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[FHE] Br HIAFEEAE (VT) PUHGEE SR (0A) i T AR 50 48 5 4F (ARDS) KA
MR S0 . Ak K 60 HErE SD K RIEMINLEN 71k M3 -2 (n=20). ARDS #HI4H (n=20).
NVT A (n=10) FIR VT 4 (n=10). Z R IEHIKEA OA 0.15 mL/kg il 4 ARDS BLHY 5 Xf BR4H 4575
AHEK . ARDS ARIZH IR 2 h B 10 HOR BN A A T8 5 (Pa0,/Fio,); UL 24U % / T2 LU(E(W/D),
FEBE T LS A 2 2705 B 2 B AR S B A T R 05 1T, AR R A S R A . /N VT AR VT 4L TF B
2h AT REL VT 2 6 mL/kg 8% 20 mL/kg FIATUIGE S 4 by XTIRZUFN ARDS B R4F B EPFIK . HLIGE S
4 h g, e R (HR) A D e (RVSP)., A% 9 e T R % (dp/dt max) AR (BP), [R]A Bsh
Jk LR T LS A3 [ pHAE L Sk IR 230 (Pa0, ). Skl — S ALTR 73 (PaCO, ), PaO,/Fi0, ), 58 Hl#5 1 h,
ARDS A AU R RN B e etk . RS 2 b, A ER mT WIS MRS B S8 o bR i s X BB TG 13k
MAS . ARDS AR K B PaO,/Fi0, Fo% B4 i 2 IS0 mmHg (1 mmHg=0.133 kPa):294.3+5.9 1, 459.0 +4.4,
P<0.01 ), /il W/D LCAE IR 33723 348500t REZH W 8 i (i W/D LUAE - 8.24 +0.25 L 4.48 +0.13, i 43343
(43):0.60 +0.03 1. 0.12 +0.02, 3 P<0.01 ), ¥/~ ARDS A48 BT o ARDS AR 41 KBRSl ik il o3 Br S i 3
FIZEFEFR IR IR L B AL HUAGE S 4 h 5, /N VT A3 S5m0 AL T ARDS RS2 Fik VT
ZH( pHH:7.36£0.02 11, 7.24+0.02.7.13+0.01, Pa0,(mmHg): 92.4 + 2.1 [, 61.8 2.3, 76.6 + 2.2, PaCO,(mmHg ):
49.6+1.7 It 61.8+1.8,33.6+ 1.3, PaO,/FiO, (mmHg) : 440.0+ 10.2 [¥, 2743 +21.4 . 364.7+10.5,1] P<0.05 J; /)5
VT#H HR . BP Fl dp/dt max B i 5 T ARDS B 8IZH AR VT 2H 0 HR(YK /min ):346.9 +5.4 11.302.3+10.1,265.5+12.2,
BP(mmHg):125.4+22 £,110.0+2.5.89.2 + 2.8, dp/dt max(mmHg/s): 1 393.3+30.3 [£ 1 236.4+20.5.896.1+19.5,
7 P<0.05 ), 1M RVSP W B BAICF ARDS #RIZH AR VT 21 (mmHg: 31.3+0.4 £ 34.0+1.0,38.84+0.9,P<0.05),
£ /N VT HIWEE S T ARDS K RA D EM IR s 2S5, R A0 IhRE .
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[Abstract] Objective To explore the effect of different tidal volumes (VT) on the hemodynamics of right
heart in acute respiratory distress syndrome (ARDS) rats induced by oleic acid (OA). Methods Sixty adult male
Sprague-Dawley (SD) rats were divided into control group (n = 20), ARDS model group (n = 20), low VT (LVT) group
(n = 10) and high VT (HVT) group (n = 10) by random number table. ARDS model was reproduced by injecting OA
0.15 mL/kg through a jugular vein. The control group was given the same amount of normal saline. The success of
modeling was judged by the oxygenation index (Pa0,/Fi0,) 2 hours after modeling, at the same time, the lung tissues were
collected, the wet/dry weight (W/D) ratio was determined, and the lung histopathological changes were measured by lung
injury score. The rats in the LVT group and HVT group were given mechanical ventilation with VT of 6 mL/kg or 20 mL/kg
for 4 hours, respectively at 2 hours after modeling. The rats in the control group and the ARDS model group maintained
spontaneous breathing. After mechanical ventilation for 4 hours, the heart rate (HR), right ventricular systolic pressure
(RVSP), the maximum rate of rising of right ventricular pressure (dp/dt max), and the blood pressure (BP) were measured.
Meanwhile, arterial blood samples were collected for blood gas analysis, including pH value, arterial partial pressure of
oxygen (Pa0,), arterial partial pressure of carbon dioxide (PaCO,) and PaO,/Fi0,. Results The rats in the ARDS model
group showed symptoms of respiratory distress 1 hour after modeling, and the lung tissue samples showed obvious patchy
bleeding 2 hours after modeling, while the control group showed no such changes. The PaO,/Fi0O, in the ARDS model
group was significantly lower than that in the control group [mmHg (1 mmHg = 0.133 kPa): 294.3 +5.9 vs. 459.0 4.4,
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P < 0.01], and the lung W/D ratio and lung injury score were significantly higher (lung W/D ratio: 8.24+0.25 vs.
4.48 £0.13, lung injury score: 0.60 2 0.03 vs. 0.12 £ 0.02, both P < 0.01). It indicated that ARDS model was successfully
reproduced. The arterial blood gas analysis and hemodynamic parameters of the ARDS model group were significantly
worse than those of the control group. After 4-hour mechanical ventilation, the blood gas parameters of the LVT group were
better than those of the ARDS model group and the HVT group [pH value: 7.36 =0.02 vs. 7.24 £0.02, 7.13 +0.01; PaO,
(mmHg): 92.4+2.1 vs. 61.8 £2.3, 76.6 +2.2; PaCO, (mmHg): 49.6 +1.7 vs. 61.8 = 1.8, 33.6 = 1.3; PaO,/FiO, (mmHg):
440.0+10.2 vs. 274.3+21.4, 364.7+10.5; all P < 0.05]. HR, BP and dp/dt max in the LVT group were significantly
higher than those in the ARDS model group and the HVT group [HR (bpm): 346.9 ==5.4 vs. 302.3 £10.1, 265.5 £ 12.2;
BP (mmHg): 1254 £2.2 vs. 110.0+2.5, 89.2 +2.8; dp/dt max (mmHg/s): 1 393.3 +30.3 vs. 1 236.4 +20.5, 896.1 +19.5;
all P < 0.05], and RVSP was significantly lower than that in the ARDS model group and the HVT group (mmHg:

