W

e AL Rk 2018 4 4 H 45 27 %55 4 ] Chin J Emerg Med, April 2018, Vol.27,No.4 " 399

PNz g POk AR O il 2 550 )5
Wb RS 473 ) e

i thAaF Amsa 2FAX EEW EFTAE KK

(WE ] BA  BOTEIE F0 2 fl Pt SRR Ol 52 05 5 W ZE R O i e . 75
i EFAEREMEE % 27 K, TR (36+2) kg, RAIBENLECE LSS N 3 4 (B4 n=9) : ¥
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475 5 min, HIEOBE IR, HEIFFHMKE (ROSC) J& 5 min i, EC 45 SC ZAMEK
AL, il EiEkER SE SRR TR, HAREE 33 °C, #74:% ROSC /5 24 h, HLL 1
°C /h B 5 he NT AR5 #4KIR (38.0+£0.5%C ), ROSC J5 30 h N h AW oo ig, It
T ROSC J5 3. 6. 12, 24 5530 h i, Ji FHAfI G e e BHCE072: (ELISA ) A6 I ifiL 5 i 284 A iy 1R
454511 (IFABP) &5 R4 L (DAO) 3%, ROSC J5 30 h I ARFERE, WU/ H
#1, 3 FH ELISA VR R SRAE I F -« (TNF-o ) 5A40MA2 -6 (IL-6) RIS, ARG
FRICIERTI AN IR T, e 2 SUb 24 A I 21 e R R A R R 85 I -3 (caspase-3 ) W& KA
Ko &R EC HRERBRARFRIT I BT SC 4 (2.8 C /hvs. 1.5 °C /h, 102 min vs. 185
min, ¥J P<0.05), 5 NT 4, EC 417£ ROSC J5 3 h, SC #H1E ROSC Jii 6 h 1Y) IFABP % & 5
DAO JEHERIFEAL (15 P<0.05). 5 SC ZHAHIL, EC #4H1E ROSC J5 6 h IFABP & FifE ROSC J5 12
h DAO &£ T [ IFABP (pg/ml): 6 h 4 (710 £ 32 )vs. (777 +52),12 h 9 (870 = 49) vs. (960 + 64),
24 h K (1022 +65) vs. (1 143 £63),30 h 7 (882 + 71) vs.(1 006 + 45); DAO( U/ml ): 12 h 7 (39.9 + 1.9)
vs. (43.4+32), 240K (30.6 +2.4) vs. (34.0 £3.1), 30 h Jy (26.1 £2.7) vs. (29.4 +2.2), ¥4 P<0.05 .
5 NT 4Lk, EC 415 SC 41 TNF-« | IL-6 Frii/l, HIHT-35%L. caspase-3 T AFREHIFHIE (15
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[ Abstract ] Objective To investigate the effects of rapid hypothermia induced via esophagus
on intestinal mucous injury in early stage after cardiopulmonary resuscitation (CPR) in a swine model of
cardiac arrest. Methods Twenty-seven male domestic pigs weighing (36+2)kg were utilized. The animals
were randomly divided into 3 groups (n= 9 in each): normothermia group (NT group), surface cooling
group (SC group), and esophageal cooling group (EC group). The pig model was established by 8 mins
of untreated ventricular fibrillation and then 5 mins of CPR. At 5 mins after restoration of spontaneous
circulation (ROSC), therapeutic hypothermia was applied by either an esophageal cooling device in the EC
group or a surface cooling blanket in the SC group to reach a targeted temperature of 33 ‘C maintained for
24 h after ROSC, and then followed by warming up in a rate of 1°C /hr for 5 hrs. A normal temperature
of (38.0+0.5) ‘C was maintained throughout the experiment in the NT group. The core temperature was
continuously monitored during a period of 30 h after ROSC. At 3 h, 6 h, 12 h, 24 h and 30 h after ROSC,
intestinal fatty acid binding protein (IFABP) content and diamine oxidase (DAO) activity in serum were
measured by ELISA. At 30 h after ROSC, the pigs were sacrificed, and then intestinal tissue was rapidly
obtained for the determination of tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) contents by
ELISA, cell apoptosis by TUNEL, and caspase-3 expression by immunohistochemistry. Results The rate
of temperature decrease was 2.8 “C /h and the time required for target temperature was 102 min in the EC
group, while the rate of temperature decrease was 1.5 ‘C /h and the time consumed for target temperature
was 185 mins in the SC group, which suggested the efficacy of cooling was significantly better in the EC
group than that in the SC group (both P<0.05). Compared with the NT group, serum IFABP content and
DAO activity were significantly decreased at 3 hrs after ROSC in the EC group and at 6 hrs after ROSC in
the SC group. Compared with the SC group, serum [FABP content at 6 hrs after ROSC and DAO activity
at 12 h after ROSC were significantly decreased in the EC group IFABP (pg/mL): (710£32) vs.(777£52)
at 6 h, (870+£49) vs. (960+64) at 12 h, (1 022+65)vs. (1 143+63) at 24 h, (882+71) vs. (1 006+45) at 30 h
DAO (U/mL): (39.9£1.9) vs. (43.4+3.2) at 12 h, (30.6£2.4) vs.(34.0+3.1) at 24 h, (26.1+2.7) vs. (29.4+2.2)
at 30 h, all P<0.05. In the intestinal tissue, TNF-o and IL-6 contents were significantly reduced, and cell
apoptosis index and caspase-3 expression were significantly decreased in the SC and EC groups compared
with the NT group. Additionally, inflammatory response and cell apoptosis in intestinal tissue were
further significantly lesser in the EC group compared with the SC group TNF- « (pg/mL): (721£94) vs.
(922+125); IL-6(pg/mL): (454+69) vs. (697+132); Apoptotic index(%): (6.24+2.6)vs.(12.8+3.0); caspase-3
expression (I0OD): (8.9£1.6) vs. (15.9£1.9), all P<0.05. Conclusions In a swine model of cardiac arrest,
rapid hypothermia could be successfully induced via esophagus and consequently produced a greater
protective effect on post-resuscitation intestinal injury compared with the conventional surface cooling.
The protective mechanisms are associated with the inhibition of inflammatory response and cell apoptosis.

