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BEFBHPAMRERYE (BRSEBFETZEFRIRBEMESRE)
RIEMARESE

DIFMFIEBEICXT 2 OMEEIRESFZR OV
BERGAEDHNREBERICET 2 ZHERHEMAR

EEMTRE REA T FTRAZEFNRSEAEBE IR

TR A Ci#iBD (percutaneous cardiopulmonary support, PCPS) 13, 1980 44T 2B/
OB LIERMBIRE L UCTHREHASEE D, DR, BERBEROAL ST, MRSHEE, $51C
BHEEBANEBEOIREERE A TS, LA LPCPS% 7z LI #RE O A B L CER
Yty FRAZBRT 57D EMENTTHTH Y, MEF DL WARIBTHERRIC L 5 ER/BITR
B\, £ 2 THRMSIE, BADIEILBRZEICH T 2PCPSE AV EEMGLBOSRLBHY S
BRTHMHET LI L2 B E Ui PRI E RIS R LR A X LB BB ZEH% (prospective, non-
randomized, cohort study) ® R #HT 2 17\, BAE1H A # Cerebral Performance Categories (CPC)
1 %£7z12 2 (LLF favorable outcome) O#EIE, AHHE, A MK L1

FR20FET TICHASMEREET LI25THRO D b, $EE T T, PCPSH#27HiRk, JEPCPS
TE23 MRk, MEISOMRVSRERESHELET L, SRS BREEHEBIEL 72, 201043 AKHE
AT, 361fiZx (PCPSH 21 Mifk, Control#¥ 15Ha%) MBEEHE LT L, BEEERIIRE 3084,
ERRESTREG RN, PCPSHE 10341, JEPCPSEE 6741, #EF170 K123 L 72, Favorable outcome
DEIEE, PCPSEA3159% (1741), JEPCPSHA 0% (0F]) TdHo 720 PCPSEEDTHARIH %K <
& 175% (1761), 0% (0F1) THhH-o7zo PCPSOEMAESL LT, Hil / MIBAT430% (4651), Bt
103% (1141 #HEShi

¥ 72, 2010 FOEEAEEHKZES (International Liaison Committee on Resuscitation, ILCOR)
@ CoSTR (International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovas-
cular Care Science with Treatment Recommendations) 2010 DEEWCH 721, AMEORE 2 BT
ACZEFVAFHAB 24TV, T—27 ¥ — FOEREZEY L2,

oI, BRIFRLTOEKITT, PCPSDOEHHE, IABP, 754 R IR 53 IRHME, DM
(Bl Bhas, FIREH, €= —1342), PCPSORRKITRD B b DITBI L THES L, MESEREARR L 72PCPS
WiTv =27V EBET L,

A. HEEB
AR R TRATOMEES, FICRRH O

B (percutaneous cardiopulmonary support,
PCPS) # B\ Ol B0 F A L TR
WEBERET L2205 2MER R, A
THEMRIC L BRBFEN v AR, B

ALl 3 1L BE T3S 5 PCPS & Al W - B Ry
MEDFHRLEBRELHRITRETAILLEN
&Lz CORDPOANLOIEESC L 500
BEEORERABEZHOMICT LI ENTE, I
ElFRER 4 EHEZ RS (International Liaison Com-
mittee on Resuscitation, ILCOR) IZBWTHFE
MERDIDDERETHIENTE D,



B. MZ%AE
B.1. ZHERRIEFEIRIM & LB IRERASR
B.1.1. MgHRE
4 O R RAT IS 20084E 9 A 8 H 25 20094F 12
ABIBETRRRELAEZEDN) L, UTOE&T%
WmlzTBEENRE L
1) MELER?GEME) (ventricular fibrilla-
tion) ¥ 7z 13EIRMOEEN (pulseless ven-
tricular tachycardia) (BLFHF€ T VF)
2) WERI AR OEFLL. FREE T COMDED
DHBEROF R D Z W
3) 119 FEHD 5 W iIZLELED SFIERE T C
45 5B
4) FkEEER (EMEZCEME) 155 MO
FIEAFRHRE LT 5 (1458 Lo ROSC »%
W)
B.1.2. BRHVRZE
BTOwFh»ricEE T 5BEZ BRI L 1
1) %F# 20 AW T 7213 75 UL E
2) HERMO B EEGEEE (activities of daily
livings, ADL) #"7 R
3) FE B IR LR
4) TEPKRIR 30C K
5) REEBEOREI B LI
6) Fdr DG

B2 8

PCPS, FEPCPSEMEICBIT S, BE1» AR
favorable outcome DEIEIZD & 7 1 ZFMHE, ¥
72iE7 4y vy —DIEEHERREZITo 7. BE
%, 1) intention to treatf#F (FEERDE DTS
NREICHE, 2B % FHTITR), 2) per protocol
B (BYRTonHOBEETT FaVicHo
BB OHEFNINER) O2:8Y 472720 PCPS
BT, 20103 AKBRATRIEL Y A% CPCH
REOREBH 10815 - 72728, 1) THBI% CPC3
~5& B LTa&f 2z RITHEN, 2) RHEAZ KR
WO, D28BY) DT 21T o 72

C. # =&

C.1. ZHEREHFERIM X LB IRBIRMFR

C1.1. 8@&FE=R

20084F 10 A5 201043 Ak H ¥ TOHIMEIC,
308 DS LIHZ ILBIDEFIRFSDH Y, 209
1704 (PCPS#: 10741, FEPCPSH 6361) %8
BERICEH L, 2D b, PCPSEE 1024, 3
PCPSES3HIIC, 7u b a V@) oBmERThh
7zo FIEWIE, PCPSEES6 %, JEPCPSEES6 M,
NA R ¥ — CPROEMEIA L, PCPSEE50.5%
(54%1), FEPCPSHES32% (3441), FHEBRAACS
DEEIL, PCPSEE62.6% (6711), JEPCPSH61.3%
(3941 THoz

