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Efficacy of minimally invasive pulmonary surfactant administration
combined with caffeine citrate injection in neonates with NRDS*

Zhang Yan, Zheng Jiao-jiao, Wang Zhi-yan, Liu Jiao
(Department of Neonatology, Handan No. 1 Hospital, Handan, Hebei 056002, China)

Abstract: Objective To evaluate the clinical efficacy and safety of minimally invasive pulmonary surfactant
administration combined with caffeine citrate injection in neonates with neonatal respiratory distress syndrome
(NRDS) and to analyze its effects on respiratory function, inflammation, and prognosis. Methods A total of 114
neonates with NRDS admitted to Handan No. 1 Hospital from March 2024 to March 2026 were prospectively
enrolled. Using a random number table, they were divided into groups A, B, and C, with 38 neonates in each group.

All neonates received conventional symptomatic treatment for NRDS. Group A received minimally invasive
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pulmonary surfactant administration alone, group B received caffeine citrate injection alone, and group C received
the combination of both treatments. Clinical efficacy and clinical indicators, blood gas indices and inflammatory
factor levels before and after treatment, and the incidences of bronchopulmonary dysplasia, periventricular-
intraventricular hemorrhage, retinopathy of prematurity, neonatal necrotizing enterocolitis, and ventilator-associated
pneumonia were compared among the three groups. Results Significant differences were observed in overall
response rates among the three groups (P < 0.05). The number of apnea episodes and length of hospital stay were
lower in group C than in groups A and B and were lower in group A than in group B (P < 0.05). The duration of
mechanical ventilation was shorter in group C than in groups A and B (P < 0.05), whereas the duration of oxygen
therapy was longer in group B than in groups A and C (P < 0.05). The rate of weaning failure did not differ
significantly among the three groups (P > 0.05). After treatment, pH and arterial partial pressure of oxygen (PaO,)
were higher and arterial partial pressure of carbon dioxide (PaCO,) was lower in group C than in groups A and B
(P < 0.05). In all three groups, pH and PaO, increased and PaCO, decreased after treatment (P < 0.05). C-reactive
protein (CRP), procalcitonin (PCT), and interleukin-6 (IL-6) levels were lower in group C than in groups A and B
and were lower in group A than in group B (P < 0.05). These indices decreased after treatment in all three groups
(P < 0.05). The total incidence of complications did not differ significantly among the three groups (P > 0.05).
Conclusion Minimally invasive pulmonary surfactant administration combined with caffeine citrate improves the
clinical efficacy of treatment for NRDS, reduces apnea episodes, shortens the durations of ventilation, oxygen

therapy, and hospitalization, and improves blood gas and inflammatory indices. It is superior to either treatment
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alone in improving respiratory function and inflammatory indices.

Keywords: neonatal respiratory distress syndrome; minimally invasive pulmonary surfactant administration;

caffeine citrate; blood gas indices; complications
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BET TR AFA SRR A Bt A Tl 25 L, T A 414
WK 82% B T1% . C 41 95% , L F & L5 (JRIF 72 h
Je I R 8505 ) Hh e R 25 1 P AL EL 3 (B 41 719% vs
C 2 95% ) W JEHE, % 2 a =0.05 (XUl ) , B =0.20,
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SRHE, S PRI T G AR 4 2 B AR R PR SR B A LIV 0 5 B R AT 0

A W LA B R ST B P A R SR W AR 3 4
() AT An] 19 7 LU P B e K g R RE o 3 AL 153
e MR | AR PR ) RS min Apgar P>

WA, &) /PR, 2 F TG E L (P>0.05)
DL 1. ARG 4 B B IR 2410 P& 61 2w it il o
(2024-K-90) , LWy N2 B 1% R = .

F=1 BHA—MERLLE (n=38)
215 B2/ G/ (R, x £ 5) AR (kg, X+ 5) HFEr 61(%) 5 min Apgar P43 (x +s)
AZ 21/17 30.12 £ 1.56 1.68 £ 0.22 24(63.16) 7.15 £ 0.86
B4 20/18 30.35+1.48 1.71 £0.20 26(68.42) 7.22 +£0.81
CH 22/16 29.98 + 1.61 1.66 +0.23 25(65.79) 7.09 + 0.90
X2/ F1E 0.213 0.551 0.511 0.234 0.219
PiE 0.899 0.578 0.601 0.890 0.804

