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Application of airway clearance technology in pulmonary rehabilitation of coma patients with severe craniocerebral inju-
ry Hu Gejiletu, Ai Dongzue, Zhang Xiaomin ., et al. Erdos Central Hospital . Erdos 017000, China

[Abstract] Objective: To explore the application value of airway clearance technology in lung rehabilitation in coma
patients with severe craniocerebral injury. Methods: A total of 68 coma patients with severe craniocerebral injury
who were admitted to Intensive Care Unit (ICU) and Neurosurgical ICU of Ordos Central Hospital {from March
2020 to September 2021 were selected. Patients were equally divided into observation group and control group ac-
cording to the random number table. The control group was given conventional rescue treatment and nursing. and
the observation group was supplemented with airway clearance technology for sputum extraction, twice a day, 30 to
40 min each time, for 14 days. Arterial partial pressure of oxygen (PaQ,), arterial partial pressure of carbon diox-
ide (PaCO,) and oxygenation index (PaQ,/FiO,) were observed before treatment, on the 3rd, 7th and 14th day af-
ter treatment in 2 groups. At 14th day, Glasgow Coma score (GCS) was recorded, diaphragm thickness score
(DTF) measured by ultrasound, and proportion of patients successfully evacuated from the ventilator, transferred to
a general ward and occurrence of ventilator-associated pneumonia (VAP) within 14 days were analyzed. Results: Af-
ter treatment, PaQ, and PaO,/FiQ, in 2 groups continued to increase on the 3rd, 7th and 14th day compared with
those before treatment, while PaCO, continued to decrease. The PaO, and PaO, /FiO, in observation group increased
significantly on the 3rd, 7th and 14th day as compared with those in control group, while PaCO, decreased signifi-
cantly. The differences were statistically significant (all P<C0.05). The GCS score, DTF, proportion of patients
successfully evacuated from the ventilator and transferred to a general ward in observation group were significantly
higher than those in control group. The incidence rate of VAP was significantly lower in observation group than that
incontrol group, with statistical significance (P<C0.05). Conclusion: In patients with severe craniocerebral injury,
airway clearance technology can effectively improve oxygen supply, diaphragmatic function, reduce the occurrence of
ventilator-associated pneumonia, improve the probability of early evacuation and shorten the length of stay in the
ICU. which is worthy of further clinical application.

[Key words] severe craniocerebral injury; coma; airway clearance techniques; pulmonary rehabilitation

Wi H A 2021-11-21 B i iR 4651 405 (severe traumatic brain injury,ST-
8 0 R T o B . 6T B b, LR S A RIS Csev Y

5 017000 BD & A5 VE A T3k 58 S 2 Ay s 36145 58 A & ik il
TEZ WA PE#E 3 AR ] (1982-) , B, Jll AT BE Uil 32 35 DA 3 8 | 0 fili B ft - N SUN vr T
PSS EEAN, BB G B2k 6h LI FEE RS R B Bk
EINFEH 57 H . 1206204758@qq. com PRI HG I e i HL R AR AR, AR i 45



474

D3 (85 W AR A 2 Fh D) BE A L A 45 <0 L33 2 L
ERSIN SIS L S R SR L U S RS i L R /[
J3 O L 1] AL A8 JUL b5 88 LR 5 B LA
R0 i P 45 ) 42 1) 8 5 OO 08 JULBRE A 25 L 0 L
1WA NN B s 2 N C N D 2l D i e R PR RPN
MR R AR f 0 J e A% 5 BN D) RE T B L S B 30D I
PLVRZ B SE UIIT AR 3 . il 2 i 22 | il JR g A
AE A28 ] 2 (7 A8 2 A B DR B T HAE R 2 Y A
Z— B MO A AT UK AR R TN BEA K
it 56 ¥ 22 i SR A O ] B IR e B R — R T R
Wi 2% Dy RE B Ak B VR 52 [R5 2 ORI BT 2 . BE
TEZ M AL 51 A5 12 58 B0 ) B6 7 J7 AT
HEZR AR AL ST By BRI 7 HEZR AN BRI W3 28 K B
IR AT RCHEBR . UIE B W HER (airway clearance
techniques, ACT) J&—Fh i FH 25 ) Ml 25 1) i 0y i
Bl HE A8 23 A » 920 04 R 5 I e E B
SR B LA 7 A T 0 5 B A SR
P BB RHE H B R R R R Y R
TH RIS H AT oA o A 28 HE B 1 B E A o
Y B IR O D) BE B R T B T B 2 — L TR T
S5 B AR A T R P45 47 B S A LU B A2 T
TR o ARBIETE R I T 1 A o E 2R i 1 7
R AT R R T B R GE 2 W S TR
WRRCR . HIIEWT .

