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According to previous animal and human studies, optimization of cerebral
oxygen delivery and energy use may be a promising treatment for post-cardiac arrest
syndrome. The candidate physiologic parameters used to achieve this goal include
mean arterial pressure (MAP), partial pressure of oxygen/ carbon dioxide, hemoglobin
level, and blood glucose (BG) level. We examined these candidate physiologic
parameters through three different approaches.

First, in the systematic review and meta-analysis, we searched PubMed and
Embase from the inception through October 2013. We defined hyperoxia as a PaO»
higher than 300 mm Hg. In the literature search, 14 studies were identified from 2,982
references. Meta-analysis indicated that hyperoxia appeared to be correlated with
increased in-hospital mortality (OR, 1.40; 95% CI, 1.02-1.93; 2, 69.27%; 8 studies)
but not worsened neurological outcome (OR, 1.62; 95% CI, 0.87-3.02; 2, 55.61%; 2
studies).

Second, we performed the retrospective cohort study at National Taiwan
University Hospital (NTUH). We screened patients who suffered IHCA at NTUH
between 2006 and 2014. We included patients who met the following criteria: (1) age
18 years or older, (2) documented absence of pulse with performance of chest
compression for at least 2 min, (3) no documentation of a do-not-resuscitate order,

Vi
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and (4) achievement of sustained return of spontaneous circulation (ROSC) (i.e.,

ROSC > 20 min without resumption of chest compression). The primary outcome was

favourable neurological outcome at hospital discharge. Multivariable logistic

regression analyses were sued to examine the associations between independent

variables and outcomes. We used generalized additive models (GAMs) to identify the

optimal ranges for the five main physiologic parameters.

The results were as follows: (1) MAP above 85 mm Hg was found to correlate

with a favorable neurological outcome (odds ratio [OR] 4.12, 95% confidence interval

[CI] 1.47-14.39). For patients without arterial hypertension, the optimal MAP was

between 85 and 115 mm Hg (OR 8.80, 95% CI 3.13-28.55); for patients with arterial

hypertension, the threshold MAP for achieving a favorable neurological outcome was

above 88 mmHg (OR 4.04, 95% CI 1.41-13.03. (2) PaO- between 70 and 240 mmHg

(OR 1.96, 95% CI 1.08-3.64) and PaCO- levels (OR 0.98, 95% CI 0.95-0.99) were

positively and inversely associated with favorable neurological outcome, respectively.

(3) The product of hemoglobin x peripheral hemoglobin oxygen saturation (SpO>)

was correlated with a favorable neurological outcome (odds ratio 1.003, 95%

confidence interval 1.002-1.004). According to recommended SpO- by resuscitation

guidelines [94% to 98%], we calculated the corresponding range of minimum

required hemoglobin concentration to be 8.6 to 9.0 g/dL for a favorable neurological

vii
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outcome. (4) For diabetic patients, a mean BG level between 183 and 307 mg/dL was

significantly associated with favourable neurological outcome (OR 2.71, 95% CI

1.18-6.20); a mean BG level between 147 and 317 mg/dL was significantly associated

with survival to hospital discharge (OR: 2.38, 95% CI: 1.26-4.53). For non-diabetic

patients, a mean BG level between 143 and 268 mg/dL was significantly associated

with survival to hospital discharge (OR 2.93, 95% CI 1.62-5.40).

Finally, we used Wistar rats to establish the animal model of asphyxia-induced

cardiac arrest. We used norepinephrine to manipulate MAP and observe the influence

of OxyFlo-measured brain flow on clinical outcomes. The result showed that in the

control group, the cerebral blood flow peaked at 10-15 mins following ROSC and

then decreased to nadir at 20-30 mins following ROSC. In the experimental groups,

when MAP was increased by norepinephrine infusion, the cerebral blood flow also

increased accordingly, suggesting the dysfunction of cerebral auto-regulation

mechanism. Clinically, the neurological outcomes in the experimental group receiving

norepinephrine infusion for 4 hours tended to be better than the control group.

Key words: Cardiac arrest, Post-cardiac arrest syndrome, Blood pressure, Partial

pressure of arterial oxygen, Partial pressure of arterial carbon dioxide, Hemoglobin,

Blood glucose
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2007; Shih et al. 2007) © & 7 SR T4 4 & 1 ke T 4§
AR e o 2 F AN E AR L R R
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TS AR R e A IR TR AP 40 3 4P B2 B er(Aufderheide et al.
2010) = Bofeind &2 48 e k- F RS WA CFEFRE
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etal. 2010) « i > A E H AL I > BB B A BIAR P L TR
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AR BRI L2 5 4R I8 g 133 (Post-cardiac arrest syndrome )
(Nolan et al. 2008) * ** 2010 & » % F. %45 § o ¥ 4 Thjichy 5|
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Resuscitation and Emergency Cardiovascular Care ) 7 & # B - 2 A7
F W HmAR IS RAE 0 A T ¥R RS g 1% ¥ ehE AR (Peberdy et al.
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PR $REIEDEEF B R B FE > a4l 5 &
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Hifumi % 4 (Hifumi et al. 2017) 4% [ #F oo B i SR e
PRAR A L PaTR s A o PPN E » Tet i 47 (Cerebral
microdialysis) e o HHEF R AEERAE P L FHRY DRk
PEAY 5 a0 PRAR A Legm Ao AR LR TR L s 4
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PR @mF AP o A ARG RAET e L o B
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2 2} (Schanne et al. 1979; Nishijima et al. 1989) o F]* *a3% % %

dl

FPFAR 0 FRE F AR IR EAORE T E R
YR G FEen7 L fR(Sterz et al. 1992) o & e Roehle SRR LR
FEE > LRI B MWL R NPA S > HR RS
T FOR A A G F AR e A3 Hereho

F F AP 3F X an2 58407 (Vallet, Robin, and Lebuffe 2010) :

DO, =CO x Ca0; CaO>= (Hb x Sa02 xK;) + (PaO;x
K>)

DO; # % Delivery of oxygen ; CO # % Cardiac output ; CaO2
& % Arterial oxygen content ; Hb ¥ % Hemoglobin ; SaO; it %
Arterial hemoglobin oxygen saturation ; PaO> ¥ % Arterial oxygen
partial pressure © ¥ K111 2 Ko A Wit 45 5 20 ¢ 2 il
SRR F - A FReRET o fa RO RER o - AN
T o KoerdicEdp g o 0 ¥ 5 0.0031 0 @ Ky B 5 1.39 0 Fpt o
XML g ¥ g F i ﬂ"%‘j‘”‘{aﬁ"}’ﬂ.ﬂ?%mAb PR F o
mEEI R EF AT

’4\;"711”;5&,»”:;_}_-,!?/‘]“ Eff FEF D B

&
=
.
(3
3

Foodig (CO) &4k R § 72 (Caly) ¥4 o drkin
Bt 2RIy FAEE O AR P R R ey I E
o T OE L TR S PR R (Cerebral perfusion
pressure) it {7 Eif 1t o @ P EIGIVEMBRSATFH G F 0 2P
Bk B e 5T AR > §0F AR ILE 0% - § (AR
(Willieetal. 2014) ¥ - * & > FARap? 12V 5 5§ h L 5
iR REH PR SR AT G BERFL .

e 14 ’;g’”zi_égi)?gfl&;;—g‘?lj?r ,Kﬁ;’] ;’zjg,iéi #iFEN > g ¢ gj“gnlp
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RR B ML AT

R X L EE R

%)

FieEAa o

12

p 1980 & &k

B KA s T E 4 B iR d TRk

o ddnd

AR d ZERIUE L

TR B T e T A

B* P REETRENADBEREE

F'l_ I,(:L}:—jfﬁ}‘(i@ sfﬁ’?'{{
7B BERS

ER e LRt e i % SRl

G REPE T RER L O RIRELD R

A

Fp s e

AT

PAES 2 readf 2 A K p IR B b &

“HFm A TR # 5% (Shoemaker et al. 1988) ;5 fe B 4F R e

* Bt

7 (Rivers et al. 2001) o« # 4 LER4R p A

L—w Iﬁi l';F

m[ﬁ*

i R AR P B B R R e ROk R A 4 £

f/ﬁ'fﬁw ’ Iﬁi LA ]

79k Ay 2 B & P g 4P 12 (Adrie et al. 2002;

Adrie et al. 2004; Laurent et al. 2002; Vasquez et al. 2004) o ]}t »

B R ESER R

—F—;«

# s ¢

Rt

FUEEZNPREeRE - £

ST o T f 2005 & B A 0 o 4R TEIEE 5 T D R 5

EI Rtk & RESE R AT

Postresuscitation Support') i

Ry

H A T

;}Hﬁ_ua

AT P RGET S BT

('Part 7.5: Postresuscitation Support') e & 1 B @ & 1k > ¥ 3

ik 2% E 78 2. — (‘Part 7.5

Bl A B HUR A 0 TS TR TR

PIRET X 3 R
FFFENEE 5 EE

v

B oy A7

% (Gaieski et al. 2009; Sunde et al. 2007):i& {7 B >+ P -3 v K iz &

B 3 4) TETS O b

Sunde ¥ * (Sunde et al. 2007) 5 £ 4F 2

llf

;I;a»k )

e

7L o

2 ’]ﬂ%’rﬁ’@‘/f}%% T_“L
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LHSE G Fop A endgd o B P R friz chd Bigih A g @
3T EH R A L3 65-70 mmHg 0 ¢ o FR R i A 8-12
mmHg » & & @4 &5 A 60-100 T » 5 4% B3 & 90-144 me/d] o
HE2X T o AR L 74 2 (Historical control group ) @ %
PHEE e anp A o B E MRl § e G F gt b
byt = (26%HH T 56% ) & £ %] % Sunde ¥ £ (Sunde et al.
200)s 8 g P 0 HRERED RRL P RESRZ > 4R
P E R Fle v R R R L s 4 0 R R IR
Rt AR LRI B 3 PATRIS LA G em A o Tt o gt 1 i
Hhhgk o FFEEI PRI R AR AL FHE D
FrAv B eni % o H {8 > Gaieski & A (Gaieski et al. 2009) %22 /5 % B
LR o f DR FlRN S HR L R FEFEOS DD R
Foik 0 £ 35T EE R A 80-100 mmHg ; 4o % T Es R A7
i# 100 mmHg, % Jg i * nitroglycerin "% /& » 4o % T 358 7% R | 3
80 mmHg > “-‘j/ﬁ%iﬁ%lu’?z P S R K 3 8 mmHg 4o %
PR RAZHE 8 mmHg 0 v E 2 BIF oy T HERRR O R R
ARAR Y o AL S Rk s PR LT R AR
SREEAD PR > EY FRF F AR AZE 65%

PE oy FEEMEF R R EF ABnA L o B
rdlletprt > 3 8P ﬁ‘-%’@@‘/f‘pmfﬁ AR R B R ELF
ﬁe?l'}i PR AP AR i B TR X {8 i s Al el A
SR, Bk s R EESRFER T Fd 78% T % T 50%
e g FlEd B A By A R Flpt st | P A £ B (Gaieski et al.
2009) o gt = FentE T G H TR Eec L 2 LMy § Ry

FF R AET o T LR o RS e = e
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P}

REERL B RN o R pE gL kAU > 3 N E R

K 3

%
R R R R LR T
FlEtom A PRAR 2hF A 5B g vt bls P 2 (Rivers et al. 1992) -

e §_» Sunde ¥ * (Sunde et al. 2007)4= Gaieski % * (Gaieski et al.
20097 3 ¢ T Ren2 AR A R E 0 £p 2 LM §F BB
BV LA RIRenE F R 3 H b g AR &g o T
e PR A MGINAR DR e L A S B g e o TR g end T2
St 2 2 p R > Bi%c Sunde % 4 fr Gaieski & L FZ§ #& * en

PR o @ oipsd LAY R BRIt A o T s T 30d ik

—=\

LR TERY X5 LERR VY RFSE P Y NN ]

WEER BT AL S R DR A A (S T N
o FEEHALE T R RN 2 g kil £ -

—wflewéﬁ

ST T2 Y e

ik HibaFaop A & 4] (Cerebral autoregulation ) » &
FrgIR At Tt PERBRPEE > TR LIt LR o Y
BT 0 "o g AT 3ed e B L 60-150 mmHg FF > i p A
WA B AT R R & 60 mmHg 12T & 150
mmHg 74 b P > feEt ¢ F B A SRR a0 p AR E

F14 22 il & = > d T390 a B A (Willie et al.

Jml-
?"‘:
w

2014) o ¢t — A &4 p 1959 # » Lassen % 4 3 4175 » -

% 4 & (Lassen 1959) o B2 #X {5 &k i & ﬂx?ﬁ 17 B IR
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FoooF RS R R E R B s i R e T
}I?% v B R RS A A AT 398 % & R 60-150 mmHg B
(Willie et al. 2014) » e #g#8n i & & T 3596 FR R cnBf 05~ R P AL
F e

Lassen % A F2 7 e & F 4 ehd TR AL o (2 fs W 4R TH1S D
i d o TRt A EAT XL Bt 4 o Nishizawa ¥
A BBEERFRFREAGERT F 7 E AR B ARG
e A Horg3vp A3 & 4]+ i % 48 (Nishizawa and Kudoh
1996) - Sundgreen % * 1 * ;}iﬁ‘ﬁfi CEAAT R R BRI P R R A

F e T MR G i R B IR RS ap 4 > H g

11\1,

g AAEEHIT L > S ELH T A R

+¢

P R
BT OB R R A R 2R 2 PR OE TR A AT
— A R R ORE T I0R R A G et RS

(Sundgreen et al. 2001) o & F 7 > & > T & ko F - Feedw?

o+

1T oh K £ & (Near-Infrared Spectroscopy ) # £ G4F 45 *

BAZF Ok o dp e E R iRk g e 0R] P IR A E

o

F17 i 3 X B B(Lee etal. 2012) » & F3% 5 = # (Lee et al. 2011) o
FIpt o B o A B R E B g HER] R AT o o IR L
TR A R PRk 0T LR F e s B R
FokEa b AhE AR s gkl Hx Rl 1
Lt e BT I GREER S BT AR e R Ok A
et R o R AR B A A T R R R S e
FEHEE AR R ER D o BEF JEp R E S
RS NI Por R SR I AR L B R

FlEReniTh T E o bldot® - F LA REE S FEPN B 5%

10
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8 G Af

R e @ AL i B B3R (Willie et al. 2012) © F]gt

B R B LIRS 0 G A S Al e 6 e -

53%

P
B TR LR 5 BRI A S AR T B g
258 B4e® o B (Strandgaard 1976b) o Strandgaard % A L & ¥ o
GE B R A 0 G AP E SR A
s D # R % (Strandgaard 1976b) © F i s 4 h T ok R
TEREF AR A adFE D gt k£ (Strandgaard
1976b) o & ¥ At & K frfh L8 gk i F R v B Roat o £ P
g Asfar & A (Asfaretal. 2014) A >k i 4 » 3252 4
PR ROFE Rl e A 0 B TR R T IOE R > 2T
&k ie f 4p 51 (Dellinger et al. 2013)2 3¢9 65 mmHg & % ] >
Asfar 3 A BB E Pk fEop 4 A R A 0 - P R IOERR L
65-70 mmHg > ¥ “t - ¥ % 80-85 mmHg(Asfar et al. 2014) - % % %
oo R Bie- UEFEY o PRI RRKRE Sen > B
MR R B R R TORCE SRR v B3RP R 50de 0 R 1S
e R LK s BEARE K S - KL P AR A % (Asfar et al.
2014) » @ Bfp LS R GHEHEFEY 0 2§ FE40% v Lk
3 M % & B (Nielsen et al. 2013) - ﬂ*“i;%l}?a S e i S
£ E B RS § o AR Ty 5142 3% 0 65 mmHg(Callaway et al.
2015) 5 & TR A Gt ¥ g ite i B Q2 BB g R
AF VT E 2 Ay ¢ AT ELR TR E 2-12 /) PE L endR TS R
#R ;% ;n 2 & (Lind, Snyder, and Safar 1975; Cohan et al. 1989; Wolfson
et al. 1992; Crumrine and LaManna 1991) » i& @ #c % 4f LH(8 g i ¥

W7 LAY L BRI - o

11
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PR BRI FOORARAGIREGH

d § #F 38 92 ;8 ¥ 4r(Vallet, Robin, and Lebuffe 2010) » # 7%

FARE R AT § P RER S 7B PR AR

ZF R AREE D F - F AR (Hypercapnia) € 3 4cm i
= § tp A~ B (Hypocapnia) B € 33 "6ffn ¢ {3045 § ok i
(Mardimae et al. 2012) « i & F] 5 4§ P> 4§ 32 5 € W 4ed R
Mo g AR A M F s RR g ER I BT

(Mardimae et al. 2012) o F]p* > &R M it > 5 > - 3 i

Bk F RRT R o BEFIR > B%L § & fcR (Sa0y) F T

=
A

BAZ- 0 Paite i ® € H 4 0.5 2 2.5% (Cohen et al. 1967;
Shapiro et al. 1970; Jensen et al. 1996; Querido et al. 2013; Querido,
Godwin, and Sheel 2008; Reichmuth et al. 2009; Willie et al. 2012) o
TR Hdgd o BRI RE DTG TR LS F
ARAE S A kY § 7 £ (Gottesman et al. 2012) » F] 5 &
AR pa & R R ORI T 0 Rt R Y RRELE
3 3 4v e/ (Gottesman et al. 2012) ©

GALF B THENE R R G P BR G o TR 35 F AR
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(Hyperoxia) P » #§30ai ji B % Mdofr 10 2 340 > § §
F AR g H R0 % (Whalen etal. 1965)12 2 & 4 fc(Reinhart
etal. 1991)iedm jf > N E - R PF o FFFAREF 2P ET

B g

' 1% jew F 87 £ (Orbegozo Cortes et al. 2015) » & @ i@
(ERETURANS & RIS I - AR gl I S e SR ST Y2 g
ﬁﬁ_féj}%& ML o BEFAREF VLA EEMITER > B
4o 4r B E 1 F 4 3 (Reactive oxygen species ) & 4 o #47
FHRe EFR > BRI LT ER TR RALE S P
WwE L F b ABA R R A G ere iR B 4 (Zwemer,
Whitesall, and D'Alecy 1994; Liu et al. 1998; Richards et al. 2006;
Vereczki et al. 2006; Richards et al. 2007)

Kuisma % 4 (Kuisma et al. 2006):& {7 7 P #ovie— B3 % 5 § A
B * VRIS o A TR AR A R B o B P HRREFE S Bt
ezt P o R @Fm;ﬁ/\ o Ak p A Vifi‘mﬂﬁ4\4/w\ﬁP\ )
o A SRR 30% 100%3 ~ §OF kR ISR o BB AT DR
REEL 284 0 2 R ERieS Bp A LI NL N o e AIf
TinF 45 o B~ F 5 kR G 100% <5 4 > Hi o
NSE (neuron specific enolase » — f#4¢ 548 if e '}%%%év‘:) L 35
R B FE BRI FIRR G 30%F5 4 MECE
FOABHRHY FRPR TS T LD TR L o AT
FEZMFET > w o Kilgannon ¥ 4 (Kilgannon et al. 2010)4] * 2
F50 ol s TR ko gt Rl R A JETRISE N A

S e g A R e e 4T o i BAT Y ¢ Kilgannon # 4

B FARTA G 6% § A RALE 300 mmHg 4 F &G
Bor% § A R) T 60mmHg ;& ¥ F A B A B % § AR A
13
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60 f= 300 mmHg B « $]* % f#ciw fF~ 47 TR T 08 Kk B0
BEAARER A A AP TS FRE BRI AT AR
AR F % 1 80%(Kilgannon et al. 2010) - 2 £ B3t % § 5 » B
RIS AH SEI SR RAIRAT T 2 Pdo o

Flet o Al i MAR G > L FF UAERE - F R

3«\
\-u

ARI A GIRL B LA SEIR O HNE AR
ARG Teh REFFFARNT IS B doz W - LG D
Ed Tl FRE o §ARBRBET G R LREAR

ThfS g G H g 4 B o

FZE ¢ FRRBEAURBER¥E

(Viscosity ) > i&m B8 i ® o Flin § I HP AL F F
Il T ARE R ¢ F e R - & M E(Du Pont-
Thibodeau, Harrington, and Lacroix 2014) - * [§ & %] £ 8k /2 m
BohaRiAFRETaiERESEL > TR T UNE LML 5g/dL g

% k& (Weiskopfet al. 1998) ; fe H_$3+ 5 < ¢ A [ﬁam%—%" ,

B T oA e #ﬁﬁiﬂ Mg FPHEEREET AR A
% % (Du Pont-Thibodeau, Harrington, and Lacroix 2014) - X & §&/k
BREEFY s frdg I &k 7 b (Kellert et al. 2011)

& 1% g (Lee et al. 2004a)fr = % :A(Anand et al. 2004) R I
wd RERGMN R G A AREE o AR L RERRILS

D oy ﬁ),’ ART o B AEEs e Y b (Tanne et al. 2010;
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Diamond, Gale, and Evans 2003) » & 4+ %< jJz (Sabatine et al. 2005)
frs % :B(Go etal. 2006) s 4 » 3 R & FkAR g0 AR

b

T -

kn

<k

BELAFE S 5 d FRRAR L7 - 54 64
U F 254 # (Tanne et al. 2010) - ¥4 U F 54 # (B3 cnd % - &
M3k f4+ ¢ b (Tanne et al. 2010; Diamond, Gale, and Evans 2003) -
& 147 g (Sabatine et al. 2005) 2 2w % #(Go et al. 2006) 37
Ao i d FRAR L NE A 13-15gdL F R B o B4R
PO AE A o v BAFDRF G - LA B e Bk
S AR S S RIS p A P 0 Y R R ik 7% d
1S %R 2 —*Ff X 16 28% 3 Bt BER Sings 4 K 6%(Nielsen et al.
2013) o e g > RARLHS R FEEGET T P o ¥ ¢ R AT
o RME S o BT P NG - B AP Ay HF £ L SOS-
KANTO study group & 3|Fes < gt is b g5 A T 3 I & § &
ERA® R A ES A EA KR § 4 ¢ 4 F (Relationship
between the hemoglobin level at hospital arrival and post-cardiac arrest

neurologic outcome' 2012a) °

¥R R FEARAENIL D

’ﬂhjé

ERNE D A 8

e

Reh ZARAABAF - FLFPIHFF LI FRAHTPER
¥ (Kellert et al. 2011; Lee et al. 2004a; Anand et al. 2004) > X &&= 7
P &1 # 5 7 Fl(Tanne et al. 2010; Diamond, Gale, and Evans 2003;
Go et al. 2006; Sabatine et al. 2005) - = ¢ “,‘T? THEFF FERD
B RE ehwt g o P R endbiF s 3 4P M (Stone, Thompson, and
Schmidt-Nielsen 1968) = &84 F % » 7 § # L & TG < ¥4

9;__4#1‘:17’3‘1747» ’#Eﬁi ;:uﬁ_— ] rﬁ%ﬁ@’ﬁﬁ_bL?‘

(Hematocrit) #* € 3 +4r 21% =+ » & 24 & R k4 %5k % (Jehle

15
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ctal. 1994) = 7 &-$H4 Lhf3 o 5 3 4 TRk BB BT L 4000
Kfﬂﬁ fiﬁlbmﬁk%”%'@‘J%’B’-“"{?‘fr.\l—ui’ %fi?iﬁ
Seo P SRERIAR BT E R 2 0 BLBITI G 4 R A R

PIEARAR B A PaTR S 08 K > SEPF T @ 2 (Bisschops etal.