31.3+£0.4 vs. 34.0+ 1.0, 38.84+0.9, both P < 0.05). Conclusion Mechanical ventilation with low VT can improve
the hemodynamic parameters of the right ventricle and protect the function of the right heart in ARDS rats.
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S B8 ZE A AE (acute respiratory distress
syndrome, ARDS) J2&—Fft LAFEA 74 P08 PR X MR TR
AR SR ] A5 1 2 e e PR %5 . ARDS
JEHRE WA PR 7 (intensive care unit, ICU) % W&
JEZ—, ARDS B & HUE HAE R AR — P EH
Pelko BRI PENLGE T A2 LA L
R M7 384 424X ARDS (93677 T BER I 1!
BL, 10 ARDS 9 &5 KRR AE R AT SRR L, il it
PP R B A R RS ARDS fE TS Y
FEAYTHEAG . A3 B R s e
X IR AHTLAH S A A A #7208, AL O A0 %8 1ML AT
B 15 s e AR DA B 5GE . BF9E R, ARDS
SET IR IR Se fy E AR P H 5 ML R Bh ) e AR E
A5G, I AE ARDS J 4% h AT 1M 3 ) 248 B 2
KFET A B T MR | I RE A
ZRHLHI L [FVE AT 380 ARDS S A0 = DRk RE
fitt (right ventricular dysfunction, RVD)'*/. RVD &
ARDS 5% W RAE R AR 229% '), 5 ARDS
ERSER S A AT I RETEA R ARDS 34
TR B4 2 AT B ARG A R (ridal
volume, VT )A @il %) ARDS K FUA O ML 8 12
SHLIFE I
1 #MR5FE
L1 SRS I SORAEENE SD R 60 H, I
(330£20) g, I T B HtEERLR SR sh Yyl , S4%
HIES : SCXK (5) 2016-0002 ; Jif 5 8h 41l 3% TR 5
BER RS L SRR (23 £2) C, AR
(40+5)% B L, 12 W BRI AR, # MU RMA 3%,
HHIYOK . A5 B AT sk & IR 5 sh e
S FARUE , I 20 F at BER R SR s AR

