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[Abstract] Objective To assess the haemostatic effect of zeolite-kaolin composite gauze (ZK) in a porcine model of massive
haemorrhage from explosive injury at junctional sites. Methods A model of massive haemorrhage from explosive injury at junctional
sites induced by shock wave and fragments was established using 24 healthy landrace pigs. US Army combat gauze (CG, n=8), ZK
gauze (n=8) or ordinary medical gauze/standard medical gauze (SG, n=8) were respectively used for rescue. Survival time was
recorded, bleeding volume was calculated by weighing the gauze before and after disposal, and the blood clot was removed by
dissection. Wound temperature was measured at 10, 30, 60, 120, and 180 min after injury. Vital signs, arterial blood gas indexes,

coagulation function, thromboelastography, and other relevant indexes were measured 15 min before injury and at 10, 30, 60, 120, and
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180 min after injury. Haemostatic effect was evaluated by blood loss and survival rate; haemostatic reliability was evaluated by post-
exercise bleeding; overall therapeutic effect was evaluated by wound temperature and physiological indexes. Results

bleeding volume in ZK group was significantly lower than that in SG group [(58.56+24.29) ml vs. (159.38+64.51) ml, P<0.05], with

The early

no statistically significant difference compared with that in CG group (P>0.05). The total bleeding volume in ZK group was
significantly lower than that in SG group [(347.90+138.80) ml vs. (528.97£99.79) ml, P<0.05], with no statistically significant
difference compared with that in CG group (P>0.05). There were no significant differences in wound temperature changes, post-
exercise bleeding, survival rate (all 100.0%), survival time (all survived until the end of observation), or arterial blood gas indexes
among the three groups (P>0.05). However, the changes in thrombin time (TT) and thrombopoietic index (TPI) in coagulation
function over time showed statistically significant intergroup differences (F=9.967, P<0.001; F=2.132, P=0.067). Conclusion ZK
gauze can effectively stop bleeding and exhibit good hemostatic efficacy within 9 minutes of application, which may be related to its

ability to promote the local coagulation reaction process. No excessive exothermic phenomenon (observed with other zeolite-based

products) was noted during its use.
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Fig.1  Before injury, abduct and externally rotate the animal's
right hind limb to fully expose it to the shock tube opening

T AT 15 min(FE R FELEE RER T, 48
FHIFIE A 0 min) I SR A AR AEFE bR (2450058 . 0L
J£(SBP). %75k H(DBP). “F-¥afikH (MAP), FFI
PR (RR) S ML A (SpO,)], FFRAESh . ik
I, FEFTHREEEIm . A L Bk ] s
W, AR HEEAAE B bR A (5 R A 2 e
AT JE B KGES T, H-1E A2 Sk 3l o 2 B
i, ARFREbRic&,

Z IR s E A RGBT & TR E B
i, BB RS 1o 20 MPa, il i R
FiE 4R 1 em . SRR 1 mm (Y 1E 7 AR R
R, whii i DRSS AR 1 em. 4358

WUR RS A b 30, Bl E AR 20
1 11 2045 45 2D A BRI P S a6 A T T
EEWHU S I, fEES RS TN
JE 1o B0 1 7 B s K T 2D (40 emx
60 cm) Y41 5) FH S 5444 3 mint'?, MEZE K R 0
T R AR R — A

