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[ABSTRACT] BACKGROND&OBJECTIVE: A prolonged period of one-lung
ventilation (OLV) is required during thoracic surgery and this may activate
cytokine release and cause lung inflammatory response. The lung protective
ventilatory strategy has reduced lung and systemic cytokine release and
achieved remarkable curative effect in patients with acute respiratory distress
syndrome (ARDS). This study was to investigate the effect of the lung
protective ventilatory strategy on proinflammatory cytokine release during OLV
in patients underwent thoracic surgery. METHODS: Forty patients underwent
esophagectomy were randomly divided into conventional ventilation (CV)
group (n=20) and protective ventilation (PV) group (n=20). In CV group,
all patients received two-lung ventilation (TLV) and OLV with a tidal volume
(Vy) of 10 mL/kg and an inspiration/expiration ratio (I/E) of 1:1.5. In PV
group, all patients received TLV with a V; of 10 mL/kg and an I/E ratio of 1:
1.5, and received OLV with a V; of 5-6 mL/kg and an I/E ratio of 1:1,
along with positive end-expiratory pressure (PEEP) preset at 3-5 cm H,O.
Blood samples of 3 mL were extracted at three time courses, which were
after tracheal intubation (T1), 120 min after OLV (T2) and 24 h after
operation (T3), to analyze concentrations of interleukin  (IL)-6 and IL-8 in
the two groups. Values of airway peak pressure (Ppeak), airway plateau
pressure (Pplat), and airway resistance (Raw)were also recorded using
side stream spirometry. RESULTS: In CV group, concentrations of IL-6 and
IL-8 at T2 [(269.4+57.2) ng/L, (180.8+35.0) ng/L] and T3[(335.8+98.7)
ng/L, (178.5+18.3) ng/L] were significantly increased as compared with
those at T1 [(17.0+5.4) ng/L, (18.2+2.8) ng/L](P<0.05). In PV group,
concentrations of IL-6 and IL-8 at T2 [(209.3+55.7) ng/L], (115.3+£71.5)
ng/L] and T3 [(278.2+100.8) ng/L, (124.2+40.1) ng/L] were significantly
increased as compared with those at T1[(20.0+7.1) ng/L, (15.3+3.6) ng/
L] (P<0.05). Concentrations of IL-6 and IL-8 at T2 and T3 were significantly
higher in CV group than in PV group (P<0.05). Ppeak, Pplat and Raw at T2
were significantly higher in CV group [(33.6 +4.6 cmH,0O, (21.5 +£3.1)
cmH0, (26.3+2.1) cmH,O.L~".s""] than in PV group [(26.7+3.5) cmH,0O,
(12.4+21) cmH,O, (18.3+2.3) cmH,O.L-".s"'] (P<0.05). CONCLUSIONS:
Concentrations of IL-6 and IL-8 are increased during and after OLV in
thoracic surgery. The lung protective ventilatory strategy can reduce the
airway pressure and airway resistance during OLV, decrease the release of
IL-6 and IL-8, and inhibit lung inflammatory responses during OLV and
postoperatively.
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(# ZE] BTE5BE I T AR B LRy 5 m
X BT 5 RS 48P A0 IO TR RO i R A T, 51 R i
B AE S0 e I S RE o T LR S SR W A T B 3 2R
(acute respiratory distress syndrome, ARDS) %A Y7 "1 HUAT &
IR, AL T/ 5k IR R TR, DR I A BN (H B
S FH T TE B 0l 26 280 5 i 3 A B A U R DR R R
THRE o ARG IR T O A7 P 3 A0 SR I % T g P i 3 A 58
HF M52 . F5ik . 40 B IAT & B AR T T A0 A B AL
43 R H L S 4 (conventional ventilation, CV 20 ) Al 474 i
K41 (protective ventilation, PV 41) , 54 20 i . CV 45 A XL
il B il 8 R 2 B0 E < 9K EE (tidal volume, V)10 mL/kg,
W /I Lt (inspiration: expiration, FE)4 1:1.5, PV 4155 A B
AR SHORE R CV AL ARS8 SO Vi 2 5~6 mL/kg, I:
E=1:1, JF4 TIPS KIEJE (positive end-expiratory pressure,
PEEP)3~5 emH 0, P48 ¥ 46 VA (T1) |5l i
120 min (T2) FIAJS 24 h(T3) 4% B aUAl B DK i 3 mL 46 0
140 ML A & 6 (interleukin-6,11-6) A 1 40 Jitd /v & 8
(interleukin-8 , TL-8 ) 1) 3¢ & ; FH 55 /< It a8 /< Jag 1000 30 e 1000 744 2 1
W J12E 280, B R CV 24 116 1L-8 W FE A5 T2 I 21 [ (269.4+
57.2)ng/L], [ (180.8+35.0)ng/L] T3 iif 5 [ (335.8+98.7)ng/
L], [(178.5+18.3)ng/L]1 % T1 B [ (17.0£5.4)ng/L], [ (18.2%
2.8)ng/LI¥4 1, 22 A ST 2% 5 X (P<0.05) . PV 41 11-6 \11-8
W 7E T2 BF [ (209.3+55.7)ng/L], [ (115.3271.5)ng/L] T3
B [(278.2 £100.8)ng/L], [(124.2 +40.1)ng/L] % T1 A}
[(20.0+7.1)ng/L], [ (15.3+3.6)ng/L 13 5 , 2 R A Gt &
X (P<0.05), {5 CV 41 IL-6 IL-8 ¥ /£ T2 T3 I 457 F PV
2R A G L (P0.05) CV A AGEIEIE 6 1K UH
FHJ7 (33.6+4.6 cmH,0,21.5+3.1 cmH,0,26.3+2.1 emH,0-L*-s™)
76 T2 i85 T PV 41(26.743.5 emH,0.12.422.1 emH,0 .18.3+
2.3 emH0- L) A G4 L (P0.05) . SRk JFHF A
Jit 38 G ) B AR S TL-6 \TL-8 W B 3G, SR JH i 4 P 3 A< 5R
W T 9 25 AR A Pl T A A R ) BB, S e B i
SRR AR TS 116 TL-8 A BRI, Ul it 4 P 52
SRR W R M MR AR TR s B K R
PR+

