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A5 M7 35 AR [ B Bk o A5 JE (arterial partial pressure of oxygen, PaO,) | f2 &.48 = /& (arterial oxygen saturation, SaQ,) . 3) ik fo = &,

1 #% 4 JE (arterial partial pressure of carbon dioxide, PaCO,) ], ¥ s B F[ @ %9 & A~ % -6 (interleukin-6, 1L.-6) . & %8 L/~ % -8
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Clinical efficacy of high-flow nasal cannula oxygen therapy combined with budesonide
nebulization in the treatment of bronchopulmonary dysplasia in preterm infants

GAO Ningl, CUI Yanbin?, FU Jing1
1. Department of Neonatology, Baoding First Central Hospital, Baoding 071000, China; 2. Department of Emergency, Baoding
Rehabilitation Hospital, Baoding 071000, China

Abstract: Objective To investigate the clinical efficacy of high-flow nasal cannula (HFNC) oxygen therapy combined with
budesonide nebulization in preterm infants with bronchopulmonary dysplasia (BPD). Methods A total of 176 preterm infants
diagnosed with BPD and admitted to the hospital between July 2023 and July 2025 were selected as the study subjects, and were
assigned (wia random number table method) into 4 groups (n=44 each) : HFNC group. continuous positive airway pressure
(CPAP) group, HFNC combination group, and CPAP combination group. All infants received conventional treatment. The HFNC
and CPAP groups received HFNC or CPAP alone respectively, while the 2 combination groups received additional budesonide
nebulization inhalation based on their respective oxygen therapy. Clinical efficacy, respiratory support indicators (duration of
mechanical ventilation, and oxygen therapy duration) , length of hospital stay, blood gas parameters [ arterial partial pressure of oxygen
(PaO») . arterial oxygen saturation (SaO:) . and arterial partial pressure of carbon dioxide (PaCO.) ] and inflammatory markers
[interleukin-6 (IL-6) , interleukin-8 (IL-8), and tumor necrosis factor-a ( TNF-a) ] before and after treatment and occurrence of
complications were compared among the 4 groups. Results After 14 days of treatment, the HFNC combination group showed higher
total clinical response rate, PaO,, and SaO: as well as lower PaCO;, 1L.-6, I11.-8, and TNF-a levels compared with the HFNC
group, and the CPAP combination group outperformed the CPAP group in these outcomes. Moreover, in the HFNC combination
group, the duration of mechanical ventilation, duration of oxygen therapy, length of hospital stay, PaCO; and levels of 1L-6, IL.-8
and TNF-a were all shorter or lower than those in the HENC group, and these parameters were all shorter or lower in the CPAP

combination group than those in the CPAP group (P<C0.05). The overall incidence rate of complications was lower in the HFNC
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group than that in the CPAP group, and was lower in the HFNC combination group compared with the CPAP combination group

(P<C0.05). Conclusion The combination of HFNC and budesonide nebulization significantly improves autonomous respiratory

function, optimizes blood gas parameters, and attenuates inflammatory response in preterm infants with BPD. Additionally, it

demonstrates high clinical application value.
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FAAE M % B A K (bronchopulmonary dysplasia,
BPD) & 7= JLAEH UL 12 8 s , BPD 1 & A4 55 il
TR B AL AWGE SO ] SE AT 2R B M R
K- T e B VAR 5G| fe 2 5 BUI 20 245 45 F0 1) g
gt B B AE L ERE KPR B R LI A
5 R15 242 5 A BPD iy R A RN E m AT, 5
me JR LG T g bR R H R KRV R . B
BPD i W 0 52 45 5% W 3 B A0 45 248 5 1p 22 <00l 1F kil
A (continuous positive airway pressure, CPAP) fil 4
B 5 i J7 (high-flow nasal cannula, HENC) .
CPAP i i $& 47 25 1% <08 1F R By 1k il 96 35 B , 2 A%
Gt 119 JC B I W S AT 5 i HENC A 3 4F 2k )
A SRR ST K =W gy W B U ) | B = LT 2 S =T e
AR I I 82 S 45, LA G ) R 3 R AT 1 5
PR . A RFE 4SS R R, HENC 55 CPAP 1
TR BPD & AE 75 1] A 8808 AH Y (0 HENC #5343
13 % R B AR T CPAPY . R IV AE BPD i &
Al G HEVE L 25 AW AR F BT IS AN A b s A
By #0432 3 6 . BEAEAF SR 45 R B, B
B A AT M A3 A8 BB LS R B — B IR TR
ST AEE R i 2 AE R — BE AL B SR T o I
BE A5 Bl = 3G 138 R SN (HENC 5 CPAP) K
50 M 2 A A NI A R . T, AR F
ST HENC B¢ 5 A 23 78 55 16 16 97 7 L BPD
F1 AH—MABPIEER (n=44)

