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Evaluation of therapeutic effect and safety of bronchoscopic alveolar lavage
combined with acetylcysteine alveolar lavage on pulmonary consolidation and
atelectasis in children
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Abstract: Objective To analyze and evaluate the therapeutic efficacy and safety of alveolar lavage with acetylcysteine (NAC)
combined with bronchoscopic alveolar lavage in children with pulmonary solid changes and pulmonary atelectasis. Methods A total
of 146 children with pulmonary solid changes and pulmonary atelectasis were selected as study subjects and divided into study
group (48 cases, treated with NAC alveolar lavage combined with bronchoscopic alveolar lavage) and control group (98 cases,
treated with bronchoscopic alveolar lavage). The therapeutic efficacy and safety of the children in two groups were compared and
analyzed. Results The efficacy of the children in study group was better than that of control group (P < 0.05). The disappearance
time of lung rales, temperature recovery time and hospitalization time of the children in the study group were shorter than those in

control group, and the differences were statistically significant (P < 0.001). The differences in laboratory indexes, arterial blood gas
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indexes, pulmonary function indexes, and Ol before treatment were not statistically significant between two groups. After lavage
treatment, the WBC, CRP, PCT level, and PaCO, level of the children in two groups were lower than those before treatment, and
PaO,, Sa0,, FEV1, FCV, FEV1/PVC, and OI levels were all higher than before treatment, and the differences between the same
groups before and after treatment were statistically significant (P < 0.001). The WBC, CRP, PCT, and PaCO, levels of the children in
study group were lower than those of control group, and the levels of PaO,, SaO,, FEV1, FCV, FEV1/PVC, and OI were higher than
those of control group, with statistically significant differences between both groups (P < 0.001). The levels of WBC, CRP, PCT, and
PaCO, were lower than those of control group after treatment. The differences were statistically significant (P < 0.001). The
differences in serum SP-A levels and oxidative stress indicators before treatment were not statistically significant between two
groups. After lavage treatment, serum SP-A, SOD, and GSH-PX levels of two groups were higher than before treatment, and serum
MDA levels were lower than before treatment, and the differences between the same groups before and after treatment were
statistically significant (P < 0.001). Serum SP-A, SOD, and GSH-PX levels of the children in study group were higher than
before treatment, and serum MDA levels decreased compared to the pre-treatment period, and the differences between the same
groups before and after treatment were statistically significant (P < 0.001). Serum SP-A, SOD and GSH-PX levels of children in
study group were higher than those of control group, and serum MDA levels were lower than those of control group, and the
differences between two groups were statistically significant (P < 0.001). The incidence of adverse reactions in two groups was
not statistically significant. Conclusion For children with pulmonary solid lesions and pulmonary atelectasis, the combined use
of NAC alveolar lavage treatment in bronchoscopic alveolar lavage treatment can enhance clinical efficacy, significantly
alleviate the level of inflammatory response and oxidative stress in children, improve lung function and arterial blood gas index,
enhance the level of tissue oxygenation, and promote the restoration of the compliance of the lung tissues, and will not increase
the adverse reactions of the treatment.
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Table 1 Comparison of baseline data between two groups of patients

P AT LR /%) T A2 R AL C o E/%)
20 5] n/f /Y e/
% « iy At
Xt 98 7.09+2.61 52(53.06) 46(46.94) 3.08+0.68 35(35.71) 63(64.29)
k7t 48 7.33+2.61 25(52.08) 23(47.92) 3.10+0.72 19(39.58) 29(60.42)
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Table 2 Comparison on clinical efficacy between two

groups

Hul whl BB BRUB R BH R %
Xt FE 98 32 36 30 69.39
TR 48 29 15 4 91.67"

Lt i 4l " P<<0.001.
""P <0.001 vs control group.
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Table 3 Comparison on treatment indicators between two

groups (x+s)
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Mgt 48 8.12+1.44™ 42240357 10.08+1.92"

S0P R T P<<0.001
"*P <0.001 vs control group.
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Table 4 Comparison on laboratory indicators between two groups before and after treatment (x+s)

s WBC/( X 10°L ") CRP/(mg'L™") PCT/(pg'L ")

