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(WE] Bo VE LB Hl 4 i i Bk (S1) RIS K IE JE (PEEP) #8383 (IP) X 2 Rl & 3k 77
EMNEERERAERGRES FRUEOLFSH AEAEE, FiE B 12 AEANAKESER
TR EERERAERGER EHIBFRES N STHMIPA, SH 6 K, STHARBITHERE
EFES,BSEH 25 emH,0(1 ecmH,0 =0.098 kPa) , #4% 20 s;IP 44 % 4 7+ & PEEP Kk F, & &
5 min¥&fiN 5 emH,0 B ZE 25 cmH, 0, /5 H &5 minfE{K 5 cmH,0 HE 2 ~3 cmH,0, BE/F 2 AR B KT
SATESER FEER 8 h, THRM BGEMARSAFIARIT 2.4.6.8 hillF 2 HARMK
#8545 pH {H \Pa0, ,PaCO, B E A HEE(OD) ,iCFEMFR S %2 MRS IEE (PIP) EHREE . HE
i BT 7 14 LA % 1 3 B 1 2 B B0 R B3 K E (MAP) il 3 Bk E (PAP) COHEM B (CO) o Xt B4R 4T
HEEWEFEZ4HMLSD- K., SR (1)AT68hSIARpHESEMFTIPA(LEAIN
2.431.2.261, P {H#/NF 0.05) ;Pa0, 4} B4 (87 £24) (78 + 14) mmHg(1 mmHg =0. 133 kPa) , # 8
BEF IPAM (114 £18) (111 £17)mmHg( ¢ &4 %1% 2.249 3.671, P <0.05 5 P <0.01);0l B
ERTIPA {2 502.363.5.010, P <0.05 5 P <0.01), 4 [& &4l PaCO, /KF H ¥, ¥k L
MBER(ERO0.119~1.042, PEHKF0.05), SHNBME N2 AL, 2 4K &G A A
pH ¥ B ZE MK (IP 43457 6.8 h (&4, t {7 2.292 ~3.222, P <0.05 & P <0.01),Pa0, ¥ B %
AE(tfHER4.443~6.315, P <0.053 P <0.01),0I F EFEAK( ¢ {HHK 2.773 ~9.789, P <0.05 =
P <0.01), (2)2 #HREBTHHA PIP K 4T ( ({55 0.399 ~1.167, P H¥IAF 0.05) . SI 4H497
A8 hEfPHRERERES T IPACESFIN1.926.1.190, P HH/NTF 0.05) ;7497 4.6.8 h it 3h
SRS M (9.5+1.9) (12.8 +2.1) . (13.1 £1.8) mL/cmH,0, B Z{EF IP A (11.6 =
1.2) ,(15.4 £1.8) ,(14.9 +0.8)mL/cmH, 0 ( ¢ {43514 2.289 .2.303.2.238, P{H#/NTF0.05), 5
HNBHFZI L 2 AR ERITAAHS PIP PHSEEY B E TR HRN2.271 ~7.436, P <
0.058, P <0.01) ,jAJ7 6.8 h R S SN B EFE (((HR2.207 ~4.195, P <0.05 5 P <
0.01), (3)2 HRZBIAH L # MAP PAP JKF 43T ( t {E24 0.001 ~1.170, P {H¥ K TF 0.05) ;1P
ZHIEF7 4.6 .8 h B CO 43514 (0.6 £0.3) (0.6 20.4) (0.5+0.7)L/min, @ {EF STHM (1.5 =
0.7) . (1.8+1.1) (1.6 £0.9)L/min( ¢ {454 3.028 2.511.2.363, P {H#/NF 0.05), S5H A
tifs BN ZI b3, 1P 4 R IR JF 4.6.8 h CO B F T [ (¢ 4> 514 2.363,2.302,2.254, P {HH/INTF
0.05), &t 2MMERITEYEARREEEME WA MEBRGKEE BTN, IP 502 it
RIPER R BB ,SI X FE MM h#SHBE MBI/,
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[ Abstract] Objective To observe and compare the effects of two kinds of lung recruitment maneu-

vers, namely sustained inflation (SI) and incremental positive end-expiratory pressure (PEEP) (IP) on ox-