Tab. 1 Comparison of general data among the 4 groups (n=44)

A I R T 2850, I B3 L 7R AN [] 6 ) 3 AR =T 1 &5
G1ER .
1 —faEN

PEHL 2023 4 7 H —20254E 7 H T AR B4 2677
(1) 176 ] BPD 77 JLAE R BF 5 X 42, H Bl BL 2L 7 3%
24y M HENC 41 .CPAP 4 \HFNC Bt & 41 % CPAP
WA, B 44 ) . AR R 2X 28 KT R
J7 77 X HFENC 5 CPAP; J& G I & i b 23 18 . 2 5
), LU IR B A ROCR N B Z 45 SR 18 b, AR A
it NI S N BT K= i gy = W L1 N Bl 4
IO o B A B A A T R AN (B AR YT s, P4l
JEOMEAT TR . SR FH W ST R AR 3 L A A R AR A
BAR n=(Z,+2)"}X2P(1—P)/(P,— P,)*, & &
K36 K E @=0. 05, 2,=1. 96, 2,=0. 84, %% SCHk",
A b 25 T8 I A BT LR B AT BOCR N 90%~95 %, B
2l T B B R R T5 % ~80 %, TiAl 2 41 A R R
250 15%0~20% o FRSFAG I, B BSR4
AR A 0%, Pl T A A R R 70%, L 20%
(A R 22 AT REAS BEAG B8 THIRAS 3 B4 TR R KR
HAE TR L Ry 4061 . % 182 1096 09 K Ui s i
R AW BN A 44 BBl 4 4135176 4
BLo 44 BILH I AR T B IG5 min B
(Apgar) PFAr 5 — v Bl L 38 25 R TGt X
(P>0.05), BA A etk Lk 1.

P51/ . 5 min Apgar i 5=/ BEGR w6 iR/
5 BIC%) AR IR e/ 4/ BI(%) #1(%)
[ % ¢ 1 4% HE aRsm A4 %
CPAP# 24(54.55) 20(45.45) 1480.354150.42 30.25+1.52 7.24-+1.31 26(59.09) 18(40.91) 27(61.36) 17(38.64)
HFNC 4 23(52.27) 21(47.73) 1475.504+148.37 30.30+1.48 7.18+1.34 25(56.82) 19(43.18) 23(52.27) 21(47.73)

CPAPHLA4 25(56.82) 19(43.18) 1478.90+152.10 30.20=+1.
HFNC AL 22(50.00) 22(50.00) 1482.10+149.25 30.28+1.
0.036
0.991

»/F 0.457
P 0.928

0.015
0.997

55 7.25£1.38 27(61.36) 17(38.64) 25(56.82) 19(43.18)
52 7.32+1.42 24(54.55) 20(45.45) 24(54.55) 20(45.45)
0.078 0.466 0. 808
0.972 0.926 0.848

g A D A R <2 500 g, IR <37 J&
QFF A SCH o BPD i 212 Wi br o - AR TS SRR
Hi(Fi0,>21 %) #4k =28 d; @5 Y7 Fil il 1 1 20 #r
Ko M= i VAR AE W 0 At DA B L% i A7 AR R I A B
ke, nl i A2 ET LR R @ KR A

AR T KT

HEBR b i - O P A S8 KAk R ™ 507 0 H
Wy JE 5 Kl A 7 S s O IR 7 3 L L 5
DA B A R R AR G 5 O A MM i L T B
i ¢ 5 7 E R e w22 R A 2 BE R AT s D RETE 245
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oI PR 2% B 2 B X A Hb A 1 ol O i BE R T R
FUN g
2 Ak
2.1 Moyl ik

