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WE:. BN FEPIRERS (IFCW0) 7F 70 X UL L= BB AT RS KSR (CABG) J&
FI 52 2 ERIRR AR . JFEE 2009 4F 10 H~2010 47 3 H 3BT CABG 1wk JB 4k 79 441,
ik 70~89 (76.3116.86) . i BEERRTERE S 4~6h FFUEMH SR G HLAT HFCWO JR97,
SR B RNIIR 120z, SRR 2~4, &K 10min, &K 3K, R4 AT HEEIT . M Likert
BRI IGIT N Z L HEAT VAL, SR W]k HRCWO | 10min. Y697 1 R 4505 10min FEFR .
WPIRARFR A . MEAh, H4 2009 4F 4 7 ~2009 4F 9 AFEFRRHELE 52 4] 70 5 LA 1) CABG ¥ (AT AL
RS IT ) MEAXT IR, WHSCIRR T RIT IR . &R 24347 331 IRHFCWO ¥a97, o 270
TRBEMS 1 FECE B I 52 (Likert ¥4 4 BE 5, 81. 57%) , 1A 26 IRANAETR 32 (Likert ¥4 1 8K 2, 7. 85%);
LTS HRCWO MR IR R R A . B fEB2 )X HECWO Y87 AT 10min. YRIT FFIZESRE 10min [0
B WSRO FRIKE . AN . PRI R kA i AU A B S IR L PPEIAR BRI E B AR (P
>0.05) o HFCWO ZHJI ik de i AR 30 . Il ARUBUR AR S 3 B AT XA (437009 3. 80% vis 13. 46%, 8. 86%
vs 21.15%, P <0.05) , HuAEZAE I EAA G2 B A A T 5 (78 (5. 1242, 33)d vs (7.024
1.94)d, (9.98%4.15)d vs (11.9245.55)d, P <0.05) . MMM ARIKKER, “RREHELER ICU
RIS LEREZER (P>0.05) . &5 HFCWO £k 5% CABG Rk S B E 5 51 5
AN, HF HRER ZHURF IR %2 . HFCWO BX& N LS Biay s, *To b AR S i e e Ak
REIMERA — e .
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Application of High-Frequency Chest Wall Oscillation in Elderly Patients Following Coronary Artery
Bypass Grafting XI/E Bo, XUE Song, XU Gen-xing, WANG Xu-dong, ZHENG Wei-yan.. (Department of
Cardiothoracic Surgery, Renji Hospital, School of Medicine, Shanghai Jiaotong University, Shanghai 200127,
P.R.China. E-mail: xieborj@hotmail.com)

Abstract: Objective To evaluate the feasibility of applying high-frequency chest wall oscillation(HFCWO) in
elderly patients following coronary artery bypass grafting(CABG). Methods From October 2009 through
March 2010, 79 consecutive patients at the age of 70~ 89(76.31+6.86) undergoing CABG received HFCWO via
Airway Clearance System 4 ~ 6h after extubation, combined with manual chest physiotherapy(mCPT). We also
collected data of 52 consecutive elderly patients undergoing CABG who received solo mCPT as the control group
for comparison. Results A total of 331 therapies were evaluated, of which 270 therapies(81.57%) could be
finely tolerated(Likert scale 4 ~ 5), while 26 therapies(7.85%) hardly tolerated(Likert scale 1 ~ 2). No
therapy-related adverse events were reported. Before, during and after initial HFCWO therapy, there were no
significant changes in heart rate, systolic blood pressure, central venous pressure, mean pulmonary arterial
pressure, breathing rate and pulse oxygen saturation(P > 0.05). Compared to the control group, HFCWO group
encountered lower incidence rate of postoperative pneumonia and pleural effusion(3.80% vs 13.46%, 8.86% vs
21.15%, P<0.05, respectively). HFCWO group also hele shorter antibiotics use time and postoperative hospital
time[(5.1242.33)d vs (7.02£1.94)d, (9.98+4.15)d vs (11.9245.55)d, P<0.05, respectively]. There were no
significant differences in atelectasis, re-endo and ICU stay time(P > 0.05). Conclusion HFCWO is a safe,
well-tolerated adjunct after extubation following CABG in elderly patients. Combined with mCPT, HFCWO might

do its effect on reducing postoperative pneumonia and use of antibiotics.