DOI:10.3760/cma. j. issn. 1009-2587. 2014. 04. 003

BEWH BREARFEL(30960400) ; & F2# K+ %8 S LT RBFE £ (20093601110005 ) 5 717 4 £ £
#1151 (2010BSA10300)

fEH B {1:330006 FMEK¥E-MEBEREGE (BEHR . BLE TFS MEE XS E)  BEEYR(RIE)

WIS VEH 3864 , Email : guogh2000@ hotmail. com , H 3% :0791-88692572



+ 300 - AR 2014 £ 8 HE 30 5% 43 Chin J Bumns, August 2014, Vol. 30,No. 4

ygenation, respiratory mechanics, and hemodynamics of dogs with severe smoke inhalation injury.
Methods

smoke inhalation injury. They were divided into group SI and group IP according to the random number ta-

After being treated with conventional mechanical ventilation, 12 dogs were inflicted with severe

ble, with 6 dogs in each group. Dogs in group SI were subjected to continuous positive airway pressure venti-
lation, with inspiratory pressure of 25 emH,0 (1 c¢cmH,0 =0.098 kPa), and it was sustained for 20 s.
PEEP level in group IP was gradually increased by S cmH,0 every 5 min up to 25 ecmH, 0, and then it was
decreased by 5 emH, 0 every 5 min until reaching 2-3 ¢emH,0. Then the previous ventilation mode was re-
sumed in both groups for 8 hours. Blood gas analysis (pH value, PaO,, and PaCO, ), oxygenation index
(OI), respiratory mechanics parameters [ peak inspiratory pressure (PIP), mean airway pressure, and dy-
namic lung compliance ], and hemodynamic parameters [ heart rate, mean arterial pressure (MAP) , pulmo-
nary arterial pressure (PAP), and cardiac output (CO) ] were recorded or calculated before injury, imme-
diately after injury, and at post ventilation hour (PVH) 2, 4, 6, 8. Data were processed with analysis of
Results (1) At PVH 6 and 8, pH values of dogs in
group SI were significantly lower than those in group IP ( with ¢ values respectively 2. 431 and 2.261, P val-
ues below 0.05) ; PaO, levels in group SI [ (87 £24), (78 +14) mmHg, 1 mmHg =0. 133 kPa] were
lower than those in group IP [ (114 +18), (111 £17) mmHg, with ¢ values respectively 2.249 and 3. 671,
P <0.05 or P <0.01]; OI values in group SI were significantly higher than those in group IP ( with ¢ values
respectively 2.363 and 5.010, P <0.05 or P <0.01). No significant differences were observed in PaCO,

level within each group or between the two groups ( with ¢ values from 0. 119 to 1. 042, P values above

variance of repeated measurement and LSD- ¢ test.