[ Key words ] Cardiac arrest; Cardiopulmonary resuscitation; Therapeutic hypothermia; Surface

cooling; Esophageal cooling; Intestinal mucous injury; Inflammatory response; Cell apoptosis
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IEHARR (38.0+£0.5) Co EHAMINGE S min, EC
H5 SC HAMEKEEIL, /& B iERR S 5k
FRUKBEHATREE, HIREE 33 C, 2805
24h, FLL1°C /hEiR S5 h,
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ML (SynoVent ES, i%i/A A, ARII), HEATHLIHGE .
WP ML S E0% BN 12 mL/kg . IEIRE 40 L/
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% (EDWARDS, Z&[E ) Wil fg == 2 ik i & 5 %
LMK MArAS . BERARE K, FHTAHA Swan-

Ganz S48 WA 0 B . AZ 0 R R SR 46 i ik A
brAs, ZREEA BANEIK, H T AR (EP
Technologies Inc., JE[E ) A 0E ., LISNPIUEER
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By caspase-3 [ FITEFRIA A SROEEE (10D ),
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] SPSS 18.0 FLit Ak FEAT 420 IE
AT TR TR £ brifE 2 (xbs) Ron. 1T
ORI T 22 0, SIS
4 ) LA R BRI 2 O 2 0 A, 2 LBCR
Bonferroni. THECFRHEECR H 2 KiK. DA P<0.05
hESAGIFE L.