Key word: High-frequency chest wall oscillation (HFCWO);  Coronary artery bypass grafting (CABG) ;
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2009 £ 10 J~2010 £ 3 JAERFHT CABG RHJ 70 % LL L EFIEL3E 79 i (CHEERAR
Ji DRI A 308 iy A L 9 R AN R I BS P IRLAE ) 5 A CABG A 1 63. 20% (79/125)
B 626, L1761, HEE 70~89 (76.31+£6.86) % . FARKRMIESGYIN, HMEUHA I
WEBKA K B bk, $46F 1~5 (3.12+1.01) 37, HAdEEIMER T A EBFEHAR 63 1,
RAMIEFR N B4l CABG R 4 4], CABG+ —ARIERE /B #: AR 9 451, CABG+ TNk B AR 2
il A JE R KL AR B (] 9. 5~151 (19.29+27.44) h.

1. 2 HFCWO J5i

T LR BB RS 1R I 4~6h RIFF LG8 F midie 3 WLt AT HECWO Y597 - 1ML 4%
G — G AWK A EREEN T AR L, ILEETFET OERIEREE R KA
a5, AT AN AT IMEER Y, SEORE AR 120z, SRR 2~3, R 10min,
R 3 o FE HECWO H[RIEF, AT N TS Eyasy CRSEMEED &, JR3h. A 5] i i
JlR TR I A ) R 55 AN RN S5 i DR 435 it o
1. 3 WEdhs

FMiH] Likert #3R (Likert scale) X &FIIGIT B Z AT VAL (1=T0VE 52,
2=ANUFIN 32, 3=ANERE, 4= LA 32, 5=1RUFMI32) o [FRF, WS EFH Y] IRIEZ HECWO F
10min, JBJ7H KW 10min FFEIR, IPFIREEFREM GO, R, FOFIKE . Itiz)
JOK s IR PR 500 25 R 8 T SR M RN FE 4D o b4k, K 2009 4 4 H ~2009 4F 9 H 7EFRFHESE 52
1 70 % LA L () CABG S AE ARt FA (SGFEAT N TR E8 16 97 70 55 A0 N S5 it DR 7 435 it
T AAT HFCWO) , X P 28 A AR <l R B LR AT LU o M o BRZELE T 11T O 85 TG R 8 R X e ¢
EER (P>0.05) , WE 1.

1 HFCWO ZH0 % # AR SR 1B 6 o7 20 B R B S b iy Eh

. 53] s COPD | RiZFAR | WHFMEE | "WPRAYLHE) | TABP | CRRT
ZH 5 WS (%) X
(B/40) (1) (1) (32) i 1] (h) ) | (1)
HFCWO 240 62/17  76.31%6.86 9 3 3.22+1.54 19.29+427.44 6

KHEZH Nov-41  74.994+5.95 5 4 3.51%x1.72 20.31£24.62 2

vE: COPD: 1@VEFHZEMEMI; TABP: EZIAKABREEIE; CRRT: LTI EARIATT.
L4 i

THEFEILISE AR E (£s) o, HANRIEBCKHA 15, TR EHLEER e A5
(SPSS12. 0 Giit#cf ) o P <0.05 INAZEMA L E L.
2. 45

HECWO 2H &35 okt N FE TS (NI kR DRI A 2 v B 0L 6 8 AN B I B PR L)
RJG KA : AROHE 6 5] (7.59%) , M EACEIMAEE X VEHE 16 (1.27%) , FERME
FRER 23 4] (29.11%) , AVEE4 13 5] (16.46%) , Horb 2 BT 881 B I B ACIAIT .



A2 34T 331 Y HFCWO R 97, b 270 IRAEWE 1 B8 B i 52 (Likert ¥4y 4 B 5,
5 81.57%) , A 26 IRANEEMT A2 (Likert ¥4 1842, 5 7.85%) , W 1. AEEM A2
JR RG] (21/26, 80. 77%) Ff7 & (5/26, 19.23%)

AR KAE HEOWO MOCHA R FH4E, WIEIEIR SN, OFERE . A, a8 IF . 4
FYe by S 74 % . BB AE B2 1 YR HECWO Y497 AT 10min, YAJT FhAIZE SR 5 10min ()43
PEIR . PRI SR PRI B4 (P >0.05) , W& 2.