1.2 WANSHERRIRE

121 sadr OF G R JLIFICE 8 25 A1
WA & K ILFOP S Wibr e, 456 8 LTk
I 2 PRI R | A | = [MTAE | & 2 A5 I IR ¢ 30 % i 8 5
BeEBIIRAUUE SORE R AR QR 27 ~
34 AR )L @A BERF R A 5 <6 h, B4 i A
It 2 T35 1 0 O 4 2 B R W S RETR YT AR AR s @R L
WEB NN R & SRR A o8 AR IA T M Bl
122 Hrink  OF IR G @k
S AR S EE R AT RE QM
FEM ARG B N AR R M A A R R T
T e QI E L5 min Apgar PF43<3 47 ;
(@)X il 25 17 778 1 400 JOE e A 2 v 81 3 S YA G 24
Yoy o B @A JF ™ H R D e R 0 L B i ) g
B | 4 B RE IR @A YT ik A SR B iR
7, TOTk e A A AR

1.3 RITAHE

B BOLABE G #2352 58— 1 NRDS & #LEE Al A
I ARG BE AR TE R AR O M AR B A R SR
T8 TE Hs 38 A S DK S 3R SRR AR R K H i
JoT R T kT A TS R e | I W A ) R
255t E T T, MR I R L bR i 48 4 A (pulse
oxygen saturation, SpO,) M Ifil <53 B 45 L ] 3 e A 4
e FE (fraction of inspired oxygen, Fi0,) M il <% 77 .

A YL 7EH IR YT FE A LR LISAJRYT . UL
PRFe A BRI Rr 2 2 B R SO IFE Rl R
XHF, T A G 6 h INSE B 25 o % 1 5 1 4 fili %
T 0% P R (0 e e i OURS 24 B 1 A PR A | [ 2
YE 7 H20052128 , HA% - 70 mg) Bl B FRIFHRIR
5. TEWEEMN TBMFELHETEAREEY

WEE, 8 B RIR IS A RE S EREE
A 45 245 301 18] A8 47 TC A W W SR AN R S
A o FRE W LA 2R B SpO, , H B o0
B3 258 Sp0, T BEI B 4E 45 25, R Ak e iR IR R e R
ALk, Y255 4 h NS R AR TE R A I B
SN H L, AT R A I R 26 B B I S A3 A 46 S vk o 2
HHEE G,

B2 768 BIRYT ZEAH b, BRAl T LA 1 i e
PR 3 S v (5 o 8 XS R B 20 A BR N ], [ 2
YE 7 H20203034 , BLA% : 1 mL:20 mg) 3697 . H 7 7
fi fit 20 mg/kg , 2% 1% # K% 7F 30 min, 2525 24 h J5 2
h'5 mg/kg AEFFF AL, KA TE 1 0/d, AR R R LIFIR
BT A5 AR P 9 0 R R T R AR AR e T R 1 RS
152,

C UL 755 MR YT a1, 6125 5k HI LISA 45 24
IR G A TR I A1 3 SRR VBIER I, R 2 0 14 45 2
X ST ARERE S 5 A A BB 5,
PRUE TP 5 —

A LS — WU : 2 S PSR IE
WA T IFARIE K T E 2~3 emt,0. Fi0,<30%,
Sp0, 4 90% ~ 95% , J& B & W < 1 = MIAIE K WP g
15, Sk < [pH 7.35 ~ 7.45 . 80 Jik 1fiL %8 23 JE (arterial
partial pressure of oxygen, Pa0,) 50 ~ 80 mmHg . 5/ K IfiL
— % 4k W /7 JE (arterial partial pressure of carbon
dioxide, PaCO,) 45 ~ 55 mmHg]#%& & 1F % H-F54E212 h,
A AL s WL PO L0 B I 2 3 A R g
B (22 ) B i A58 D00 S LR . A
W53 300G 22 4 P AR 5 SR ), R H0T N A L B LA R
A — 15 00 B S 2 S 9 155 Ak, 7 BV AR B I X TR
ZIt A AhnEAL I ROR YT - D& B p 2L <0 IF
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U FiO, £ 25 >40% 415 A B 4% £F SpO, 90% ~ 95% ;
@ 3l ik 1M < 42 78 pH<7.20 . PaCO,>65 mmHg &, 3 17
PERR rf g ; QI8 5.0 dhad 2% (1 h =2 IR T
A T E S8 ) s @R R/ 75 32 s RDS 9 748
HEJE i 96 22 B Y LR 5 D1l R ] DR A7 7 I I
Wy U o AR A B AR ROL, 57 R HAREESE , B
A BRI He B NRDS Fr EROA T 58 L RO -

