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(FEE] BM 07 Acapella IR 5)1E ol G = 900N BESIR 37 HEPS IR YT A6 ) L3 F1E il 48 v (%) i AN (EL,
HEAEN R BRI T R e RIS 2% . ik BERE 2022 45 4 H E 2023 4F 4 H RN ERREIE S
T ERBEJLEPFIRHZAZ R 120 I ERE M 98 B LVE AT FE T 4 . ARIEIAIT T AR RPKE LA 1 5 ST R
AR, Acapella JRBNIF HEE IR L =00 RESR % HERR VA T 40 B Acapella 412 8l 1T 38 LI A v 1 ff B i 7 HE
PIRITAL, B4 30 191, LA AL A ) LI S RE AR G2 i () AN e B 0], LA SR TP TG I DI BEFa b | 98 0E 7K~
2SS, &R Acapella 323l 1F K38 <A = 450 B BE PR 35 HEPE TR 7 AL B LIS 5015 2% B i) L ARk &2 1
FisF R | %Ik 2% i s 0] B A g i ) B0 A A 0 S BRI AR 4« Acapella 3R B 1F HGE AR YT 40 « i B BE 335 HERR 16
ST LEL I S 4 0 (RS I3 T A5 INHA] (d) + 4.85 +0.78 FL 8.47 +£2.36., 5.22+2.12. 5.38 + 1.56, K 52 1F % i} 7]
(d):3.51+1.04 [ 7.8442.34 445+ 1.92,4.76+ 1.59 , MK ZEARIN E] (d): 7.45 +2.15 H 13.59 +4.08 . 8.88 +3.35,
8.7242.59, 1 BE I E] (d) : 3.78 £0.63 [ 8.29+2.07, 5.02+1.44, 496+ 1.25, 3 P<0.01), Acapella 3 3 i J&
AR A | 1 A BE B35 HER TR YT A R LIRS T 2 R TRA AE IE R | WA A R A B R R B8 L R
T ERVE AR B B 40 (3 P<0.01), 4 413697 I 1 PR PR EBUFEVD) H i & (FVC) il FEVI/FVC
PIEGY T I BT 55, S0 A IR SR AE I 5 - o (TNF- o ), 8 % C- S 25 F (hs-CRP), F41 %0 (WBC)
BIESRYT T RS, HIBYT S Acapella 37 8l 1F H 38 I G w5 40 i BE 418 % HEP 1697 41 FEVL, FCV 1 FEV 1/
FVC ¥ 5 5 AL 5 A8 B 5 AR 4L Acapella #% 30 1E 8 SR T4 L = 0 B BE IR 3% HER IR YT 4 (FEVI(L) -
3.65+1.33 H.2.28 045, 2.94+0.63. 2.99+0.72, FVC (L) : 456+ 1.84 £, 2.94+0.83 . 3.46+1.28, 3.65+1.34,
FEVI/FVC : (72.36£8.84) % [ (59.84+4.05) % .(62.35+5.22) % .(64.59+5.58) %, ] P<<0.01]; Acapella #%
S IE A IRY T AL A BE 4R T HE R TR Y LR LG D BE e AR 2 I s TR R AGE R AR 4L (3 P<0.01)
1BIT G Acapella P& 21 1 0 S 150 400 B BE 335 HEFR 1697 41 1M ¥ 2 B F /K-8 AR L S B BE AR
21 | Acapella 41 2 1F 38 <A YT AL = 300 BE IR 3% HE PG YT 4 (TNF- o (ng/L) : 14.62+4.55 £ 29.44+6.13
18.09+5.33,17.52 +4.42 ,hs-CRP(mg/L): 21.41 +3.65 [ 48.67 +8.39.40.24 +6.42 . 37.24+5.12, WBC( X 10°/L):
13.42+3.67 1 1929 +6.45.15.43+5.34 1422 +4.14, 34 P<0.01 ), Acapella $E5I1F Fil S I6) 74 . 4o BE R
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[Abstract] Objective To analyze the application value of Acapella positive expiratory pressure therapy
combined with high-frequency chest wall oscillation sputum expulsion in children with severe pneumonia, and provide
theoretical reference for the formulation of treatment plans for severe pneumonia. Methods From April 2022 to
April 2023, 120 children with severe pneumonia were selected from the Children's Respiratory Department of the
Second Affiliated Hospital of Wenzhou Medical University. According to different treatment plans, the children were
divided into traditional airway clearance group, Acapella positive expiratory pressure therapy group, high-frequency
chest wall oscillation treatment group, and Acapella positive expiratory pressure therapy combined with high-frequency
chest wall oscillation treatment group, with 30 cases in each group. The duration of pneumonia symptom remission

