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Research progress of animal model of brain death
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Brain death models can be used to study the function of transplant donor. Rats, pigs, dogs, rabbits, mice, etc.
are often selected for model animals used in brain death studies. Currently, the typical method to establish a
brain death model is to increase intracranial pressure suddenly or gradually by inflation of an epidural balloon
catheter. The commonly applied models are sudden onset brain death model and gradual onset brain death model.
There are still no uniform criteria for the determination of brain death in the model animal. Additionally, some
deficiencies of brain death animal models at present are existed yet, and it cannot fully simulate the clinical brain
death. The judgment of a successful brain death model is still different from the diagnosis of clinical brain death.
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JRAE 2% FE X A8 T RE B4R 2 bR AT
FEAEAR T, 0 CBBET R AR AR . NI T
TE N I 1 D REAS AT G g3 k7 Bl 2 F It
ST W ST I SE T bR M, AR T RE 2 b o E SE

rf5 HHB (Date of reception): 2017-07-04
B{E1E#H (Corresponding author): ZF(if7K, Email: leel537@126.com

ToFIE], AR E B i At 2 R AR . SR, ik
FETARZS AT L2 i AR 4% 5 IE W hRE . 39 B Al
YA RS o IR AR T BEA R & B B i 4 n]
SRR B 2R, W E RS E



IRPET SRR T EdE, 4

1961

MR, INERBE RS M HE R R ARk, A
SR A T 114 92 36 AT 5 7B oA e 22 b O 1 i A6 1 % 3
PR B ISR S FCHL L B AR i k3 ik 0 T 4
o B I R AT AR A ) I T A
o HIRAS Bl S I O 5T 1 T R 5 Z K AL T 3h
TR 1) B o AR SO I B8 T Bl A TR 1 o AR
LR LAZEIAE

1 EX B RERE

) PR X 3l S 9% s B A 0 Y A A ) B
PR BT B, XTI B R RIS LI PR
R AL ¥ A A B2 X, B G ek
FHA 3l ) © Ry 52 il AR ) 1= o Bl T 5T kR 1Y
—NRHERER . N TR SE TR S R R,
ALK R T #1E20174E6 H 7EPubMed Fl T J5 X
It JE T B9 30 B SR . PubMed RO &R Al . LA
(Title) “ﬂﬁ%t(Brain Death)” +Eﬂfz/ﬁﬁg(Title/
Abstract) “f&7(Model)” , K& k1445, H
AL Bl W 47 A 26 T2 A SC A58 i SCRR 1114 -
A B SO E NS, Gt RIS YA R
TN 7 N (TN 8 N N AN I 177 I L LN
OB S Y R s, HROE R (B 1
DT EAE PERR ZR AR Dy . AL CINAETST + R
B arhs7ac, HobA HISCEkseds . B SL g
AR KRB K. M. M. bR, R
MUK AR (F2)

40
30

204

SR /R

KR % MW KR AROHE
SRS
1 PubMed#e RINFE T- X F 45 R
Figure 1 Search results of Brain death model animal in

PubMed

354

304

25

20

1B SCKR /R

104

® o ORRL K& M m DR
EEIEEES
B2 ARHEFERRMIE TR ER
Figure 2 Search results of brain death model animal in

‘Wanfang data

A iRk Rl ReAr e it e, (HaE AR A
A, WREEEA T [ B (B N A1) A0 AR E AT I SE
TCHY LRI T, By i 6 BUIR o P> %k
WERRARA B, fE—aE R LR [
SMERTFEIGFET I, 3 AR 2 Bl ) A A 28 2
Sto RESSHY)(ANSE . H 55 ) (6 AR 5 5 52 3 5
Ry NS R e E O O R e e 1 2
WA S e o sl Wy, HAl T AR A [ A A A B
ZEM MR Z — o teAh, Bk PR 2 R i A X
SR o

2 FoE - Zh ¥ A Y B I 4E K B

H TN B 2 0 I 0 T AR i, R N
JE¥E, RN K R B0 5 A, BN R AT
Pkt R, BN FEAREFEK, N SR B
R o) S 1 RO A = U DR S e A DN T}
HEAT R AE T 0k R 35 R, (R I M I A AR
FHUAHN W G FE T o #5509 Fe T e ) JRE, AT 4L s
50 P 1 B8 T A 43 Ay € R ki BE T8 Y (sudden
onset brain death model) Al ¥ 8 P fixi #E T 45 £

