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Abstract

Objective To analyze the research status, hotspots and development trends of the application of airway clearance tech-
niques (ACT) in critical care rehabilitation.

Methods Relevant literatures up to December 31st, 2024 were retrieved from the Web of Science Core Collection data-
base. CiteSpace VI 6.2.R3 and VOSviewer 1.6.19 were used to perform bibliometric analysis, including annual
publication volume, countries, institutions, authors, journals, keywords and co-cited references.

Results A total of 2 189 publications were included, showing an overall stable output trend over time. The United States
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was the country with the highest publication, the University of Toronto was the most productive institution, and

Pelosi Paolo was the most prolific author. The hottest keywords included mechanical ventilation and acute respi-

ratory distress syndrome. The bursting keywords were electrical impedance tomography and mechanical insuftla-

tion-exsufflation.

Conclusion ACT have been widely used in critical care rehabilitation in recent years, especially for the management of

airway clearance in patients with respiratory failure and lung injury. It may focus on the use of mechanical insuf-

flation-exsufflation, and assistive technologies such as electrical impedance tomography and driving pressure de-

tection to guide treatment for patients with airway clearance disorders in the future.

Keywords: airway clearance; respiratory rehabilitation; critical illness rehabilitation; bibliometric
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CHERRE A 79N EFK . VIEZ N EERL, R Table 1 Top ten countries by number of publications
. G < 4 A e X R s
VOSviewer 1.6.19 §ii 1% & SCH L 5 19 43 4~ FE K/ e, % - i ® g
Ko WP 2. SEEL83 f R SCREE, ot LUBILIUN 3
%}(0 13) J[—L]‘%% 1 1 USA 831 71.62 120 0.13
2.3 *}L*@ 2 Italy 379 72.92 82 0.01
ETURTION . 3 F 321 89.72 85 0.02
PLBLFG 15 A, SEA7 2 759 RpLi AR ACT o imss 1 oo
anada . .
N = RN AN ; S, B:H: N o
Lﬁﬂéjti o HEZ T 10 A2 Y HLAE e Sc i H3t 1 337 5 - 5 Gormany oy 9340 71 000
; 03
H.A 214 40% >k 3 £ E, 145 Massachusetts General 6  Spain 189 841 60 003
Hospital, Harvard University., Harvard University 7 Brazil 187 66.86 54 003
Medical Afﬁliates ﬂeﬂ Harvard Medical SChOOlo F{L%% 20 8 Australia 147 81.92 53 0.09
24 EH 9 Netherlands 134 6031 48 001
DIVES M 2, 210 866 41EH 25 ACT Y 10  England 133 11844 46 0.04

WF3%, Paolo Pelosi A4 & ik kW5, Bit
K T2 0% . Hop 8 MAEE & SCE I 355 .
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Figure 2 Map of active countries/regions (VOSviewer)
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K2 AEXE=HART 104

Table 2 Top ten institutions by number of publications

He# Bt RIS/ REEIEIR HEEE Tt
1 University of Toronto (Canada) 183 120.54 64 0.06
2 Institut National De La Sante Et De La Recherche Medicale Inserm (France) 169 57.12 55 0.02
3 Assistance Publique Hopitaux Paris Aphp (France) 164 122.01 67 0.07
4 Harvard University (USA) 162 124.64 64 0.03
5 Harvard University Medical Affiliates (USA) 145 134.20 61 0.03
6  University of Milan (Italy) 116 83.57 48 0.03
7  Saint Michaels Hospital Toronto (Canada) 106 124.97 45 0.06
8 Massachusetts General Hospital (USA) 104 150.76 53 0.04
9 Harvard Medical School(USA) 96 87.08 45 0.03
10 Universidade De Sao Paulo (Brazil) 92 63.64 41 0.07
R3I RXEHEBTI0MEE
Table 3 Top ten authors by number of publications
4 e % Lt S BT S
n $/n R
1 Paolo Pelosi Italy University of Genoa 72 5186 246.95 37
2 Laurent Brochard Canada Saint Michaels Hospital Toronto 70 7440 354.29 40
3 Luciano Gattinoni Germany University of Gottingen 61 7991 380.52 39
4 Antonio Pesenti Italy University of Milan 44 5113 340.87 31
5 Davide Chiumello Brazil Ospedale San Paolo 40 3893 185.38 27
6  Samir Jaber France Universite de Montpellier 39 3958 197.90 29
7  Robert M Kacmarek USA Massachusetts General Hospital 39 4277 203.67 27
8  Patricia R M Rocco, Brazil Universidade Federal do Rio de Janeiro 36 1317 62.71 22
9 Jordi Mancebo Spain Hospital of Santa Creu i Sant Pau 35 3830 182.38 24
10 John J Marini USA University of Minnesota Twin Cities 35 6142 279.18 22
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2.5.1 LT W, ZREOREARACT IR I SIS TB, Z0R
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pedance tomography ., Coronavirus disease 2019 F1 me-
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(15.11)#M tidal volume ventilation (10.68). VULIE 5,