BT HITIR BT HITIR BT HITJR
X e 98 17.52+6.32 14.37+4.15™ 88.94+9.65 51.96+8.83" 21.92+15.04 12.86+£5.36™"
W5 48 17.76+5.58 11.39+4.40™"% 89.61£10.35 39.3447.12"7 21.69+14.75 8.15+4.08™

SRR IT AT : T P<<0.001 5 53 B2 IR T ) Eh A7 P<<0.001

""P<0.001 vs same group before treatment; ““P < 0.001 vs control group after treatment.
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Table 5 Comparison on arterial blood gas indicators and OI between two groups before and after treatment (x=s)

A8 /bl PaO,/mmHg PaCO,/mmHg Sa0,/% Ol/mmHg
- n > N, >, RN S, N, RN >,
R 7R

STHE 98 61.68+6.37 70.03+6.06™

52.28+4.25 43.13+3.98™

85.17+2.52 90.68+1.98™  147.04+21.95 192.68+20.2™"

BT 48 61.52+6.69 76.38+5.54""% 52.49+£4 41 37.08+3.34™" 8520+2.87 96.89+£2.29""" 146.48+£22.06 223.39+£15.3""

SRR AT T P<<0.001 5 5 X% BRI T J5 B ¥ P<<0.001; 1 mmHg=133 Pa.

P <0.001 vs same group before treatment; “*P < 0.001 vs control group after treatment; 1 mmHg=133 Pa.
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Table 6 Comparison on lung function indicators between two groups before and after treatment (x+s)

B FEV,/L FCV/L FEV,/PVC/%
qu /bl o o g o A =
VAIT I HIT A VA IT HI Rt A VRIT A RIT R
R 98 1.24+0.23 1.65+0.31"" 2.05+0.46 2.36+0.55"" 60.32+2.34 67.82+£3.27"
9T 48 1.25+0.25 1.9940.35## 2.06+0.43 2.7040.617" 60.1242.23 73.2243.98"

SRMAIEIT AT " P<<0.001 ; 5 X B 41597 )5 L - P<<0.001 .

""P<0.001 vs same group before treatment; ““P < 0.001 vs control group after treatment.
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Table 7 Comparison on serum SP-A levels and oxidative stress indicators between two groups before and after

treatment (x+s)

W51 /bl SP-A/(mg-L™ " SOD/(U-mL ") GSH-Px/(U'L™ " MDA/(mmol-L")
2l n A ; A ; A ; A ;
HIT T BT e HIT D BT )5 6Tl BT e GIT HIT e

XTI 98 3.22+40.91 4.05+0.87"

26.48+2.81 30.07+3.18""

121.98421.38 164.51£25.24™"  10.51£2.72 7.73+1.51""

BEIT 48 3.19+£0.98 5.92+0.847 26.64+£2.57 39.06£3.547 122.38+£20.06 198.23£32.25™ 10.2442.26 5.24+1.42""

SRMIEIT AT T P<<0.001 ; 5 % B 4L 16T )5 L - P<<0.001 .

""P<0.001 vs same group before treatment; P < 0.001 vs control group after treatment.

3 itig

TR Ik A T SRR ot i s AR R il A e
JLR SR B AT IV vk, LA R DT R
A JE A RO BRSO AR ZE Ak B P L
(). UEAER, R BE CUE )L B IR R Gt 95 0 Ak
BN LR R R S T 2T A A 1) it 3 Je
G P S AR | il AN 5K S5 LG 1 D) IR T RUR L T
3595 1 I B B S S A i R LS A E
R ST I 3 IR i s AR R i AN 5K 32 AR
Py /NSE T e RS, F BB AN 2 R SR R
K SRR I A W I 3 R S L Il T 1 %
PR A S5 B s N 40 WA — R R I ARIR R 4F
SR BT LR F RO AT I S B L SR AR
A 330 A7 55 JiR 2 A AT i 5 PR G i 7T, B
RN T 5 MR RS R SRR R S5
(IRl AS Tk, £F 4 2 <8 B b o EE S WA T
PER™Y . M ORHF T8 R, 0 T A IR 52 A2
S A5 ) s R 7 5 140 )L B K il 6, FE LR e
o S5 LA T SR A 1 N SR R VR T
AR R LR TR T B IR A T S I R
T 2 AT 246 R A A B B T, A R PR R LI 1 i
RAE AR B KT, 52 T RIT 280 6 T e i ¢
S J A S A i R A 51 ) i IR A I AN
5K 8L, SR SO B IR BE R HEAT VR T B
A I B FRAR 90 i B K P | e B i SEURN i T
Fa b SR A A IR T, AR FL A5 R S R AT
B — . (B2, B AT ARG FoeT A, R SR
5 i 0 VBE e AR R AR 0.9% LAk AT 1R D E v
W H BRI IRE MBEMARNE . —BR¥,
2RI SRR R 5K & R R BEELIE
I7 Ja ¥Rk B Ak AR o ) LIE B2 2 KR
IT7 5 AT SR AN B I B0 2 R H IR DA AT RE A2 0 R 4K
e FH iy 52 78 A A 5 £ ) LA AR AR, T
HARARE B RO EH R R S E T EURE
S H ™ 2 3 B RS RN ZH ZUBIR , 1 0.9% AL A