Cl2 7o brhhh

Intention to treat Tld, favorable outcome (A
Bel# A#CPC1%72132) D41, PCPSHED
159% (17%1), FEPCPS# 0% (06)) ThH o7
PCPSEHTFHEAHD 1061 %K &, £ Dfavor-
able outcome iX 175% (1781), 0% (OF) Th-o
7z Per protocol Tl&, 70 b2 V@D OIKES
Thh7- 10261, 53BIAHHR & % o 7z, favorable
outcome NEI&FIE, ZhEN167% (1761, 0% (0
B, PHABEBA %KL & 185% (1741), 0% (0451)
Tholzo PCPSOAHHEE LT, Hin / Mg
430% (46 %1), BEHAHT103% (11 H) F4ELI,

C.2. CoSTR 2010 {CHIFDTEF > AFHE

2010 FOEB#HAEERZES (International
Liaison Committee on Resuscitation, ILCOR) ®
CoSTR (International Consensus on Cardiopulmo-
nary Resuscitation and Emergency Cardiovascu-
lar Care Science with Treatment Recommenda-
tions) 2010 DIKEIZH 72V, KROBEE BT
ATIEF Y AFHEi 24T\, 7—2 ¥ — O
wHEELL (BH1, &2,

C.3. J-PULSE - SAVE-J S EI&ZELSSE
20104 2 H 23 H J-PULSE - SAVE-] 2 FIABH
HFERXERERRICBWT, AESASHKIBEBTICS



WT, ARIEELS*HBLE (BF3),

C.4. ISR E

[Re&EH<= a7 V] OBMERTH S [4H
fEl, TIABPJ, [7/34 AV 5 3RE% ], [/
J¥E: | [PCPS kR kD B L D] OREE%E
KL, 72, 2O a7 VEMOLDIZ, #&
BREEZTo,

D. & ¥

PCPS#%& F\ 7z DR AR OB AEICE L THER
WEREMETARTOTHLHmEN 2L, KFH
THEMRRI L 2HRMBTED 2o FEERICTHE
e < B & BT RE SRR O H RN 5,
PCPS# Mfavorable outcome® #|A idintention to
treat, per protocol D\ b BHOFHE 10%
# kY, FEPCPSEEICHRTRIFT, PCPSH#
BOZRKBGNBOAL ) FHRERSTHIEN
RBEEN/ze LRALEDS, FEOGHICIE TR
DR H 5o

* JEPCPSHEDBBFEFI B LM OTFHICK LT
&<, FEPCPSEFDOBHIEF 2 & TINETE T
WRWITEREDRD 5,

* PCPSUANOFHEATF (KEIRZ 77
y—) ERELTVERY,

*20104E3A R AR THH L TWE 7 — 12
DLHDTHY, PCPSHTIE, BE1IVAR
CPC DA BAFIAS 10 Bld 5

FRICIEPCPSERIC B LU, AR HIE % 43038
LTwizw, 50w, EFAOEEIENLTYS
TR ZE XL DD BT L T, &
WERR~, KRB OEREEICOVWTHD TR Z
KL, 17 —%v MEZHAELEAEGD
XEETHLEI DD, RIS, FEAHEMIIZD
WTILBBFREZATY, WRIEEZTILEFD 5,

DRI BF KT 5 PCPS & AW B Efkda
MEDORR BB IZOWTORKRED S N LM
BFIC L D OMEREROFREZ AL PR,
ZOBRIIEOTREV, HRIZ, AFTHEA L
NBDHTE L, ER#HFAEEKRZR K (ILCOR) I

BU2EEBHA Fo4 vHE B2 HANEE
DI-DORIME L TEHELET S,

E. #& &

FEEBEICH] & e < B 1A & B BB S o
R A &, PCPSH @ favorable outcome D E|&
{¥ intention to treat, per protocol D\WFihdH Y
MOFHE10%% EEY, FEPCPSEICLRTE
0T, PCPSHBEDLMERE L ) FHRERS TS
ZEDTRRE Nz REBITICHE LTI, ERE
BOXIE, FHRAHEAOEHRRAELZIT) LESD
bo

F. WiZTRX

1) J-PULSE - SAVE-] &RAR#MES, 2010.2.23

2) J-PULSE - SAVE-] 4Z&EBE%, 201033

3) BEAEDL, WALW, RHEX, REBE, &HHWM
%, BERRE, EBE—, SEBT RALLE
1EICK 55 PCPS MEA - ARFIZ BT 5B,
SAVE-]7 »or— MERP L —. E36RHAREH
BREFRFEMES, 2009.

4) Nagao K : With invasive cooling?. 1th Interna-
tional Consensus Conference. Puerto Rico, 2009.
4.24

5) Nagao K : 15 Minutes Door-to-Pump: The To-
kyo Experience with ECPB. Emergency Cardiop-
ulmonary Bypass Network Conference. Center
for Resuscitation Science University of Pennsyl-
vania Health System Philadelphia, USA, 2009.5.4

6) EAE, WBAK, BAER, AHE, HRE
B, MHEESE, JUKE], REE | PCPS RALLIE
PO E IR R E I BT 2 SR ER A 510, 12
| B AR RS RS S, IR, 2009.7

7)Nagao K, Kikushima K, Watanabe K, Tachibana
E, Tominaga Y, Tada K, Ishii M, Chiba N, Kasai
A, Soga T, Matuzaki M, Nishikawa K, Tateda Y,
Tkeda H, and Yagi T . Abstract P147: Early In-
duction of Mild Hypothermia During Cardiac Ar-
rest Enhances Neurological Benefits for Patients
With Out-of-hospital Cardiac Arrest Who Under-
went Extracorporeal Cardiopulmonary
Resuscitation.AHA scientific sessions 2009,
Orlando,Florida,USA, November, 2009

8) RRE FHAMEERHICHT 2 RAEERE £15
Bl H AR R RS, B, 2010.2.26

9) REE @ HABRBESBAMNEI VRIIA
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| WORKSHEETfor Evidenc

-Based Revxew of Scxence for Emergency Cardxac Care
‘Worksheet author(s) o .