2 #R

21  ZAZNYHERSFE
BAHAFY AT E . PETCO,. L%, F13)
JKRE L LR RS Co AR ) 2 B) 22 4 TE S T2
X (¥ P>0.05, £ 1),
22 FJEBYMOMERSHBLER
YO A ) CPP L ROSC AT |
ONETIR] . BREECINE PR R R 2258080
R BHDYHTEAFEE (vss)

Table 1 Baseline characteristics of the animals in each group

fkpiit PETCO, %  MAP  FR Bkl

13 o \
(kg (mmHg) (X /min) (mmHg) (mmol/L) (°C)

JeEE Y (¥ P>0.05, £2H3).,
2.3 TRBRFSURAILLER

PR BT BE, EC 415 SC 2H sh A% O A T i
N, H EC 4145 SC 20 A AR IR T [ 3 ik
f£ ROSC J5 15 min 4[] 22 S A G4 E L (3
P<0.05); IRiE4ERF 52 BB, EC4l5 SC 4
SRR 2 g EE L (35 P<0.05,
Bl 1), EC 4K e fk br i K 35 8 2 LT SC
H (2.8 °C /hvs. 1.5 °C /h, 102 min vs. 185 min, ¥
P<0.05 ),
24 DOEHEREEEDNMBEREIRGIREMHET

iER

5 NT 41 # kb, EC 41 7 ROSC Ji 3 h IFABP
it 5 DAO & PR I 2 B K, 1 SC 41 #F ROSC
JG 6 hIFABP &% 5 DAO WH 1 b 3 F % (1
P<0.05). 5 SC 41 #f tk, EC 41 7 ROSC J5 6 h
IFABP %4t & 7F ROSC J&i 12 h DAO 154 8% T
W& (¥ P<0.05, %£4).
25 ROSC/E30hZANMPBRIRALRRER

N5 HAT- R LR

5 NT A A b, EC 415 SC 4 i 3 i 41 41
TNF-a FlIL-6 &34 W E BT (3 P<0.05), 5
SC 41 tk, BC 41 Ik 90 7 & st ik — 20 T F%

F2 KUY IRIIE] CPP HYZELL (F)
Table 2 The changes of CPP during cardiopulmonary
resuscitation in each group (¥=s)

CPP (mmHg)
4L 1 min 2 min 3 min 4 min 5 min
NT 41 1743 2243 28+3 37+3 26+4
SC 4 1843 2243 29+5 38+4 27+6
EC 2] 17£2 2343 3045 37+6 27+8

I : CPP, FEMKWETE M s NT, W4l ; SC, 1AKFRIRA ; EC,
HIBREHEL
£ 3 KDY IMETSEL (xs)
Table 3 The parameters of CPR in each group (X+s)
5] ROSC EIFRINIH] (min) BREGKEC B LIRFITE (mg)

NT 41 36.7+24 403 10712 119412 1.2+0.4 38.0+0.3
SC4l 36.142.9 3943 10711 115+12  1.3+0.4 37.9+0.3
EC4]l 36.7+2.1 40+2 10511 119411 1.1+03 37.940.4

NT 4 8/9 6.6+3.3 1.7+1.3 1.29+0.97
sc4 8/9 6.1+3.3 1.4+1.3 1.02+0.93
ECH 8/9 6.1+3.3 1.4+1.3 1.03+0.85

& : PETCO,, M-SR AR 5 MAP, FH8ikIE ; NT,
FRA 5 SC, REMEIEA ; EC, iEMIRA

I - ROSC, HEfEIMKAL s NT, 4l ; SC, KRR ;
EC, &R

R4 SHIYILTE IFABP & & H DAO {EHERELL (vs)
Table 4 The changes of serum IFABP content and DAO activity in each group (¥+s)

g3 IFABP ( pg/mL) DAO (U/mL)
BL PR3h PR6h PRI2h PR24h  PR30h BL PR3h PR6h PR12h  PR24h  PR30h
NT 40 48836 673+30 83037 1086240 1265+53 1170463 114=1.5 216222 29.682.8  49.8+25 395827 349423
SCHl 49323 63544 777452 96064 1143+63" 1006+45" 119414 19.542.5 25442.8" 43.4+32°  34.043.1° 29.4+20°
ECZH 488430 623+26" 710432  870+49™ 1022465 882+71®  11.7+1.5 183+1.8" 233+1.8" 39.9+1.9" 30.6824" 26.1+2.7°

i : IFABP, MAZUIRIIIRES 581 ; DAO, MUk ; BL, JLZ( ; PR, E5 s NT, #ilidl ; SC, AT ; EC, BlEpaRdl.

