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Safety of two ventilator weaning strategies after high-frequency oscillatory ventilation
in preterm infants with respiratory distress syndrome: a prospective randomized
controlled trial

HE Ming-Yuan, LIN Yu-Cong, WU Lin-Lin, SHEN Wei, TANG Li-Xia, ZHU Yao, HUANG Jing, LIN Xin-Zhu. Department
of Neonatology, Women and Children's Hospital, School of Medicine, Xiamen University, Xiamen Key Laboratory of
Perinatal-Neonatal Infection, Xiamen, Fujian 361001, China (Lin X-Z, Email: xinzhufj@163.com)

Abstract: Objective To study the safety of two ventilator weaning strategies after high-frequency oscillatory
ventilation (HFOV) for the treatment of neonatal respiratory distress syndrome (NRDS) in preterm infants. Methods A
prospective randomized controlled trial was conducted for 101 preterm infants with NRDS, with a gestational age of
<32'% weeks or a birth weight of <1 500 g, who were admitted to the neonatal intensive care unit of Xiamen Maternal and
Child Health Hospital from January 1, 2019 to June 30, 2020. The infants underwent HFOV as the preferred treatment.
The infants were randomly divided into an observation group (50 infants with direct weaning from HFOV) and a control
group (51 infants with weaning after HFOV was switched to conventional mechanical ventilation). The two groups
were compared in terms of failure rate of ventilator weaning within 72 hours, changes in blood gas parameters at 2
hours before weaning and at 2 and 24 hours after weaning, respiratory support therapy, incidence rates of complications,
and outcome at discharge. Results There was no significant difference in the failure rate of ventilator weaning within
72 hours (8% vs 14%, P>0.05). The observation group had a significantly shorter duration of mechanical ventilation
than the control group [(64£39) hours vs (88+69) hours, P<0.05]. There were no significant differences between the
two groups in the duration of mechanical ventilation, total oxygen supply time, blood gas parameters before and after
ventilator weaning, incidence rates of complications, and outcome at discharge (P>0.05). Conclusions For preterm
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infants with NRDS, the strategy of weaning directly from HFOV is safe and reliable and can reduce the duration of

invasive mechanical ventilation, and therefore, it holds promise for clinical application.

[Chin J Contemp Pediatr, 2021, 23(1): 18-24]
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Preterm infant

%ﬁ /EEJ LI Iljﬁ% iﬂ_%%ﬁ i ( neonatal respiratory
distress syndrome, NRDS ) &4 JURFE0E WS4 5
(NICU ) Hv R A W s oy 1) S S PR e i A s
SRR 28 SR 2B 1IE R 38 < (nasal continuous
positive airway pressure, NCPAP ) | % 514 25 T Jlili
FmTEMEY R ( pulmonary surfactant, PS) & 1l
NRDS B A48 5 %2 Pl EXS /N T 30 Jal i B 7
U, 5A 13.5% WL A — T IRt 242
QIFUARE T, 39.9% HJLIFEAE S 1A AR JCR)
WAIRIT R TARE EALY . T R R
( high-frequency oscillatory ventilation, HFOV ) HAF
[T 2 SN (LI N (191 R UNE WA SRS DS DO &/t
R AR AL, A R e, H
AN G LR ) K AR, HFOV A7 B2
BCAIAYT NRDS 158 AU 0 Scikdin e
52 HFOVRST BT A L, 24 1/3 2 NRDS FL= L.
T N, HFOV TETEAE S — B 7E #5501 Aa <
( conventional mechanical ventilation, CMV ) Jvj {2
VOIS 38 SRR YT, (ELXT 7™ I G e 0
AL, HFOV FFAERAZIAE CMV 577 JCRLIN A R] i
FL R AT RE A A TR m AT RCR T B
] HROV WAL, dnfal s e H il Joge—
bR vE , ] N DR 22 B0 IR B8 A R A FHL O L 2R I
M 23T S CMV, B PR IR L, H
X AT RE 23 MU ] HFOV BRI SCRUE R &
AN K (bronchopulmonary dysplasia, BPD ) & 4= %Y
FEAR P [ A R E i HFOV J5 0] LA B S0
AL AR P AL A T e,
P H R Z X0 IR U A R TE . A IS A E
WAL 19 %05 R, He % NRDS L7 JL HFOV J&
PIFRL T 22, DAs Sim R S8

1 ARSI

11 WHRMNERSA
AHFFE N A REE BN AR . AP 4l

20194F 1 H 1 HE 202046 A 30 H FEIHA

PR BE NICU A BE IR Y7 19 NRDS 7= L. A
FrifE: (1) 12 NRDS HJL, NRDS 2 Witrifi 2
FE SR CELRHAILEY Y (2) IRl < 32%
JASATE < 1500 ¢ =L (3) ABEhAE, 4
JG Th WABE; (4) B HFOV #:, 43 BIHLAK
WAIAITATE R T 24 he HEBRBRUE: (1) SoKmy
B (2) s RN (3) £F24h Nk
BT ~ Vg i (4) K@ A [F 2 AHH]

HFOV & PS #;  (5) A EHUAME IR 58 T
BRI ET A .