1.3 OSSR

1.3.1 i 5% St John AT H & .
WEFRE T 2R 24, HTHERGRND MG
M, DR IR . £2Ti58
SIE A BB & AR, EER A HY
BUE B, WEBTRA MR, JFESLR AR5 8
I A R TR Y TR B P 25 AR A I, T o
AR b AT A i, e SR ZREE T T Ak A4
A B BRI LR AR B, R S 2L 1k il R A TP A
PSR FRBUE i f H RAE RN, H
FERRESE UG R D, ISR IHSE fS ML i
S EAE L RN SRS E . D, Korg
KB FSEARE, I NS AR E, Bk
ZER PR I o 1B AT I (ml) = (SR ZEROA T
JITAT WSO A L YR 20 ) R — SR SE RO A R I A g
F14) I Y 20 % 1) T + i I8 9 ] it P9 258 D e 1) o )/
105!, B 1L (ml) = (3B ZERIE 9 min J5 ITA R
6 20 AT ) S i+ SRR 5 i 2b 3R ) 5 -
I JE 9 min 5 T A ORI 20 A 09 B - S ZE KA J
b H T H) /105, b I E: (ml) = (AR 45 5 T
HL Kpeh | 206 b A B i B IR A ()
BRNBEIM P E - SR T A PR . Ky, &
4 RS A H ST 1) /1,05,

1.3.2 @M E f HIEZE 10, 30, 60, 120 K
180 min J5 , #IFFRLbAT, o FHHR S B A3
15 1 BB I D S o WER S5 I T BT 78 43 S ZE MOk}
It H 2R 90 AL 1 .

1.3.3 BN fE0 0 HZEE 10, 60 K&
180 min ][] S5 AR TF 2R BN, iEA 748 3505 LA
B3 R AEANRIRGR BB (a1 2 3 AR 3
FLUAREAE: ST e B, AR AR R
FRfEE, ST IR EIE, DI E S AR
fil e REEB, AMRENVETG (EROA S e, BT
105G, WA T IS oL, $ BTG sk i . 3
. 1k 34 st T ie sk, Hd, iGshbE ey
P I RR LA BELT I 1 5 32 1A ) T I 2 12
B, BJCRFEERLL 1k A% 1 TS S .
1.3.4 EAriRAESEAR . Sk AHR bR . B RS I K
M EFels 0l TIHZES 10, 30, 60, 120 &
180 min RAE U T 5. ()AmiAMESSR: FHZZ
B SGESE W3 . SBP, DBP, RR % SpO,%% .



Q) Sk A8 R : MBIk SRS ki, I i
K43 M1 Y (Instrumentation Laboratory Co., GEM3000)
ARSI, S MrE bR dE pHAE . Akl R
(PCO,). HPE(PO,) . Na ¥ J& | K | Ca*ifk
B FLBR (Lac) . ZE4NAEEFR (Het) . B8R4 (BE) .
IMLELER 15 (tHb) . SEPRERIR AR (HCO, ) . #n ik
fii AR (HCO, std) 4% . (3) & MILEE I K% Ifi #e 58 g &1

BhR: DAFBK A S I K i, DR i 5 A
KA MT F A EAR A A R W, OCG-102)
PEATARIE A3 HT 0 BT 48 A A 5 858 1 g )5 B[] (PT)
T AL 2058 1L 375 Bl RS (B (APTT) . € I RS 1] (T'T)
2T 45 3K 1 (FIB) DA K [ B b o £E EL AL (INR) 5 7
I A4 33 7 PR ASC (B G A 150 % B 9 B B A BR A A
YZ.5000) 6 R (B (B L 52 07 R [6) L KL 978 68 [ st
). o(BEE A1) . MAH (GRRHRNE) . 1/ sl )
FREL(TPI1) K LY30 {EL(MA Ji7 30 min [l BRI /D) |
BEIMLLE AHEE0(CL) . WL NI ZE R IR 3 h 5 3)
YIFE T (BET- b i S IR 45 11 5k MAP 4 0 I 5 &2

Med ] Chin PLA, Vol. 51, No. 1, January 28, 2026

<LYBTTHE, 09 HBCR ] Fisher B UIME R 15 1%
ZEIN ] S AR e B T EOE A S, i R BRI T B
PR AR R &7 2208, ANl R BB R
MR RS R SEST - 35 #1387 (Greenhouse-Geisser) 1 1F ,
P AR T LSD-t K 4, A5l 2 b R AR
EARIHER, I A 8UdE 243717 Bonferroni £ 1E .
P<0.05 NZEFA G E L