Date Submltted for review:

10/07/2009, Revised 01/27/2010

Clinical question. o . = : o : : .
In adult cardiac arrest (prehospltal [OHCA], in- hospnal [IHCA]) (P) does the use of rapxd deploymem Extracorporeal Membrane Oxygenanon
{ECMO), Aortic Ralloon Pump (IABP) or emergency cardiopulmonary bypass (CPB) (1), compared with standard treatment (C), inerease survival
to hospital discharge with favorable nenrologic outcomes (0)?

This is an update of the previous CoSTR review which evaluated whether invasive perfusion devices improve ontcome from cardiac arrest when
compared with standard CPR in cardiac arrest patients with an nnderlying cardiocirculatory disease amenable to immediate corrective intervention.
(surgically correctible anatomic lesion {CAD, PE, etc.)) or not.

Is this question addressing an intervention/therapy, prognosis or diagnosis: Intervention

S!ate if thls is a proposed new topic or revision of existing worksheet: Revision

The authors have no conﬂxct of mterest relcvam 1o this worksheet.

Search strategy {including electronic databases searched);
English literature

We searched the Cochrane Controlled Trials Register (CCTR), PUBMED, and Scopus.

Each database was searched using the search strategy shown below,

CCTR

#1 Cardiac arrest in Title, Abstract or Keywords and cardiopulmonary bypass in Title, Abstract or Keywords, from 2003 to 2009 in The Cochrane
Central Register of Controlled Trials; 46 articles

#2 Cardiac arrest in Title, Abstract or Keywords and extracorporeal in Title, Abstract or Keywords, from 2003 to 2009 in The Cochrane Central
Register of Controlled Trials; 5 articles

#3 #1OR #2; 48 articles

PUBMED

#1. (“Cardiac arrest"[Text Word] AND “cardiopulmonary bypass"[Text Word]) AND ((*humans“[MeSH Terms] OR “animals"[MeSH
Terms:noexp]) AND (English{lang] OR Japanese[lang])) AND ("2003/1/1"[PDAT] : “2009/10/1 "{PDATI]); 188 atticles

#2. "Cardiac arrest"[Text Word] AND extracorporeal{Text Word]) AND (("humans"{MeSH Terms] OR “animals"[MeSH Terms:noexp]) AND
(Englishflang] OR Japanese[lang])) AND ("2003/1/1"[PDAT] : “2009/10/1 "[PDAT]); 120 articles

#3. #1OR #2; 280 articles

Scopus

#1. TITLE-ABS-KEY(“cardiac arrest" AND “cardiopulmonary bypass") AND DOCTYPE(ar) AND PUBYEAR AFT 2002 AND PUBYEAR BEF
2010 AND (LIMIT-TO(SUBTAREA, "MEDI") OR LIMIT-TO{SUBJAREA, "NURS™) OR LIMIT-TO(SUBJAREA, “"HEAL") OR LIMIT-
TO(SUBJAREA, "MULT") OR LIMIT-TO(SUBJAREA, "MULT")); 203 articles

#2. (TITLE-ABS-KEY("cardiac arrest") AND TITLE-ABS-KEY(extracorporeal)) AND DOCTYPE(ar) AND PUBYEAR AFT 2002 AND
PUBYEAR BEF 2010 AND (LIMIT-TO(SUBJAREA, "MEDI") OR LIMIT-TO(SUBJAREA, "NURS") OR LIMIT-TO(SUBJAREA,
"MULT")); 137 articles

#3. #1OR #2; 307 articles

Searching other resources: We included the articles included in the previous review.

Japanese literature

We searched Igaku Chuo Zasshi (Japana Centra Revuo Medicina) to identify articles published in Japan using the following thesaurus keyword

search:

#1.  (“Artificial Cardiopulmonary System” OR “Percutaneous Artificial Cardiopulmonary System”) AND (“cardiac atrest” OR “cardiopulmonary
arrest) AND Publication Type(axclude conference proceedings); 14 articles

#2.  (“Artificial Cardiopulmonary System” OR “Percutaneous Artificial Cardiopulmonary System”) AND “resuscitation” AND Publication
Type(exclude conference proceedings); 20 articles

#3.  “1 OR #2; 25 articles

« State inclusion and exclusion criteria

Articles were included for review for the following: [1] Design: Interventional or observational studies, meta-analysis, or systematic review [2]
Population; Human adult aged 14 or over, with cardiac arrest, [3] Intervention: Rapid deployment (ECMO) or Aortic Balloon Pump (IABP) or
Emergency cardiopulmonary bypass (CPB}, [4] Outcomes: Survival or favorable nenrologic outcomes.

The following studies were excluded: [1] Design: Case report or Narrative review, [2] Population: Children aged 14 or under or animal studies,
cardiac arrest that followed hypothermia, or studies conducted for same population (only most recent study is included), [3] Intervention:
cardiopulmonary bypass for post surgical hypothermia [4] Language: other than Japanese or English

* Number of articles/sources meeting criteria for further review:

] 24 studies met criteria for further review, including: 2 LOE 2 and 22 LOE 4.




Summary of evidence

Evidence Supporting Clinical Question

Chen 2003,A,B,C, D
Massetti 2005 C, D
Megarbane 2007 C, D
Nagao 2010 A, B,C,D
Chen 2008 A, C Shinn 2009 A, B, C, E

Takahashi (J), 2009 A
Fukamoto (J), 2001, A
Kawato (J), 1994, A,B,C

Athanasuleas 2006 C
Maggio 2007 C
Martin 1998, A

Mooney 1991 A, C
Nagao 2000,A,B,C,D,E
Tanno 2008 C
Ichihara (J), 2002, A, B, C

Morimoto (J), 2003, A, B

Saibara (J),2001, A, B

Shibata (J), 2006, A

Sakai, (J) 1996, A, B

A = Return of spontaneous circulation C = Survival to hospital discharge E = Other endpoint
B = Survival of event D = Intact neurological survival Italics = Animal studies




|
|
i
:

v Thiagarajan 2009 C, E
2
Chen 2008 D Fukumoto (J), 2001, B, C, D
Kawato (J), 1994, E
Takahashi (]J), 2009 B,C