KR HLEL 3 W56 42 43 HFOV B 3%
BHLA (WEELH ) A HFOV %% CMV LA (%
HRAL ), il AN G 2% S B REAL 4 7 58
Fe NGEAR R IR T A5 8, e BRI 19 2 B 7
Lt LA AE B

E NI A < s SIS I 7 N W e e | s ST
oo, o EM S N
ChiCTR2000038281, Jf-i & T B B 7 AR P22 01 45
fit#fE (KY-2019-019) , fEJLNEH NS5 2 F01E A
A,

1.2 HAEA=E

FRYGHAL I A R, ek ' il
HFOV 3 FHL 2 KR 109%~21%, HFOV 5% R
CMV BIHLI WK 26.1%~55.6%, 45 BUH (Y,
YEHL a=0.05, f=0.2, [ PASS 11 bt kA
96U, sk 24, Fd1EL 48 .

1.3 FERHLER

131 HFOV Ek#uigie AABILGAEUT =
P& Z—, 45T EAL, B2 HFOV i BARGT:
(1) A A EPEW, SrEIZSLLNCPAP, k7]
6~8 cm H,0, WEMRE (Fi0,) 0.4, YW,
PEIRER . A A SE S B SR, S P
T2 —" 4 EARYT . OF 5 SRR I
JiE [pH<7.25, 2k Il %53 & (Pa0,) <50 mm Hg,

B ik 1 = %k ik 53 & (PaCO,) >60 mm Hg];

@ ik A& IfiL i (Fi0,>0.4 B, Pa0O, <50 mm Hg) ,

HEBR &2 TS KA O ;. I Z I 845 (7]

( http://www.chictr.org.cn )
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AT IR WP R4 2 >3 I s 24 h AHRBEL - . PIP 16~18 cm H,0, PEEP < 5~6 cm H,0,

1 R A — T Rl A PP AR ) o
(2) S EHIE - 4625 - K% (INSURE) AR
S HFOV: INSURE J&, A% Jo ik okomAk,
FFAEMEN (1) M EHUEEMEE, Pk INSURE J697
Ko (3) AJGTCMEIR Wi SAEREIR B 7 S IF
s, W EEEAERE  HROV,
132 "FRALAHKEE B NRDS £ LS E ik
HFOV ( 73 2% STEPHANIE, 78, 7] DL 4.
WA R ), FIESE R AR A A
I 33%, #i#% 10~14 Hz, FiO, 0.4~0.6, V35l
£ (MAP) 12~15 em H,0, #& & 20~35 em H,0,
R AR 1 S0 B VR AR I LS5, T PaO, 1 ik
b E BT I FiO,, HOR & MAP; 18 5 PaCO,
TE LB AR, HROE W Rl 4ERE i
4y Bt pH 7.30~7.50, Pa0, 55~65 mm Hg, PaCO,
35~55 mm Hg, X8R IMAAFIEE (TeSO,) WollfE
90%~95% 2 [a] , Jfi F A+ IR IR 7 265 8~9 Jig iy =2 fia] ™',
1.4 FERYVEE

(1) HFOV B % # AL 48 £ ™. 4 MAP
< 8cm H,0, FiO, < 04, PRIE < 20em H,0, S
10~14 Hz, 15437 pH 7.30~7.50, Pa0, = 60 mm Hg,
PaC0,<55 mm Hg, TeSO, 7E 90%~95% I}, 4k +F
2h, H A FEWFRMWA Iy, 7] 2L &R,
(2) HFOV %% &y CMV i #L 5 fF ™' 24 MAP<
10em H,0, FiO, < 04, #E Id <25 em H,0, Il X
4y #r pH 7.30~7.50, Pa0O, = 55 mm Hg, PaCO,<
55 mm Hg, TecSO, 7£ 90%~95% I, 7] L4 it ¥ %
CMV, 3[R B84 (SIMV )+ JE S SR (PSV)
W, S8 WAUEE (PIP) 18~20 cm H,0, I
SKJE (PEEP) 5~7 em H,0, MAP 9~10 ¢cm H,0,
Fi0, 0.4, % 30~50 bpm, W "< i [8] 0.3~04 s,
PSV % & JT 14 PIP B 60%~80% ., AR i< 434
TIPS E, S 5GAE] PIP 16~18 em H,0,
PEEP 3~4 cm H,0, MAP 6~8 cm H,0, Fi0,<0.4,
WA <15 bpm, WANFTE] 0.3~0.4 s, 1L 5041 pH
7.35~7.45, PaO, = 55 mm Hg, PaCO,<55 mm Hg,
TcSO, 7E 90%~95% If, H B EMFIELNAE 11, 4
£ 2h, LI ERAL.
1.5 HIHLERT IR 2+