1.4 WMEIEFR

141 &R IRIT 72 h 5 S BB NRDS J7 %A
TERRUECIEAG Y 8 . OB FOLIE I R M | & 4t
= MUAE S5 R 58 AT 2R i 7 52 18 o S s il A o
FEARWL , i AR ARIK . IEF , w0 S+ @QF
R : R LN AR AR b 25 2% A Il 350 52 5 27 k]
WO AR bR AR AT AR S BUR YT
@I : IR o el 38 2w , AR K<
Fe bR I UF i T T POE RS BGE M2 WIR YT . B
A %= (R R+ R LB x 100% .
142 EAAMXIEAR SRR IFE 3 AR L
BT T 18] P 02 B 45 R AR BRI AL A R [ LR
AR ) AR B s T B AR T A R O

143 wAEAR SR TR R CTHUET) MR )T
72 h 5 R LB Sh kL, SR 4 B 3 iS4 AT AR
(FF22 75 BE KRR BT 4 A BR2S \ , #4 5 . ABL9O
FLEX) &1 pH {8, PaO, & PaCO,, FL %5 3 41 i LA YT
A AR

144 KgEdeAR A TIRITET (TR MaRyT
72 h J5 R A FBOL KL, % R 5 E 30 min 7 0L E
SREEME S, T4 °CF .3 000 r/min 250> 10 min 4355 Il
L BRI WA . SR 4 A sh AR BT A (5
DU 5 2 IR RS A, LS 0 AUS800) & it £ 3 77 £
(A6 5t 0 B ABE S Wi AR A BRA ) | DLy ik
Kl C )2 v 2 H ( C—reactive protein, CRP) , DA FZ FL
YIE L b 9 G I 4 45 2% L ( Procalcitonin, PCT) o 2%
it b A (€ [ FEBR /R BHE 2 |, -5« Multiskan
FC) DL 15 G 92 W B 3 36 A6r DU P 48 i A 3R -6
(Interleukin-6, IL-6) GG & At = 2449
AR A R ], AL : NE101-01) o

145 SFAEEAHEL SRMUIITSIT3H R
LB RAER BN XRAEMWEEFT AR
(bronchopulmonary dysplasia, BPD) | ii 25 J& [l - i &=

W I (periventricular—intraventricular hemorrhage,

PVH-IVH) . B 7= JL 0 ™ B 5 28 (retinopathy of
prematurity, ROP) . B 4= JL 3K 58 ¥ /) i 45 1l R
(neonatal necrotizing enterocolitis, NEC ) | I W #1 4 5
P il %8 (ventilator—associated pneumonia, VAP ) i) & 4=
(17F @RA NSV e
1.5 SHitEHE

BG4 H7 2R T SPSS 26.0 et 2& k. FF A IE
A3 A AT i R DL R+ AR 22 (x25) BB,
3 L 1A] e H5 R B TR 2R 5 28 70, 4L 1) 7 1 L
LSD-t A6 58, 2H N IR I7 1 5 LU BT EC XS ¢ 45 55 5 114k
BERFLA (%) Fe7s , 20 1) FL A FH A6, 2R ) 79 7 1
B K JH Bonferroni £ 1E , ¢ 1E J5 Wb & MK F o=
0.0167. P<0.0542&RAGH¥E X,

2 R

3 E LRI R L8

3 BILIGIR BA BRI, 2R AGIT¥EX
(x=7.398, P =0.025) . #—P MWW LK TR, CHAE
HRCRE T B4 (x*=7.438, P =0.006) , {H 2 Bonferroni
K OE G 22 5% L4 it 5 1 L (KCIE P =0.018, o =
0.0167); A4 5BAl A4S CAlbig, 2551t
R SLC(RIE P>0.05), W2,

*2 SHEBILIGERTTAILE [n=38,%1(%)]

2.1

5 B3 A T3 BARL

AR 19(50.00)  12(31.58)  7(1842)  31(81.58)
B4 14(36.84)  13(3421)  11(2895)  27(71.05)
c4l 27(71.05)  9(23.68) 2(5.26) 36(94.74)

2.2 3HBILIEKREXIEIRILE

3 4 AR LB I 5 B L W IR A P B[] 4
A B ) B e B T B A, 28 F KRR, 25 S A G
T E L (P<0.05) . i —F WM HLE, C 41mF
15 U BORN A B st ] 35 20 F A 4R B 41 (P <0.05) , H.
AY/DF B (P <0.05) ; C 41 AL B ] £ 4G
TAHMBA(P<0.05), AHS5BAILE, 2R IS
A7 (P >0.05) 5 B 4L A I R4 K T A 41
MCH(P<0.05), 3HMHLRMARILE, & Kk,
ZR G EX(P>0.05), WEK3,
2.3 SARJLMSIEIRILE