Martin 1998, B, C
Ohata 2004 A
Tanno 2008 D Tchihara (J), 2002, E
Koide (J), 2005, B, C, D
Sakai, (J) 1996, E
Shibata (J), 2006, E

Nagamine (J), 2002, E

A =Retumn of spontaneous circulation C = Survival to hospital discharge E = Other endpoint
B = Survival of event D = Intact neurological survival Iralics = Animal studies

Evidence Opposing Clinical Question

Morimoto (J),
2003, C

A =Return of spontaneous circulation C = Survival to hospital discharge E = Other endpoint
B = Survival of event D = Intact neurological survival Italics = Animal studies



|REVIEWER’S FINAL COMMENTS AND ASSESSMENT OF BENEFIT/RISK:

We identified nine articles written in English after previous ILCOR search. In addition to the nine new reports, four studies
categorized as LOE-3 in the previous report, and ten studies written in Japanece published between 1991 and 9/30/2009 were
included in the review. Thus total of 23 studies were eligible for review.

No LOE-1 study is identified. We classified studies as LOE-2 if subjects with and without CPB are selected from same cohort
(i.e. both were selected patients with cardiopulmonary arrest in same time period). Two LOE-2 studies were identified. Inthe
LOE-2 studies, we classified them into three groups based on four methodological quality indicators suggested by ILCOR (4 or 3:
Good, 2 or 1: Fair, and 0: Poor). We defined LOE-3 studies as cohort studies with retrospective (historical) cohort data (i.e.
individual treated in the past and used in a comparison group when researchers analyze the results of a clinical study that had no
control group). There was no LOE-3 study in our analysis. We categorize studies as LOE-4 if there is no individual is included in
the report, and made quasi-comparison with previously published studies. Four studies classified into LOE-3 with previous review
criteria were categorized in the LOE-4. In addition, 18 newly published studies were classified as LOE-4. We further classified the
LOE-4 studies into three groups based on three methodological quality indicators suggested by ILCOR (3 or 2: Good, 1: Fair, and 0:
Poor).

Although LOE-2 studies can be clearly classified into either of three groups, supporting, neutral, or opposing to clinical
questions based on statistical significance (we did not consider statistical power in this review), it is ambiguous how we can classify
them in LOE-4 studies. We categorized LOE-4 studies as “supporting” if one of following conditions were satisfied: (1) authors
indicated the usefulness based on comparison with previously published reports of standard treatment or (2) Return of spontaneous
circulation /discharge survival rate and/or preferable neurological outcome is greater than 33% (we did not consider 95% confidence
interval in this review).

Within all studies, eleven reports focused only on cardiac cause, and others included non-cardiac causes. Qut-of-hospital arrest
was included in sixteen studies. Eight studies focused only on in- hospital patients, and one study did not distinguish them. ECMO,
emergency CPB, and JABP were evaluated in six, nineteen and one studies respectively. Regarding outcomes, nine studies
evaluated neurological disabilities, such as Glasgow-Pittsburgh cerebral performance categories (CPC) and Glasgow Outcome Scale
(GOS). Time of neurological evaluation varies from at discharge to after 68 months of event. Six studies reported rate of
complications and two reported reintegration as outcomes (reported as E in Summary of Evidence table).

In the previous review reported in 2005, four LOE-3 studies indicates that extracorporeal technigues or invasive perfusion
devices may improve outcome from cardiac arrest when compared with standard CPR in patients with cardiogenic shock (before
cardiac arrest occurs) and witnessed cardiac arrest in patient with an underlying cardio circulatory disease amenable to immediate
corrective intervention. (Chen, 2003, 197; Martin, 1998, 743; Mooney, 1991,450; Nagao, 2000, 776) Reviewers concluded that
implementation may be difficult due to timing of events and presence of experienced staff.

We further identified two LOE 2 studies. Chen et al. conducted prospective control study matching with propensity score for
172 patients with in-hospital cardiopulmonary arrest to compare extracorporeal cardiopulmonary resuscitation (ECPR) and
conventional cardiopulmonary resuscitation (Chen, 2008, 554). They demonstrated that the cumulative survival rate was 65.2% (at
24 h), 52.2% (3 days), 37.0% (14 days), 34.8% (30 days), 32.6% (6 months), and 19.6% (1 year; nine survivors) in the
extracorporeal group and 41.3% (24 h), 34.8% (3 days), 23.9% (14 days), 17.4% (30 days), 15.2% (6 months), and 13.0% (1 year;
six survivors) in the conventional CPR-M group. The hazard ratio of extracorporeal CPR over conventional CPR was 0.47 (95% CI
0.28-0.77, p=0.003) if the survival curves were trimmed at 30 days. Extracorporeal CPR still showed a survival benefit at the end
of 1 year (hazard ratio 0.53, 95% CI 0.33-0.83, p=0.006). Neurological outcome showed no difference at 1 year (p=0.27). Tanno
conducted retrospective cohort study that compares 66 patients undergone emergency cardiopulmonary bypass and 332 patients
with conventional CPR after out-of-hospital cardiac arrest due to cardiac etiology (Tannno, 2008, 649). Although they showed that
significantly higher survival rate at 3 months (22.7% vs 9.9%, P<0.05), there was no statistical different for preferable neurological
outcome defined by CPC (10.6% vs 5.7 %, P=0.14).

Studies evaluating CPR indicated that (1) duration of CPR prior to intervention and (2) presence of witness were correlated with
survival outcome. Studies evaluating ECMO indicated that (1) etiologic disease (myocarditis), {2) a shorter CPR duration, and (3)
first documented rhythm of ventricular tachycardia or ventricular fibrillation were positively associated with the survival at
discharge. Studies including IABP treatment did not clearly define for which patient populations IABP would be most beneficial.

In addition to above thirteen studies written in English, we identified ten studies written in Japanese. All of ten studies are
classified as LOE 4 since no study included control subject. Regarding outcomes, two studies employed neurological evaluation
(e.g Glasgow Outcome Scale: GOS). Other two studies used “social reintegration” as outcome, however, both studies did not
clearly describe criteria of the “social reintegration”. Remaining six studies did not evaluate neurological outcomes. Three studies
evaluated long-term prognosis {more than 3 months). Survival to hospital discharge of these ten studies in Japanese was reported
between 9.5 - 54.5%.