2014)° é’— %/%&B‘t’ R O «é-%]“}igﬁuiﬂ_, :‘E'_—f %, iF
EIABESOE FTAF AR o Tt ok ﬁ%ﬁ¥ﬁ%l*%$
ig%,%}ill'é:t%—?g%; ’ ?Hbﬁfa K ‘?%] j:%%fm_m LL?&’

—

g HGINE F B2

-

~
"
£
.
I
q
B
¥
XY
o
*
IS
,41:1
!
)
3

AN S SR R S - BE A VIR | B 7 o g
AR A F IR ARt g o B A o AR D R
o] 30%PE 0 EiEF F F a0 Vo € B 4sT " (Vorstrup et al. 1989;
Hartmann, Tsuda, and Lagreze 1987; Hartmann, Dettmers, and
Beyenburg 1989; Wood, Polyzoidis, et al. 1984; Wood et al. 1983;
Wood, Simeone, et al. 1984) ; & A w b % ] 3% 30%2 % > w & ﬁ&ﬁ
%k Bk VO Ao R 28-30%c3k ¥ Ac 4 o Tt 0 H ¥ ¢ Rk
B Fland 2833 §EaFEdd 2 408F7 uygsd-

FREE- T i

~

Bl E 0 aBr%w §F 3R ok vk

. *q
o PE 2R

ww

:F’ ﬁﬂﬁiﬁﬂﬁ;ij}jé‘gmggﬁ%;ﬁ ‘?E{ﬁﬁﬁ;ﬁi%}

itk 2 - o

AR IEGS e ER P B W ¥ A a3k ;R (Nolan et al. 2008) -

PR b BB L R L TR 0 L R

16
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e b A e 8 BO¥ Ap B (Mullner et al. 1997; Nurmi et al.
2012; Daviaud et al. 2014; Kim et al. 2014) o ¥ e o gz ok }];3
4 > Beiser ¥ 4 &%= 3 (Beiser et al. 2009) 8 7 $£>2 02§ M SR
Ao Mk R S AEFRE R = FARE C HT G BRSO
Ao BEEfe S FIRF P M P AR R & BE o
FAPREL A b LEEfrRp w PR R AN EFL D
BB P AARIR T8 o
£ B B § e w4 LR 51 (Callaway et al. 2015)$25 4
RS b BT AR EER S A B4R 49 € (Nolan
etal. 2015) ) 2& 3k 4 LEFS e @ 3% 4 3F & 180 mg/dL
(10 mmol/L) ™™ » o PFgFd M 4 o M $E¥Y 5 75 F (Finfer
etal. 2012) 12 2 # 5 5 5 ¢ (4R (Duning et al. 2010) ¢ F & 2 {1
P BERE AR LE D B BELT S B AT R RS
MEELAEEH DR s Py AL R o AedleE-
KR ALY FAE o TR BT A € P Hedn
EEFAIE o & A B Rt F 24 5§ T o Oksanen #
A (Oksanen et al. 2007):& {7 7 v& — A8 & IR TRk 325 0 4 x
o ik P e MR i A A v OB R AT M (AR E D
& 0 72-108 mg/dL [4-6 mmol/L]) ™ % TR HIL 48 (L ABEP
1 108-144 mg/dL [6-8 mmol/L]) & f& K s #{ > 3p {8 enP 50 -
RHERBRIIRRGIeHDA Rl Bd 3 F g PR
2 ; i §_> Oksanen % * (Oksanen et al. 2007);L & 3| » £ X Bt n
Wizdlayp 4 0 Bh Y NSEckREFRE - 218 /K4 %
FRI G AR R PR X WAL I e 4
ERp AL RLBORIUPE P RPN REORS SR

17

doi:10.6342/NTU201800919



z?'}

X!

('stress response ) 1 % % Ao~ }? W R (EF ot RN S i -
BE Rk o 4T adRf A A RS 0 4 - BR212 B
FR THS PSR T 3 B_enfEiR T (Lind, Snyder, and Safar 1975;

Cohan et al. 1989; Wolfson et al. 1992; Crumrine and LaManna

1991) » BB e BER R GINE T F A G RE
IF’*F‘Z”?% :}Fli’ » aﬁﬁ'fﬁ'ﬁ R gk g (80 1833

FIPGIReng F BT av 3 R I rRGIt ek #H4r Z (Abi-Saab et al.
2002) o ¥ FEE A P BF P BT AT S B RE
FHEBE R B §EEE DM LR him e 1 e H e
F1* (Losser, Damoisel, and Payen 2010) o 7= 5 #~ 3 & 71 > #-€ g %%
n’ﬁ;:f,ia A BEEE R Y T o F RS bk e ERGEINE ‘%«I‘rﬂ‘ﬁr
¥ KRR E s @ EFEF N FE 4 (Oddo et al. 2008;
Vespa et al. 2012) o F]pt > 4R L 5 DI enF S BB > 7 A AL
4 B R4 4B b (stress hyperglycemia) > @ ZLpHIL I o

BAEARARAFEEBAREESOE B Favalpdraite

Rt

# @ 243 (Marik and Bellomo 2013) « F1 » fe #3443 5 -
LS s A HAT B L BEPF L 0 T A RFR LS § E R
180 mg/dL (10 mmol/L) (Nolanetal. 2015){ & - & > &% & &

5 R RSk R -

A T RO 3 - S N

Pt Bfei ¢ AR TS BRBD PR LL T s F e
FREE @LRT APAL LA FTE o T LB AR

Bon T PR O 0 4R A F BT G e F ok o I AR Gk

18
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(Cerebral blood flow promotion) 1% 3% % % & B & & & i - 12
Bl FaRE F B o Sterz F A A F RWA T S BHIR L hE R
P BT A AL BRI EE TN 6 W Rl R
BRI G 4 i E dSterz et al. 1990) o i &> % Sterz & A F %
¢ Rk R AR AR % dextran 40 0 2 AT HERT LS
Fpetenip T o @ 7 AR KR * (Feest 1976; Aichner et al. 1998) o
Leonov & A 7 § @ % & 3 BV a cptit o 07 0 H 2%
FRIAPRTL N L RBUE L FREDEP > AEF R RE
H ok R AR g fe o BEARFRINERP Apr o b PRPnE § E
R P Az (Leonov etal. 1992) o ] 5 s i fff it > ehds "% 5
FEE O T AIH T L R AR A 58 Rt e Ui P2 % (Leonov et al.
1992) - Safar & * 4w F RV F iR b F %Y o @
PAE R REE S R et B S G4
Brr s wsAd BR BT K S RE & d & kR ) e (Safar
etal. 1996) - e §_> % Safar & A enF K e P > “ﬁ% Ton BRIUE g
FORRCH BAE . RATAIEN o 2 F AR I2F AT ¥
Bl > @ 2bifdrdl e — dL i - § i gl 4 R (Safar et al. 1996) o F)
B> Safar £ A % o (REEIE > EF] L 55 LRSI Ak e %
SF ey o

B R 5 b o R 5™ URE T F A 4T e g
B RWAF SRR DR EE > AF A
(Asphyxia) #%3 < Bt % 2k avds 42 503] P & AARIF L 2 =0 9y

AT PRALT - - E b e f S 0 < 3N FRAL LR T

~=\

v

RO SR A L RFAI FIEE RF LI RER

A“ﬁ‘jgérsﬂ—@b'I‘B—ni’ﬁ‘_ﬁfbmpmp’gﬂ./ @Em”ﬁ ES

19

doi:10.6342/NTU201800919



i

-~

Bl B E T LR R R BT B 1
(Mandell etal. 2011) ; L - » FHR e F F o BILE & R ﬁ”
BPEREIREITd ARG i 7 07 ,Fi*{{@ B

A AA G L TEURK T Bt F]L B R T T

a

ERALREH L RFFaoct L fFF PRk A AL

¥ Lmévﬁ °

KEL R HER M

IS CER R R ET) ALY O CE WY S S S
o d FRAME LY FERERET S 2R RLT AR
fpiEE R SEIFLAPM o TE K Tk RFREZPHR
W L EE R Ep R GAERAE > ¢ 2 L TR LIRS e
B (Cerebral oximetry ) 1 % *53%% 5 1% & £ H j#¥(Ghosh,
Elwell, and Smith 2012) o # J| #* 7%= ¢t k¥ F FfpF cdF it v 2
P d ARgTAE I PR FRRIEF £ 7 FRR
(Oxyhemoglogin) > 4 % & ¢ % Jk & (Deoxyhemoglobin) 1 % %%
dRRRE > BETRANEL N AIVEERDE §FAoR
(Moerman and Wouters 2010) o & W4 k= 5 > 73 7 7 ﬁ
Tl th R EFRPIEF G frR RE oW R DR R
(Kamarainen et al. 2012; Koyama et al. 2013; Newman et al. 2004;
Meex et al. 2013; Schewe et al. 2014) 2% &_3p ip| AR i¢ (Ahn et al.
2013; Storm et al. 2014; Singer et al. 2014; Fukuda et al. 2014) -
Denault % % » ¥ 3G @dy > #& - R FIURARKR B GE &

feh > FEAAFALILFRS BHEE A G L
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i* § ¢ % 8 (Denault, Deschamps, and Murkin 2007) - Denault % 4
D i o ¥ ok ﬁf’é'frj;_ P end ﬁ#ﬂ #%(Denault,
Deschamps, and Murkin 2007)£2 5% if B+ #53% a0 & 1% odg 154p

SRR AL R R R o R L) P

Nud

ST S Y PR R LR Y )

FOATRA G ET MR PRE o b AL P R2 Rk
B? & PFORE > 8L LEDEFFAFEAR > FT 4rid B

PR Bk Y SR A i AR o
3 iR

B b o 4L LS HNE I R IL R PRI R AT R T 16T

“, RIS i F o S HF G o

A AR AE R R A ATE L DT R AT
;E i % 'r*ﬁ‘iig:ﬂ‘piq;‘?ﬁ‘}%A Tl aard o Hx A
Tk ofs A ORI A A ipdh (TEERR o BRE A
BEoEik o F MRAR L d FRRME LY FEBER) 24
THis g i34 SIS B AORE R B RRSREISINL SN L R PGING
T RS G EA G F R R o B i 0 E 2 H
FHA > I FE TR R > TR B RELR R P RN

B ELRR IS A SEH R RV A o
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F-% Eiiaap

AR AR 2§ K 445 (Systemic review and meta-analysis )
B OFRE kR PE SN
i’F—*F‘,’ 1295 Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA ) (Moher, Liberati, Tetzlaff, Altman, et al.
2009) 12 2 Meta-analysis of Observational Studies in Epidemiology

(MOOSE ) (Stroup, Berlin, Morton, Olkin, et al. 2000)4p 5132 {7 B
POy T w i IR A 3 PATR R A R R T Dk
v i 2 g5 447 - it & * Pubmed /2 2 Embase A = FR A&
BT RAEE o F E D FAEAz P 42 £ 3 2013 & 10
NI i’!%')i@/}%?ﬁ?%? BN EF o NEAMEET A S AL 0 F
- 3L E AR ¥ ¢ F “normox*” > “hyperox*” - “oxygen*”
% - 4 L P HREFE > ¢ F“cardiac arrest” 1 £ “cardiopulmonary
resuscitation” o #-pt 3 I8 FOF FIeHv g 0 Joo WL A LAR
HETY o "ﬁ? TFHEME G WEAMAY A ATHR

(review article ) 1%+ < )l%%'i Ao YRRk B w BE N BRI o

IR FLRES S

G AR EES I AE LS R E T 28 S o §E
A D(1) VR B ARR (P PaO #T s B 0 MRAR p A PRTR S
Ep A (2) L FAEHGHFGFE 5 (3) FHRR
AEBMEYT 0 B%h i Y A% (cohort study) 2 E_iF % ¥R
% (case-control study) 357 o 4ok 5 H ¥\ ik § foit ¥ § ~ B

SET TR AT o
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¥ ER FTHEES

WEAIHLERERMA P 7 F > & B %%
Fepren A GER R o A S B R pB Y

R ]
Ao

PF B ¥ AL
* 51 Cerebral Performance Category (CPC) score %k o CPC

score i3 TS5 LD LA SF Kk o %T’F‘}I‘ﬁ&m,zj&:f A Iz
0

4 & (Bockeretal 2011) » v i &47 § fFren@ i 42 1 7 4 4
f’rfq__‘!:. ]%Agtﬁllai'\ﬂ\”(r'?} ’}":uﬁ—bl%ﬂ'f‘v__&.’:ua?&fﬂ

Lhjrehim & (Gl4c L F P F X

) ‘L?'#Lf”"{«m_)%‘/z ’r§§i
(Hyperoxia) /4 ¥ h# & - fp ik

T ike 5 AR ok
MEHEEGEE & 5% 5t (oddsratio, OR) 112 | "% vt
& 7 2 95%T ¥ % & (confidence
interval, CI) o

(hazard ratio, HR ) % » ¥

dodk JORGAT T AR LG TR R 0 0

T
BRAEGHEUBETH Aok SR AR RO E R E
(adjusted OR # #_adjusted HR) & 2 B~ » (T ¥ #-d P17 4R 2 7

BREPORG TR AL I AL AR ENSERE
Boodrk Ay HREANS B NEEREE lF—%"ﬁ-—:—’ chke 7
BSEY A BB R

TR o2 )f’ééﬂ’-%

e F 4 Newcastle-Ottawa Scale i& {7 < &7 f (Wells GA et

al. 2008) = #|;\ = IE P & FRIZEORABERE > kB
R R AEER o Y R T b i o i g RS o
$IER BAH

ﬂ\ﬁ"‘ B3Ry ® 0 PaO, + 3t 300 mmHg IR B3
(Douzinas et al. 2001) ; -]- ** 60 mmHg ¥ o ¥_#& 5 4 % (Abraham et
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al. 2000) ; /% 60 1 % 300 mmHg [ % 5 1 ¥ § AR o %kt

BEAFTEEREFNAEREREE - His

Ml i B R

)P\-

A2 gadampmg s ? BR - LA %L RTHRE
B oo dok PaOy wRAT L 4R 4 ¢ LY (T R 447 0 B4 A
BRFETRLY ik E > BENE A ARPAEUEL S N
T2 FAE EpFATE & gho 285 B0t (binary odds ratio B
WL K FARAEFF AT AR

¥ #14 Mantel-Haenszel = ;4% 2 & & o 1 * Cochran Q
statistics # % & #7 3 B ezt & B {2 (heterogeneity ) » I 1 P
statistics £ it 5t3+ £ B {2 (Higgins et al. 2003b; Ioannidis,
Patsopoulos, and Evangelou 2007b) - 4-% Cochran Q statistics p &
+ 3 0.05 > £ &P statistics |- ¥ 50% > & 7 LA BB
MEHEE > L EH S B B fixed-effects models & 3R ; F
Z_ Rl 2 random-effects models % I-.(DerSimonian and Laird 1986) °
etk EA Y BRI RFTREY f’?—‘ﬁ #-iE 7 meta-regression °
f%%‘?i AETET i § EREAFFAFRFLATFT > o527 0
AR O PS> AR L% > £ B { meta-regression (¥

HHAATY Lz o b (X R EE FER A T H

(subgroup ) » Wl 2 F HhS kG h ERSLL £ 2 RER
R M4 7% (sensitivity analysis ) » # ARG AL E (S eniE % G B B H

FIEAFAGEREFIFAL /KA o (TF 41" funnel plot &5 AL
%3 J3# £ (publication bias) - # * 48 5 R-2.15.3 software
(R Foundation for Statistical Computing, Vienna, Austria) ® 7

rmeta v metafor 45 4 & o &gt A 457 o FEE p E-] 3T 0.05 AR 5

ETE £
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Tk v e Sy
F-BR FRTEAE

LIRS BEd A Fre b A FIRi - dj 2600 3 5 i
KEFRAFES o B9 207 220 %S A e f - &
Frhifemp B E L B N B0 BN R R
B (ERKEAO595) J A f e g - BFRLRFE 2 2
FRARFRE - A - e aR 0 R e Ep s
AIEGETLET o 47y cha f39P 1§ o BRI A LR (Advanced
cardiac life support, ACLS ) » i% 45 § PF B ATe0% BB § 4p51 &
FER - R Fraril > il s o A F 2 iRt o

MRS PR R hF A 4 BT PR &) e

FEAEeR > A Ad Ehlms A I REAR e ki
FAFELIRET D » e FABREL < Freih BELREPT o

% - K Zs*n—‘,?f
*E Y EE 2006 3 2014 E R A < FRg 3 pp o phip
i g 4o
Harigi s
1 &% 420 18 & o
2. BAPERF L 2 2411 o
3. P ARAFITNA G (T A LR R (Do-not-
resuscitate order ) °
4, EXFFEIRA P A E% (sustained ROSC > 7= T 454 A
AFHROER L 204400 0 P B2 FRLEARNE
)
Hprepipit oo
L fopl G Ap B che prin gk o

2. AEAFFEIRA L BERE D2 EP > R 2GFH
25
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xR eI < A g AR 80 ¢ BT BHEFRE 5 B
AR B F AR i d AERNE Y T
PR o
FoBR FHEER
e R BT TR AR AT TR B A
* Tl F29% Utstein ¥ 3% & g 37 40 L4 B 1% ic(Jacobs et al.
2004) » iE A FEFIIAR AL GFTRIS 24 ) PER BB TR 2
foPr AR $T g R B SRR p A PRTRE E -
Mok §fes § OB RTALE Pk R 0 S B 2
TS 24 L PEN B § RER 0 B A B § 0B o
EAFERE D LR 24 PR R ek M BER
Bk skl (S BE 4 o F AR R MR R
) A FFHIRRD L EREEA 24 P Sk 0 Nk
P i 5z CPC score(Becker et al. 2011)3®= 5 erfd '3 8 # 5t o
FrEk B¥RiER
AR SEREA N @ SERE o Ay Y A1
CPC score(Becker et al. 2011) % =% o CPC score ¥ - B Si8% %
T B BgFA S 3 RS SRR ARGTER 0 BT AR
BT g R Y o HEEa 3 N 1] A AT AR S F 4

M2 470 EA, - = S RC VAN SE T Q- A LA G = e i A

oA

WA R S A L5 cCPCscorel # &4 £ .24 457 F

59 eiuiia ay i fis b2 f

|4
o
e
|
T

hAFET® o &k CPC
1AM E 20 L A S8 RE - R EEHHE L 3E N R
:3’: o
BIR RS
¢ * R-2.15.3 software (R Foundation for Statistical
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Computing, Vienna, Austria ) & {7 53+ 4 45 o 7 L& {7 cif se3t o
P NPIE IR IVARTIE B N I B S SN L
oo M %A 5 0 %7 %] %8 11 Fisher’s exact test ¥ 7_; it 4 %
78 12 Wilcoxon rank-sum test #& %_° B & p value /| 3+ 0.05 % 7 st
AR FRE

ir—"" F1* 5 SEch T it ﬁﬁ? #-74] (multivariable logistic

regression) 3 EHE B H L T E B o mHE R 1TE b By

“é."g?—LFé&ﬁjF&gl K?’ - vu‘:“"'gﬁ%? ’ L"_%Z&j %gﬁ:p‘}ij/‘%l@ ’

T~ 5 RHAHTY B A6 b2 RS BE R - B4

\4
IER

10 50 LRSI < A B Rad S8 H bl
o (kA B H T 4 AR R T B AR Z S §
BB ARG B ATk o FIGR F T < 2 AR & B A 4T 0 ¢ 7
SRREEOMG R ERARROBIER S -

2T 2 4B (TEHENT LERBE R v FR Y 0

P(1) TR R R A G RARA A TR 24 ) BF

MBS THER LR e PR DA IR K B B T iaE R
B oo Tag R RanEE G N 0 2 A2 - dTEERE A 2 A2
ZEPERSRRE o (2) BRRE AR 2 F PR AR DR E S
AR D L TR 24 PR > B - kg MRS ZF I
BRAREE o (3) nd FRAE DY EIFFHIRR D L BHRE
24 pEN B § FER o (4) R BER CEY EAFTHKR
WP AT 24 ] PP BB 1R B M R R DT IR o

AT RS R B i A e (forward) fris e
(backward ) R i% ¥ d¢iE (stepwise selection ) o APiFiEAL" »

ST 4R F B Hcie ~ (significance level for entry ) 2 &_i&
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% (significance level for stay ) 7% Eﬁ? #-4 e p value _5 0.15 >
VIR E R B R B P E AR BRI - =¥ %%E’ Tl
WenZ| g > K- p value + 2t 0.05 e Bk - d #3° §) %0 E 3
BSHA Y A7 R ¥ p value 350 21 0.05 o & {8 0 fI* c statistic
( area under the receiver operating characteristic (ROC) curve ] >
adjusted generalized R’ v Hosmer-Lemeshow Test % %% & & #3)
¥R B ahig 27 1+ (Goodness of fit) e
ok T x4 gk bt R EPEFR A % SN
WRlE 20 o P i A T 4 Mg i ® RHGE » i
oA EREE - RHFEREE R HHAIR . TH Y
Generalized additive models (GAM ) plot ¥z 5 > & § S8 4 &
BRI 3R NRF a2l REl % TR E O BE T
i FRBE - ~ N %% (binary variable ) &~ -7 © f%iﬁf &
Conditional effect plot k44 it = SHEFF P25 F ol %
(Hamilton LC 1992) -
Y8 PRk
¥- B 5

e ie * s < & (Wistar rat, 400-500 5. ) & {75 % © #77

A-

REFHRFEFRLEAAR M E JD o % TN 35
Pentobarbital (45 mg/ Kg) Frps = & o £ e pF » 1% T 4
Foal~ B &>t 37°C o §1* PE200 #¢ (Angiocath, Becton

Dickinson) 27+ & F §#¢F - S Bdp f £ X L 2ml o

T3

2 FE A 100T 0 x5 F kR (FiO2) 21% « 2 ik
0% B PE-50 ?ﬁ-? _p_/gjﬁjn i ; -r‘\—‘{,,;;?%;-ﬂﬁ\ﬁ » ¥ - PE-50 %’
F o4l Fi S A - {17 T p B R S (Biobench,
28
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National Instruments, Inc ) e4kn B2 ZE < § BT o £ jiFp?
o B Rt X Bar AR T ALELE 50 4 48 -

%Fﬁé R e3 BE ¥ ﬁT;ﬁ?F\ "" , ,sz? R T
SR e F LR A R E M RERFFL 0 LR
Pigir im0z 0 R4 o GlBMAEF I I ko

v £ L

%+§:impé’:ﬁeg7f'ﬁt“i;}$\!ﬂ\ﬁTr°l{t li‘?;],\/é\ﬁ

s

PR R b 100%F § 0 TR AT ’ﬁ’l',% (epinephrine,
0.005 mg/100g) - Tt %k fd +FHIREF B 0 < W IEE
A R4 R (i & 200 beats/ min 0 JEAE -] 3t 17 mm o &3
FPEANAERGREFR 28I 42 20 F ) I FAREBT AR
IR RS 3T DR R ER Y T S
mmHg b oo i F o RIEF R E - Ad ) o X BT KR
RP LR fedok A B A N B LR R
EHRAPIER 2t o A BIRAR p LR 9 10 28 > #5 o~ §
FARE 100%3 % 1 50% 0 B 5w | P g TS R B A o
vl REORBHERE  RRASGFFEN E oL E R
P X THEIGG T o R P D TR RURAEIR] 24 ]
o B3R SEI SO o
FoK R&%>
£ f1* OxyFLO 2000E ( Oxford Optronic Ltd, England) ]

BRI YRS R R m%&moCMWMn«ww~ﬁﬁ?

