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Experimental treatment of acute lung injury caused by inundation of thoracic cavity by seawater following
open chest wound DUAN Yun-you, XUE Zhi-qiang, MENG Ji-guang, DING Xin-min, PENG
Chao-sheng, WANG Da-peng. Department of Respiratory Medicine, Naval General Hospital of PLA,
Beijing 100037, China

[Abstract] Objective To study the effects of lung protective ventilation and pentoxifylline (PTX) on
acute lung injury (ALI) caused by open chest wound with seawater inundation of the thoracic cavity.
Methods A model of ALI caused by open chest wound and seawater inundation of thoracic cavity was
reproduced in dogs. Twenty - four healthy dogs were randomly divided into four groups: no - treatment
group (group A), ordinary treatment group (group B), lung protective ventilation treatment group (group
C), and lung protective ventilation and PTX treatment group (group D). The parameters of hemodynamics,
arterial blood gas analysis, plasma osmotic pressure and serum electrolytes in dogs were determined at 0 and
6 hours after injury and at 2 and 4 hours after treatment. Blood samples and bronchoalveolar lavage fluid
(BALF) were collected to assess the changes in cytokines including tumor necrosis factor - @ (TNF - a),
interleukin - 6 (IL - 6) and IL - 8. Results
index (Pa0,/Fi0,) in group B were still lower than normal values at 2 and 4 hours after treatment, but those
parameters in group C and group D distinctly recovered. The parameters of hemodynamics, plasma osmotic

The arterial oxygen partial pressure (PaO,) and oxygenation

pressure and serum electrolytes were all normalized in group B, C and D at 2 and 4 hours after treatment
compared with those in group A. The levels of TNF -« in peripheral blood in group C and the TNF - a and
IL - 8 levels in peripheral blood and IL - 6, IL - 8 levels in BALF in group D were significantly lower than
those in group A and group B after treatment. The TNF - a in peripheral blood and IL - 8 levels in BALF in
group D were also significantly lower than those in group C after treatment. Conclusion Lung protective
ventilation is an effective method in the treatment of ALI caused by open chest wound with inundation of
seawater in thoracic cavity. PTX can inhibit inflammatory reaction in the lung and peripheral blood.
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B4A).WEPEERACH . HRPHEESR+
PTX (D 4. REIZE R 12 h, FEKEA 20 mg/kg
WS REE. RPN AE e . SEHRE 484
i # Bk 4% A Swan ~ Ganz EESE GF), 484
10 35 3 Bk , 16 B s 7 % R AR DL R T I )
YK A I Ot A RS ALT S Al, B
wHE: FTXRIYM AR LA BT 0.5 cm ]
B0 B s 5 R SHH 8 B T A35 ml/kg AT
KEXRATO., XRAATEKEERERRES
¥ TR T 5% B R 14 1) 3 B AR 1 I v 1 K T B R4 B
iR, BB E X1 250~1 350 mmol/L,pH 8. 20,
MXEER L. 05~1.06, EREFHRER2 C,
ATHKFEHRERN 22 C. shiAWMEs Y5 E 3k
ML 457, L4 48 B (PaO,/Fi0,) < 300 mm Hg
(1 mm Hg=0.133 kPa){E N AL1 B RH & I i
.

1.2 YRR WSS 6 h JSA B ALL 2 #iis
. A BAERBERYEREBEMPIG, WE 4 b,
BHAATEIEREG L/min) . 3 E Wk H K5I
T BBk AR B S BN 5B H BB BIA4 b,
CH# B AERM ¥ ESERAS IIHES, A
iR EES TR, FRILSERE - HMRE VD
8 ml/kg, | AE WK E (FiO)EH 0. 35, R KIEE
(PEEP)10 cm H,O(1 cm H,0=0. 098 kPa), D 4
ECHERMEFATFPIX(EERHEH D) . B &
20 mg/kg, B B10mg - kg™ « h ' Z 18 # Ik i
E. AN TRGIAMBG 6 h U RBIE2h M4 h
0 B fok 09 S O AR A B B L E R RE AT
B, AR A £ 3 000~4 000 r/min (B L% 4215 cm)
B3.0010 min, 23 B8 RIEW .- 20 CTFRERA. A
WG RRAEIRK 30 ml TGN T H XKEM
MO Ve, B S S I o Yk W (BALF), 3 000~
4 000 r/min (B.LE42 15 cm) B0 10 min, 5308 |
HW,-20 CTRESH.