Conclisioir :

DISCLAIMER: Potential possible wording for a Consensus on Science Statement. Final wording
will differ due to other input and discussion.

CONSENSUS ON SCIENCE:

One control trial revealed outcome improvement using extracorporeal cardiopulmonary support in in-hospital cardiopulmonary
arrest patients (LOE2, Chen, 2008), but no prospective control trial was conducted for out-of-hospital patients although one
retrospective cohort study (LOE2, Tanno, 2008) and most LOE 4 studies suggested possible better outcomes in the population. In
addition, long-term outcome (i.e. more than one year) was scarcely evaluated.

Further prospective control trial for out-of-hospital cardiac arrest with long-term follow-up is desired to clarify effectiveness of
the extracorporeal cardiopulmonary support especially for that population.

TREATMENT RECOMMENDATION:
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1. Athanasuleas CL, Buckberg GD, Allen BS, Beyersdorf F; Kirsh MM, Sudden cardiac death: directing the scope of
resuscitation towards the heart and brain. Resuscitation 2006;70:44-51.

BACKGROUND: The fundamental goal of cardiopulmonary resuscitation (CPR) is recovery of the heart and the brain.
This is best achieved by (1) immediate CPR for coronary and cerebral perfusion, (2) correction of the cause of cardiac
arrest, and (3) controlled cardioplegic cardiac reperfusion. Failure of such an integrated therapy may cause permanent
brain damage despite cardiac resuscitation. METHODS: This strategy was applied at four centers to 34 sudden cardiac
death patients (a) after acute myocardial infarction (@ = 20), (b) “intraoperatively” following successful
discontinuation of cardiopulmonary bypass (n = 4), and (c) “postoperatively" in the surgical ICU (n = 10). In each
witnessed arrest the patient failed to respond to conventional CPR with ACLS interventions, including defibrillation.
The cardiac arrest interval was 72 +/- 43 min (20-150 min). Compression and drugs maintained a BP > 60 mmHg to
avoid cerebral hypoperfusion. Operating room (OR) transfer was delayed until the blood pressure was monitored. In
four patients femoral bypass maintained perfusion while an angjographic diagnosis was made. RESULTS:
Management principles included no repeat defibrillation attempts after 10 min of unsuccessful CPR, catheter-
monitored peak BP > 60 mmHg during diagnosis and transit to the operating room, left veniricular venting during
cardiopulmonary bypass and 20 min global and graft substrate enriched blood cardioplegic reperfusion. Survival was
79.4% with two neurological complicaticns (5.8%). CONCLUSIONS: Recovery without adverse netirological
outcores is possible in a large number of cardiac arrest victims following prolonged manual CPR. Therapy is directed
toward maintaining a monitored peak BP above 60 mmHg, determining the nature of the cardiac cause, and correcting
it with controlled reperfusion to preserve function.

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting C

COMMENTS: no report of industry sponsorship

2. Chen, Y. S., A. Chao, et al. (2003). "Analysis and results of prolonged resuscitation in cardiac arrest patients rescued by
extracorporeal membrane oxygenation." J Am Coll Cardiol 41(2): 197-203.

OBIECTIVES: We conducted this study to determine the result of prolonged cardiopulmonary resuscitation (CPR)
withi extracorporeal membrane oxygenation (ECMO) and the predictive factors for hospital discharge and ECMO
weaning. BACKGROUND: Prolonged CPR carries considerable associated mortality and morbidity. As yet, ECMO
for prolonged CPR has no definite results. Only small groups of patients and no detailed analysis have been reported.
METHODS: Candidates for ECMO resuscitation were patients in cardiac arrest receiving CPR >10 min without return
of spontaneous circulation and no absolute contraindication. Venoarterial ECMO was set up during CPR. We
reviewed the data of 57 prolonged CPR patients who received ECMO during CPR over a six-year period. RESULTS:
The mean duration of CPR was 47.6 +/- 13.4 min and that of ECMO was 96.1 +/- 87.9 h. The rate of weaning was
66.7%, and the survival rate was 31.6%. Multiple-organ failure was the major reason for mortality, despite successful
weaning. Among survivors, long-term follow-up revealed 88.9% survival, and only 5.6% had a severe neurologic
deficit. The results indicate that a shorter CPR duration, postcardiotomy arrest, myocardial indicators, a hepatic
indicator, and lactic acid are significantly correlated with both weaning and survival, whereas late damage (level on

| the third or seventh day of reperfusion) rather than initial damage (level on the first day) was more predictive of the
results. CONCLUSIONS: Prolonged CPR rescue by ECMO provides an acceptable survival rate and outcome in
survivors. Our results of the selected cases encourage further investigations of the wider application of ECMO in CPR.
LOE: 4

QUALITY: good

DIRECTION OF SUPPORT: supporting ABCD

COMMENTS: no report of industry sponsorship

3. Chen YS, Lin JW, Yu HY, et al. Cardiopulmonary resuscitation with assisted extracorporeal life-support versus
conventional cardiopulmonary resuscitation in adults with in-hospital cardiac arrest: an observational study and
propensity analysis. The Lancet 2008;372:554-61.