ﬁ[lé 17]

https://www.cjrtponline.com

RS TR O . 0 SRS AR A R Vi o i A 3
https://www. cnki1. net



H ] R RY

- 166 -

o R AT PR 5 52 R 2026 48 2 F 45 32 35:%5 2 1 Chin J Rehabil Theory Pract, Feb., 2026, Vol. 32, No.2

3 XHEIREIEIE(VOSviewer)

Figure 3 Co-occurrence map of keywords (VOSviewer)

2.6 CHERIEAE |

DIg g SCBR M1 i, 3 1253 s, 5
636 ZRZH 16 M RERIMZE . WK 6, #4645 T A K
[ 51 2% SO R B — 5 B
2.7 TR P 5 |

DU RIVE 5 s 268, L9 KX 37 R 1), i 10
44 B 1 BRI B R & 2R S0 B SCHR Y 79.85% (1 748
##)o Respiratory Care (313 )& He i BRI 1), Hik
J& Critical Care Medicine (271 )M Critical Care (261
Fi)e WS,

G A RE A A —iE 5 A ], s
S — AR TR A, R SR R
W48 ks Z— . New England Journal of Medicine 5% i
F % 15 (IF = 158.5), American Journal of Respiratory
and Critical Care Medicine (1 722 ) TEBE& 51 FH Y T
HHEA S —, HIRJE Critical Care Medicine (1 552 1K)
F Intensive Care Medicine (1 4611K), iX 3% BH X L] |
TE T 0E Bl &2 A8 ACT BF 9 A5 21 1 38 & 1A 1T .
e,

3itig
3.1 W BAR

AT A SCHRR B 794 EI R 2 759 LK,
KT 3TMEATEHE IR, A 71 3915 S5 30K
AF R SCHEEFIAR 5 | OB B n i U 5 7 AR 35 A
o REKCHERZ®315W). K. MERMEYES
Z 1B B AR ACT 75 JEAE B S W IS T 3K 5T
fiko AH & SCRAHEAET 10 49 B R oo MR R, KRR
e SRS =B 1E . ZEFT 10 BT ARBeme , K7k A
x M,
University fil Harvard University Medical Affiliates, 1
# J7 1, Paolo Pelosi fl Laurent Brochard & % %5 ,
s D, R ITH A A AT/ i e S .
Sb, HEAA T 10 A T 0 T A2 5 5w DY s ) 40
i, 40 New England Journal of Medicine (IF = 158.5),
JAMA (IF = 120.7) fil Intensive Care Medicine (IF =
38.9), WFFE A G RlHE bR TR O 5 ) 2 25 S0k
KU

41 Massachusetts General Hospital, Harvard

https://www.cjrtponline.com

https://www. cnki1. net



rp [ BE AR B 5 S 2026 4F 2 45 32 #5245 2 11 Chin T Rehabil Theory Pract, Feb., 2026, Vol. 32, No.2 _ 167 -

TE - BUOBHE T 200, AU M B A58 R , W 50 S 2t MR 5 7 2 € v ) 2 €0 5008 €2, U358 B SC B ) PR 5 o 2
BUAELAR
4 KBIFZEEE L (VOSviewer)
Figure 4 Density map of keywords (VOSviewer)
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Bl 6 #5| kI E i (CiteSpace)

Figure 6 Co-occurrence map of references (CiteSpace)
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Table 4 Basic information of the co-cited reference
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SR K G VE AR sy, BARRBUNE & A
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THRESI TR, B aniFme HLAE FHAS 24 S 3500 i HLAR OC
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3.2.2 “UIH JF I AT O A E e SRR SR

2P il 452 473 (acute lung injury, ALI)J& DART 0 [ 7
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clusters
e s o gy
{E

