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Protective effect of combined preconditioning with hyperbaric oxygen
and remote ischemia on brain after cardiac valve
replacement surgeries*

Liang Chen, Xiao-qin Sun, Ling Ren, Xiao-ping Gu, Xue-dong Gu, Zu-ling Zhong, Gu Gong
(Department of Anesthesiology, Chengdu Military General Hospital, Chengdu, Sichuan 610083, China)

Abstract: Objective To evaluate the impacts of hyperbaric oxygen (HBO) combined with remote ischemic
preconditioning (RIPC) on cognitive function, levels of inflammatory factors and recovery of the patients after
cardiac valve replacement surgeries. Methods Seventy-two patients undergoing cardiac valve replacement surgeries
were prospectively enrolled in the Department of Cardiovascular Surgery in Chengdu Military General Hospital from
January 2013 to December 2015, and divided into a sole HBO treatment group and a HBO+RIPC group according to
their treatment regimens (36 in each group). The cognitive function, levels of inflammatory factors and recovery of
the patients after operation were compared. Results There were no statistical differences in the perioperative clinical
characteristics or related indexes in the patients of the two groups (P > 0.05). The HBO+RIPC group had significantly
decreased cerebral injury markers of plasma S100B and NSE than the HBO group after surgery. However, there

was no significant difference in MMSE score or incidence of postoperative cognitive dysfunction between the two
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groups 2 and 7 d after surgery (P > 0.05). Plasma inflammatory marker IL-6 showed no significant change between

the two groups (P > 0.05), while TNF-a was significantly decreased in response to the additional treatment with

RIPC (P < 0.05). There was no significant difference in low cardiac output syndrome, renal dysfunction, ICU stay,

postoperative hospital stay or mechanic ventilation time between the two groups (P > 0.05). Conclusions In

comparison with the sole HBO preconditioning group, the HBO+RIPC regimen has no significant improvement on

cognitive function or recovery of the patients after cardiac valve replacement.

Keywords: cardiac valve replacement; cardiopulmonary bypass; hyperbaric oxygen; remote ischemic

preconditioning, cognitive function, inflammatory response

Wil A O JEE T A FILRR e 5 R B i ik, R SR 3R
( cardiopulmonary bypass, CPB ) "I «L» JIlE 7K % Bl g 2K
H# s, AEARJS R F A K R AR A T I8
Ml MRS RN D RERE G Rk 50% ~ 70%,
T 5 A i P e 28450 D O XU BE R s e TR 4R
(hyperbaric oxygen, HBO ) FGFEHR ML FIALFE ( remote
ischemic preconditioning, RIPC ) 1] 17550 X SR 37 ,
ReRssk xR, HAWRKOE, (25X 2 Fmisk
PSR ERIA R, HOm ORI 7 AR5
B 7E VAR AR T HBO B6 A RIPC X CPB .U IE T A 8
FEL A i AP R

1 BRERE

— R

BEHR 2013 4F 1 H -2015 4 12 H F LR 42 X 4
& B O E AN RME B B I3 2 CPB B4 T O B it
A (mitral valve replacement, MVR ) 5% = 3 ik i & 4
A (aortic valve replacement, AVR ) B IEE= 1T %
O EIR AR R 72 o1, RIS BE LR 7 25K R
i A AL AL (HBO 41 ) A e AL BRER &
VERRGMN WAL B (HBO+RIPC 41), 4% 36 fil. AR
R DAL S AR RGO, df R F AR | (A
FE5 (body mass index, BMI ). Z&.0>Z 5F M558 (left
ventricular ejection fraction, LVEF ). ARHTE I BE IR %G
Ko 5 . HEBRAEIS >75 % . LVEF<35% . 7 il ifi
PR PRGN . R EERTNSZ | AR
iE . LR RS ST . AfEHAE & CPB FRAR
th KRS A2 B . WP E RS2 TR
FENE, HALS 5 TR RIEH LSRR
RGN B2 T BTN S S N S R 2R O . AR IR IR
WFFEE T ERC e R D1 s, SR I RS 1
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1.2 HBO Fi4biZ

PIZL R E AR HTAT HBO FALBE 1 0 /d, %255 d.