Y TBLTEE e UM DA PR T D R R T A R
Bl o BRI, T 0 A R AT A R R R4 T
RS A R R R B AW R4 S
LR STRUE BURE VR VR T BEAT IR LA S UK 52T
I7 R H

AL AR T2 SR AT W A SCUE BT E VR R
J7 I R A NAC il B i T Bl PR T R0 A
2 M 58 L 20 S L 50 il T E A 2l Jik I <4 s
S TH LGSR A KT T T A ROCRAR TR A L 4E0.9%
SACANIE AT AT e SCVE BREDRIR T . A, 3%
TIEAESRT LG SP-A JKF e S8 A0 N s R 7 T
BRI 2, X P 1 AR e T R T 5K ) e
B il 960 TS A P T R B AT R IR AR B 1
TR ILT 206 NAC 5 LS B RIERAR S
82 FH T SR iy 0 R G ) A T AR TE S o — ARy T
TR T NAC AL AR 85 2575 0, 851 T
FETHIT R B AR JAE S LR JEE o4 3 il Th RE 5% H ) 5
55— BT NAC ARy 3OV B IR B eV
WRHEAT 45 24, [RIRE A 3 17 a0 M e 9 e v 4% A A
TP 5 T R R I 2 R I 45 K 4
TRV SR A B I 5] B 318 e 97 R0 H ), I A s
SRR AT T CAE L2 I PRl 58 SR SR T 48
Il ARG IT W L0 v 4 21 7R S, T H S SCRUE B
VEVE NAC FIE T m i, a7/ b2 1 9 H.
A P ROV RF ™. RN E
P 5 18 R T NAC i VT Jr U X
J U EE fili 2 A8 R AN 5K BEAT 69T, Ik B T B )
IR, 3 B R — S5 R ML, AT RE R IE LA R
JUANT7 18I = 35—, NAC J2 40 L 4 328 T A48 I ik 7
SALBLa AT R B, B B2 R AR L T
TN =UTE B 5 A 0 W R R A T
VAT IR S| AN BR s 25—, #h 78 NAC Al 3 i = & 41
J PN IE SR R A B K OE L T R AR LR T
B4 B 1 EE D I A AR D SRR AT R
AR S B R A S A L YR A L O T g