FIfE I D12t (HF LS - TACUC-1905030).

1.2 S o2 S A3 2 o 60 HUOR BRI FEHLEC Y &
553 %t B4 (n=20). ARDS B 4 (n=20). /]\
VT 4 (n=10) FIK VT 41 (n=10), ARDS fRIZH 2
20 K B R (oleic acid, OA )il 8 ARDS #71 ;
XFIREA 20 T A AR AR OK o /N VT ZHAIER VT 41T
HIME 2 h 5145 T VT 8 6 mL/kg 5% 20 ml/kg Hl
PGE T 4 b, AR B 0.21, 38 A% 80 YK /min,
WEAF LGy 12 2 5 X HRZH AT ARDS REHIZH K BN ZA T
SUERE O B R, A TEATAILANGE

1.3 ARDS AU & KA E « MRS 2% TR L T
25 60 mg/kg BRI BRG] E , S0 K R TH # 5 D)
TF, oy B R A MBS FKOTEA OA 0.15 mL/kg Tl
# ARDS #EHI D IS 2 b SUHE I 057 325 4 B K
R, B PRI, 60 CHEF T8 72 h FR T,
AN /5 U AE (wet/dry, W/D) 5 B Jili, A= #
AR UE IS 4% 2 5 W W18 E , TRR R - BHEL
(hematoxylin-eosin, HE ) 4% €& J5 il VR FE Y] |, 0458
TWEENBH SRR . 3 NS ARSI
3 BRI U AT A 47 043

1.4 IR S )27 K60 K sl ik it oA < BRI BT
[ TN e & b, S E ) 1 Bl o B A
A 250 58 DK 20 25 S Sl B, 2 45 LA 1 A
T8, FH st ke e PR Ui, 284 O 250 g bk i L
JIE 7 T 4 A ST 2 000 U/L JHF 28 A R /K A 1 7
BRAOE S M S K O D7 [ 4 A S
2000 U/L P8 A BER K ) 48, 20l T A 0 o —
Ui 4% PowerLab AEWE 5 REF M RGE, Il 5R%0
K (heart rate, HR), £7.0> 2 I 4f & (right ventricular
systolic pressure, RVSP), 17 % N & _ FH e K % (the
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maximum rate of rising of right ventricular pressure,
dp/dt max ) FIILE (blood pressure, BP) ; SREE A= %5
SR T LS AT, 18 sk sl kL4 73 R (arterial
partial pressure of oxygen, PaO,). gkl — %A fbhk 7>
JE (arterial partial pressure of carbon dioxide, PaCO,)
1 pH i, T A 55 (Pa0,/FIO0, ),

L5 GeitErid : H SPSS 20.0 FAFHE TR 1T
£t Kolmogorov-Smirnov 1E 2K 5, R RRATFAEIES
O3AR , ABIEL + A2 (3 +5) 3R, LR HLBCR
o K 5 Z AL O BOR A R 5 22004, it — 26
5 HLBER FI LSD ¥, P<<0.05 A2 SRA G5
2 7 R

