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Experimental study of the safety of sustained inflation strategy in acute respiratory distress syndrome in
sheep XU Lei, WANG Shu - peng, QIN Ying — zhi, ZHANG Na - xin. Intensive Care Unit, Tianjin
Third Central Hospital, Tianjin 300170, China

[Abstract] Objective To evaluate the effects of lung recruitment maneuver (RM) on hemodynamics
and lung structure with sustained inflation (SI) in acute respiratory distress syndrome (ARDS) in sheep, to
look for a safe range of pressure and time of SI. Methods Fourteen anaesthetized sheep were subjected to
lung lavage through a branchofibroscope to reproduce ARDS, and quasi - static pressure — volume (P - V')
curves were obtained with low flow technique. The upper inflection point (UIP) and the lower inflection
point (LIP) were found, and then 5 cm H,O (1 cm H,O=0. 098 kPa) below UIP, UIP, 10 cm H,O above
UIP, 20 cm H,O above UIP as the peak pressure of SI were selected as the test pressure. They were
randomized to four groups (U — 5, U+ 0, U+ 10, U + 20). The duration of SI was 60 seconds.
Hemodynamics and oxygenation indexes were monitored and recorded during and after SI until the study was
terminated 2 hours later, then CT and lung tissue biopsy were performed. Results Pneumothorax was found
in U+ 20 group, resulting in the death of sheep. Hemodynamics was affected significantly in other groups
during SI. In U410 group, cardiac output (CO) and cardiac index (CI) were lowered at 15 seconds after RM
began, and recovered slowly after RM; in U+0 group and U -5 group, the entire RM could be carried out to
the end, and biopsy showed bullous emphysema in U + 0 group. Conelusion The impairment of the
hemodynamics and damage to the lung structure should be prevented when RM is performed in ARDS
patients, and the inflation pressure should be limited within the range of UIP or 5 cm H,O under UIP to avoid
adverse effect on hemodynamics.

[Key words] open lung; sustained inflation; acute respiratory distress syndrome; hemodynamics
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Table 1 Basic data of 14 sheep

$#&ix (L) £ g G

112. 600%+1. 750
1. 01410. 055

ER/D 8.13041. 147 || B (cm)
B (kg)  36.41013.764 | kFEE R (m?)

1.2 BRBEPCGAS T - SERE, RIKULAES K
M 5E 10 mg ., FAZAR 100 mg 47 H BRI , 4%
BEPMEMIBEE FERE b 4708  MERME
Vi, A BAEKE AN RS E R Ok E
(CVP) R AMEIRYT , W A4 2 BEBR # 7€ 100 ml/h, B
WZE 3 mg/h FLUOBKEAN, EREEFEHBER
. E/ARBKEARBESE, KA 30 kil
I, 3F B BUE 8 LS 40 47, 20l $hH B Rk I 40 B v
g OHEm & (CO), FTREBVIFHAR,BEA 7.5 mm
SEEFE. 8 Evita 4 FFIRHL, DUKEREEEBR
(BiPAP), W N\ 83k B (FiO,) % 0. 30, (IS B (VD)
6 ml/kg, RS : K A:E)HF1: 1.5,FKKEE
(PEEP) 3% 5 cm H,0(1 cm H,0=0. 098 kPa),

1.3 ARDS BERIM B . EH4 R X SEHTIG T
18 A 7B 4R K i 1 vk, B A B (PaO,/Fi0,) <
150 mm Hg(1 mm Hg=0. 133 kPa), ¥ #t K&
2 (12. 0 3. 6)ml/kg, 45 5 ¥ FF R AL FiO, %
0. 60, REYAE. THE CT FHMEME. W5
BREUFTKRENEES-FRE-VIBE LH S
(UIP)F 5 cm H,O UIP,UIP 10 cm H,O 1 UIP
£ 20 em H,O A1rHERYLS 0 4 A 51K U—5,
U+0,U+10,U+20 £H), I Hafii & 7K .

