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[ Abstract] Objective To explore the clinical efficacy of routine fluid resuscitation (RFR), limited fluid
resuscitation (LFR), and hypertonic fluid resuscitation (HFR) combined with therapeutic hypothermia (TH)
in treating patients with traumatic hemorrhagic shock (THS). Methods Patients with THS admitted to the
Department of Emergency, Wenzhou People's Hospital from June 1st, 2020, to June 1st, 2023, were retrospectively
included. All THS patients were treated with fluid resuscitation combined with TH. According to different fluid
resuscitation regimens, they were divided into the RFR group, the LFR group, and the HFR group. Outcomes
were compared among groups, including 24-hour mortality rate, 7-day mortality rate, incidence of complications,
coagulation function [thrombin time (TT), activated partial thromboplastin time (APTT), fibrinogen (FIB), and
prothrombin time (PT)], liver and kidney function [aspartate aminotransferase (AST), alanine aminotransferase
(ALT), serum creatinine (Scr), and blood urea nitrogen (BUN)], electrolyte levels (potassium, sodium, chloride, and
magnesium), changes in lactate concentration, and inflammatory markers in peripheral blood [interleukin (IL)-10,
IL-4, IL-6, and tumor necrosis factor-alpha (TNF-a)]. Results A total of 264 patients were included, with 67 cases
in the RFR group, 119 in the LFR group, and 78 in the HFR group. After propensity score matching (PSM), each
group consisted of 67 patients. The 24-hour mortality rates of the RFR group, the LER group, and the HFR group had
no statistical difference (4.48% vs. 4.48% vs. 4.48%, P>0.05). The 7-day mortality rates of the LFR group (10.45% vs.
29.85%, P<0.05) and the HFR group (4.48% vs. 29.85%, P<0.05) were significantly lower than that of the RFR group,
but there was no significant difference in 7-day mortality rates between the LFR group and the HER group (10.45% vs.
4.48%, P>0.05). The incidences of disseminated intravascular coagulation (DIC) in the LFR group(4.48% vs. 19.40%,
P<0.05) and the HFR group (4.48% vs. 19.40%, P<0.05) were significantly lower than that in the RFR group, and
there were no statistically significant differences among the three groups in the incidence of other complications,
including acute renal failure, acute respiratory distress syndrome, and multiple organ dysfunction syndrome (P>0.05).
One hour after resuscitation, the levels of TT, APTT, PT, AST, ALT, BUN, serum potassium, serum sodium, serum
chloride, serum magnesium, and lactate in the LFR group and the HFR group were lower than those in the RFR
group (P<0.05), while the level of FIB was higher than that in the RFR group (P<0.05). In addition, the levels of IL-
10 and IL-4 in the LFR group and the HFR group were significantly higher than that in the RFR group (P<0.05),
while the levels of IL-6 and TNF-a were significantly lower than those in the RFR group (P<0.05). Conclusion
Compared with RFR, both LFR and HFR combined with TH can improve the levels of coagulation function,
electrolytes, lactic acid, and inflammatory factors in THS patients to some extent, and reduce the mortality rate and

the occurrence of DIC in THS patients.
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S CLelch 20 1), TERF- PSRRI
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LFR 41 119 4] . HFR 2H 78 #5l. PSM J5, #4567
Bil, 3 2 THS 3% PSM Ji i HL 28 0k 22 7 L 401t
FRY (P>005) , BARRLE 1.
22 EHNUR

RFR #1. LFR 4 1 HFR 40 7E 24 h € 1= %
(4.48% vs. 4.48% vs. 4.48%, P>0.05) 2%
SiiteEE X (P>0.05) , 1 LFR 2 (10.45% vs.
29.85%, P<0.05) 1 HFR 2 (4.48% vs.
29.85%, P<0.05) 7 d JET R &K T RFR 41,
LFR 4171 HFR 4 7 d SET- R L 22 F G 112
=P (10.45% vs. 4.48%, P>0.05) . 1k
$EJTTE, LFR 20 (4.48% vs. 194%, P<0.05) Fl
HFR % (4.48% vs. 19.4%, P<0.05) DIC & £
P FECT RFR 4, 3 HHAI RIE k4B R 2%
SRG I FES (P>0.05) . HARFE 2,