1.3 Msidsss . Osh ki <48 5 5 3 bk i & 52
HE(Pa0,) . 34 Bk i — & 4k 8% & & (PaCO,) . PaO,/

FiO,; @1l i 3 /1 28 45 , 350 F (HR) . P 3y 3 fk
JE (MAP). L He 1l 8 (CO); @ Il 3K 8 33 Hk & i
B QR EN R ARG RS s an
Sh A i BALF i B SR 3E B F - « (TNF - @),
AHENE-6dL-6).IL -8 F&.

1.4 KHEIF BEUHBLHEEGCEDE
ARLCERBIHERA B, P<0.05 HERBRITF
2 4 B

2.1 MRHEHRBEE D GEIYDHARR S
R.E4HELEEEFHN, PO, BERMK, BH
6 h5 #% Pa0,/Fi0, ¥ <300 mm Hg, &4 ALI
LWitrE. BASIE2h M4 h PaO, KA HBEF
B (P #<0.05), 1 & F & F B 5 80, PaO,/FiO,
<300 mm Hg;C M D HERIE 2h # 4 h BT
Pa0,,PaC0,.Pa0,/Fi0O, ¥ & % F A 4, H PaO,
1 PaO,/Fi0, B & & F B 4 (P ¥<0. 05),

2.2 MBS HERBHELCR 2 . RBEH6h G
HR ik, MAP.CO 83 7l M. C 4 #1 D A
B 2hM4hHR ¥ A HBEWR P <0.05),
B.CHIDHARIA2h M4 h /5 MAP.CO I A 4
BEMM, ERYA BE WP ¥<0.05,H B.C
MD YRR ERTEEE.

2.3 MEBBHREMMP.MEARBELGED S
FiERER RGN S AKKRRERTE.B.CH
DHRMEBBHREMMMA. . MAHKAHABET
FE. 2R H B EHE P <0.05),

2.4 SME LA BALF 9 R 58 A R 246 GE 4,
£ 5 : REME 6 h ShEM TNF —o,IL -6 FIL -8
KB EBGR B EA . CASNFMF BALF
TNF -« KFEREBRHBERT AL B4EM
INF-c ZERIBE4Ah NS BHARKERARENE
(P #<C0. 05) D @ 4FNA il TNF —o.IL - 8 FIBALF
PIL-6.IL -8 KEHEKRERERT ALAM
B4, H4ME I TNF -« & BALF # IL - 8 /K F 2R
BEMT CHP §<0.05).

®1 RAVYATHEHHRDSHMNEL GLsn=6

Table 1 Change of arterial blood gas analysis before and after treatment in each group(x4-s,n=6) mm Hg
P20, PaCO- P20 /Fi0;
a3
Hbis BEhsh &b B b Bt Bhish  HH2h M ¢h L4 afish b K ¢h

A#l 88.6%6.6 50.847.5 50.6% 3.8 47.3% 4.5 38.814.2 32.9%3.2  3L.5%3.7 3.7 3.9 422.6431.3  241.0438.2 249.3%31.9  246.6% 30.6
BH 85.611.5 51.846.2  63.9% 7.38  75.3% 488 43.313.5 28.5+7.3  35.0%9.0 33.2111.8 407.7+ 7.3 246.9129.8 193.5422.28 229.3% 14.2
CH 860141 53.445.4 138.5436,14% 152.6439.94*  38.5%4.2 35,3444 48.518.28 45.61 9.18 409.0418.6  239.2455.1 381.448L.94* 427.4£103. 00+
DA 859140 5L849.2 161.7439.70* 165742680  4L142.8 3.345.5 4264438 451718 408.7418.7  246.8443.9 462.0486.90* 473.3% 54,90

P55 A BB, AP<0.05;5 B #LHE " P<0. 05
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®2 BADWERTHELENHFEFHELGLs,n=6
Table 2 Change of hemodynamics indexes before and after treatment in each group(x+s,n=6)
Y HR (K /min) MAP(mm Hg) CO(L/min)