FE 452 S . R735.7 X HERFRIZED A

X EHS :1000-467X(2008)08-0870-04

AL I R sl TR g s g R
R IR T 1 KR R, 5 e sl i A 4, O B
BOR 5 i 8 I AR 2, I T A 75 4 I ] 5 fili 3
DAGESFIT W 00 i 22 46 , o9 T AR S A5 1 A7 il 7
Ly BRI 1 S e R S I PN
T, B4 B KR 98 M B, 3 nl BE S A X AR
(0 i v B TR T, S BN P K & 2=
BT >0

DLV (R GE TR IR PEEP by 5 W 11 Jii O
P SAE ARDS 1R PR T R E TR E
A ALl X i 3 4 4 3, Dl R P TR RO

G MU N T 7Sk SR VA F i RS9 [ EERA

) 2 Y A ) A A i £ 4 SR G )
FHRE A 980 /D 5 1 DR 1 L, Dol 8 A IS B il AN T 2
RIS X T B g T Ao N 3
RYEN THIFZ 0,

1 #ABEFE

1.1 IEFRER

PEFE 2005 4FE 5 H 2 2006 4F 2 A ], ok
2 Wb By v O M ARSI 1 B g R E 40 ], U
RN T EE ARG AR L B 31 6, k9 i,
RIS 41~65 % FPOLARIS 55 %, A BOE TGS Il
B WA 9 sk il Ty RE G 5 T S, AR iy JC I Wl %
iR BEAIL S A R AL (CV 4 MR 3 1
WAL (PV 4, B4 20 1],

1.2 FREEF %

P 2 PR T35 A [« 35 B 302 S DK 22 5 0.1 mg/
kg, FKJE 4 pe/ke, ST 1 mg/kg, 4R
0.15 mg/kg,3min J5 4l AXUE 4, Wiz ik M2 %
5% (Pentax FI-10P2,Pentax 2y 7], H 2% ) K % % i o
S IE W7 E , Ohmeda Aestiva 7100 Bk FEHLHE H
WP, PR A . P 4134 H 6 25 K2 0.08~0.15 g-
min~' -kg', SN B 3~4 mg-kg'-h!, 4 EIR £ 0.06~
0.08 mg-kg'-h™ FFLEEFEE, HEAEG F OSUST 8 £ (BIS
{E)7E 50 2247 . WAL AN I A BRI 24 . CV 4 /B
XNt B B il MG <2 80 € < Ve 10 mL/kg, EE=1:
1.5, 875 PRI A0 AL PLCO, 1F 4~4.7 kPa (1 kPa=
7.5 mmHg) ., PV 41 # 0l 8 < 28005 @ [\ CV
41, {H i 8 S Ve R 5~6 mL/kg, TE=1:1,)F%
T PEEP 3~5 cmH,0, 75 PP AR 48 KF P CO, IE
IR, 2 R A SN R Ik R Bl Ik 2 o A
JE B KMl kE . GE Solar 8000 £ Jyfig W4 % (36 ) W
DU A= i AARAIE 5 I W g 2% A5 B 58 A< 12 W )« 380 A< i
(tidal volume , Vy) . P 45 % (respiration rate, RR) .
<K IE & (PEEP), < 18 I§& J& (airway peak