FR1 ENAE. REEAFMFESAELER [ (%) ]
Table 1. Baseline data among the conventional, restricted and hypertonic groups [ (%)]

PSM PSMJ&
Bzt RFR4 LFR4 HFRZ RFR4 LFR4 HFRZ
(n=67) (n=119) (n=78) Fi r (n=67) (n=67) (n=67) i r
W ()" 48.66 + 12.92 47.80 + 12.66 48.58 + 12.60 0.135 0.874 48.66 % 12.92 46.76 + 12.70 47.28 = 13.02 0.387 0.680
PE5 0.177 0916 1.075 0.584
i 30 (44.78) 57 (47.90) 36 (46.15) 30 (44.78) 31 (46.27) 33 (49.25)
5 37 (55.22) 62 (52.10) 42 (53.85) 37 (55.22) 36 (53.73) 34 (50.75)
B4 5 3374 0.909 0.456  1.000
PSR ¢l 35 (52.24) 53 (44.54) 38 (48.72) 35 (52.24) 35 (5224) 35 (52.24)
PR i 15(2239) 22(18.49) 16 (20.51) 15(2239) 14 (20.90) 15 (22.39)
T 5(746) 9(756) 6(7.69) 5(746) 5(746) 6(8.96)
EYH A 5(746) 13(10.92) 7(8.97) 5(746)  5(746)  5(7.46)
HoAts 7 (1045) 22(18.49) 11 (14.10) 7(1045) 8(11.94) 6(896)
ZAEABEHTE] (d) © 4030 + 12.49 37.97 +12.65 37.17+13.06 1.175 0311 4030+ 12.49 37.01 + 12.89 37.69+ 13.09 1.225 0.296
KPR 5539 1.134  0.889 0.094  0.999
I 17 (2537) 35(29.41) 21(2692) 17 (2537) 17 (25.37) 18 (26.87)
IES3 30 (44.78) 44 (36.97) 32 (41.03) 30 (44.78) 29 (43.28) 29 (43.28)
IIEY 20 (29.85) 40 (33.61) 25 (32.05) 20 (29.85) 21 (31.34) 20 (29.85)
E: EXRHA I EFTALRAX £5 AT
R2 SHMREE 1 (%) ]
Table 2. Comparison of the resuscitation effects [n (%)]
8RR RFR4L (n=67) LFRA (n=67) HFRZ (n=67) Ve P
24 hfi st 3(4.48) 3 (4.48) 3(4.48) 0.148 1.000
7 dAEFE 20 (29.85) 7 (1045) " 3(448)" 18.572 <0.001
It K
ARF 7 (10.45) 3(448) 3(448) 2.338 0.310
DIC 13 (19.40) 3(448) " 3(448) " 11.625 0.003
ARDS 7 (10.45) 3(448) 3(448) 2.338 0.310
MODS 7 (10.45) 4(597) 3(448) 1.850 0.474
Fifth 3(4.48) 3(448) 3(4.48) 0.148 1.000

E: HRFRALE, °

P<0.05; Hfl: GIEMIRESE, " PREB, MEAES,
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TG (P>0.05) . BRI 3,
2.4 SMEMREREF

SARAT, 3 AL AR A I 4 RE T OK P 25 5
Gt X (P>0.05) ., B/ 1h)5, LFR4
F1HFR 2H 1L-10 F1 IL-4 7K °F i 3 & T RFR 41
(P<0.05), Ifii IL-6 F1 TNF-o i K T RFR 41 ( P

HEITE X (P<0.05) , 10 3 41[1] Ser 7] 2557

R3 EIMINEE. BT

<0.05) . BRI 4,
EhaE. RMERIBMILE (X +5)

Table 3. Comparison of coagulation function, liver and kidney function, electrolytes and lactate (x + s )