and hospitalization, as well as the difference of pulmonary function index and inflammatory factors before and after



rhE P EL S SR 2023 4F 12 HES 30 555 6 ] Chin J TCM WM Crit Care, December 2023, Vol.30, No.6

treatment were compared. Results Compared with traditional airway clearance group, Acapella positive expiratory
pressure therapy group, high-frequency chest wall oscillation treatment group, the disappearance time of pulmonary
rales, the recovery time of body temperature, the time of cough relief and the length of stay of children in the Acapella
positive expiratory pressure therapy combined with high-frequency chest wall oscillation treatment group were
significantly shortened [the disappearance time of pulmonary rales (days): 4.85+0.78 vs. 8.47+2.36, 522+2.12,
5.38 £1.56, the recovery time of body temperature (days): 3.51+1.04 vs. 7.84+2.34, 445+1.92, 476 +1.59, the
time of cough relief (days): 7.45+2.15 vs. 13.59 £4.08, 8.88 £3.35, 8.72+2.59, the length of stay (days): 3.78 +0.63
vs. 8.29+2.07, 5.02+1.44, 496+ 1.25, all P < 0.05]. The disappearance time of pulmonary rales, the recovery time
of body temperature, the time of cough relief, and the length of stay in Acapella positive expiratory pressure therapy
group and high-frequency chest wall oscillation treatment group were shorter than those in traditional airway clearance
group (all P < 0.05). Forced expiratory volume in one second (FEV1) , forced vital capacity (FVC) and FEVI/FVC after
treatment were significantly higher than before treatment, and the inflammatory factors tumor necrosis fact- o (TNF-av),
hypersensitive C-reactive protein (hs-CRP) and white blood cell count (WBC) were significantly lower than before
treatment. After treatment, FEV1, FCV and FEVI/FVC in the Acapella positive expiratory pressure therapy combined
with high-frequency chest wall oscillation treatment group were significantly higher than those in the traditional airway
clearance group, Acapella positive expiratory pressure therapy group and high—-frequency chest wall oscillation treatment
group [FEV1 (L): 3.65 +1.33 vs. 2.28 +£0.45,2.94+0.63, 2.99+0.72, FVC (L): 4.56 + 1.84 vs. 2.94+0.83, 3.46 + 1.28,
3.65+1.34, FEVI/FVC: (72.36 £8.84)% vs. (59.84 +4.05)%, (62.35+5.22)%, (64.59+5.58)%, all P < 0.05]. The
pulmonary function indexes of children in Acapella positive expiratory pressure therapy group and high—frequency
chest wall oscillation treatment group were higher than those in traditional airway clearance group (all P < 0.05). After
treatment, the levels of serum inflammatory factors in the Acapella positive expiratory pressure therapy combined
with high-frequency chest wall oscillation treatment group were significantly lower than those in the traditional airway
clearance group, Acapella positive expiratory pressure therapy group, high-frequency chest wall oscillation treatment
group [TNF-o (ng/L): 14.62+4.55 vs. 29.44+6.13, 18.09+5.33, 17.524+4.42, hs-CRP (mg/L): 21.41+3.65 vs.
48.67+8.39, 40.24+6.42, 37.24+5.12, WBC (X 10°/L): 13.42+3.67 vs. 19.290+6.45, 15.43+5.34, 14.22+4.14,
all P < 0.05], the serum inflammatory factor indexes of Acapella positive expiratory pressure therapy group, high-
frequency chest wall oscillation treatment group were lower than those of traditional airway clearance group (all P < 0.05).
Conclusion Acapella positive expiratory pressure therapy combined with high-frequency chest wall oscillation
sputum expulsion is effective in the treatment of severe pneumonia in children, which can shorten the time of sputum
improvement and hospital stay, reduce the level of inflammatory factors, improve the pulmonary function of the children,
and promote the rehabilitation process of the children.