Background: Extracorporeal life-support as an adjunct to ¢ardia¢ resuscitation has shown encouraging outcomes in
patients with cardiac arrest. However, there is little evidence about the benefit of the procedure compared with
conventional cardiopulmonary resuscitation (CPR), especially when continued for more than 10 min. We aimed to
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assess whether extracorporeal CPR was better than conventional CPR for patients with in-hospital cardiac arrest of
cardiac origin. Methods: We did a 3-year prospective observational study on the use of extracorporeal life-support for
patients aged 18-75 years with witnessed in-hospital cardiac arrest of cardiac origin undergoing CPR of more than 10
min compared with patients receiving conventional CPR. A matching process based on propensity-score was done to
equalise potential prognostic factors in both groups, and to formulate a balanced 1:1 matched cohort study. The
primary endpoint was survival to hospital discharge, and analysis was by intention to treat. This study is registered
with ClinicalTrials.gov, number NCT00173615. Findings: Of the 975 patients with in-hospital cardiac arrest events
who underwent CPR for longer than 10 min, 113 were enrolled in the conventional CPR group and 59 were enrolled
in the extracorporeal CPR group. Unmatched patients who underwent extracorporeal CPR had a higher survival rate to
discharge {log-rank p<0-0001) and a better 1-year survival than those who received conventional CPR (log rank
p=0-007). Between the propensity-score matched groups, there was still a signifi cant diff erence in survival to
discharge (hazard ratio [HR] 0-51, 95% CI 0-35-0-74, p<0-0001), 30-day survival (HR 0-47, 95% CI 0-28-0.77,
p=0-003), and 1-year survival (HR 0-53, 95% CI 0-33-0-83, p=0-006) favouring extracorporeal CPR over conventional
CPR. Interpretation Extracorporeal CPR had a short-term and long-term survival benefi t over conventional CPR in
patients with in-hospital cardiac arrest of cardiac origin.

LOE: 2

QUALITY: good

DIRECTION OF SUPPORT: supporting AC, neutoral D

COMMENTS: no report of industry sponsorship

Fukumoto H, Nishimoto Y, et al. (2001). "Outcome of pericutaneous cardiopulmonary support in cardiac arrest
patients.” Resuscitation 20(2): 161-166.

Abstract in Japanese

LOE: 4

QUALITY: good .

DIRECTION OF SUPPORT: supporting A, neutoral BCD
COMMENTS: no report of industry sponsorship

Ichihara T, Eda X, et al. (2002). “Efficacy of the application of pericutaneous cardiopulmonary support in Intensive
Care Medicine." J Jpn Soc Intensive Care Med 9(2): 103-106.

Abstract in Japanese

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting ABC, neutoral E
COMMENTS: no report of industry sponsorship

Kawato H, Ide H, et al. (1994). "Experience of the applications of emergency pericutaneous cardiopulmonary support
for resuscitation of cardiaca arrest cases." Japanese Journal of Caridovascular Surgery 23(1): 15-20.

Abstract in Japanese

LOE: 4

QUALITY: good

DIRECTION OF SUPPORT: supporting ABC, neutoral E
COMMENTS: no report of industry sponsorship

Koide T, Tanno K, et al. (2005). “Usage of pericutaneous cardiopulmonary support as a means of resurrection."
Journa!l of Japan Society for Critical Care Medicine 19: 137-141.

Abstract in Japanese

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: neutoral BCD
COMMENTS: no report of indusiry sponsorship
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Maggio P, Hemmila M, Haft J, Bartlett R. Extracorporeal life support for massive pulmonary embolism. T Trauma
2007;62:570-6.

BACKGROUND: Massive pulmonary embolism is frequently lethal because of acute irreversible pulmonary and
cardiac failure. Extracorporeal life support (ECLS) has been used for cardiopulmonary failure in our institution since
1988, and we reviewed our experience with its use in the management of massive pulmonary emboli. METHODS: We
reviewed our complete experience with ECLS for massive pulmonary emboli from January 1992 through December
2005. The records of 21 patients were examined and data extracted. RESULTS: During the study period, 21 patients
recejved ECLS for massive pulmonary emboli. All patients were, on vasoactive drugs, acidemic, and hypoxic at the
time of institution of ECLS. Eight were in active cardiac arrest. Five were trauma patients, eight had recently
undergone an operation, and six had a hypercoagulable disorder. Nineteen of the 21 patients were cannulated for
venoarterial bypass and two were placed on venovenous bypass. The average duration of support for survivors was 5.4
days, ranging from 5 hours to 12.5 days. Emboli resolved with anticoagulation in 10 of 13 survivors and 4 of 13
survivors underwent surgical pulmonary embolectomy. Catastrophic neurolo, gic events were the most common cause
of mortality in our series; four patients died from intracranial hemorrhage. The overall survival rate was 62% (13/21).
CONCLUSIONS: We conclude that emergent ECLS provides an opportunity to improve the prognosis of an
otherwise near-fatal condition, and should be considered in the algorithm for management of a massive pulmonary
embolism in an unstable patient.

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting C

COMMENTS: no report of industry sponsorship

Martin, G. B., E. P. Rivers, et al. (1998). "Emergency department cardiopulmonary bypass in the treatment of human
cardiac arrest." Chest 113(3): 743-51.

OBIECTIVE: To study the use of emergency department (ED) femoro-femoral cardiopulmonary bypass (CPB) in the
resuscitation of medical cardiac arrest patients. DESIGN: Prospective, uncontrolled trial. SETTING: Urban academic
ED staffed with board-certified emergency physicians (EPs). PARTICIPANTS: Ten patients with medical cardiac
arrest unresponsive to standard therapy. INTERVENTIONS: Femoro-femoral CPB instituted by EPs. RESULTS: The
time of cardiac arrest prior to CPB (mean+/-SD) was 32.0+/-13.6 min. The cardiac output while on CPB was 4.09-+/-
1.03 L/min with an average of 229+/-111 min on bypass. All 10 patients had resumption of spontaneous cardiac
activity while on CPB. Seven of these were weaned from CPB with intrinsic spontaneous circulation. Of these, six
patients were transferred from the ED to the operating room for cannula removal and vessel repair while the other
patient died in the ED soon after discontinuing CPB. Mean survival was 47.8+/-44.7 h in the six patients leaving the
ED. Although these patients had successful hemodynamic resuscitation, there were no long-term survivors. '
CONCLUSION: CPB instituted by EPs is feasible and effective for the hemodynamic resuscitation of cardiac arrest
patients uaresponsive to advanced cardiac life support therapy. Future efforts need to focus on improving long-term
outcome.

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting A, neutoral BC

COMMENTS: no report of industry sponsorship

Massetti M, Tasle M, Le Page O, et al. Back from irreversibility: Extracorporeal life support for prolonged cardiac
arrest. Annals of Thoracic Surgery 2005;79:178-83.