$F47%5 FEH 2024F91 %Kl"iﬂ'{ﬁti Drug Evaluation Research

Vol. 47 No.9 September 2024 - 2127 -

i I\ 2 ff) B 2 it U TE JR) 3 AR B 5 B =
NAC B A 88 P12 AE L X Tl F AN 58 42 1 i
TP A A AR R T 2 i U Y Th1/Th2
M1 Th17/Treg V-7 i Janus Wl /15 5 5 55
T M DL 3 % 0 14 R Y R 6 Ak SR ML K 5
PUAE BRARATE ) BLPE I/ P 250U NAC IE m A
NS U A T B T AR R R R U P
F 1 RIRPY, T R RSB 2 N R ) Re
Fyek /b Jm #05 HAE 5 55 L, NAC AT 3 i 40 il %
[KlF--kB 15 *5 180 % A 22 4 J 95 10 B8 1 e p3 8 B 1R
A VR T ER LT 93 B S 0 A A A TR G ) B P N
KT, FHEBGE A B P R T B I S O S U
IRBR ARG, W I ST AR X ST N 998 iR Ak A 4 1 2
KA 5 8575, NAC w] #1011 fil B 25 24 40 i 1y ok
S 5E % A M A0k S B DTAR T R IR e A
R A SR R e M 1 R B T 3 IR SRR A
T %o M I A% ARt A 5K Jig It 45 23 114 9 B 4 AL R 48
BT RIS A o EAS R AR 12, BAAA
U 45 RAE7n 7 NAC AE )L 2 il S A8 it A 5K 16 97
N 22 A PRI i, {H RLTE B NAC MY £ 5] g s
W% o IR | T BLAEOR RN, i HL 34 1T RE 5 5
SCRE R R R AR R R 2 N R R I 10% B
Pirm A )L ISR E R R, — HRAE,
BSLEPZG T R E LR RS R X E LW
17X RE VR 9T 8 T B SR BRI B S B R
R s R L, W I IROR A R
N ARV 2SI oY 7 7 ) YA S I S Z A 2
NAC 5 i fk v« BE 25 A g e 25 (1 I L O 1% R
WIRHM HER CKBHER R EEADN
Be AT 25 2 B2 W A HAE R I, B3 & NAC
ANES &R R A AT S, e
8 FH W% 55 8% 4 24 I N 0k B B S sk 9B R
il o

gx LRTIR , EE X)L il SR R0 AN 5K 78 47 52
BEVESR IR TT RS R NAC e 167, 427t
e PRI 280 2 35 R i BB )L 980 RN K- o5 il 3
RE AN Bl ik <48 b 2 TH LA A KT ORI T
K 0.9% SACEN BT REVRIR YT , BN A
ITA R

MBEFR ALY FAREEANZY R
SE Mk
[1] Mutluoglu M, Vandenbulcke R, de Smet K. Man with

shortness of breath and pulmonary consolidation [J].

(2]

(4]

(7]

(9]

[10]

[11]

Emerg Med J, 2022, 39(12): 930-958.

Bruins S, Sommerfield D, Powers N, et al. Atelectasis
and lung recruitment in pediatric anesthesia: An
educational review [J]. Paediatr Anaesth, 2022, 32(2):
321-329.

REEZ, A3, 5k . BUROLBHFIR A A HORAE il A
5K A L (9] A S ATDLRE 2R, 2020, 35(10):
765-768.

Dai J H, Fu W L, Zhang Y. Application progress of
modern pediatric respiratory intervention techniques in
atelectasis [J]. Chin J Pract Pediatr, 2020, 35(10):
765-768.

Pritchett M A, Lau K, Skibo S, et al. Anesthesia
considerations to reduce motion and atelectasis during
advanced guided bronchoscopy [J]. BMC Pulm Med,
2021, 21(1): 240.

Paraskevas T, Kantanis A, Karalis I, et al. N-
acetylcysteine efficacy in patients hospitalized with
COVID-19 pneumonia: A systematic review and Meta-
analysis [J]. Rev Roum De Med Interne, 2023, 61(1):
41-52.

B 2%, L30T . AR S S ) LREE M. 58 7R JE st
N R PA AL, 2002.

Hu Y M, Jiang Z F. Zhu Futang Textbook of Pediatrics
[M]. Beijing: People's Medical Publishing House, 2002.
Yue F, Yang Z G, Yang F, et al. Clinical observation of
bronchoscopy  alveolar  lavage combined  with
thoracoscopy in the treatment of empyema in children [J].
Medicine, 2019, 98(52): ¢18528.

Xu X H, Fan H F, Shi T T, et al. Influence of the timing
of bronchoscopic alveolar lavage on children with
adenovirus pneumonia: A comparative study [J]. BMC
Pulm Med, 2021, 21(1): 363.

Han S Y, Guo Y R, Luo X W, et al. Clinical value of
alveolar lavage supernatant specimens in the detection of
the EGFR gene mutation in patients with non-small cell
lung carcinoma [J]. Transl Cancer Res, 2022, 11(5): 1188-
1194.

KUEIR, MR, R ). AR 4e U R 3OUE I
WEVEIRYT LB R R i 28 197 R0 5 (0], h B R 24
T, 2020, 22(7): 447-450.