& fﬂ_—-%ﬁ {Iﬂ ]i‘—q 1] ilﬂ ’ {[__K@:-&r'r . 1] 75|J E‘]Fm ES

\\\Xr

2o At {8 $h-3.5 mm o B]if 2.0 mm R0 PR PPELPE B 2 mm
3~ 2 87 S LR & 0 7t 5 Hippocampus CAl F 3 (Nishijima et

al. 2012) - — 42 * OxyFLO 2000E | & "8 i 2_fe ~ B\ F 5

]
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%=

PRigRIE o A F 580 LhiepE > X BT & Prbh o Tt oo
TR - R R B o 0 R B o R+ B
FF > OxyFLO 2000E ¥ 12 p B i feil » % BUW ~ < BUPGIRGRI R o
T8 AR BERF S RRREANHTE S Rt
AR LEa /P /18 4F A B 0 1 % OxyFLO 2000E #7% Bl ehiz
» A_F T _e(Figure 1; Figure 2) °

Eg A B34 BRI P A PETRIS 15 A4 R B ) PR
Lo p 2 RBR AR P 0.15ml id kw1 2§ F WA TR
(epoc® BGEM Test Card epoc® Reader > Alere Inc.) i {7a ¥ F
Rre 2 FLpLE eha 7 o (T4 41% Norepinephrine 424 p 1 i 7%
{8 e~ BE (7 L 3985 "% R 733 47 - Norepinephrine ;¢ %= ;2 5 » 16
% Norepinephrine (4 mg norepinephrine/4 mL/amp) > 4r > 5%
Dextrose /% /% I %A 4 5 250 ml > 12 iwig 0.1ml/hr B 45 0F 2 (12
X KR E 400 5oy H\&pﬁﬂ A B9 5 1.07ug/kg/min ) o
PRtk p 2 TR IS - 4 48R 4> * Norepinephrine ; Norepinephrine
AFENL S E S0 DK - RIEGER 0.05ml/hr) o 1 R

A Pak 18 OxyFlo iR 8 e fp 375 fe g on B 82 oo B 1 0k 0 gk A
x4k e

AR ERHBA B, R pqle e RS RRES
WS BEFE LR R SRR P
Norepinephrine jF /13 ¥ o B > A S ELHF L - | BF ~ A | pFIY
Zopo e prdleEt i kREnI RR > BEFE LB R
R SRS R AT SR R
B BEER

KR RITRRTS 5 B R LR B R IE SRR 105
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=

His 24 | PFad SE B NI oA EEH N aniTE 3N A X BUK
il 58 74 5 374 4 (Huang et al. 2007) o

Pu g BEAd

# * R-2.15.3 software (R Foundation for Statistical

Computing, Vienna, Austria ) & {7 51354 47 o F L& {7 Axif 2e3h o
SRR NS SRR INE SIS & £ -PINPEE SN LS 1
oo M $#cs 47 0 47w %38 14 Fisher' s exact test ¥ %_; il i %
78 14 Wilcoxon rank-sum test # %_o §1* B &R HA ¢ 50 F % e
B et T 3k R LR R SR BRI P 1R O

B E pvalue /] >t 0.05 £ 77 st g F R E o
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§  ARETREME FE LN

F-FB ARAMTEEFLENUZ LNEEY R

B AEw Y o FERFT 4 EBREEBFAT 0 s8R
7] < 3 (Kilgannon et al. 2010; Bellomo et al. 2011; Kilgannon et al.
2011; Janz et al. 2012; Thle et al. 2013; Nelskyla, Parr, and Skrifvars
2013; Roberts et al. 2013; Schneider et al. 2013)17 2 6 f 4§ & = i

(abstract)) (Lee et al. 2010; Rai et al. 2011; Tameem et al. 2011;

Bolduc et al. 2012; Gaieski DF, Grossestreuer A, and Salhi R 2012;
Pullalarevu et al. 2012) o < k3o i 234 2 Figure 3 » wgk= ¢
i & R Table 1 o 955 G073 % A RBUEY AT 0 ¢ 3
%2000 £ 3 2012 # [ 149,951 5 4 e

= B A ¢ o FRRE 7 4 47 (Kilgannon et al. 2010;
Bellomo et al. 2011; Kilgannon et al. 2011; Ihle et al. 2013; Schneider
etal. 2013; Tameem et al. 2011) - = B 3 (Kilgannon et al. 2010;
Kilgannon et al. 2011)4] * Project IMPACT 3 # & > f 8L 787 3
(Kilgannon et al. 2011) & _# ﬁ (Kilgannon et al. 2010) F° # et & &
0 1B A4 PaOy B 5= X R o B 240 M (dose-
dependent association ) o = B #* 7 1* ANZICS- APD F#L & iF4
17 FprZBFETRE e 4 3 e 4F © Bellomo % 4 (Bellomo
etal. 2011)3 » 2000 # & 2009 # [ &7 5 gt iR 1L 55 A B 35
Ihle % 4 (Thle etal. 2013).5 » 2007 & 3 2011 & ¥ erafse #b oo b i 3k

Ao 2 R o 2L e RIFehE A 5 Schneider ¥ 4 (Schneider
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etal. 2013) 4k » 20002011 4& B 74 s B i ok s 4 o L 1R AT

AN

L FERL 2 F s RETR AR OEE o ih B
¢ ou FE (Project IMPACT 12 2 ANZICS-APD) /& £33 1%
£y :a‘_}iﬁ@;;ﬁ}]%‘ A E AR F]pt s — it Utstein f% ;¢ (Langhelle et
al. 2005) ¢ & & s 4 T FoAn B4 0 Gl dec B b ok B

(Fth & BFap ) 12 frdaino pleip b oo 2 (R A LT o
) % 2 AU AR FTREFSDEE 2 3 AGEAT PR
FE-

BEBALY R NTRFEG AR o A WAFY LA
PaO; + ** 300 mmHg % % # - Kilgannon & 4 (Kilgannon et al.
2011)fr Janz & * (Janz etal. 2012)T & & * — & 2> Bk T & B
¥ > @ HAL PaO; 5 — i 4 % 8 o Schneider % 4 (Schneider et al.
2013)i¢ * RSP BER TEF F o < FVA AT TR F 1 Pa0;

A i ﬁ}‘fﬁfiﬁ Vifi‘w ﬂ'\)‘"é‘fvﬁfﬁ”lﬁﬁ"z‘”z‘llp‘%ﬁ%

‘3;

P B AT 0 BB L B A TEEATR T
PaO, gtk P F 8L ¢ 7 47 7 (Kilgannon et al. 2010; Roberts et al.
2013; Lee et al. 2010; Tameem et al. 2011; Gaieski DF, Grossestreuer
A, and Salhi R 2012) & _$% * # 4= 24 -] pF . % — =X 17 Pa0y ; = B A=
7 (Kilgannon et al. 2011; Janz et al. 2012; Nelskyla, Parr, and
Skrifvars 2013)i¢ * 24 /| FFp B F (7 PaOy 5 ¥ ¢t = B §
(Bellomo et al. 2011; Thle et al. 2013; Schneider et al. 2013) f] &_i¢ *

4 ) pEPN B L Pa0y o IR LA T E > B F DT F L
6% 41% 5 Fep 7= FRE_NK 41.6%% T74% -

-+ B #* 7 (Tameem et al. 2011; Bellomo et al. 2011; Kilgannon et

al. 2011; Janz et al. 2012; Ihle et al. 2013; Lee et al. 2010; Rai et al.

2011; Bolduc et al. 2012; Gaieski DF, Grossestreuer A, and Salhi R
33
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2012)v Foke BB F fol ¥ F AR A B 2 BAY
(Nelskyla, Parr, and Skrifvars 2013; Roberts et al. 2013; Pullalarevu et
al. 2012)R1 A Rk F IR F fr2eFd 3 (9343 e ¥ 5 2 R)
fh AR AR e “f 7 = & 7 (Nelskyla, Parr, and Skrifvars 2013;
Tameem et al. 2011; Gaieski DF, Grossestreuer A, and Salhi R 2012)
o SRR AN S R AT H] S B b 2 %k o Nelskyla
% 4 (Nelskyla, Parr, and Skrifvars 2013)3 & £#7 7 %R p 1 fa%k
A BRBIBF RFIAN FE I HE R RS
o kP E FEANTE R chA SRR A B 0
FlEom ey SE®E > 6 0 975 F7 7 & Newcastle-Ottawa
Scale %’KB&%%’}& AR e e A o

3 = ¥ #* 3 (Schneider et al. 2013; Rai et al. 2011; Tameem et al.
2011; Bolduc et al. 2012) » Fliv ¥ i 75d F 3+ E @550 &
BE AR B F A2 0k A BF Y (Schneider et al. 2013;
Raietal. 2011) % 5 #& ik *&+* 5 @ ¥ ¢t & B4 7 (Tameem et al.

2011; Bolduc et al. 2012) ]2 3 & iz P & &

TR

=

FoFp o R AL BTN TR EIZ A477 (Figure
3)e
CEESE Y E PR
31 BT L Ak~ 5 (Kilgannon et al. 2010; Bellomo et

al. 2011; Kilgannon et al. 2011; Janz et al. 2012; Ihle et al. 2013;
Nelskyla, Parr, and Skrifvars 2013; Lee et al. 2010; Gaieski DF,
Grossestreuer A, and Salhi R 2012; Pullalarevu et al. 2012) %
Kilgannon % # (Kilgannon et al. 2011):2 2 Janz % * (Janz et al.

2012)eF7 3 ¢ > EAF S ANKE BT Sd AL RER
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B R4 At 8 7] A& Nelskyld % 4«87 7 @ (Nelskyla, Parr,
and Skrifvars 2013) » X 5 Feah 5t o v ;’”ﬁr} T EFEL K ED
e TR B 7 3] o Bellomo % 4 (Bellomo et al. 2011)# i Fe -
FAA BRI RAEE Y [(HY - BRI EFEL LR R
£ & (APACHEII) % » % % #w A 17 P {8 3] ¢ ] o Kilgannon
FAe T Rk p Project IMPACT F %'E}Fq A EE g Bk
¥ ¢ (Kilgannon et al. 2010; Kilgannon et al. 2011) » # @ — & 5% & 1t
(Kilgannon et al. 2011)#_a — ##* 7 (Kilgannon et al. 2010) =% &
AR S

ERFFABE R EE N AL SIS BT
AEFCAFaTET W ok SR > PIER RS
BEGHEE W ook A - ﬁr,— AEFG A Bt sk Bl 52t
o PER B F LI o S FEBERE S DEE R
PrEELR E“J%‘%v} AR A AT E S IFE T o

BARET T A B RAS  REE SRR A
Frfebrr= 55 a2 (OR, 1.40; 95% CI, 1.02-1.93; P,
65.27%; Figure 4; Table 2) - @ meta-regression 45 1} % F 1 5%%7)
;¥ (p=0.001)> #= 7 ¥ & (p=0.003) 12 2t @ ¥ % (p=0.003)
EF A AP RO EFFT - Rz BRESFOFIHELT
WA B ARG BT S0 TR L REF o
BF PaOs a0 R L B R L SEEF 0 B T

SR EA TR HEE R SRR B A E L B A
TR F AL BB A B RS REfeR THE
B RApIt 3 €5 B F e (Table2) o

A B R SR A CEFASY Y@
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(Janz et al. 2012; Roberts et al. 2013) - Roberts % * (Roberts et al.
2013)4 & & 5% PaCOx{rdd S B el %> 7 38 B Rdp ot
RMEEAAT? o B35 fodl SEIFFREF O e §AIFEL o & Henld
FRT KRB AR D E R F AR RET il g
¥ e B ¥ o m (OR, 1.62; 95% C1, 0.87-3.02; F,
55.61%; Table 2) -

# (& & AR Funnel plot > & A 3 A ¥ cdl ik £ (Figure

5)-
$2 8 TR v R AF

¥- K ToenR
£ 73 326 2 A FER iEE > B 3T L B AR 4p B

S B G AEE 0 B 4 TR L R B AR o

500~ RS s 4 e S 319 e
Table 3 > Table 4 » {= Table S & R 4 095G A & Foof - T35

E# L 635Kk 4\:?{%3}1’5 A A o iz 5 101 #

(31.7%) 5 I}ii 5 5 189 1% (592% ) A 2MAe usprizt § 27 7
Fotgs o O 77.1% > & FE% < R 5 B (pulseless
electrical activity ) £ & fcijf< 3% i1k (asystole) o i& {7 ¥ fp £+
pEenT 3apE il G 20.6 4 48 o

B AR A L AR 24 L R B R TR o
TioE % 95SmmHg . @ 5 82 ff’_f},}% L (257%) teini RN 3
W (MR <30 38°C) da g o A AR 2Bk

19 s 4 (6%) &% < FF A ~ink 5 3 26 pt (82%) #

W

RE A R 2 4 (0.6%) ELin R R
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Fpoodisr 23 93 f:‘:-‘/ﬁa A (292%) wE A BP0 556 fiffﬁi
A (17.6%) trAR LAFA G B G o
% 7 % % ¥ #survival to hospital discharge” » T'F—*F]’ #- Table
3> Table4 > - Table 5 ¥ e Jh* f#cd » 7 S 2F drn Er:
A7 T R BP0 Table 6 o1 1 PR pE 2 LA S B K i
(favorable neurological status at hospital discharge ) 3 % % S #c5

AATiE R 2 WA o KD BB T TS Grek E o hg T

il
e % R B S S 15 R B B S BT ARBE o 4o

=

Figure 6 777 » GAM plot 3 1} § B % T 35% "% g § % 85 mmHg
P logit (p) € <30 F (p & 14 LA 5 F #0318 s
F) A m o f bR TR R R 2 85 mmHg PF o s A fRfR 4
AHEBF LY (odds) € ~ 30— o F|t o IFJ“ ## # 85 mmHg
T4 BB TR R G B kB T 06 R d i % i
RS ORREE R rmFAS o EATT N Rl RN
7 0 dh§ T HoF R F 0 85 mmHg 825 4 i LA S F e
e rEsM (OR4.12,95% C11.47-14.39,p=0.01)
i%—‘ﬁ#&%iﬁ”ﬁ # B j;@:f}%s{ b 55 EI}% A % GAM plot ;
4v Figure 7 4 Figure 8 #7177 > i&5 2.9 GAM plot 25V P &% o o
Flt o THRER L B B g TIEERBRE LT LI TR o
4o Table 7 #77 » #1003 & £ B ¢ i 4 0 B BF T 08
BRiEf 85 & 115 mmHg BF > H{&4R 244 SH#0 aid ¢ 5B
(OR 8.80,95% CI3.13-28.55,p<0.001) 5 4p 3 - $+30F % o B
¢ A kG dopt kiR A S P B g TR R R

% %7 8 mmHg (OR4.04,95% CI1.41-13.03,p=10.01) »
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o8 BREARNEZF CRAR

£F 662 o A AR~ GEE S AP 5 F L A {ep] 40 B
s e 1B n‘m‘;t#“f vo@ 3 107 F R R F e F fos ¥ OIC AL
A RF A AALPEE Bt o~ AFT Y s A el 550 e
Table 8 » Table 9 » {r Table 10 & 35 * 7 A & Tl o T
BEL 655 f o ikl W 24 0] BF o § 208 i (54.2%)
L R G U o il S AL A o iRl 9 246 2
(44.7%)5 % 5 270 2 (49.1%) - 7 THF 2 (¢ S F AW
TLE S EHERR ) K3 140 B (25.5%) o it 7 s 4R e 0T sopE
5 187 &4 o
B P% o fe AL ER AR T SO B RE G g A DR A
TR 18 X 136.8 A 4 o PaO, 1T 351 5 167.4 mmHg © + *t 300
mmHg 5 4§ 82 = (14.9%) > 4>t 60 1 300 mmHg 5 + 7§
390 i (70.9%) > -] ** 60 mmHg 5 4 § 78 i (14.2%)
PaCO, s 3218 5 40.3 mmHg : < *% 50 mmHg s 4 5 106 =
(19.3%) > 4> 30 2 50 mmHg s 4 F 291 2 (52.9%) | **
30 mmHg £ £ 3 153 i (27.8%) -
K7 169 4 (30.7%) teiE FFFIRA p A TR 24 ] R
F A (MR < 38°C) % 5 @ F 359 4 (65.3%) S/
WL B TR AR LIFRAF A GG F P P RAERE
#* 5344 (62%) A HEE A 20 62 4 (11.3%) &%
ERa R 53 4 (0.5%) % MRISR o Beib iR DR F 5 154
A(28%) 2 F 744 (14.5%) NapFadd S8 L5 L4 o
Table 11 B3Rt d Fepd 2434 558 R 5 2% $feh d Bk

RBF A RO R LA S B Vo § BRI R
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> PaOy 11 2 PaCOzx fros 4 i S FIF18 % § B F civfp B2 o 4o
Figure 9 #757 » 1345 GAM plot » PaO fv ! B L 434 (G & 4k i B e
B %5 IR - B W S PaOy 4% 70 {240 mmHg B e 4 i =
D A E A Sk 8 5 ¢ # PaO2 B 3 240 mmHg & & ] 3
70 mmHg % 4 % % (OR, 1.96 5 95% CI, 1.08-3.64) = % **
PaCOy P & frp 4 chdife A A S8 R T M Ap W (OR,0.98 ;
95% CI, 0.95-0.99) (Figure 10) -

Table 12 % 3R 17 375 I 3 % % Rl b Sk + dre fF A
ik o wdRHl S B T oy § LI DR B > PaOy 11 2
PaCOy frips 4 i3 & I8 § B F i B i2 o I 4R > PaOy 412
70 = 240 mmHg 7 fps A 35 7% J1 Fe e 5 g 4 PaOa 3 ¥ 240
mmHg & &_]- ** 70 mmHg £hups A =% (OR,1.85:95%CI, 1.21-
2.85) 2% PaCOy Pl & frgp * wid It X 2R f 4p M (OR,
0.98 » 95% CI, 0.97-0.99 ) -

$zEK d kAR

LG A4l A e iR B 5 F 5 A Ao G An B
el @y o @ 10 RE GG d RRA £ F A e
R E BT AR Sn RS o B AR g 4 ks
426 i o

Table 13 » Table 14 v Table 15 % 3R 4 97 A& Tl o T
PoE S 653 fhoo deikn SALA 4 cho gkl G 189 #

(444%) 5 5 5 211 & (49.5%) % 80 e prip b £7 7 F
Fodgs o 98 772% ¢ R T F EB R R
Bk o 3BT 4R ThpEendY EPER G 13 44 (2 A RS 7-25

5
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SEGRNAR D L TR 24P PR 0 F 79 B A

(18.5%) /i o B (e [ > 90 mmHg) gk @ J
134 = 4 (31.5%) gk Fp 5 &% (HIE 38°Ciit ) ok
% o

B AR D L RS > G 24 g A (5.6%) 4&=
FE AR S0 mm A (11.7%) #x Ergmtad &
B F 3 mma (07%) FLISRE SRR < il 0 £5 113
om A (265%) wiEdite s BF 0 5 5S4 mm A (12.7%) %4k
LA GE RN R F e feR DT IOE S 90.2% 0 @ A K
WE ARTIEE S 1017 mmHg » Kk F 2 kR DT IDE
92¢g/dL > £ ¢ X5 387 g 4 (90.8%) + & WHO §x e ¥y
i% 1% ('Nutritional anaemias. Report of a WHO scientific group'
1968) -

"7 %% R4t o (v 4 Table 13 - Table 14 {r Table 15 ¥
TR SRR E BB RN R E Rk F AT A TR
7R #PE - GAMplot4p d1 s ¢ kA& (Figure 10) > & ¥ & fr
K (Figure 11)» M2 p ¢ ZERE L § fcR T 7% 5
(Figure 12) frlogit (p) RFenhf AT R (p & 2454
EBH RIS F ) F logit (p) A3 EREF KRR LN EE
FRoadrh g g A3 o W (AR VA S E R g g A
50% o AP ¥ o £¥EIRF L R AT GAM plot P BT 5 P% § A
R Jogit (p) B R 3— Ha#E & s (Figure 13) - F]#* > 85 mmHg
o210 mmHg A% E 527 8k » #d vk § A Rd - @ F Pl 5=
S B o

5 R AT 152 2 B 0] 4o Table 16 “977 » % 7

40

doi:10.6342/NTU201800919



— e Ao Bk TR IS AP B iR Bt o QL TR AR DR
Bes BT B i SEIFUEL P EERM oL d AL § &
o M E B F AR A 8540 210 mmHg % ¥ A B IS |
MEARM s AR d FRANAEE L FIRAME LY E L EA
EFFRERAAPM o (T R Y B v R AT
Boo B FRAYLBILE L FRAYE LA BRI (Y
7 4~ W4 4 Conditional effect plot (Figure 14 fr Figure 15) ; # %
R O s - FURRAEAGER A S > A n R

{&aﬁkm@& PR A R R p 0 G R R
e FERwES o
ROORFERAGE S FRAR SRR FEARTY L ¢ R
ERYE § AP {rRALE 846 PBF > ARt ¢ RIRR YL F {0
>t 846 0 4 FORE s 6 IR LA g8 a0 ( Figure 12) o
FI* 8467 B ¢ AIER L F oA DR 0 TEFH DA
oo ¥ defoR pF 0 97 F ekt & B R R (B o 4o Table 17 #7577 »
¥ F A oRE b W L ST R e B (94-98% ) FF 0 4R
Hikeow ¢ k& 5 9g/dL T 8.6g/dL -
R B EVRE DR EE T AR 2
SO R B EE g ek S LIPIR R S S A LR R C R B
7 riE 2 s A Y A g licdp it (Table 18) » & & & kAR e
MR FR R P 3R I A A T INEEE o
Yr Bk kR

£ S4B A BARAER S B 9 =T 5 Afopl i M

3

ﬁMW@iaﬁﬁ%"éﬂBrﬂw 23w R R ek S Ak

#”/ﬁ% o B s r AP e 4 Bcs 402 o
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Table 19 2 Table 20 % Sy £ ¥if fh A T4« Lo 403
654 i o %3 157 o & (39.1) e RMb A o 4o § s 4
g Bk L 4 138 % (343%)5 B % 5 217 # (54.0%) ¢ * 3%

A prn ol 3T R ECEGE R G 823% 0 £ 45 E KM

?ﬂ;}: ﬁ?hﬁﬂ{qﬁ:uffﬁ - 1Ef1:u’3¢1’£9;_,{{n—ml}75’:‘?ﬁ“1 18.2
A dd o AR TEES 24 o PEP T o T 32E L 209.9 ml/dL (11.7

mmol/L) » 2. WA 7 & ° & & % 5 o pEJK R 4218 240 ml/dL
(13.3mmol/L) » M x # 5 = #Ek & 3% 70 ml/dL (3.9 mmol/L )
(Beiser et al. 2009) o i& pt T & 0 EARLE(S 24 P PBEPR 0 2 F 199 i
.‘ﬁr,‘ A (495%) EREL - FZBagEo @G 55 i:"_f}?r,‘ A (13.7%)
ERI V- M e Ty 130 L"".-‘Iﬁi A(323%) iR di s A
PG 70 o A (17.4%) TR A S F G e

%7 % ®ecH o e - Table 19 2 Table 20 ¥ ¥ b
L2 SEEE 9 IS A S S R LR R e
i ° 4 Figure 16 » Figure 17 » Figure 18 2 Figure 19 #7177 » GAM
plot 45 &} T 325 4k & {r logit  (p) B e0bf i & 228s (p * 4
LA EEF RS A E NS ) e § logit (p) <%

22 e A= LR S R M e

T

ar

i

R

%h

T

Vet 240 B P & B E D L3 50% - Fpt o 2
P52 GAM plots 738 11 ot Ak & 607 iy 7 B> 174 Mool ABIR R
SE L3 S RLNECE 3 SRR 3 SUN AR LR E R A

3l -
Table 21 % Table 22 & JRL& fofk % % 7 A ¥ Sbyt B Tk e dic
rE B e MR R R A R T R R 4

183 & 307 mg/dL (10.2-17.1 mmol/L) ¥ x4p 2454 G & # it &
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i

i

cd

St EFAME (OR2.71,95 % CI1.18-6.20; p value =0.02) ;