FHBELE T REAGE M AW B Lo 44
H— 2% A2 56 IRIGIT 5 S0P A g8 A L, il
JH SPSS #1211 1 M BEHLIF 51, K5 43 4115
SN g B B B R B OB E B . AR
B AR B ILAHLEE, BF 58N D3R A2 7 4R IR A
TFA% B 82 4 43 il 2 CPAP 41 \HFNC 41 .CPAP
B G s HENC B3 21 o A 50 R T b 4%
T, B H 3 R 0 SRR A 1 22 S M 55 AR 4R AR 1y ] A1
PE XSG TT B BN BN RE  E B e
R 25 Ty VEAS 5 S0 B %, BDVEAG N BUOR T g L
HLAR ST G B0, AR DR BIF 5 45 2R 10 2 WL o
2.2 BAHE

4 20 )L ¥ AE B A48 )L AE U5 97 9 b7 (neonatal
intensive care unit, NICU) #% %2 4t — & M 25 & IR
IT IR YT RS IE G i 36 i e I 4h St . FL AR e 40
T ORMPIAEEE KB ILE THEE RN R
JE QR AFTE 36~37 °C, AR U 2 il 75 506 ~6020 , LA
Ul /D AR U B SO K Ay B . O IR E 3R
RE ARG A 0T 5 IR W KT A2 1 BT E R &L
Jesn T REFLR SR NN 2 T DL AR BC 5 FLE0 o/
4R ik 8 97 3 ¥ (parenteral nutrition, PN), & 4 i I
ERHNEF . OB "R AT T EAE &
T A WL, o 400 B 48 0 9 5 P G S R A O A B e
IR A e R G 1 KUK o @D XIE S HR IR T - AL 2
TE K R 5T K TR - A 2K AL L R R PR E L R R
JIE W R BT 45 A L 25 T AL T I A R R B 4
TR S HE . O %ST 8 BLCHT 28 d M < AR
P 1M 42 18 A1 (peripheral oxygen saturation, SpO,) &
I P & B 5 it A 44 1 46007, SR ORI A 55 & A it
S, R SRR R DL AE RE SpO, 7E H bR CGELE R
90%6~95%) . & H I SpO, . 1l < 43 B K W I A
DL, 0B AT S 1 I I S

CPAP 4% H1H1 4 L% IR AL Babylog VN500
(Drager Medical, Liibeck, Germany) 32 jifi CPAP &
ST o AR IS B 4 R B W R ) 2 S iR AL B e
WS H . WS K (peak inspiratory pressure, PIP)
— & A 10~15 cmH,O, FF < K 1E & (positive end-
expiratory pressure, PEEP)} 5~7 cmH,O , I W i %
1 30~50 W +min ', HAK S B 5 R OL B e A #E AT
AP RE B AL | R T3 C 00 B AR L B B

BTH] B O B R P R D e T R A
IV 52 A0 38 B 2 AR Bl By e s LA P 4 2 s <
B R Iy &8 Ak, 0B A A K S B T S R 5 0
H A2 A i 53 B 18 22 W i SpO,, AR i 3l ik 1fit
4,43 JE (arterial partial pressure of oxygen, PaO,) . 3l
Jik — %8 4k % 43 JE Carterial partial pressure of carbon
dioxide, PaCO,) K pH {8 ¥ % i <2 %5, L 4E ¢ H b5
A FIE K-

HFNC 41 2% H 5 i i 5 48 09T &2 46 Optiflow™
Junior (Fisher &. Paykel Healthcare, Auckland, New
Zealand) , Fil 22 AIRVO™ 218 1k EHL#EFTIEIT . &
it AR A L P A BT PR 38 R R R Il AR bR
PEAT ALY, — M AEHFTE 2~8 Lomin 5 A%
W& J& (fraction of inspired oxygen, FiO) & #i& SpO, H
BRyi Fl 9020 ~9500 s . BRAE T R - e+
TG AR R A B ORI S B 58 A L IE B AL (7
HHAENET S NER50%) ; FAR LM% &
GiAbH IR P AR 34~37 °C, LA 4E R AGE AL R
AR BEL g I 020 285 48T 3 5 415 52 M 0 I R AT 3R
R SpO, KL HE bR , AR S8 G I U D0 K ]
i M FiO,,