5 NT 411648, *P<0.05 5 5 SC 4 1b4s, °P<0.05



e AL Rk 2018 4 4 H 45 27 %55 4 ] Chin J Emerg Med, April 2018, Vol.27,No.4 + 403 -

( ¥ P<0.05, £5), 5NT4 ML, EC4 Y sC
HIp B S 1T-F8 B0 caspase-3 £ H FH R ik
() 10D {H MR (¥ P<0.05)., 5 SC 4itHLL, EC
2 IAZE AT 240 M T O B REAIR (3% P<0.05,
#5).

R5 HAIEW/NHAL TNF-o 5 IL-6 Fi . JAT-HEE
Fll caspase-3 1 10D {H (¥+s)
Table 5 Intestinal TNF- « and IL-6 contents, apoptotic index
and caspase-3 10D in each group (¥+s)

3] TNF- « 1L-6 JHT-HR5L caspase-3

- (pg/mL ) (pg/mL ) (%) 10D {H
NT 41 11114129 912494 17.8+2.8 22.2+4.1
SC 4 922+125" 697+132" 12.8+3.0" 15.9£1.9*
EC 4 721+94* 454+69" 6.242.6" 8.9+1.6™

s TNF-a, MREIRIEA T -« 5 IL-6, A% -6 ; caspase-3,
P R R A A IR R -3 NT, H 4l SC, R R FRIR
4 BC, EiiME4. 5 NTAHLLE, *P<0.05; 5 SC 4 H#,
°P<0.05

POST RESUSCITATION

A NTH

BIL 05 1 15 2 25 3 8 12 16 20 24 26 28 30
B [8 (h)
BL, F£R{i; VF, %8i; PC, N4ML)E ; DF, BRER; NT, R4 ;
SC, RERHRA ; EC, EEMEA . 5 NT Ak, *P<0.05; 5
SC #i 4, "P<0.05
1 SO AL ()
Fig 1 The changes of core temperature in each group (x+s)
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FALGARFARIR, REIE— 2P RRIRIA R 21 90E
o BRI, SXEEHTT AR T B R R B BIGR
BAS R . ANEACE RS AERR S 2, AR IR
e . S ER] A I R S AT A P OR
W& AT LABRAS RN . T EL, BRI AAIESE,
22 B0 AN A PR R DLk 2 33 °C Y H AR A
T, T ELAE R R AR FE R

ARG PR VR A O L A T R R AR
MRS e, A BRI s
BRI, AEHEOITE AR e i S
BIIGIRIA FHCR . g5 Won, AR SR EL,
ZAE B FRIR 0 A F] 2.8 °C /h, IEFRIHEAY 102
min, HEEEBCRIET TGRSR BRI ;
GREF 5 IR B, 2l sk 2 RE RN
WWARR R E R SRPER. LA g R
PR, 2 iE IR AT LS BRI P s SRR Y
AR YT AW .

Hk, EH RN EHERERN B ERFEIKE
705 B AR i br &%) IFABP 5 DAO. IFABP i
T H MBI, 75 Bh L 2 Bl 4540 RO UL,
SEMAFESERE DI RE E R L RS BUR AR
LWl ", DAO EMHEE 2 A B
HA m B AN N EE, Aas . st e,
Ti) B 7 17 256 o R e R B AL, 2 S /N
FhRRZSA AT RE A BRI AR 1) AR ST A R R,
ROSC Ji IFABP 5 DAO Ay IMILE KA e 7, 42
NI RGBT FE T REAZ 4 5 S AR IR AT SR T
IM7% IFABP 5 DAO /KRR, HEE F R A ik
TR TR O A BB A A bR B KOt — 25 R, 42
TN G E ST B PR IR AT LU sE ROSC J& 114
PR

CA &4 B - BRI RIER,
S s - FREEB0 & ROSC J5 M Zh I
1 B ARk B B IR ) B R A, S A R
PRI Ry RAE . B AN P S AR T4, A
ROSC J& Z45 B WIRERERGF 28 G AF 1) K SR i A i
FEAEH Y. AWFsEd, WHA WS CA =
Je B R IS 2 A7 A S E BN L 200 i O 1 45 i L4
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