2 # R

2.1 FEARTEN 243K K B KT (48.5242.01) kg, il
I ) K AT S e S kB, el A SEE 4y
Bro Horh e o H(37.5%). METE 15 2 (62.5%), £
Shapiro-Wilk Kiusr, Pra R BT & 1E A0 A0 alin
RUEAS . CG4L. ZK 4L M SG 4 3 Wy % iy 1A &
[(49.75£0.74) kg. (47.38+0.59) kg. (48.44+0.59) kg,
P=0.051]. & K [(87.88£0.97) cm. (87.5040.63) cm.
(87.88+0.48) cm, P=0.915]4F L E s 22 R L4 it
SR, TE YIS EMEREE I, 3hAFTE R

10min), 3hNAET-Sic®AET-0E], 3hEfRAIET: 4 100.0%
AT i R RREF 222 00, WMEREEHRG X TA 2.2 MR =40 i 0 A Bl s TR) ZE K i A A W

FET B AT P ARSR S, Bk oS e W 2 E g A AR
5.

1.4 SiiteFab P SR A SPSS 26.0 i F #E4T 48 343
Mro 23 Shapiro-Wilk K: 5, FiA T aERHYFF A IE
BB RIES A, PlassEw, AN LER
FHELR 2 7 225081, i —20 R L3R HI LSD-t 4
5 HEROR T, BT REAS i <40 HAETE LIRS EL

BARE (F=222.617, P<0.001), H CG#l. ZKIHISG
ZH M i AR (] AE A i B RO R (F=3.254, P=0.034).
CGHl. ZKHIHI SG A ZMyHr i i it 22 F oG4 5
X (P=0.115); ZK LKA 9 min Y51 H i & AR
IR 5 180 min [ &5 H I 35 BH B/ F SG 4 (P<0.05),
HAK AR 22 F TG 2F X (P>0.05) (% 1)

2.3 AT AE 2 ) v R B [A] 2E K i B

R AU OISR R 1+ FEER (ml, X, n=8)

Tab.1 Comparison of blood loss in three groups of pigs with explosive injuries causing femoral artery rupture and massive bleeding (ml,
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P <0.001 <0.001 <0.001
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Tab.2 Changes in wound temperature over time in three groups of pigs with explosive injuries causing femoral artery rupture and massive

bleeding (°C, s, n=8)

Fof 1] 254 SGAH CG# ZK4H F P
ESCHE 36.74+0.32 36.70+0.28 36.83+0.33 0.333 0.720
13)5 10 min 35.29+0.67% 35.61+0.81% 35.46+0.68" 0.405 0.672
)7 30 min 34.94+0.83% 34.88+1.97% 34.96+1.09% 0.008 0.992
1) 60 min 35.11+0.67" 34.48+1.20" 33.99+1.19V® 2.306 0.124
5 120 min 33.70+0.48V® 34.45+1.800® 33.59+1.000® 1.184 0.326
) 180 min 33.60+0.3200) 34.46+1.57 33.90+0.52(V® 1.614 0223
F 17.716 10.582 16.705

P <0.001 <0.001 <0.001

58hmrtbi, (1)P<0.05; S54)5 10 min LA, (2)P<0.05; 5455 60 min LLEE, (3)P<0.05; Wit L2548 Bonferroni 2 1E . SG. ¥
WEHZA; CG EEAERD A ; ZK - s + 5 5204