@ T ian kR 43 141 3 317 mg/dL (8.2-17.6 mmol/L) ¥2 3% &

MR st b R E A A2 (OR 2.83, 95 % CI 1.26-4.53; p value =

0.008) = $132 F 4B Fsps e + %35+ GAM plot #4381 e if 49

kB [142 3 250 mg/dL (7.9-13.9 mmol/L) £ tx4p 2434 5§

Frag izt v gxas (OR1.38,95 % CI10.67-2.86; p

value = 0.38) ; fe T a5 #EiE & /1 143 T 268 mg/dL (7.9-14.9

mmol/L) £ & Nk 53t F B F4p b1 (OR2.93,95% CI

1.62-5.40; p value < 0.001 ) -

PR %

B AR S iF T2 % BT TR OT ) B A AT 24 ]

PRz S BTt f o prdlle R e L p T and B 2k 2 A

i 424 #5-4c Table 23 #7577 - { Norepinephrine jf i1 % -] & 12

| PEEnE s How phim ok PER 0T kg 4] 202 2 Norepinephrine

Fol- PPN R e Ao PRI (S A ) PR R bk - § 1

A BRArd ¢ % kR 0 % Norepinephrine jf /i s | PF1L % w /| pF

o e HficiEy #dpd] e 2 Norepinephrine jf i3 — -] el

SRR o NBEREONCEM Tk o B P HL

£ : Norepinephrine jF /17 /| preniew] > HAd S B 2 i (g £

Norepinephrine jf jiw | preniew] » HAl o 8 2 5 g i o

4o Figure 20 #7177 » A (784 B2 g » Frd| 2T 556 % R

fo BRAL 18 K - A A T KB > 2 10t F F s @ EiFA A

= AR %kE S w o BT OUBEERT . AR A ER R

Norepinephrine & » L 326" R - g2+ 2 3 F Ry > 2 18 & B ads

43

doi:10.6342/NTU201800919



o A [ LR w ] pF e ¥ ¢h s 4o Figure 20 95  0 fd 4
> OxyFlo ] 17 chk 305 ' OB IR Gtk fl v is + A4 2 £ sd 7]
BB oo A D ACE BB R IR GRS 2 (5 B 3R e
BB AT DRI LA LR (Gup
Bl m AREH A2 L) THEFIERRDPEL c I AP Rk
B 8 RN & B i@ % Norepinephrine jf L 18 0 ¥ 14
AF AP B AR E T T - R A BF S
ol A AR EREELRFILRERE ) THERRRILE BINGE

SRR Ry D2l e el E
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Srd

F-o8 ARAMTENZE FIA

AR AR R 14 R BT IF S o Ak
Bop A e E R gd FE AR BRI F e
el 7= F ¥ it 2.3 B e (OR, 1.40; 95% CI, 1.02-1.93; F,
69.27% ) K@ > FL A RFIREFTAHEFNETE > &R EHRT

B o s R

e

BIOTERLE BT PG P g B RST R

Kz - o At

oy

P deE BN A Bad iR &\@%’%’ﬁ
ik o L EE e R AR L AR e 5 dode 24
SRR S - B BB AT B LIk E o T L EH SR

P BFPERF AL RS TR BP0

b

% 3
# 4 # 7 (Rosenthal et al. 2003)% IR > 5 #p & & > 5 3

%r
S5

WECT SRR TR G HTHB PSS sk BRI
T AIAMNRF B RGP AL L TR
60 A &P 219 100%:0F # (Pilcher etal. 2012) o K@ » #iF tfg

BRBBEWFT AR LERNRF OPEE - T AT

o

R F G AT AR o A Y R
IS W - B e PaO) B eh & RN 3F £ 1 BRI B B S e

R FLAFEATY QAT Bl F 0 RREHTRR

-

IE B R — B h 3 HA T o

B ERPaO RN R RIFFOYRFEEE - LT
KRB G R RBRT L HP AL PR
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_%’Au\—?-iﬁ?g‘;@? JECEEN SR e S I SIS o B £l =
A Gir fEAATICANY AR B B LR BRG]
FREs i R E R REMR Y ORFF LR
Meta-regression 45 1 = F 15558 (B2 FHIHFL 2

FOOATHER (P FTHREFCE?Y Y ) ot R (B
FHV LA R F ARAAFF ) LG ANP AT Y
FlF o TR LA FEH DY 5o FRA DR v P PF
FLA - 3k ¥ L esy 3¥(Pitkin, Branagan, and Burmeister 1999) - &
KAVR SRR v F AR B @A SRR AR 3
Feho 2Btk PAMEAEY > AMA AR R F o 8

= 24 2

FEEHRTE I 0 LA

=

# o 827X funnel plot T A & o P! &2

2

FEFL o IR E T ART R o

[add

@%ﬁﬁ&ﬁ@ﬁﬁ%@{%ﬂ%%ﬁ@&%g’?uﬁp
1FERFAITY HIE TR TR TS o A o Project
IMPACT f= ANZICS-APD # % F i 238 2R L3835 % & e
REPRI&EFIoFA L * e — & & & 0 Utstein # 3% (Langhelle et al.
2005)7 R fos pin L FF AP OE & F]S o Bdos iRk chd
BRI EF > fridos izt s B2E > Aes B
FAEY G ARE S o i 2 ¢ > Bennett £ 4 (Bennett
etal. 2013)i1 R, 3l oo B 1% 00 38 fod= 400 BHiB OF s 2 AR RO F

cfes iR MR P A PETRISTES AP S B o F
TRFA S TR frE Y P ARG F AT S

BRI Y B F T el ¥ BN A RSEEFE (¢

PEAnS & RIS 9@{\?#3)7}5”?&0/\3}?{\?1 TP {8 R enRE R H
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© BRI fo] 2T Y ¢ > Ferguson % 4 (Ferguson,
Durward, and Tibby 2012);2 & F| » 4% ¥ ¥ p 2 A5k & it

a\mh;i* P TR iRATIE B & %im%:f o FIp > WAk F T z

Q

AR F Y o —defrR F BROVRE A B RER T €
{ZWJT’ﬁ%kigﬁﬁﬁﬂiﬁﬁﬁﬁ%%%@ﬁo
RMEAITEHT B P RAFFIHEVEEEN A4
o L AR AR A F o 2B RH A& I L T Bellomo %
(Bellomo et al. 2011)#7 § %, 45 « Bellomo &t fFA 477 {1%* 7 f
AR A7 P oicd) R RER F fridfs s SR % e
% A RBE R (APACHEID) AL » ik FA47PF > BBV B

FRERS AHF -

SEFEA 0 BErRASN GF LRI HF
enfp B o 7 & % A7 3 (Zwemer, Whitesall, and D'Alecy 1994; Liu et

al. 1998; Vereczki et al. 2006; Richards et al. 2007)% .8 ¥ € & = #/
F ok endf g o A #94 F Sk(Pilcheretal. 2012)~ &7 % § € #x%
DI PR Tk A e A 0 L A A PIRE BN T

FHA GHIFE DGR RERE o Y AFHE AT S D
TEL G AT KA IR -

FEFEEAL R R R ARRMA Y TR RS
Foipte Befp it > @ 2L % B T o Fpt > o BARM TG T o
AH B RARRIE D hF R F]F TR o Blde o M)A P D B/TRIS D
FITABARAREIDRS R ROT R o] BRe
CRIE DR R 3 A REE %EFF” gV RAFER Y
Nk F e BRRIP s § iR KB e B o~ §

ik
FOER o BRIMAR A L UETRA I o TR ¥ B UEIRR Y M
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RN BRI e § feR LA Brgih o dofe
Nelskyld % 4 (Nelskyla, Parr, and Skrifvars 2013) 7= § #73g £ 1>
SR GRS oA p L ARG AR F M o B B F AT
Roehd T ETRE P RAES T LR AT BT e
Forkow § A RAE A T I RO R R R e e §E
Rl fert GO R AT o

BERR > A AP v e F A S R T 0 R p A
Bkt B F fricfar = Faufse BEPMI - 505 F %
i % 0 2010 # chE B 5KEL € 4 51 (Peberdy et al. 2010)2 3% %

FERFIRERAELT > B FAE § Rk
B RERE Ea R kR B L IRRE up A T
94% 1+ T o LB F Ao B T E AT E T M
MBIRIGLTNREI AR A AT E G AEFNRY
Mo L EREFF FORRBIRRD LBEHEFHE A LGP
Beng ke #1518 5 o 2 PR L BHEF LIS R

FRzLE- HteR CTRAFFr0 AR P& L0

i
B

BORE R D L BRI A SR o (- H 0 A KT

gl
S

B P B BANEH NG FH 2 A LRE - RTRAFF
——%*ﬂlj—lzi'}){ld"anicickggm?)s)\i /%)iv—’% X 7
TIEFGLA TR M S ik g rd Rhg d

Bt o iR eh i b w e g E A1 A F S e

T:k— putld

Ao e F RS SR F R B RAT T e 2
8 * Kilgannon % 4 (Kilgannon et al. 2011)4= Janz & A (Janz et al.
2012)dp R Rt AR S ¢ TR M R R B g B A S

PR o Bt (TR T k- 2 B R A
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M

1y

i

S vE A R E a1 gj&.fe‘ * FaEifeimtiE o om A &
#wffgg,gp;j BEWFE A2t o B> & Bellomo ¥ 4

(Bellomo et al. 2011)f- Ihle & * (Thle et al. 2013)s7#7 3 ® » H 5~
% ;é"ﬁ”ﬁ A g 47 HA41* ANZICS-APD T # £ 2000-
2009 & AFE AL @ —"Ff A A1* ANZICS-APD F# & 2007-2011 #
DF R o Pl F R R N RS E AT A ] At B B

P TEFER MG FREE R AT P

WA ¥R R

B TiaE R R

BARTE Y o TR TR Rk AR TS e B fedd
B affie 2 Bkl b o BB oo 1L T 5% %R 85 mmHg
R VA GF M R RSP gt B TR
el VR R FEARL AT LR L HILG LR
m[ﬁé Ko T3 R A 85 3] 115 mmHg 2. fF » 4 &8 # it 3¢
Sl ek p b B BH Y o RIS TR R b 88
mmHg 2} F AR 2R S8 R e o

1453 & B¢ H R~ 3 (Historical control study ) =% %
(Sunde et al. 2007; Gaieski et al. 2009) » % B %5 € 238 © 4rik
F A R E T S *}?ﬁ’\&L—w”}zﬁﬁ@; v & 4 90 mmHg > ‘[5‘
T o ik B < 3+t 65 mmHg(Peberdy et al. 2010) © & % B« %5 €
3l * dues BAF ¢ 0 Sunde & £ (Sunde et al. 2007) 4= Gaieski #
4 (Gaieski et al. 2009) » ¥ 20k & & $04p LH(8 T B o 5 B

Tl B2 A4 T R TI0 5 #— BiE B Pes okt
4 T
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w iRk hs B p EE s 5% (Early goal-directed therapy ) #p i
(Rivers et al. 2001) - Sunde % * (Sunde et al. 2007)f= Gaieski % 4
(Gaieski et al. 2009)55#7 7 S % &1 » P EE o fiz F Rl
B HIASE RS F e - i AR BER
oo BRI E P RS % E ah— o %4 (Sunde et al. 2007,
Gaieski et al. 2009) » & F P o BREFHIHI R 5+ 55 8 8P
BT e

i g g2y ¢ > Millner % 4 (Mullner et al. 1996)4p

B v fs AR TES BE A O] PE T S8 IR R o fo L4 i T i 9

)

$2%F B o Beylin % 4 38— Hdp o b AR IEG 24 ) P

R B T b R e S F ik B LR A S E B gl
*7 1p B (Beylin et al. 2013) - 3T % - Kilgannon & 4 ip 1 » 4R £H{S
BA” 6/ PR > T35 R @i 4 3 70 mmHg fedd S8 R IR (S
5% % g 5 B B (Kilgannon et al. 2014) o

AR E AR ARV A S A e Tt T LR
B BBEAFES  PAZF AR E Y < GF R DT R
Sundgreen ¥ % IR > ffR LS koA 24 ) FF 0 < S Biops B 0%
EREN IR 3 1l SR :T‘&‘{Jp # 7 (Sundgreen et al. 2001) ° & i B
2 % % (Sundgreen et al. 2001)¥ sc 7 M fEf > 5 P A AL B 5 AT
ip ek L of A U AFA G R TR (S T R R (85 mmHg) 0 € vt
£ R g ¢ frz R enice (65 mmHg) # £ 3 (Peberdy et al.
2010) o ¢+ ¢k > 4e Figure 6 e R #7770 @ § L3528 %R adF & 85
mmHg 12 b pF o i A FA B RIS A RIFEFT R E
FRE T Ak TR RR A - L TRIGHEE LA

fe Tt R A M kAR LA SRSl g - SBRE
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Fr Kilgannon % * (Kilgannon et al. 2014) 7%= 7 % % 55 1 o

Tadh AT S4B FIE T % o AR LR 5 (Sundgreen et al.
2001) » &F s B¢ A b DL E T A AR
#% eh3R % (Strandgaard et al. 1973; Strandgaard 1976a) - *# 7 % %
A 332 BRELPRELHERE  BES 2P g8 # i
T Yad R T UG R 2 Bk B ¢ e R B (88
mmHg ** + 85 mmHg) - 7 i > 4v Figure 7 v Figure 8 #77% > & ‘o
FR2ZEOGAM B4t PAELAR - #3027 3 2 Bpm L Gk
B> # GAM B (Figure 7) 41 » Tiof s R id & 24340 5 8
PREEFOB G - 523 T UEDFEUFA) - st 2%
Tk P NG R BB ORI ERE o BRIt A

WA A dAAE > P A DI THEHRR P TIT 5L

T - =G o 4o Figure 8 “07 o #1950 & ok B e TS

a4

Bas o & Tof i RA AP P HEE s R AN SR
RS LA RIS F o REEF T IOFRBH e E 22

WA GES S A o HEMRIL PR BF AT R
B BY VLA EEIEEE (Ischemic penumbra) a3 %

TR RIS X IFFRG T c W B BB DHEE
WER 0 F] RGN T A R e F L ERERA LA R o B
- 3¢ TR MRk gwT g ¢ o Asfar & A L U7 e T iaH

R AP Tk %% (80 3] 85 mmHg vt F 65 ] 70mmHg)

(Asfaretal. 2014) o 5 % Aim » 52787 2 BFonfigln = % ¥ & 4
G0 E AR N B R R R T

FORET OOECERT G A FRTET SR LS
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M AEV A A_F 5 TRGE L enid % (Asfar et al. 2014) ©

pﬁ'ﬁ%k@”‘&%ﬁhrﬁ L K/Emfi w b”ﬁE’l’%?Ei

e

{6 F1L g B g - o i AER S F (Fischer and Hossmann 1995) it
o 75 = rig = (Bottiger et al. 1995; Fischer et al. 1996; Gando et al.
1997)é4 £ i i% T % (Ames ct al. 1968) o — £ 65 57 § 1 % &
T A F B REEH B ST AT L 4 TR RN R
TR 5B eIV GE L R B L & e d # (0% R (Sterz et al.
1990; Leonov et al. 1992; Safar et al. 1996) - % i > 7+ 5 H & & 4= 7
LSRR T BRAFFF L RE AR RET RF SR
AR RS s E S 0 T AT A € s H A G & # i (Hachimi-
Idrissi, Corne, and Huyghens 2001) o 4> %% 5 S48 8 % 2 cnfe b
Btk &0 Bouzat & A x> A RAR B LR T T 5H 0%
B %) 90 mmHg pF » ¥ 7 & 2l eIt infrie s ¥ & (Bouzat et
al.) o gt vh o A RA R & F1 B o B RS i e
(Afterload) B % 7 i $h< B B F @ § 2 5 ol LA i n
iF 2 m}lia B %% & 873 fd wver i & 4 «0h 4E(Nolan et al.
2008) o 4 Figure 8 #771 » 23 ¢ » T IE® R &8 R
ﬁf‘awﬁta etV g R EMEMEAE LRI o T g T
R A G R EF SRR B TR LS Il%mj *
FEw ©
FRCEPSEER 50 F REDIF > BRI > T
a6 % R & 4F A& 65 mmHg 12} (Peberdy et al. 2010) o 27 3 4p
Ho BRI € edp e 3 AE R A MRS > TR R G
& B¥F iz - #F P & E(Deakin et al. 2010) o g4 L2 ¢ 22

ROETEREDT N L RE Bk DR Flfewr g G
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¥

PREALR R LD T I08 R R A LU R

Ik

’ﬁf?uﬁ%ﬁﬁﬁﬁ%ﬁﬁﬁﬂﬁ@oﬁﬁipiﬁ%,
fﬁ?&’ﬂwﬁﬁmﬁﬂ A A EWE]T R TRk
R BBV bt 3 B RRR § 2k e 5 % (Peberdy et al.
2010) : W H A AE B BB 0 TS FE A BT 06 RR
AL PP REEMEF SR B BeRo AR L € TR R
e14p F (Deakin et al. 2010) = 5 7 :2:84R EE{8 g i H oo & 5 o
T iE (7 ik RS AT e ch T b i R B B R 4R TR R i
BEROPE S THEFISR RIS EGE DT IO RE L G FR
:T‘Aizl\Asfar A P ik R AT R T - $R(Kilgannon et al.
2014) - 4 B B LS E FHE S BE LR F o IR fow e
ﬁ%ﬁ’nk%ﬁﬁﬁﬂ’%iﬁiﬁ@»@&&#@@v ¢
TR o
FTABRFTETR U AT RENER S - 0 AT S
W LB Y 0 P AT @R H T AR & B

BRI EEFET AP A LT R G 2 > F]L awn

=g

BFL o F RPN TG AR PR R A
o 7i g ERERIEDBL - BT RALTE R HF L
FARATE A AT o Flt 0 T RBEFI RIS B 0 B P g
A BB THF A RERR SR ¥ FE v e
fAaAT s Ft Bl BROPFF RN I FHAE R A 0 2 AR

Ptk 7 ffriedk s 4ot VoA R R £ (Surveillance bias ) e
B OB ARUE ZF CRAR
B TRRRBEDA L Y o (X RS AR A L7
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Bisnd HFrRa § LR 2§ AR A ol SRR
FEFEOM G e PR A R m A S A 0T
Jﬂz;ﬁ“g P %R Arie fF o GAM plot ha 74 TR > & ) #o7% oL
FUEZFIREARTEANGEFUMNE 5EFF T - @

Pk ART NG A Bl BB % 9 42 70-240 mmHg 2

B2 dork- § bR A RAE TR AR > SRR S F LR

2010 # % W< 3R g 4p 5l o BT iRl dum A R p A
Bkt F % > ZRFTaAELRFIEIF FERIT
By A dha § A2 fek (SpO2) =+ 3t 94% 7 (Peberdy et al.
2010) o 2RI EARBEFSF TR K oGl EBHFFHRT &
THERHREFIRED L PRSI A 60 2480 > & BB F F F
AR FFFERRT 2 BFRBEIZF ioh DI RES > AP LF A
Ziug £ (Pilcher et al. 2012) - Kuisma & 4 (Kuisma et al. 2006) % &
- ) AR ARES A T R g 4 s BB R
3RS 60 A sE ) A BES 100%Fr 30%w ~ 5 F kR 0 X
P RBIFEL R o RF AR A RN G 28 4
P RN R R S A I
£ 5 B3 A G4F he i R5e Neuron-specific enolase (NSE)
GH o BRZFFioRp LAY NSERAMERTE - AR5 T %
fre— TR TP A RF R Y 0 P F PP R SR 2 AL
ot R L EREBA S AP BRI R FIRRIGR D
BB IR AR o R A A A IS DfRE T REERE Y P

(4 Table 1 777 ) A7 3 F ~ 5 A% &I4R P L ATk 1S Bdr 24

JPER Bt F AR K D A E o B0 7 % I Bode
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BN AR L e s FARK RS L B ] E AR
FEAVEAIEFNII D F SR F AROPETE A AR
FH?  FLEFER AP B ERE SREZY R T
3 ¥ A fis ¥ & % 5 £ (Rosenthal et al. 2003) o F]pt » 4o pFRF 2L
R AR P R R R A0 B R T

BABREFL AT A EFRE ARSI FLEPOETEL i
RoeaigBRE 4 72l L BIREFAT FRED DFF TF
%ﬁégﬁﬁﬁi’ﬁ%ki}ﬁﬁ?@ulgﬁﬁﬁﬂﬁ$ﬂ

E g N

RO -E LIS S SCR TV R RS SN
GRS - B F AT PR B 0 B0 o Bl 4T o

HRRHFR A EELEN S8 RE AR SSRGS w

11\

am

o AR - S AR § M T AN R BEARAT 0 L st
TRFLR O AEIFFERE D L FERE2 B

e oo B tRAERF B B REEHR L OF RIRELR > i
R B FEET GRS s R (B e B
?)’hk’ﬁ/ixa”%X4EE}%*’ I ZERBR A%?J-Fggﬂ;xﬁ
FERERAS R (Mo EE 40 ) & o R F%L § 4

B g E AR B § FORRBER L RO €450
WA o e % T BF IV AL g XTI AR R G T~ e
Hop %164 K7 o & Fpt & Nelskyld # 4 (Nelskyla, Parr, and

Skrifvars 2013)5%= 3 @ o ¢ BLZT] > wf & > G4eilps 5 oidp p
LR IR BT ARG M AR Y BREA o TR
REAHA ] FEREBI T F R F AR RT R § L

ml?/r'—-f’ff'ﬁd 4_? F'-/éfg!:ﬁ)\' %Ko'f _L—ﬁ E’f"ﬁ?“ﬁlﬂzjﬁw ’ j\
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B - HHn T EROE LR . A SRR
BE T hbe R ok R N PR A T BT

% (Pilcher et al. 2012; Kuisma et al. 2006) -
AIRFEA BRI Y - BER THERE A BRET T i

- B doF 0 < X 43 70-240 mmHg 2 B 5 #0% 3 2R e B

h

PRI A > B RN A GFFLT ¢ s S Mg
FRm L G e $00%F ARG T0mmHg T4 vk § o R
M% =+ » TS - IRABEZFTT 57 0o i R
1 € ez ik o Kilgannon % 4 (Kilgannon et al. 2011)F1]#* =+ 3] F L
B BT A bRl § AR 2 SRS - AN
Hoom- HEL RAF od B%F AR E 60 mmHg B 40 & 3
4v 100 mmHg, 7= & ¢ 3 4r 24% (OR, 1.24;95% CI, 1.18-

1.31) - 7 i > Kilgannon % * (Kilgannon et al. 2011)4 * s % &
ARECE G H A R A L TR el S B 24 R B
BeficiE o Y 0 RRIMNRF OEEFRYT - LAk AP
SR LS AR P el Bl o B AR AR 0 o] SRR A AT Y
Ferguson % 4 (Ferguson, Durward, and Tibby 2012)41] * L =
I N Nk AL I PN VIR U SR LE RN L I R
Ep5 - S Aok - FEREE S o e ) IR A

fh ;A\[E‘fr}%—c:?mﬁig[ﬁ,}}‘am}i’ﬁr]—k‘ffﬁkﬁ’k%ﬂ?"

el RPEEA R BT AR B RRSR PR A
Ferguson & 4 X ié&j’,"}jljéng%)’% EONe SEA R R B [ S r s M