(gradual onset brain death model)[w'“]O

210 REMMIET (BREAXKEMAMEZE )
ﬁ%ﬂﬂ’lﬁﬁ‘@ﬂﬁ%t(explosive brain death,

EBD)., ABLFEH, & h  Srk B A,

TE30~60 s P S5 50 3l 490 1) 5 9 R 7 880 4 1 P



1962

I R i 2 i, 2017, 37(9)  http://Icbl.amegroups.com

BBk, St ve sk . 51k 40k e K A
PETE 2% 5 [ AN > Be e 4 52 56 3h ) 19 .0 Bk A
BB P, DT AR AU 28 T e I AE T B i R AR
Do IS = WFT N SE T 2 R EBD J7 i 7. 5y
PIREAL . ROBMEMIE T - R 2 AL, TET A
Jeil it Ay s T g 2 5 Bl 4 L O B T e AN R E
F0 LA PP T I, AR T i R SR AN AT
FRAC LA AT, 03 S 06 3h W) A6 T 0 B R 45 B
BYNGIT, o3 A oy S5 Sh P AR IR G vk 4
R ML 3h 1 5 PR AN GERL o D 1 Bs 1k 1 i
FEWe s, 22 T s 25 R i S R IR AL T 3h
I s P AR, T R 24 X 1 2 s AR A A
HERIE .

i EBD J AR AT BN, k2D
Jii 125 VR b R R 0 A R IR P T R T
I mT REREAR B B AW AR S AT TG ), k4% b
JI 2R AT A O Ak BRI A T R R e LR B i . W
ZEEBD X4 L LTI RE I i BE Wl R 1 ik % B0 52
e BRI AT 39 ) Kz Az B S0 A 5 O Al ke i i
L BBV T EBD U7 ik g ST M ik A8 T4
R, VLSRN SE T S W A B K J A AL B 43 A1 15 L
FUN I # B 0 S BIAC 22 fk . Breithaupt-Faloppa
SFSCRHTEBD 7 sCEERE , BT T R AE 0
ARG o

2.2 ML T (ZBXBREMAMEE )

5598 S Ve A TR R AR L, G A T
(gradual brain death, GBD)7EZMIIfEH, it
PPN S B 5K G 08 T LN T, X IR B 1
RN, T EAE IR AE T S A TN N RE AR I
FEZE R RKF U, Kolkert e A5 /T 45
oo i B TR AL AR G RE A B, B T —FlORr Y
HEVE i FE TR R T v s AR A T M I e S5 A
W, X RBUR GBI, U B LS BE A B R
P, BN GRS LETE AR B OK, TEKE
16 uL/min, M N TR 248 722 T,
L2 BRI S B AR S SR 52 T s v A ) )
Bl K, 5 L VK FIRR I, R R AR I ROIRAS
I 5 N o 3 i AR ALL N IS B AT T
kAR, ASLE R A TR gE R, W
Toiis BUE AN RS, AR A I ) 1 R
IR B, R T T 240 A0 ] A% B R 4 AR
L fr G a8 B S AR TR R A R

P 12t g A6 T B S — A B A O A R
AR 4 AR % 5% B T R R R TR AR 4 3 4 th )
COBEIRSETT midE CBNAETS” o FFXTGBD#

Bt B B A 2, AR SEE % Rt T
el R . Bl % S5 DT Pratschke 25 OB
K FERE L, XPARTRREE . . AR K
FETHIW SE R AT BT el |, BRI T F R A4E
MERE, PR T PFARBIR eSS e A
HROR HAE IR A AT UMEGE S, T R S R
S22 M ) K e T A VR S AR AR K R AT AP
A M AL TR IR I AL TS R, SBT3 B
JoK RO A FE A AR o I FH A 2 g 5 TR o 8
S IE /N A S B9/ BURR S50, BE A
T2 R TSR T X R 28 e R 0 i T
TE 48 0 e ik A8 e =2 0 Py F W, DA 3R K
FEEARHEATINERE B, LLECE S B il T R
RIAAZ R e M2, ASHE A Ho PF 4 ik
T HUAR A B AR AL iy 284k . T RO &P i
A B S A1 i PN A R S R A, R R N A
Codman A B AP T W I HR Sk, 78 SIS W 0 A p 1
TG OUT , MR E N RS OF Y 8 kO 9 ¢ R it
A7 ] W7 00 N, SR I A AR T AR R e A
FET S5 B A 4 25 B o AR K i B S A e g A R AL
PEAE T EMRRE SR, AR TS
fE LY Xy L = W U O = N NI RE (R G <
BLAT O WE R 8 W s R AR A 2T 5 2 18 3 o 5 4
T B T A R R B P B AVA YT SR G, s nf
SRR AT S AR AT ALl PR 5 A P
LS5 50 14 i S 48 R0 B S B i s T, AR S
ot B A8 T AR B EL