0.05). Compared with those observed immediately after injury, the pH values were significantly lowered
(except for dogs in group IP at PVH 6 and 8, with ¢ values from 2.292 10 3.222, P <0.05 or P <0.01),
Pa0, levels were significantly elevated (with ¢ values from 4.443 t0 6.315, P <0.05 or P <0.01), and OI
values were significantly lowered ( with ¢ values from 2.773 10 9.789, P <0.05 or P <0.01) in both groups
at all the treatment time points. (2) The PIP level at each time point showed no significant differences be-
tween two groups (with ¢ values from 0.399 to 1. 167, P values above 0.05). At PVH 4 and 8, the mean
airway pressure values of dogs in group SI were significantly higher than those in group IP (with ¢ values re-
spectively 1.926 and 1.190, P values below 0.05). At PVH 4, 6, and 8, the dynamic lung compliance
levels of dogs in group SI [ (9.5 21.9), (12.8 £2.1), (13.1 £1.8) mL/ecmH,0] were significantly
lower than those in group IP [ (11.6 +1.2), (15.4+1.8), (14.9 +0.8) mL/ecmH,0], with ¢ values re-
spectively 2.289, 2.303, 2.238, P values below 0. 05. Compared with those observed immediately after in-
jury, PIP and the mean airway pressure values of dogs in two groups were significantly lowered at each treat-
ment time point ( with ¢ values from 2.271 to 7.436, P <0.05 or P <0.01) ; the dynamic lung compliance
levels were significantly elevated in both groups at PVH 6 and 8 (with ¢ values from 2.207 t0 4.195, P <
0.05 or P <0.01). (3) Heart rate, MAP, and PAP levels at each time point between two groups showed
no significant differences ( with ¢ values from 0. 001 to 1. 170, P values above 0.05). At PYH 4, 6, and 8,
CO levels in group IP [ (0.6 +£0.3), (0.6 £0.4), (0.5+0.7) L/min] were significantly lower than
those in group SI [ (1.5+0.7), (1.8 £1.1), (1.6 £0.9) L/min], with ¢ values respectively 3. 028,
2.511, 2.363, P values below 0.05. Compared with that observed immediately after injury, CO level in
group IP was significantly lowered at PVH 4, 6, or 8 (with ¢ values respectively 2. 363, 2.302, 2.254, P
values below 0.05).

and lung compliance of dogs with severe smoke inhalation injury. IP is more effective in improving lung com-

Conclusions Both lung recruitment maneuvers can effectively improve oxygenation

pliance, while SI shows less impact on the hemodynamic parameters.

[ Key words] Burns, inhalation; Positive-pressure respiration; Respiratory mechanics; Hemo-

dynamics; Lung recruitment maneuver; Oxygenation
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il , Babylog 8000 plus % & 5 4R 37 1Y W% #1L W | 1% &
Driiger /v ] ,Swan-Ganz B E ¢ 548 Wy 5 3 E ) + 17
RHX Target 22 7),42584 5 K S (£ A28 W B £ E A+
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Dash 4000 % £ Th g W44 B £ GE 7],
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IR REREIKS h, % 12 ARGEEEH
50 g/L B H 28 (30 mL/kg) BB, 00 EMs B 2 F
BEG L, Z20REHE, AHNAETR,SER
EAM R IRAL, S A MR S8, B
HLACR BY 8 < 30 min, ZHORE AR 15 mL/kg,
W53 2R 18 YK/ min, IR S B E] 0.8 s, IR 1 2h
10 emH,0(1 cmH,0 =0. 098 kPa) , W & ik E 5 3K
(Fi0,)0. 21, W W I 1: 2, FHSE E 10 emH,0,
PEEP 0 cmH,0, 4355 22l i 30 Bk | B & Jk 0 4 00
Bk o A st e B A A A B R K IS mL - kg
h™' Ze A sh bk B & f5 E i AT S W . A
BEHkREErSE BdRERLB S 2N
P GE 2 A R 3h f B

WTHRARE ST & 100 g B SI4E & B
BORAHFERAEBRGEGINE L EERERA
e KRR R ARE S B 2Bl 5 2 8
MR S, S EAE, B K Pa0, £ %E 60 mmHg
(1 mmHg =0.133 kPa) LA F H#F%4E 60 min, ¥ H
R FE L2 .
1.3 gy KAk