Liu C J, Chen W C, Yu H C. Effect observation of
bronchoalveolar lavage under fiberoptic bronchoscopy in
the treatment on infantile lobar pneumonia [J]. Chin J
Med Guide, 2020, 22(7): 447-450.

RO LS RVE B R IR YRR T S L B R
I il 8 R S8R ROt S50 S FR AR B S IR [J]. R 22 27,
2022, 42(11): 61-63.

Zhao Y J. Effect of bronchoalveolar lavage under



+ 2128 -

F47%5 FEH 2024F91 "é""#‘[ﬁt % Drug Evaluation Research

Vol. 47 No.9 September 2024

[12]

[14]

[15]

[16]

[17]

[18]

fiberoptic bronchoscope on acute lobar pneumonia in
children and its influence on laboratory indexes [J]. Clin
Med, 2022, 42(11): 61-63.

X, VF &L PYESORE BRI NRYT )L B AR
P JELAR it 98 5 IR I AN TR (R I AT R [0, v [ N B 4
&, 2022, 28(11): 71-76.

Liu R, Xu L. Clinical curative effect of early intervention
treatment with fiber bronchoscope on children with
severe mycoplasmal and
atelectasis [J]. China J Endosc, 2022, 28(11): 71-76.
BB ARG LT Y SO B R S IR AR R - I i
AN LI ) 22 AR BRI M [J]. 520 224, 2022, 46
(3): 364-365.

Fan Y, Xu H J. Effect of fiberoptic bronchoscopy on
children
mycoplasma pneumonia complicated with atelectasis [J].
Guizhou Med J, 2022, 46(3): 364-365.

Joseph L, Goldberg S, Cohen S, et al. Ibuprofen does not

pneumoniae  pneumonia

respiratory mechanics indexes of with

prevent postbronchoscopy fever in children undergoing
broncho-alveolar lavage [J]. Pediatr Pulmonol, 2020, 55
(10): 2737-2741.

AR, ORI, B, S A E RIS &
R R IR RE e R T AR Bl A% BRI AN Bk R B ROCR
Joob 96 1 R FE ) (3], HR A S B AT, 2021, 19
(21): 158-160.

Xie W H, Qi Y J, Xie S F, Effect of

bronchofiberscope combined with ambroxol alveolar

et al.

lavage in the treatment of severe pneumonia with
atelectasis and its influence on inflammatory reaction [J].
Chin Foreign Med Res, 2021, 19(21): 158-160.

AT, BT 8, AR, & B BRI G 47 4k 3
AU BLIR YT N L R SR AR i 8 SUE R O 12 AN
PEREJSCRLZK S IR S [T, I PR AT SI2 36 [ 2 A% 35, 2022,
21(4): 433-436.

Kou Z J, Ma H M, Quan S D, et al. Effect of glutamine
granules combined with bronchofiberscope in the
treatment of children's mycoplasma pneumonia on the
repair of bronchial mucosa damage and the level of
inflammatory reaction [J]. J Clin Exp Med, 2022, 21(4):
433-436.

FEI . O IEE IR S RN S SCUE B E A
T WP IR AR DR IH 8 553 28 1 7K1 L =K P B9 56 i)
[7]. T HREE 22, 2022, 43(8): 2143-2145.

Li Y X. Effects of acetylcysteine atomization inhalation
combined with bronchoscopy on inflammatory level and
blood gas level in elderly patients with severe ventilator-
associated pneumonia [J]. Jilin Med J, 2022, 43(8): 2143-
2145.

KO, TLE, £ W% SOVERIMER RS R

[19]

[20]

[21]

[22]

(23]

[24]

FH T Fot S I VA R Y 7 B I 4 1R A [I]. R I
REEAEZR &, 2021, 49(4): 449-452.
Song C, Yu H L, Wang Y, et al

bronchoalveolar with

Efficacy of
inhaled

in the treatment of severe

lavage  combined

acetylcysteine solution
pneumonia [J]. Chin J Clin, 2021, 49(4): 449-452.

