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W, Jjik BUAFZARRNR 16 Sl ARG S A S REAT LB T 310 40 i AR I A X R, 4 8 L 43T
SR 5, 0,51 2 h JFTHEE 1.2 b e 2 40K 07 B 5B (mean artery pressure, MAP) 2 kit FE ( pulmonary
artery wedge pressure, PAWP)  HuC0 Bk (central vein pressure, CVP) .0y H & (cardiac output, CO) , Kiljifii3% K™ Na™ |
Cl™ i< JU K (brain natriuretic peptide, BNP) \TNF-o & &, W 8O HT FTB7 )5 2 hooOo I 75 720 S U4 K 25 R (left
ventricular end-systolic volume, LVESV) ZE.0E &7 AR A1 (left ventricular end-diastolic volume, LVEDV)  4g:{#i%y Hi & (stroke
volume, SV) 250> Z HF L2350 (left ventricular ejection fraction, LVEF){H, &5 B W4H RAEIE G MAP .CVP .CO ¥ R[4,
% 2 h i}, PAWP > 18 mmHg; LVESV SV LVEF 27354 B 41 8 WAL (P <0.05) , 13K K™ \Na*® (C1~ . BNP TNF-o & 2 5%t
WRZH 8 2T (P <0.05) s 324 R AL SSI0 1 R R rh 2 AR BB i, PHUHC O, EA T PEREAIR, 55 580475 Wiy B o) JEZH [R] B[] 4 A
WZEFEARITFE X (P <0.05) , 8518 /KRR FEIEFI MG R 200 ) EE N E R E R .
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Acute heart failure following seawater immersion in dogs with open abdominal

wound

HU Yuan-qin', WANG Hong-yong', GAO Lian-ru’, CHEN Yu’, ZHANG Ning-kun’, CAO Yi’, YANG Ye’
(' Department of Cardiology, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongging 400042 ;
*Department of Cardiology, General Hospital of Chinese Navy, Beijing 100048, China)

Abstract: Objective To evaluate the effect of seawater immersion on acute heart failure in dogs with
open abdominal wound and establish a relevant experimental model. Methods Sixteen health dogs were divided
randomly into 2 groups, control group (n =8) only having abdominal wound, and seawater immersion group
(n =8) while abdominal wound was followed by seawater immersion. Mean artery pressure ( MAP) , pulmonary
artery wedge pressure (PAWP) , central vein pressure (CVP) and cardiac output (CO) were measured and
blood samples were taken at different time intervals to determine K*, Na*, Cl~, blood gas, BNP and TNF-«
levels. Doppler echocardiography was performed to measure the left ventricular end-systolic volume (LVESV)
left ventricular end-diastolic volume ( LVEDV), stroke volume (SV), and left ventricular ejection fraction
(LVEF) respectively. Results In seawater immersion group, MAP, CVP and CO were decreased after
immersion. Compared with control group, LVESV, SV and LVEF were decreased and plasma levels of K™,
Na®, Cl™, brain natriuretic peptide (BNP), TNF-a were increased significantly in seawater immersion group
(P<0.05). In seawater immersion group, acidosis was aggravated gradually. pH value and HCO; were
decreased significantly compared with control group (P <0.05). Conclusion Seawater immersion is a signifi-
cant factor of acute heart failure in dogs with open abdominal wound.
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RS 25 Ak, 13 51 H B A0 O 7 58 0B 0 M 3 g2
AHIEFE IR ST 1R B R AR TF 5 I KR
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1 WS

1.1 Bz R o

TEREMARZRI R 16 H (AL BHFEsh R b)) , A
i, BT 15 ~20 kg, #BEPLENF3RIE 3N 2 A X R (n =
8) M BALlE BT, UL LH (n = 8) Ry AR IF T 3 I g /K =
o
1.2 FHhp A HI4E

