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20 years down: Culprit Shock vs SHOCK Trial
Early intervention vs. Conservative medical management

80% IABP

Hochman et al. NEJM 1999

30-day Mortality – 44.0% vs 53.3%

Mortality in the PCI/IABP era is still 50%

30-day Mortality – 43.3% vs 51.6%
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What we should do about STEMI Cardiogenic Shock

• Emergency angiography and revascularisation: Primary PCI preferably

• All patients <75 years

• Selected patients ≥75 years

• On-table echo to rule out mechanical defects

• IABP early? Class 3 as routine

• PCI culprit artery. Other vessels if shock persists? Culprit Shock -ve

• Consider percutaneous LVAD/ECMO if shock persists and early before 

collapse

• Mortality >50%
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N Engl J Med 2013;369:901-9

• Mortality determined 
by CS and not DTB
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Antmen, JACC,  2004;44:671

Cardiogenic

Shock

Systolic BP

>100mmHg 

Nitroglycerin 10-
20mcg/min

Systolic BP

70-100mmHg

NO Shock 

Dobutamine

2-20mcg/kg/min

Systolic BP

70-100mmHg

With Shock  

Dopamine 5-
15mcg/kg/min

Systolic BP

<70mmHg

With Shock 

Norepinephrine

1-
30mcg/kg/min
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De Backer, NEJM, 2010;362:779.

• Vasoconstriction (by SVR) is often absent* 
• Patients with vasoconstriction have better outcome*

SOAP II – Comparison of Dopamine and Norepinephrine in Shock

• 280 patients with cardiogenic shock

• Suggest NE>Dopamine (higher risk for 
arrhythmias and death)

• Likely all bad in severe cardiogenic shock
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• Drop in CO, increased LVEDP

• Poor perfusion, drop in BP, 
increase HR

• Vasoconstriction  organ failure

• Vicious spiral 

• Need to intervene to prevent the 
downward spiral
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Limitations of Conventional Therapy

1- Samuels LE et al , J Card Surg. 1999
2- Thiele H et al. NEJM 2012 - Clinicaltrial.gov # NCT00491036

IABP-SHOCK II 
Randomized Controlled Trial2

N = 600

Mortality Risk with 
Inotropes/Vasopressors1

N = 3462

IABP (n=301)
Medical Therapy  (n=299)

41.3%

39.7%
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• Acute decompensated heart failure (ADHF)
• High-risk PCI (HR-PCI)
• Acute cardiogenic shock
• Residual or concomitant cardiac 

dysfunction from myocardial infarction 
despite reperfusion e.g large AMI

AMICS
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ESC Guidelines: IABP Class III, 
Level Evidence A Recommends Short 

Term MCS for AMI Cardiogenic Shock

Recommendations Class Level

Routine use of IABP in patients with 
cardiogenic shock is not recommended

III A

Windecker S, et al. Eur Heart J. 2014;35(37):2541-2619.

JCS Guidelines: IABP Class III, 
Level Evidence B Updated March 2018
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51 years old Taxi driver

• Non smoker

• Previously well

• Admitted for on going chest pains and anterior ST elevation on ECG

• 2017 Chinese Lunar new year holidays

• On arrival in CVL, collapsed with refractory VF

• >20 shocks, IV adrenaline bolus given. CPR for 10 mins with 
intermittent ROSC
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Presenting ECG
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Intubated, Placed on table, CPR for refractory VF

• Ultrasound guided puncture both 
groins, venous and arterial

• IABP inserted

• ECMO team activated
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Culprit vessel?

TIMI 2 flow in LAD Tight LCX
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Severe TVD, still going into VF

Tight RCA ECMO inserted
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Persistent VF

AL1 SH: AV not opening No further attempt at cardioversion

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



RCA intervention: Persistent VF

3.5x36mm +4.0x18mm Post dilated with 4.0mm NC
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Persistent VF for at least 3-5 minutes

VF with no ejection Cardioverted post RCA PCI
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Complete revascularization

TPW parked in IVC Lcx: 2.75+3.5mm x28mm

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



LAD intervention

Post dilated with 4.0mm 3.5x28mm and 3.5x38mm
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Inpatient course

•Antegrade perfusion catheter for arterial ECMO 
line

•Cooled to 33 degrees for 24hours

•Paralyzed

•ECMO explanted Day 3 with intraop TEE

•Discharged without neurological deficits Day 7
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TTH: Cooled with ECMO to 33 degrees for 24Hours

LVEF 40-45% Day 2 TEE during ECMO explant Day 3
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TEE during ECMO explant day 3
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Rewarmed after 24hours: Normal LVEF day 7

Day 7 pre discharge
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Targets for MCS therapy

Kapur et al. ACC 2016

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Devices
• IABP 
• RAAo (ECMO)
• LVAo (Impella)
• ECMO + Impella (Ecpella)

Very Different 
Hemodynamic Effects

Trials show to be ineffective. 
Class III

Esposito ML and Kapur NK 2017 [version 1; referees: 3 approved] F1000Research 2017

Pharmacology
• Inotropic agents
• Pressors

Ways of Achieving Goals
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ECMO vs Impella: Beyond cost effectiveness
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Cardiac ECMO Evidence: 
Case Series

22% 31% 56% 43% 30% 20%

81

Experienced  French Centre (1980)