WEBRE e n A RIEY - B S g A H ST AR
RIS E HaE W R F awTy o
LERPE AFTL p AR GHI TS e A 2t
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¥ e = 5 o @it Kilgannon % 4 (Kilgannon et al. 2011)Fr
Ferguson % 4 (Ferguson, Durward, and Tibby 2012)s9#= 5 ¢ > % *2
AU < A FARE TS AT 0 A B AR fpcfrﬁgg:ffgs;;@é tg
TR 2% LY AviEd P % ¢ (Pilcher et al. 2012) & &)
2 5 PE AT A v 7 ¢ (Kuisma et al. 2006) #7#% & e2g 35 4r 2%
FRIAGHEGOFH - FIPR S > FrHERE A REP G
Bipfsaway 3 % Janz & 4 (Janzetal. 2012) 17 4% M I5 R
SPGBl o A ST R FIE A B LRk 24
Pk B e R BRFE > el 2 Benhfar- F0UZ RALai g
FHEF M A Lee ¥ X (Leeetal. 2014) 7™ 47 7 &< MR s
Frehs peigab o 4 o TR TR A BRI ¢ eh T 3aE iR
F A BAcH SEIESE G 4p B 12 5 Vaahersalo ¥ 4 (Vaahersalo et
al. 2014) ] 5 TR A B P A FIRE 24P R HFF R BT
1237 (e GEFURBEFAAMN - SLF LI L5 P s

Ly ARIELAIRFLRE A D AR H R ARt

B s B BBk o 4 0 PGRRE 5 T R e @ e i
e 4 R P FIRARR 0 T i e B i 4p B (Mikkelsen
et al. 2013) o M E )%‘/z‘ S -Q % ® m]?ﬁ]]‘;fr;. /)Elﬁ b r—r ’ 'T] L

REFHERR T OS2 T Lo 4 M G o 4

i
Bort § AR BRI SR % SRR
%

P VAR G A A4FHH% - § 1 pL A R A 40-45 mmHg =+
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(Peberdy et al. 2010) - B »+ 3 &5 7% = § it g~ & 3 58 > Roberts
% A (Roberts et al. 2013)% I ##% = F it g & B ~ 3% 50 mmHg

31];3 At F B § 1Y A B (43 30-50 mmHg) rﬂ}fia o zk|
Fedd 58k ik 5 A 5 Schneider % 4 (Schneider et al. 2013) R & 3

B 0% = F v pA B 42T 45 mmHg fhup A R FTHm- 5 LSRR
( A % 35-45 mmHg) rﬂ)?‘ﬁ Ao R E Dy R 2 A

I % % ¥4k 5 Vaahersalo ¥ 4 (Vaahersalo et al. 2014) R E_5F R 8

g

Bk A RER G- BN EE RGN o AT B

)

FRIBA SR B AR T A R A
oA BARM o fobork § AR 47 PR G TR LT 0 0 $0% = F 1
E‘\A\@ﬁ?iﬁz ﬁ__»’é i@;/};ﬂi‘ =4 ‘FK] - XM ’]ﬁ‘%ﬁ"ﬁ%%&%"" 7‘"19}; A

[ ;g‘ 4
R L

[

IR TR § R EE WY S s I S

2.0k TR R R A BRDFFRRE R
/> 4§ 3¢ - Roberts % 4 (Roberts et al. 2014);2 & ¥ &4k p 2 7%k
e A o HAmdpen®ok = § VA Bvivdp et B B R (#
FHBRF I P ER) DM o R TV G ARy H
B AT ]S R blAe SR Y 4 vep R
B o EREFEE pAHA O RRETFFEE AP

% s ROERE A N Ap A S AR

=

2P TR BRI T i R ACERRE

B (e o n gl A CBALY e E AR o

)
=
B
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s 4k

RERE > SRR BRREA T F R p AR AR
FHisSHA LA i oo ilwﬁﬁﬁﬂﬁﬂf%‘ﬂ‘fﬁﬁ@
MR FESARM R B AT G - R R A
* 70 mmHg 2 % 240 mmHg 2. B - ¥ - * 5 » f B edei% - 3 1*
B B o A A A RIS AR M R A F G R L AR
B fpende ik - F LA R G E LTS FEFS ORE S A
FERLE-HPFEL A S H e

FREBFET RGN AFE LR E SRR - > AFET S
W R LR T o FIR ARG F RS % T R RE L B
REAr S F RET AP A 2LFEM % 52 > F]o s wiR
MAET > FIRFRLAFRFF LR DELEATER A
o ERER LI FRAL S $ = 0 o RIEE T ik
FRRERY v AT S o AT S E- FEY
g ooom Zjekegs A 2 Fep iR/ A o B AR
wAE A s R P F s A bR g 4 0 &

<AL 4R AT RS

L
I

B o&d kR

BWEG LS R LT FRERFL S  FE G S A

=

BAe LS G GF A L WP o A BN
T‘F’L‘P’DF\’“& Kf)gg I}“I%\fgm}}%%t‘ aF:_u_m&f’r % {2

B (90.8%)° % BB b FER oL F IR A

SAEN GRS RIS E MM o O AR F R
dAaprg (% F P RGO V B¢ FERE § A

Behfff ) 3 A4 SEA NIFR BT g2+ o

59

doi:10.6342/NTU201800919



¥4 ii%éfﬁif'%%iﬁ”’,&jﬁ Mg MR PR G
TIRLRE PO R B Al ko bldeE bk Y R (19-
43% ) ~ BTk vog 3 (12.8-23% ) oo %R (42.6%)
ml%?.’f;&i——fg?}il %iﬁ,"“mﬁﬂ-ﬁﬁ ‘tpE % (90.8%)° Fa
BERBREZERFL ¥ r DR s BT NR Y
pho "t?}f}ﬁa Sie% =% 0 AT 95% 1 ,%‘,Sﬁg DI E e R
% (Corwin et al. 1999; Rodriguez et al. 2001; Thomas et al. 2010) » p*
P A2 R FF %% o bl4od B ehde o (Smoller and Kruskall
1986) ~ ‘= w kw2 4 = B F M T (Corwin and Krantz 2000) £ §_7]
AR &2 iﬁﬁﬁﬁuoaip;é’@»ﬁ%&ﬁ

B BN BB T P g T Rl he

x ~(Grotta et al. 1982) & %}k # "% n Jix (Kershenovich, Modiano, and
Ewy 1992)7 "¢ - F]2 § § @3 2 A d & infed ke § 7 £ 5 ik
T Flgtn F FRRAM AT Flin T E 0 F ARt A
EFF 3 8L

Tk T BT i e ¢ b (Tanne et al. 2010;
Diamond, Gale, and Evans 2003) ~ & 4+ % # #% Jj& i ¥ (Sabatine et
al. 2005) =< %K% BH(Go et al. 2006) s & 0 o & F R A IR %
2 BenBf Bt FIMUAR T % R AEMAES g
¢ ARRYE RS LI 2B AL b E
Mak d 4 Rk (Kellert et al. 2011) ~ & H%- 5k & #% g i 3 (Lee et
al. 2004b) ~ < %% % B(Anand et al. 2004)fo e oF o b i3

('Relationship between the hemoglobin level at hospital arrival and
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post-cardiac arrest neurologic outcome'  2012b) =55 B oo B E e ¢
Z R B o ik IE 8 % % B2 4P M o 4 Figure 10 5 GAM B 47

R Fen ¢ FERfrREH GFHNIFEAAM o 2B T

>

PR d FIRRBREED g TP A AR RE A N

EERMBEMFPIERE MW 3L 2 RRDEEIRAEA Ko
L Lia- HhIER -

# Figure 10 HGAM BRI ¥ 5 4! > 4ok e 4 ZRAR <309

g/dL » = W 4FA GH R IFE LS §F 1o Ft o p-n

¢ FER (9gdL) "HBEi e é FERGERMNFERE - 3
Wond FHFPF FEA AL FRAAT L F IR
S B F]F oo FPt o Rpn § ZFER o 3 0B R
(Figure 12)>» ¥ B M1 4% fpohw § &R PF > & & 2 ER k4
AR E (8.6-9.0g/dL) > ¢t - & ¢ kR > {1245 Figure 10 i1
GAM R # e MPERE > 75 o) 22 > 37 Flo 3 &
feR R (94-98%) Pl % o Rdpn ¥ ek > ke ¢ 3
R B SPAER BT R L B AR A T
L ek R e o

Ay deh § R AR BRKPAER Bt F o b Az L B

& M4 ¢ b (Diamond, Gale, and Evans 2003) ~ & 4.5 &
"% e iF ¥ (Sabatine et al. 2005)fr < %K % B(Go et al. 2006) % 1 %
o RMEFS S GEATS NPkl d FRAFF A3
fe 15 g/dL 2- B (Tanne et al. 2010; Diamond, Gale, and Evans 2003;
Sabatine et al. 2005) = A — % ¥ & B 3t %Jﬂ_ e R RE S A IR Y
PooORTE E T Bt W0 (B PR d RIRR 0T

gdL) feifdie Kod (Bt PHE 2 & kA » 10 g/dL) ¢
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Lpp AR BT 0 0 e R B ISR B IR R
B aRBR = FORFLAT % o RITOR LIS

(Carsonetal. 2012)ix § &R T pE 2R E 9w d FRA

T

B {%?Jﬁ; PP AR o 24 = (Carson et al. 2012)2 ;& 3¢ 18 T
Bodkm Bctedie R (e & FRAR 7-8g/dL 111 )5 @ $3¢
R RIS R Lt ﬁ%ﬁiﬁ'ﬁéﬁﬁ%}i Wk (o d
FIRR 8gdAL 1t ) RIS H R - e TR ER
M3 Eife & 2ER S %’Lﬁis?li P (@ 2 3k (Peberdy et al. 2010;
Deakin et al. 2010) © #F7 7 FAls F¥ 0I5 % — > B4R LS
ke § FIRE MG RiEangdy - LAM 0 d FRA
B % & Holf LT 0LIE L PR B 0 pE S e
- My b IR o

UEE LR SR FAE ALY B R S Y S
B £ IV A BRI o ¥ - FETORE TR A LT RS
TAgg 5 BEE LRI R 0 B B AR
Rz o AR 0 AHE R AR R R (S R
HREFE ) e d FRRAEVHUERHL R - 3 0 T

R SRR F SRS Y R

FRR
FREFFREAL IR R T FHIE S LR
RF R RN FRT LRI BT RN BRF AR
e R G MEBERE F R st e

1z %5 (Johnston et al. 2003; Farquhar et al. 2009) » #: 7% 3 4 & el 4c

G DE ML D iLE IR C > el SR G|
R T ISR T LR RS ST PEEER
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TR A E R e ko FFART A R
% (Zwemer, Whitesall, and D'Alecy 1994; Liu et al. 1998; Vereczki et
al. 2006; Richards et al. 2007) » & i 4R LE{2 g iF 3 ek 1 (8
(Wang et al. 2014; Kilgannon et al. 2010) - Kilgannon % *
(Kilgannon et al. 2010) 5= 3 J5 % o7 » $30 4 LR g 5 3 i
B0 Bo%F 4R <30 300 mmHg fr7e = 5 A e dp b oo 220t 4p
i AFF A AT S 0 F E % 4R /AT 85 mmHg $] 210 mmHg
2 B ek chAf (8 G BEREE o BEIRIE B E IR F 4 R g ]V
R F AT wREE A 2 A A PR SR AERED
w3 4R g 3 (Peberdy et al. 2010; Deakin et al. 2010) #72& 3% * 3%
RIS EIFFHL > R HIEE VAR AR R AR
TR B
BER O HWRL R EHE i R0 Flaa d R ey §EE
e R S FERAV TR S RN E FESFT M
LTI o Rt A S AR 2 ER MG FdkiEad
PR TRk R T A A R RE NGB ERELT R R
31?]15; TG R R APIE ARG i o HN4RILE
R iEHEaE L 0 bk § ARA IR EERE L ARL 1 E L
FIE <SRG R AL AFTF SR T ILIE L Bk 7 PR
Wi g R #H S AR RS RHE AR R o
LIt ma & FER o
FTARFET R WA R E R F L w4 B
BLRPAY > AT R aE 2 p Rl i B B > 2
FRB R Mo $2 0 F BmE SRS L) 7 g

BAIRR R o ISR AR T o AR - R S 3F
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g mA o F il FlE LB e it S Pl A

( Nondifferential misclassification bias ) > i ¥ € j* i1 % #ces 58
Pom AL R ZHEEFM > FL T LT ER S
AT AT o %2 0 AP THER AT prF IR TG
VLR R R R R R P R AL e TR e o 7
SwimMEAT R ] > A AR R R+ R F]S A
BOEAG N AT o BfS 0 AP IRT Y P HRCEF AT IR L
BoAPTem i3 dliebopridl m o vy Faie-

d-lj A%E’E{é‘_ °
YrE = BER

FLER RN Bl oo AR TS A ik
Bfckl §8# R IpiE 8 375 f?’ﬁé’ﬂﬁ@%°¥fi%%—fffﬁ?,€%€ v B
EBERT G ELTIIRABHLA G TLE AR RN A
Lhy € e 1R (4 ,T} L pEk B M3 180 mg/dL & &_10
mmol/L) (Nolan etal. 2015) » #7355 &1 > 3P R L ko a
TR KR LR T R

Frfre b prin b R Y BT 0 B ER AR fri L o B F

4 5c 3E t6 3 B (Mullner et al. 1997; Nurmi et al. 2012; Daviaud et al.
2014; Kim et al. 2014) o #-¥o F $fd chf oo pe ik b g & o

Mullner % + (Mullner et al. 1997)f= Nurmi ¥ 4 (Nurmi et al. 2012)

dadt o BMRAR PO VETRS DA BB i AR R B B o AL egd

BHNIFLEFH - 28 ARBEFT RIS T AT R
Pl & g 07+ 22 % (Mullner et al. 1997; Nurmi et al. 2012) -

Kaukonen % + 3§ (Kaukonen et al. 2014) > & = #Fik & 3 €5 5 &
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B T N A - BRF LR gtk AR iFLAATY o Aok
%%ﬁk&ﬂﬁfﬁ’$i%%&%?*$iﬁﬁ%%ﬁﬁ§ﬁ
| e gt ?b > Steingrub ¥ 4 » 35 11 (Steingrub and Mundt 1996) » 4%
RPABEEREAD > B BkRIN SE S RS2 Bkl i
oA PEAMRAR D A BER A D T R ARME T AR A
gﬂ%ﬁﬁﬁhuwﬁﬁﬁﬂf’ﬁﬁﬁﬁﬁuW%iﬁﬂﬁiﬁﬁgﬁ
FPAL TR S o dok R G AR R e AR T e 8
/2 (Mullner et al. 1997; Nurmi et al. 2012) » x #&k & fodd 58 # o
2 AT L 6 i AL o

FRETE R PR SR ek th s B i 0E o &0 Kim % 4 (Kim et al.
2014) dp o AR B A BIRS Ak AR R B oA R g
P TEte S % MM o 23> Losert 3 A Ty Bk M T
(Losert et al. 2008) » 3% i1 5 fe B AR A i B > B W 4R LS

BAr 12 B PER o if R oo iR R B o iE oAl v 7R

=

% BB o ¥ AR L PR FHALE 4 B FahTlik

J+i% ko5 & > Daviaud ¥ 4 4p {1 (Daviaud et al. 2014) » %+ 48
PR 0 g o R R Y o fri £ ol S8 #aaf

Bt o A i 0 Bethow gt iB ok ol hos g ik o Roan 2
A A K RE R LSO SRR
(Laver et al. 2004) ; ffrp o Bt i ok T BP oo B MRS g B
+ f% i (Mikkelsen et al. 2013) o F]g* » B v 2 % G F > PR ho gt
i Vg B 787 7 3% % (Daviaud et al. 2014; Kim et al. 2014; Losert et
al. 2008)F_F ¥ "M B * Afap o peiR b g it oo

Beiser % 4 (Beiser et al. 2009) &7 £ 7 1 n k& friap < gt

B RBRHEF LM GPE LY o fl7 LS A 1 H R
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FALE > Beiser & 4 (Beiser et al. 2009) 797 7

R iad

FEF O HWBL
FhFI A RO E > L BER 3 E ST eh 2 Bl Bt
£ 5 7 it o 7 3 0 & Beiser & 4 87 7 ¥ (Beiser et al.

2009) » kAR B oA PRIRISER 24 o) PER 0 m BEIR R S B

Boo| i g7 o A BEEF AT Bt ipl B R aE iR
WAer o TR G TOABERAR 0 FREEIL €Tt MRk
BHMAFLBEMARBLBERM 2 o 2P RE TREID
v BER oo A8 R W R BEPF A & Frif (Beiser et al.
2009) » F T kI ACE A

AFTERRY T8 EEREF AT M L & Beiser ®
A (Beiser et al. 2009)sr#* 3 ¢ NI AL o P R R K 0 o0
WEE R o s 20 B M BN 0 22 Beiser & 4 (Beiser et al.
2009)e%= 3 % % 4p 12 4e Figure 18 v Figure 19 #77 » & #Ek R
o M MR R T B Pk 0 B3 E SR GAM B ERE U
FAGE S o ek R R RN iR L B R A
JE B 43t 183 40307 mg/dL 2o fF (10.2-17.1 mmol/L 2_ fF ) » #¢ g
Fri AR g 5 NG R RBROR N B R B

-ﬂ-‘b%/k)i“}ff'ﬁd SEM LT MBI A EF > R TV o AR

=

WA PR okt AT ERHT  HNRRRRE R 0
HEFH RIS A F b e BERFF O VE > AR
WOR R L B o it B % o Egi ¥ 4 (Bgi etal. 2008)59% 3 %
BARE B P ERERRL 0 AR BRRR L

L 2% BB BRI b & BALR T £ AR
T B FRGF R B F R M e R R

T b fr A FOR o R B bk R R §E Rt Ui R

66

doi:10.6342/NTU201800919



It BRC i 3% 8 & % (Nolan et al. 2015) -

Mk BT m Boni T e A I o 200 (Finfer et
al. 2012; Duning et al. 2010) » e §_F o 8 B0 & 2% S
Tiag Bk R A A foTRR e FAUR T L b 0 AT
PEFE R ToL kR o THOL BER ¢ LR ENE T
TR g ahEs RERAFRLE c LATDHFLY > T
a5 ¥k B (Skrifvars et al. 2003) » § 1% ¥ = i 4%k & (Daviaud
etal. 2014) » F % Ao+ {d/E ] & fEk & # F(Beiser et al.
2009)ie F A c RET IR H- i BIKEALFHFP hF§
FEF #4385 v _A 5 o Eslami & A (Eslami et al. 2008)3‘;] Aol g
W A& F S E 0 B e :",%'F»@)I?%_F © 5E30f it
FaF a3 ¢ o B3 e dha SR hdp iR 17 4 47 (Mullner et
al. 1997; Nurmi et al. 2012; Daviaud et al. 2014; Kim et al. 2014;
Beiser et al. 2009; Steingrub and Mundt 1996; Losert et al. 2008;
Skrifvars et al. 2003) ; ﬁ} CH_G P A E RS € (Callaway et
al. 2015) @ i >0 4RAR A 2 PATR 16 chups BB R IR A B W B
RRPE AR EF fE 2 A Birdldatk 0 * s
Ao s 17 BRI B e AT o

BEARE Y H - o E R e R otk BB
AP FRBEIOFEAARF DL o EEBF -
Wi L c R OF o T i § R F it i g 3 Bk
T o HRA SH G TE 6 & (Bruno et al. 1999; Jeremitsky et al.
2005) ° H i > HAPRINIE G R PR S BER A N 4B
SoME BT ABFET o A BETRINAT T MR R ALt B R

kaFH o § Rt A B A a PG TR FEIGINE KD

.
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BHET R € RE A B AEFGINE F AT R T F (Abi-Saab et al.
2002) o § PaREIE NIRRT > oy AR OF o BT Bl B
DR A S DY FOBRACFR 0 R bR P F i RN
i Tx‘ v R MRRAE e F B R eHEP- & ¥ i i o ¥ (Losser,
Damoisel, and Payen 2010) o X & # 7 ko7 » BPGINE § g TE
RN HERARL ¥ ¥ frrefi ey F kR L E M2
fo B0 CERR G 4o 3 B E2(Oddo et al. 2008; Vespa et al.
2012) « Fpt o AR P L FHEAY 0 AR A PG LD
o VAo BAEE e AEIER Y § FEERTRE B
R A MRS B F AT AHBRES G A R L
(Marik and Bellomo 2013) -

Oksanen % * (Oksanen et al. 2007)35 i - $2vFe b g id b 5
B Bt ind Bl Wed o Vi i LRERE It T o 0
R Lm0 B ool @AM o Bofe b A eE T o
M7= 50 e A AT M B2 e WK AL R
ok o REROVRLHS § TE RS R R hE RE T o AL
¥ "1 de st o(Nolan et al. 2015) o 2 &> 7§ £ 4Fuprin b (5 BiE
T dEER P RE Y OGS A IRFT Y A SR BRR o

4 MBI RV R AL B R Rl - > B B

P
7

o+
il

RETEER I F Sh L E A iRpl Rl ARNE BEY L
FlRM o %2 0 AL RIDTHTF]F T § ERGE
Ao Rz AF TG RF FL A B RE o AT

TR AERTEA F LG R BRR A b RN AR E G
FHERLM > 2 2 LSRR F L RFR LM T TP

CEPTHRAL L ETR I g & 0 B R E B LT o
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L edl 5B GRS G MBS (Peng et al. 2015) © F]pt 0 it (7L
Wrimgmy o NP AL BEER A

- TR S & g e

¥
»
>

m

B b R %

F_L

FedlE= G o %16 OxyFlo ¥ Rl 5

28 =

]TI

AR AR A s T

O R I N E-SLT mz’ik_gm ’

2 RER
EHGERT  D

3O o P HIF D

(Figure 20) = #* — BLipl% % » §v Drabek % 4 (Drabek, Foley,

Janata, Stezoski, Kevin Hitchens, et al. 2014) {1 * g4k 3 B BT %

Lok - R oo FM o AFAY

T
£ IR A
4 Drabek % * (Drabek, Foley, Janata

Stezoski, Kevin Hitchens, et al. 2014)c7#7 3 > & $i- 3] i 8L
YL LR A O TRy 1

* OxyFlo ¥ ¢ & P4 UG By BRGE SRR o) 0 H

RV

FE T Ap it L

2 oan

2 2N AR R F N ek 4

.1 5+ Norepinephrine ¥ 12 P? &2 # 3%

’ v‘v
P XD H R R

‘; k>

; F“ﬂ /E/HL
',JT'\?;-;‘T- "~ ‘&')h T'A%_L" 0 K - E.‘?-}iﬁ‘g‘% y FRAR R e.K_EL B "’k’
T iode MR A FFEEF el SR p A A ot is
4 % ° Sundgreen % 4 (Sundgreen et al. 2001)F1 * 54

SR AR R L BRI Y X R E R AR B TR T dhn ot

BLA R il

R
T e 4R TS s 4 4

#1

Hradtp A0 ST A 4

bo

8
e

7r 9 ,{J,__*;Q;I;a Lo B BT aE R R A 2 21 s R
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B R IF IR R o A F] S AP NG I
Norepinephrine ? #325 & > & o %% e S8R = 3w pin b @i i
R F] R R ETIRAR S BRI 0 B HAGIRA A A S 8
WA RELH

fw A Gy P A RT| o Aa & R4 7 7 (Hachimi-Idrissi,
Corne, and Huyghens 2001)#8 &1 * = B &% = L 3098 "% B T - 2
KD PRBHFEORE S L RE L P FIARP P
T 3o# R K T3 d o B4 Hachimi-Idrissi & 4 > 4] *
Ak BRI FA Y 0 T T 0 %R 140 mmHg 5 P
0 # IR > 41* Norepinephrine #% = T 358 "% R 3 140
mmHg ¥ & - s > PR EE g SR E Y R EF
R TR N E R LY BRI IR F S Y T
A (B T o6 % R 2 % 110 mmHg (Figure20) =+ ° 7]
¢t > Hachimi-Idrissi % A #7:5 #& cnp 2T 0 R T 5 & B IR e
SOBILRR S ATE B R w0 BLF F] F @ R ReRn
Z PR v a F ok end g 1 Re4E 1 (Shoykhet et al. 2012)/ 3441 7
TR HE A ? FI o A PN T AR BELR| R A $gINE
A hTERg G FRD e AH BTRAE L o & Bop A ik

I RT G R & A Pk SRR B

94

3L “ﬁ% 7 Norepinephrine jf ;37 /| pF e B 2 070

A o 7 i ¥] 5 Norepinephrine jf i1 /| pF 2 e B & e

~=\

S e dlEgpt o F G oo iR PR RCE RIS A ] P

§ fL‘E‘iﬁ\A:\@in B g '%/};’%)iﬁi{r'g —%E:F\:B‘B}\\’ MTIX ]&E—ﬁllpkbl’.:’l’ oo ¥
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REEP A AL WA R EHT U TR R
L TRAEFES AT A A 2 AFLAHET 2 HE

% % Norepinephrine jf /i ® /| FFeif2 B o FJPb 5 5 7 e 5@ ¥t §
s vk o {8 W B 7 3 4o F % = Norepinephrine jf ii = -] P&
s R G Bl et i KA e BN E T

Hobedd SEA RS E L B iR

=K

y FRET 1 ‘)'l-lJ)}V

e REERIVGE S S AR LT F 2 REERE
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AR RIS A PR E > AL S

ﬁ%%ﬁgﬁwm&ﬁﬂijwﬁﬁ§@4ﬁ@ﬁo@{ipf
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ﬂn-

SR Rp R wmE Lt FREIAHERNT A
iRl A PRI R R TRE B BF (- A gk
HAE 5 i o et 0 23 BPAE L HRA FI R

Tl 4 0 AR IS R R 0 LG one-size-fits-all g4 345 4
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e

B o Al AT T dl e g 4 i TS i B R &

e

5

\\\?{r
<l

RESERS TR ST TTE RS Y
L e S LN S Tt Z FEXEE RT3 Y;
E S A LTGRO R Y o W LR B koA P

.