CPAP k4 4 /8 CPAP 3 F7 1y SL il 13K & A
ML S IR YT o % L 25 ) it ] Budesonide
Respules®( AstraZeneca Pty Ltd. , Australia), 5l i &
0.5mg-kg '-d ', /2R A . ZIE A R H PARI
BOY SX % 4y JL & M Jk 4i % fk #% (PARI GmbH,
Starnberg, Germany) ,i# i & 4% 0 5 CPAP & %
L E L 2. Bk R E N 10~
15 ming #0350« 55 0 I A A P IR BIL B 4 AR
E AL FE 41 5 55 Ak B v U0 M I ROE TR sl
SpO. b - W 35 H A2 4k, By 1k 25 A0 AR BUR B0 ) =
W3 55 A WU B Y T ORI R 4 0 R B DARRAIR
A8 S e A B XU

HENC 5 4178 HENC 7 25 Bt 42080 JE At 1155
A b R 8 25 AR T, W) i K 55 L& 5 CPAP
WRG AR o 25 A2 o i & H & B2 4 A HENC
SIS YT R RS g R L
0, WA A SpO, KA To My 1% I I8 387 5% 25 8 )L
IL, B AR 25 W0 38 o3 W N O R AR 5% T i XU o AR
e PR 22 B0 b i <o A 45 2R s AL HENC i i 5
FiO, X & .

2.3 MR

A BIF 5 B i PR G A 28038 B W I S 45 A DG 48 B AR

h E B R AR bR B L0 B 8 AR K R AE T KR
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2.3.1 WRIFE I 14d)E, S R R L
VO B A S A o R T ORI R AR . 15 AR
SE SCOA T A5 W SR B B AL SR L L& B SpO,
o 4ERFAE 8820 ~93% #iat 30 min. MK HE 5 B F R
T B4 B 8] K i PR AR IR A AIE 25 18 30 37 # 97 AL
OIRTTF 7 d Yk B AR A IR I PR3 E | = 91 AF 45 Iifs
PRE PR R it 35 Y8 17 5 46 R AIE 5 42 1 2% il D e Wk &2
EH NG A OIGYT 8~14 d ik B 45 S5 e , I PR AT IR
KARAE G T7 1T W 50 0803, Il Ty e 38 43 WK &2 R 4 e
OIRIT 14 d JG A5 K 3k B 45 bR 1, I PR AE IR B AR AE
T EE EME NI . BAME=QRE B+
U5 4GB0 / S B ] X 100 % o h B 457 580K 5 1 %%
WLk 5 —BvE, Br A LRI SO S R 2 R S
e LVRGEIR S VR = [ VA P R e S
B B P A = 4 B AT R R A 8 e ik

AR
2.3.2 RO SRR bR M AERE S E] e 4 LAY

BB A ) O R A P P W AL 28 5 4 AL 1) B
[E] ) ALY IR TA] AN IR 45 T 48007 22 52 4 15 T B I [R])D
K AEBERS ] o B H A By B 1 40 5% 0 52 4 7 X %
SR AL, DUORUE B 10 5% A E A 1 5 — B0k
2.3.3 MASHT TIRITET IR A 14 K e L
LIRS RERSI KM 0. 5~1. 0 mL, 57 B &
ABL800 FLEX 4 H 3 Ifil < 7 #r {¢ (Radiometer
Medical ApS, Bronshej, Denmark) & #ll PaO, . SaO, .
PaCO,, J™ ke ik fo DL [ X 1A 00 a2 45 3R (9 52 e, LA A
PR EICHE 1 o 1 1 R AT S
2.3.4 ZIEWF TIRITHISAORITH 14 K, 43 Sl
Bddd BILm A B F KL 2 mL, & FHrse s, 50
SF B LG e T — 80 CHRAF o 2R FH M IBG 9 15 W i il 4
W 5% L 37 240 M A & -6 Cinterleukin-6, 11.-6) | 1 48
Jits 4~ & -8 (interleukin-8, IL-8) . /' %8 3K %€ I T - «
(tumor necrosis factor-a, TNF-a) /K-,
2.3.5 JFARAERANEN  idskinyT I 4 48 LI
RAEI KA AE B o I AR AL 456 Bl 1 il =M | I i B
1% CREREE B
2.4 “%itFuik