BT R, 3 40 LI pH {H | PaO, & PaCo, H.%5,
S FRE, ZFHILLEITEE L (P>0.05) . BT
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SRHE, S5 QIR T I A T4 24K B A R R e PR S0t A LR 0 2 B R T O

%3 SBHEBILIGKEXIEIRILE (n=38)

A 6.42 £ 0.56 129.12 £ 11.35
B4 7.36 £0.85 133.85 £ 13.62
CH 4.81+0.53 112.26 £ 9.08
FIx* A 143.953 37.005
P{H 0.000 0.000

92.58 +9.86 2536 +2.32 5(13.16)

98.63 £9.12 27.25 +2.68 9(23.68)

89.33 + 8.42 21.62 +2.95 2(5.26)
10.106 44.005 5.380
0.000 0.000 0.068

J5, 340 LY pH (A . PaO, K PaCO, FL 45, 4 F ¥
5, 25 WA G FE L (P<0.05) ; HE— 2L Pw L
B, C 2 pHAE A PaO, 2 5 T A 41F1 B 41 (P <0.05) ,
PaCO, ¥IE T A B4 (P <0.05) . [FZHN, A7 AT

x4 SHBILMSIEIRILER

Jii pH fH . PaO, Fll PaCO, HLAL , S L X ¢ K 30 , 25 3
it (P <0.05) ;3697 Ji pHIA  PaO, #8697
B THE , PaCO, BURYTHTREIR . WK 4.

(n=38, X+s)

A 7.19+0.17 7.27 £0.25° 5298 +4.16
B4 7.21+0.18 7.29 £0.16 5236 +4.25
CH 7.22+0.18 7.46 +0.24° 53.12+5.31
FAE 0.284 8.528 0.293
P{E 0.753 0.000 0.746

70.36 + 4.85 57.13+5.28 4215 +4.32°

68.25+5.12° 57.62 +5.36 4536 + 4.85"

85.58 +4.26 57.95+5.42 35.62 +3.96
149.814 0.226 48.533
0.000 0.798 0.000

T TSGR LA, P <0.05.

2.4 3HEBILRIEIEIRLE

RIT RT3 40 5 LY CRP ., PCT B 1L-6 /K °F
B, A FRY, ZRWESIT¥E L (P>0.05). 1A
SPJE L 3 4 LAY CRP . PCT K 1L-6 KL # , & F
K, 22 S A G FE X (P<0.05) ;3 — LW

£R5 3ABILREIRILR

F#, C 41/ CRP . PCT M 1L-6 Mk T A A1 B 41
(P<0.05) , AL HMEF B (P<0.05). RN A
JY I J5 CRP \PCT J2 TL—-6 /K - HL 5, e X+ 4 56
2 WA Gt 258 X (P <0.05) ;3677 J&5 CRP . PCT
K AL-6 KR TIRYTHT (P <0.05) . W35,

(n=38, X+s)

A 18.98 +4.36 15.26 +2.85 24.81 +4.58 13.46 + 1.38" 90.92 + 11.85 69.56 + 7.23"
B4 18.36 +4.52 16.65 +3.25 24.85+3.62 14.12 + 1.45 90.65 + 12.36 73.32 +8.65
CH 19.15+4.41 13.52+2.16" 24.83 +4.60 11.78 + 1.25 91.23 +12.12 65.15+7.86"
FAE 0.335 12.007 0.001 29.795 0.022 10.093
PAH 0.716 0.000 0.999 0.000 0.978 0.000

I T SIRITRETHES, P <0.05,
25 3HBILHKIELLE

3 BILAY T RIE B A A R I, &K, %
RIGE T E L(x*=4.487,P=0.106) , WL%6,

#*6 SHBILHEIELRE [n=38,1(%))]

Al 2(5.26) 2(526) 1(2.63) 1(2.63) 1(2.63)
B4l 3(7.89) 3(7.89) 1(2.63) 1(2.63) 2(5.26)
C#H  1(2.63) 1(2.63) 0(0.00) 0(0.00) 1(2.63)

