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Impact of different angles of pulmonary surfactant administration on
bronchopulmonaryplasia and intracranial hemorrhage in preterm infants: a
prospective randomized controlled study

DAl Xue-Feng, ZHU Ang-Ang, XIE Ting-Ting, XIONG Yu-Hong, MENG Lun, CHEN Ming-Wu. Department of
Neonatology, Provincial Hospital Affiliated to Anhui Medical University, Hefei 230001, China (Chen M-W, Email:
chenmingwu01@163.com)

Abstract: Objective To investigate the effects of different angles of pulmonary surfactant (PS) administration on
the incidence of bronchopulmonary dysplasia and intracranial hemorrhage in preterm infants. Methods A prospective
study was conducted on 146 preterm infants (gestational age <32 weeks) admitted to the Department of Neonatology,
Provincial Hospital Affiliated to Anhui Medical University from January 2019 to May 2023. The infants were randomly
assigned to different angles for injection of pulmonary surfactant groups: 0° group (34 cases), 30° group (36 cases), 45°
group (38 cases), and 60° group (38 cases). Clinical indicators and outcomes were compared among the groups.
Results The oxygenation index was lower in the 60° group compared with the other three groups, with shorter invasive
ventilation time and oxygen use time, and a lower incidence of bronchopulmonary dysplasia than the other three groups
(P<0.05). The incidence of intracranial hemorrhage was lower in the 60° group compared to the 0° group (P<0.05). The
cure rate in the 60° group was higher than that in the 0° group and the 30° group (P<0.05). Conclusions The clinical
efficacy of injection of pulmonary surfactant at a 60° angle is higher than other angles, reducing the incidence of
intracranial hemorrhage and bronchopulmonary dysplasia in preterm infants.
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XREM A B AR (bronchopulmonary
dysplasia, BPD) #l /i [N i il (intracranial
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ARG, A AN il 2 T A o (pulmonary
surfactant, PS) 1] LIYRY7 7= JLBPD, 24035 ili I
PEFLEHTINEE, HIPRE R AR & 7

FENG RERAE P ] 2B, PS 4424 Jm 2 Tkt
Mo LR R, YR . — kAt
OB S PRSI IR PS o3 A
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IMEM 25 25 BRAETRT B, RS %AE, H PSR, —
b R A I A A P DR, FRATTHED
WP EIE MR RO, RN I /D B i
HoiX SR R R A, Rmim ARG AR, EN
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1.1 HRMK
ATHEMEVEE 2019 4F 1 H—2023 45 A AELH
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3445, 30°4H 3641, 45°4H 381, 60°4H 3814,

A5 38 3 R R R 2 B s 4 o7 s B s 2
SRR B st [XJS2021-1-7 (NK) ], JfFHH
LK B EERIE R E
1.2 #EFEE

PS ([EZGHETF: H20052128, HEiEXUES 24,1 Ik
MARAFE); & OERMEEHETWRHL (Serve
Ventilator 300A, FEEPH[]F); 5% CPAP JCAIMT
W ML (KD300CPAP, Jb 5t 5 &R Bs 97 45 di A B 2
A)) s WA JLRFICE A SRS AT S8 (S
BILH, RS 71201920952545.0); 5= L0
B AU
1.3 &ITA=*E
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FREWE, ¥RJLE T H A LW E 0 2 A81F
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R R AN B IE RS DU [, K
T, A0 NE FAE B E K 00, 300,
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ORI BE A, BRI LTS24, mT
7T WA B LAMOE AT o AR TR Wk, n]
TEH IR 5110 12 h BRI T R4 T PS.
1.4 WZIERR

LSRR 2GR ANGYT 8 b B LAY I o Hr e b
Ak [pH. % 70 JE (partial pressure of oxygen,
Pa0,) F1 % {77 & (partial pressure of carbon
dioxide, PaCO,) | . A7 2d J5 B9 A & 48 %k
[oxygenation index, OI; TFE A (A A
J x FISGETE x 100) /Pa0,] . ANRFAE (R
PRI I3 . —id R4t - IRIPRICR (B 2501
oo A QI BR8] | ] TSR
WAL BRI ] A TR)) o JFAE [
ICH R HAr 9. BPD K H o2 . 1= LRI st i
(retinopathy of prematurity, ROP) 1. &5F e,
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ZWbRIE : SR 2000 4F 6 J1 3¢ 6 L Bl e
NZEREHFFE AT (National Institute of Child Health
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B VEREAC . BEBE AL e BRE Ml A i i 40 P e
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FECR R AT 595078 o
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. RWAE; (2) P Fi0,<30%; (3) HEHE.
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LR B 2 NI A, N I ROP