Liu H B, Wang W X, Gao X J. Comparison of the
efficacy of ambroxol hydrochloride and N-acetylcysteine
in the treatment of children with bronchopneumonia and
their influence on prognosis [J]. Exp Ther Med, 2020, 20
(6): 130.

skEME, R Fe, BN, & BT XAERREELE S
T 24 I S B+ 17 b 2% 1 0 S ¥ 1 AL X SRAF P Il 4 SR
AP AG IR . B PR IL-6. TFN-y. MCP-1/K
PR S (3] 980 T K S AR (B 52 i), 2021, 18(6):
114-118.

Zhang Z M, Chen L, Li C P, et al. Effects of
acetylcysteine and budesonide perfusion through
electronic bronchoscope on tidal breathing lung function
and levels of IL-6, IFN-y and MCP-1 in bronchoalveolar
lavage fluid of children with refractory community-
acquired pneumonia [J]. J Hunan Norm Univ Med Sci,
2021, 18(6): 114-118.

w28, ARAEME, BR U, AF LRI R = RV T
2 3RE B VEVR ST JLEE IR SR il 2 AT R 5%
[7]. R E T, 2022, 57(10): 1113-1117.

Zhang Y, Zhu C M, Qian J, et al. The treatment outcome
of early N-acetylcysteine lavage via bronchoscopy on
necrotizing pneumonia in children [J]. Chin J Med, 2022,
57(10): 1113-1117.

SR, 2R, ERIME, & 4 SRR BOEVE AN R )
T IR R T B i 4 BB AT R I LA D).
[ PR 4 £, 2023, 43(3): 317-322.

Zhang Y M, Luo L, Wang L M, et al. Comparison of
different combined with

doses of acetylcysteine

electronic  bronchoscopy in patients with severe
pneumonia undergoing mechanical ventilation [J]. Int J
Respir, 2023, 43(3): 317-322.

Mousapour P, Hamidi Farahani R, Mosaed R, et al.
Efficacy and safety of acetylcysteine for the prevention of
liver injury in COVID-19 intensive care unit patients
under treatment with remdesivir [J]. Gastroenterol
Hepatol Bed Bench, 2022, 15(3): 241-248.

ERAE, EER, JF W, 5. N-CHERrEmRx e d T
7 I MC3T3-E1 40 i i T (4 4F FI S FEL) [0]. & bk
K2R (E2ERR), 2022, 48(1): 26-32.

Cui L H, Hou Y B, Su C, et al. Effect of N-acetylcysteine
on apoptosis of MC3T3-E1 cells induced by nicotine and

its mechanism [J]. J Jilin Univ Med Ed, 2022, 48(1):



$F47%5 FEH 2024F91 %#"i‘-‘[ﬁti Drug Evaluation Research

Vol. 47 No.9 September 2024 - 2129 -

[25]

[26]

26-32.

ARG, XURIYL, ThAe, 25 . N- LIk Dk 2 R B 4 A
AEAG V H 2 AR 0 ¥ 9T ROBIE 7 Bk e [0, I R
FHR, 2022, 27(2): 285-289.

Li P F, Liu L K, Zhang J H, et al. Research and progress
of anti-inflammatory effect of N-acetylcysteine in the
treatment of chronic obstructive pulmonary disease [J]. J
Clin Pulm Med, 2022, 27(2): 285-289.

Akakpo J Y, Ramachandran A, Curry S C, et al.
Comparing N-acetylcysteine and 4-methylpyrazole as

antidotes for acetaminophen overdose [J]. Arch Toxicol,

[27]

[28]

2022, 96(2): 453-465.

W W, KUK, L8, 5 N- S s TR 5T R
HILAE A A0 AR L VAT 5t 5 A2 1D 5% 7 B G AL ) (K D¢ [T,
HRAERE 2R, 2018, 98(23): 1869-1872.

Yao B, Liu D W, Chai W Z, et al. Effect of N-acetyl-L-
cysteine on vascular heterogeneity of microcirculation in
endotoxemia rabbits and its mechanism [J]. Natl Med J
China, 2018, 98(23): 1869-1872.

Calverley P, Rogliani P, Papi A. Safety of N-
acetylcysteine at high doses in chronic respiratory

diseases: A review [J]. Drug Saf, 2021, 44(3): 273-290.

[FriEmiE  EARK]