pressure,, Ppeak ) . V- & £ (airway plateau pressure,

Pplat) . “Ci BH JJ (airway resistance, Raw ) | 8} 2% i fifi
Jiit 1z # (dynamic compliance , Cdyn)
1.3 HmEMNE

TE SR A S (T1) B8 < 120 min (T2)
ARG 24 h(T3) 0 5, RAEF KL 3 mL il A EDTA
PrEEE , LA 3 000 r/min &0 10 min J5 B _E VR
BT -T0CHRAF R, R Sl s Bk it , HY 1-STAT
PR M5 B A (36 B A7 i <o B, O THRAE
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$8 % (index of oxygenation, OI):0I=Pa0,/Fi0,, H
ELISA 75 5 1 v 10-6 TL-8 MYV . >R IR I &b
Loy ml PEAE AR & R R UL I P EEAT AR . AR
W72 e BE 2 10 ng/L,
1.4 Sit=FahiE

K I SPSS11.5 e it 4 k47 Ge it 2 20 #r , 1t
i R LB B AR 1 22 (was) Ron, AL HERCR A
AR Z T 2 0 b, AL R B BCR FH A ¢ R 5, 4K
BERHHCBOCR R OTAL 56 (BRI A 35 ) , P<0.05 22
SA G E L,

2 & B

21 FMHBRE-—MBRARRFHERLILR

il I M AHB R R ZE R AR E X
(P=0.023) , HiAxda b 22 R G127 7 L (P>0.05) .
k1,

1 FARE—RBEARAFER
Table 1 Clinical and intraoperative date of patients
in conventional ventilation group (CV) and

protective ventilation group (PV)

Ttem PV Group ~ CV Group P value
Gender

(Male / Female) 15/5 16/4 0.472
Median age (yrs) 55 54 0.421
Body weight (kg) 55.3+11.8  58.4£15.7  0.460
Open chest surgery

Left / Right 16/4 15/5 0.432
Surgery duration (min) 230+31 241+32 0.431
Mechanical ventilation duration (min)  260+54 256+43 0.423
One lung ventilation duration (min) 142+21 15432 0.321
Tidal volume (mL/kg, OLV) 5.4+0.2 9.4+1.1 0.023
Respiratory rate (times/min) 13+£3.2 11£2.1 0.323

22 WHBEXMEAFEH

5 T1 b#, P4H T2, T3 W i 3% v 10-6 118
M B 2538 (P<0.05) o {H T2, T3 B 8 1L-6 | 11-
8 MV B CV 4 5% KF PV 41(P<0.05), L% 2,
23 HWMHABEFRAFSHMILE

CV 41 Ppeak .Pplat ,Raw ,Cdyn 7£ T2 B} i &
KT PV 41(P<0.05), PV 411 OI ££ T2 T3 i} 5
FE T CV 4 (P<0.05)% 3, RJF 1 d KL
A, CV 4 2(2/720) 5] AT &€ fili A5k, A0 T 425 il , 24
AR E M, PV 41 3(3/20) 61, 4 F A2 T A, 35
RAEE MM, ZH R ESF RS FE L (P=
0.8) BT WHR WCE MRS E 5 = RE &
W T S

2 WHEZMESRIL-6 IL-8 HLILE
Table 2 Comparisons of concentrations of IL-6 and IL-8

between CV group and PV group at different time course

Ttem Group T1 T2 T3
IL-6(ng/L) PV 20.0+7.1 209.3+55.7*  278.2+100.8"
CV  17.0£5.4  269.4£57.2*" 335.8+98.7""
1L-8 (ng/L) PV 15.3£3.6  115.3+71.5*  124.2+40.1°
CV 182428 180.8+35"" 178.5+£18.3""

T1: after tracheal intubation; T2; 120 min after one-lung ventilation;

T3; 24 h after operation. *P<0.05, vs. T1; *P<0.05,vs. PV group.