1 ARSI

1.1 Bt EEUH 2020 4£ 3 H ~2021 4 9 H
TESR IR Z2 W T Ao B B¢ B E 5 2% B (intensive care u-
nit, [CU) Fl it 4 41 Bl B RE W5 97 9% 5 (neurosurgical in-
tensive care unit, NICU) U W F A b i b o 1% 55 8
PO A P R T4 B BE SR G . AN ABRUE 4 S TR
1 0 53 475 12 W s o A< B0 T LB AR R 5 AL
I I (] << 48 5 % 417 0y A B 2K 97 43 (glasgow coma
score, GCS)3~8 /3 4FE 8 18~75 % ; B K@ 15 A
R o HEBR R UE - R AT A7 75 ™ H A5 o QR iR
JH 5 DI REAS 4 Ol PR 50 I A5 5 2 il 4 5 A O
Jit P8 e e 5 R T A U TR 8 A A A
HATAR G B W R AR OB AR E RO B I
Bl Y I RR A 5 A A A B LA T A A T A TR A
G 453 1 28 A R 82 A 453 43 Sy st i 453 5 v B kg 1 R
A1 1O 2 38 3 2JS i g 453 £ KR A AL ARG AR TG L £
Bt o ] 4 o B8 T U 35 8 i DA HEBR AR A0 ) 5 v 4 I it
Bl 12 KR E W BE P N il e i b 2 . AS I
FEAT G B AR R A2 A M 38 o A o B8 40 P 2 B 25 it
WECH LS : 2018 —11—09) . FF A 1A Y7 7 ik X S i %

Chinese Journal of Rehabilitation, Aug 2022, Vol. 37 No. 8

ZJm G [ I 2 F S R 26 . R BEPLEC R
WL EE L R R L B2 37 ) B AL 2 ) R 1
TN ZET: 1 B IR S i R SRR T M IR A 1 I
W EIE AL T A 2 BRI E 14d Z N Fe B, 1B
5T o B2 58 A I 55 I 90 A G231 40 Bt 1 B 3L 68
1), WLZ 20 A0 X BEZH 45 34 5], 2 A FRAE O AR I 1
K45 %% [ body mass index, BMI=1{k & (Kg)/ & &
(m)? J R, 2R gt = m L, W&k 1,
1 24EHE R

an ER5 FERICH %0 BMI it
(% .7+ Ll i (Kg/m? .,z +5) (h,z £
WYL 34 45.44+7.99 20(58.8) 14(41.2)  26.2742.01  43.65+3.09
XA 34 47.41£8.81 22(64.7) 12(35.3) 26.89+1.76  43.03+3.21
t/y? 0. 966 0. 249 —1.378 0. 826
P {f 0.337 0.618 0.173 0.412

L2 & SRAATHEYEREHLXT BB 58 J5 v X B2 45
T ICU # ARG T S 4 3, W E 240 7 5 AR BB T
BLfith b T HUAGE S 48h PR DL AT BV BORHEER L
H 2 WK 30~40min, 3t 14d, H RS GHE B B AR
A O# s B E5I /MR A E 51 (modified
autonomous drainage, MAD) & ¥7 Il ) F T 51 5 1 i
i B A0z By, 52 B v v i 2 AR I 8 AT it 5
R 388 o IR o] I I s o 5 7 s ofe 552 B, v 45 il 2 AR
3 Ao A 2 b i Bl O A ) g JEEG i 2 S B v i A R S
ao A W AT (] s 6T 6 556 5 M S A B ok S, R
A0 AN [) il 25 B 42 ) I W82 A 6 ) 1) P S SO P B
RAFNHE o A 2 B Y o 0 AT R B A1 R 2
W TE 4230 T A FRASE AT — B B[] 1 45 1 i L ]
DA SR o [B] A0 R o 7E v it 2 B 42 11 P WL
P SOEHE . @RS TS S T A EE
FEVR YT I A VAT LA g AR R IR (R i gk
FriRsh 5 B o W HE s @ Wik 36 7 Uil il 2o T i A
T2 St it AR DL — 5 R 3 RE R A A
BE TR WA B 6] i £ 47, 100~ 120 ¥k /min, 311
FAE S 3min, @2 A= AL FERBEOE < 6235 ) 1) 22 7
e A A R R GE F R BOE AR R A T M BOR A
B VETHL SRR 28 L 0 ERNEOE ik TR A AR