1.1

MFARHBHTS d2, HESTRH LR R ZIRH T
m AT L, AR AN (YC32105/0.3 ~
201 V, MEKEEAMLER ), dEATAERRT M
SUEAE 20 min W28 THE 2 2.0 ata, M2 E TR GA
(R R 4RI B8 (] BT 40 2 7K, 30 min/ 3K, 1R /d,
LS5 d, feJa 1 IR HBO BRI 4505 24 h, BETE
CPB FATHR A E 4O MEF AR
1.3 ZFEFRMmmALE

HBO+RIPC 41K H I bRy A 23 1k i AL
By % - R BRI 3 BRI, 5 min/ R (TR
77 200 mmHg ) F¥47 5 min FHEE, I I S0 AN
WIS AR T 1 2% B 7R Bl L P00 o i T o e i
b FR T SRR S 5 AT AR AR T St 52 il
1.4 MEBERFRFZE

AT T 42 10 HL BT 48 22 ( bispectral index, BIS )
WAL ( S Vista Aspect 23 ) ) I8 BIS HLH A Iih
THIA R FRIAHE, 5 min 5% MEBEOAESES545
JRERE (RIEMEC | TNYAM . S5 A e SR i 2 5 55
VIR, ARNTA S . DRk B Ba i 2R 4 1]
Wi G, B A S () T A AR IR ), R
R, (IS IRBEM [ 4ER57E >480 s, #E57 CPB, 4EfF
WETE 1.8 ~ 221/ (min » m*), RAREMRIS G4
31 ~ 33°C)E BB 3k, 4°C K-S e s ik
U 4« 1 G s Pk RS B R s kD) i AR
Fk, FE 300 ~ 330 ml/min, JFED 4 min, O
JE#47 MVR 8 AVR, JfH% 30 min DA 10 ~ 20 ml/kg
By N A5 R A R O A5 . R P 4 5 BIS [ E
40 ~ 60, EHATE G E R, T ES K, O IEE BE,
{2 CPB, #%1 : 1 ~ 1 : 154 FHoMEATHTE,
1.5 RIFINEINEERERR TG

ST ARR 6 d ARG 7 d AT SR SRR
Z¢ ( mini-mental state examination, MMSE ) - fit; 7§ £H
BE ARSI DI BRI AR Ak . VAL I H ARG 2 n RE T
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T35, B30 3. ARIGINHIYIREREF ( postoperative
cognitive dysfunction, POCD ) W bR UE S R 2 gy a5 )
75, HHAARET I 5550 H A 52 1288 I A
2% (standard deviation, SD ), Z i E AR J5 M4 (H 5
ARG AR >1 4> SD,  BIRA I H 3
ARIGRERRT 5 A ZIAEARFA = 2 DUH HELRE
BERF AN % 42 POCD.
1.6 MiFHREIME

SMERRAIAIG 6. 12, 2 % 48 h M b0 BBk
B 2 ml MIEA EDTA HUBEE , 4°CHCE 30 min,
3 000 r/min #5015 min, K FTRMIEHA 2 -80°CIK
FaURFER . FIFRBTIE.Co ELISA I i 4 28 O
K -F S100B FIH 8 TCHE R PR BEAL B ( neuron—specific
enolase, NSE ). TNF-—a J [L-6 &,
1.7 SRFEHE

B3 HToR FH SPSS 22.0 Geib2# ik, T Bk
DISOEL = bpifE2e (xxs) 30K, BT Kagoali s
BT T 22000 5 THEROR I L 8 (%)
FOR, WA xR, P<0.05 HZEFAGIHE L.

2 #R

21 BEARBIEKRFREE

WAL RATAI M . 4ERY . LVEF., & 1%
WEPRIE . MMSE [b#2, 25 geit2#E X (P>0.05),
HAR M, Wk 1,

2.2 WAHBEEFAHIERILE

PIZ R TR FREFE], CPB B ], 3
SHKBELFA S R] O A SR Bk . O EAR T BIS Kot dE
BbE, ZR gt E X (P>0.05), W% 2,
2.3 WHBEWMZINEEMBZETFILE

HBO #1 & # R J5 % £ POCD 4 f4i], HBO+RIPC
W1, & xR, ZREgEIEEX (x'=0.727,
P =0.394), HBO 4 & AR5 2 F1 7 d Y MMSE 153
439 R (24.62+2.01) F1(27.26+1.59) 43, HBO+
RIPC #4350 (25.12+1.89) Fl (28.69 +1.26) 47,
2 xRS, ERIGIFEE S (x=1.122 fl 1.675,
P =0.569 F10.086 ), MZBHEARA, LIAKRE 6. 12,
24 Fi1 48 h AYIML7E NSE, S100B /K- Fbis, RAEE
W7y 22508, 452« OB E] ] NSE
F1S100B 7K F- b i, Z5A G 0T2E L (F=4.940
F17.038, P =0.008 F10.001); @ M £ & & NSE il
S100B b, ZRAgit2=E X (F =3.687 fil 6.377,
P =0.046 A1 0.001) ; Q7 £l £ ¥ NSE F1 S100B f 25
i, Z5 A% E X (F =4.256 fi16.325,
P =0.015 F10.002 ). "2 3 F1E 1.

