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Recruitment maneuver in the treatment of young piglets with acute lung injury

WANG Yu, LU Zhu-Jin. Department of Pediatrics, Henan Provincial People's Hospital, Zhengzhou 450003, China (Lu Z-
J,Email; zjlu@ shmu. edu. cn)

Abstract: Objective To study the feasibility, efficiency and any benefits of recruitment maneuver (RM) in the
facilitation of lung repair during recovery from ALI in acute lung injury ( ALI) model of young piglets. Methods The
piglet model of ALI was established by an intravenous injection of lipopolysaccharide (LPS). Twelve ALI piglets were
randomly divided into two groups: conventional ventilation (CON) and RM with low tidal volume. Arterial blood gas,
dynamic lung compliance (Cdyn) and systematic hemodynamics were monitored during the treatment. TGF-B1 levels in
bronchoalveolar lavage fluid ( BALF) and plasma were measured. The mRNA expression of TGF-B1 in the lungs was
assessed by real time PCR. Lung tissue was examined for morphological changes. Results No significant difference was
observed in cardiac output and peripheral vascular resistance (PVR) between the two groups. The extravascular lung water
index (ELWI) from 6 hrs after ALI inducement and the pulmonary vascular permeability index (PVPI) 8 hrs after ALI
inducement in the RM group decreased significantly compared with the CON group. Cdyn in the RM group increased
quickly 1 hr after ALI inducement, and there was a significant difference between the two groups (P <0.05). P/F (ratio
of Pa0, to Fi0, ) in the RM group was significantly higher than in the CON group from 2 hrs after ALI inducement (P <0.05).
Alveolar-to-arterial oxygen difference in the RM group was obviously lower compared with the CON group from 2 hrs after
ALT inducement (P <0.05). The levels of TGF-B1 in plasma and BALF and the mRNA expression of TGF-B1 in the lung
tissue were lower than in the CON group. Volume density of alveolar aeration in the RM group was significantly higher than
in the CON group, and the injury score in the RM group was lower (P <0.05). Conclusions RM can improve gas
exchange and Cdyn in the treatment of piglets with ALl . RM is a safe and effective approach to alveolar recruitment and
can alleviate ventilation induced lung injury. [ Chin J Contemp Pediatr, 2012, 14 (2) ;134 —138 |
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2T AP R BE N T, L FR =2 S IR ML R S
54 (VILL) o 25002 35 548 /Nl = 1 il O 3
MBS B AR 15 (ALD) B 2 1k 0
W ZEAE CARDS ) | 13897, /N < il
SRS SRR ARG A AR T A K
F1E (RM) o ik b & T8 800 M <OK I &
(PEEP) @<, AT AFT IF 256 AN 5K il 41 40, LA i
HAA R VILL /S . (AR RM 27555 A
TILEE UL S HA &0m: andey, H A & B # . B 4h
AL [RIRY7 R 5 Il 4 2 #5018 23 72 2% D) AR
X TEIXIZ % 1) il 4 2R T 4k Ak S50 #L AR fb H , TG -
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Wz SIS ALL BRI W
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1.1 XK mE

4 ~5 JElI e MEPE RN EE 12 H Rk
FLA R B MO BERT TRt 1A 9 ~ 10 ke) FEALSY
h2 4 (1) X HRZH (CON 20 ,n =6) : fhilfF ALL 2%
JEE THUMGE S, 280 PEEP 2 ~5 cm H,0, 1< &
(V)10 ~ 15 ml/kg; (2) B 3KH (RM 21,0 =6) . i {E
ALL #5815 25 THUMGE S, 248 PEEP 6 ~8 ¢m H,0,
Vi 6 ~8 ml/kg, A HT K LUG BEFR 1 h 3547 1 3K
RM, 3t 8 ¥k
1.2 ALI =8 §&