K H SPSS 29. 0 8 Xt e dle b A7 Ab B o TR
BERL I COo 7 R AL ) LR AT R g o I i ROR
Wi I IEA S, LT £ o ffiid, 24100 SR R
P R 7 2 50T (ANOVA) s 35 7 20 Wi 45 R . %
(P<20.05), W — 20 2R il e/ 8.3 22 53 95 (LSD &)

HEAT 2 18] PR PR LL 3¢ 5 P A ] 0 7 A A Y b R FH il
SEAEA RS 2H IR YT ETIS 1Y HE R HTBC R A 5 o
P<<0.05 8 R A LG FE X
3 £87
3.1 MR JT AR LR

HENC B & 4109 8 A 20 5 T HENC 4 (P<<
0.05), CPAP B A 40 1y B A &% 5 T CPAP 4 (P<<
0.05), 1 HENC 415 CPAP 41 I # , HENC Bt & 41
5 CPAPIR G A A, BAMEN EZ R LG I
H(P>0.05), W2,
2 AAIEKRFREILE (n=44)

Tab. 2 Comparison of clinical efficacy among the 4 groups

(n=44)
5A P/ b/ Jexk/ BAE/
(%) B(C%) (%) B %)
CPAP4 13(29.55) 20(45.45) 11(25.00) 33(75.00)
HENC4l  13(29.55) 21(47.73) 10(22.73) 34(77.27)
CPAPIEA A 15(34.09) 25(58.82)  4(9.09)  40(90.91)"
HFENCE: A4 16(36.36) 25(58.82)  3(6.82)  41(93.18)°
x 8. 494
P 0.037

¥ .5 CPAP 4 4, 'P<<0.05; 5 HFNC 4 %, P<<0.05,

3.2 PR I FAEARBALIT B ) 49 PL 4R

HENC &5 21 (149 AL B = ) 5077 i f) A
B bt 1] 24 %5 F HENC 41, CPAP Bk A 41 ¥ 6 F CPAP
£ (P<<0.05) ,HFNC 41 5 CPAP 4 , HFNC k13 4
M CPAP B & 41 EIR IR bR L 22 R TG iT 7 8 X
(P>0.05), W#%3.
R3 AETRIFERRERM BB R (=44, x £ 5)
Tab. 3 Comparison of respiratory support indicators and length

of hospital stay among the 4 groups (n=44, T + s)

5 HUBGE RS E]/ - ST/ fEBERS ]/
el

d d d
CPAPHA 8.754+1.18 11.46+1.70 26.80+2.20
HFNC 41 8.52+1.20 11.17£1.65 26.4942.15

CPAPHKAHY 7.04+1.12° 10.3541.55" 24.13+2.09

HFENCH(A4]D 6.80£1.107 9.9841.507 23.45+2.057

F 33. 189 8. 190 27.426

P <20. 001 <20.001 <20. 001

T 5 CPAP A 4k, P<C0.05; 5 HFNC 4 4% ,"P<<0.05,
3.3 A oIRGB

RITHT A H IS BT 4845 L 22 R G112

B X (P>0.05), GITIE ,4 489 PaO, 1 Sa0, ¥ I+
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Ft, PaCO, ¥ F % (P<<0.05), H HFNC Bt & 41 %
PaO, 1 SaO, ¥ & F HENC 41, CPAP Bt & 4l ¥ & F
CPAP 4] ; HFNC Bt & 41 /Y9 PaCO, fik F HFNC 41 ,

Fda4 4EMEDTIEROLLER (n=44, x L 5)

Tab. 4 Comparison of blood gas parameters among the 4 groups (n=44, 7 + s)

CPAP B4 4% T CPAP 41 (P<<0.05), HFNC 4
F1CPAP 4 ,HFNC B S 4Hf1 CPAPEE S 4, | ikE
MR 2 R RG22 E X (P>0.05), WLE4,

Pa0O,/mmHg Sa0, PaCO,/mmHg

oiH

BT HT SRS RITT NS Epagil I )G
CPAPHA 54.85+4.30 71.54+3.85% 87.96%+2.52% 93.38% +1.65%* 52.5443.91  42.84+3.25%
HFNC 4 55.22+4.25 72.16+3.81%  88.15%+2.45% 93.62% +1.67%* 52.36+£3.85 42.58+3.244
CPAPH(AL  54.95+4.22  77.53£3.69% 88.05%+£2.42% 5.87%+1.44%*  52.3543.83  40.25+3.154
HFENCHE(A4  55.14+4.28  78.21£3.617% 88.21% £2.43% 96.39% +1.43% 4 52.2343.82 39.62+3.14™4
F 0.070 38.419 0.089 43.138 0.048 11. 395
P 0.976 <20. 001 0. 966 <20. 001 0.986 <20. 001

