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[Abstract] Objective To evaluate the hemostatic efficacy and safety of a new type of pushable compressed cellulose hemostatic

device in emergency treatment of deep tissue massive hemorrhage. Methods The internal compressed cellulose hemostatic granules were
placed in excess normal saline to test their saline absorption and volume expansion properties. Femoral artery blood was taken from 3 big-
eared white rabbits for measuring the in vitro clotting time of the compressed cellulose hemostatic granules, and equal quality CELOX-A®
hemostatic powder was set as the positive control group, and the blank plasma as negative control group. Ten rats were divided into the
compressed cellulose hemostatic granule dressing group, CELOX-A® hemostatic powder group and negative control group, and plasma was
taken to test the coagulation activity by using a thromboelastometer. The swine models of massive hemorrhage were established by
complete transection of the femoral artery and vein, and divided into the model group of medical defatted gauze block, the pushable
compressed cellulose hemostatic device group, and the positive control group of CELOX-A®. The three groups used parallel operation for
hemostasis. The number of pushable compressed cellulose hemostatic device used in the hemostasis process, the number of presses, the
hemostasis time, the total blood loss during the hemostasis process were recorded, the routine blood tests before and after hemostasis, the
prothrombin time (PT) and activated partial thromboplastin time (APTT) were measured and HE staining was used to observe the
pathological changes of the tissue vessels. After DMEM medium was used to extract the pushable compressed cellulose hemostatic device,
and the extract was added to 1929 cells with vigorous growth to test the cytotoxicity. At the same time, the complete DMEM medium with
phenol was set as the positive control group and the complete DMEM medium as the negative control group. After pushable compressed
cellulose hemostatic device was extracted with normal saline, the normal saline extract was injected into the mice to test its acute toxicity,
and equal volume of the normal saline into the mice in the same way as the negative control group. The normal saline was set as the negative
control group and the deionized water was set as the positive control group, the hemolysis test was used to detect the hemolysis rate of
pushable compressed cellulose hemostatic device. Results The compressed cellulose hemostatic granules inside the device rapidly
absorbed and expanded in normal saline buffer, the maximum absorption ratio was more than 7.3 times, and the swelling rate reached about
(9.0+0.3) times after 3 s in normal saline buffer. The in vitro clotting time of the compressed cellulose hemostatic granules was (451.7+26.6)
s, significantly shorter than that of the negative control group (703.7+32.1) s (P<0.01), and was also shorter than that of the CELOX-A®
hemostatic powder about (521.7£18.1) s (P<0.05). The result of thromboelastography showed that compared with negative control group,
both the compressed cellulose hemostatic granules and CELOX-A® hemostatic powder significantly shortened the clot formation time (P<
0.01), and the compressed cellulose hemostatic granules had shorter coagulation time than CELOX-A® hemostatic powder (P<0.05). The
evaluation results of hemostatic efficacy study on the model of massive groin hemorrhage by complete transaction of the femoral artery and
vein in the swine showed the pushable compressed cellulose hemostatic device group used (1.2£0.4) devices to achieve hemostasis, while
CELOX-A® group needed (2.240.4) devices (P<0.05), and the total hemostatic time needed for the pushable compressed cellulose
hemostatic device and CELOX-A® was (185.5+2.4) s and (268.5£83.4) s, respectively, and the difference between them was statistically
significant (P<0.05). The APTT, PT and pathological changes of tissue and blood vessels were not obvious after the experiment in the
pushable compressed cellulose hemostatic device group. The results of in vitro cytotoxicity test, acute toxicity test and hemolysis test were all
within the standard range. Conclusions Pushable compressed cellulose hemostatic device has favourable hemostatic efficacy and
biological safety. The compressed cellulose hemostatic granule can rapidly block the injured vessel and effectively fill the wound cavity based
on its strong absorption and swelling property. To summarize, the pushable compressed cellulose hemostatic device is a promising
candidate to be used for controlling junctional hemorrhage and evacuation of the wounded, especially for the hemorrhage caused by
gunshot or penetrating injuries in battlefield, thus saving valuable time for the further evacuation and treatment.

[Keywords] pushable hemostatic device; compressed cellulose hemostatic granule; hemostatic dressing; junctional site hemorrhage

ANATPER R T S A AR BIAE T R EORE R . I, RS S AL TR

FEFA, I AL 509 114 AT 3k Gtk AT SE T
PGS B A 39 25 3 S P TS L 4K S I
I A L s, JEHCEER I AR s i
HGHR R, ST RO L B M2 B AR DGR A AL
By 37 F4 JBCAA 45 B L A S g . —
(LTI 00 TN 1R Sl | BT 5 S 1R
MELL AR AL R s 5 —TJ7 10, MEBEE . s
SEIRARGE S AL F AR IR , okl WAL
ol b i ko, R RER S E, — Bz
B R ELIN R L SO A b i R K il

s I R A B B A A R M I K £ R R A 56 £
T, HATANE & R AR DG L I A Xe-stat™
H1 CELOX-A°!") | 1ok LA R 5 AT e ) — 144k
b i, iR E E AT IR A

R 2 4 £F 2 2 ki B o AR A A
K, ARG AN A 0 far 28 100 F 40 £ 24 2K 1k 1l
ORI AL, JE—FpEr XA T . BLEs S S80I
JREE WS A P AR 23 A AN TR A It 1 5 ) 47 2
Rk it = 5o ARG AR S A A A (IR R
) A [ T A (L IS AR ZS) PR R 5 s b ol Jookz



K SRR K M T Y5 A 7 4 A A R4 i, BAT
SV 2SS TR M PR, P R PR A S 47 s PN L YR DA
Ml B B ARFRREAK , A3 R0 8405 i - 38 =y s
MmAg, RRERREE . R Rk ER . A5
ANEEF 272 i CELOX-A® WX R, RGEIEAG e E
AREFYEZR 1E I B AR N A L i PR e S 2 At

1 MRERE

U8 OO T 12 W O el WA o 2 4 | o | e W s N
W2 EWFR (B 1); CELOX-A*(HES: 218912)I
i [E Medtrade Products 2N 7 5 & IR Zb A e (1L
21051504) W) H 1 e 48 IR BEIT 2l A R A o

FEGEH () RZS

RS

[ W (R e WA (Ea e N ol (1= S e NN L PN 7
Fig. 1

Schematic diagram and photograph of the pushable

compressed cellulose hemostatic device
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Fig.2 Absorption and swelling property analysis of the compressed cellulose hemostatic granule in normal saline buffer (n=6)
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Fig.3 Invitro clotting time detection (n=3)
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Tab.2 Standardized control parameters for modeling of massive groin hemorrhage by complete transaction of femoral artery and vein in

swine (x+s, n=6)
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Tab.3 Comparison of hemostatic efficacy parameters with the massive groin hemorrhage model among three groups of swine (x+s, n=6)
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Tab.4 Comparison of RBC, PLT, PT and APTT among three groups of swine before and after hemostasis (s, n=6)
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Fig.4 Histopathological changes of swine after hemostatics with the pushable compressed cellulose hemostatic device (HE x50)
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Fig.6 Effect of normal saline extract of the pushable compressed

cellulose hemostatic device on body weight change of mice after

intraperitoneal injection (n=6)
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