2.4 WHBERERTFKELLE

P EARFTLA KA ST 6. 12, 24 F148 h By 1l
i IL-6. TNF-o /K LA, R H &0 & 3 i
Ti 250 HT, 455 . OAIR B E] &Y IL-6 A1 TNF- o
KA #, 254 geit 5 3L (F =9.163 Fil 3.508,

®1 MABRERAGERIRLEER

(n=36)

HBO 21 14/22 42.6 +10.7 48+ 6 6 (16.7) 5(139) 28.6+1.3

HBO+RIPC 4 15/21 417+115 47 +5 5(13.9) 4(11.1) 28.1+1.5

o x i 0.058 0.680 0.325 0.107 0.127 0.854

Py 0.818 0.426 0.459 0.743 0.722 0.126
*x2 WHBEBFAHIERLEE (n=36)

HBO 41 21 4 11 231.35+47.51  98.22+15.25 59.36 £ 11.31 722 473+42 252+0.35
HBO+RIPC 20 18 6 12 233.56+51.23  97.87+13.21 60.12 +9.56 77.8 456+49 259+0.54
t x°{E 0.674 1.268 0.856 1.429 0.302 0.754 0.688
PiE 0.714 0.252 0.341 0.657 0.268 0.129 0.459
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*®3 WABEAFMESMERHGEXSFRIEZKFLRE

HBO 4 10.32£2.13 33.32£5.03 2256 +4.11 17.54+2.63 1536 +3.64 16.12+3.87 120.87 + 10.56 85.65 + 11.23 76.24 + 5.67 39.51 +6.35

HBO+

RIPC 4 946 £3.05 31.42+2.76 19.27+4.65 13.21£3.98 10.23 £2.69 14.56 +4.38 101.21 +8.64 60.55+9.98 42.56 + 6.87 29.36 +5.65

(n =36, wgml, X+s)

50 1 -m-HBO 41 1807 -=-HBO 41
% 40 - —wHBO+RIPC AL § —¥-HBO+RIPC 21
3
3 = 100 -
‘\/ 30 H_
i %
~N 20 g
5 S 50
z w0
#z 10 #z
= =
O T T T T T O T T T T T
1 2 3 4 5 1 2 3 4 5

1: RAT; 2: RJF6h; 3: ARJF12h; 4: RJF24h; 5: RJ548h
E1 FWHBHOERERGEES FEHBEELER

P =0.005 F10.009 ) ; QWi 4 11L-6 K F i,
SSRGS E X (F=2473, P=0.064); M4 ¥
TNF-a KV ILES, 227 A g1t 2% 8 L (F =6.305,
P =0.001); QFLHBFH 1L-6 B fLEF L, 27T
Giiteg L (F=1.854, P=0.338 ) ; MiZHHEH TNF-«
AL L, ZRA SIS E X (F=5041,

®4 FHBERRENERERFREKFELE

P=0.035), W3 4 fiE 2,

25 MABERFREFRILE

PILLRF M OHELE AR L B IhEEA 4 | ICU BiffA] |
ARG AR B IR] S VP SR R L, 2 xR, 2%
SEGE X (P >0.05), B ELEJGF A
KIET. WLFR S,

(n=36, x+s)

HBO 40 22.63+3.31 71.66+7.68 113.39+9.21 138.34+12.10 62.55+4.32 0.11+0.09 0.78+0.13 0.84+0.24 1.09+0.14 0.50 =0.09

HBO+
RIPC 41 19.82 +2.88 70.49 +6.51 109.04 +9.37 113.65+10.40 40.75+4.26 0.13+0.09 0.56+0.08 0.71+0.10 0.81+0.11 0.41 +0.08
200 - -m-HBO 4 L5 5 -=-HBO 4
—~ =
E 150 4 —¥-HBO+RIPC 4 & —*HBO+RIPC 41
m ~—
&, = 1.04
- B
ﬁ- %
5 100 -
% 7
A E 0.5 4
= 307 =
= g
0 T T T T T 0.0 = T T T T