.5 CPAP 4 H 4, P<C0.05; 5 HFENC 41 F 4,7 P<<0.05; 5 [ 4136 97 /i H 48, 4 P<<0.05,
3.4 XERTFAKRFEILEK

RIT AT, 4 B L RAE N F KL 2 58
G2 R L (P>0.05), BT a4 HIL-6.1L-8 &
TNF-a /K3 TF FE(P<<0.05), H HENC B4 4 19

®5 AHARERFHETPELE (=44, x L 5)

Tab. 5 Comparison of inflammatory factors among the 4 groups (n=44, r + )

FRFEFR K T HENC 40, CPAP Bt A dH K T

CPAP 41 (P<<0.05), HFNC 41 #1 CPAP 41, HFNC
BREA M CPAPBR &4, ikt rr b 22 R L5
2 E X (P>0.05), W35,

IL-6/(pg-mL™")

IL-8/(pg-mL™")

TNF-a/(pg-mL™")

" AT IR T e AT IR
CPAP4 34.80+4.25 28.14+3. 184 41.11+4.45 33.27+3.55% 30.25+3.88 24.67+3.15%
HENC# 34.52+4.24 28.3743.15% 41.334+4.51 33.14+3.51* 30.10£3.85 24.0543.084
CPAPELA 4 34.70+4.22 21.80+2.90"4 41.20+4.50 26.53+3. 154 30.264-3.84 19.16+3. 024
HFNCHE:A 4 34.65£4.18 21.50+2.85™ 41.25+4.48 26.12+3. 1274 30.1543.82 18.83+2.95™4
F 0.033 70. 106 0.019 62.414 0.018 45.743
P 0.992 <20.001 0.997 <20. 001 0.997 0. 001

.5 CPAP 4 b#,"P<<0.05; 5 HFNC 41 4%, " P<<0.05; 5 [ 4 1A 7 i b 4,4 P<<0.05,
3.5 SFEERAWEILAGIE

4 2 BB LIR T 0 18] I SR S AR OO Y 22 5 A 4

F CPAP 4 , HFNC B4 4H i) 7F & 9E s & 4B R T

2R B L (P<<0. 05) ,HFNC 4 i If & i Bk 2 AR
%6 4AHEEREBRBLLE (n=44)

Tab. 6 Comparison of the occurrence of complications among the 4 groups (n=44)

CPAPIEA YL (P<<0.05). W36,

i H Jifi /o5 ) AR/ BIC5)  RRIRRAE /(00 ) SRR/ SO/ B St/ %)
CPAP 4l 2(4.55) 3(6.82) 2(4.55) 2(4.55) 3(6.82) 12(27.27)
HENC 4 1(2.27) 1(2.27) 1(2.27) 1(2.27) 0 4(9.09)"
CPAPIEA 4 2(4.55) 2(4.55) 1(2.27) 0 3(6.82) 8(18.18)
HENC B4 4 0 0 2(4.55) 0 0 2(4.55)7
% 10. 650

P 0.014

.5 CPAP 4 4, P<<0.05; 5 CPAP B &4l b 4% ,"P<C0.05,
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BPD & FL = L3 WL 18 v il g 2 — |, ok
I R BE B AIC A AR R L BRCE B i b
FHY L R B s, R = )L BPD B kA S £ R A
A G, AL FE i 4 2R A AL R R R B R
B RAEA TR MGE 2 UL R R Y SR N R (L GER
I 32 BRI AL AME R ALY R B A T I S R
AT A S B0 A5 A5 0 T ] IE A Al 20T X LA A8 )
il 35 98 E N, AR IR 9 45 R R, HENC BA 4l
LY I R IT 20 T HENC 4H , CPAP B & 4 &2 )L
(I R A 0% 5 T CPAP 41 . BEAEAF 98 R WL, 7E
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