Extracorporeal life support during cardiac arrest and cardiogenic shock: a systematic review and meta-analysis 

Supplementary Data 

Appendix 1: Medline search 
Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to Present 
Search Strategy: 2015-12-07
	#
	Searches
	Results

	1
	Extracorporeal Membrane Oxygenation/
	6484

	2
	Extracorporeal Circulation/ and (heart-assist devices/ or cardiopulmonary resuscitation/ or advanced cardiac life support/)
	243

	3
	(Extracorporeal Circulation/ or (extracorp* or extra-corp*).tw,kf.) and (((cardiopulm* or cardio-pulm*) adj2 resuscit*) or CPR).tw,kf.
	500

	4
	((extracorp* or extra-corp*) adj6 (membran* oxygenat* or life support*)).tw,kf.
	7120

	5
	(ECLS or E-CMO or ECLS or E-CLS).tw,kf.
	4847

	6
	(ECPR or E-CPR or ECCO).tw,kf.
	318

	7
	or/1-6 [ECLS/ECPR]
	9983

	8
	(exp animals/ not humans/) or (porcine or piglet or pig or pigs or rat or rats or dogs or dog or canine).ti.
	4287547

	9
	((child* or p?ediatr* or infant* or neonat* or prenat* or postnat* or neo-nat* or pre-nat* or post-nat* or babies or "after birth") not (adolesc* or adult* or elder*)).ti.
	962506

	10
	8 or 9 [animals (not humans) and children (not adults)]
	5206353

	11
	7 not 10 [human adults studies on ECLS/ECPR]
	6834

	12
	exp Databases, Bibliographic/ or meta-analysis/ or (meta analy* or metaanaly* or meta?analy*).tw,kf. or ((systematic* adj3 (review or literature or evidence or search*)) or ((summari* or review) adj3 evidence) or (search* adj12 (literature* or ((electronic or medical or biomedical) adj3 database*) or exhaustive)) or medline or pubmed or embase or psychinfo or (CENTRAL and cochrane) or "Central Register of Controlled Trials").tw. or (cochrane or clinical evidence or EBM).jw. [SR-filter]
	246553

	13
	11 and 12 [secondary human studies ECLS/ECPR]
	127

	14
	(expert or current or cochrane or clinical evidence or EBM).jw. or exp guideline/ or exp Databases, Bibliographic/ or editorial/ or books/ or case reports/ or (systematic* adj3 (review or literature)).ti. or ((search* adj12 (literature* or ((electronic or medical or biomedical) adj3 database*) or exhaustiv* or systematic*)) or medline or pubmed or embase or psychinfo or (CENTRAL and cochrane) or "Central Register of Controlled Trials").tw. or (cochrane or clinical evidence or EBM).jw. or ((review/ or meta-analysis/ or (conferenc* or congress*).hw. or (meta analy* or metaanaly* or meta?analy*).ti,ot,kw. or (systematic* adj3 (review or literature)).tw,kw.) not (exp clinical trial/ or comparative study/ or feasibility studies/ or evaluation studies/ or validation studies/ or exp cohort studies/ or cross-sectional studies/ or case-control studies/ or multicenter study/)) [filter for exclusion non-primary studies]
	4321268

	15
	11 not 14 [primary human studies on ECLS]
	3893

	16
	shock, cardiogenic/
	6795

	17
	heart arrest/ or out-of-hospital cardiac arrest/
	25709

	18
	(cardiogen* adj9 shock*).tw,kf.
	8266

	19
	((cardia* or coronar*) adj4 shock*).tw,kf.
	2430

	20
	((card* or heart) adj3 arrest*).tw,kf.
	30484

	21
	(IHCA or OHCA).tw,kf.
	1050

	22
	exp myocardial infarction/co
	26379

	23
	(post-infarct* or postinfarct*).tw,kf.
	6808

	24
	((refractory or "secondary to" or rescue* or following or acute) adj6 (CS or AMI or MI or NSTEMI or STEMI or infarct* or coronary syndrom*)).tw,kf.
	93739

	25
	(refractory adj3 (ventricular arr?yt* or ventricular fibrillat* or tachycard*)).tw,kf.
	1083

	26
	or/16-25
	158791

	27
	13 and 26 [secondary studies ECLS + CS]
	30

	28
	remove duplicates from 27
	30

	29
	15 and 26 [primary studies on ECLS + CS]
	640

	30
	remove duplicates from 29
	619


Appendix 2: Quality assessment

e-Table 1: Assessment of study quality using a modified version of the Newcastle-Ottawa Quality Assessment Scale for Cohort studies

	
	 