ALT BRI £ 2 BESCHR 7 - FR S bk S M i 4
FEmRIE G , SO UIIT A SRR S48, 3207
WAL, 3 FH I g #24fi) (PCV) B, IR IR 431 % (RR)
30 Y%/ min, g A S0 BE (FiO, )30% , S B W% ( PIP)
10 ~12 em H,0, PEEP 0, Vi 8 ~10 mL/kg, K454
IR | 7 B S Bl kR Sk, 43 50 A
PICCO Zlifik 5% M R # Ik 38 . #4515 £ ¥ (Sigma
/NFE]LE. coli 0111:B4)18 ~20 pg/kg F 1 h N&H
G kAR S 0% 1 A G B RN, 65 43 30 min
R gk i< 1 ¥, I Fio, & PEEP B, IR
Pa0,/Fi0, (P/F) <300, Jf A #E47 ¥ F K 2, 4k
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PRIXE ), 0 8 DA i 5 18 o
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R DS S AR 25 T AUGE < 30 min, 15 [ FIEK
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;’El W4HE CO E’Jﬂ],b\x'f{ (L/min) (x £s, n=6) %‘%2 W4 PVR E’\]z{b,{‘\ﬁ (dyn+s-cm™3) (x5, n=6)
A5 BT R A2 h R4 b L6 h A8 h 4 UG U A2 h R4 b L6 h A8 h
CON 2.4+0.3 2.0+0.5 2.5+0.5 2.6+0.5 3.1+0.7 3.1x0.7 CON 2802 +726 2365 +956 2623 +297 2586 +541 2191 +927 2215 +738
RM 2.6+0.4 1.9+0.5 2.5+0.5 2.7+0.7 2.9+0.4 2.8+0.4 RM 2855 +328 2000 +586 2738 +227 2610 £598 2617 +745 2817 £229
7§  -0.645 —0.321 0.246  -0.080  1.123 0.9l 7  -0.241  0.480  -0.320 -0.321 —-1.043 -1.123
P1i 0.5189 0.7479 0. 8058 0.9361 0.2615 0.3367 P1i 0.8099 0.6310 0.7488 0.7483 0.2971 0.2615
i%3 W4H ELWI Bish 755k (mL/kg) (x+s, n=6)
5 JEABEHT T JERE2 h AL 4 h JEAE6 h L8 h
CON 10.8 +1.2 16.2 +1.9 15.8 +3.7 14.5+£2.9 16.2 +3.1 15.7+2.3
RM 11.0+1.3 16.2 1.6 14.3+1.2 12.3£2.2 13.2+1.8 11.2+1.2
A} -0.336 0.246 1.227 1.376 2.019 2.918
P 0.7370 0. 8058 0.2198 0.1689 0.0435 0.0035
x4 WAHAPVPIHHET (x%s, n=6)
) SRR S JERE2 h AL 4 h JERE6 h L8 h
CON 2.7+0.5 4.8+0.5 4.0+1.0 3.4+0.9 3.4x0.7 4.0+0.6
RM 2.9+0.6 5.0+0.6 3.9+0.4 3.4+0.6 3.2+0.2 3.1+0.7
VAR -0.646 -0.644 0.643 -0.563 -0.488 2.005
P{H 0.5182 0.5196 0.5204 0.5732 0. 6255 0.0450
2.3 ARSI MR LR T CON 4{(P <0.05) ,CON ZH Fi4 s 2l 285 M5 7 P 75 %
RM 2 4 il 0y 25 MU P A U IS 25 I (B) i 2y B SR A K, W& S,
%5 ngﬁﬁjﬁﬂﬂid):u ||§TJ'" EE’JﬂJ:uz‘ﬂﬁ (x5, n=6)
9 mBGE RBC MBI RB2h B B4 RBSh RBGh BT RS
CON 1.40 £0.17 0.90 £0.17 0.60 £0.10 0.70+0.09 0.70+0.07 0.70 £0.13 0.70 £0.07 0.70 £0.20 0.80 +0.28 0.90 +0.27
RM 1.30+0.17 0.80+0.14 1.10+0.33 1.20+0.38 1.40+0.34 1.20+0.37 1.30+0.37 1.30+0.34 1.40 £0.30 1.50 +0.58
AIE} 0.930 0.512 -2.326 -2.722 -2.882 -2.772 -2.882 -2.082 -2.402 -2.402
P18 0.3524 0.6089 0.0200 0. 0065 0.0039 0. 0065 0.0039 0.0374 0.0163 0.0163

