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64 / M

• CC 
 Chest pain  (onset; 5 days ago) 

• Medical history
 DM/HTN/Hyperlipidemia (-/-/-)
 Current smoking (+; 2-3packs/day x 30 years)
 Alcohol(+; beer 5-10 bottles /day x 30 years)

Case # 1



• Initial ECG

Case # 1



• Coronary angiogram

Case # 1



• PCI; Repeated Thrombectomy using aspiration catheter
Abciximab IC & IV
4.0*34mm stenting at pmRCA, Thrombectomy

Case # 1



• Post-PCI day #3 - chest pain 
• ECG -STE in inferior leads, complete AV block
• CAG : Stent thrombosis

Case # 1



• PCI; Thrombectomy using aspiration catheter
Abciximab IC & IV
POBA & 3.5*38mm stenting at mdRCA
IABP (Intra-aortic balloon pump)

Case # 1



• 1-yr follow-up CAG
Case # 1



• 55 / F 
• Chief complaint

Collapse (30 minutes ago)

• Brief medical history
Collapsed after running 
15 minutes of bystander CPR out-hospital 
Recurrent events of in-hospital CPR 
VA-ECMO was inserted 30 minutes after arrival

Case # 2



Case # 2



• Coronary angiogram

Case # 2



• PCI procedure : Thrombectomy using aspiration catheter

Case # 2



• PCI procedure : 3.5*18mm stenting at LM-pLAD

Case # 2



Populations requiring pMCS in the Cath Lab

1. Cardiogenic shock

2. Cardiac arrest 

3. High-risk PCI

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Cardiogenic shock
Forrester classification

• Clinical status of tissue hypoperfusion
due to insufficient cardiac output



Populations requiring pMCS
- Cardiogenic shock

van Diepen S, Circulation. 2017;136:e232-e268.

1) Sustained hypotension (decreased cardiac output)
2) Elevated LV filling pressure (Increased PCWP)
3) Signs of impaired organ perfusion



Pathophysiology of Acute Heart Failure

Nieminen et al. Eur Heart J. 2005;26:384-416



Spectrum of cardiogenic shock

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Adapted from Samuels LE et al, J Card Surg. 1999 Jul-Aug; 14(4):288-93



Populations requiring pMCS
- High-risk PCI

Briceno N, et al. Heart 2016;102:1494–1507.



Populations requiring pMCS
- High-risk PCI

Myat A, et al. JACC Cardiovasc Interv. 2015;8:229-244. 



Ideal goal of cardiac support

Kapur. NK et al

• Safe, Simple Use
• Systemic Hemodynamic Support
• Myocardial Protection



Available pMCS devices

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



There Is No Ideal Device

Briceno N, et al. Heart 2016;102:1494–1507.



Intra-Aortic Balloon Pump (IABP)



IABP



PROs:
• Well known technology
• Increases coronary perfusion 
• Mild increase in cardiac output
• Ease of use
• Cost

CONs:
• Requires a minimum of cardiac function
• Requires a stable rhythm
• Modest unloading
• Negative randomized studies

CIx:
• Aortic regurgitation
• Aortic aneurysm, Aortic dissection
• Peripheral artery disease

IABP



Evidence : IABP

Acute MI with Fibrinolysis  
• Waksman et al. (Eur Heart J, 1993)

 n=45, observational (case/control 1:1)
 Improved survival 

– Hospital : 46% vs 19%, 12 m : 38% vs 10%, p < 0.001

• TACTICS (J Thromb Thrombolysis, 2005) 
 n=57, randomized 1:1
 Improved survival only Killip III/IV – 6 m : 39% vs 80%, p=0.05

• Barron et al. (Am Heart J, 2001)
 National Registry of MI
 Shock with AMI 
 n=23,180 (1:2 IABP vs. no MCS)
 IABP associated with reduced in hospital mortality following fibrolytics

(49% vs. 67%)
 No difference with PCI



Evidence : IABP
Cardiogenic Shock

Promdzomsly R. et al. Crit Care Med. 2010;38:152-60
Thiele H. NEJM. 2012; 367:1287-96



Evidence : IABP
High risk PCI

Adopted from Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.

JAMA 2010

Circ Cardiovasc Qual Outcomes. 2012



Predictors for 30-day mortality
during IABP

Thorac Cardiovasc Surg. 2007 Apr;55(3):163-7.



