FRAEFE TG AR EE S 2019 4F 1 H 4 31 3545 18] Chin Crit Care Med, January 2019, Vol.31, No.1

124 S E=k =% SOE| At iR e N IR N7
KIS BRI 52

A RA XK waRS TF s NRW FE
5 2R KT KT EREFRIN L, A BG5S L6 RARXELZRT, TR 400042
WAEAEH - £F, Email : LT200132@163.com

AZE] BR WS ZLEE A AR (HBOC) MRl 26 i PR AR ve K BRI 5 50k . g %
170 H SD K RILFHHLECTF R4 LM T (LR) XFHRAL | 4xiln %t R4 J 0.5% . 2.0% . 5.0% HBOC 41, 53401
34 H, R Es Wil shibk o7 e sk s (MAP) B2 40 mmHg (1 mmHg=0.133 kPa) fil £ 45 k2 il Pk
TU FRRRAY o 45530 - AR B 5 I AR R A , 4 5E MAP 7£ 50 mmHg 1 h, 85 &5 LIS RIS 1k i, -
HTEWA  4ERF MAP 70 mmHg I 80 mmHg & 1 h, 7EZERF MAP 80 mmHg % i1 I 5¢ 545 , ¥ H] LR #hE 2 2 fi%
I, FHARSEIEE 2 he A4 I 16 RR BUR T EAF IS SR AN 1M 2 FHI 10 B BRI 05 i 3h 12
FEPRIMAP , Z2 Wi e (LVSP) R ZE 2 ) L TR (+dp/dt max) J; 7540 8 R EUHFl e kIS (CO)
MALVEAHE (DO, &R O F4iRH LR Z AN, iR R &k 60% ~ 70%. 5 LR X IRAL AL, 4> 14 75
AT 4 2 AR A s T % afi P A o R R L I A R R ((46.6 +£4.5) % HL (62.3£4.0) %, P<0.01);0.5%. 2.0%.
5.0% HBOC & it ] & AR A MR, L 5.09% HBOC RSl 38, 5 LR X IR b 22 2eof G248 L
((45.6+4.1)% . (623+4.0) %, P<0.01 ). @ H&RH LR ZIR}, KBS Hebe , FEiG I A, 12 h AU
1 H L EAHREAFGBL 24 he 5 LR XL Rz, 40052 95 mT $2 i R4 iR e i AR e KRR TG %, LIS B
A S FE K (h:20.4+4.6 1 3.5+1.1,P<0.01);0.5%.2.0% . 5.0% HBOC 1] i} 2 4K K BAEH ], LL 5.0%
HBOC AR B, 24 h 1736 4 W AFIS A4S TR S IRl K (h: 18.4+4.0 X 3.5+ 1.1, P<0.01), H 54
M HRAAR Y . @ SREHT LR, ARSI AR SR B CO L DO, FIMLIE Bl ) F A8 bR 0 & A% s Bl AN
(AR, £ 4_FRFE AR T = . 5 LR G RRZH b, 42 1M 52 I3 ml HH S0t oy AR il 1 2 i P R o O GRS 1)
11 CO. DO, BEE MRS J17% 53 N IE HBOC AT 4 & 1k IS 4ERF MAP 80 mmHg 1 h XE I35 1h 2 h KEH
CO . DO, AL B 1244645, L 5.0% HBOC LR TN 3% , 5 LR XRAL AR 22 A Giit2 i X[ COo( X 107,
L/min): 45 MAP 80 mmHg 1 h 24 72.84 +2.84 I 63.11+2.38, 75 1 h 4 70.25+4.55 I 59.88 +£9.31, & F /5
2h N 71514290 It 53.24+6.32; DO, (L - min™ - m™) : 4% MAP 80 mmHg 1 h Jy 271.9+13.5 [, 159.1 254,
A 1 h A4 261.0+£15.0 b 145.7+£20.1, 2 #J5 2 h 9 249.6+12.0 [t 107.4+18.2 ; MAP (mmHg) : 4+ MAP
80 mmHg 1 h A 82.1+2.1H74.0+2.8, EH 5 1 h H107.5+93 1 64.0+57, HH)52h A 104.0+9.7 [L 73.0+4.2;
LVSP (mmHg) : 4E+F MAP 80 mmHg 1 h 25 128.6+7.9 H. 103.84+0.8, £ 755 1 h 24 129.3+15.0 £ 99.4+0.0,
B 2h R 1275+411.3 [ 97.4+0.0 ; +dp/dt max (mmHg/s) : 2 35 MAP 80 mmHg 1 h Jy 6534.2+787.6 It
5074.0+71.7, 2 55 1 h 2 5961.5+545.4 1 4934.5+510.2, B 95 /5 2 h 2}y 5897.4 +350.5 Lt 4534.7+489.2,
B P<0.05), it B0 Mtk R v LA 5 HBOC £ A 5 SiE < R B 773 I 1), 42 255 73 38, I3t 1ML i 30
F12% DD RE AL AR , I 2 AR, 5.0% HBOC WY& HRACR 54 AR .