TR ARTIESE 12 b, FRR AR 5K (20 mg/kg) Fil
846 I 75 BRI (ARHT 0. 1 mg/kg) LA FE SRR, A b AT LA
SR R AR . T SR 2Y 5 em Y00, A H1 1L
ARSI MK , 24 SUS SR A SF R Sh kT4
A7 ALK A Swans-ganz PU GG BEFIT B4, AT IR O
Ui A3 A {2 A 22 R AR B SR AN, W 2 P-4 Bl ik (mean
artery pressure, MAP) filizf fiki#x /& ( pulmonary artery wedge pre-
ssure, PAWP) K F0 ik JE ( central vein pressure, CVP) , %
PR W42 0o I 4 ( cardiac output, CO) , JEHBA 5 A5 Y
AR : LA AR SC 50 S I AR G158 FUTIE 2647 8 em Y11,
BT IR, 26 A IS 5 A A 85 40 90 2 T I BE O kT s - %
WAREB G HENE, BBAR TEGEE TREER I,
SERIBAN T B ik P R HOF A I %E E S em 120
2 h FTH5 K, FEILEE 2 b
1.3 Sl 48 4%

RS [E HP-M120SA 9 2 G A B0 S~ AOULEE 45 LR A i
B A5 I 45 ) ) 5 MAP (PAWP [ CVP [ CO, K6 45 Bif [11] 55, 1l 2% 78
@K  Na® [ Cl™ | Ifi. /<, . i 48 ik ( brain natriuretic peptide,
BNP) Kz TNF-or, TEGHT FTH5 5 2 b, HIE 7S O 3l BRI 20
FEF AR AT (left ventricular end-diastolic volume, LVEDV) |
45 AR I 25 FH (left ventricular end-systolic volume, LVESV) i}
11538 (left ventricular ejection fraction, LVEF) 45 {4 ) =
(stroke volume, SV)

1.4 %idzrix
R JH SPSS 10. 0 ZEi AR FHEATALBE . S5 RITLA & + 5 K,
AL 225 H o AR oA

2 HR

2.1 2K fizhhFEA

R R FIRE BT B 0 13 8h =484k, X ]
HRIMETBE ARG 5, He PAWP CVP CO Z R RSt 5 X
(P>0.05,%1),
22 24RBESHE LA

R 2 h 5 SEARIAH L, LVESY L F72.73%
SV T 30.88% , LVEF T F& 39. 16% . 5 X B8 41 #H 7 B 7] 1
%, LVESV B 5 FF 55 (P <0.01), SV, LVEF B B &K (P <
0.01) ;LVESV F} 42. 77% ,SV B4k 25.98% , LVEF Bk 29. 12% ,
X IR L IR HEAR BT U5 T B AL (P >0.05,% 2) .
2.3 2HRBMBRLE R HREEETR

IRLAE 2 h J5 Na® JhiE 30. 82% , I f A8 1% s 7
B12.62% ,Cl" FHE 7.91% K* FHiE 59. 16% , 13 1 4 5 %) Bg
R MK A ARBEE Na® [ CL™ K" Mk, 7853 31715 9. 03% |
31.13% 59.68% 38,25% , X B4R Na* Cl~ K™ FlIliL 3 /&
3533 FoKE B s T A8k (P >0.05) , L3R 3,
2.4 2ARBESHLER

2 A S (R R rh R AR B W IN R , W pH (E#E AT
PEREAR , HH 7K B Z B3k 6. 96, HCO, i TR, H 7K BD 2
57T 20. 13 mmol/L [ ZE 12. 98 mmol /L |, BRI M Xt IR
AHF A e E R B A G F B X (P <0.05), X4
pH A HCO, R 2 oM B 48 fk, T 3 & A, 2 418l kil
PCO, BT Ja M 1R LR 22 S ¥ T gt L (P > 0. 05,
#4).

x2 ROASHBRARBGEEEEOHEEL (=8, xxs)