The survival of patients after prolonged cardiac arrest is still inadequate. Extracorporeal life support (ECLS)
represents an alternative therapeutic method for patients who do not respond to conventional cardiopulmonary
cerebral resuscitation. This technology is used to support the circulation of a patient with severe cardiac failure.
Between June 1997 and January 2003, 40 ECLS procedures were performed in patients who presented with refractory
cardiac arrest. During external cardiac massage, the patient was connected to an extracorporeal circuit by the insertion
of an arterial and venous cannula through the femoral vessels. The extracorporeal circuit included a centrifugal pump

and an oxygenator. Mean age was 42 T 15 years; the average time of external cardiac massage was 105 7 44 minutes.

Once the circulation was restored, 22 patients were disconnected from the extracorporeal circulation because of brain
death or multiorgan failure; after 24 hours, among the 18 survivors, 6 were weaned off the pump, 9 were bridged to a
ventricular assist device, and 2 patients were directly bridged to cardiac transplantation. Eight patients are alive and
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without any sequelae at 18 month's follow-up. In prolonged cardiac arrest with failing conventional measures, rescue
by extracorporeal support provides an ultimate therapeutic option with a good outcome in survivors. Our results
encourage the wider application of ECLS for refractory cardiocirculatory arrest in selected patients. The high rate of
newrologic death needs further improvements in the early phase of resuscitation maneuvers.

LOE: 4

QUALITY: good

DIRECTION OF SUPPORT: supporting CD

COMMENTS: no report of industry sponsorship

Megarbane B, Leprince P, Deye N, et al. Emergency feasibility in medical intensive care unit of extracorporeal life
support for refractory cardiac arrest. Intensive Care Med 2007;33:758-64.

OBIECTIVE: To report the feasibility, complications, and outcomes of emergency extracorporeal life support (ECLS)
in refractory cardiac arrests in medical intensive care unit (ICU). DESIGN AND SETTING: Prospective cohort study
in the medical ICU in a university hospital in collaboration with the cardiosurgical team of a neighboring hospital.
PATIENTS: Seventeen patients (poisonings: 12/17) admitted over a 2-year period for cardiac arrest unresponsive to
cardiopulmonary resuscitation (CPR) and advanced cardiac life support, without return of spontaneous circulation,
INTERVENTIONS: ECLS femoral implantation under ¢ontinuous cardiac massage, using a centrifugal pump
connected to a hollow-fiber membrane oxygenator. MEASUREMENTS AND RESULTS: Stable ECLS was achieved
in 14 of 17 patients. Early complications included massive transfusions (n=8) and the need for surgical revision at the
cannulation site for bleeding (n=1). Four patients (24%) survived at medical ICU discharge. Deaths resulted from
multiorgan failure (n=8), thoracic bleeding(n=2), severe sepsis (n=2), and brain death {(n=1). Massive hemorrhagic
pulmonary edema during CPR (n=5) and major capillary leak syndrome (n=6) were observed. Three cardiotoxic-
poisoned patients (18%, CPR duration: 30, 100, and 180 min) were alive at 1-year follow-up without sequelae. Two of
these patients survived despite elevated plasma lactate concentrations before cannulation (39.0 and 20,0 mmol/l).
ECLS was associated with a significantly lower ICU mortality rate than that expected from the Simplified Acute
Physiology Score II (91.9%) and lower than the maximum Sequential Organ Failure Assessment score (>90%).
CONCLUSIONS: Emergency ECLS is feasible in medical ICU and should be considered as a resuscitative tool for
selected patients suffering from refractory cardia¢ arrest.

LOE: 4

QUALITY: good

DIRECTION OF SUPPORT: supporting CD

COMMENTS: no report of industry sponsorship

Mooney, M. R., K. V. Arom, et al. (1991). "Emergency cardiopulmonary bypass support in patients with cardiac
arrest.” J Thorac Cardiovasc Surg 101(3): 450-4.

Emergency percutaneous cardiopulmonary bypass support was instituted in 11 patients in cardiac arrest refractory to
conventional resuscitation measures, Emergency percutaneous cardiopulmonary bypass support was used in five
patients in whom cardiac arrest occurred as a result of a complication in the cardiac catheterization laboratory (group
1) and in six other patients in cardiac arrest (group II). A 21F cannula and a 17F cannula were percutaneously inserted
into the femoral vein and artery. Flow rates of 3 to 5 L/min were achieved with restoration of mean arterial pressure to
70 mm Hg (range 50 to 75). The status of all 11 patients was improved initially both clinically and hemodynamically
with percutaneous cardiopulmonary bypass. Of the group I patients, three had anatomy unsuitable for percutaneous
transluminal coronary angioplasty or coronary bypass grafting, could not be weaned from cardiopulmonary support,
and died; three of these patients had coronary artery bypass grafting and two survived. All five group I patients
underwent successful coronary bypass grafting and survived. Of the seven patients with anatomically correctable
disease, all seven were discharged from the hospital. With conventional management nearly all seven of these patients
would have died. Nine of 11 patients underwent a cardiac operation and seven of the nine survived. The operative
mortality rate was 22% and the overall survival rate was 64%. At follow-up (mean 7 months), all seven patients are
alive and six have resumed a normal and active life-style. In conclusion, ermergency percutaneous cardiopulmonary
bypass support is a powerful resuscitative tool that may stabilize the condition of patients in cardiogenic shock and
cardiac arrest to allow for definitive intervention.

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting AC

COMMENTS: no report of industry sponsorship
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Morimoto N, Ishii T, et al. {2003). "Out-of cardiac arrest patients which were transferd to our Emergency Critical Care
Center." Journal of Tsuyama central hospital 17(1): 17-23.

Abstract in Japanese

LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting AB, opposing C
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Nagamine K (2002). "Resuscitation with pericutaneous cardiopulmonary support." Resuscitation 21(2): 14-17.