0 acute respiratory distress syndrome 192 0.831 2014

1 acute lung injury 173 0.939 2002

2 positive end-expiratory pressure 149 0.862 2007

3 positive end 141 0918 2019

4 mechanical ventilation 103 0.879 2020

5 ventilator-induced lung injury 89 0.875 2014

6 noninvasive ventilation 72 0.924 2007

7  cystic fibrosis 53 0.969 2004

8  septic shock 36 0.987 2004

9  sepsis bundles 30 0.985 2009
10 mucociliary clearance 16 0.999 2011
11 mechanical insufflation-exsufflation 16 0997 2017
12 duchenne muscular dystrophy 12 .0.994 2008
13 respiratory drive 9 1.000 2020
14 conventional mechanical ventilation 9 0.995 2014
15 electrical impedance tomography 7 0.989 2012

HFEZIR https://www. cnki. net



rp [ BE AR B 5 S 2026 4F 2 45 32 #5245 2 11 Chin T Rehabil Theory Pract, Feb., 2026, Vol. 32, No.2

- 169 -
R5 RXEHZR 08T
Table 5 Top ten journals by number of publication
HE# LR K ICHE/n IF

1 Respiratory Care 313 2.4

2 Critical Care Medicine 271 7.7

3 Critical Care 261 8.8

4 American Journal of Respiratory and Critical Care Medicine 208 19.3

5 Chest 201 9.5

6  Intensive Care Medicine 197 27.1

7 Current Opinion in Critical Care 93 3.5

8  Journal of Critical Care 73 3.2

9  Pediatric Critical Care Medicine 67 4.0

10 Annals of Intensive Care 64 5.7

®6 5| RBURHERT1089ET
Table 6 Top ten journals by citation frequency
Hi# Bl 19T R IF

1 American Journal of Respiratory and Critical Care Medicine 1722 24.7
2 Critical Care Medicine 1552 8.8
3 Intensive Care Medicine 1461 38.9
4 Chest 1446 9.6
5 New England Journal of Medicine 1417 158.5
6  JAMA 1052 120.7
7 Journal of Applied Physiology 986 33
8 Critical Care 972 15.1
9 Anesthesiology 933 8.8

10 European Respiratory Journal 867 243

200 3 0t = 0 0L PN S 0 L A P Ry T SRR IR Y
SRS G AR, W R S SRR 38 255 1iE (acute
respiratory distress syndrome, ARDS), Wi+ & T Ififii{)
R R R AR AP ALI/ARDS 3 Ui 7K b
AE AL IR, R il 2 B P 203 S 2 1, A
T35 2 7 H R AR R ILAE o

PUARGHE R 2] IE B4R Y 2 B R, UK IE R
i < (positive end-expiratory pressure breathing, PEEP)
SEdRHE HIBIPEIAEC, EREY Sk ZEE A AN, 21k
AUMFELE , HEMIIRERR R RN 1, A T
i PR R
3.2.3 ACT {7 5 5 PPAG F-BL

ACT 32 B AL 55 T S H AR B ARl B B R (FF 20K
IEEAIRGIFRIEE), " ASE RS BIERE .
FEHAREIERALT R . FaiddamFahiksh. 402
S IE i AR R s E N B Bl AT g
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P Bl 230 W Tt AR )i T BRE, FETRIR
T R it I3 B R ), IR AE R R AR 4 sh i i
DIGR it 58 0 A
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O X e AT BE R T T A, T R 2ok T =X
e

ISR 1 R IR 35 W SOE R B 7 T A7 12 1 FH
FEVEN B WG . SCRE YT IKRE RS PR A e AL R
ACT, A ENTHAEG YR AR RIS
PF Tk e . B B AR A TG L, T
R AL RIS W, IR AUE R4 50% (12/24)9% &
W, T H E5 AL 24% (6/25) 5 E D
3.2.4 ACTTEICU 4 i H

H 20 20 60 40K 1A ICU A7 DIk, FAE W
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B HREIT AL, 5] B R B 3E B A IE R R S 8.
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3.3 g AN,

HLAGE S5 ALL— B2 o8 $08 . Sk
S| SCHRAE 7~ T i U R R v R 4 O H A FH A A% 0 Sk
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tory distress syndrome HE 44 55—, X 7] 585 2019 4F DX
K B 72 56 AR 9 B 9% (coronavirus disease, COVID-19)%F
LEATAH K, COVID-19 A% & ARDS, % 5% ) #
TAEICU; HIRIERIA 30%~60%, f#f5ICU K H#H
T B BEPER R