(1) Frfi LR A )5 45 7 Jo B ] 8K E
JE#A (NIPPYV)  (BHE NV, WUl , S8k

B 2 30~50 bpm, WS BFE] 0.5, Fi0, 0.3~0.4,
FE 4 1 A< 40 M7 6 B8 NIPPV 280, 4 3% TeSO, 75
90%~95%. >4 PIP<14 cm H,0, PEEP<4 em H,0,
Fi0,<0.3, #i <15 bpm, WA 0.5, M4
MrifEs, Al LA#Es NIPPV!'Y, gk NCPAP (Rl
NV8, W), ZEkEAREEEE.

(2) WALRMAFE : HEERALS 72 h N
BILGRFR B, 46 EARIEZ —#, &
B R UMGE RPN
1.6 PSHERFE

JUTA £ LYol R il = T s e o ([ 7R 905
BERFPLGHIZ AR ), RN PS ng, L
HUE 25T 1 7 PS 200 me/kg, 8 h J5 5P AL S %k
Fi0,>0.4, MAP = 8 cm H,0, i RAERA WA 52k
e, AT LA A AR 2 s 3 ), oA
100 mg/kg, SRR R EASE LT 400 mg/kg™
1.7 HfgT A

A L 12 32 R Mg e e R a7
A J5 24 h N R B R 6706 B 20 mg/kg, 24 h R4
T AR K 5 metkge HAW R BN RE S RHG T PR
ZH AR
1.8 JMERIEHR

FEAE AR WAL JLEALE 72 h IR
&

WEAERR: (1) PILLEJLAT G LMGE <R ]
SOHUARE A T] R S ) BARPLAT 2 by JRL
JG 2h. WAL 24 h I BTEs S (2) M
BILIFRAE A%, WML AR, FFIRHLAH
KRR (VAP ) BPD | fii % J&] [l B4Rk ( PVL) |
WA /N 45 5 % (NEC) % JLHE R st 95
(ROP) . fiN I (IVH) , 2Widrifi = %4
SHCSERETAEIL) My (3) AL R L s B
BFAEEIE, YR UL BER 2 LR 4 F4810E,
OFEKXF 2000 ¢ L I QU IERGET = 36 Ji;
®Z N4 IpE M S K 150~180 mI/kg; @FRENEIE
NAMR AR GF e BIL BRI R LT 4
ZA81E, IR 1800~2 000 & @4 IFAIA = 35 JA;
Q2 M FEY R AR K 120~150 mi/kg; @REMESIE I
HPFIREEIRE
1.9 Sit=am

SR SPSS 22.0 A AT GE 700 M. IRy
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AT BOR LIRS + fnifiZE (R+s) FRon, 4l
HEECR HPIREAS ¢ K85 AR IEAS it vopt LA
P (Ui BRI IR ) [M ( Py, Pys) | %N, A
[B] FL ¢ % ] Mann-Whitney U K565, T1ECFRELL
B RAERSMA L (%) Fox, 4i0E iR A
K KB Fisher B VIR %, P<0.05 N 22 5%A 4t
PEI-3E

2 R

2.1 —MER

T B AT 5 G AP HEE 120 ], SR B AL
B BENL R WAL A A B2 4% 60 il BF5EHp
FFEHERRPRUE 19 1], HAWEEAH LI K& T
FIRITEIET: 5 6], e R 4 . A5 24h N
K ~ VG fmips i 145, EeZXai A5 HT 50 il
XTHRAH EHUI R 8 T it 7 sie T 4 ). SR
WHE 4 5, FIEAFEZME PS 151, BLPHA3
B 51, PRZLEELPE A AL, ials . AR AR
AETrL 2Rl ENEE R AR Apgar I
g3 PR REER M E S . TR >18 h Tkl |
BB B A AR L] . AP REGE YR JAE L A9 A