7(18.42)
10(26.32)
3(7.89)
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NRDS 4732 8 A= )L W b == op S 300 7= LA
Bt Fof [] A2 4 300 2 A7 B o A P 00 WP I R S 9%
JRUOL AT A R IR 27 ~ 34 JA R L
NRDS % 9% R 1] 35 22.7% , B A H A 1 g L& 9 IR
W i — 25 Tk, PRAlAR AR OO R B IR SRR
it = 191 B e LA Bl e 24 D I e 2R B S A R A
TR AR i 3 T 9 R R B ARIR T B EL R
NRDS ¥ [H 2 11 9 4% 0 T BT Bt e e U i 4G
24 5y 15 R TE B IR 5 L 0L 3h 12 Bl ]
R HRMAEA 4 8 2 W, R A RA
B3 A, AT R AR A AL 1 AH SR R F 1k kR
IO AE A FOR A L B B UM A R
Wi PR A R LR IR 45— 3R YT 259, el B
VBT A 32 A T IR R PR g v s L L R
9K h J7, B R TR R R AR L (A —
24 TOTA A6 2 It 3 T PR A T i = ok DL MR VR 2%
fift NRDS JIr 80480 A B g0 028 245 9 43 50l X Jili
T 235 A SR I R T I 0 ) R g B A Y R HEAR
B I R AF 58 22 )5 BT 5 — 25 W 7 SO 5%, ik
b 320 % BRI T R G0 LB LISA 25 24 il 2% 1 v
W BT | ERLFE R A TR WA P D] B LIS A B A5 A i i i P
(53 29780 ARWFIT IR E 3 A A7 X IR, [ 25 174
et B IO W A I AR A L R A T B AT B A G I
AT, BB T I 1L DX 43 P R 25 sl il S A T
T 3K 4 25 5, R A0 2 A AR TR I R LA T AR 4 -
AR TR T B0 M A A 0 P R 20 Sy L e < A S 30 i D i
FET I Y RS CLISA B R /B A7 0 e 3 e S
Fpze 5, B W sh & B RLE, I DL B2 P2 5y
SRR LR FE W B AR, 2 E L Al
ST .

AR, C IR RITRE T A (B4, WAL
T T 4760 sF i) S o 52 B 5% YR B B A8 0
o il 2 T T P A ST AT A il 9 2R TR 5K T, AR G
I R B 8 AL A, R A NRDS il 308 99 B 2 AR 1Y)
DCHEFEHE" 5 AN [R) JC A0 3 AR 2 AT BB E — 25 5 )
TRYT RO A 1 W e RT3 A A A A
I 8 v X oy P, I o535 R LA 4 g g, L4 15 59
It 5 LT ) REAK A % DI AR DG HEDN R B G
A [ B A il 9 R R T A AN I 3K B 1 I T, Uk
/b S A A R T A8 B — FH 245 B R AR R W Ty

AEMR A o ) Tty 5000 [ A5 B, ) A 7 i e R B 45 il
FETH T PR W) R BE A% 235 NRDS BOVA YT S8, 5 AW
FELEIE— B0 (0 Iy IR A TR AL, HE L)
T8 43 DX 43 AN [v) 285 49 1 2k ST 8000 o AR BIF 9 1 A
PR — IR 2, IR I LISA 452K 45 7 fili 3 1
TR, (BB 25 R 3 35 RO T S Ui .
IS AP e it DX A L R BB IR YT 1Y
e R DI 34, L v T AT 4R B 5 T e 5 i 5 s 2 2 T
B, SR RARAEZES . R FRH,
% FRAE— M R PR35 v () R BB A% 2 85 7 RO s
ARG S HER R o AN, H R RIBL ] T 4 A A O
oy FAe bR it — 25 Ik

AHEFE R, C2H WP WAL At PR B ) 40t P B
V] R AT B o ) 240 T A (B4, SR 6 7 48 Al A ik
H FE PR, B AR AT 0 S R 75 5K . NRDS AL
T 25 [ A A58 TR ek T S 0 A/ 3 2 A
TN PaO, FF Ik . PaCO, T+ B pH T F# 5 FR 226k 4
AL b B 40534 vT 75 & A& J N, i IL-6 . CRP &
PCT K- FH P2 il 3 181 3 P4 0 I 3 e e A1 9 %
THT 4 1 o8 il 9 52 e N AR 5 48, A A R ol e A1 D)
Bl 0 3% 50 77, 5 AT 8 D A Sk SR A 6 R RE N
T BB A% ) e i 9 4 AR RN I I v A
Tk, BRI C 2 i S A B 98 E PR 1) el 5 R R TR
Ko AR TN S B, M A 1 o M PR A il 2% T 9%
P4 B AT k3 NRDS fEL L A0IR A8 I F FRAR S RE IH 7
K, SRR R —B =505 A T 2
1, (HREAE A 9T 2 R W 4 be 38, AR B 9 358 B P A
M — NI AL, IR LISA Hi R4 25, fg i
WA PP I A R S UK

ARWEFE R, 3 4L E B AR R R L R
P, 2 R gl 2= o R ] AR AE T AL
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