F 201248 (AR A 2R GAEmMoR e L) &
)5, BiZE ARDS #F5E R A & COVID-19 i 4 BR it
17, SRRy e, DI T S5 ARDS B R
IR, R 2023 FE 1T ARDS 28Kk E X, ARDS
PP A . ARG R SORE . AN . i, ke
P PRI AR T A G B B R R o ) bR R I v R
FE PR 51 . BRAE RO E A 48050 Fe /M A SRR
& 5 (PaO,/Fi0,) #E 4T ARDS 12 Wi F1 ™ & F2 B (19 PE A
1L By ik it A T B P AR B A BR A SR B R AR — 3K
P17 834 ] PaO,/Fi0, < 300 mmHg 8% 28 57 1fit 48, 7 il
JE (SpO,)/Fi0, < 315 (£ SpO, < 97%) M FIIE 4 ifi i i
&, AUTRBZES T

L P PRI #5541 4RI J2 A YT COVID-19 AH ¢
ARDS HY K #E™ ) 71% B COVID-19 %5 & ARDS & &
BE T I QIPUGE S E RS T . HLWGE S
B AR R I MRS, ] s B ) P I ML A O i
iR, 72 ARDS AR, 38 24 138 <8 B2 il 4%
B HEAE R 2R 22— BRALAGE < 4h, ACT &
ARDS 5 BT B vk o il o A 38 AR — o s A

SR, ATEINTE A PPN b, AR RE I L R, R
HEAT I HE, AR RS, JFRRRGR Kk i 4 X
S, A, TRk EEE AR ACT A B T <
EIEFERIG 2245, 035 005 ARDS J8 5 i 8k 4y g
WeRE ST, FEARICU If A AEW. L3k BN 24 ] ALY
ARDS HIRTT RIS T2 H K40
3.4 XS EB R T T 1)
3.4.1 H BT AL B R (electrical impedance tomography,
EIT)

EIT J&—Fh 3 T A= i BT R 3 D BE LR A
J R BT 38 3 ol v F A B s AR ™= A L i,
WP W2 BHL e A 722 Ak, 0 il S A4 1Y 3l 2 R0 ST A AR
GRUS91 R T A ACT YR, 5] s At g B
= CE AT AN, H R ICU MLAGE SR 1Y AGE 5
VP EBAMOBIG IR 5 . Wris 45 R DL G AR 2=k
Ao W2 HUBME SRS IEA R, XZM CT KA f7
TERR G AR g . 2 A ey B az DRSS 46 T |2 A
K, EIT 3% A J Sy — b s s iy i 35 i) T 5.3
R AW BEPT T A AR B BEAE B, SCIRSE
Tl . o e HELL s A R L e, JF AT ohhe
ARG S i i A5 mT B A TR 1) 2 AR R S L Jid
[ BRLRAAE . Bl SEAS AN SR . B s BRI SR .
AT DR O B In) A, St H AR S ) P T BT O
2o BT LA HLGE SR S0 L BIT R 37
(9 I 2 45 B B SR , WNIR SR BhHERR . B Bk
PEFEFE A HE L AR S 5K o A, e Rl DL o EHRSE
A PF-Ait7 3% 26 T FURE il 19 802 . Eronia 55°° & 3 i EIT
1B M4 PEEP 2 AT AT, I g 6t S it Jmy 38 il
AR
3.4.2 HLBEL W A - PF H (mechanical insufflation-exsuffla-
tion, MI-E)HE#S £ A

MI-E HEZR H2 A 380 28 A5 400 1E 5 R Wk i W RN IR <Y
JE 1784k, AR HESE S WA HE T, RS PRI R
ey Al 2 LA VR B Th T o 2 v e g
FGUERS . MI-E A H& i AL < R PR
RT3 115421, 2R S MIL-E A TCU F9) 37 FF R 56 T8 S 80
AERA T B DL S T30 A B &R
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9K By He 2 G B 1] T bR A ik B2 e AR A . BKBN R
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SAEFETE . il B R A A sh 1 2E 2L, BMOR
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PEEP /K-F- 17284k, S WP 22 28 1) Gy A e R (e (PR IR
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