GBD B Y 1Y 1 24 £ 2 i) (8] I, T EBD LAY
3 Ao 2% 12 BE O HE ST bR HE AR B AR TR R h]
FHF 5 Mo e 1, B e o o 2 20 4140 R 3 T 1) [
B 7K, AU IS I A8 T B0 i R E 8 o A 2,
WF 5% 32 v A% M % B B B R B B0 SR e
Pratschke 25Ul iR T — Fhig bk . Al #4E K R
i FET- AR JFUE SE AN R g R B 2 7 R S A A
Ji ., B UIREAE IR VK & Y A A SR T AR R AR 1 3
R . GBD XS RS AR S ] A S5 440 JIE 19 D) RE A 6
i, WIS ECRAE R 789 LI 5] g £ L
i, I SE AR T Y A HE R R i AR

2.3 Hftt Z#E7i%

/I BN 4 A Fogarty 45 H-#E 10 min N 72X
DASE G T H 38, SR A AT 30 2 i 45 45 T 37
SERGFET R, FE R L P9 23 144 O 4
PPN, B M E RRONE B, Rl B R AG sE T
Hvas 55 P00 1 S 13k 58 ok 20 000515 A9 B AL A A
I 37 AR A8 A7 A N NG = KO, A R N



IRPET SRR T EdE, 4

1963

TR, L T — AR AR L el i A
VEGIE A3 I E T sh R Y

3 WM TE - B FI E

Pl A 4% sl W R R T oY 45 SR PTY, R Ot
A FT A B 1 106 FE T S5 4 1 H A 240 2 80 4 A
W) g o P AET- B X s i Z PR, H R
Bl = G5 — 10 S50 W B TR B A o . A4S iR B A
HAE A S BB, 2B P8 T 1 EZEFEAE .
JEE Bk L X5 A A A O I 5 R A R DT R
(WEHL IS BhH %), H EWEW A ik, k96 2R 4 1
Jiki ST %, HEBR BRI S B ER 25 W s 4 Tk
KD R  UIRR I BIR &k . [ F 0P
5k . TG R R S R S, IR RESie hl
TCASAE MG FE T o S0 M T S /N RS i 5B T K 58
PRUER N DR S )BTRS 3)AE
R fs ok s 4) I s ) BTHE S s B M5 6)
HhAE BRI R 5 7 ) RE IR AT FH A s 8) B Ik
EMAET G W6 ~ 12 h Lk, fF41), 2),
3), 4) +5), 6), 7)HMZ—+8)J5F ] Hl & A MK
FET- o ZAnHEEZ T Im R F E bn v, 255 st T3
Yy S5 0 SR B, X A TRy v ST A ik A T
B A B 35 PR, R SRR G P T Bl S I
2 52 A% B BN B0 T R 2 BRI

4 AWM TEERFENAE

41 REBEFINMEES, BHNRETERE S, K
2 771 2 i e FEL [

it AR BE X sy, 2R AN [R) 9 R e
o T AR S B, e R RR Y TR M A 2
A EBASAH ] o — R Uk, /N Bl W A1 A1 8 B
— RIS, TR S InsE . WA EACR A A
R0 J7 %, 45 2R AR TR A RR I L Kk e B RR
PR T SRR I 5 o JRR SR 2 52 i i 200 MG 19 3
Bl, DR R i R L, R AT RS2 5 e e i AR T
) 1T

4.2 DA P 78 TR BY R B 2 T AR LI PR A 5B T

I 26 R 22 M0 58 T B 59 Nk T e A s
PrEr, ar DI E B . . SOAE L BiR
A PR A A i R B PR R AE T, A
I A 5 A O B X i PR B D P I B AE
T25 ENBEAR & BB UL AT A I PR A A2 T S IR 488
RN PR b 2 & PE R FE T Sl A f i AR 2D