2.4 MASEIHRIERHLE

RM 41 P/F (HT RS 2 h B8 =T CON 41(P
<0.05) , L BLEH TS i RM 2 M - 30
kA He 22 (A-aDO, ) 78R 2 h BIBA 2% T CON
4(P <0.05) L B EEI R WFEK6 ~T,

®6 WAP/FEMNETWL

2.5 FEMEK . BALF i) TGF-1 & 8 R iz 4R
TGF-B1 mRNA k7K EHIEL %

B S 8 h,RM 4 1fil 3% #1 BALF v TGF-g1 /K-
BHIET CON H (P <0.05), RM 4 4)j %% Jiili 4H 21
TGF-B1 i) mRNA /KB BT CON 4, W3R8,

(mm He) (3 x5, n=6) %8 % .BALF th TGF-pl &8 Rk HHZ% TGF-pl
5B BT AR L2 h B4 b EBI6h  NEI8 h mRNA 7K (x+s, n=6)
CON 494 +32 244 +27 241 £50 285 +63 308 +74 274 +59 . |J [ﬁ[ﬁfi TGF—BI BALF TGF—B] Hﬂiéﬂé}j\
RM 51927 25343 35387 36957 38235 461 +99 4l (pg/mL) (pg/mL) TGF-B1 mRNA
ZfH -0.857 -0.143 -2.082 -2.082 -2.082 -2.242 CON 3884 + 696 78 +28 1.09 +0.21
P {E 0.3914 0. 8864 0.0374 0.0374 0.0374 0.0250 RM 3105 +£522 55 +25 0.74 £0.34
VAR 2.082 2.082 2.286
PH 0.0374 0.0374 0.0223
§7 W]—ZH A-aD02 Eﬁ@'ﬂ_’, (mm Hg) (x+s, n=6)
) BUARERT B B2 h  piAE4h 6 h A8 h 2.6 T4 Hfﬁéﬂﬁu ’f'—iﬂ 3-:._ Eﬁl"‘"
CON 19 +10 147 +38 170 +17 135 +28 132 +40 144 +22
RM 2211 14114 61%33 44 x15 39 +17 32+16 EJU‘%F 8 h,RM Qﬂﬂﬁﬂfﬁ{@ﬁk%rﬁﬂﬁmﬂ: CON
VAR -0.320 0.320 -2.882 -2.882 -2.882 -2.882 Qﬂ {ﬂ/\n‘r Eﬁ%\}&,ﬂiﬂ: CON Qﬂ E_ RM QH B/Jﬂfﬁib ’fjj
P1{H 0.7488 0.7488 0.0039 0.0039 0.0039 0.0039
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P He CON W2 FRE(P <0.05) . RM 24 it
MY KT, RPEA R IE & B L A% CON
MU, WEKI~10,K 1,

E1
MR, N, R,
FKFETT ALY, RN IR BB B R AR

PR L FRIE B ZE (HE x 200, n=6) CON ZH i
B bR 324 RM 4 il 4

R FAMYTKE EREHMENL (x5, n=6)
) PIkIE A5 R R
CON 0.40 £0. 07 0.38 0. 11
RM 0.59 £0.06 0.24 £0.07
Z i -3.134 2.302
P i 0.0017 0.0213

R®10 FWARMBRGHETES (vxs, n=6)

A EAIHEE i NUES ESUK

CON 2.9£0.5 2.0£0.8 2.3x0.6 2.0+£0.5

RM 1.4£0.6 1.4+0.7 0.5=£0.3 0.6£0.3

Z 18 3.137 1.473 3.087 3.137

PH 0.0017 0. 1400 0.0020 0.0017
3 iR

ALL J2 Ml R v DL B & B AE 22—, HHTR HTRY
TRIT R LANUBGE SO A 25 5 iR YT o BT ALL
AR Bl A A B 25 R, 16 9 i R v e i 2=
e 53 s Y0 P ok B8 I K TR J I, B I A
PEEP {3 < Jy 20 B8 F) T 22 B il v ) 52 5k, 1
&5 T VILL; fili G4 <A R 3k e <4
R ARES G P R T35 B 36 LR BB <7 5K
HOh B AR