#

A Hfeh  HN2h i d4h At Ebish  H#oh ¥ eh Abid Hfieh  HHeh H¥4h
A#l 67.7% 42 120.5113.6 132.7+ 7.3 138.84 6.5 97.8+ 9.2 TL2410.1  £5.2413.2 6404+ 7.1 0.94£0.10  0.63+£0.12  0.63£0.10 0.6240.09
B# 63.8% 7.8 118.5129.5 '118.8429.5 116.2430.8 1070+ 7.8 80.0+22.2 103.4%415.54 10LO£17.74  0.914£0.08 0.75+0.14  0.88£0.198  0.9140.258
C#H 63.5+15.2 100.0£23.7  93.5+14.54  95.3117.48  94.81413.0  80.3114.5 102.042L14  97.5420.28  0.8640.21  0.7310.16  0.91£0.092  0.9340.082
D# 677+ 8.5  89.0437.1 108.3£23.5% 103.0414.62 104.2417.3  83.3113.9  92.5%16.32 945421624  0.8910.12  0.7640.01  L06+0.144  0.9640.182

.5 AHKE AP<0.05 ;
£33 FAPWKRITHELEBBERENOAN. . MMAHTL G+s,n=6)
Table 3 Change of plasma osmotic concentration and serum electrolytes before and after treatment
in each group(x+s,n=6) mmol /L

- BEBEKE L) Jit )

A Hhish Hhzh i 4h akw  Aboh #Hih Hheh i Bboh #Heh #h4h
A#l 291.0+4.9  329.246.4  330.4145.6 332.144.2 146.442.7 1673435  168.1£3.3 168.8+2.2 109.0£2.1 1297418 130.7THL4 131.541.0
BH  287.0+2.9  329.5%3.9  304.747.38  305.446.34 47118 1673121 15254462 ISLTE3.7A 1096411 129.943.2  118.342.48 12124162
CH 289.6+4.1  326.31£9.0  303.345.88  306.547.28  145.242.3  165.5+4.8  153.1143.18 15494394 108.6+1.5  128.9%3.8  119.242.45 11824182
DA 282.843.0 329.047.8  304.848.42  305.047.92  M5.54L6  166.944.2 15394454 15414424 108.3fL5 1297426 119.643.14  19.5t274

W5 AHE.2P<0.05
£a4 FADWKRTHENMEADRENROTN GLs,n=6)
Table 4 Change of inflammatory cytokines in peripheral blood before and after treatment in each group(x+s,n=6)

- TNF - a(pg/L) 1L - 6(ng/L) 1L - 8(pg/L)

Rbibi Bfish  K#eh Hindh LU Bhich Hizh Hidh Bbg Efeh  Hheh H¢h
AS 0.68£0.12  0.9240.03 1142023 L2540.27 166.7440.8  214.258.3  230.9445.1  252.2448.5  0.1940.04  0.3420.04 0.3240.08  0.3340.08
B 0.614£0.20 0.89£0.09 1.0540.20  L1540.23 160.9433.9 236.5+28.2 23271100 237.9%20.6  0.1620.06  0.3240.05 0.2740.04  0.3040.05
CH 0.6920.12  0.9020.07 0.88£0.074  0.8740.064*  169.1£35.2 200.2444.4  216.9%25.6  200.9429.2  0.2020.06  0.3140.09 0.23£0.09  0.2620.07
DH 0.63£0.07  0.87£0.09 0.6810.082~Co.6840.124 <O 165.54104 22044330  204.9459.3  230.0447.6  0.1940.06  0.3040.09 0.1740.072 % 0.1940.090*

W A B AP<<0.05;5 BHI 4. * P<0.05; 5 C 41 4. OP<0. 05
®5 HAHWKFE BALF HRENRNELGLs,n=6 {45 min®¥, ZEBHEH S EEKEFRGHY
Table § Change of inflammatory cytokines in BALF BABXKPHUBESARBERNNELKE , Hi&®
ANF PR E T ERE, EHBGERESE M

before and after treatment in each group (x+s,n=6)