NRDS J*H B 22 R G242 L (P>0.05) .
W3R 1.
2.2 WHBILENKRMELER

W EE L L WK h 8% (4/50) , WA T
XTARZH Y 14% (7/51) , WA ER LG IT¥E X
(P=0.356) .
2.3 MWABJLENIIENS S EEE. F
FETE b3

W 2H B JLPLAT 2h, SHLJS 2h B BpL
JG24h MM ST tn 2 R B LG22 3 X
(P>0.05) o XELL (A QAU < 150 e
4% (P<0.001) , T HUAGEHHE] . 4 ST
B 223 TG =25 L (P>0.05) o W2,
24 WMABILHEELER

WHSIWLESAE . VAP, BPD. ROP = [T,
IVH, PVL Ml NEC = [ ] &R 2E R TG
EY (P>0.05), W3,
25 WABRILME

gL, HBERT 48 il (96% ) ihdL, 2 i
(4% ) WIEUFE; TR, HBERT 48 41 (94% )
AL, 30 (6% ) JRTEIFY: . WAL R 2ER T
GiiteFE X (P=1.000)

F1 WHBILEERIER

SgE| ngﬁ X(y::iff VaLA I Pt
[ 1] (%)) 31(61) 37(74) 2.005 0.157
JaIE (s, J5) 303+22 30.0 +2.0 -0.701 0.485
AR (x x5, g) 1432 +337 1384 + 382 -0.666 0.507
HIE T [ ] (%)) 33(65) 34(68) 0.123 0.726
2 [ B (%)) 15(29) 15(30) 0.004 0.948
BN [ ] (%)) 4(8) 8(16) 1.604 0.205
1 min Apgar [M(Pys, Pss), %3 | 7(6, 8) 8(6, 8) -0.784 0.433
5 min Apgar [M(P.s, Pys), 53 | 8(8,9) 8(8,9) -0.048 0.962
ZEBE P TR [ ] (%) 46(90) 41(82) 1.420 0.233
Zi =il R TR T 61 (%)) 30(59) 21(42) 1.751 0.186
B >18h [ 1] (%)) 10(20) 7(14) 0.567 0.451
AL R OB REERRER [ 1] (%)) 2(4) 3(6) - 0.678
WEURE I [ ] (%)] 3(6) 6(12) - 0.318
TR URIAG I R BB [ 1] (%)) 5(10) 3(6) - 0.715
GEURBEIRAS [ 1] (%)] 8(16) 12(24) 1.099 0.295
ICP [ il (%)] 2(4) 1(2) - 1.000
NRDS f“HFERE (11 /1 / Vg%, i) 8/23/20 7/25/18 0.245 0.885

T [ICP] AL ARIF PRI HRBVIE; [NRDS] B LW B LA IR, PRI L SR 5~6 me/ YR, ALPIEST, 12h A 1R, 4K,
HAFRAS 10~12 mg/ K, WUNTES, 24 h A 1k, FL2k, M.
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F2 WABILENBIELSSHAN EHEE., ASEERE
- .
FHLHT 2 h 50T (e £5)
pH 7.41 +0.03 7.40 = 0.03 -0.972 0.333
Pa0, (mm Hg) 72+6 74+ 6 1.601 0.113
PaCO, (mm Hg) 39.1+22 38.6+23 -1.026 0.307
FHLG 2 h 5HT (e £ 9)
pH 7.38 +0.02 7.39 +0.03 1.375 0.172
Pa0, (mm Hg) 76 +7 77 +6 0.850 0.397
PaCO, (mm Hg) 417+29 422+29 0.750 0.455
FHLF 24 h ST (v = 5)
pH 7.40 = 0.03 7.39 +0.02 -1.450 0.150
Pa0, (mm Hg) 77+6 77+6 -0.235 0.815
PaCO, (mm Hg) 415+24 409+26 -1.352 0.179
B BIHUGE SIS E] [M(Pys, Pys), b 75(60, 91) 56(43, 67) -4.022 <0.001
SAHUGE S SHE] [M(Pos, Pss), h] 492(262, 798) 415(243, 837) -0.177 0.860
S AU ] [M(Pys, Pos), h] 641(443, 1038) 625(419, 1 168) -0.007 0.995
i [PaO,] SHRKINASTE; [PaCO,] Bkl — AR E .
*3 WMABRILHEELE [#] (%) ]
i AR =24
i s s i Pl
SwERaAE 4(8) 4(8) - 1.000
VAP 4(8) 2(4) = 0.678
BPD 20(39) 18(36) 0.111 0.739
% — i BPD 12(24) 12(24) 0.003 0.956
¥ BPD 8(16) 6(12) 0.287 0.592
ROP = T 1] 3(6) 2(4) = 1.000
IVH T ~ 1% 8(16) 7(14) 0.057 0.812
IVH 1T ~ V4 4(8) 3(6) = 1.000
PVL I ~ %% 9(18) 5(10) 1.237 0.266
PVL Il ~ V& 1(2) 0(0) = 1.000
NEC = 11 4(8) 4(8) - 1.000
TE: [VAP] FEIAUAHICHENN 58 [BPD] S UE M AT AR s [ROP] 5L JLUL R EE 72, [IVH] fSUA it s [PVL] Az F A Bidcdl; [NEC)
WEEHE NS5 -
3 iTig I T AEBED s FEFRATI A R IAAF S ), [