	Selection (4) 
	 
	Comparability (1) 
	 
	Outcome (3) 

	
	 
	Study population clearly defined
	 >50% AMI CS or CA with cardiac aetiology
	Exposed and non-exposed cohort selected from same cohort
	Definition and selection of the non-exposed cohort
	 
	Study controls for age
	Study controls for CPR$
	 
	Adequacy of follow up of cohorts
	Follow-up long enough (>30 days)
	Clinical course well  described* 

	Cardiogenic shock
	
	
	
	
	
	
	
	
	
	
	

	
	Chamogeorgakis, 2013
	
[image: image1]
	
[image: image2]
	
[image: image3]
	-
	
	-
	-
	
	
[image: image4]
	-
	-

	
	Lamarche, 2011
	
[image: image5]
	-
	-
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	-
	-
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	-
	-

	
	Sattler, 2014
	
[image: image8]
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	-
	-
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	-
	-

	
	Sheu, 2010
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	-
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	-
	-
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	-
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	Cardiac arrest
	
	
	
	
	
	
	
	
	
	
	

	
	Blumenstein, 2015
	
[image: image18]
	-
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	-
	-
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	Chen, 2008
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	-
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	-

	
	Chou, 2014
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	-
	-
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	-

	
	Kim, 2014
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	-
	
	-
	-
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	-

	
	Lee, 2015
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	-
	-
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	Maekawa, 2013
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	-
	-
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	Sakamoto, 2014
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	-
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	Shin, 2013
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	Siao, 2015
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	-
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	$  in the cardiogenic shock cohort: before admission; in the cardiac arrest cohort: CPR duration; * revascularisation, CPR duration and complications are described.


Appendix 3: Funnel plots 
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Figure 1: Funnel plot for the 30-day survival in patients receiving ECLS for cardiogenic shock. 

SE = standard error. RD=mean risk difference. 
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Figure 2: Funnel plot for the 30-day survival in patients receiving ECLS for cardiac arrest. 

SE = standard error. RD=mean risk difference. 

Appendix 4: Long term outcomes cardiac arrest
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Figure 4: Risk difference of (A) long term survival and (B) long term favourable neurologic outcome (CPC 1 or 2) in patients with cardiac arrest. Propensity matched difference in (C) long term survival and (D) long term favourable neurologic outcome (CPC 1 or 2) in patients with cardiac arrest.
Appendix 5: Clinical course 
e-Table 2: Clinical course of studies on both cardiogenic shock as cardiac arrest patients. 

	 
	 
	 
	Number of patients (n)
	Weaning from cardiac assist device (%)
	Peripheral vessel complications (%)
	Bridge to long term VAD or HTX
	Blood transfusions  (erythrocyte) 
	Blood transfusions  (FFP) 
	Duration of support (hrs)

	First author, year 
	Control arm 
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control

	Cardiac arrest 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Blumenstein, 2015
	Conventional CPR
	52
	272
	 -
	 -
	17.3
	2.9
	5.8
	 -
	 -
	 -
	 -
	 -
	-
	-

	
	Chen, 2008
	Conventional CPR
	59
	113
	49.2
	 -
	 -
	 -
	13.6
	0.0
	 -
	 -
	 -
	 -
	110 ± 128
	-

	 
	Chou, 2014
	Conventional CPR
	43
	23
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	-
	-

	 
	Kim, 2014
	Conventional CPR
	55
	444
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	-
	-

	 
	Lee, 2015
	Conventional CPR
	81
	874
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	-
	-

	 
	Maekawa, 2013
	Conventional CPR
	53
	109
	 -
	 -
	25.0
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	-
	-

	 
	Sakamoto, 2014
	Conventional CPR
	260
	194
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	-
	-

	 
	Shin, 2013
	Conventional CPR
	85
	321
	 -
	 -
	 -
	 -
	2.4
	0.9
	 -
	 -
	 -
	 -
	-
	-

	 
	Siao, 2015
	Conventional CPR
	20
	40
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	79.7 ± 35.9
	-

	Cardiogenic shock
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Chamogeorgakis, 2013
	Impella 5.0 / TandemHeart a
	61
	18
	19.7
	33.3
	13.1
	22.2
	42.6
	27.8
	 -
	 -
	 -
	 -
	 -
	 -

	 
	Lamarche, 2011
	Impella 5.0 /     
 Impella RD
	32
	29
	46.9
	41.4
	15.6
	3.4
	28.1
	25.0
	18 [9-34] 
	4 [2-9]
	14 [8-28]
	2 [0-8]
	46.3 [27-99]
	63.3 [41-142]