Abstract in Japanese

LOE: 4

QUALITY: poor

DIRECTION OF SUPPORT: neutral E
COMMENTS: no report of industry sponsorship

Nagao, K., N. Hayashi, et al. (2000). “Cardiopulmonary cerebral resuscitation using emergency cardiopulmonary
bypass, coronary reperfusion therapy and mild hypothermia in patients with cardiac arrest outside the hospital." J Am
Coll Cardiol 36(3): 776-83.

OBJECTIVES: The purpose of this study was to evaluate the efficacy of an alternative cardiopulmonary cerebral
resuscitation (CPCR) using emergency cardiopulmonary bypass (CPB), coronary reperfusion therapy and mild
hypothermia. BACKGROUND: Good recovery of patients with out-of-hospital cardiac arrest is still inadequate. An
alternative therapeutic method for patients who do not respond to conventional CPCR is required. METHODS: A
prospective preliminary study was performed in 50 patients with out-of-hospital cardiac arrest meeting the inclusion
criteria. Patients were treated with standard CPCR and, if there was no response, by emergency CPB plus intra-aortic
balloon pumping. Immediate coronary angiography for coronary reperfusion therapy was performed in patients with
suspected acute coronary syndrome. Subsequently, in patients with systolic blood pressure above 90 mm Hgand
Glasgow coma scale score of 3 to 5, mild hypothermia (34 C for at least two days) was induced by coil cooling,
Neurologic outcome was assessed by cerebral performance categories at hospital discharge. RESULTS: Thirty-six of
the 50 patients were treated with emergency CPB, and 30 of 39 patients who underwent angiography suffered acute
coronary artery occlusion. Return of spontaneous circulation and successful coronary reperfusion were achieved in
92% and 87%, respectively. Mild hypothermia could be induced in 23 patients, and 12 (52%) of them showed good
recovery. Factors related to a good recovery were cardiac index in hypothermia and the presence of serious
complications with hypothermia or CPB. CONCLUSIONS: The alternative CPCR demonstrated an improvement in
the incidence of good recovery. Based upon these findings, randomized studies of this hypothermia are needed.
LOE: 4

QUALITY: fair

DIRECTION OF SUPPORT: supporting ABCDE

COMMENTS: no report of industry sponsorship

Nagao, K., X. Kikushima, et al. "Early induction of hypothermia during cardiac arrest improves neurological
outcomes in patients with out-of-hospital cardiac arrest who undergo emergency cardiopulmonary bypass and
percutaneous coronary intervention.” Circ J 74(1): 77-85.

BACKGROUND: Therapeutic hypothermia for comatose survivors of out-of-hospital cardiac arrest has demonstrated
neurological benefits. Although early cooling during cardiac arrest enhances efficacy in animal studies, few clinical
studies are available. METHODS AND RESULTS; The 171 patients who failed to respond to conventional
cardiopulmonary resuscitation were studied prospectively. Patients underwent emergency cardiopulmonary bypass
(CPB) plus intra-aortic balloon pumping, with subsequent percutaneous coronary intervention (PCI) if needed. Mild
hypothermia (34 degrees C for 3 days) was induced during cardiac arrest or after return of spontaneous circulation. Of
the 171 patients, 21 (12.3%) had a favorable neurological outcome at hospital discharge. An unadjusted rate of
favorable outcome decreased in a stepwise fashion for increasing quartiles of collapse-to-34 degrees C interval
{P=0.016). An adjusted odds ratio for favorable outcome after collapse-to-CPB interval was 0.89 (95% confidence
interval (CT) 0.82-0.97) and after CPB-t0-34 degrees C interval, 0.99 (95%CI 0.98-0.99) when collapse-to-34 degrees
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C interval was divided into 2 components. Favorable neurclogical accuracy of a collapse-to-CPB interval at a cutoff of
55.5 min and CPB-to-34 degrees C interval at a cutoff of 21.5 min was 85.4% and 89.5%, respectively.
CONCLUSIONS: Early attainment of a core temperature had neurological benefits for patients with out-of-hospital
cardiac arrest who underwent CPB and PCL

LOE: 4

QUALITY: good

DIRECTION OF SUPPORT: supporting ABCD

COMMENTS: no report of industry sponsorship

Ohata T, Sakakibara T, Takano H, Izutani H. Plasma brain natriuretic peptide reflects left ventricular function during
percutaneous cardiopulmonary support. Ann Thorac Surg 2004;77:164-7.

BACKGROUND: Plasma levels of brain natriuretic peptide (BNP), a cardiac hormone secreted predominantly from
the ventricle, are elevated in patients with myocardial infarction, hypertension, and dilated cardiomyopathy. In this
study, we assessed the usefulness of measuring BNP to evaluate left ventricular function in patients with severe heart
failure receiving mechanical circulatory support. METHODS: Plasma BNP and creatine kinase (CK)-MB levels were
measured serially in 8 consecutive patients with cardiogenic shock who received percutaneous cardiopulmonary
support (PCPS) at Osaka Police Hospital from August 1999 to March 2000. Coronary artery bypass grafting or
percutaneous transluminal coronary angioplasty was also performed in 5 patients during PCPS; in addition, 1 patient
underwent insertion of a left ventricular venting catheter and implantation of a left ventricular assist system after
PCPS. RESULTS: Five patients were weaned from PCPS, and 3 died. In survivors, plasma BNP and CK-MB levels
correlated positively and significantly (r = 0.968, p = 0.03). After PCPS was initiated, plasma BNP levels gradually
decreased in survivors, but not in patients who died (p = 0.003). CONCLUSIONS: These results suggest that plasma
BNP levels accurately reflect myocardial damage in patients undergoing PCPS. A decrease in BNP might appear to
indicate improved left ventricular function and predict successful weaning from mechanical support.
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Saibara H, Kodama Y, et al. (2001). "Outcomes of 71 patients treated with pericutaneous cardiopulmonary support in
our hospital.” Extra Corporeal Technology 28(1): 43-45.
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Sakai M, Oteki H, et al. (1996). "Status and problmes with the application of pericutaneous cardiopulmonary support."
Japanese Association for Acute Medicine (JJAAM) 7(7): 345-351.
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Shibata K and Itou M (2006). "Outcome of emergency pericutaneous cardiopulmonary support." Japanese Association
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