1.4 JHESKHERE A0 . BLAI B E 5 €2 h, Bk
ST EIE RS0 mg, NLANRBE LG (KRE LR ICHE
BAP-VHA, BH A E25 ml/keg, A ZTHHEE
HAoHHM MR ERARDHAEUIP. THE
(LIP) , #iC /SR B FER LA S S HCAAIEE . e
3B K20 min, K4 A8 E B 12 4 B B Ak (SD E A
K ¥ S il 32 5K L R A SUGE R 1B BGE K (APRV)
W, ES LR AR EE, ESTFRI‘EHLIP+
2 cm H,O% , & B8] 20 s, f§ FE B8] 0. 5 s, FiO, 2l
1.00, Fp et M £ AR ETE60 s, B K IG5
PEEPAK¥#LIP E2 cm H,O, @S #X.1: E.FiO,
KBFHRBE VR $F6 ml/kg , B2EESK2 IS,
ACTRE RERBME AN P RE. & E.B.
T3 AR 2 B B A AR AT IS A R B
ST

1.5 BEWESH - EHREKAMENR . &Kt
(E]RS 15 s) BB 3K J5 (55 15.30.60.120 s) & 42 Wl

34 3k FE (MAP) . >3 (HR).CVP., L R 3 ¥
(CD) SRR 1 # ¥ (SVRD , ZE R kAT %, &
WIE 0.5.1.0.1. 5 F1 2. 0 h [ 7 Wl MAP . SVRI,
CI. [ #M it K $8 B (EVLWD)  PaCO,/Fi0O,, #{iE
BB L ARHEE (o) F R, KA SPSS 11. 0 &it
B, 40 8] b A B B B K O 2 42 BT (one - way
ANOVA),AH A KB B Dunnett — ¢ £ 58, P<<0. 05
HERERITEE XL,
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2.1 MENRER: 14 HBE2MNEREHET
ARDS 2 Witr¥E.2 h RIS ¥R ¥ 5%
fasE . BV A B 5K FE /1 & PEEP @8 L% 2.

®2 FHEP-V LM UIPFMLIP(rts)
Table 2 UIP and LIP in each group(x+s) cm H,O

AHH PP D uIP LIP
U-—54 4 44.614.6 17.6+4.4
U+04H 4 46.414.9 20.4+3.1
U+104 4 46.91+4.0 17.3%+3.7
U+204 2 48.713.6 17.94+2.5

2.1.1 U+20 4. FHHEF1(68. 00+5. 26)cm H,O,
SHBYERK 15 s EHRARAEAKEEIBME
(Sp0,) TR&,CT =K — WS, — M 358 S Ak
K, ERFEIT . MARER R EHMMHARY K,
fiti L PR A, VR IE B VT B PR TR A ST KBRS
RSB R WNCEAETRE 1A); T SR A S i
HEBRERS, FRERESE FREAXKERE
M. AXSEEEARLEHY EATETIE 1B),
2.1.2 U+10 4. FHES(56.00+6. 48)cm H,0,
4 Rﬂﬁg%ﬁﬁﬁgﬁ’ ?Eiﬂf}é 2h PEI Paoz/FiOz<
250 mm Hg, CT 75 E3iiALT B8 S M AT
Bl P TEI KR, MARERR LHHARE
BEMXIOESFEZSBERRCEAETRE 2,
2.1.3 U0 FHES(44. 001+5. 69)em H,O,
4 HMBER M LR, FHE¥K 0.5 h J§ PaO,/FiO,>
300 mm Hg, CT /R L ¥At4A A3 Bl S, T &
KA B AR SRR LR R, B
St IR A, b TR R REARER
KO REKMARAKZ U+10 AL (REHETE 3),
2.1.4 U—54.F¥HES(36.00+6.12)cm H,0,
4 HHEZRER, TEK 2 h ) PaO,/FiO, >
300 mm Hg, CT ;R LM ARATEFBIKE U+
10 AR, IR AKA R (E O MARERR
HRARRFREAXSEBTER. FENHE
HMHETES,MG@RE D FLARERARSE S
CEaETE 5.
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Figure 6 Changes of MAP after RM
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Figure 4 CT of sheep in U—35 group after RM
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Figure 7 Changes of SVRI after RM
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Figure 8 Changes of CI after RM
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Table 3 Continuous hemodynamics in sustained inflation of sheep in each group(x=+s)