#1%) TNF-a(ug/L)  IL-6(ng/L) IL - 8(ug/L) ETHYRG, BRSRLRETIHEEER (MOF),
A 0.51340.08 200.0+46.4 0.2610. 06 ﬁ:igﬁﬁiﬁﬁﬂﬁgﬁmiﬂﬂu&ﬁaﬁi%*k
B#  0.4540.11 183.5+41.7 0.2240. 03 R

C#l  0.40+40.072 136.5425.50%  0.2740.12 BLHRRTT WA ) 4 B8 35 ml/keg A1 O I RE TR K

LR S AR (6 h) B ALL B AR ZE F 415
HEFEISYPEICT . R I E B R R

D # 0.4010. 062 115.2+43.14* 0.1340.034+0

F 5 AHKK . AP<0.05; 5 BALE:"P<0.05;5 CHH

$%.0P<0.05

3 it i

RIt5 1 ALT 2158145 5l & i) R E R IR
&, F R AR 45 5 51 & RO 40 M S I B R
BRI T, 51 % SIRS, il BE 454 F0 A B AR S
THEX—REIBET B ZHRAOESE,ALL H
BB RRERE AL E K B ARDS™,

MaER I Bt G K BB E R BN, Bk
AMERT B EE SO MESBEKR ALLE
STEBBEEEL . FEERK R FEEERHRE
B, B R E A E TR , V3 4 7 A

7K B 8 G K IR 4R F 5 F T VR 2% B K P 8 K X B 4R 45
B 9 B A AR AL, 5B A T RO I 4 R T B v K B
ALT LR85 .
ZHEESHE T BT B AR IS K B R
BT R . AEHAEEG D ARERE.HER
BEARGIM WA SKMEEERS . BRI
BB M IE R R EAL . E R AR, ELR Y
S TR B S A, BRIV B SR E I .
EZES Y EREMERFERIBGHAR IPES
ZHIA ALI/ARDS W FEEH#H " E RN HLHES
FERRNSEEIM Vi LEE PaO,, B H R
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KEEAYE. HREW, Ve FISE SRR I35
ERMEMBG® . EFERE T/ Vi (4~8 ml/kg)
& X% PEEP W BRI HEIEKRY, & X4
PEEP 7] i 25 j Jifi 8 &2 5K , L 2> WP IR JE Ji , 38 fn 21 ik
BREEMAUEER /MK HEERRA, R F 48 0
W R 8, 38 8 PaO,/FiO,; PEEP &/ VXK
A # ARDS WG, AMARLERBR, WEE
KB ALI REN B FERES PaO, BERBA T
B ENEERTEEGN FERBRBEMWERR
. C4f D4 ALT R 7R P HEHLBOE IR IT
2 h#l 4 h J§ Pa0,.Pa0,/FiO, ¥ B EKE. XEH
R HEMLBE B A M ERE A, EEE
HEERITREBNE. 2NSZ88REB.CHMD4A
B MAP.CO. M3 B JE . M4, WA HF Frik
Z,RBAIMSGAREBHEREF LRI SERE.
HEEBEPMERA RN, B EPHEILBES
HBH MBI EE .

PTX R—FREENRTEY,. B HEBHREL
WA WA TR BT R BERR EE K
WHE ALI RARFEN,PTX S8 8 M ik
L 20 B 1 B W 490 B8 78 Bl N 3R 2R 5 B Lk 4% 1k 4 M X A
PRI B A B 45 > DA T BB B 3 IR 10K P9 B2 40 B A o
WA, FIFOYR A PTX Biia el
ALTBUBEFH R, RBPTX fE T TNF -« R
B, ME TNF - o £, BB AR KRB E.
ABFEH D A4S A M TNF - o, IL - 8 fl BALF
IL-6.IL-8KPEMBEBERT A AR B4,
D @4 A TNF —a J: BALF 1 IL -8 K EIr B %
KRF CA. XFH PTX % ALl R4} m# BALF
RN HRA —ERMBER, 53X HE—
B, {H R PTX % AL 3% 3 4 77 2 10 55 R o 75
—5HR.

B, AR LUBGE R IR T R s KB
ALI AR HF S PTX Xt G i RIiERMNAHF
— R EIfER .
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