gimiFE R ES OCER [15], BvAdE. L
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W, AR RIS Y, B EMPIRARE , iR
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1.9 SIHESR

i FH SPSS 26.0 e 8 A T4 i Ab B . T o
TRR G IES R, BB s R (X +s)
Fn, AN BRI BOEEAS R 56, 2411 g
KRR I 225007, LRI LR FH SNK-q
5 MR REATSIES A, g (1
OYPIRCRIEE) (M (P, Py) | Fow, ZHMEEK
K H Kruskal-Wallis HEGI:, F—2 2 0] 2 & L3¢
K Nemeyi 15 o TTHECZEREH GBI H 93 % (%)
Fon, R EEBCRH ¢ K g0k Fisher B UIHER L
P<0.05 2R A G E L

2 #R

21 AABILEKREEILE

A BILEIER . BRI . AR . Apgar BT

gr . FKIEY . MR R LRy T A,
STHGEE L (P>0.05), WL,

F1 AABILHNEXRBEEILR
o4 o4 o4 o4

an e R R S L

PRSI (B2, i) 17/17 20/16 22/16 20/18 2.808 0.422
JGHE (% £ s, d) 209 + 13 209+ 11 207 +24 211+ 11 0.923 0.357
HAERTE (¢ + 5, ke) 1.41+0.35 1.33+£0.38 1.38 £0.38 1.43£0.38 0.482 0.691
1 min Apgar 53 (¥ £ s, 43) 5326 5420 5.6+2.1 57+25 0.264 0.873
5 min Apgar 43 (% £ s, 43) 6.8+25 6.7+1.8 7218 6.7+22 0.348 0.742
KI5 Y [5(%)] 5(15) 9(25) 7(18) 8(21) 2.720 0.437
G L [191(%)] 13(38) 5(14) 13(34) 8(21) 4.305 0.230
TE L [5(%)] 8(24) 6(17) 9(24) 7(18) 0.845 0.839

22 ARBILAHBIRMS S HIEHRE Ol LbEs
4 BILE VIR PS 258 hm, I Hr &5

SFRIIAT I, pHAE . PaO, 2 F1 5, PaCO, M4 R

(P<0.05), W32, 252511 45245 8 h )& 4 4[H pH

fi . PaO, il PaCO, lb B 22 F B oGt =22 L (P
>0.05), 60°H A2 )5 OLR T Hifth 340, 45°4H%524
J5 OLK T 0°4 (P<0.05), WL3E3.
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F2 AABILAHABELSHTERPNEANILE (+s)

s ik BRIl 248 hF tH PlE

0°4 34

pHIHE 7.24+0.15 7.31£0.10 4.284 <0.001

Pa0, (mmHg) 57 +24 68 + 25 2.332 0.024

PaCO, (mmHg) 57+ 14 48 + 14 5.900 <0.001
30°41 36

pH (& 7.27+0.12 7.35+0.10 4.393 <0.001

Pa0, (mmHg) 57+ 14 72+ 14 7.680 <0.001

PaCO, (mmHg) 55+ 17 42+ 14 5.512 <0.001
45°4 38

pH{H 726 +0.11 7.35 +0.09 5.784 <0.001

Pa0, (mmHg) 53+ 14 68+ 16 6.919 <0.001

PaCO, (mmHg) 57+16 45+ 14 5.771 <0.001
60°4H 38

pH{E 7.24 +0.06 7.36 +0.09 7.367 <0.001

Pa0, (mmHg) 53+13 7117 6.673 <0.001

PaCO, (mmHg) 59+ 11 43+ 13 7.049 <0.001
T [Pa0,] H4rHE; [PaCO,] AR %

#3 AHBILAARROLSHIERE OIRARBLLE  (x+5)
0°4] 30°41 45°4] 60°41
7R (n=34) (n=36) (n=38) (n=38) Pl PE

Y2 pHAE 7.24+0.15 7.27£0.12 7.26+0.11 7.24 +0.06 3.528 0.422
#4524 )5 pHAE 7.31+0.10 7.35+0.10 7.35£0.09 7.36 +0.09 0.692 0.945
#5241 PaO, (mmHg) 57 +24 57+ 14 53+ 14 53+13 3.012 0.571
25245 Pa0, (mmHg) 68 + 25 72+ 14 68+ 16 7117 2.381 0.392
25247 PaCO, (mmHg) 57+ 14 55+ 17 57+16 59«11 0.542 0.104
42)5 PaCO, (mmHg) 48 + 14 42+ 14 45+ 14 43+13 2.062 0.083
Z5 241 OT (mmHg) 144+3.0 142 £3.0 14.0£3.1 14535 4.022 0.411
2452})5 Ol (mmHg) 120+1.1 11.5+1.1 109 £1.1° 75+ 1.0 15.026 0.006

TE: [Pa0,] HAME; [PaCO,] ZHAMAE; [O1] AR a/m 504138, P<0.05; b/n530°41, 45°41LEE, P<0.05,

23 A4HABIIAREBFHRIEITHRILE

RPN, 03RRI . 1R —ad
R, 30 2 KA R, 45040 1 9 kA — i b
KA, 60° 4 BILPIAR LR X —it & 4
HEILIGIT 3 d NI e f . R HZ .