RM & — R e HUGE i R v, 18] 07 3 45 7 55
TR 2 TR ) IR R i (] A 7 2
HCETT LA 88 22 2% [ 1 il 9 52 5K, 3 W] LABT 1k /)N
SUROE TR A AR R MERTEAN K . HRTSE 0 RM FY
TIEA Z R0, T Z 1) B M I I JIK (sustained
inflation, ST) , ST RfI [i] Wy b - 35 < R 7 28 30 ~
40 cm H,O0, #2229 15 ~30 s )i, B E 25504 SI L),

HIRY He 77 7K - 76 5 BB A 8 SR, aT 5% 4 oy
CPAP 55X, i i I8 15 PEEP fifi Z 353 RM Fr 75 221y
IRV o A5 5 9% 37 3 < (HFOV ) I, AT DA i B
FERAT -34S TE R SEEE RM

AFFE R RM 41 P/F HETE#E S 2 h J5E]
8 CON AW E ET, 5 P/F HEM AR A —3L,
AT R A-aDO, 2B FEAT T BB
XL AR AR, SR RM 5 40188 It 38 1 420 <R i 2
AEFNIE A/ ML EL A5 2] T B 8 s ML B A K
AT R IEEE R ER T, DT 1) 42 B 45 2 UL T A
R FE R, BB IR E AN T A RS

HHETAH RM $2 5 8 & 24 LU R R 5%
A e ) R T DAY ik SRR B e, A 25 AR
P /D TCAR 3 T, DA A0 2 R g 3 AR/ I3 LA 5 G
K RM J5 i 55 PEEP Ge{ 52 5K 1) Jili v 7 PR 4k
LSRRI HCIRAS , B - PR IR B 5 1A RM Hr—E 1)
3 S TR A B A () B ] 5 5000 i 76 528 265 78, £
HEAMARAE S TE RO 6 22 8] B 3 S M A, 2 AR
(A (8], 38 40 A 5 1 ELAE R RM AT LLYs 2 il g
T 52 T A 3 B 59 170 3 454 B Rt it 3 T M) B 1)
ANFE M UM 8 1, At 7K b

van Kaam 25 [ 5800057 A 78 R4 T 4 il vk )
43 5T It FECRT 8 FEALARGE <, & BT il 4 7
Bk 3 FE AT 3k 60 kPa, 1 & B AL B 8 414k
10 kPa, Ff HLfili FF 755 41 A6 Jili 360 285 71 55 £ K% M 16 4
BT THIAL A P s . AR SRR S 5 2 K
o, 1) JE 8 A i AF sl o B, aX Ui RS A8 5 AR
SYAFAE—E A 22 5 (A RM ] T 0 AR 0%
B B RV REREAZ 7 A2 R AT AR A RO

I T 4 3R AT 2 ALL B S () W W g 4 R AIE, 5
I 25 T 0 O ) 2 3 Bl AS ke B it 7K i 45 R 254
AEVINI KRR MMl FUR S Wit 6 &2 5K i 6
Z— W s il 2 5K 5 2R LS Cdyn 2B i
IEAHRME(r=0.82) 1 5 PaO, MUAHICHERZE AL
ZF, Cdyn A BE L IE S Wi 1) 78 <A 00, LI L
A B TAR R A S BT AR SEi RM 1
T S It T 7 4 178 25 b 1 R A e b O 2% it
Bk JE AR . A5 R, SR RM GBS I 35 3
T ALL &y 5% (1 fiti s 250 15 M , B RM7E 2 3% sl 4 fi
TIIse i) [, B A 5% i 5B i e < P fig . i USRS
FESCE RM o i v i B — 7 1 B AU R], 3 18] 2l 4
OIS ESU Y RN YN EERE S SRy |
8 AR A B o

AN LI, RM A Gf (0 i 4 5k e 49, AR
FERRET 943 A5 50 It i R /INVAI R, 378 RM ik
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H J BALF 1) TGF-B1 Ve Bt S BAIK -, $ /R 78
it RM 5, R T 4= i PEEP ZKF , {H A X}
TGF-B1 & W A T RZ M0, KO ] LAEe ALL J5 fiti41 21
(Y, A B FRCE M A 2 B B K s, H 2L
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