	 
	Sattler, 2014
	IABP
	12
	12
	 -
	 -
	16.7
	8.3
	 -
	 -
	21 ± 12 
	1 ± 1 
	8 ± 6
	0
	110 ± 69
	-

	 
	Sheu, 2010
	IABP
	46
	25
	78.3
	 -
	8.7
	 -
	2.2
	 -
	 -
	 -
	 -
	 -
	-
	-

	Values are presented as mean ± standard deviation or as median [IQR]. a 7 Impella; 11 TandemHeart; CPR = cardiopulmonary resuscitation; PCI=Percutaneous coronary intervention; OHCA=Out-of-hospital cardiac arrest; IHCA=In-hospital cardiac arrest; ROSC=return of spontaneous circulation; AMI=acute myocardial infarction; VF=ventricular fibrillation; VT=ventricular tachycardia; CA=cardiac arrest; ECPR=ECLS-assisted cardiopulmonary resuscitation; VAD = ventricular assist device; HTX: heart transplantation; FFT = Fresh Frozen Plasma. 


Appendix 6: Propensity matched analysis 

e-Table 3: Baseline characteristics of the propensity matched studies on ECLS-assisted cardiac arrest. 

	
	
	Criteria for ECLS allocation/placement
	Propensity matching 
	Number of patients (n)
	Mean age (yrs)
	Male (%)
	Acute myocardial infarction (%)
	Revascularisation (%)
	CPR duration (min)

	First author, year 
	Patient population
	
	Matching 
	Matching variables 
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control

	Blumenstein, 2015
	Witnessed IHCA
	ECLS was considered by the ECLS team if CPR > 10 min and cardiac aetiology.
	1:1
	All of the covariates such as age, gender, LVEF and all parameters revealed in the univariate analysis to be predictive of mortality were used in the propensity score. CPR duration was additionally adjusted during the matching process using the propensity score. 
	52
	52
	72
	73
	54
	60
	29
	37
	32
	17 a
	33 [19-47]
	37 [30-45]

	Chen, 2008
	Witnessed IHCA of cardiac origin, CPR > 10 min
	The decision was made by the attending doctors in charge. Exclusion for ECLS: failure to wean from bypass due to post-cardiotomy shock and patients who experienced shock requiring elective ECLS.
	1:1
	Age, sex, initial cardiac rhythm, time point of CPR, CPR duration, the presence of comorbidities
	46
	46
	57
	55
	85
	87
	61
	72
	17
	7 b
	53 ± 41
	47 ± 33

	Kim, 2014
	Cardiac arrest patients with CPR (no trauma)
	ECPR was indicated when presumed correctable cause of CA, witnessed arrest or presumed short no-flow time when unwitnessed arrest and informed consent of the family and in-hospital CPR  > 21 min.  
	1:1
	Age, sex, comorbidity score, bystander CPR, witnessed cardiac arrest, first rhythm, presumed aetiology, time to CPR, CPR duration and therapeutic hypothermia. 
	52
	52
	54
	54
	77
	73
	85
	89
	56
	6 c 
	63 [49 -88]
	61 [40 - 84]

	Maekawa, 2013
	Witnessed OHCA of presumed cardiac origin, CPR> 20 min
	Initiation of ECPR was dependent on the attending physicians
	1:1
	Age, activities of daily living, CPR by witness, initial rhythm VF/VT, number of counter shocks, time of arrest to advanced life support, CPR duration, therapeutic hypothermia, IABP usage and primary PCI 
	24
	24
	57
	57
	79
	79
	 - 
	 - 
	21
	25 c 
	49 [43-66]
	52 [43-65]

	Shin, 2011
	IHCA, witnessed, CPR > 10 min, cardiogenic shock
	At the discretion of the CPR team leader
	1:1
	Age, gender, study period, comorbidities, Illness category (Cardiac/Medical), SOFA-score, Deyo-Charlson score APACHE II score, any procedure before arrest (PCI, cardiotomy, non-cardiac surgery),cause of arrest, Initial rhythm, CPR duration, ROSC, location of arrest, time zone of arrest (weekend/holiday or 7AM - 11PM)
	45
	45
	64
	62
	58
	71
	49
	49
	51
	9 b 
	38 ± 19
	37 ± 19