T EZ s o ", R 24~25
26~27 J& . 28~29 i, 30~31 J& H.77 JL# NRDS &
He K3 51 R 100.0% . 90.0% . 85.0% . 85.1%, i
HIAG IS E/)N, NRDS A, — IRl bt
FERRM, X T 7 R0 A W R o 3R AR Ik R A
RE LIS, HFOV Jd/0 T HLAGE S . PS iR
Jr M H A TR B, 40 T RE Rt ], AT

FELHL, 5 CMV M EL, HFOV 477 NRDS F5= )L
SEGATRER), IS LG 43 4 & A
R, HAT L Ga e UG <Ot a] , b I R ) & A
2019 4ERR Y NRDS B if $5 g H U 18 NRDS H. =
JLH B =7 20w 25 e B e i PR T A 1A A7 ok
FE P EAMT S BB 456 NICU R %% &
s HFOV VB i 5= J LA < 1 28 = ™,
ik, AT T NRDS F 7= LT 24l A B ALK
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WA, — M EE HROV

A HFOV J5 anfef i pL, H i A 45—
5. IR LA MR LR, —R EEERE L,
T ak P E CMV FRECES ™ Clark PR HT
HFOV PR R R P45 R ise ), 45
R 5 HFOV i ] 72 h J5%E R CMV AL
e, #ELfdH HRFOV H 2K, BPD KA R,
van Velzen %5 " R3E, X/NF 37 AL, M4
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FHUETTAT0, HARE )R R 839!, {Hix £k
T R MENERE ST, I A PRI [6] B L R
WS EAT LR, DRIL, FRATTIE A B roCs Bl AL f5) %
FRAFSY, 76 FAE SCREG YT (0 P AR A i o
P ARLG 7 5% NIPPV P XM R A8 L R, L
BRI T e 2

WP ATLRE A5 DR , S AUMGE ST | B |
SRR PE R AR | FEAAE VI OG, Hp
AN i I8 RN A ML A A2 S BRI 2 T
M7 fa B R R P RO GE B SO FE TG
W MRS T 1 BN e ARG, HR T4
JLIRMLI I v Te gt — 2 X, AN I 7 11 30
ERHAR, 120 B 7d AREE, Horpdew i r
]k 48 h, 72 h Fi1 7 d* AHEFERE AL WUE X
RPRAE T 72 h N B A, N R el
KARstal, PR REEE F s Je n] R S8 Al e ot
YA T ISR A R, K g F I AT
BB or T R AR, Wil . ke
E B NEC 1A J2 J5 R 9 3 300 A8 e Wiy g L 1Y
AR FEEL LA IHLR WER N 8%, 5 SCHRAE KA
— NS BRI WOR A 14%, BB L
FERIHLIS W Ty 1 26 5 o g 243 . 4L L
FHLAT 2 b, WHLE 2 b, BWHLE 24 h 19 58
FARPRER G FR L, #E—HESE T M HFOV
BRI Z 24T 10 H N HFOV B4R
AT LB A 4 A B AT UARGE AR ], i U E MV
FAILIN) o 2R AT B LAGE e AR R
W1, S IR I HL A T 0] 58 R R 282 kB 45
I BPD £ 56 B2 ARG Z B X AR L, W
£ LI VAP, BPD, ROP., 4¢3 IVH Fl
PVL YA TR, WG ERAE LT,

H2ER TR, AR SRR DA &,
L, TRk < 327 B e AR <1500 ¢ /Y
FE )1, SRELCE A HFOV SR SRS S 2 21,
HLAT DA /DA B W AL ff R B, (EASH I R A
IV

AR AN R FEAE T RO, AR
A, A R AR 2 & F I I A SR A T
flic B, HFOV BRI L PRGN EA
T2 R BEHLA BB ST — RS2

RSS2 P

.

A A 5 R A A

E Tk B TSR AFRIRT. REF
DWEAE ARG, R ZM ALE | T
W R, HIBKE; WA, BEmE. FFRIR.
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