[Key words] Acapella positive expiratory pressure therapy; high-frequency chest wall oscillation; Severe
pneumonia; Lung function; Inflammatory factor
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Kok, Acapella $R 8l 1E 3 s 3¢ & 0 2% B e 7
Portex” WFIIATT R, 1] Xt LIP A A=A 6 )
FNIG IR SR, S A P I S R W b 3l , A R A S
HEMAR AT RERR A o R B o HE R A S i
) O R T 58 BT SR AR E B T
PEATRESIHERE , IS B B AP I HER AR, T,

AMWFFESIHT Acapella H1 3l 1F 30 KA e A5k B
Vo HERSAE T il 48 FELHERE TP B FHANE . B 45
R,

1 #ERl5HEE

1.1 RSN 5 e — M Be okt e 2022 4 4 A &2
2023 47 4 H AR LB IE I N RHE S B FE il R 2B
L 120 BFE AT S o FANRNGYY I 2 8Ly
WAE G SGE BRIE AR . Acapella 3§ 3 1F J5 8 <AYT
Y | R AT EENR G HEPR IR YT AL . Acapella 4R ) 1F
SERG S RER G HER IR T A 4 . R RGE
I AR B 16 6], Lt 14 5 AEEY 3 ~5 %,
FH5(3.98+1.01) %, Acapella #% 3l 1E JE i <34
SPAL R B AE 15 B, ok 15 6 AR IR 3~ 5 %, F 1
(4.0240.95) % . =i e BESIR 37 HEPR vy 7 b BB v
15481, 2ok 15 ) 4F08 3 ~ 5 4, F349(3.99+0.89) %
Acapella 4 2l 1F F 38 SCHK A i 400 1 BE IR 9 HED R
J7 4 3k 14 B, &tk 1e il R 3~5 %, F
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F3(4.04+1.02) % 4 LB ILTES | AR 1% 45 SE A Bt
B A 22 RGeS P>0.05), f Al
et

L1 G ARRE . O BILE AT Il ER AR 2 il
DI RE . R 45 7% M H AR C- 2 8] H (C-reactive
protein, CRP) S5, il RAF A [ i 2h A Ad b 2
LB ARTS N b 22 51 23 TR €L 2 Ji 0 s 48 Him
PR J B ke S8 G R ) Pk 56 LB 6 A
LWERIE ; @ UG, FEABERRTT ; @ KN
PERAF, BEIC & BRI SE iURYT 2l s @ BILKR
XA 5 BRI IE R, A SIS ; ® 5
BABEEAC IR SRR EOR

112 HEBRBRE . O P8l 45 4% | i % o
@ P ML oL 25 LA 2R 45 7™ g SO il
PIR 3 B RRIT 2N 32, B AN R 5
@ hIgIB HAHIESE, RBESE PR L.

113 RHE AT B H B, R A
el A e B2 b b (LS - 2021-K-230-01),
XF LRI 7RI B 28 L4 N ] o
1.2 JLEHREGEMRIZEARIE . © MRS SRT,
Sk I A2 FTEE (arterial oxygen saturation, Sa0,) <
0.92 (g ¥ Ti1) 2<0.90 (7 J50) BOA O & 4t
@ WP A AT FFIRARR S )L =70 X /min, 4F
K JL=50 ¥ /min, BRI & # . SRR AE PR 1Y 5200
) WM FRINE - M B SO (TR St 5 (@) [] BT
MEET5E S 5 (B FRZEm il 3 ~ 5 d AR B e R IE
BRI | e RSN R B AR | FFIGERHE |
AL RN RAR LA s © M X 2
SR TORRHIE SO 58 22 i 52 22 Bl S22 | i
AN fE R BRI A e S E 5 (D FEA R
ABKAE; @ 2 N ABLIT 8L, FRiZKibsiEd,
FLAT 1 3 R LD - BT iis e

L3 RS A B LABE G 84 T b
e AEE | FAARIT A T, D 5 A
THARM R RAT 2 AEGERTE AR RALS 1 +
I + Rz ), — Ok PR =481 30 min, Z5 105 2
A7, 8K 10 min, GE—4F5 S, th LT LT
BHHE S, #5E 3 d; @ Acapella #8 35 1F JE 8 <A
J72H /B LAE HAE T 30 min, 516517 Acapella 1677
2 K, R 10 ~ 20 min ; @ EA30G BE PR 37 HER IR YT
4188 )LAE HARHT 30 min, S5 105 #-1T S 0 I BESR
HEPEIR T, BEIK 5 min (B 8 ~ 11 Hy, 72 B2 AR 38
Uit A2 BEJR L), 7 H 13K 5 @ Acapella JR 20 1F K38