A b o il A @R 2 o S s - BRARCA | <30
APERG FEFROAFRAE AN 0 ERORI AL L
LT ARKE o Flpt o MR IR A A A I S8 B
oy H g end 4o 4R TR A B kGl 1 0 DA E A 48
B FAEE A RS L RAFEGRAD > H
B F R R AT PR R TR o A DR A TS PR
P - T

F pen g F 8 % FF Max Harry Weil 8 53046 07 i {709
RIEpEEr A 4RI E v T ek o RGR BB FF AR -
ﬁ°"ﬁiﬁ&?iﬁ#m4MW@i@4ﬁwﬁﬁﬁﬁ’Bﬁ
ARAPFEY Ll BB c RER O FENG L F R
Bbefs bt o HX B EFRF AR A% 72w 4 Lpe(Merchant et al.

2011) o F1 5 5 Hp I &k AemR it 2 %8)%45]‘(@]}‘}:11;{; s B oA
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B BT e s PRk SR 4 A 43y 5 (Berg et al. 2013,
Girotra etal. 2012) o i = & P o 5 2 304y 5 ) s s
BLEREE Y i ] =0 NI TR TN Y o e ﬁ_;’g—_g‘_;;];i T
95% » = A B3 X 60% = + (Berg et al. 2013; Girotra et al.
2012) o fededhp S AL B < PO 4 B H IR BRMEARLE T Y
EAR S AR LI T e E R g 0 ¢ A FIRE o A AT
BHFAFUEREREREDG FHE c PRER- < AP
s e iRk B 4 F R R Get With The Guideline-Resuscitaiton » 3 & 1T
S E eI RL o IR BREFLE S LG RFR
*% % ¥ (Bergetal. 2013) ; $# = A & k3 o P B iRk 2
PP ARE 30% e ap A 0 BT R RFY s EREE
(Girotra et al. 2012) o F]pt :T‘.*‘w? PER: B NN NG L A 3 NN
Bk A0 ERE T R L A AR G Fe chs M AR TR
o BRI R 5P RA AR T 4

g1
=

ERCRERNRGET B LB S ORI R A e &7 I A £
#how b 4t (Kernetal 1988) - e §_» A& ¥y ¢ » & F3wiv
S JUBILE R AR AT 7 B A F R SR e R E
SRS el GBI R P gtk o R EIRIEIVREER A E
EE2ovvg LERE 0 R EITE B R N hBEd 4 0 Bk

RBREZE e RA R S R AR G A T T RA R
(Sanders, Ewy, and Taft 1984) o §# 73} 3+ & 5}k #9% @ ,T@i}u?g Y
50 BRI BRI B R 2 ¢ B R
Plentws SRR LR > 7 0P B I W pE TRk § %R
SR o

o i Tk B R R R R T W A T S 4 B DR e g
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BEvuw@mi s L k48 o & 1906 £ > Crile - Dolley ¥ 4
(Crile and Dolley 1906)F1 * &+ ’ﬁl‘% HHopriet s SR Fam
Prpe o @ e AT 2 - R FET L RER A b4
SEARAPEE o L iE- 5 0 A 1988 & > Kern ¥ % (Kern et al. 1988)4p
M B R ERGEINRT LB ERIER] 24 ) PG S SR RGBT R
%t 20 mmHg & 7 AR RE L H R I B2 6 5 E (1

HIERIE 96%) o 4 Fpt > Kern % A 223k >t 9 40 THFps > Ji

\

EEMEERASRFREARUAAERST c GLERE
$] 2013 # » Sutton % % (Sutton et al. 2013)14 2 Friess % * (Friess
etal. 2013)4 § = {1 % 2 ip ik S 8c3h oo W AR LIS (7 2 58000
B i® 0k egE & o Sutton % 4 (Sutton et al. 2013)12 2 Friess % 4
(Friess et al. 2013)$x B~ craws ¥ 4f e & 1) % BRAG R &R 4 B W 4R 1
¥ oends % 1{‘{?’7@5_ ~ ** 100 mmHg # ® ] #* §F ’;f]{‘% %5 47 B
S AR IEP enFe ok B0 E R 3+ 3t 20 mmHg © Sutton & 4
(Sutton et al. 2013)2 2 Friess % A (Friess et al. 2013)4 %] #* b —
FA RSP R ITTE LA S i L e § RS
oo iRk chyE @ H0A] 5 H % 4p Ji(Sutton et al. 2013; Friess et al.
2013) » 7 @ AP AAHCE] 0 AP EOT FRRIFR R F O 5L
=} H,T\-% SRl IR LR B e NP L o SR s L £
el E¥F S SR E - FEAY A (Sutton et al. 2013; Friess et
al. 2013)~ 2 e G4 12 S} B an 4R Thjiv i G SLo m R T
MEend de 2z B Roerid st en® kSRR LR B R AR e BRI
HER R e kmT 0 il RS ERAE T “’T\%

Y - m’l% AdrE R e P A oW pPEMA AT T 4
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S8 X Tk £ UE S RS A SN G R
Fo iR H 4 IR BB B e R 4R TR o

E2 TSR B AR TR AR e B AP B 2
pelt o e R TRA R AL 3 B FIE AP HE o SHAR ISR A P
BHe B ZREAZEIFEFES c AT &5 HGINL
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B R R RT A A TE R T 0 - B0k § 1
2o RAR LG FEARAEER  BETRE YV ARE
2 Wik o R A DAk AL SR 0 g 2 iR
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FREFLHEALEF R RELAEE S 87 FIRAR TG F
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MR D FF R ARG T o T A E G PRI
RIRp R A LR o A RAF AL IR ST 2 4
Bip b e Ble ? 287 L 1% OxyFlo ¥ ¢ 46 » * BURINE &
BLRIH Pt jn 1t > I 2 RITET P s Fr 3 % 0 RN i1 2
AEEIFBOFE TP ok okt > 3 REV U FaE0
(kﬁb%ﬁiﬂ%ﬂﬁ’N@§ﬁﬁ?ﬂﬁﬁﬁiﬂﬁﬁﬁﬂé
ek RE o PR RS RE ATRE AR KT RGN Bk
i > # 4% infrared pupillometry > transcranial doppler > intracranial
pressure monitoring * cerebral microdialysis > brain tissue
oxygenation & o H ¥ » FRAF 7 B AP P OE RIKRE 5 brain

tissue oxygenation 4 % cerebral microdialysis °

Cerebral oximetry 4! * near-infrared spectroscopy ( NIRS

fek s Flt o B8 NIRS > fsk F 7 v L2 R0 % %
¥ehg § %3 § 4ok en% it (Pollard et al. 1996) - ] 5 % NIRS
TR PRIt R 32 0 70-80% = + e /12""3{#; ; FlR i
NIRS Z |48 Flerdicdy 1 & & PGB e § ek o 2 5
IR i o - NN CLRC N = L ] ﬁ#ﬁfm[}iﬁ A 32 {7 B Y NIRS
fFTt o P OO LRI et R § o R b 0 B 4 AR
GRS E B AR o 4 F LA 0 MR R L § H R
LA RE R AR TR T R SRR 4 i (S F A
(Parnia et al. 2016; Parnia et al. 2014; Cournoyer et al. 2016)  # & T
- BT ER R S BB R BATY 0 A idg 0 183 i 4

P B enTEeItG § e R S n 4 RE T R p 2 TR
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2 AR p A S ehic 4 B % 4p BE (Parnia et al. 2016) © o0 ¥ &
foRs ¥ OLIEE - BHEL L KRB A LFT LR A LR
oo §FATRZ25%PF > HAERDE A L F SR L ATk
g B L E T 100% (95% % 8 T B 0 94-100% ) 5 % w § A e
B> 65%pF » HAERIpm A AT A SRR P 2 Bk R BT 0
71 99% (95%1% 4§ % A » 95-100% ) (Parnia et al. 2016) o { i&-
W L HBE I TR AR DR eIt 3 e R
A TN - BN L I By o L8 N I E =R R
LF A o Kb A FPL s eRNG § Ao B A R T LR s B
SRR AR 0 # T O G0 9 4R TER T e i 4 $5(Parnia et al.
2014) o BdiTeh- B FF LAY L FIE T 20 BERLS
P gpor 2436 g 4 o A TR B IR L PE S TDRRNG § &
Fo Rk & A Pt § AP fo R AR o A TERIE A AT T LIRAR
PagETh o R kE o § TINGI0L § o ] T 30%F 0 g
BTGRP L EE L- % 0 RF b fr T 58 § e
B A AT A S tAR poILA G 4 ihig g 2 48 B (Cournoyer et
al. 2016) o ¥t 45 THis "gin e ¥ A fo B 12 2 40 T8 T a0 S9 1R B
WAEn S 2B PR R - & AR EFFEH
Bor 60 AR LS gH A ] AT o AR RO = R 2 SIS
e A RIS T URAR B IS R 4 dgn 4 0 T g
§ 4o fr R i ¥ g (Stormetal. 2014) o ¥ — 5 > 21 =4 £E18 »
e gl 5 e A SFTF 0 BB RS AR o FE Y chT g
Fafor T 3] 68.2% (66.0-71.0%) » A F ¥ A 55 K 0%
M F AR 62.9% (56.5-66.6% ) (p=0.01) (Ahnetal.2014) %

B oo hiEd BN RTE R L HRBEEA LY 0 BB T A

77

doi:10.6342/NTU201800919



pQgﬁ;@& v H T gy itg § éﬁﬂfr)"}:‘”ﬂ AT 70% 08§ PeiRa

Fofr R RPN > HT RN nE §EE ol AT ek
[N IR A W e 'F;\Dﬁ/"ll%/\ = “Kmﬂ_géﬁ«fr)"gﬂ 19

i g ) o BEARAEE MO F A frR T ] R R4 LR
B e iiion g R AR H R 0 A 2 o B

;F Kljﬁ’b"r}pi S :i'?

) -—
E:
W
pe
>
o
z
i\
Py
|2
e
_f\)\
!
w
T
=

FERLTE G a) ARG {ﬂé%‘%%%%&i’%”
Wt F A e L FIN RS AFLF e R

Yo LR A iR L eyl o BB A TR R PR Y

"&.r

2 EH A F LR o HTRR FE R W L E g
o LRSI BE R G B TR SR R e
ek m A F PRt T R ERR i%é%‘%ﬂ&%%é* KR

{%¢?§’%ﬁﬁ&%ﬁ?ﬂéﬁﬁé i lfeR R

SR
o

Em e Iiﬁf‘a41ﬁ.goDenault;r»& R IRG YR B

T

’W

- RO ER KBS Ao R o K RS L AL B% 3
&
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R0 2 32 35 #(Denault, Deschamps, and Murkin 2007)T ¢ 35T 35
BN B F oo FOCRARIZ G BER o N B

PARA EE S Y AR TS R A D ke AR TS Rt
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BEAR AN F e R LSRRG A 4 R AR E R
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WiTE~ HE DRI BRI FRPRiE v T R R
¥ FaEfR c BRIE RN F A{CR A FFERL §

o R AT 2T F IR Y AT ek o L E TR

L F RS BRI N R L FEREFST
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o F AR Av R HT P RE IR AR T A B K F15 0
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B4 I3%Auin g B adba R FHERLF ARG T
J13 R ¥ (Oddo and Bosel 2014) © f— 3 » ~ 24 THS 5 4 ST F

SR HERS A T TR § ek (80%) AR

i TR F e foR (67%) BEE RE B b
R P L RRS s 4 ’%%i%ﬂ?%4%ﬁm@ 4 g
$HIE 15 13 3 3 ) e’ B(Takasu et al. 1995) o f— 4 » 34 =4p L5
B AR L HART ek R g Y LR F e foR

WEERL F R T IR L LE 6 R L 3 (Zarzuelo
and Castaneda 1995) - &% #t - B4R ii%é:}rﬁ AEEE Y Y ;Fk’ 4%
e VRV BOR £ ¢ L L o R e e § AR
(Buunk, van der Hoeven, and Meinders 1999) » % % # 1 » A3 7% !
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% (Buunk, van der Hoeven, and Meinders 1999) - 2 3 —*ﬁ‘ s R
Biph > FERLF EfeR A R AT F T O Path
F R P s phin o e B R DS PR EE X < F 0 Fp
BISIEIE A i o

"ff TR E Y ARG AR R § A oR gt
PR H TGN F o A2 PR o Bl R g Mt pid 4T
(cerebral microdialysis ) ¢ & F|&75GI0a & S FA* Pl o
RaRtHE AT A - R e A ha e H P it o §

s

Bl e R S B L SR A I S 1 AR A
Hci% 7% (Mahajan and Rath 2015) - (5 d & #7cid 7% » ¥ ok
S RS R R e R B (R SO

REAPMRER > NEFR/pBRECE) BEAN (B R
DR ) MR e WA (B (ﬂ;g,;%)g)ﬁ‘o%,, PR -

W

T B A (k) - § O E S (8F e
% 4p B ) > N-acetylaspartate (24 S5~ Ap B crgd vl 5 ) %4 "
VIARRIE o IR R Y o BT Y MGG T R
AR G en & By enfef 407 0§ F k& <0.2 mmol/l > Fpk
JE B >1.5mmol/l » {5 Bk ek & <25 pmol/l » 5/ Ak et >25 -
H kR >S50 umol/l » 2 % B F faik &R >5 pumol/l (Ungerstedt and
Rostami 2004) -
Flo it iE i EF AR R PR NG CEBEAFLRE
fTR A 37 R R RS A e o Nordmark % 4 (Nordmark
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EATHE o AR LTRSS PN R~ 0 B R R
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Mo drie AT H &4 E PR P A TR 36 L FF o BB e B
Aol B SRS 3R IRAR 4 - Nordmark ¥ 4 (Nordmark et al. 2009)
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.

CRESY

Sudden death continues to be a great challenge for all physicians
around the world despite the remarkable advances in modern medicine.
In the United States, more than 350,000 people suffered from sudden
death outside the hospital every year(Gillum 1989). It is estimated that
sudden death occurs almost once in every minute in America, and
becomes the most common cause of death in adults aged 65 years old
and younger(Kuller, Cooper, and Perper 1972). For decades, efforts
have been launched toward primary prevention by searching and
modifying the risk factors associated with sudden death. In recent
years, this work has been extended further for optimizing the
resuscitation of the patients. By strengthening the concept of “chain of
survival”, researchers of both basic and clinical backgrounds have
made great efforts trying to understand the pathophysiology of cardiac
arrest and develop therapies aiming at mitigating the global injuries
resulting from circulatory arrest and cardiopulmonary resuscitation
(CPR).

The “chain of survival” consists of early access, early CPR, early

defibrillation, and early advanced care, most of which are associated
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with the integrity of the emergency medical services system in the

community. For years, efforts have been launched trying to strengthen

the linkage of the “chain of survival”, and have proved important in

improving the resuscitation rate and overall prognosis of the patients.

Unfortunately, the final outcomes of the victims with out-of-hospital

cardiac arrest are still poor. About 50-70% of those who are initially

resuscitated eventually died before they are discharged from the

hospital(Kern 2002). One third of these died of post-resuscitation

cardiac dysfunction, one third died of neurological failure, and the

others died of the systemic inflammatory response syndrome, sepsis,

and multiple organ failure(Schoenenberger, von Planta, and von Planta

1994). Even in the patients who survive to hospital discharge, most

exhibit moderate to severe neurological deficits and need prolonged

nursing care, resulting in tremendous increases of the socioeconomic

burden. In general, only about 1-2% of the patients with out-of-hospital

sudden death are able to return to the society with adequate

neurological and functional recovery. Therefore, delicate goal-directed

post-resuscitation therapy and care are urgently mandated for

mitigating the global ischemia/reperfusion injuries and improving
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outcomes in the post-resuscitation phase. Such extension of the “chain

of survival” has recently attracted significant attention, and becomes an

issue of great interest in both researches and clinical practice(Peberdy

and Ornato 2005).

Among all organ systems, heart and brain are of particular

importance since failure of these two organs is responsible for two-

thirds of the post-resuscitation mortality. For the former, post-

resuscitation myocardial dysfunction has been described in both animal

and human cardiac arrest(Tang et al. 1993; Gazmuri et al. 1996; Kern

et al. 1996; Laurent et al. 2002; Chang et al. 2007).Though it is

basically myocardial stunning due to transient ischemia and is usually

reversible, if the stunning is severe, the hemodynamics can be

significantly compromised in the critical first hours post-resuscitation,

resulting in severe circulatory failure that leads to global

hypoperfusion, multiple organ failure and mortality. As to brain, it is

least tolerable to ischemia. This can largely account for the poor

neurological outcomes usually seen in these patients. In the past

decades, efforts have been devoted trying to investigate the

pathophysiological mechanisms underlying the neurological injury,
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based on which potential therapeutic interventions can be developed. A

number of pathogenic mechanisms have been proposed, such as

transient hyperemia in the immediate post-resuscitation period (15-30

min), microcirculatory disturbance thereafter leading to multiple “no-

reflow’ phenomenon (90 min to 12 hours), massive outpouring of

excitotoxic glutamate resulting in activation of NMDA and AMPA

receptors, and opening of calcium channels leading to calcium

overload(Maramattom and Wijdicks 2005). Therapeutic interventions

have also been developed aiming at these pathophysiological targets.

Examples include hypertensive bout of short duration in the post-

resuscitation period for resolving the cerebral “no-reflow

phenomenon”(Leonov et al. 1992; Sterz et al. 1992), nitric oxide

synthase inhibition for prevention of the damaging effects of

hyperemia(Schleien, Kuluz, and Gelman 1998), calcium entry blocker

for decreasing the calcium overload in the ischemic/hypoxic

neurons(Vaagenes et al. 1984), and free radical scavengers for

attenuating the oxidative stress during ischemia/reperfusion

injury(Traystman, Kirsch, and Koehler 1991; Cerchiari et al. 1987).

In current research, we aimed to develop a goal-directed therapy
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to resolve the so-called post-cardiac arrest syndrome. Since the major

cause leading to post-resuscitation death was the neurological injury,

we set the neurological recovery as the primary outcome in the

analysis. We used three approaches to achieve our research goal. First,

we used systematic review and meta-analysis to examine the effect of

hyperoxia on post-resuscitation outcomes. Second, we analyzed the

cohort of in-hospital cardiac arrest (IHCA) in an attempt to identify the

optimal range of mean arterial pressure, partial pressure of arterial

oxygen and carbon dioxide, hemoglobin level and blood glucose level

for post-resuscitation patients. Finally, by directly observing the

influence of brain flow changes on the post-resuscitation rat models,

we tried to investigate the underlying mechanisms involved in the

pathogenesis of the neurological injuries and explored the possible

therapeutics.

First, in the systematic review and meta-analysis, we followed the

guidelines of the Preferred Reporting Items for Systematic reviews and

Meta-Analyses(Moher, Liberati, Tetzlaff, and Altman 2009) and the

Meta-analysis of Observational Studies in Epidemiology(Stroup,

Berlin, Morton, and et al. 2000). We searched PubMed and Embase
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from the inception through October 2013. We did not set any

restrictions on publication year or language. We used 2 sets of search

terms to represent the primary variable and population of interest. The

search terms for the primary variable included “normox*,”

“hyperox*,” and “oxygen*.” Then, the search results were cross-
) y

checked for the population of interest, using the terms “cardiac arrest”

and “cardiopulmonary resuscitation.” To ensure completeness, we also

reviewed the references of relevant articles. Studies that were eligible

for inclusion (1) compared different levels of partial pressure of arterial

oxygen (Pa02) in adult patients following return of spontaneous

circulation (ROSC); (2) included mortality or neurological status as

outcome; and (3) used an observational study design, either a cohort or

case-control study with an appropriate control group. Studies only

comparing hypoxia with normoxia were excluded. We defined

hyperoxia as a PaO; higher than 300 mm Hg(Douzinas et al. 2001);

hypoxia, as a PaO> lower than 60 mm Hg(Abraham et al. 2000); and

normoxia, as a PaO> between 60 and 300 mm Hg. Odds ratio (OR) was

used as an effect estimate for the data synthesis. Data were combined

and expressed as a Mantel-Haenszel weighted mean of the ORs, with
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their associated 95% Cls. Heterogeneity was quantified by the /?
statistics and tested with Cochran Q statistics (p < 0.05)(Higgins et al.
2003a; Ioannidis, Patsopoulos, and Evangelou 2007a). For values of /2
<50% or p > 0.05, fixed-effects models were chosen; otherwise,
random-effects models were used(DerSimonian and Laird 1986). In
the literature search, 14 studies were identified from 2,982 references.
Meta-analysis indicated that hyperoxia appeared to be correlated with
increased in-hospital mortality (OR, 1.40; 95% Confidence
interval[CI], 1.02—1.93; %, 69.27%; 8 studies) but not worsened
neurological outcome (OR, 1.62; 95% CI, 0.87-3.02; 2, 55.61%; 2
studies). However, the results were inconsistent in subgroup and
sensitivity analyses.