&1 HFCWO Y457 i 32 L) Likert $F43

Number of Treatments

200

150

100 I

a0 I
[ Lo | . L L L |
1 z J 4 o
x2 HIWK HFCWO Y837 AT HR JE1ESF. PRIRRARINZEIL

WGP Ta kR HFCWO Y477 R 10min HFCWO Y897 HFCWO Y837 45 3 5 10min
OF (K /min) 82.49+14.76 85.31+13. 99 83.02+14. 06

ek (mmHg)

116.73+21. 49

119. 80 +22. 02

119.33+21.85

LK E (emH,0) 10. 28+2. 30 11.05+2. 41 10.39+2. 35
JBEN K E (mmtg) 19.58+3.73 20.52+3. 89 19. 43+3. 50
WP A (IR /min) 14.62+3. 13 15.89+3.92 15.30+£3. 49
Jok B A R (%) 96.11+2.38 96.15+2. 26 96.28+2. 31

HFCWO ZH A Ji5 fili s JE e A AR 20 i Jis R R AR 2R B0 A - N R a7 20 (433
4 3.80% vs 13.46%, 8.86% vs 21.15%, P <0.05) , AJFHiLE2Ad I A FIA 5 A B I 8]
AT N TR &R Ea 7 41 [0 8] (5. 124+2.33)d vs (7.024+1.94)d, (9.98+4.15)d vs
(11.9245.55)d, P<0.05) . MiBHAMATKAKAER ., ZIRAEGE R X ICU B F )55
THEZERE (P>0.05) .

%3 HRCWO 4EL1E BB SR MBE YR I7 2R = e PR B A e

T HFCWO 41 W R AR T 4 v P Pl
(n = 79) (n = 52)

IR G R AR () 3.80(3/79) * 13.46(7/52) 4.154 0. 042
AR R ER ) 2.53(2/79) 5. 77(3/52) 0. 895 0. 344
MR A5 ) 8.86(7/79) * 21.15(11/52) 3.998 0. 046
TIRAETE R () 1.27(1/79) 3.85(2/52) 0.933 0. 334
ICU BEFF I E] () 2.56+2.07 2.71+2.16 0. 676 0.501
AREPARMEHI T (D 5.1242.33 * 7.02+1.94 2.148 0.038
ARG AR TE] (d) 9.98+4. 15 * 11.9245. 55 2. 361 0. 022

W 5EMREyEYRTTAML, * 2 <0.05



3. Wik

AR, BEE O RB AR EIAR AL EE AW 2, ARk 70 & LA R
W& B FH 2 IRENKIEMF TR (coronary artery bypass grafting, CABG) , SCHRRIE 5 2
478 CABG ) 17. 3%~ 38%", TMAEAHT 7T B ik 63. 2%, fHiE, wiili¢ 1T CABG HI T AR
B APEAT SR AT — AN ANER /NI D 100 B, TR DU T2 3N e A i AR ZR 38 A AR i S 3 B R 3 o
Ho, B 7RIS, IR AR 2 i B R G RO IR RIEL — o HTFARM
JSLRN 4 B G B, 3 R JE WP TE R AT BIE R R4 (mucociliary clearance, MC)
() —id PEDIRERRERG, LA e B 2 AR T BRI A0 A A0 e B A 4 DR 3K 5
18 SO I D R B AR AT WA RS S G UGB RR, B S KAARAUIGE . AR
iR I GG I ROE : A ANBE I 2NV, 3 — 20k RN v, IR V] RE S B2 A B D e REAS |
TR EER.

IERCA IR JE A, anfal G ROE BrSE o W o 1 E i B R E IR . iR AR
S AL ER S TR — AN R OB ) A PR B IR BRSO S WA R T R R 2
Y. FACRANLLAN, BaEyE )7 (chest physiotherapy, CPT) Jf&fx B ZE)—I, K4
FRYRYT B AR R S 3 WA 5| RN TR S A W e B R T TR EAE R AR R TTEE N
N THOFREay7, AAEREIN. JRah. AALSIRAIE . ZRRss. Harc AL
Xof I A e i 25 SR o SN WS R Y5 97 E CABG AR JE I R4 IVE FH, (B IRIT R %
FIMEIEIT I AR O, 1 BRI ISR &8 2 5 R A PR A i
NI RIS EUTGIETN 521697 «Fiore S5 il , RIS R 7 WJEE S #F €horacic support,
R % ] 5 1E AU B R Bk B, A BRIECD S A ERE I SE A TR -