	Values are presented as mean ± standard deviation or as median [IQR]. a reported as primary coronary interventions; b reported as subsequent interventions (PCI or CABG); c Reported as primary PCI;CPR = cardiopulmonary resuscitation; PCI=Percutaneous coronary intervention; OHCA=Out-of-hospital cardiac arrest; IHCA=In-hospital cardiac arrest; ROSC=return of spontaneous circulation; AMI=acute myocardial infarction; VF=ventricular fibrillation; VT=ventricular tachycardia; CA=cardiac arrest; ECPR=ECLS-assisted cardiopulmonary resuscitation;


e-Table 4: Clinical course of propensity matched studies on cardiac arrest  

	 
	Number of patients (n)
	Weaning from cardiac assist device (%)
	Peripheral vessel complications (%)
	Bridge to long term VAD or HTX
	Bleeding of haematoma with need for transfusion (%)
	Sepsis/systemic inflammatory response syndrome (%)
	Acute kidney failure (%)
	Rate of ROSB/ROSC

	First author, year 
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control
	ECLS
	Control

	Blumenstein, 2015
	52
	52
	 - 
	 - 
	17.0
	2* 
	6
	0
	33
	14
	8
	10
	2
	10
	 - 
	 - 

	Chen, 2008
	46
	46
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	91
	52

	Kim, 2014
	52
	52
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	 -
	81
	39

	Maekawa, 2013
	24
	24
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 -

	Shin, 2011
	45
	45
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 -

	VAD = ventricular assist device; HTX: heart transplantation; ROSC=return of spontaneous circulation for conventional CPR; ROSB=return of spontaneous beating for ECLS assisted CPR. * Malperfusion of the leg


Appendix 7: ECLS configuration 

e-Table 5: Configuration and set-up of the ECLS system
	First author, year 
	Centrifugal pump 
	Cannulation
	Arterial catheter size 
	Venous catheter size 
	Anterograde reperfusion catheter limb 
	Initiation pump flow 
	Aim ACT value

	Cardiac arrest 
	
	
	
	
	
	
	

	 
	Blumenstein, 2015
	Rotaflow, Maquet
	Percutaneous femoral artery and vein (Seldinger technique or surgical cutdown) 
	16-18 F
	22 F
	yes (8 F) 
	3-4 L/min 
	160-180 sec

	
	Chen, 2008
	Bio-Pump, Medtronic
	Femoral cannulation was preferred 
	 - 
	 - 
	if necessary 
	50-100 ml/kg/min
	160-180 sec (220 sec during weaning) 

	 
	Chou, 2014
	Biomedicus Pump Console - 560, Medtronic 
	Direct cutdown of femoral artery and vein
	 - 
	 - 
	 - 
	60 mL/min/kg
	 - 

	
	Kim, 2014
	Twin-pulse life support (T-PLS), NewHeartbio
	Percutaneous femoral artery and vein, Seldinger technique 
	15-17 F
	21-23 F
	 - 
	2.5-3.0 L/min
	200-220 sec 

	 
	Lee, 2015
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 
	 - 

	
	Maekawa, 2013
	Capiox (EBC), Terumo 
	Percutaneous femoral artery and vein cannulation (no femoral cutdown) 
	15-17 F
	19-21 F
	if necessary 
	50-60 mL/min/kg
	 - 

	 
	Sakamoto, 2014
	All types allowed
	Femoral artery and vein (any method is allowed) 
	 - 
	 - 
	is allowed
	> 4 L/min 
	1.5 - 2.5 times normal value

	
	Shin, 2013
	Capiox Emergency Bypass System (EBC), Terumo 
	Percutaneous in the majority, surgically in challenging cases 
	14-21 F
	21-28 F
	yes
	2.2 L/min/BSA
	 - 

	 
	Siao, 2015
	Bio-Pump, Medtronic
	Femoral cannulation
	 - 
	 - 
	 - 
	> 2 L/min 
	180-220 sec

	Cardiogenic shock 
	
	
	
	
	
	
	

	 
	Chamogeorgakis, 2013
	 - 
	Peripheral cannulation femoral vein and axillary artery with a side graft or femoral artery with direct cannulation. 
	 - 
	20-24 F 
	yes 
	 - 
	 - 

	
	Lamarche, 2011
	Biomedicus, Medtronic and Rotaflow, Maquet 
	Percutaneous veno-arterial. In postcardiotomy patients central or peripheral veno-arterial cannulation
	17-23 F
	20-29 F
	 - 
	 - 
	 - 1

	 
	Sattler, 2014
	 - 
	Femoral artery and vein
	 - 
	 - 
	 - 
	 - 
	 - 

	 
	Sheu, 2010
	Terumo 
	Percutaneous femoral artery and vein
	 - 
	 - 
	yes 
	2-3 L/min
	150-180 sec

	1 Heparin was used during cannulation and weaning only. ACT = activated clotting time; BSA = body surface area 
	
	
	


3