1.3 FEARE AW IRAIRITHT JRIT R
3R GH TR GH 14 RIS IR Lo Hr - 3 bk i 4850 T
( arterial partial pressure of oxygen,PaQ,) .3l jk il —
E ALK 3 JE (arterial partial pressure of carbon diox-
ide, PaCO, ), & & 15 %t (oxygenation index, PaQ,/
FiO) 55 14d i GCS PF43 R 87 4 000 i JILJSE 52 2
%% (diaphragmatic thickness fraction, DTF) . 14d i,
Iy AR W R AL R 2 5 3 g o 1) BB LL R A IR IR AL
HH 5P P il 8 (ventiventilator associated pneumonia,

VAP E LA . R LIS BE o ks I 7 i - BT A BB B A



PR - 2022 4F 8 H « 45 37 4 8 )

RITHE 14 K i [F]— o 8 P R B U i e SO iR L
JE & (thickness at end of inspiration, TED ,’FFX K IE
WLUE B (thickness at end of expiration, TEE) , & ¥KiC
33 AW A B OB E L 17 A R DTE
= (TEI—TEE)/TEE.Jf H i 43 LR o R Hes
I W2 L ) e 9 < R85 AT 485 I I AL 8 iE I 450 0 i L
B Fe AR TN AT A 5 0 5 3 AL S 48h Y
N e BRI U R RO o I AT G 1 it 46
12 WA e 1 R0 B2 e AR A i 48 5 W IR AL DG 1 i
RLWRIRIT IR (2018 4RO

L4 %itsF % KM SPSS 23. 0 Gtk % ¥ i
HATGE AT I R RO ] o s RO dL ] L BCR
F ¢ K56 5 T ECFRE LA 3 3R L A] U BCR T o A
%, P<<0. 05N ZRA G E X,

2 H#R

2.1 240 % F 597 A Je A B ] B B BK o AL 4 AT 25 AR
sk JRYTET 2 4l #F PaO, . PaCO, . Pa0,/FiO, It
B EREGEIFE L., RITES 3.7 X 14 Rt 5k
STRT LA 2 4 B PaO, \Pa0, /FiO, ¥ 5% Wit &
P(H) P<C0.05), PaCO, 45 1% i I #4 % (¥ P<
0.05), H W% 21 4% B[] f5 PaO, . PaO, /FiO, Ft & Al
PaCO, R IELL I (3 P<<0.05), W& 2~4,
F2 2 4UATFHIE SIS PaO, LA

mmHg,x +
R
HHl » VRIT R
" FRER 57K B4R
WEE4L 34 76.1746.28  92.1842.18¢ 94214192 96,491, 51
XTHAZL 34 76.9476.61  89.5742.01* 92.831.29 93,6373, 42

L3RIT AT LR,  P<<0. 05 5IRITJE 5 3 KEbiR,"P<C0.05; 53R )7
JE58 7 R IILHE < P<C0. 05 55 % B2 [A) B[] be 4, 4 P<<0. 05
F3 2 A BAEMIBIT G SIS 531 PaCO, L

mmHg.x +5
T BITIR
EA2 71| Y VRYTH -
EIEDN TR EUSN
WELH 34 50,3753 44,1842, 14 41,7942, 47N 37, 3742, 26

TR 34
SIRFHT A P<<0. 05; 5IRYTJR S 3 RILEL.P P<C0. 05; 5iRYT
JE A 7 RIEE < P<C0. 05 ; 55 %t IR 40 W] B ] 1 45 M 48, 4 P<<0. 05
F4 2 HBFEWNIEITHG SIK M P PaO, /FiO, AL

49.5946.01 46,443,500  43.8443.75"  40.1973. 08

mmHg,x £
VOE =
eV Eg/E}
4 » IRSTHT p p p
3K ENIPS EUPS
W 34 2342044645 2906729, 27+ 325, 26430, 09> 349, 35425, 167
XTHEEH 34 220944488 272.62428.8% 297.92435. 47 327, 03422, 07

L3RI AT IR, P<<0. 05 5IRYT R4 3 Kbk ,"P<C0. 05; 53R )7
JEOE 7 K HE . < P<<0. 05; 5 %t B 41 [R] A 7] o %% 4 . 4 P<<0. 05
2.2 24 BF% 14 Xar GCSi:4 .DTF., VAP £ &

