L3,
£ F BiPAP 5 HE NIV B iyl PRXT ST, H
HTE PR _EAUAT Ricotti %5 P4 H 5 NSIPPV A b3,
5% 285 5 5 7 Aol TR ™ )L RDS Il
REER T 25 (EESE R, TAESIE P |
TCARESIRTT R MR WESS )R <. BPD. fik
FNHIL . EIEREAE | B AR LIRSEE NS I R
%) o AR BiPAP 7E .77 JL RDS i YT . i
WY TROA A RiE— 2B A5E

5 SBIiPAP

SBiPAP /& BiPAP [ [RI B4, AREE e 7 2
JURE R 4+ e (Graseby TM ) & 7 45 8638 52 1%,
(), IS I SBIPAP BELE LI T8 FF st [ 45 1%
S, KA B TR R AR RRCR, b S R
e IR, BT RN AT BiPAP, SR,
H i Br - ACA = F0P 5 BT R AT T A7 G SBIiPAP
FEHL )L RDS WIERIRYT o BB, 451 WoR

SBiPAP 5 BiPAP —FEfEIR A A, W CO, W5
J7 LT NCPAP, {HIRANGE#E— 25k /> MVET,

WAL (SBiPAP 5 BiPAP ) 7EA R A B
NLJTTTC R 25 5, SR HRE A, AR R X A K
i 8 s 7 4 et 5 B ) TR A5 A e 48 T0 T iU
5 LPEW AR R A P A, SRR A FE
LU A% AR 15 2 R B A B O & H RTIE R
TAE Y HTE 55 [ % R B FDA it ™, SBiPAP
ARG IBE, JT R & e AT T e — 5

6 HHHFNC

6.1 HHHFNC &

HHHFNC &35 3% 1 FHF 87 A= LI R 1) —Ff o8
RS S AT B R R EOR, B i L NCPAP T/
(AR % A ) B 4 (AR 1.5~2 mm ) 836 3 i
£ 2~8 Limin Z [B] 19 C IER AL 1 ) TR A A,
IR — 5 M A GE FRLL I Ak 1E R P, 5 s et
NCPAP #f b, HHHFNC $5c %€ H AR 52 1Tt 2 ik
B ) e B Vapotherm 2000i FI Fisher &
Paykel 22 ] (14 RT 329 J2& H FlfG R L5 & H i A2
it HHHFNC Bxpe & ™,
6.2 HHHFNC 7= RDS &l Fk & F
621 EZAHZERAT W RS E
B SEFE (Flow) 4~6 Limin™, DIEAKAY FiO,
5715 H A% Sp0, i5F 90%~95%"', >4 Flow fE % 2 L/
min B, FTH%: HHHFNCR,
622 mAARME  HHHFNC 1ELEZ W N
— 32 0 )T A L TG A S AR R A AR
MR A R R U], FEMRR A FUE Y 22 63% 1Y
NICU 7& {4 ] HHHFNC™, 17 9% [F A &5 35 77% 1Y
NICU & i} HHHENC™Y, 4% LB A AT EL i
FEIfG R R f Ff HHHFNC 3397 577 JL RDS, {Hiz4
ik, EPr EE & EPNA X HHHENC F1 NCPAP
3 MVE AR R ARYT B L RDS A BEDLXT FE B
FEMISCERAA —3 . Z P58 R A “INSURE AR
8 HHHFNC 1B A0 e X697 B R < 1500 ¢
%) RDS 5.7 )L, Jf5 NCPAP ff—[bis, 45 R LM,
HHHFNC J7#5 NCPAP #H2Y4, PiEAE A S
6. MVET By75>K 38, <M S BPD 1Y & A= 2 )5
T FEES D, LRArsT A R B 1 HHHFN 7]
ReAT 5 B AF T S (CHYTRLS NCPAP A2,
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B0 BRI KA ) o SR ZE0H A LR 50N
9, HHHENC E R —Fhr) NIV £, 76557 )L
e AR L T P A 22 4P R e bEAT B = JE 45 11
WEHE 3247 P2, HHHENC BEAS 812 #o b 1 T =
JLRDS W3RYT, A5 A e Tab—2P nase

7 Hitpe=

7.1 NHFV

1= 4 38 /<. Chigh frequency ventilation, HFV )
R R R . /N R, oA N2
— ol AP R R . HEV 8 B 00 46 38
R 5 R LA IR 7 R MO Rt v ]
T A LI R AT e T NHFV 3 JLAR A
BN T Im R, HELE b B A b O P
NIV fE R AR, 1R S —FloBr i NIV B,
NHFV e 57 242 L A B2 T (4 81F 58 B8R0 H ik =
Colaizy 55 " ¥4 FEWR S W] (75 NCPAP PRI 245 )
(¥ RDS R L2208 (2h) B NHFV,
-4 TR ) B SRR T SERT CPAP /YK, Ht
RUE N 10 Hz, A0 2 5e M B & 21 W] i 52
KT, 450 KB NHFV 7] H 20 K PCO,.
Carlo™ A Ky Colaizy 25 P U BF 57 H J&— 1~ 1 10
MEIERTFE, NHFV 729 Z e H T Lz
i, HAZ A R AR B i — P e, H
HIA ¢ NHFV 765172 JL RDS #IRTR YT H 1) 1 FHF
FEAEE PR EASEES H o
7.2 NNAVA

M2 T B A (NAVA) SR ITAFE 31
i — B B A HLBCE R, B FMESE Y th
PN R A S A Al e AR U [A] . NAVA
i & WL HE 3% 3l (electrical activity of the diaphragm,
Eadi) filk, I e B3 [ 0PI U )
g B8 AN I A g i) B PR AP EAT
B (R EAdI 55 ) PRoE P Lad i A
ROWIA ., PIP. MAP, WASCFIRE AR, H AT
NAVA i T 577 JL RDS 697 B9 I R 5% 1t 4k T
A BE. Stein 25 U R [ P R IE A BT BRI K&
B, X7 L RDS #EAT HLAMGE <R )7 I 5 SIMV
REAR L, NAVA B BEGE il & IR 20 1, Rk
B, I R LG g AR A Sl S
BN, BMEfEe ™ Eagin <, NNAVA {5l A5

AR AL TN NP S Re, I AT DA R LA
X Af NNAVA H T 7= JL RDS FIAT7 A T Al g
USRS I NNAVA AT 3k b 4 G S i i B2
MK . Rl R A AR, I RB R FORE B Hl A A &
FER MUY R %A, AT RE S A R — Flop Al
FHAE P i DR 4738 RS

8 HiESRE

fE 5= JLRDS W 1 W6 3G 97 L, b
MVET, dEfifs, @ 257 oAl <4 PS
(" “INSURE” $AR) Wi, ZEAF58IESE NIPPV
IS R F NCPAP, S UFE S5 AR U iR () S5 98
NIPPV 1E 41 2 %) NIV B0, SR, S NIV
BN BT 1Y, 5 ZikE— 0 X) BiPAP 4587 Y
B (JUHSE KRS . 2P0 RCT) #-175% .

(& % x ¥
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