Second, we performed the retrospective cohort study at National
Taiwan University Hospital (NTUH), which is a tertiary medical center
with 2600 beds, including 220 beds in intensive care units. We
screened patients who suffered IHCA at NTUH between 2006 and
2014. We included patients who met the following criteria: (1) age 18
years or older, (2) documented absence of pulse with performance of
chest compression for at least 2 min, (3) no documentation of a do-not-
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resuscitate order, and (4) achievement of sustained return of

spontaneous circulation (ROSC) (i.e., ROSC > 20 min without

resumption of chest compression). If multiple cardiac arrest events

occurred in a single patient, only the first event of the same

hospitalization was recorded. We excluded patients without any

measurement of variables of interest within the first 24 h after

sustained ROSC, such as mean arterial pressure, partial pressure of

arterial oxygen or carbon dioxide, hemoglobin level or blood glucose

level. We also excluded patients who suffered a cardiac arrest related to

major trauma. We recorded the following information for each patient:

age, gender, comorbidities, variables derived from the Utstein template

(Jacobs et al. 2004), critical interventions implemented at the time of

cardiac arrest or after sustained ROSC, and the first, maximum and

minimum values of mean arterial pressure (MAP), partial pressure of

arterial oxygen (PaOz)or carbon dioxide(PaCOz), hemoglobin (Hb)

level and blood glucose (BG) level measured during the first 24 h after

sustained ROSC. The primary outcome was favourable neurological

outcome at hospital discharge, and the secondary outcome was survival

to hospital discharge. Favourable neurological outcome was defined as
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a score of 1 or 2 on the Cerebral Performance Category (CPC) scale

(Becker et al. 2011). The CPC scale (Becker et al. 2011) is a validated

5-point scale of neurological disability (1, good cerebral performance;

2, moderate cerebral disability; 3, severe cerebral disability; 4,

coma/vegetative state; 5, death). Patients with a CPC score of 1 or 2

had sufficient cerebral function to live independently. We selected the

OR as the outcome measure and we performed multivariable logistic

regression analyses to examine the associations between independent

variables and outcomes. We considered all available independent

variables in the regression model, regardless of whether they were

significant by univariate analysis. We applied the stepwise variable

selection procedure (with iterations between the forward and backward

steps) to obtain the final regression model. Significance levels for entry

and to stay were set at 0.15 to avoid exclusion of potential candidate

variables. We calculated the final regression model by excluding

individual variables with a p-value greater than 0.05 until all regression

coefficients were statistically significant. We used generalized additive

models (Hastie TJ and Tibshirani RJ 1990) to examine the nonlinear

effects of continuous variables and, if necessary, to identify the
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appropriate cut-off point(s) for dichotomizing a continuous variable

during the variable selection procedure.

The results were as follows: (1) MAP above 85 mm Hg was found

to correlate with a favorable neurological outcome (OR 4.12, 95% CI

1.47-14.39, p = 0.01). For patients without arterial hypertension, the

optimal MAP was between 85 and 115 mm Hg (OR 8.80, 95% CI

3.13-28.55, p < 0.001); for patients with arterial hypertension, the

threshold MAP for achieving a favorable neurological outcome was

above 88 mmHg (OR 4.04, 95% CI 1.41-13.03, p = 0.01). (2) PaO

between 70 and 240 mmHg (OR 1.96, 95% CI 1.08-3.64) and PaCO»

levels (OR 0.98, 95% CI 0.95-0.99) were positively and inversely

associated with favorable neurological outcome, respectively. (3) The

product of Hb level x peripheral hemoglobin oxygen saturation (SpO2)

was correlated with a favorable neurological outcome (OR 1.003, 95%

CI1.002-1.004). According to recommended SpO- by resuscitation

guidelines [94% to 98%], we calculated the corresponding range of

minimum required Hb level to be 8.6 to 9.0 g/dL for a favorable

neurological outcome. (4) For diabetic patients, a mean BG level

between 183 and 307 mg/dL (10.2-17.1 mmol/L) was significantly
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associated with favourable neurological outcome (OR: 2.71, 95% CI:

1.18-6.20; p-value = 0.02); a mean BG level between 147 and 317

mg/dL (8.2-17.6 mmol/L) was significantly associated with survival to

hospital discharge (OR: 2.38, 95% CI: 1.26-4.53; p-value = 0.008). For

non-diabetic patients, a mean BG level between 143 and 268 mg/dL

(7.9-14.9 mmol/L) was significantly associated with survival to

hospital discharge (OR: 2.93, 95% CI: 1.62-5.40; p-value < 0.001).

Finally, we used a rat model of asphyxia-induced cardiac arrest to

examine the effect of cerebral blood flow changes on post-resuscitation

outcomes. Male Wistar rats (450 to 550 g) were used for the

experiments. Animals were anesthetized with intra-peritoneal

pentobarbital (45 mg/ Kg). The trachea was intubated with a PE 200

catheter (Angiocath, Becton Dickinson). Mechanical ventilation

(Flexivent EC-VF-2, Scireq Scientific Respiratory Equipment Inc) was

initiated with a tidal volume of 2 ml, a respiratory rate of 100 breaths

per min and FiO; of 21%. Arterial blood pressure was measured with

saline-filled PE-50 tube inserted through the left femoral artery. A

saline-filled PE-50 tube was inserted into the right jugular vein for

fluid and drug administration. Blood pressure and needle-probe ECG
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monitoring data were recorded with the use of a PC-based data

acquisition system (Biobench, National Instruments, Inc). After

surgical preparation, animals were observed on the ventilator for 50

min. Cardiac arrest was induced by asphyxia (turning-off of the

ventilator with obstruction of the endotracheal tube in situ with clay).

Bradycardia and hypotension usually developed soon after asphyxia,

which soon progressed to asystole with complete loss of arterial

pressure about 3 to 4 min after asphyxia. After a total of 8 min of

asphyxia, ventilator was turned on, epinephrine (0.005 mg/100g) was

administrated via the central venous line, and chest compressions

instituted promptly by index and middle fingers at a rate 200-300 beats

per min. Chest compressions were adjusted to provide a uniform rate

seen on monitors and a target aortic diastolic pressure of > 20 mm Hg.

ROSC could usually be achieved within 1 min after start of CPR. If

ROSC could not be reached within 6 min, the animal was excluded

from the study. After 4 h of invasive monitoring, the endotracheal tube

and catheters were removed, and surgical wounds closed. The animals

achieving ROSC were monitored up to 24 hours for survival and

neurological assessment. In the experimental group, norepinephrine
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was administered for one hour after ROSC to titrate the mean arterial

pressure in order to maintain the OxyFlo-measured local cerebral

perfusion close to the prearrest level. The result demonstrated that

there were no significant differences in 24-hour survival and

neurological outcomes between the control and the experimental

groups despite that the mean arterial pressure and cerebral perfusion

were significantly higher in the experimental group during the

norepinephrine infusion period.
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2977 records identified through 5 additional records identified in
database searching bibliography review

1196 from Pubmed
1781 from Embase

Y
2982 records screened

> 2966 records excluded based
on title and abstract content

h 4

16 studies assessed
for eligibility

2 studies excluded

ol 1 study did not compare different levels of

partial pressure of arterial oxygen
1 study only compared hypoxia with normoxia

h 4

14 studies presented in
systematic review

4 studies excluded

—————P 2 studies provided hazard ratios only

2 studies did not provide any effect estimates or any
other data for manual calculation for effedt estimates

h 4

10 studies pooled in
meta-analysis

Figure 3. Literature Search Flow Diagram
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Figure 4. Forest Plot for Odds Ratio of In-Hospital Mortality
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Figure 6. Generalized Additive Model Plot for Nonparametrically Modeling of the
Effect of Maximal MAP on the Logit of Probability for Favorable Neurological

Outcome at Hospital Discharge. MAP, mean arterial pressure.
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Figure 7. Generalized Additive Model Plot for Nonparametrically Modeling of the
Effect of Maximal MAP on the Logit of Probability for Favorable Neurological
Outcome at Hospital Discharge for Patients without History of Arterial hypertension.

MAP, mean arterial pressure.
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Figure 8. Generalized Additive Model Plot for Nonparametrically Modeling of the
Effect of Maximal MAP on the Logit of Probability for Favorable Neurological
Outcome at Hospital Discharge for Patients with History of Arterial hypertension.

MAP, mean arterial pressure.
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Figure 10. Generalized additive model plot for nonparametric modelling of the effect
of hemoglobin concentration on the logit of probability for a favorable neurological

outcome at hospital discharge
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Figure 11. Generalized additive model plot for nonparametric modelling of the effect
of SpO: on the logit of probability for a favorable neurological outcome at hospital

discharge. SpOz, peripheral hemoglobin oxygen saturation
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Figure 12. Generalized additive model plot for nonparametric modelling of the effect
of hemoglobin % SpO: on the logit of probability for a favorable neurological

outcome at hospital discharge. SpO2, peripheral hemoglobin oxygen saturation
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Figure 13. Generalized additive model plot for nonparametric modelling of the effect
of PaO> on the logit of probability for a favorable neurological outcome at hospital

discharge. PaO,, arterial oxygen partial pressure
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Figure 14. Conditional effect plot of hemoglobin concentration on estimated
probability of a favorable neurological outcome at hospital discharge for male and
female patients. The plot was based on the multiple logistic regression model for a

favorable neurological outcome; other independent variables were held constant
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Figure 15. Conditional effect plot of hemoglobin concentration on estimated
probability of a favorable neurological outcome at hospital discharge for patients with
and without pneumonia. The plot was based on the multiple logistic regression model

for a favorable neurological outcome; other independent variables were held constant
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Figure 16. Generalized additive model plot for nonparametric modelling of the effect

of mean blood glucose level on the logit of probability for favourable neurological

outcome at hospital discharge in patients with diabetes mellitus
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Figure 17. Generalized additive model plot for nonparametric modelling of the effect
of mean blood glucose level on the logit of probability for favourable neurological

outcome at hospital discharge in patients without diabetes mellitus
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Figure 18. Generalized additive model plot for nonparametric modelling of the effect
of mean blood glucose level on the logit of probability for survival to hospital

discharge in patients with diabetes mellitus
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Figure 19. Generalized additive model plot for nonparametric modelling of the effect
of mean blood glucose level on the logit of probability for survival to hospital in

patients without diabetes mellitus
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Figure 20. Hemodynamic parameters of control and experimental groups from

baseline to 240 mins after cardiac arrest and resuscitation. n = 7 in control group, n =

Norepinephrine 4h group. P<0.01 between the control group and the experimental
group by generalized mixed linear analysis. For the brain perfusion, the absolute

values of each point were conversed to relative values to the pre-arrest baseline.
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Table 1. Study Characteristics of Included Studies in Systemic Review

Study Study setting Characteristics of  Timing of the Cutoff value/ Overall Comparison Effect estimates
reference (study year) / cardiac arrest value of PaO,® prevalence of mortality  groups
patient number hyperoxia
Full-text studies
Kilgannon et Project IMPACT OHCA*® First PaO, data 300 mm Hg/ 56% Hyperoxia In-hospital mortality:
al. 2010 database (2001- not available during the first 18% versus Adjusted OR®: 1.8 (1.5-2.2)
2005) /6326 24 hours in the normoxia
Shockable ICU® Poor neurologic status:
rhythm: Not available
not available
Therapeutic
hypothermia:
not available
Bellomo et ANZICS- APD OHCA: Worst PaO, data 300 mm Hg/ 58% Hyperoxia In-hospital mortality:
al. 2011 database (2000-  not available during the first ~ 11% versus Adjusted OR: 1.5 (1.3-1.8)
2009) /12108 24 hours in the normoxia Adjusted OR: 1.2 (1.0-1.5)
Shockable ICU
rhythm: Poor neurologic status:
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not available

Therapeutic
hypothermia:

not available

Not available

Kilgannon et  Project IMPACT OHCA: Highest PaO, PaO, was treated 54% Hyperoxia In-hospital mortality:
al. 2011 database (2001-  not available data during the as a continuous versus Adjusted OR: 1.69 (1.56-2.07)
2005) /4459 first 24 hours in  variable/not normoxia ( Adjusted OR: 1.24 (1.18-2.31)
Shockable the ICU available for a 100 mmHg increase in PaO,) f
rhythm:
not available Poor neurologic status:
Not available
Therapeutic
hypothermia:
not available
Janz et al. Single center OHCA: 79% Highest PaO; Pa0, was treated 55% Hyperoxia In-hospital mortality:
2012 (2007-2012) / data during the as a continuous versus Adjusted OR: 2.53 (1.07-5.96)
170 Shockable first 24 hours variable/not normoxia (Adjusted OR: 1.44 (1.03-2.02)
rhythm: 61% after ROSC¢ availabe for a 100 mmHg increase in PaO;) ©
Therapeutic Poor neurologic status:
hypothermia: Adjusted OR: 2.74 (1.08-6.91)
100% (Adjusted OR: 1.49 (1.03-2.14)
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for a 100 mmHg increase in PaO, ) f

Ihle et al. VACAR and OHCA: 100% Worst PaO; data 300 mmHg/ 41.6% Hyperoxia In-hospital mortality:
2013 ANZICS- APD during the first 6% versus Adjusted OR: 1.2 (0.52-2.82)
database (2007- Shockable 24 hours in the normoxia
2011) /584 rhythm: 100% ICU Poor neurologic status:
Not available
Therapeutic
hypothermia:
not available
Nelskyla et Single center OHCA: 43% Highest PaO; 300 mm Hg/ 63% Hyperoxia In-hospital mortality:
al. 2013 (2008-2010) / data during the  41% versus non- Unadjusted OR:
119 Shockable first 24 hours hyperoxia 0.76 (0.36-1.61)
rhythm: 40% after ROSC
Poor neurologic status:
Therapeutic Not available
hypothermia:
30%
Roberts et al.  Single center OHCA: 17% First PaO, data 300 mm Hg/ 74% Hyperoxia In-hospital mortality:
2013 (2009-2011) / during the first 24% versus non- Not available
193 Shockable 24 hours after hyperoxia
rhythm: 19% ROSC Poor neurologic status:
Adjusted OR: 1.05 (0.45-2.42)
Therapeutic
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hypothermia:

40%
Schneider et ~ ANZICS- APD OHCA: Worst PaO2 data 120 mmHg/ not 55.6% Hyperoxia Death or failure to be discharged home:
al. 2013 database (2000-  not available during the first available versus non- Adjusted HR%: 1.05  ( 0.94-1.17)
2011) /16542 24 hours in the hyperoxia
Shockable ICU Poor neurologic status:
rhythm: Not available
not available
Therapeutic
hypothermia:
not available
Abstract-only studies
Lee et al. Single center OHCA: 0% First PaO2 data 300 mmHg/ Not Hyperoxia In-hospital mortality:
2010 (2003-2009) / after ROSC 10% available  versus Adjusted OR: 2.7 (1.11-6.66)
541 Shockable normoxia
rhythm: Poor neurologic status:
not available Not available
Therapeutic
hypothermia:
not available
Rai et al. Single center OHCA: Not available 300 mmHg/ Not Hyperoxia In-hospital mortality:
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2011 (2007-2010) /82 not available 24% available  versus Adjusted HR:1.75  (0.88-3.49)
normoxia Adjusted HR:1.48 (0.64-3.44)
Shockable
rhythm: 50% Poor neurologic status:
Not available

Therapeutic
hypothermia:
100%

Tameem et Draeger Innovian OHCA: First PaO, data 300 mmHg/ 9% Not Hyperoxia In-hospital mortality:

al. 2011 database (2009-  not available in the ICU available versus Not available ( Effect estimates were

2010) /69 normoxia not provided but the results stated that

Shockable hyperoxia was associated with the
rhythm: lowest mortality in comparison with
not available hypoxia or normoxia )
Therapeutic Poor neurologic status:
hypothermia: Not available
not available

Bolduc etal.  Single center OHCA: Not available 300 mmHg/ Not Hyperoxia In-hospital mortality:

2012 (not available) /  not available not available available  versus Not available

265 normoxia

Shockable
rhythm:

Poor neurologic status:

Not available ( Effect estimates were
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not available

not provided but the results stated that

hyperoxia was not associated with poor

Therapeutic neurologic status in a multivariable
hypothermia: regression model )
100%
Gaieski et al.  Single center OHCA: First PaO2 data 300 mmHg/ 32.1% 70.5% Hyperoxia In-hospital mortality:
2012 (2000-2007) / not available after ROSC versus Unadjusted OR: 0.7 (0.3-1.4)
190 normoxia
Shockable Poor neurologic status:
rhythm: Not available
not available
Therapeutic
hypothermia:
100%
Pullalarevu Single center OHCA: Not available 300 mm Hg/ 55% Hyperoxia In-hospital mortality:
etal. 2012 (not available ) /  not available 24.5% Versus non- Adjusted OR:1.18 (1-1.39)
185 hyperoxia
Shockable Poor neurologic status:
rhythm: Not available
not available
Therapeutic
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hypothermia:

not available

@~oooow

OHCA: out-of-hospital cardiac arrest
PaO,: partial pressure of arterial oxygen
ICU: intensive care unit

ROSC: return of spontaneous circulation
OR: odds ratio

This odds ratio was the original effect estimate when PaO, was analyzed as a continuous variable.

HR: hazard ratio
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Table 2. Results of the Summary Effect Estimates

Analysis Number of included Odds ratio  (95% B,%
studies confidence interval )

In-hospital mortality

All studies 8 1.40 (1.02-1.93) 69.27

Full-text studies 5 1.59 (1.41-1.80) 32.56

Abstract-only studies 3 1.18 (1.01-1.39) 66.97

Multicenter database studies 3 1.61 (1.42-1.82) 31.50

Single-center studies 5 1.19 (1.02-1.39) 65.66

Studies comparing hyperoxia 6 1.61 (1.43-1.81) 28.13

with normoxia

Studies comparing hyperoxia 2 1.16  (0.98-1.36) 20.91

with non-hyperoxia

Studies with adjusted estimates 6 1.54 (1.16-2.04) 66.78

All studies with two alternative 8 1.32 (0.98-1.79) 67.81

less-significant estimates

Poor neurological outcome at hospital discharge

All studies 2 1.62 (0.87-3.02) 55.61
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Table 3. Baseline Characteristics of the Study Patients

Variables

All patients Patients with Patients without p
n=319 favorable favorable value
neurological neurological
outcome outcome
n=56 n=263
Age,y (SD?) 63.5 (0.9) 62.8 (16.6) 63.6 (15.8) 0.73
Male,n (%) 200 (62.7) 45 (80.4) 155 (58.9) 0.002
Comorbidities, n
(%)
Arterial hypertension 127 (39.8) 20 (35.7) 107 (40.7) 0.55
Heart failure, 65 (204) 14 (25.0) 51 (19.4) 0.36
this admission
Heart failure, 45 (14.1) 11 (19.6) 34 (129) 0.21
past history
Myocardial 35 (11.0) 17 (304) 18 (6.8) To.oo
infarction,
this admission
Myocardial 11 (34) 5 (89) 6 (23) 0.03
infarction,
past history
Arrhythmia 58 (18.2) 12 (21.4) 46 (17.5) 0.57
Hypotension 65 (204) 10 (17.9) 55 (209) 0.72
Respiratory 193 (60.5) 24 (429) 169 (64.3) 0.004
insufficiency
Renal insufficiency 126 (39.5) 15 (26.8) 111 (42.2) 0.04
Hepatic insufficiency 63 (19.7) 7 (12.5) 56 (21.3) 0.14
Metabolic or 59 (185) 5 (8.9) 54 (205) 0.06
electrolyte
abnormality
Diabetes mellitus 101 (31.7) 17 (304) 84 (31.9) 0.88
Baseline evidence of 62 (19.4) 10 (17.9) 52 (19.8) 0.85
motor, cognitive, or
functional deficits
Acute stroke 16 (5.0) 0 (0) 16 (6.1) 0.08
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Pneumonia 98 (30.7) 13 (23.2) 85 (32.3) 0.20

Bacteremia 20 (63) 3 (54) 17 (6.5) 1.00
Metastatic Canceror /8 (24:5) 1 (1.8) 77 (29.3) <0.00
any blood borne ‘
malignancy

aSD, standard deviation
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Table 4. Features of Cardiac Arrest

Variables All patients Patients with Patients without P
n=319 favorable favorable value
neurological neurological
outcome outcome
n=56 n=263
Arrest at night, n 193 (60.5) 29 (51.8) 164 (62.4) 0.18
(%)
Arrest on weekend, n 100 (31.3) 18 (32.1) 82 (31.2) 0.88
(%)
Arrest location, n 0.004
(%)
Intensive care unit 101 (3L.7) 27 (482) 74 (281)
General ward 189 (59.2) 19 (33.9) 170 (64.6)
Others 29 (9.1) 10 (17.9) 19 (7.2)
Monitored status, n 214 (67.1) 41 (73.2) 173 (65.8) 0.02
(%)
Shockable rhythm, n 73 (22.9) 26 (46.4) 47 (17.9) <0.001
(%)
CPR* duration, min 206 (16) 8.7 (83) 231 (30.9) <0.001
(SD*)
2 SD, standard deviation
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Table 5. Vital Signs, Interventions and Outcomes after Cardiac Arrest

Variables All patients Patients with Patients without  p
n=319 favorable favorable value
neurological neurological
outcome outcome
n=56 n=263
Vital signs during the first 24
hours after sustained ROSC?
Maximal MAP?, mm Hg 95.0 (1.3) 101.3 (13.9) 93.7 (24.4) 0.06
(SD°)
Post-ROSC fever?, n 82 (25.7) 11 (19.6) 71 (27.0) 0.31
(%)
Post-ROSC interventions, n
(%)
Extracorporeal membrane 26 (8.2) 6 (10.7) 20 (76) 0.42
oxygenation
Therapeutic hypothermia 2 (06) 0 (0) 2 (08) 1
Percutaneous coronary 19 (6.0) 12 (214) 7 (27) <0.001
intervention
Survival to discharge, n 93 (29.2) 56 (100) 37 (14.1) <0.001
(%)
2ROSC, return of spontaneous circulation
® MAP: mean arterial pressure
¢ SD, standard deviation
dFever: body temperature = 38°C
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Table 6. Multiple Logistic Regression Model Using Favorable Neurologic Outcome at Hospital

Discharge as the Dependent Variable without Arterial Hypertension as the Interaction Term

Independent variable Odds 95% confidence p value
ratio interval
CPR? duration ( min) 0.91 0.86-0.95 ~ RO
Percutaneous coronary intervention 11.16 2.95-49.89 <0.001
Myocardial infarction, this admission 412 1.61-10.73 0.003
Metastatic Cancer or any blood borne 0.07 0.004-0.37 0.01
malignancy
Maximal MAP® > 85 412 1.47-14.39 0.01
Renal insufficiency 0.42 0.19-0.89 0.03
Male 2.61 1.15-6.42 0.03
2CPR, cardiopulmonary resuscitation
® MAP, mean arterial pressure
160

doi:10.6342/NTU201800919



Table 7. Multiple Logistic Regression Model Using Favorable Neurologic Outcome at Hospital

Discharge as the Dependent Variable with Arterial Hypertension as the Interaction Term

Independent variable Odds 95% confidence p value
ratio interval
CPR?duration (min) 0.91 0.86-0.94 <0.001
Myocardial infarction, this admission 6.10 2.27-17.06 <0.001
Maximal MAP® between 85 and 115 mm Hg x 8.80 3.13-28.55 <0.001
No history of arterial hypertension
Percutaneous coronary intervention 7.75 1.98-35.58 0.005
Metastatic Cancer or any blood borne 0.06 0.003-0.32 0.008
malignancy
Maximal MAP > 88 mmHg x history of arterial ~ 4.04 1.41-13.03 0.01
hypertension
Pneumonia 0.40 0.16-0.94 0.04
Renal insufficiency 0.46 0.20-0.98 0.05
2CPR, cardiopulmonary resuscitation
® MAP, mean arterial pressure
161
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Table 8. Baseline Characteristics of the Study Patients

Patients with favorable Patients without p value
neurologic outcome favorable neurologic
(n=74) outcome (n=476)

Age 63.4 (15.7) 65.8 (16.6) 0.15
Male 54 (73.0%) 284 (59.7%) 0.03
Heart failure, 19 (25.7%) 83 (17.4%) 0.11
this admission
Heart failure, 15 (20.3%) 67 (14.1%) 0.16
past history
Myocardial infarction, 20 (27.0%) 57 (12.0%) 0.002
this admission
Myocardial infarction, 6 (8.1%) 14 (2.9%) 0.04
past history
Arrhythmia 15 (20.3%) 88 (18.5%) 0.75
Hypotension 12 (16.2%) 91 (19.1%) 0.63
Respiratory insufficiency 45 (60.8%) 343 (72.1%) 0.06
Renal insufficiency 25 (33.8%) 220 (46.2%) 0.06
Hepatic insufficiency 11 (14.9%) 76 (16.0%) 1
Metabolic or electrolyte 10 (13.5%) 97 (20.4%) 0.21
abnormality
Diabetes mellitus 25 (33.8%) 176 (37.0%) 0.70
Baseline evidence of motor, 12 (16.2%) 102 (21.4%) 0.36
cognitive, or functional
deficits
Acute stroke 0 (0%) 31 (6.5%) 0.01
Pneumonia 18 (24.3%) 176 (37.0%) 0.04
Bacteremia 4 (5.4%) 45 (9.5%) 0.38
Metastatic Cancer or any 2 (2.7%) 96 (20.2%) <0.001
blood borne malignancy
Favorable neurologic status 24 53 (71.6%) 245 (51.5%) 0.002

hours before cardiac arrest
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Table 9. Information Related to the Cardiac Arrest Event