®3 FWAMRSHREGEHILER
Table 3 Comparisons of respiratory variables and

oxygenation indexes between CV group and PV group

[tem Group T1 T2 T3
Ppeak (¢cmH,0) cv 17.3+1.8  33.6+4.6 -

PV 16.9+2.1  26.7+3.5¢ -
Pplat (¢mH,0) CV 15.2+2.9  21.5+3.1 -

PV 15.4+2.7  12.4+2.1* -
Raw(emH,0-L™"-s™) CV 18.1+x1.8  26.3+2.1 -
13% 17.9+1.7  18.3+2.3* -

Cdyn(mL/emH,0) CV  43.6£7.9 48.8+8.9 -
13% 45.6+8.9  40.5+6.3* -
OI(mmHg) CV 45060 360+54 310+34

PV 460+55 40156 360+£32¢

Ppeak, airway peak pressure; Pplat,airway plateau pressure; Raw,
airway resistance; Cdyn,dynamic compliance; OI; oxygenation index.

TI. after tracheal intubation; T2. 120 min after one-lung

ventilation; T3: 24 h after operation. *P<0.05, vs. CV group.

3 i i

HILAM I8 2 I PR JRR 9 1 96 VA 97 b 8 T 3R
7B EALBOE BB E H 5 S i E M, 3
Yoz g e 52 i 1 B A0 M0 | i S PN B A A2 B AL
B RL ), oS B8 TN B S35 TL-6 \IL-8 A% R AR A
TR FOKFRE N, 3X 28 PR AR K il 45 s o ke
BR300k 51 B By R B G A S 45
Py B0 S BRI A I PR K 22 OC T B IR
SECINLAE 38 2R 55 U G O — AR <, A
BIF 5 I Ay 33K Xof B4 3 =TT ) A X R <
N2 O R Y 5 e S RO TR R R
AHEGE R, LR T ST e IR R I g 2
b K R A F A 3% 22 5 Ppeak \Pplat \Raw 2 5L
Jiti i . 120 min B 1L-6 \IL-8 %6 7F PV 4 & & L F
CV 24,5 B g AR, $27n 4 v 1d < nl fig il
Tk AR IE S ) B ST R T, 1 T e e R S
A 25 Ol A ML AW T KT Tt 1 R, 2D R T
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1L-6 i fili 2 23 N AS ) 200 Jf, 4 il 6 5 0 240 i
VA B 200 i 25 A A2 1) 2 A RO O 7 AR KSR
) U b T T A SR R Y B, B AR R T
Y KB O o T I s S O 0 R DDA DG
TL-8 o, Fhy Jili o6 e 240 7= A AR Ay v M ks 4 i 1k
PRI, AT | b P b 24 i SR 4R R0 IR & A
FRIF 7 A SRR R R, R BUI H AU L TL-8 K
I 55 i 45 4 %8 DAH SG 10T py ok mT R R R HA W
LR R RAYE 0 A B AT 7= A AT A R B 1k Al
O AT . Abe 55UV BLEAE R FLR ) 1L-6 W
B R B B4 87 A R M RN A R S L
GE T ARRAT G, ZTREFE RV, R
Ppeak J&: 512l 4 1k 5 7 i £ B M B R, ARHF5E
Wh, T2 AE BRI S 120 min B TL-6 T1L-8 @ & 4
FOFRREERIAR TS 1 d, FIEEREE O A HEFT 1k b
1%, B2 75 A7 76 il 98 P I 07 B Bl 2 45 1 vl g, 5 ik
gERARL, HFEEE L PV AW ERT CV 4, it —4
ULHA K Vo Ml Ppeak 19 fE M, B RTRES & Ml
“HUATH EHES B W = waTd s, R
P 3SR S T O a0 R B BRI A R T
A fili 9 3k O K K ZE e, b B D) T A5 R il £
P gate 3 H HTXS T ) i A g B e AR
AR R E M OCE R . WA AN R
HSiE “IEH AR, RS EE N 5~6 mL/
kg, Z% T A KSCHOIFHEAT T S5 55X R4
o, R S A R R A, ARG R K BE T
FNRE W, M A R g% 1 TR R B R
RUER NN PV AR ERT CV A, X 2550
REME I DI REAR T i F AR B H Z 25