T bm RFR4 (n=67) LFR4 (n=67) HFRAL (n=67) F P
d 1 B2
TT (s)
BNl 29.84 +2.12 30.18 £2.08 2942 +221 2.137 0.121
S hE 21.60 + 1.92 19.31 + 1.94* 19.85 = 2.05" 24.662 <0.001
APTT (s)
RN 45.68 +3.10 44.85 +3.37 4479 £3.11 1.626 0.199
DN = 36.09 +3.33 33.15 £ 2.96" 33.15+2.8" 20.978 <0.001
FIB (g/L)
CDiNi) 1.62+0.20 1.58+0.23 1.64 +0.24 1.467 0.233
RN 2.25+0.35 2.63 £0.28" 2.69 +0.28" 40.28 <0.001
PT (s)
CDiNi) 18.59 +2.55 18.60 + 2.48 18.64£2.6 0.007 0.993
HIhE 1623 = 1.91 14.65+ 1.71° 1473 +1.72° 16.759 <0.001
JF 5t
AST (U/L)
RN 4327 +2.02 43.90 + 2.40 4336+2.14 1.612 0.202
EI b 38.25+1.96 33.29 + 1.87° 3345+ 1.93" 144.448 <0.001
ALT (U/L)
RN 32.60 + 1.74 32.65+2.16 32.98 +1.89 0.792 0.455
CEINEY = 27.06 +2.03 25.26 +2.21° 25.34 +2.04° 15.801 <0.001
Ser (pumol/L )
CDiNi) 168.27 = 14.4 164.06 = 15.6 168.34 + 14.87 1.796 0.169
RN 109.81 + 10.31 108.41 + 8.87 109.11 £9.13 0.366 0.694
BUN ( mmol/L)
PN} 4.95+0.38 5.07 +0.35 5.10 £0.39 2781 0.064
HIhE 348 +0.34 3.11 +0.34° 3.11+0.27" 30.956 <0.001
HLf T
1M (mmol/L )
RN 6.02+0.2 6.04+0.2 6.05£0.21 0.479 0.620
RN 5.67+0.31 4.92+0.27° 4.94 £ 0.26" 153.155 <0.001
1144 ( mmol/L)
CDiNi) 157.57 + 8.02 157.58 +7.29 157.87 =7.55 0.033 0.968
ZH1bE 156.39 +5.76 150.71 +5.38" 151.20 +5.18" 22350 <0.001
% ( mmol/L)
CDiNi) 108.70 = 11.16 107.07 £9.76 108.14 +9.26 0.451 0.637
RN 107.56 + 8.51 104.17 + 5.38" 103.94 + 5.57* 6.231 0.002
18 ( mmol/L)
BN 1.00 £ 0.47 1.08 +0.41 0.88 +0.41 3.637 0.028
=S 0.95+0.35 0.81 +0.07* 0.80 £ 0.07" 10.012 <0.001
FLR (mmol/L)
RN 5.79 +0.76 5.84 +0.81 5.73+0.75 0.361 0.698
RN 5.41+0.54 3.74 £ 0.44° 3.78 +0.48" 254.853 <0.001

E: HRFRALLE, P<0.05,
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F4 SMEAMKEERFLE (X5 )
Table 4. Comparison of inflammatory factors in peripheral blood (x + s)

SN IS AE RFR4L (n=67) LFR4H (n=67) HFRZAL (n=67 ) F P
IL-10 (ng/L)

CDIN) 21.17+ 1.70 21.37+1.88 20.96 + 1.61 0.899 0.409

DN 25.49 +1.94 29.08 +2.76" 28.68 + 2.64" 42.360 <0.001
IL-4 (ng/L)

-BiN) 5.42 +0.69 5.17+0.72 5.25+0.67 2.183 0.115

EH1 b 6.05+0.74 7.00 + 0.82° 7.14 +0.85" 36.299 <0.001
IL-6 (ng/L)

CDIN) 24.75+2.36 24.49 +2.57 24.55 +2.60 0.196 0.822

DN 33.56 +3.43 29.58 +2.24" 29.03 +2.54" 53.047 <0.001
TNF-o (pg/L)