[kl memessdk; G, Kk, KR

BEWE : 2% “+ —h” EAIH (AWS16]J032)

DOI : 10.3760/cma.j.issn.2095-4352.2019.01.016

Beneficial effects of hemoglobin-based oxygen carriers on early resuscitation in rats with uncontrolled
hemorrhagic shock
Zhu Yu, Zhang Jie, Wu Yue, Tian Kunlun, Peng Xiaoyong, Xiang Xinming, Liu Liangming, Li Tao
State Key Laboratory of Trauma, Burn and Combined Injury, Institute of Surgery Research, Daping Hospital of Army
Medical University, Chongging 400042, China
Corresponding author: Li Tao, Email: LT200132@]63.com

[Abstract] Objective To investigate the early resuscitation effect of hemoglobin-based oxygen carriers (HBOC)
in rats with uncontrolled hemorrhagic shock. Methods 170 Sprague-Dawley (SD) rats were randomly divided into
five groups: lactate Ringer solution (LR) control group, whole blood control group, and 0.5%, 2.0%, 5.0% HBOC groups,
with 34 rats in each group. The uncontrolled hemorrhagic shock model in SD rats was reproduced by cutting off the
splenic artery branch, and induced mean arterial pressure (MAP) reducing to 40 mmHg (1 mmHg = 0.133 kPa). The
corresponding solution was infused after model reproduction in each group, maintaining MAP at 50 mmHg for 1 hour,
then completely ligating and hemostasis, and maintaining MAP at 70 mmHg for 1 hour and 80 mmHg for 1 hour
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respectively, after maintaining MAP 80 mmHg, all were supplemented with LR to 2 times blood loss volume. The survival
rate and blood loss rate were observed in 16 rats in each group, hemodynamics parameters including MAP, left ventricular
systolic pressure (LVSP) and the maximum rate of left ventricular pressure rise (+dp/dimax) were determined in another
10 rats, and cardiac output (CO) and tissue oxygen supply (DO,) were observed in the rest 8 rats. Results (D When
resuscitation by LR alone, the blood loss rate of animals was as high as 60% to 70%. Compared with the LR control
group, whole blood recovery could significantly reduce the blood loss rate before hemostasis in uncontrolled hemorrhagic
shock rats [(46.6 +4.5)% vs. (62.3 £4.0)%, P < 0.01]; 0.5%, 2.0%, 5.0% HBOC could significantly decrease the blood
loss rate, especially in 5.0% HBOC group with significant difference as compared with that in the LR control group
[45.6+4.1)% vs. (62.3+4.0)%, P < 0.01]. @ When LR was used alone for resuscitation, the rats died quickly and
survived for a short time. Only one rat survived for 12 hours, and no rat survived for more than 24 hours. Compared
with the LR control group, whole blood resuscitation could improve the survival rate of uncontrolled hemorrhagic shock
rats, and the survival time was significantly prolonged (hours: 20.4+4.6 vs. 3.5+ 1.1, P < 0.01); 0.5%, 2.0% and 5.0%
HBOC also significantly prolonged the survival time of rats. The 5.0% HBOC group had the best effect, 4 rats survived in
24 hours, and the survival time was significantly longer than that of the LR control group (hours: 18.4+£4.0 vs. 3.5 £ 1.1,
P <0.01), and it was the same as the whole blood control group. (3) Compared with pre-shock, CO, DO, and hemodynamic
parameters of uncontrolled hemorrhagic shock rats were significantly decreased, and the above parameters were gradually
increased with the prolongation of rehydration time. Compared with the LR control group, whole blood resuscitation
could significantly increase CO and DO,, and improve hemodynamics in rats with uncontrolled hemorrhagic shock at
different time points. Three concentrations of HBOC could also increase CO, DO, and other hemodynamic parameters
of rats at 1 hour of maintaining MAP of 80 mmHg after hemostasis and 1 hour and 2 hours after resuscitation. The effect
of 5.0% HBOC group was more significant than that of the LR control group with statistically significant difference
[CO (X107, L/min): 72.84+2.84 vs. 63.11+2.38 at 1 hour of maintaining MAP of 80 mmHg, 70.25+4.55 vs.
59.88+9.31 at 1 hour after resuscitation, 71.51 +2.90 vs. 53.24 + 6.32 at 2 hours after resuscitation; DO, (L * min™' * m™):
271.94+13.5 vs. 159.1 £25.4 at 1 hour of maintaining MAP of 80 mmHg, 261.0 £15.0 vs. 145.74+20.1 at 1 hour after
resuscitation, 249.6 £12.0 vs. 107.4418.2 at 2 hours after resuscitation; MAP (mmHg): 82.1£2.1 vs. 74.0+2.8 at
1 hour of maintaining MAP of 80 mmHg, 107.5+£9.3 vs. 64.0+5.7 at 1 hour after resuscitation, 104.01£9.7 vs.
73.0£4.2 at 2 hours after resuscitation; LVSP (mmHg): 128.6 £7.9 vs. 103.8 £ 0.8 at 1 hour of maintaining MAP of
80 mmHg, 129.3£15.0 vs. 99.4£0.0 at 1 hour after resuscitation, 127.54+11.3 vs. 97.4£0.0 at 2 hours after
resuscitation; +dp/dt max (mmHg/s): 6534.2+787.6 vs. 5074.0+71.7 at 1 hour of maintaining MAP of 80 mmHg,
5961.5+545.4 vs. 4934.5+510.2 at 1 hour after resuscitation, 5897.4 +350.5 vs. 4534.7+489.2 at 2 hours after
resuscitation, all P < 0.05]. Conclusions HBOC infusion prolonged the survival time, increased survival rate, and
improved hemodynamics, cardiac function and tissue oxygen supply in a dose-dependent manner in the early stage of
uncontrolled hemorrhagic shock. The recovery effect of 5.09% HBOC was similar to that of the whole blood.
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