1 2 3 4 5

1 2 3 4 5

1: Afi; 22 AJF6h; 3. RJF 12h; 4: AKJF24h; 5. RJF48h
B2 WHBERERFTLERILE
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(n=36)

4151 MRLHELEAAE 1] EIReAS B ICUME / (h, x=s) ARFEBE/ (d, x£s) BPRSRFRTE/ (h, x+5)
HBO 2] 2 3 622 + 5.1 9.6+3.9 156+3.6
HBO+RIPC 41 0 1 582 + 5.6 94+35 13.1£43

i x i 2,057 1059 1230 0.650 1.303

P 0.151 0.303 0.125 0.220 0.089

3 itig oY LT AL PR T S AR T A T B

AR A T A MO ISR,
RGBT, AR5 {11 POCD 9 A A MU A1
FAT o ORI E AR IE 20% 1 58 AR
VAR R it 5 2k B RE T FEARSF M 2 4077, JTFAs 473
B IREA N IRAEN LA RN, o E R 1Y
FREFNENE BT . CPB i R O JIE T A I f A AR
{1 BRI, CPB s [R]BRX 2% Fh I A5 450 7 B ™
CPB 1 A KR L W5 A B S R vl o | e i
DAL /INVEREZE, DiITDIRE, 51 2B IhRE s .
TR 5t 2 B ZE AR AR ML, S B0 e L P78 T 45
U5, FIREHEMAET BRI AE M PESR . [F, #
FEURLIA AT REICR LN S P RIS, IR ARG e 4547
SN2 N TR Y97 1 35 B N 5 e LB AR A S DN L s
SR TS A AR TG B . ARBESEARTT TR ET HBO
Je HBO+RIPC XL JFE A 5 5 48 A6 35 A i 22 D i
BOPRAP 1 T L S BB 22 5

o T AR YT R AR I TR PRI TR A 100% 48 UM
(IR =E 1R % N1 =R = QN 1= S B ) 11 = W
B, B A DX 2 A A0 ST RE L (R SO B
A7 AR B ik 1R Bl B G T T vk, AT L
A R A A RE OGS, DR K, RN
JE, EATLABRZGAT PUR EATHOE RGE, AR T Bk
SR IR AR ArHLRETE Sh RS T T Aok — il
PRBIFSEIESE , o e A Pt 1 ] e I e 2 el AR sl ok 5% i
# i AR (coronary artery bypass grafting, CABG ) A J&
Ifi 75 1 S100B, NSE LRSS F 1Y ZKF- 0
RO 7 A DR R o SRWLAE ™ A T 5 R B R i
HBO T T/ JHE 0 5 R i B8 E A B B 1
ORI AE T S sesi =], K ARy T
i R I A5 DR B A 2 B R 1) 1A LA SR ds s
Hyae K w5 AR D RE RS " (R B A
HBO Tk BEHE 0T o il P 374 AT BIR ELI S8R AN
AR

RIPC Xt #8217 1O £ 47V TG A o R T oAt

RIPC J5 LTG0 BARAERTE, Shilm R 4t 7T
b, HA NIRRT E. i, AR
TR HBO BX A RIPC J2& 45 A Bip [ b 11— 25 o 56
I 4 R fR R R PR B . AR SR A SR R
HBO+RIPC 41 [ HBO 4 1fiL i NSE F1 S100B 7K-F-FEAK,
ARG 2. 7 d 8 MMSE $£43 J2 POCD # % 1k % 3F:
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HUDETZ 45 " (Wil 58 & 3L 5 AR A FRALAH L, RIPC 1]
PRI B E O AR J5 B TR r Ak . A
RIPC T 42h ¥4 Al $53 493 AH 5 53-F NSE 1 S100B 34 7E
ARIGREEINEA T, SR E AR, n6e
SRR I 06 B R 2 AL 2 5 i 2 2 A
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£ % X #k:

[1] INDJA B, SECO M, SEAMARK R, et al. Neurocognitive and
psychiatric issues post cardiac surgery[J]. Heart Lung Circ, 2017,

- 62 -



52909 Whee, 55 T 4aUBe A U R I L P90 O o8 CoJIEAR i I A IS

S1443-9506(17): 30030-30036.

[2] MEYBOHM P, BEIN B, BROSTEANU O, et al. A Multicenter trial
of remote ischemic preconditioning for heart surgery[J]. N Engl J
Med, 2015, 373(15): 1397-1407.