i g5 FARCGD  TEH H¥H15s HkH 305 H¥H 45 s HH 60 A¥E15s  H¥E30s FEE60s  F¥E120s
MAP(mm Hg) U-5 4 88.70% 8.61 78.40% 9.64" 76.00%10.81* 7430%10.17% 73.60% 9.41° 8550+ 8.46  84.30% 9.05  85.00% 7.84  87.60% 9.48
U+0 4 85.90% 8.87 74.40% 8.25% 73.00% 7.78" 74.90% 7.01* 71.30% 6.68" 79.80%+ 8.69% 8250+ 8.32 87504+ 6.61  83.40% 8.33
U+10 4 90.70f 8.40  69.20% 9.73* 50.30% 5.25" 57.80% 318 5860+ 3.32%  69.30+ 8.41% 7410+ 8.97% 81104 7.32% 79.40% 7.48*
U+20 2 88.30+£14.23  43.20%+ 5.78*
HR(K /min)  U-5 4 9.30% 8.57 97.30+ 7.19  95.00% 7.99  94.80% 871  96.00% 8.56  96.70£10.23  95.70% 8.06  93.30+ 7.41 94,20+ 8.54
U+0 4 92.10+14.81  91.80+13.37 91601311 92.58+12.54  93.50214.34  93.00+13.73  92.00£13.52  90,80£13.33  92.30%12.92
U+10 4 94.30£11.63 98.80£10.79  95.10£10.98  96.50£11.35  95.20£12.23  95.10+11.95  95.30+12.43  96.30+11.47  94.10%11.65
U+20 2 90.30£10.68  88.00+12.68"
CVP(mm Hg) U-5 4 7.40% 1.98 10,80+ 2.52* 1120+ 2.39% 1120+ 2.37% 860+ 2.50*  7.20% 3.88 6.901 4.0 6.00% 3.94 6.90% 3.01
U+0 4 780 100 15.50% 3127 14,004 3.28% 15,304 322" 15.50% 2,847 1010+ 417" 8.80% 4T 8,501 4.67 8.30% 4.37
U+10 4 6.304 0.78 24.30+ 2.67% 26.60% 3.18* 25.30% 2.71* 23.00% 2.26* 11.00% 3.22° .20+ 3.79* 850+ 3.7 8.80% 3.27
U+20 2 6,60+ 0.69 55104 5.39*
Cl U-35 4 4.28% 0.45 415+ 0.63 3.69% 0.9 3.65+ 0.70"  3.66+ 0.74"  3.82% 0.65%  3.80% 0.66 3.941 0.73 4,061 0.70
(Lemin=!em=2)U+0 4 4.10& 0.37  3.76% 0.28"  3.57+ 0.22* 3554 0.22%  3.53% 0.17%  3.68% 0.27°  3.74% 0.20% 3754 0.24% 376+ 0.24"
U+10 4 4,691 0,48 4,20+ 0.66% 401+ 0.50* 3414 0.44* 3,08+ 0.53*  3.26% 0.54"  3.42% 0.46* 3484 0.50* 357+ 057"
U+20 2 4471 0.85 195+ 0.28*
SVRI U-5 4 155.32£15.18 152.38419.92  149.64210.15  147.13£17.85 148, 58+18.56  149.22421.20 154.67£17.98  156.43+22.00 155,524 24.64
(kPaes- L1 U40 4 156.42120.86 143.70£21.81" 142.30£18.38* 140.00+17.06% 136.32414.58* 149.83+21.89 158,.08+22.11  159.75+18.3¢  158.41419.54
U+10 4 148.55+14.89 113.90£27.22% 111.16£20.50* 111.81420.84* 113.174£19.92" 123.58+29.27  138.70£26.24  143.19420.23  143.20%14.97
U+20 2 146.78+22.45 101, 24£17.69