Patients with favorable
neurologic outcome

(n=74)

Patients without
favorable neurologic

outcome (n=476)

p value

Aurrest on night duty
Avrrest on weekend
Hospital location of arrest
Intensive care unit
Ward
Monitored status
Witnessed arrest
Shockable rhythm
Duration of cardiopulmonary
resuscitation ( minutes )
Sodium bicarbonate used in
resuscitation (mEq)
Time from sustained ROSC? to
blood test ( minutes)
FiO® (%)
pH
PaO,* (mmHg)
PaCO,! (mmHg)
Base excess ( mmol/L)

Lactate (mmol/L)

41 (55.4%)
21 (28.4%)

40 (54.1%)
27 (36.5%)
52 (70.3%)
56 (75.7%)
33 (44.6%)
103 (9.4)

36.4 (70.1)

1475 (146.4)

63.4 (25.2) (n=64)

74 (0.1)

(n=74)

145.8 (92.0)

353 (13.7)

-35 (6.0)

70 (48) (n=52)

288 (60.5% )
131 (27.5%)

206 (43.3%)
243 (51.1%)
274 (57.6%)
340 (71.4%)
107 (22.5%)
20.1 (22.0)

742 (1125)

135.1 (144.7)

771 (24.4)
(n=439)
7.3 (02) (n=475)
170.8 (130.8)

41.1 (19.1)

42 (83)

9.3 (52) (n=267)

0.45
0.89
0.04

0.04
0.49
<0.001
<0.001

<0.001

0.58

< 0.001

0.01

0.65

0.01

0.49
0.003

a.  ROSC: return of spontaneous circulation

b.  FiO,: Fraction of Inspired Oxygen

c.  PaOy: partial pressure of arterial oxygen

d.  PaCO;: partial pressure of arterial carbon dioxide
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Table 10. Abnormal Vital Signs in the First 24 Hours after Cardiac Arrest and Interventions

Patients with favorable Patients without p value
neurologic outcome favorable neurologic
(n=74) outcome (n=476)
Highest temperature (°C) 37.2 (0.8) 372 (1.9) 0.49
(n=74) (n=463)
Lowest temperature  (°C) 356 (09) 355 (1.6) 0.98
(n=74) (n=463)
Highest heart rate 111.6 (23.6) 1229 (26.4) <0.001
( beats/minute ) (n=73) (n=467)
Highest respiratory rate 242 (5.8) 26.0 (6.7) 0.03
(breaths/ minute ) (n=73) (n=466 )
Lowest systolic blood pressure ~ 97.6 (185) 86.7 (25.5) <0.001
(mmHg) (n=72) (n=431)
Post-ROSC? fever® 14 (18.9%) 155 (32.6%) 0.02
Post-ROSC Hypotension® 43 (58.1%) 316 (66.4% ) 0.19
Extracorporeal life support 10 (13.5%) 52 (10.9%) 0.55
Therapeutic hypothermia 0 (0%) 3 (0.6%) 1
Percutaneous coronary 14 (18.9%) 20 (4.2%) <0.001
intervention
Survival to discharge 74 (100% ) 80 (16.8%) <0.001
Sustained ROSC to hospital 404 (45.2) 19.7 (35.2) <0.001

discharge (day)

a. ROSC: return of spontaneous circulation

b. Fever refers to body temperature above 38°C.
c. Hypotension refers to systolic blood pressure below 100 mmHg.
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Table 11. Multiple Logistic Regression Model with Favorable Neurologic Outcome at Hospital
Discharge as the Dependent Variable

Independent variable Odds ratio 95% confidence interval = p value

Duration of cardiopulmonary 0.93 0.90-0.96 <0.001
resuscitation

Favorable neurologic status 2.87 1.57-5.43 <0.001
24 hours before cardiac arrest

Percutaneous coronary 4.30 1.76-10.56 0.001
intervention

Metastatic Cancer or any 0.09 0.01-0.32 0.002

blood borne malignancy

Age less than 75 years 251 1.28-5.23 0.01
Renal insufficiency 0.46 0.25-0.83 0.01
Myocardial infarction, 2.36 1.15-4.78 0.02

this admission

Post-ROSC? fever® 0.44 0.22-0.86 0.02
PaCO; 0.98 0.95-0.99 0.02
PaO; between 70 and 240 1.96 1.08-3.64 0.03
mmHg

a.  ROSC: return of spontaneous circulation

Fever refers to body temperature above 38°C.

€. PaCO:y: partial pressure of arterial carbon dioxide

d. PaOy: partial pressure of arterial oxygen
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Table 12. Multiple Logistic Regression Model with Survival to Hospital Discharge as the Dependent

Variable
Independent variable Odds ratio 95% confidence interval = p value
Duration of cardiopulmonary ~ 0.97 0.95-0.98 <0.001
resuscitation
Metastatic Cancer or any 0.27 0.13-0.51 <0.001
blood borne malignancy
Favorable neurologic status 24  2.35 1.51-3.68 <0.001
hours before cardiac arrest
Percutaneous coronary 3.79 1.66-9.04 0.002
intervention
Base excess between - 6 and 2.02 1.28-3.21 0.003
10 mmol/L
PaO; between 70 and 240 1.85 1.21-2.85 0.005
mmHg
PaCO; 0.98 0.97-0.99 0.009
Hepatic insufficiency 0.47 0.24-0.88 0.02
Hypotension 0.55 0.31-0.96 0.04
Cardiac arrest in intensive 1.58 1.01-2.46 0.04

care unit

a. PaOy: partial pressure of arterial oxygen

b. PaCO;: partial pressure of arterial carbon dioxide
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Table 13. Baseline characteristics of study patients

Variables All patients Patients with a Patients withouta  p-
(n=426) favorable favorable value
neurological neurological
outcome outcome
(n=54) (n=372)
Age,y (SD*) 653 (16.5) 64.0 (15.0) 65.5 (16.7) 0.34
Female,n (%) 159 (37.3) 11 (20.4) 148 (39.8) 0.006
Comorbidities, n
(%)
Heart failure, 80 (18.8) 15 (27.8) 65 (17.5) 0.09
this admission
Heart failure, 64 (15.0) 11 (20.4) 53 (142) 0.23
past history
Myocardial 57 (13.4) 12 (22.2) 45 (12.1) 0.05
infarction,
this admission
Myocardial 15 (3.5) 3 (5.6) 12 (32) 0.42
infarction,
past history
Arrhythmia 73 (17.1) 6 (11.1) 67 (18.0) 0.25
Hypotension 79 (185) 10 (185) 69 (18.5) 1
Respiratory 301 (70.7) 32 (59.3) 269 (72.3) 0.06
insufficiency
Renal insufficiency 199 (46.7) 21 (389) 178 (47.8) 0.24
Hepatic insufficiency 70 (164) 9 (16.7) 61 (16.4) 1
Metabolic or 80 (18.8) 7 (13.0) 73 (19.6) 0.27
electrolyte
abnormality
Diabetes mellitus 155 (36.4) 17 (31.5) 138 (37.1) 0.45
Baseline evidence of 90 (21.1) 8 (14.8) 82 (22.0) 0.28
motor, cognitive, or
functional deficits
Acute stroke 20 (4.7) 0 (0) 20 (5.4) 0.09
Favorable 223 (52.3) 37 (68.5) 186 (50.0) 0.01
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neurological status
24 hours before

cardiac arrest

Pneumonia 158 (37.1) 13 (24.1) 145 (39.0) 0.04
Bacteremia 40 (9.4) 3 (5.6) 37 (9.9) 0.45
Metastatic canceror /8 (18:3) 1 (19) 77 (20.7) ?0.00
any blood borne
malignancy
aSD, standard deviation
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Table 14. Features of cardiac arrest

Variables All patients Patients with a Patients without a p-
(n=426) favorable favorable value
neurological neurological
outcome outcome
(n=54) (n=372)
Arrest at night, n 261 (61.3) 30 (55.6) 231 (62.1) 0.37
(%)
Arrest on weekend, n 123 (28.9) 18 (333) 105 (28.2) 0.43
(%)
Arrest location, n 0.06
(%)
Intensive care unit 189 (44.4) 28 (51.9) 161 (43.3)
General ward 211 (49.5) 20 (37.0) 191 (51.3)
Others 26 (6.1) 6 (11.1) 20 (5.4)
Monitored status, n 245 (575) 37 (685) 208 (55.9) 0.18
(%)
Shockable rhythm,n 97 (22:8) 21 (389) 76 (20.4) 0.005
(%)
CPR? duration, min 13 (7-25) 9.0 (5.0-14.8) 14 (7-26) 0.002
(1IQR®)
2CPR, cardiopulmonary resuscitation
IQR, interquartile range
169

doi:10.6342/NTU201800919



Table 15. Vital signs, laboratory analysis, interventions, and outcomes after cardiac arrest

Variables All patients ~ Patients with ~ Patients p-value
(n=426) afavorable without a
neurological favorable
outcome neurological
(n=54) outcome
(n=372)
Vital signs during the first 24
hours after sustained ROSC*?
Post-ROSC hypotension®, n 9 10 (185) 69 (185) 1
(185)
(%)
Post-ROSC fever®, n (%) 134 12 (22.2) 122 (32.8) 0.16
(315)
Minimal SpOzd (%) 90.2 95.8 (5.0) 89.3 <0.001
(13.3) (14.0)
(SD®)
Laboratory analysis during the
first 24 hours after sustained
ROSC
Minimum hemoglobin 9.2 (25) 9.7 (3.1) 9.1 (24) 0.09
(g/dL) (SD)
Anemia, n (%) 387 45 (83.3) 342 (91.9) 0.04
(90.8)
Minimum PaO;' ( mmHg) 101.7 106.0 101.1 0.62
(68.4) (44.4) (71.3)
(SD)
Post-ROSC interventions, n
(%)
Extracorporeal membrane 50 10 (185) 40 (10.8) 0.11
(11.7)
oxygenation
Therapeutic hypothermia 3 (0.7) 0 (0) 3 (08) 1
Percutaneous coronary 24 (5.6) 11 (204) 13 (35) <0.001
intervention
Survival to discharge,n (%) 113 54 (100) 59 (15.9) <0.001
(26.5)
2ROSC, return of spontaneous circulation
b Hypotension, systolic blood pressure < 90 mmHg
¢ Fever, body temperature = 38°C
4Sp0;, peripheral hemoglobin oxygen saturation
°SD, standard deviation
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fPa0,, partial pressure of arterial oxygen
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Table 16. Multiple logistic regression model with favorable neurologic outcome at hospital discharge as

the dependent variable

Independent variable Odds 95% confidence p value®
ratio interval
Hemoglobin x SpOz* 1.003 1.002-1.004 <0.001
Percutaneous coronary intervention 6.58 2.31-19.33 <0.001
CPR?® duration 0.95 0.92-0.97 <0.001
Pa0* between 85 and 210 mmHg 2.73 1.40-5.48 0.004
Hemoglobin x female gender 0.91 0.84-0.98 0.01
Metastatic cancer or any blood borne 0.08 0.004-0.43 0.02
malignancy
Hemoglobin x pneumonia 0.92 0.86-0.99 0.03
Favorable neurological status 24 hours before 2.10 1.05-4.34 it

cardiac arrest

2 Sp0,, peripheral capillary oxygen saturation
b CPR, cardiopulmonary resuscitation
¢ PaOy, partial pressure of arterial oxygen

4 The display of independent variables is arranged in order of p value.
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Table 17. Minimum required hemoglobin concentration for favorable neurologic outcome at hospital

discharge according to different oxygen saturation levels

SpO2 (%) Minimum required hemoglobin level
(g/dL)

94 9.0

95 8.9

96 8.8

97 8.7

98 8.6

aSp0y,, peripheral hemoglobin oxygen saturation
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Table 18. Multiple logistic regression model with survival to hospital discharge as the dependent

variable

Independent variable Odds 95% confidence p value®
ratio interval

Hemoglobin x SpOz* 1.002 1.001-1.003 <0.001
Metastatic cancer or any blood borne 0.29 0.12-0.62 0.003
malignancy
SpO; 1.05 1.02-1.09 0.008
Percutaneous coronary intervention 3.59 1.37-9.91 0.01
CPR?® duration 0.98 0.97-1.00 0.01
Pa0* between 85 and 210 mmHg 1.84 1.12-3.05 0.02
Favorable neurological status 24 hours before 1.79 1.09-2.96 0.02
cardiac arrest
Hemoglobin x heart failure, this admission 0.94 0.89-1.00 0.05

2 SpOy, peripheral hemoglobin oxygen saturation
b CPR, cardiopulmonary resuscitation
¢ PaOy, partial pressure of arterial oxygen

4 The display of independent variables is arranged in order of p value.
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Table 19. Baseline characteristics of study patients stratified by neurological outcome

Variables All patients Patients with Patients without p-
(n=402) favourable favourable value
neurological neurological
outcome at outcome at
hospital discharge  hospital discharge
(n=70) (n=332)
Age,y (SD%) 654 (15.7) 62.5 (14.0) 66.1 (16.0) 0.03
Male,n (%) 243 (60.4) 52 (74.3) 191 (57.5) 0.01
Comorbidities,n (%)
Heart failure 109 (27.1) 25 (35.7) 84 (253) 0.08
Myocardial infarction 60 (14.9) 19 (27.1) 41 (123) 0.003
Arthythmia 91 (226) 17 (24.3) 74 (223) 0.75
Hypotension 111 (27.6) 17 (243) 94 (283) 0.56
Respiratory 272 (67.7) 40 (57.1) 232 (69.9) 0.05
insufficiency
Renal insufficiency 179 (44.5) 22 (31.4) 157 (47.3) 0.02
Hepatic insufficiency 71 (17.7) 7 (10) 64 (19.3) 0.08
Metabolic or electrolyte 83 (20.6) 10 (14.3) 73 (22.0) 0.19
abnormality
Diabetes mellitus 157 (39.1) 31 (443) 126 (38.0) 0.35
Baseline evidence of 177 (44.0) 23 (329) 154 (464) 0.05
motor, cognitive, or
functional deficits
Acute stroke 22 (55) 2 (2.9) 20 (6.0) 0.39
Favourable 215 (53.5) 50 (71.4) 165 (49.7) <0.001
neurological status 24 h
before cardiac arrest
Bacteraemia 31 (7.7) 2 (2.9) 29 (8.7) 0.14
Metastatic cancer or 65 (16.2) 1 (1.4) 64 (19.3) <0.001
any blood borne
malignancy
4SD, standard deviation.
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Table 20. Features, interventions, and outcomes of cardiac arrest events stratified by neurological

outcome
Variables All patients Patients with Patients p-value
(n=402) favourable without
neurological favourable
outcome at neurological
hospital outcome at
discharge hospital
(n=70) discharge
(n=332)
Arrest on weekend, n (%) 110 (27.4) 17 (24.3) 93 (28.0) 0.56
Avrrest location, n (%) 0.01

Intensive care unit 138 (34.3) 30 (429) 108 (32.5)

General ward 217 (54.0) 27 (386) 190 (57.2)

Others 47 (11.7) 13 (186) 34 (10.2)
Witnessed arrest, n (%) 255 (63.4) 51 (729) 204 (61.4) 0.08
Monitored status, n (%) 231 (57.6) 49 (71.0) 182 (54.8) 0.01
Shockable rhythm, n (%) 71 (17.7) 28 (40) 43 (13.0) <0.001
Critical care interventions in place
attime of arrest, n (%)

Mechanical ventilation 72 (17.9) 10 (143) 62 (18.7) 0.49

Antiarrhythmics 32 (8.0) 7 (10) 25 (75) 0.47

\/as0pressors 128 (31.8) 24 (343) 104 (31.3) 0.67

Dialysis 29 (7.2) 3 (43) 26 (7.8) 0.45

Pulmonary artery catheter 7 (17) 3 (43) 4 (12) 0.10

Intra-aortic balloon pumping 6 (15) 2 (29) 4 (12) 0.28
CPR® duration, min  (SDP) 18.2 (16.0) 12.7 (10.2) 19.3 (16.7) <0.001
Vital signs during the first 24 h
after sustained ROSC®

Fever,n (%) 105 (26.1) 17 (24.3) 88 (26.5) 0.77

Post-ROSC hypotension, n 40 (10.0) 1 (14) 39 (11.7) 0.007

(%)
Indicators of glucose control during
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the first 24 h after sustained ROSC
Maximum glucose level, mg/dl
(SD)
Minimum glucose level, mg/dI
(SD)
Mean glucose level, mg/di
(SD)
Hyperglycaemia,n (%)
Hypoglycaemia,n (%)
Post-ROSC interventions,n (%)

Extracorporeal membrane
oxygenation

Therapeutic hypothermia

Percutaneous coronary

intervention
Survival for24h,n (%)
Survival to hospital discharge, n

(%)

259.0
(117.4)

160.8
(93.6)

209.9
(92.7)

199 (49.5)

55 (13.7)

40 (10.0)

11 (2.7)

32 (8.0)

296 (73.6)

130 (32.3)

264.6
(112.3)

158.2
(60.4)

211.4
(75.1)

36 (514)

0 (0)

10 (14.3)

3 (43)

18 (25.7)

70 (100)

70 (100)

257.8
(1185)

161.4
(99.2)

209.6.8
(96.1)

163 (49.1)

55 (16.6)

30 (9.0)

8 (24)

14 (4.2)

226 (68.1)

60 (18.1)

0.67

0.45

0.59

0.79

<0.001

0.19

0.41

<0.001

<0.001

<0.001

“CPR, cardiopulmonary resuscitation

bSD, standard deviation

“ROSC, return of spontaneous circulation
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Table 21. Multiple logistic regression model with favourable neurological outcome at hospital

discharge as the dependent variable

Independent variable? Odds 95% confidence p value
ratio interval

Age between 30 and 70 years 2.32 1.21-4.59 0.01

Male 2.21 1.13-451 0.02

Renal insufficiency 0.45 0.23-0.86 0.02

DM * Mean glucose level between 183 and 307 2.71 1.18-6.20 0.02

mg/dI

Without DM * Mean glucose level between 142 1.38 0.67-2.86 0.38

and 250 mg/dl

Baseline evidence of motor, cognitive, or 0.41 0.20-0.80 0.01

functional deficits

Favourable neurological status 24 h before 3.76 1.88-7.85 <0.001

cardiac arrest

Metastatic cancer or any blood borne 0.05 0.003-0.26 0.005

malignancy

Arrest on general ward 0.44 0.22-0.87 0.02

Shockable rhythm 2.84 1.37-5.88 0.005

CPR?® duration 0.95 0.92-0.98 0.002

Post-ROSCE® percutaneous coronary 2.76 1.09-7.02 0.03

intervention

@ The display of independent variables is arranged in order of these variables in Tables 1 and 2.

b CPR, cardiopulmonary resuscitation.

¢ ROSC, return of spontaneous circulation.

4 Goodness-of-fit assessment: n = 402, adjusted generalized R’ = 0.40, the estimated area under the

Receiver Operating Characteristic curve = 0.86, and the Hosmer and Lemeshow goodness-of-fit Chi-

Squared test p = 0.79.

178

doi:10.6342/NTU201800919



Table 22. Multiple logistic regression model with survival to hospital discharge as the dependent

variable

Independent variable? Odds 95% confidence p value
ratio interval

Age 0.98 0.97-1.00 0.02
Hypotension 0.48 0.26-0.86 0.02
Renal insufficiency 0.59 0.35-0.98 0.04
Hepatic insufficiency 0.32 0.14-0.69 0.006
DM * Mean glucose level between 141 and 317 2.38 1.26-4.53 0.008
mg/dI
Without DM * Mean glucose level between 143 2.93 1.62-5.40 <0.001
and 268 mg/dl
Favourable neurological status 24 h before 1.72 1.04-2.87 0.04
cardiac arrest
Metastatic cancer or any blood borne 0.23 0.09-0.53 <0.001
malignancy
Shockable rhythm 2.70 1.48-5.00 0.001
CPR? duration 0.96 0.94-0.98 <0.001
Post-ROSC® hypotension 0.07 0.004-0.36 0.01

2 The display of independent variables is arranged by the order of these variables in Tables 1 and 2.
b CPR, cardiopulmonary resuscitation

¢ ROSC, return of spontaneous circulation.

4 Goodness-of-fit assessment: n = 402, adjusted generalized R? = 0.36, the estimated area under the

Receiver Operating Characteristic (ROC) curve = 0.82, and the Hosmer and Lemeshow goodness-

of-fit Chi-Squared test p = 0.69.
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Table 23. Baseline characteristics, resuscitation variables and outcomes of control and experimental

groups
Control (n=7)  Norepinephrin  Norepinephrin = Norepinephrin  p
e 1 h(n=3) e2h (n=3) e 4 h (n=5) value
Body weight (g) 499 (19.7) 505 (49.5) 503 (6.2) 472 (66.5) 0.71
Cardiac arrest time 274" (15.5) 270 (8.2) 212 (16.5) 221 (18.3) 0.001
(s)
Resuscitation time 167 (89.8) 175 (7.1) 212 (155.1) 170 (162.0) 0.96
(s)
Laboratory data at 15 mins following ROSC*
pH 7.19 (0.1) 7.21 (0) 7.22 (0) 7.18 (0) (n=4) 0.78
PCO; (mmHg) 48.3(2.8) 459 (3.4) 53.3(7.6) 61.6 (8.6) 0.02
(n=4)
PO, (mmHg) 109.9 (15.7) 124.1 (16.1) 76.5 (10.5) 88.4(39.4) 0.14
(n=4)
HCO3" (mEq/L) 18.5(2.3) 18.6 (2.3) 21.8(3.0) 22.9 (3.6) 0.15
(n=4)
Hemoglobin 13.3(0.5) 13.7 (0.8) 14.7 (0.7) 14.4 (0.8) 0.06
(¢/dL) (n=4)
Glucose (mg/dL) 383 (53.1) 421 (32) 330 (28.6) 361 (50.7) 0.22
(n=4)
Lactic acid 7.8 (1.6) 7.0 (0.9) 4.9 (0) 6.2 (3.0) (n=4) 0.31
(mmol/L)
Laboratory data at 2 hours following ROSC
pH 7.37 (0) 7.37 (0) 7.29 (0) 7.32 (0) 0.02
PCO; (mmHg) 40.3 (7.4) 41.3(1.0) 54.6 (3.3) 53.5(10.3) 0.03
PO, (mmHg) 146.7 (23.9) 165.2 (15.3) 127.1 (6.8) 124.9 (43.0) 0.32
HCO3" (mEq/L) 23434 23.8 (0.3) 26.6 (2.6) 27.2(3.2) 0.22
Hemoglobin 13.9 (1) 14.8 (1.1) 16.0 (1.1) 16.0 (0.6) 0.02
(g/dL)
Glucose (mg/dL) 260 (63.0) 334.3 (32.9) 205.3 (14.8) 265 (52.2) 0.09
Lactic acid 1.9 (1.3) 1.6 (0.6) 0.7 (0.1) 1.0 (0.3) 0.29
(mmol/L)
Neurological deficit 9.6 (0.5) 10 (0.8) 7.7(1.2) 10.4 (0.8) 0.53

score

2 ROSC, return of spontaneous circulation.

Continuous variable is expressed as mean and standard deviation; categorical variable is expressed as

count and proportion.
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