[3] ALLEN M W, GOLEMBE E, GORENSTEIN S, et al. Protective
effects of hyperbaric oxygen therapy (HBO2) in cardiac care-A
proposal to conduct a study into the effects of hyperbaric pre-
conditioning in elective coronary artery bypass graft surgery
(CABG)[J]. Undersea Hyperb Med, 2015, 42(2): 107-114.

(4] 237 , DRI, 55 . 3 IR U I SRS IAE AT TR B
ARJFRIIARRERY N [T]. BRpbBEAA%ik , 2011, 40(5): 551-
554.

[5] Z#¥y . HA e AT B T CABG F AR A Lo P4 1
WF5E [D]. P42 : 5042 R, 2009: 30-32.

[6] B, BRZEW], WO, & . R HGE R A A H AT O

JUESRE NS B A A SR BRI NIIRE | LB T B M JE R /K-

IR [J]. I BE25 I, 2016, 13(8): 29-32.

FIGUEROA X A, WRIGHT J K. Hyperbaric oxygen: B-level

evidence in mild traumatic brain injury clinical trials[J]. Neurology,

2016, 87(13): 1400-1406.

[8] LIY, DONG H, CHEN M, et al. Preconditioning with repeated

hyperbaric oxygen induces myocardial and cerebral protection

[7

—

in patients undergoing coronary artery bypass graft surgery: a
prospective, randomized, controlled clinical trial[J]. J Cardiothorac
Vasc Anesth, 2011, 25(6): 908-916.

[91 Z&ML, AR , wmale , 45 . o PR FOUEE PO 0o JUE R 40 A I £ A

BRI 0], AR ERSMEER 24K | 2015, 2015(2): 90-93.

[10] KRAITSY K, UECAL M, GROSSAUER 8§, et al. Repetitive long-
term hyperbaric oxygen treatment (HBOT) administered after
experimental traumatic brain injury in rats induces significant
remyelination and a recovery of sensorimotor function[J]. PLoS
One, 2014, 9(5): DOI: 10.1371/journal.pone.0097750.

[11] SUN L, XIE K, ZHANG C, et al. Hyperbaric oxygen

© 63

[12]

[13]

[14]

[15]

[16]

[17]

[18

—

preconditioning attenuates postoperative cognitive impairment in
aged rats[J]. Neuroreport, 2014, 25(9): 718-724.

WEIXLER V, ZIRNGAST B, YATES A, et al. HBO Therapy
in patients with neurological deficits after cardiac surgeries[J].
Thorac Cardiovasc Surg, 2016, 64(98): 619-624.

HAJI MOHD YASIN N A, HERBISON P, SAXENA P, et al. The
role of remote ischemic preconditioning in organ protection after
cardiac surgery: a meta-analysis[J]. J Surg Res, 2014, 186(1):
207-216.

THIELMANN M, KOTTENBERG E, KLEINBONGARD P, et
al. Cardioprotective and prognostic effects of remote ischaemic
preconditioning in patients undergoing coronary artery bypass
surgery: a single-centre randomised, double-blind, controlled
trial[J]. Lancet, 2013, 382(9892): 597-604.

HUDETZ J A, PATTERSON K M, IQBAL Z, et al. Remote
ischemic preconditioning prevents deterioration of short-term
postoperative cognitive function after cardiac surgery using
cardiopulmonary bypass: results of a pilot investigation[J]. J
Cardiothorac Vasc Anesth, 2015, 29(2): 382-388.

HONG D M, LEE E H, KIM H J, et al. Does remote ischaemic
preconditioning with postconditioning improve clinical outcomes
of patients undergoing cardiac surgery? remote ischaemic
preconditioning with postconditioning outcome trial[J]. Eur Heart
J,2014, 35(3): 176-183.

HAUSENLOY D J, CANDILIO L, EVANS R, et al. Remote
ischemic preconditioning and outcomes of cardiac surgery[J]. N
Engl J Med, 2015, 373(15): 1408-1417.

PRASAD A, GOSSL M, HOYT J, et al. Remote ischemic
preconditioning immediately before percutaneous coronary
intervention does not impact myocardial necrosis, inflammatory
response, and circulating endothelial progenitor cell counts:
a single center randomized sham controlled trial[J]. Catheter
Cardiovasc Interv, 2013, 81(6): 930-936.

(R k)