-BiN) 0.81+1.38 9.62+1.42 9.61+1.33 0.436 0.647

EH1 b 14.83 +1.42 13.20 + 1.63" 13.62+1.52° 20.707 <0.001
2. HRFRZLLE, ‘P<0.05,

i Fritmhaery e . HFR 7 2B G 3r,

3 itit

THS Wiffifa s, HIRIr SR X T RE A
frE A S HE R, WARE IMER THS B I6IT
OGP, AR 95 07 S0t BB S M A 7E 25
St [AIE, TH X T THS BF RSk IhfE . F&
S B A R B BB S AW Il B X Ee
RFR. LFR & HFR 77 %8k 4 TH #£ THS & 1Y
IR TARL, LA RIG ARG T SRl 2k 4

AHWFFE 45 R W8 RFR 40, LFR 44 A1 HFR 41
24 h BETRAAML, R A RIRARE 75 7 Zext R4
FET- IR, SR 1T, LFR 40A1 HFR 417 d 5E
TOREEMT RFR 41, 5UMERA A",
Meta 2387 .75, 5 RFR A It, LFR Z KM A
MR R FE LT R U LFR 76 i A 35
FAE S PR AR R, B8 G i R i e S B
JEl, - AN D I & G FIAE T XU "5 B A
SEONER AN T PG Y2, BB A A,
WA SRR, UG R RN . LFR 4
FIHFR 2 7 d SET- 3400, $ERixX B 7 8 7ER%
TR E R IBE T XU T HAA ZRCR

FERAE B IR VAT IR S 05 SR e PR 1Y)
WEEAEbr . AMFSE B, LFR 411 HFR 411 DIC
KRG EILT RFR 41, 1K4h, LFR 400 HFR 41
TT. APTT. PT{XF RFR 4, 1fi FIB /5T RFR 4,
$E78 LFR Al HFR J5 28 7 0035 B 1 D BB £ T RFR
J5 %, RFR K Pk #h i AT g 3 B i i #g, il
T8 ML PR 73 B FAAIG, IR ISP, 34 DIC 1Y
KRR M, T LR R A B SIANA R, dERE
T IRV I A B AR A PR, AR TR

Vol 2 2RI S A, AR LA PN R A MR T, A
TMTRFAIG DIC 14 A4 KU 1Y,

LFR 411 HFR 41 AST, ALT. BUN /KFKTF
RFR #41, 75 LFR Fl HFR T3 ZhBE AR 4
BT RFR. LFR o2 i iy, dedeiiE
5 P L AV AT . HFR DU 30 5 e A £
PEPR, DR B ek i SR AR, PLAb B /N BRuE T
DIt s EB T OL AT I B /N L A MK
P HE PR 2 A AE R W HEE, AATIREAIE BUN 7K
S A, LFR ZHF HER 4100 . il . ims .
MEEFFLERME T RFR 40, #%/5 LFR Fl HFR H%
FEYERE N PR J7 T T RFR J7%8. HFR J5
ESTIRUE/ 3011647 37 5 (i3t} I A PANINE /)5 Ed
e, oA, W T LR A 0 HE
L[] RE A B 24 o g P 1

THS J BEAE BT Rl S 5 2%, B0 Ak i 5
MU= AR A SRR AEAN L, TS &
S B JORE R, IR E e AT M e
1L-6 F1 TNF—o 23 fff v P 40 B i BT A, B
KGR R B, 05 5 418140,
51 % RAEPIK L, FBOR T B ™, 1L-10"
L4 2 AR AR T, AR H]
1 BB RIE SN, IR L. 1L-6 Fll TNF-a
AR R AR T, HAKF- T i 23 I 5 A E S
SEAL TR P AR R ER, LFR 4
F1 HFR 2% IL-10 F1 IL-4 %% T RFR 4, 1
IL-6 F1 TNF-o {22 25 {IX T RFR 2, 4278 LFR I
HFR 7El2 4 B JAE N 7 LT RFR.

RIS MAFE—E R R, 55—, AHF
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58 R B Y TR JERVE AR 9, AR A AR XA B,
Al BEAFTE BE B IR, I 98 465 SR A0 AN 1 37 31—
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