BRIGIE RN G RIERBBEILR T RE S A
SIAAF IP A, HH 6 K, SIAKIFRAAR AR N
PR EERBS, WA EHEH 25 cmH,0, B
A1 5 20 s, MR A5 SR 5 S B R B 4 4 AT A R
R, PHASENFPED R E KX, &
7+ PEEP K ¥, Bk 5 min # /i1 5 cmH,0 H&E
25 emH, 0,2 58K 5 min [#{X 5 cmH,0 HE 2 ~
3 emH, 0, V8 1 45 5 5 52 BP 98 8 R 4 40 5Tl SR
2HMIFEER 8 h ELREH,
1.4 WMFE 4R
1.4.1 mE4thfElr e BHGENZ LA
JGiRIF2.4.6 8 h, T2 HRAERsNKFKIM 0.5 mL,
M5 Fr L E pH {4 . Pa0, .PaCO, 1T B & 5 15
#(0l), Ol = FHS 8 E x Fi0, x 100 + PaO,
1.4.2 WRAZESH e B ERNZ R E
JEIRIT 2.4 .6 8 h,iCRIFRHLANE LMW A 2 HRK
SRR (PIP) SE¥5 58 )78 Bl P
1.4.3 mMKHN¥SH Gl BHEBZ L a

HIEIRIT 2.4.6 .8 h, it FWHFUBIB WM AY 2 HR
OF FH s Bk E (MAP) i 35 Bk & (PAP) | 5 JH #4
WAL BRI 2 HROHEME(CO),
1.5 %itsabm

BHELL » + s 361, KH SPSS 18. 0 it 8 47
HEWEFEZ4FA LSD- KK, P <0.05 h£H
BEIT¥FE XL,
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2.1 MRS HIERR

SI4A R iAJF 6.8 h B, pH {H . Pa0, ¥ 8] B i F
IP4(P <0.058 P <0.01), 0l HEEF F IP 4
(P <0.058; P <0.01) ;1% 3 45 b5 H A BHAH &K
FHIPHME( PEBKT0.05), 2 H K&
PaCo, KFE, ZFHMEGEITEREL(PHEY
KF0.05), WEl,

HHMNHGERIZ B IP A RIRYF 6.8 h
({84535 % 0.929 1. 161, P ¥ K TF 0.05) 4,
2HRHAREGITIMAS pH HY B ERMR(ER
2.292~3.222, P <0.058 P <0.01), 54N
)G BN ZI L 3%, 2 S R &6 IT BT A & PaO, ¥ B 2% Tt
E(tfiHN4.443 ~6.315, P <0.055% P <0.01),
Ol B ZFEME(t{HH 2.773 ~9.789, P <0.05
P <0.01),PaCO, KL B4k ( t K 0. 137 ~
1.042, PEHKF0.05), WFEI1,
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£1 24RRAMNHELITERLE(2£s)

2 %) KE(R) Uil Hfh /5 B 2l #Ir2h BT 4 h #HIT6 h WBIT 8 h

ST 6

pH i 7.26+0.08 7.27+0.12 7.1420.07* 7.11+0.03% 7.07 £0.04" 7.02£0.15"

Pa0, (mmHg) 121 £23 57x18 85+15° 93 +20" 87 +24° 78 + 14*

PaCO, (mmHg) 44 £5 3211 37+14 4012 3515 42 £23

o1 8.3:1.5 19.42.7 16.1+1.1° 14.7£1.4* 10.9x1.8" 13.3£2.1°
IP 45 6

pH & 7.25+0.06 7.24£0.11 7.1210.05° 7.13 +0.04" 7.15£0.07 7.14£0.12

Pa0, ( mmHg) 11317 5815 94 + 13" 101 17 114 + 18" 1117

PaCO, ( mmHg) 4547 3316 36+15 4411 39+17 47 £21

o1 8.7+1.7 20.1+2.6 16.3+1.9" 13.1x1.4° 8.7+1.4" 7.9x1.6"
¢, {8 0.245 0.451 0.569 1.096 2.431 2.261
P H >0.05 >0.05 >0.05 >0.05 <0.05 <0.05
t,fH 0.686 0.105 1.111 0.747 2.249 3.671
P& >0.05 >0.05 >0.05 >0.05 <0.05 <0.01
M 0.285 0.126 0.119 0. 602 0.432 0.393
P.H >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
418 0.432 0.457 0.223 1.980 2.363 5.010
P A >0.05 >0.05 >0.05 >0.05 <0.05 <0.01