4.3 BHTERZ FITE SLI8 3h 4 B 3 1= B9 58 — AR

Un ey 4 %E S9SN AE TS AL TR R
@SN, ENANRZ SR iE . SRR sh Y
(I BE T2 W7 B 22 AR AR R S0 N B 2 A R
WL S 56 20 ) B4 e PR 22 B (A 552 56 3l ) ik N TR e ik
AR LM ALK 55 ) 45 2598, (3K Al 52 77
TEARR M EWUME , H 32 5256 A B3 A I IR 28 56 o J&)
FIR L AEAE I A REHERA A9 R E IR AL TARZS , AT =
BUR S50 1 FE B 2

S 3k

1. Pandey A, Sahota P, Nattanmai P, et al. Variability in diagnosing brain
death at an academic medical center[]]. Neurosci J, 2017, 2017:
6017958.

2. Altinérs N, Haberal M. Brain Death and Transplant in Islamic
Countries[ J]. Exp Clin Transplant, 2016, 14(Suppl 3): 48-52.

3. Lewis A, Greer D. Current controversies in brain death
determination[ J]. Nat Rev Neurol, 2017, 13(8): 505-509.

4 EZF DA AF Z 01 BT s, IET A

TEBRUE S AR ML RN RO [J]. H BB U 2B 2R 5,
2015, 15(12): 935-939.
Brain Injury Evaluation Quality Control Centre of National Health
and Family Planning Commission. Criteria and practical guidance for
determination of brain death in adults (BQCC version)[J]. Chinese
Journal of Contemporary Neurology and Neurosurgery, 2015, 15(12):
935-939.

5. Nikas NT, Bordlee DC, Moreira M. Determination of Death and the
Dead Donor Rule: A Survey of the Current Law on Brain Death[]]. J
Med Philos, 2016, 41(3): 237-256.

6.  Fung A, Zhao H, Yang B, et al. Ischaemic and inflammatory injury in
renal graft from brain death donation: an update review[J]. ] Anesth,
2016,30(2): 307-316.

7. Saat TC, Susa D, Kok NF, et al. Inflammatory genes in rat livers from
cardiac- and brain death donors| J]. J Surg Res, 2015, 198(1): 217-227.

8. LiY, Xiong Y, Zhang H, et al. Ginkgo biloba extract EGb761
attenuates brain death-induced renal injury by inhibiting pro-
inflammatory cytokines and the SAPK and JAK-STAT signalings[]J].
Sci Rep, 2017, 7: 45192.

9.  Ishii M, Matsumoto Y, Sekimizu K. Usefulness of silkworm as a
model animal for understanding the molecular mechanisms of fungal
pathogenicity[ J]. Drug Discov Ther, 20185, 9(4): 234-237.

10. Kolkert JL, 't Hart NA, van Dijk A, et al. The gradual onset brain
death model: a relevant model to study organ donation and its

consequences on the outcome after transplantation[]J]. Lab Anim,



1964

KRR BI 28, 2017,37(9)  http://lcbl.amegroups.com

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2007, 41(3): 363-371.

Zhang S, Cao S, Wang T, et al. Modified brain death model for rats[J].
Exp Clin Transplant, 2014, 12(5): 469-473.

Ueno T, Zhi-Li C, Itoh T. Unique circulatory responses to exogenous
catecholamines after brain death[J]. Transplantation, 2000, 70(3):
436-440.

Ferrera R, Bopassa J, Rodriguez C, et al. High energy compound
stability during experimental brain death[J]. Transplant Proc, 2006,
38(7): 2285-2286.

De Luca FA, Cruz R] Jt, Garrido Adel P, et al. Initial hepatosplanchnic
blood flow distribution and oxygen metabolism in experimental model
of hypotensive brain death[ J]. Ann Transplant, 2009, 14(1): 38-46.
Breithaupt-Faloppa AC, Ferreira SG, Kudo GK, et al. Sex-related
differences in lung inflammation after brain death[J]. J Surg Res, 2016,
200(2): 714-721.

Pratschke J, Wilhelm M]J, KusakaM, et al. A model of gradual onset
brain death for transplant-associated studies in rats[ J]. Transplantation,
2000, 69(3): 427-430.

i v 2, B, R IR g RO RO 2 A M B T A 1 o
FELT]. hAEse s AR A, 2010, 27(9): 1341-1343.

LU Haisheng, MA Yi, ZHU Xiaofeng. Establishment of modified
gradual onset brain death model in rats[ J]. Chinese Journal of
Experimental Surgery, 2010, 27(9): 1341-1343.