215 LVESV(ml)  LVEDV(ml) SV (ml) LVEF (%)
LA
MO 14.3 £9.6 41.3+11.9 27.2+6.3 69.2 £10.2
212 h 24.7+6.9%  43.7£10.8 18.8 4.5 42,1 £6.7%
X g
MGG 16.4 £8.7 40.4+9.8 24.1+7.7 60.7 +11.4
fiJG 2 h 17.3 6.8 42.8 +8.8 25.4 +6.1 59.4+7.5

a:P<0.05, 5 3 RALARF) B 7] S04 b P <0.01, 5 54537 tdx

F1 ROASHRAXBGHEAEMBEMLRIFZEL (n= 8, x£5)

. MAP(mmHg) PAWP( mmHg) CVP(emH,0) CO(L/min)

T fegiaE] X BE 2 4L Xof HR 4 B4l Xif HE2H Bl Xif HR 21
i i 126.40 +6.79 124.46 +7. 68 8.60 +1.30 11.00 +2.00 7.20 £0.30 6.40 £0.70 3.30 £0.30 3.10 £0.20
G E 128.36 +5.17 134.25 +4.06 9.60 +1.10 12.60 £2.30 6.50 +1.00 6.60 +1.00 3.50 £0.30 3.40 +0.30
2#10.5 h 102.26 £6. 148 134.25 +4.06 13.30 +1.402d 9.70 £1.00 5.70 £0. 60 5.80 £1.32 2.90 +0.20 3.40 +£0.40
21 h 94.00 £6.15%  126.80 +4.37 16.90 £2.102  10.10 £1.50 4.20 £0.30M 7.10 +0. 80 2.50 +£0.20° 3.20 +0.30
Zifl2 h 82.16 +6.53M  124.10+6.25 25.00 +2.30"d 10.70 +1.80 2.90 +0. 20" 7.00 £0.50 2.40 0. 10b¢ 3.10 +£0.30
HZKHPZ) 74.22 £5.05P1  128.20 7. 16 18.00 2. 609 1.80 £0.304 - 1.30 +£0.20 -

K1 h 54.32 £7.24b  133.79 £6.18 16.80 £1.80%  10.60 = 1.80 1.30 £0.20 5.90 +0. 80 1.10 £0.20" 2.90 +0.20
Hi7k 2 h 63.75 £4.97%  128.61 +7.31 12.60 +2. 00 9.80 +1.70 1.60 £0.30" 6.60 +0.70 0.90 +0.20"d 3.00 +0. 10

a:P<0.05,b:P<0.01, 55 xR 2048 R B 18] #0648 ¢: P <0.05,d:P <0.01, 5477 rkix
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£33 REASHBAXBGEEFARMERBRENIZRESEEETNL(n =8, x£3)

- Na * (mmol/L) K * (mmol/L) Cl = (mmol/L) 1M 3% b 475385 i (mOsm/L)

Fis ekl Xof HEZH 2 Xof HE 4 fEiukil it HE 4 Bl X HRZH
T R 144.70 £11.20 140.2 £15.9 3.11 £0.47 3.03 £0.56 114.33 +4.44 107.78 £6.98  305.71+15.2  316.71 £26.57
(PR = 148.44 +£9.20 146.78 +10.6 3.16 £0.34 3.17+0.55 115.14 +£3.27 106.21 £7.78  303.21 £19.7  308.89 +38.45
1210.5 h 165.72 £13.9%  142.24 £11.7 3.98 +0.76% 3.15+0.49 131.62 +7.76% 114.63 £6.15  335.56 £28.78 306.23 +24.23
i1 h 176.63 +11. 1% 148.88 £16.5 4.16 £0.52%¢ 3.08 £0.69 144.38 £7.76% 111.16 +5.87 344,23 +20.88% 310.88 +35.83°¢
22 h 189.28 £15.2%  144.35 +10.7 4.95 +0.78" 3.10+0.55 155.75 £8.3200  112.66 +4.61 344.29 £30.27% 315.78 +42.89°¢
K EpZI 188.6 +14. 5% 139.8 £11.8 5.12 £0.79" 3.11 +0.88 158.21 +7.78>  106.23 +4.99 348.45 £24.55% 309.43 +38.95°¢
K 1h 190.35 +9. 24 147.56 +15. 4 4.78 £0.96 3.09 £0.39 151.74 £6.66%  107.94 £4.01 350.71 £48.77% 319.86 +37.45¢
k2 h 186.67 +17.2%  149.55 £16.9 4.84 +1.09% 3.20+0.89 152.69 +7.76% 105.23 +6.88  356.23 +47.64% 316.50 +36.82°¢