Bt BRAE G, ARk I TV 2 M B IT R R OR L v A BE AR

(high—frequency chest wall oscillation, HFCWO) . PEXIEJEFIAR (ositive expiratory

pressure, PEP) ™, fliNPld:# (intrapulmonary percussive ventilation, IPV) ™,
WU —IEHi AR (mechanical insufflation—exsufflation, MI-E) "%&, HFCWO /& AN
IR — D A, 5l Ry IR 7 R, S P R R BT s % R RS B
AMEFRAR, 5RO - WY BB 1 DA BN 3 b, e A B 1) “ R
fiEEAE 7 oo HECWO T4 2 B FH T LA = | 12 M FH ZE R it = . B4 44k (cystic
fibrosis, CF) “&& B3 HIMHYIERIG YT, (H2HImIRIT A H § A7 £ 4. LA CF BIYRIT
J9l, Warwick S5-#RilE, 252 HPCOWO & HPR B2 2 T2 N TS B 7 i 83
H HFCWO FRUR K8 Aa s, 1 53 IR R AR Z B I7 I N R R ok . B2, 78
BT I — TRENLAZ ARG A, 583 A R IR — CF R34 7E (Rl B& a3k AT HFCWO AN T 5 4 23
RIT R R, HFCWO J& Ak & 28 B0 T N TS 38y6 97 f5 i B HFCWO %A 3 /&
F R0 ISR G WOHE E e (FEV%) A ARG . FTLALEE 2009 4 i BN At 5576
72 () CF BB E 7 Famg Hh o, F& HIE B HECWO 182 N TR v6 7 R A A
AL JEI, AR S BRI R R S B Y B Y6 T 1

. Co ARH B T TR B A SR AL R LE RS, — 5 T B R B A A I B
7, BIARES Ty KA IR ACRE s T 53— J7 2 B F A0 O /4 e . &M S8 (IRE.
R T8 B FE S FMRGI RS2, SN TR S ERG 97 I o AME J 5| B 1
Ni&E, HEBETEMZ M WiEIT . Anderson S5 7E 25 41 B30 Bl v 45475 10 B8 2 b 82 HECWO,
ST EIRTT I RRIR SE B, Fd T6% M R AR VR T A B BRI R s el
RAEMHRAREMN (BFESFENE) o James F i, 75— 25 FIfE SRR B E AR
Ji 48h PFFJE HFCWO, S5RTEARFARA, BEWIER . WWRIEFRIERITAN . . 58T
AR AR AL . 84% 1) B3 VR YT TR R IR BB R ORI, T HAA & 211 i s i m) Tk 4



HFCWO T 3k N LRGSR EIG ST o (E R AR H IR, IR A S840 e HECWO f 22 4= Ve AN 52 14
T JE I PR 247 T IIE B .

H A 75 HECWO £ CABG A J5 N MHIE . fEARBEFL A, FATREESE 79 5] 70 2 LA E#Y
% CABG 3%, ERGIRFRAEIRE G 4~6h BIFFLAAE A S AR HLdE T HECWO ya97, [F]
AT N TS 36 YT o 75 HFCWO [RS8 B 5T, Milla S5 0F 50 R I, RGAR N 12H
I A DATE S0 N P2 AR i KRS B it s 1A UR SR — 0 2~4, &R 10~15min, &K 2~
4Ry FEARMA R 120z, SRHE 2~3, K 10min, &K 3 K. A&HILHAT 331
UCHFCWO VR9T, B JefEml 2 VEJ71h, 4 81. 5T%HIIRIT e sl BB BT TN 32, 1UF 7. 85%
e 32, HRAE M50, SR KES HROW0 ML R FHE (B IER B sh . O
K AW ORI K SIS S, i BB TE B 2K HFCWO YRIT R s
JE S TAERE . WPIR R AR50 B R AR Ak, AT IE B = 6% CABG R85 7E A 5 - JRI I & HECWO
SE R A RRRE LT SZ 10 o BRILZ A, A 0IE A W %% HFCWO 7E sk B3 I IR ROCR
SERLR B, HFCWO BE& N L SR #E a7 5 saali N TSR B Ia 7 AR b, A A S i e
AR R A RS SR TR, R AR S A 2 i 1A AR S A e B 1) T
JEH, TR R AR, SRAEBRE R K ICU RN RS EHE 2R, FREERE
LR YL, HFCWO G N LR ELIR T, X T i g b R 5 il (R4 A — 2
(IVEF o AEASHIE FC MAEAE N SRR, — 2 AEMEE HFCWO I AR R, SR FH A 2 Bl AT 7
MAERTREYE . BENLIFST: — 23 Bl HRCWO YaI7 ZH S, W IGTEIE 52 HFCWO BE75 7E CABG
ARG se B RN TIEYIERTT . Lid R BRI fpdt— 25 B IG R S0 R R Uk