SR RN BE 37 HER VR YT 4B LRI 30 min,
% AL #E1T Acapella 3697 2 K, £ K 10 ~ 20 min ;
TE IR b, P AT 8 00 B R 3 HE R IR 9T, BRI
5 min (B 8 ~ 11 Hz, B BEAR Hf L LT 32 BE 145 ),
H 1, i JURHP Lot i s T, 222 3 d.
1.4 WEAERR SOk - O WG LG R AR 2% figg it
[F1) (A 55 It P 5 0 2 N T | (IR 52 T I ] | %
WK Ak I 8] 55 ) R AT Be R IH] 5 @ SR HCY -1 2YJifiZh
RE WIS F 3 R R PR WD - 1 R
JIER 5B (forced expiratory volume in one second,
FEV1), F J1 fifi & & (forced vital capacity, FVC),
FEV/FVC, Ak LIAYT RIS I REFedrkor
@ RAEH T TIRITHIG REAELIL 3 mL S FRIK
1L, 4°C£E 1000 r/min B.L> 10 min, 5,042 10 cm,
R FHORUATL AR e 0 i JK 472928 W B iU 562 (enzyme linked
immunosorbent assay, ELISA ) M %2 Ifil. - b 983 SR 4L A
T -« (tumor necrosis factor- a , TNF-« ). #88 CRP
(hypersensitive CRP, hs-CRP ). 1411144 (white blood
cell count, WBC) 7K, A7 #4344 2 RE VLR 45
AT

L5 Gt E 5 A . flH] SPSS 24.0 Ze it A
Bllio FFE RS AR TR POR DI + bR
(F+s) PR, R ¢ Ku5e s LIE WSRO 220007, 2
L[] P L AR LSD-2 K55 5 THECHERE LG ()
FoR KA xR, P<0.05 WZEFAGIHEE X,
2 & R

2.1 4 2R 8L 9 AE R 2 ik I [v] FAT: B i 1) LE A
(1) : Acapella % ) 1F 3l kG i 490 1 BE 4% 357
HEPRIOTT 20 F8 ) LI P M8 0 S I TR) | AR 52 1
FIF 1] . % 5K % i s Tva) K A e B[] 350 2 A 0 <O B s
AR . Acapella $i7 8l 1F HE SR 97 2H = 400 i B 4
o HEP IR T L AR A 4 (1 P<<0.01) 5 Acapella §fg
S IE Ol SRY A U BE R R IR T AL L
Pt IS W 2 ISP T AR TR 52 0 I ) | ik 2% fi
) S 32 B I [1) 349 85 4% e A3 B T R 2 B i 4
(¥ P<0.01).

2.2 4 4L JLIRYT T A Ml D) BE 48 bR 2K F A H A
(£2):4 LB ILIGYT HI FEVI, FVC 5 FEVI/FVC
P 22 s B ge it (B P>0.05) 5 1697 )=,
4 2L FEVL, FVC 5 FEVI/FVC BESAY TR 2
Fh, H Acapella 37 81 1F He 38 S5 i 40 i) BE PR 757
HEZRIAR YT A IR I Re TR bR 4 B 1 5 TR 48 ~UE
TEARYL . Acapella Y2l 1E B SIGI 7L | o 4 k) BE R
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B HERR IR YT 4 (3 P<<0.01) 5 Acapella #iz 2l 1F & i
SR BN HE R T T S
W3 5 T G SGEERE AR 2 (35 P<0.01),

R1 4 HE LIS K E R A ]

RAERRR B ELE (x +5)

5 ke ERREE AORIKAZIE R BT
() REfRI(d)  HESE (D) B (D) ()
A4l 30 847+236 7.84+2.34 13.59+4.08 8.29+2.07
B4 30 5224212 445+192 888+335 5.02+1.44
CH 30 538+1.56 4.76+1.59 8.72+2.59 4.96+1.25
D4 30 485+0.78 3.51+1.04 7.45+2.15 3.78+0.63
FAH 25.682 33.096 22.267 54.167
Pl 0.000 0.000 0.000 0.000

VE A AUk G GBI AR AL, B 41 Acapella % 8 iF IRl X
WAL, C AR R REIR S HEB YT AL, D 410 Acapella R 3TF
VA A A R R A T

2.3 4 AEJLIAIT RGN JE T hr K - L
B (3 3) 4 HEJLIBYT IS RAE R FHE bR L 22
S TG E L P>0.05) ; 1675 4 4HiE L
ML TNF- o . hs-CRP, WBC X% V477 Hif B i P A1,
HIBITIG Acapella 417 3 1 138 I 2 A5 B 3R 7
HERIGT T2 IR S AE N Tk P AR AL 40 <l
BERIE AR . Acapella 1% 8l 1E 38 SR 40 | i A i e
PR GHRRIGT T4 () P<0.01) ; Acapella 3% 50 1F JT 18
SIRIT A L o AN BE R 35 HER IR YT AL I T Hh A AE A
TR AL TS A GE R R4 (P<0.01),