a:P<0.05,b:P<0.01, 5 2 B 4048 ) B 18] & bk 4 5¢. P <0.05,d: P <0.01, 5 5 45 47 v 4
F4 BRAEASHBARBGEEARMELSSHER(n=8, x+5)
pH {f PCO,(mmHg) HCO5 (mmol/L)
i T
iUkl % B4 ekl Xf IR 20 gl Xof B

MR 7.38 £0.04 7.37+0.03 41.332.12 38.12+1.78 20.13 £3.24 23.28 +2.38

fE R e 7.35+0.03 7.36 +0.04 37.65+2.33 37.17 £2.15 19.19 +2.97 22.36 +3.68

BH(10.5 h 7.28 +0.06 7.32 £0.04 42.17 £2.56 39.65£2.79 17.32 £2.66 21.33 +4.75

21 h 7.20 £0. 042> 7.34 +0.05 41.56 +2.572 39.18 +2.79 15.31 +3.96°" 19.26 +4.87

12 h 7.23 £0.06% 7.35 +0.05 40.15 +2.68° 40.44 £2.05 13.65 £3.39% 21.46 £4.67

ik B 6.96 +0.074 7.33 £0.06 37.82 £1.992 38.63 £2.18 12.98 +3.48 20.43 +4.19

K1 h 7.06 +0. 06 7.31+0.03 40.32 +2.86° 39.19 £1.89 13.14 +3.06 24.74 £4.71

K2 h 7.04 £0.094 7.32+0.08 38.24 £2.19° 40.21 +1.89 13.55 +3.26% 23.21+3.78

a:P<0.05, 53 BALAR R B 4] 64 b P <0.05, 5 545 5 b4k

2.5 2% K TNF-o .BNP % 4t
5 A, B4l TNF-o,BNP K787 8 17, 32
J5 2 h TNF-o . BNP 4337+ 5. 66% 173.41% (P <0.05) . %
W4 TNF-o . BNP /KRB B AL (P >0.05,5%5)
*5 REASMRBAEXREGRIEARERE TNF-o BNP
M (n=8, x£s)

TNFa(pg/L) BNP(pg/ml)
i I
| Xt B4 B Xof B2
MGG 4.52+1.31  4.65+1.70  76.98 +12.54 71.69 £14.79
S 4.68 £1.51 4.72£1.12 156.39 £19.76 146.38 +21.11
Bi0.5h  5.03+1.62%¢ 4.79 +1.54 249.85 +21.66 134.69 +17.88
Bl h 5.15+1.58¢  5.04 £1.52¢ 298.83 +25.98°167.97 +33.67
212 h 5.23 £1.53%  4.95+1.61 422.77 +39.87154.63 £22.66
HKEIZ] 5.45+2.293d  4.65+1.49  447.95 +44.75°149.13 +25.74
HK1h 5.68 =1.8100 4,78 £1.55 432,59 +58.212168.93 £39.49
thK 2 h 5.38 +1.25% 4.35+0.54 429.79 +55.822177.43 +33.21

a:P<0.05,b:P<0.01, 53248 F A1) & L& ;c. P <0.05,
d:P<0.01, 5 845 8T 13k
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AWFFEMEE R, REAHR FRHE(2.00.2)h
KA 2O M sh J AR BT B A &
PR 1 RERASAE (L) PAWP 5 F 18 mmHg . CO %5
RS 30% o3I 20k 0 1 B AR e ) s R4l
R LR LVESV SV LVEF YRR ik, Horp