B I Wz ATLFN TC B W AL L A5 K A T B e Iz AL
FF 8] 25 07 T 3R 25 e e ge i e i L (P>0.05) o
60° 21 il FH A 601 W I AL s 1) A1 FH 42k ) e oA 3
4 (P<0.05), W4,

R4 AABILTREERETIARILER

0°2 30°41

45°2f 60°2

A (n=34) (n=36) (n=38) (n=38) Hiy* {8 PE
IR 42 [461)(%))] 14(41) 15(42) 14(37) 13(34) 2.035 0.565
R [5(%)] 5(15) 5(14) 6(16) 5(13) 0.830 0.842
fif FHA BINF AL [151](%)] 17(50) 19(53) 22(58) 18(47) 7.560 0.931
fifi A QINERHLEH] [M(P,, P,g),d]  4.0(0, 14.0) 9.0(0, 16.0) 4.8(0, 15.0) 0(0, 5.0)" 8.110 0.044
i FHICBIFILAIL [#51](%))] 28(82) 32(89) 30(79) 29(76) 6.261 0.522
ffi FHICRINE ML ] [M(P,, P,g),d]  15.009.0,18.5)  12.5(7.0,16.0)  10.5(6.5,13.5)  11.5(7.0, 15.5) 1.284 0.082
FHSEHHIE] [M(P,, P,J), d] 28.0(16.0,34.5) 27.0(14.0,32.0) 23.5(15.5,29.0) 23.0(7.5,25.5"  13.951 0.003

T A QUL RSB A QITIALI LB HHTCAITEIAL” S5 R B B A T RN e ML il Biohn - S f
JIA RS TCRIFIALA LB, a7” 5 0°2H, 30°4H ., 45°4H 1%, P<0.05,
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24 ABBILERETELRE

30° 4L A 45 3AT 1 BB LR A S M, A
HIHRILEAES, 441 BILI ROP &4 %=
SIG2EE L (P>0.05) . 60°4H 1CH B & 4= % 1
0°Z1fik, BPD &RAEFWHALIAML, BAHFET0°
ZHA30°4] (P<0.05), W3S,

x5 4AMBILERETEILE ([(# (%) ]
o4 o4 o4 o4
P8 i oo v eoy P T
ICH 16(47) 14(39) 11(29) 8(21)" 8.309 0.040
BPD 18(53) 17(47) 12(32)  4(11)*¢ 24.861 0.003
ROP 1029)  6(17)  7(18)  4(11) 3.440 0.329
45 Ja)
AR 20(59)  23(64)  30(79)  34(89)""  18.152 0.006
e [ICH] fsipy s [BPD] XS EE AR [ROP]
R LM BERAE . azn 5 0°41E4, P<0.05; bRt 30°4] ik,

P<0.05; c/R545°41HH, P<0.05,

3 itig
P LR IR B VR B R e,
2R IR E R, S T 0
W S BT SR BRI, 4 2R R BPD
[ 7 LI 5 7 B BPD %2 i
[ S LB A, PS LR
WS, SEORFUNEEE R L)
SR E WG, BUBRE “Cid v 55 2 AW L
I 7. L U SR
MHCTALH R FRAR, BRI RS R H R e 2,
EEA RV ST £ A L3 2
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SO B AR PR B2 HOR LB
Uis ARRAERIR, PR L R AR,
- B AR, SFECREREA I, M
TR 05 . L BPD % 2 i R
B e SR AT R — B
BT .
LRI R L T PSSR BEZ
LRI ST IR REREAR . SR
VINU R ST S N e
ARG, BB, R = AR
SERRAUIILAE . PSREASH I, AR IEN
WK, NG BURE (R TR G

[, v -5 = 40 i A [ A 3 A Iy
FNIEH K, e B L A& AR MK B 3 i S IR
#h 78 PS X REAR L L SE 2 BPD & A= KA 1
WAER e 2

EN e SR S 78 S P =11 11| R W2 W3 T (= 2 3 TN
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A PS I BRI I 37 2 Ty 24 A Wi, mT g2
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