Last 3 years (~ 27 pa) CS refract to inotropes

Includes 15 ECMO-CPR (1 survivor)

AMIDCM Myo PC/CS Tx O

Alain Combes Crit care Med 2008 36: (5) 
1404-141142% survival
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NHCS

• Started ECMO service 2001

• Around 500 cases

• 450 cases V-A ECMO

• 2012-2016 survival to discharge

• VA-ECMO for cardiogenic shock 38%

• VA-ECMO for cardiac arrest (both OHCA and IHCA) 28%20
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2016 ESC guidelines for Cardiogenic Shock

• Routine use of IABP for management of cardiogenic shock 
(Class III,B)

• Consider IV dolbutamine to increase CO (Class 2b, C)

• If there is a need to maintain systolic BP. NE preferred over 
dopamine (Class 2b, B)

• Rapid transfer to tertiary center with round the clock 
PCI/CCU/MCS support (Class 1, C)
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MCS(Excluding IABP): 3 major indications

• HR-PCI/Protected PCI 

• Cardiogenic shock

• Cardiac arrest

• Impella, TandemHeart (Not available),and extracorporeal membrane 
oxygenation (ECMO)20
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Shock definition for MCS? Classic or severe
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What is High 
Risk?

A 80yr old
Severe AS 
with LVEF 25% 
and tight 
LM/MVD with 
CRF in LVF
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IABP
• (IABP) counterpulsation reduces 

both peak LV systolic and 
diastolic pressures and increases 
LV stroke volume. The net effect 
is a reduced slope of arterial 
elastance (Ea2)

• <15% change in SV
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pLVAD: Percutaneous LV assist devicesLV venting 
devices

• pLVAD: (Impella and 
TandemHeart) significantly 
reduce LV pressures, LV volumes, 
and LV stroke volume. The net 
effect is a significant reduction in 
cardiac workload.

• If oxygenation is not an issue 
and not in cardiac arrest
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VA-ECMO
• Veno-arterial extra-corporeal 

membrane oxygenation (VA-
ECMO) without a LV venting 
strategy increases LV systolic and 
diastolic pressure, while reducing 
LV stroke volume. The net effect is 
an increase in arterial elastance
(Ea).

• Complete perfusion and 
oxygenation

• Often with IABP

• Does not off load the LV
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Comparisons of different MCS
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Coronary   

Flow

Microvascular

Resistance

Hemodynamic Effects of ECMO

Cardiac Power 

Output

AOPFlow

Hemodynamic Protection

EDV, EDP

O2 Demand

Loads the Heart

O2 Supply

Mechanical     

Work

Wall     

Tension
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CO support with MCS
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Contraindications and Complications

Large bore devices: Severe AR, PAD and bleeding tendencies

PAD and AR

Stroke/ICH
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Resource intensive
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ECMO Round

Cardiologists

Cardiac surgeon

Intensivist

RTs

ECMO bedside nurse

Perfusionist

ECMO specialist

45
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Arterial limb 

connectors

Clots
Air
Leaks
Fibrin strands

Oxygenator

Air
Clots/fibrin
Secure gas line 

connection
Open gas vent port, 
Secure water heater 

connections
Secure pressure sample

port connections
Integrity

Pump head

 Air
 Function 
 Sound 
 Clots/fibrin  
 Integrity

Pump console

 Proper function 
 Flow rate
 RPMs
 Alarms 
 Power source
 Battery supply

Venous cannula

 Position
 Bleeding
 Clots/fibrin
 Kinking
 Air
 Security to mattress

Heater cooler

 Function
 Alarms 
 Temp 

(patient,water)
 Power supply   
 Integrity

Pressure Monitor
Verify pre/post    
membrane pressures 
and TMP
Inspect pressure 
transducer and cables

Medications

 Verify medication, 
drug dosages & 
volume infusions

Arterial cannula

 Position
 Bleeding
 Clots/fibrin
 Air

Gas blender

 Gas source for 
function
Connections to wall air 
& oxygen
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Interhospital ECMO Transport

47

ECMO Transport Cart Loading of ECMO Components on taxi

ECMO Initiated at Referring Hospital Patient on ECMO in ambulance
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• Early shockIABP

• Early step up

• Severe shock without hypoxemia 
or RV failureImpella

• Cardiac arrest/biven
failureECMO

• Full revascularization when 
supported

Develop your own center’s 
workflow in consult with surgeons, 

HF team, ICU, inventionalists
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HR-PCI/pre and 
mild shock 

Consider 
IABPMCS 

Early

Severe 
Cardiogenic 

Shock

VA ECMO 
/Impella

Cardiac 
Arrest/E-CPR

VA-
ECMO

Asian Context
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My take for profound cardiogenic shock
• Accept that mortality is going to be high 

• Differentiate between pre-shock, shock and severe shock. Early escalation 
from pharmacology to devices for severe shock

• Careful patient selection with timely initiation of Impella/ECMO. Consider 
early transfer to a tertiary facility for MCS

• Every device has a learning curve: team work and volume

• ECMO is useful for extreme shock or cardiac arrest but need multi-
disclipinary team and is highly resource intensive/expensive

• Cost effectiveness analysis seem to favor Impella over ECMO but the upfront 
cost for a temporary support device is high

• Impella useful for a center that does not have on site CTS support but not for 
cardiac arrest/severe hypoxemia and RV failure
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Thank you!

Thank you
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