LVEF 55505 B4 [ S AH LU T R 29. 13% 5 BEAMARBTFE K
BRI A AR i Yy R 40K ( BNP) ZACF BRI
LS REZH R 0 T (P < 0. 01) , g — P Uk SR i
HR BN TR A

SR REAAH L IR R A T B Sl L A 5 1R
Al 2L o LB AR PERR B ) o g LB AT A
Tl E AL OER R, A A SO S B B O E)
38, I AT BE R S A O ME TR O LA P %y 1 5 80
B U B TUISE B v By , O JUL I M A P
(R E A 1Ra( L | B R 7 QOB | U i W I A2
ATy RE . TR EE T4 R SR L Az AR A RO
TRERALAY R Az 5 1] 24 A - Wi 2 A e A, i JUL A
TR ; eAh 2L Rl TNF-o 7K 7B i THs (P <
0.05) , TNF-oc AT B340 13 0 LT 2, {1 40 i 1) 5t 222
IFEF A T 20 MU NS D i RO L ZUK
oo, e LA IS 0 S 7= A B e A

RS T BT IR I 7, T A3 A3 i 5 B0
ARG L e B R0 - O K b S A R R TEHLER
HAEZRI M A, teAha A A A e A
PHAE KRB R T RO BN MK 4 ~ 5 47, B
TR ML 2 ~ 3 A, K 1938 1 T O LK )
5~6 M7, FIB K I R A5 01 A I 3 o
HEEAAZE AT S B LA A QI O 21 L, 1K ek B2
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Ak, AR i A5 [ A5 AR R AT, R g 22
(A ARG ER M A 5 IR K 2E A MRS, B T
Tt M X s 2l 52 2030, 8 WLAA =, (800 i e sk
D INFBCR AR LA A2 5 @2 I AR TF o KT
5 HR KIS, TS BT B s g SR AR gt B , R L R A AR
THMNENER AR b — A

A BAEER I 2D, B LA Bt i e
SR R AN RE A QIS RRL AT - U S M R A Al S2 B, st i
O LA AN RER 1 ik 1 A8 P I FLIR A7 B IR R LA
REM AL R 25 i 107 R IR Bt CoA iz M, 1 iR 4
BREEFR, SRR T o R 7 ol P A IRl 05 R AT
e Lt AN B AR W7 e 48 107 P ik I 0 A 2 T UL
HORs IR A7 A BRI AL AR T M55 , 60
2 h s Ak, B I AR X — e If O UL R 3 A AR T A
1k, SO LR BEZ AET o b, Bl L AE R AN
ISR B 2 B TG 1L IR BE CoA 1 5% iz B, = 5K
UiF B NE TR R E CoA FE.CoILAH MM rp 2 A, 5 R I
BHES 7R A 58 SN, (0 JTL A i 5552 40 e 575 P 44 v
JETBE CoA RIIHi] Z b A 5L BRI A% H R e (o7 IS
M, INEE O LAE AR A ATP 5442 B2 % ; BRBE CoA Al
WAL S 1 20 i 7 A 1 8 I SR B i , X Na ™ -K* -ATP
Mg JUUIK ) Ca®* -ATP i A W1 8 (g ok 1, o o
BRI WU B T m BT s KA MERUAY IR CoA Sz {5
SO T PN R S i e, TR R I 4 QB B, 2L
S L U YU AS T 335 45309 A Sh R 508

XHEE K RO B AF SR =l A TR

QRS P i T R P 0 A 7 4 P 40 ) 70 8 PR A A
LR 1 AR T AT SE AN S A 0 B D
A fin e A 4 B 0 R o B ae S A, Al
EENR WA T 1 ek AL & P 1 AR, A B
TR O ET 4 IIRE, SESR IR AR

S Xk
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