. HSRAFKA . - P<0. 05
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Figure 9 Changes of EVLWI after RM
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Figure 10 Changes of PaO,/FiQ, after RM
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HEFHKAAT, MU0 AFEREKER30s 7
V)R K I '
3 it

R 20 4£3 ARDS B EVBES ZR/HET
RAKHERE, BB IERNEE 40%D, BHRYLAHEX
PER A (VILD EZ#80AR . £81 ARDS B fifi
FRXEBHESKAZBRCHBR, B M IERE
FEFMESH 20%~30% . AREHFESSMHE
ARDS B # R i 0 8 GEK# XD 3 B B Ak f1 87
Yihiith. EE WA EHZERESPCVIBR
R, HMEER S B rERYLIEEf S8 E
(PIP) , B I 4 il 4 £R 9 4 86k DX i v 2 B A ik FE B

Lachmann® #f $#£ Laplace ERE AR B T &
ARDS B & 3 i fif 47 $r P8 38 SRS, Bl B < IR
it 40 em H,O B 7] 5] 42 B 2 Sh B VM 28 01 5 5k
— B X ERaIT A, N 7E B8y PEEP T 4RIk,

FREFESATHRERFLEE. TROHYABRMG. &
JE 1R 25 W B 33 I8 3% B I P Bl 52 5k SRR B BA B
B4 , R AR FE RS, {E G o] 35 s ik & 5k , fii
KB ES TR FENREEREFR IFHNEME
XML S I ER M E NS e B, K
mE—WHXD 8, REAEFEITH SERIEHM
Y, MBS HER B Y WILR 3 1% EAIR
REFEREARTTL T kR AR PR %
#HA5P-V L UIP fE R EKE N AREAKFE,
PCV X T, 4 & ML¥i 3h F1 ¥ Ay L Il R S 3
B HRIT4E ARDS BRI B8 5 BmR .

EHPYERHRERRA, UEBSP-V
#1Z¢ UIP L 20 cm H,O #4755, 3Bk X
RETTT FE T2, 6 B M s 7 %4 B L 41 B 7= 4 B B A B3R,
REEEWERN A, L UIP £ 10 cm H,O £ R F K E
71, E 5k 5 SpO. B B, MEBRE. CT BRM
TR R, AR R A B VILL, &
UIP %X UIP F 5 cm H,O K FHEFABRREAS,
FeoE 60 s F KX ML 3 /1% 780 B &, S LA UIP
T 5 cm HO M Z MBI, MELMFK3N ¥
BB, HCT KB EHB#E. ARDS §
5% 5 AN A1 7 2 00 2Rt R [, UG 4 ity £ (R 3K
UIP.LIP,JER) 2 8 B Ak 4k 8 4 ; SR I 48 [H B &
KEATRMERBRG, RESBCEHYVILI.

G LA, M E 5k ERN ARDS R G
B2 BREMHRPEES RN EERNE. AT RE
ML ESKELI P -V f14k UIP &Y, —MEH
MWiE#7E UIP 8 UIP F 5 cm H,O, [F 64 4 M5
MAFEEA, BRR B VILI gy &4 %, A
$#£% ARDS ¥IBGESH R ThE.
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Figure 8 Pathologic changes of murine lung Figure 9 Pathologic changes of murine lung Figure 10 Pathologic changes of murine lung
tissue in group C(HE, x 200) tissue in group A2(HE, x 200) tissue in group B(HE, x 200)
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Figure 1 Patho+logic zﬁriang;fof lung tissues Figure 2 Pathologic changes Figure 3 Pathologic changes Figure5 Pathologic changes
in U+20 group of lung tissues in U+10 group of lung tissuesin U+0 group of lung tissues in U-5 group
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Figure 1 Mucosal erythema IWNSESEE “EET R Figure 3 Small airway obstruction  Figure 4 Secretion of peripheral airways,
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