RT3 UUBIENE SN Mo 24 A RS o0 v (A P Am i (B AR fL 15 DL (ks , n=8)
Tab.3 Changes in vital signs over time in three groups of pigs with explosive injuries causing femoral artery rupture and massive bleeding
(xts, n=8)
a4 B¢ 5 10min {435 30 min 15i)5 60 min HiJ 120 min i) 180 min Ej@ﬁﬁ% ﬁ;ﬁﬁﬁfz
L (K /min) 37.497 <0.001 0.583 0.712
SG#H 72.1249.69  81.63+12.72 84.13+9.73 86.75+19.36  103.38+18.62 111.5018.69V@®®
CGH4 81.25+11.45 99.38+24.48 107.88+25.31" 106.38+24.52"  124.38+31.61Y  138.86+26.12VPO®
ZK4H 76.38+10.78 83.8849.85  89.25+6.63 96.38+4.44 1102541627 118.13+13.54V@O®
SBP(mmHg) 17.927 <0.001 1.099 0.373
SG4 155.50+11.22 151.13+29.41 134.75+23.40% 126.75+16.400® 124.00+14.03V® 124.50+17.98V®
CGH#l 157.00416.02 152.50+23.51 153.75+25.04 138.25+19.30%)  141.25+17.50 132.13+14.560®
ZKH 143.1348.72  150.50427.62 140.75+23.08  132.13+16.64 131.00+16.87 122.13+14.570®
DBP (mmHg) 11.927 <0.001 1.154 0.344
SG#H 100.25+12.85 109.00£15.72 106.38+17.35  96.13+17.46 97.75+16.81 96.88+17.19
cGH4l 95.50+14.69 111.50+11.41 109.50+17.41  96.25+11.21 94.75+11.08 88.50+11.431)
ZK 4 96.38+10.88 106.38+15.47 91.13+12.38%  87.75+10.44 8325+11.74%  81.63+10.14®
RR(¥X /min) 10.788 <0.001 3.346 0.009
SG#1 28.75+6.14 327541226 35.00+9.68 35.38+8.57 38.38+5.42 39.38+3.20
CcG4l 24.13£7.26  26.50+9.09  30.75+18.05  25.25+12.99 26.88+11.10 28.13+12.35
ZK 41 22254315  22.63+334  27.75+5.85 33.50+4.440®  38.88+6.810  4338+7.80VPP®
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Tab.4 Changes in partial coagulation function indicators over time in three groups of pigs with explosive injuries causing femoral artery

rupture and massive bleeding (x+s, n=8)

B sk )2 7 EH RN
5 EXCUE i )& 10 min i )& 30 min HiJ& 60 min 135 120 min i )5 180 min ; » 5 »
TT(s) 7206 <0.001 9.967 <0.001
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ZRAL  3091£2.06  39.56+4.35 40455150 49.56+4.750PC)  3668+3.070W  33.65+3.40
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CG#H 157.33+46.71 187.16+5222 168.91%61.17 181.81+42.51 176.25460.72 195.66+51.49

ZK4H 285.58+58.93Y®) 277.51+69.39?
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$349%: 5 Bonferroni K1, SG. MMEEFILA; CG. EFARME A5 2K WhAi- #5012 45, TT. BEMAHITIN ; TP 1L/ IS 1) R 4
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Tab.S Changes in arterial blood gas parameters over time in three groups of pigs with explosive injuries causing femoral artery rupture and

massive hemorrhage (xts, n=8)

B IIRIRLN. 2 H AR
Ei=2 7 R /5 10min - £5/530min /5 60 min i) 120 min 135 180 min " P
PaCO,(mmHg) 6495 0.002 1.755 0.141

SG# 47.13£3.00 43.88+5.08  46.006.05 45.38+6.21 43.635.55 42.88+6.60

cGH 45.50+4.99 48.75+9.57  50.63+8.18 46.88+5.91 40.255.97WPO® 46 38+11.53

ZK 41 47.38+2.39 46.38+5.07  46.00+4.38 43.38+1.92 41.0022.00"V 40.75+3.62
Lac(mmol/L) 21.589 <0.001 0.975 0.409

SGZ4H 0.96£0.41 1.6240.70  2.03+0.90 2414098 4.10£0.59 6.58+2.47

CG4 1.45+1.00 2.63+0.82Y  3.95+2.000® 49542650 72144910 10.50+9.30V®
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