3 i iR

VAR, Bl BB TS L i H g5 i, (IR L
FARE 58 ) & RN T 0L LB L A A
iR TR A I | O PR ORGP R
T L A RO IR B
THZHZ (World Health Organization, WHO ) &g i1%4
s, EAEM A IE 5 % LU N LSRN R A
e R L B fili 58 22 BT g% | AR | 25 A0 55 FUATHIE
TRIT R BN —E FEEE b 22 T i 48 LAY i
PRAEAR B AAAIE , 122 £8 ) LI A s e ) 1 e, el £ )L
AT BT, (R 780 R A, R LI I D) BE L S
DN RE 9 CRAN AL, PR, BURAR SHEEX HAE Ml
RIBILEA BRI I R EEEX ",

ARFFLER BN, Acapella i 8h 1E FE S B
e I B AR 3 HER VT 28 SR LTS W8 5 9 R I ]
ARTRLAR S T 5 ST TR] | W2 gk % ik P 1) B A B I 1] 2458
5 SGE TS R Acapella Rl 1IE B SIGITA
e O R 35 HER IR YT L W] R 46 5 Acapella R 30
TE A SHRY T A | RN BENR 2 HER 1R Y T 4 AL
P T < I TR) | (AR TR 5 T I ] | ik 22 fie
1F1) A e o 1) 45 A A 5 A< s v A 2L B 8 4 5 15
B Acapella 4 50 1F Heii KA g A BE R 3 FIER 7
12 R ) 300 A4 o S i ¢ AR )L N IR PR K 5 ) i) K
FEBEITTR] , 22 ik i S R R A AR, 2 304 il it 48 0

®2 4ARBJLATTEIEIMINEEIEFRIILLE (x £5)

g1 e FEV1(L) & P FVC(L) P FEV1/FVC (%) -
4 L L 3
T e wrR Evidil) RITIE bEvEdil) RITIR

AZH 30 1424022 2284045 9404 0.000 2.054+0.35 2.94+0.83 5412 0.000 50244546 59.84+4.05 7.735 0.000
B4l 30 1.38+0.25 2.94+0.63 12.606 0.000 2.11+0.39 3.46+1.28 5526 0.000 50.83+5.73 62.35+£5.22 8.140 0.000
CZ 30 140%+0.18 2.9940.72 11.072 0.000 2.084+0.31 3.65+1.34 6.252 0.000 50.13+5.44 64.59+5.58 10.163 0.000
DZH 30 1.39+0.22 3.65+1.33 14.182 0.000 2.144+0.38 4.56+1.84 7.055 0.000 50.52+4.89 72.36+8.84 11.841 0.000
F1{E 0.183 13.021 0.349 7.289 0.111 22.797
P{E 0.908 0.000 0.792 0.000 0.954 0.000

VE : A GUBFESGIBIIT R AL, B 41 Acapella SRENIE FEE“GAITAL, C 40 RMIRER S HERIAT AL, D 410 Acapella 31T il Lk
AT IERS HEISAT T AL ST AT, P<0.01

®3 4HBILETTAIEMERER FIEARK TR (e +5)

Wil TNF- o (ng/L) hs-CRP (mg/L) WBC (X 10°/L)
205 s i P{H S i P{H S i PME
(B Ay HIT)E IR H T IRV H HIT)e
AZl 30 49.29+6.38 29.44+6.13 12.288 0.000 82.05+10.45 48.67+8.39 13.643 0.000 29.65+5.34 19.29+6.45 6.776 0.000
B4l 30 48.97+£5.67 18.09+5.33 21.735 0.000 81.98+10.31 40.24+6.42 18.823 0.000 29.58+5.26 15.43%5.34 10.340 0.000
CZ4 30 49.02+524 17.52+4.42 25.168 0.000 80.12+11.09 37.24+5.12 20.125 0.000 29.05+5.83 14.22+4.14 11.351 0.000
D4 30 49.17+5.73 14.62+4.55 25.864 0.000 81.78+10.28 21.41+3.65 30.311 0.000 29.18+4.96 13.42+3.67 14.017 0.000
F1iE 0.019 48.135 0.226 103.144 0.091 8.062
P 0.996 0.000 0.878 0.000 0.965 0.000

A MRS AR, B 48 Acapella JRNIE BRI AL, C 400 E M EER S HEPSIRI AL, D 410 Acapella JR 20 1F 38 <k
B R EER G HER AT 5 SIRIT AT LR, “P<0.01
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