2.1 ARDSHERHRE - HIBLS 1 h, ARDS BEAIZ A
BT IR B | RS R SRR IS 2 b,
Jiti 2L R AR WL T L i JEE &7 WA B 8 R e
A il 235 FE A MR R ZH R BRI ZH 2008 iRk
ARDS UL PaO,/Fi0, HO6F BZH 1 25 AR, fiff W/D
FU AR £33 7 45008 B2 e 25 7185 (1 P<<0.01 5
1) OB P (& 1), X B4 K B 40 200
TP PR UL 5 1T ARDS B HYZH K BRI LIS YA TR
ZLOSTOIRK MRS Y o6 5] B 14 J5 , 21400 ff K v
PRI IR T B

£ 1 BWAKXRARE 2 hPaO,/FiO,. fii W/D EL{&

B Ry BE B (x +5)

AL PaO,/Fi0, Ji s 5Py
2151 fili W/D FCAH )
() (mmHg) ()
papilskai] 10 459.0+4.4 448+0.13  0.12+0.02
ARDS #2010 2943+59% 824+0.25" 0.60+0.03*

1 : ARDS N2 MEIFIEAZEAAE, PaO./FiO, J4E G465, W/D
S35/ TE LA ; 1 mmHg=0.133 kPa ; 5% IR2H L4, 2P<0.01

2.2 FAMKIN TR bR LR (38 2) « HLIGE
4 h 5,/ VT 41 pH {E . PaO, ll PaO,/FiO, B i = F
ARDSHIRIZH IR VT 4 (34 P<0.05), HAZE X HRZH
JKF- (¥ P>0.05) ; /N VT 4 PaCO, B AT ARDS
FEIRIZH (A B X B FIR VT 4H(3 P<<0.05).

Wi /X % ,“') LA 3 o
‘ ML Y 4 Sy "‘w@ 3 !

1 OGBS ALK BUAR T 2 h i 41 405 3 o g A
XFRRZL (A) B2 BUR 25 T3 , 6L P9 o 2B P I8 1 5 b
I 4730 25550 A (ARDS ) BTV (B ) it 60 1 3 25 R 5 2
YR AT TR LT 85 DR K S 1 6 1] e 4 S, 46 P
MBI PR B HE Bfn (TAEHOR
2.3 KAHIMLF SN S 2adehn e (52 2): HGEES 4 h
5 SR s, HAY 3 4 K BUHR M BP Y R R
[ ,{H/IN VT 20 HR F1 BP S76 30BN, B 05
T ARDS BERIZH FIR VT 2 (3 P<0.05) 5 /N VT 4
RVSP B 2 AIXF ARDS BRI FIK VT 41, dp/dt max
I 5 T ARDS B RUZH AR VT 28 (39 P<0.05), H.

g

R X REZ K- (4 P>0.05),
RIS =

AHIFFE o 1 A A B KT ST OA 45 K B
ARDS #7 AR — B AS F 9e MEAN Af J HAE
PEF= Y0 ARDS LR, BEASEAF LRI ARDS S
SR ER A B A AT R A R SR
ARDS 21K F PaO,/FiO, i F#AK, fili W/D HAE At
PG TESr BE TEE ;s e N WoR il I K, Z 5
JNVEAN IR £ ARDS BYFEA B AE FRERAE . B
AMFFE B  AUAGE SO A O L 8l 124 5, 5
H/IN VT (6 mL/kg) BEIA A R —F i <R, i
K VT (20 ml/kg) B F— P 15 P A s
FESIEA b ADESE 738 TR VT X ARDS KR
N (RTEsIPAES AT