475

B ORI BB P BA e B 5B R 50 & R
NEZ L A 14 REF GCS 43 . DTF Fl % 5y #0850
WL I 357 58 975 5 1 S8 EE R I B v T IR (B P<<
0.05) 1M &4 VAP R B AT X} 4 (P<<0.05)
W5,

x5 2HBHEW 14 Ky GCSIESy .DTF.VAP Kk 4: % |
BT R T W AL R SR B Y R R LR

P GCS 43 DTF VAP RAF WAL 5 5E s b
5y ,x£5) (Y% ,x +5) (€0 il %) il %)
WIEZLLH 34 12.29+1.56  35.07+5.09  5(14.71)  23(67.65)  16(47.06)
XPHAZH 34 10.8242.26  25.21+3.56 13(38.24)  14(41.18) 8(23.53)
/2 —3.306 9. 250 4.836 4.802 1.121
P1a 0.002 0. 000 0.028 0.028 0. 042

3 it

EiR R R T Sl al i R SN = o Tl 1L
1096 ~20% , HACT- RN BI04 FBE Fpk 2 1
DU f AR, R P i 6 0 A A T R Y
TE AL B OF 0 A5 A T AR B e R il R e
B ILERE T2 AR ICU HoAth B . B Ah . il s e
R ER SR G R EWE AR EENEZ
— LT AR R 0 S LTS 7 L AL AR R
I ) b R 55 5 S5O0 W JUU 2 P P 22 40 IR UL IR TR 3
T Z W55 F B TR 752 ~80% , HIR L& A=
J M 2 4 1 B A LI 8 A%, RS R AL
A AR I 2 5 BN L 25 A e LR AR AR
Glau " F 5% & B, Z0bE e i o i L g WL 4 H
4R 3. 400, HIE A ) 5 108 L 25 4 A B A5 DDA OG

X R A A R ok R B RO
B ali (i FH A G 1 A R N R CRAL 51 4 55 1k
SR R A AN BEHERR M I 38 K By i . HA — 21
JRUISE & 77 A3 36 17 5 AR AN AN AT LA 2880 e e /< 3 J3E 3 i)
AT LA GE R Y fe G IR LT BE . B TR
SN ST N W (IR EA D O - SR LN VAR K = SN
T L S 3l DL R 43 B 0 N B St A T AA LR
BLCFHERPARANBR S . AHE RS RN LR,
PG T M R 255 2 AR & GRIT IR IT ot f b A
AT R BB TT Ja K 245 Fh A8 )« B Wi A5 3] 1 JE s 2
FLBE AT AT o A 5 45 S 56 W L o R A 4 R
W AT T R L ke B R AL R B ik i <
AT AR A 6T B W) G ek L A 14 R BF GCS PE 43,
DTE RSl 42 W WAL 35 38 0 B 1Y) A8 3 L 2R I
TR B AL, M & A VAP F 2 8 /> F X B4l i E
PRI B 58 45 A L. T R R A R e
TR A A e R L S T

25 L TR B X FE R AN 840 R TR R RUA
Y7 SR I A LT T B R HERR L R A A



476 Chinese Journal of Rehabilitation, Aug 2022, Vol. 37 No. 8

'ﬁ% \E&%Hﬁﬂnmﬁ‘é . F%{EE []? W*}L*H%'@ ll‘é Hfﬁﬁ\i E(Jj’i/;,z R tionl [ J]. Intensive Care Medicine,2012,38(5):796-803.
P RO R | 5 R S AE TR A e B ], R [6] HRAREE AP IRG 20 2y F . P E A BB SHER S

. P HLAR S PRIl 28 2 W FNR YT 46 8 (2018 4FEMR O[T Hh AR 45 %
“Hi»n\l:lv B i E? IS ! £ ,
VRS R i i A T B A AR O AR R H L K e L TR IET & 2018, 41C0) 1255 250,

llﬁ%iﬂﬁig%ﬁx“‘ ZIKE}F%E@Z:EZQE:‘F*%%ZIKE [7] Sharma R, Shultz SR, Robinson M]J, et al.

Infections after a

iﬁf&\ ’ ﬂii&’/ﬁrﬁﬁ‘ﬁ %iﬁﬂ% ’ Eﬁfﬁ&gﬁﬁﬂiﬁﬁ 'f/ﬁ ;%\ %‘ traumatic brain injury: the complex interplay between the immune

%Eiﬁﬁ I’"l y *E*E/%\ %’f ‘R'm /E‘l‘jﬁ:‘{lj{ s ﬁff‘?ﬂéfj} ﬂ%z [&f)ﬁ and neurological systems[J]. Brain Behav Immun, 2019, 79 (7).