Zi BRIk, HFCWO 75 i858 CABG RJFIRBRUE S 5 RN 2 %40, JF HRehk
KZHUEHIRIFINZ . HFCWO BXA N TROEG T, X T8 A S5 il B B g J pi 2k 22
MHE—2rEM.

Zz % X W

1. Filsoufi F, Rahmanian PB, Castillo JG, et al. Results and predictors of early and late outcomes of
coronary artery bypass graft surgery in octogenarians. J Cardiothorac Vasc Anesth, 2007, 21(6):
784-792.

2. Lange DJ, Lechtzin N, Davey C, et al. High-frequency chest wall oscillation in ALS: an exploratory
randomized, controlled trial. Neurology, 2006, 67(6): 991-997.

3. Bhowmik A, Chahal K, Austin G, et al. Improving mucociliary clearance in chronic obstructive
pulmonary disease. Respir Med, 2009, 103(4): 496-502.

4. Warwick WJ, Wielinski CL, Hansen LG. Comparison of expectorated sputum after manual chest
physical therapy and high-frequency chest compression. Biomed Instrum Technol, 2004, 38(6) :470-475.

5. Osman LP, Roughton M, Hodson ME, et al. Short-term comparative study of high frequency chest wall
oscillation and European airway clearance techniques in patients with cystic fibrosis. Thorax, 2010,
65(3): 196-200.

6. Anderson CA, Palmer CA, Ney AL, et al. Evaluation of the safety of high-frequency chest wall
oscillation (HFCWO) therapy in blunt thoracic trauma patients. J Trauma Manag Outcomes, 2008, 2(1):
8.

7. Allan JS, Garrity JM, Donahue DM. High-frequency chest-wall compression during the 48 hours
following thoracic surgery. Respir Care, 2009, 54(3): 340-343.

8. WG, MK, 2MA, % 70 L UL EBRFER RS ST AR, b E O SRR AR,
2004, 11(3): 165-167.



10.

11.

12.

13.

14.

15.

16.

17.

Smetana GW. Postoperative pulmonary complications: an update on risk assessment and reduction.
Cleve Clin J Med, 2009, 76(Suppl 4): S60-65.

Westerdahl E, Lindmark B, Eriksson T, et al. Deep-breathing exercises reduce atelectasis and improve
pulmonary function after coronary artery bypass surgery. Chest, 2005, 128(5): 3482-3488.

Fiore JF Jr, Chiavegato LD, Denehy L, et al. Do directed cough maneuvers improve cough effectiveness
in the early period after open heart surgery? Effect of thoracic support and maximal inspiration on cough
peak expiratory flow, cough expiratory volume, and thoracic pain. Respir Care, 2008, 53(8): 1027-1034.
Orman J, Westerdahl E. Chest physiotherapy with positive expiratory pressure breathing after abdominal
and thoracic surgery: a systematic review. Acta Anaesthesiol Scand. 2009 Oct 29. [Epub ahead of print]
Vargas F, Bui HN, Boyer A, et al. Intrapulmonary percussive ventilation in acute exacerbations of
COPD patients with mild respiratory acidosis: a randomized controlled trial. Crit Care, 2005, 9(4):
R382-389.

Homnick DN. Mechanical insufflation-exsufflation for airway mucus clearance. Respir Care, 2007,
52(10): 1296-1305.

Kempainen RR, Williams CB, Hazelwood A, et al. Comparison of high-frequency chest wall oscillation
with differing waveforms for airway clearance in cystic fibrosis. Chest, 2007, 132(4): 1227-1232.

Flume PA, Robinson KA, O'Sullivan BP, et al; Clinical Practice Guidelines for Pulmonary Therapies
Committee. Cystic fibrosis pulmonary guidelines: airway clearance therapies. Respir Care, 2009, 54(4):
522-537.

Milla CE, Hansen LG, Warwick WJ. Different frequencies should be prescribed for different high
frequency chest compression machines. Biomed Instrum Technol, 2006, 40(4): 319-324.