ARDS 1] LA [ EAEAEFRISCAR | (BT i | 1
P L SRR T B, 3 6 PR R # mT 5 | i 9 B B 7
e AU Bl ok e 1, B 2 S0 O 2 R 8l 14 2K L o
HUBRE S ARDS 9420 b B it , (H AL AN
YT RE AN A7 O MR B 2 REn T WUk T

®2 BAXRBEFRIVMES 4 h FEFKMSSHRMRENFIEREE (x +5)

a5 Il (& Pa0, PaCO, Pa0,/Fi0, HR BP RVSP dp/dt max

- () (mmHg) (mmHg) (mmHg) (YK /min) (mmHg) (mmHg) (mmHg/s)
Xof BB 2 10 735+001 972+09  432+07 4629+ 41 4787+ 65  141.0+2.1  303+0.9 1426.4+36.7
ARDS #BIZH 10 7.24+0.02% 61.8+23% 61.8+1.8% 2743+214% 3023+10.1* 110.0+25% 34.0+1.0* 12364+205%
JNVT 41 10 7.36+0.02" 92.4+2.1" 49.6+1.7% 440.0+102" 3469+ 542 1254+22%P 31.3+0.4" 1393.3+30.3"°
KVT 4 10 7.13+001%" 766+22% 33.6+13%" 364.7+105% 265.5+122%  892+28%" 388+09°" 896.1+19.5%

T ARDS S 2RI A ZEAAE, VT il S, PaO, MBIk IS 53 HE , PaCO, Ry Bh ik il — SRR 531K , PaO,/FiO, MR A AL HR MO,
BP Wl , RVSP S A7 O Z e e, dp/dt max 9472 P EFHRR#ER 5 1 mmHg=0.133 kPa; 5% BEALI0AL, “P<0.05 5 15 ARDS BRI L4,

bp<0.05; 5Kk VT 4 ks, ©P<0.05
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LB XA & M 8l ) 2 g, £ 2R s
H.FEJGm . Vieillard-Baron %( mﬁEi VT 252
M 0 2 J By R T PR R, DR VT ML <] g
WETHE O 5 . 538k, K VT HLBGE
AT TR Tk Al A BB O it 7 4 1f
DR LS 7 IR A2 . i I BEL g v
RVSP — e S I L 47 BHL A7 L A0 & s Bty S &
O AUEIRES , dp/dt max & FH R DAl CME 19 U 46 2
e, ARHTSE BoR, 5 ARDS BEELZ A L, K VT
ZH K B RVSP 23 T+, dp/dt max 2 3% [, 5B
RVD T, ASZEG rh AT LR, K VT 4R
A E AN R R IR T B R, AT e
JER VIE R SB8G OE AR TR, 5RO R
Ao 7E ARDS Hf, 4R S SO I W 2 DR e i
M AFH AR EEREE ™, AHFER, 5 ARDS #
RIZHAR L, /N VT 41 Pa0,/Fi0, ., dp/dt max F+i5 , RVSP
TR B/ VT S8 AT S TE B4R, 4K AT BE D
R LA REL T, b A S AR

AWFFEIE B /N VT R B B BE A ik i
BRFR IMLAE (permissive hypercapnia, PHC ), (=BT I
Xt U WL BE AT R A ER T B A7 AE A i >
BT RV, B PHC A2 S8 ifsh 11242
HiL, 16 7T 3% ARDS JB# 1L 80 F1%% 2. S ARDS
BORBFFE 7, PaCO, MUIEH 7K F-FH5 % 80 mmHg
(1 mmHg=0.133 kPa) &L F v, a] {f GUAEER 5K, ifn
T, R H ik, /N VT i F R R
J PHC FIREA 4 TRCE A D E)fE.

Zi LRI, /N VT HLARGE T T ARDS KR
AL BB MRS 1250 R T A O UIRE X T RE
BB AE SR PHC A G 5 TR VT ALGHE U
TN 748 & IReksEhs , JF H 0 7 Ao %

i, NI INEE T RVD.,
FISEZE A VEH A R AE R 26 hge
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