-SU BRI ik , O K E & 1%, 1P KUK IE Ei# 1 ;1 mmHg =0.133 kPa;pH AL BN R £ M, F =0.853, P <0.05; 8¢ /] 4
EXWMBL, F =11.317, P <0.01; FiZEXEMR, F =4.138, P <0.05;Pa0, St BEE XL, F =6.543, P <0.05; Bl A E R A, F =
17.647, P <0.01; B R EAER, F =4.658, P <0.05;PaCO, ZhIBE F £4AE, F =0.153, P >0.05; B A FE LK%M, F =1.563, P <0.05;
PEZHMERM, F =2.824, P <0.05;01 L WA E TN, F =0.319, P >0.05; 0 [ E EXA, F =26.174, P <0.01; EXHIEMH, F =
5.637,P >0.05; ¢, {6.P {8, t,(8.P {8, t.18.P {8, t fE.P (H5H A48 pH {§ .Pa0, ,PaCO, .OI L3 T8 ; S5A M B H/G BN %I th &2,
*P <0.05,"P <0.01

®2 2HRAFMNMAFRAESHILE (Y £5)

45 RE(H) Al i Ja B % ST 2 h BT 4 h BIT6h BIr 8 h
SE 6
PIP( mmHg) 15.7 1.8 24,3 +2.5 17.6 +2.3" 16.3 £1.9° 18.5+2.7° 18.9 £3.4°
#4538 JE (mmHg) 8.6+1.9 11.5+1.6 9.7x1.1° 8.8+1.4° 8.2£1.5* 7.422.1°
A B IR R (mL/emH, O) 17.3 £2.1 9.5£3.0 10.4 1.1 9.5+1.9 12.8 £2.1° 13.1£1.8°
1P 4 6
PIP( mmHg) 16.3+2.1 23.722.7 18.5+1.9" 17.1£1.5" 17.8 +2.8° 16.4 +4.0"
#3538 /& (mmHg) 8.3+1.7 12.0=1.4 9.34+1.0° 7.4¢1.1° 7.8+1.6" 6.2 £1.3"
B 75 IR ( mL/emH, O ) 16.8 +2.0 9.7£2.8 8.91+3.1 11.6 1.2 15.4£1.8" 14.9 0. 8"
e, {8 0.531 0.399 0.739 0.810 0. 441 1.167
P& >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
¢, 18 0.288 0.576 0.659 1.926 0.447 1.190
P,E >0.05 >0.035 >0.05 <0.05 >0.05 <0.05
1,18 0.422 0.119 1.117 2.289 2.303 2,238
PLfA >0.05 >0.05 >0.05 <0.05 <0.05 <0.05

T+ ST o # 4tk B B B, PIP D9 W A0, IP 29 SR IF JE 38 34 %5 ;1 mmHg = 0. 133 kPa,1 ¢cmH,0 =0. 098 kPa;PIP 4t BE R & 4, F =
0.537,P >0.05; 8t RETMM, F =17.649, P <0.01; EXRHEIER, F =2.573, P <0.05; E WS EELNBEZENRMN, F =2.173,P <
0.05;AT R ZE B, F =11.521, P <0.01; NEXHEMER, F =4.003, P <0.05; S SR ML BEE EHR, F =1.975, P <0.05; 1
FIEEFEHR, F =11.361, P <0.0L;BiZEREIEM, F =3.946, P <0.05; ¢ . P {H,t,(8.P,{E, t 8. P, 53N 4E A PIP EH S

JE 302 B R BT S SR B S BN 2 g, P <0.05,"P <0.01

58ARBGEMZLE,IPHRIY2hEFCOE PHEHYKT0.05), E3,
fEREE (1 =0.391, P >0.05),457 4.6.8 h it
CO BETME(fH4TRIH02.363.2.302.2.254, P 3 1itig
¥/NF 0.05) ;2 K &R 47 B A A .0 Z MAP, S WAL 50 B A PR o E BRI N
PAP R Gt =B L (¢ {HA 0.372 ~2. 185,  KREZEG, B/ M7 A 5 75 2 H i [ V% i
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®3 2HARAFAMHESMENNESH R (7 £5)