SR UL DI B 5 R i

N N N [8] Kourbeti IS, Vakis AF, Papadakis JA, et al. Infections in trau-

A3 B8 I 25 5 £ it B SR 1T 5 L A o

matic brain injury patients[ J]. Clin Microbiol Infect, 2012, 18
[%%iﬁk] (4): 359-364.
[9] Kumar RG, Kesinger MR, Juengst SB, et al. Effects of hospital-

(1] Hp AR 2 2 B 2000 2 o) o Pl 4 JE DB 4L - v ) B2 D Bl 45 4 28 1N acquired pneumonia on long-term recovery and hospital resource
R B U 42 b 28 T RE ol 2 D3 2. MEIE MR B i W I S 3R utilization following moderate to severe traumatic brain injury[ J].
57 E R AR ). h AR R 22 445K, 2018,98(45) : 3643-3652. Trauma Acute Care Surg, 2020, 88(4): 491-500.

[2] Carney N, Totten AM, OReilly C, et al. Guidelines for the man- [10] %5, 2=, JFER 2. & %P5 35405 4 35 I 3 e e o vbogs I
agement of severe traumatic brain injury, fourth edition []J]. RAMLT]. At 26045 4 FFi 72447 ,2021,7(3) : 141-145.
Neurosurgery, 2017, 80 (1) 6-15. [117 Bt 3. 16 T 2 W L) 00 75 90 A5 BF 5 (1. o

[3] WEH. e, T, % EHEBREEEEEAR LRI 16 £ HOIE R 24 2% A (R FRRD L 2020, 13(12) 1 466-470.

R AR EE B 2R LT AR A (K RRD . 2020, 6(3) . 272-282. [12] Glau CL, Conlon TW, Himebauch AS, et al. Progressive dia-

[4] Strickland SL, Rubin BK, Drescher GS, et al. AARC clinical phragm atrophy in pediatric acute respiratory failure [J]. Pediatr
practice guideline; effectiveness of nonpharmacologic airway Crit Care Med, 2018, 19 (5): 406- 411.
clearance therapies in hospitalized patient[J]. Respir Care, 2013, C13] FHr4h, of BB, b1, 25 Il B 2 0k 20 2 o ki B 407 ML AR <
58(12): 2187-2193, TR BT FELT ], P e . 2021.36(6) :344-347,

[5] Vivier E,Dessap AM, Vargas P, et al. Diaphragm ultrasonogra-

phy to estimate the work of breathing during non-invasive ventila-

© ShF A
5 RN F 5 AL B AR b5 R TG £ A 0BT

A HRIE R A R LR S (LD 1 By GE R RS , 4K 100 H: & A= S0 8 1 00U 09 52 i 0 =2 20 . AR BIESE B 7R A I 2tk A
HBE S R TR P T B R S AT 06 IR R UEAT VA . BFSE T4 2003 4EZE 2021 4F 5 H W)k 4 AR E B AR R R B2 E 2
TR A B e B A S 8~183 RAYMUAE B E . R Purdue £ (PPT) PEAR [R] ) T (4 2 5 M, 0 07 3 DU i 48 7
A E T~12 Fd 26 B 3 PAE BRI Be A b 3 (NTHSS) X #ff 28 ) B BB 464728 Z WAl . SR AR Rankin &% (mRS) i i
o 2 v 2 G 22 ThBE L I R A 2 Th BE 2 3 0 45 )5 . Hob mRS<<1 AR R . mRS=2 AHF AR . ddh 209 55 % m %L
. R Purdue STAR IR/ 5 42 ) 31 43 Sk TP Al 500 5= 2 fig B 4 0 & 2B R TLH oh BERE RS 19 R A2 ROk 28, 600, B R AR R
56.0% ., A5 9 4~ H I mRS REPES5 ILH-PPT(P<0. 001) #l ILH-& Jj (P<C0. 001 B M %, 1£ Purdue £ 4 K 52 1)
W ZAE/NF 1 RBRE .76 20 M B AE T RE TR #225 (P<C0. 001) . 4538« X 0T S Pk 20 rp 43 e 2B 35 9 0 5% 2 B0 IR F 20 8 o 1 )2
i A e A 2 e U A 2 S TR PR 3R GRAEZ #
Razak R, et al. Ipsilateral Hand Impairment Predicts Long-Term Outcome in Patients with Subacute Stroke. Euro J Neurol. 2022
Mar 11. DOI: 10.1111/ene. 15323

ROSCEIE B WHO BEE R S8R50 4 1E o (RO A 241
39 P Il 45 5 R R4 G R I B X S SE BUIR R G