ATHE, AR, AR, S5 R /N AR A N e i SE T A R
ST []]. P E B2 R e 254, 2015, 37(2): 195-200.

SHI Yong, LI Chonghui, XIAO Nianjun, et al. Establishment of a stable
mouse model of brain death by the method of the gradually increasing
intracranial pressure[J]. Acta Academiae Medicinae Sinicae, 2015,
37(2): 195-200.

Atkinson C, Varela JC, Tomlinson S. Complement dependent
inflammation and injury in a murine model of brain dead donor
hearts[ J]. Circ Res, 2009, 105(11): 1094-1101.

Kamal RP, Katz JM, York IA. Molecular determinants of influenza virus
pathogenesis in mice[ J]. Curr Top Microbiol Immunol, 2014, 385(3):
243-274.

TiROG, 1t A, 4. i BB IRPE TR ST [ 7). R
2j,2014, 42(4): 318-320.

WAN Chenguang, FENG Xuequan, LI Mu, et al. Establishment of
Modified Brain Death Model in Pig[J]. Tianjin Medical Journal, 2014,
42(4): 318-320.

ARG, XS5, A=, 5 ORI R T S B TR N e
PASHIAERF[T]. [ LA BE 22 A4, 2016, 26(1): 25-28.

PAN Yipeng, LIU Yu, LI Ming, et al. Establishment of brain death

model for rabbits in a modified way by increasing intracranial pressure

23.

24.

28S.

26.

27.

28.

29.

30.

31.

AR5 EA,

and maintaining the state of brain death[]]. Chinese Journal of
Comparative Medicine, 2016, 26(1): 25-28.

Purins K, Sedigh A, Molnar C, et al. Standardized experimental brain
death model for studies of intracranial dynamics, organ preservation,
and organ transplantation in the pig[J]. Crit Care Med, 2011, 39(3):
512-517.

Purins K, Enblad P, Wiklund L, et al. Brain tissue oxygenation and
cerebral perfusion pressure thresholds of ischemia in a standardized pig
brain death model[J]. Neurocrit Care, 2012, 16(3): 462-469.

Wilhelm M]J, Pratschke J, Beato F, et al. Activation of the heart by
donor brain death accelerates acute rejection after transplantation[J].
Circulation, 2000, 102(19): 2426- 2433.

Floerchinger B, Yuan X, Jurisch A, et al. Inflammatory immune
responses in a reproducible mouse brain death model[]J]. Transpl
Immunol, 2012, 27(1): 25-29.

Sereinigg M, Stiegler P, Puntschart A, et al. Establishing a brain-death
donor model in pigs|[ J]. Transplant Proc, 2012, 44(7): 2185-2189.
Hvas CL, Nielsen TK, Barklin A, et al. Brain death induced by cerebral
haemorrhage - a new porcine model evaluated by CT angiography[J].
Acta Anaesthesiol Scand, 2012, 56(8): 995-100S.

RT3, AR I A e S R A T S AR 7). L R
F2A244], 1999, 20(6): 341-343.

GU Zhenyong, LI Rubo, JIANG Jingtao, et al. Establishment of animal
model of brain death by intracranial hypertension[ J]. Journal of Hebei
Medical University, 1999, 20(6): 341-343.

KK, s gte, BT, A R AT INAE TR R B
FERILT]. g BRI ZRAE, 2004, 25(5): 264-266.

ZHANG Shuijun, SHI Jihua, TANG Zhe, et al. The protection effects
of glycine pretreatment on brain-dead donor liver[ J]. Chinese Journal
of Organ Transplantation, 2004, 25(5): 264-266.

AR, SRR ZE, SR T B /N I AE T S AR A 2 R
R[J). FERHE 51K, 2006, 26(7): 786-787.

SHI Jihua, ZHANG Shuijun. Preliminary exploring on experimental
brain death indexes of Ba-Ma mini pigs[J]. Basic Medical Sciences and
Clinics, 2006, 26(7): 786-787.

EE IR, 2Ok, ST T Sl PR AL )

FEIEIRLT). IR 5w B4, 2017, 37(9): 1960-1964. doi: 10.3978/
jissn.2095-6959.2017.09.033
Cite this article as: WANG Jianqgiao, LV Haotong, LI Zhanyong.

Research progress of animal model of brain death[]]. Journal of
Clinical and Pathological Research, 2017, 37(9): 1960-1964. doi: 10.3978/
jissn.2095-6959.2017.09.033