4 %) RE(R) L HUiE % I 2 h HBirdh HIT 6 h B8 h

SI4H 6

L (K /min) 13829 131 £13 11718 121 £13 110 £21 116 17

MAP( mmHg) 135+ 10 128 11 123 +31 119215 119 £23 109 £ 25

PAP( mmHg) 8.6+1.3 13.8+3.2 11.8+2.7 10.5+3.6 9.3+3.9 8.7+4.8

CO(L/min) 1.7+0.6 2.11.3 1.8+0.6 1.5£0.7 1.81.1 1.60.9
IP 44 6

ALy ZE (K /min) 141+13 1338 121 17 114 £20 11528 109 £27

MAP(mmHg) 13112 13416 125 £30 112 £27 117 £28 124 +19

PAP( mmHg) 9.3+1.7 12.4£2.3 11.8+1.2 9.912.6 9.2£3.0 8.5+4.1

CO(L/min) 1.820.5 1711 1.9+0.6 0.6+0.3" 0.6+0.4° 0.5+0.7°
N 0.465 0.357 0.396 0.719 0.349 0.537
P {8 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
I 0.627 0.757 0.114 0.555 0.135 1.170
P, >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
1, {8 0.801 0.870 0.001 0.331 0.050 0.078
P.A >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
t {8 0.314 0.575 0.289 3.028 2.511 2.363
P A >0.05 >0.05 >0.05 <0.05 <0.05 <0.05

T ST Ry 42 0 1 i B Bk , MAP 3 sh Bk & , PAP N A Zh Bk K, CO o o HE I /&, IP S PR (K TE JE #4131 mmHg =0. 133 kPa; L ELA A E
FHE, F =0.375, P >0.05; 8 B/ HE EHW, F =9.364, P <0.01; iEZHE/ER, F =2.115, P <0.05;MAP &b K £, F =0.846,
P <0.05;BFAIAE FEHMA, F =12.034, P <0.01; NEREAEF, F =4.553, P <0.05;PAP b EHE F 35, F =0.348, P >0.05; 1 AIEE
FERRE, F =10.539, P <0.01 ;B EAE/ER, F =2.961, P <0.05;CO 4bBHEZE 3R, F =1.874, P <0.05; 8 [ R E 358, F = 11. 639,
P <0.0L;MEZXEMM, F =4.517, P <0.05; ¢ {8 P {H, t {8 . P,{H, t {8 P, t . P,fH5 5 NEMF.LZE MAP PAP CO WLERFFE;

HERBGFMZE, P <0.05
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SIVE g b7 AR 25 1 — PG S 5k 05 o5, B i AR 3K
KW A R R SGE R R N
i), 50 99 205 2 B AN — 110 fib 9 2 1) 3k Y 7, A TR AR 5
BEREMHE K . RLRHE R, X EHE R
FRAER G R LM SIGE, 5865 B2 &,
PaO, 7K ¥ 2 & 75, Ol {8 Bl & FEAK , [8] i 5 25 fiff )
MW A —EREMRE &, P T ST AL
B IR UL AE , 6 B $2 5 B R P . 3X 5 A )
BREMASENERE A HEXRS K,
A F A R ST SEHE It B2 3K B 18 M i R ) i £
Ry E SIR BRI XY, BB NIEH B RET HE
WL K (H A7 7E 5 SOV v o BE I B L o 2 A A A
AR, AR KARAIEHKN 25 emH,0 By SI
2L A ETEIH 20 s, MR BITEWRYIT 8 h WRESR
O A 5 e A R B, OR LSO A B0 A i B
EEERNREIE

IP fiti & 5k ¥ & & O B BT OR 47 M il SORBg Y &
a3, WL B 4 FHE PEEP K, 16 2 4 A H
F4 i 76 BE 2 T A 9K, DA T 48 0 A A AR, Bk A R/

W ALRIEE, SRGEMALE,IPE
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