5 i TR B SRl 3 A B TR AR AR R
P 2L B fili il SR R R A 2 h, (ROR T GRS R A
A Fe e — A AR I B, B Vi 5~6 mL/kg B
il 3 <, R 2B R AP R X T E R E R, R
G211, 3% 5 N TR PEEP £ 56 25 [ 21 W A RR 5% 24
X 9 R 18 52 M, A BIF 5 v 9 2 359 R FH A JRR e
2, XS e R R Z AR B8,

AN E AN BE B R K R A
SRS RGO R = I MO B Cai 45 1S
38 A XN AR CT F ik A, & BN
A A TEAN IS TR &R R A BT IA
g 14 PEEP 847 24 Bl 1k il 16 25 B B A 5K PR RR I I
AR i 6L RE X S ) B e A L 28 45 S A i 9 R
FEI . AT PV 4R R K V- PEEP, I3 2 4E

KT RN (E=1:1), RJ5 1 d JgF k2 JoiE <
Pt AS 3K & A2 37/ Vo 82545 PEEP il A
BT LA TR kA 5 BRI R AR -8, BT
it P 4 3 SR W R T L A B A A i O
i AR il Dy e A AR A R T — 2D

Zi LTk I M TR S S ) R R TL-6
TL-8 S8 &3, R FH A O 4 e /= 5 s T 5 e {1
P il 388 BRI R ) B BEL T S 3 e/ B il <
] B AR S5 TL-6 \TL-8 PRI, 9652 il 4 1 B i

(& % x k]

[1] Fernandez-Perez E, Keegan M, Brown D R, et al
Intraoperative tidal volume as a risk factor for respiratory
failure after penumonectomy [J]. Anesthesiology, 2006,105
(1):14-18.

[2] Gama de Abreu M, Heintz M, Heller A, et al. One-lung
ventilation with high tidal volumes and zero positive end-
expiratory pressure is injurious in the isolated rabbit lung
model [J]. Anesth Analg, 2003,96(1):220-228.

[3] Schilling T, Kozian A, Huth C, et al. The pulmonary
immune effects of mechanical ventilation in patients undergoing
thoracic surgery [J]. Anesth Analg, 2005,101(4):957-965.

(4] ThalAe s SCHE R A5, BN IE I T B IR 4 AL AE K i
PG T I R AF ST [0, oh il K2 2 4l BE2E R 24 i, 2003,
24(1): 81-84.

[5] Tandon S, Batchelor A, Bullock R, et al. Peri-operative risk
factors for acute lung injury after elective oesophagectomy [J].
Br J Anaesth, 2001,86(5) :633-638.

[6] Petrucci N, lacovelli W. Ventilation with smaller tidal
volumes: A quantitative systematic review of randomized
controlled trials[J]. Anesth Analg, 2004,99(1):193-200.

[7] Vlahakis N E, Schroeder M A, Limper A H, et al . Stretch
induces cytokine release by alveolar epithelial cells in vitro
[J]. Am J Physiol, 1999,277(1):167-173.

[8] Schultz M J, Haitsma J J, Slutsky A S, et al. What tidal
volumes should be used in patients without acute lung
injury? [J]. Anesthesiology, 2007,106(6):1226-1231.

[9] Aosasa S, Mochizuki H, Tsujimoto H, et al. Activation of
monocytes and endothelial cells depends on the severity of
surgical stress [J].World J Surg, 2000,24(1):10-16.

[10] Tsukada K, Hasegawa T, Miyazaki T, et al. Predictive value
of interleukin-8 and granulocyte elastase in pulmonary
complication after esophagectomy [J]. Am J Surg, 2001,181
(2):167-171.

[11] Abe K, Oka M, Tangoku A, et al. Interleukin-6 production
in lung tissue after transthoracic oesophagectomy [J]. J Am
Coll Surg, 2001,192(3):322-329.

[12] Slinger P. Low tidal volume is indicated during one-lung
ventilation [J]. Anesth Analg, 2006,103(2):268-270.

[13] Michelet P, D’Journo X B, Roch A, et al. Protective
ventilation influences systemic inflammation after
esophagectomy : a randomized controlled study  [J].
Anesthesiology, 2006,105(5): 911-919.

[14] Michelet P, Roch A, Brousse D, et al. Effects of PEEP on
oxygenation and respiratory mechanics during one-lung
ventilation[J]. Br J Anaesth, 2005,95(2):163-173.

[15] Cai H, Gong H, Zhang L, et al. Effect of low tidal volume
ventilation on atelectasis in patients during general anesthesia:
a computed tomographic scan [J]. J Clin Anesth, 2007,19
(2):125-129. [(RERE HiR]