Impella

F. Burzotta et al. / International Journal of Cardiology 201 (2015) 684–691



Impella - Platform Technology

F. Burzotta et al. / International Journal of Cardiology 201 (2015) 684–691



Impella

PROs:
• Relatively easy to implant and manage
• Easy to wean
• Better data for PCI support

CONs:
• Cost
• Easy dislodgement
• Hemolysis 
• Inappropriate support

 Decrease native output
• Vascular complication

CIx:

• LV thrombus
• Severe AS, Mechanical AV
• PAD



Evidence : Impella
Cardiogenic shock

IMPRESS (Ouweneel et al. JACC 2017)

• Severe cardiogenic shock in AMI
• IABP vs. Impella CP
• n=48, prospective, explorative randomized 1:1
• No difference in 30-day or 6-month mortality

 30-day mortality ~50% on both groups



Basir MB, et al. Catheter Cardiovasc Interv. 2018;91:454-461.

• EARLY MCS (Impella CP)
• Early PAC
• Minimize Inotropes/ Pressors

Evidence : Impella
Cardiogenic shock



Basir MB, et al. Catheter Cardiovasc Interv. 2018;91:454-461.

Evidence : Impella
Cardiogenic shock



PROTECT II (O’ Neill et al. Circulation 2012)

• High risk PCI, IABP vs. Impella 2.5
• N=452, prospective, randomized 1:1
• Use of Impella improved hemodynamics
• No significant difference in MAE at 30 days
• Trend towards decreased MAE with Impella at 90 days 

(Significant in on-treatment analysis p=0.048)

Evidence : Impella
High risk PCI 



PROTECT II Trial Design

IMPELLA 2.5 +
PCI

IABP + 
PCI

Primary Endpoint = 30-day Composite MAE* rate 

1:1

R

Follow-up of the Composite MAE* rate at 90 days 
*  Major Adverse Events (MAE): 
Death, MI (>3xULN CK-MB or Troponin) , Stroke/TIA, Repeat Revasc, Cardiac or 
Vascular Operation of Vasc. Operation for limb ischemia, Acute Renal Dysfunction, 
Increase in Aortic insufficiency, Severe Hypotension, CPR/VT, Angio Failure

Patients Requiring Prophylactic Hemodynamic Support  
During Non-Emergent High Risk PCI on 

Unprotected LM/Last Patent Conduit and LVEF≤35% OR
3 Vessel Disease and LVEF≤30%

O'Neill WW, et al. Circulation. 2012;126:1717-27.



Patient Characteristics
IABP
(N=211)

Impella
(N=216) P value

Age 67±11 68±11 0.553
Gender-Male 82.0% 80.9% 0.778
History of CHF 82.9% 91.2% 0.011
Current NYHA (Class III / IV) 54.9% 58.5% 0.485
Diabetes Mellitus 49.8% 53.5% 0.442
Renal insufficiency 29.5% 22.8% 0.114
Peripheral Vascular Disease 27.0% 25.0% 0.637
Implantable Cardiac Defib. 31.4% 35.8% 0.339
Prior CABG 29.4% 39.5% 0.028
LVEF 24.0±6.4 23.3±6.3 0.262
STS Mortality score 6±7 6±6 0.579
Not Surgical Candidate 63.5% 63.3% 0.957
SYNTAX score 29.5±13.7 30.3±13.2 0.620

PROTECT II Study: Baseline 
Patient Characteristics

O'Neill WW, et al. Circulation. 2012;126:1717-27.



PROTECT II

p <0.001

p =0.001

p =0.004

Reduction of Arterial Pressure  
During Procedure

O'Neill WW, et al. Circulation. 2012;126:1717-27.



PROTECT II MACCE**
Per Protocol Population, N=427

Log rank test, p=0.048

Death, Stroke, MI,
Repeat revasc.

IABP

IMPELLA
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29 % 
reduction



Impella (US indication)



Trends in pMCS device in USA

Shah M, et al. Clin Res Cardiol. 2018;107:287-303.

US Registry: 144.254 patients with cardiogenic shock



PROTECT III

PROTECT III patients receive more complex procedures.



PROTECT III – Interim analysis

898 patients 
45 sites in the US 
March 2017 - July 2019



Real world data in USA
• Impella use – 31.9 % of MCS in 2016
• Pre-Impella era (2004-2007) vs. Impella era (2008-2016)
• Impella use was associated with higher rates of adverse 

events and costs.

Amin et al. Circulation. 2019 Nov 17. [Epub ahead of print] 



TandemHeart

Withdraws oxygenated blood from the left atrium via a 
transseptal cannula; returns to the femoral artery.

Creates an extracorporeal circuit that completely 
bypasses the left ventricle, our target for work reduction.

Thiele and al. Eur. Heart Journal 2005;26:1276-83.

LA to FA bypass
Up to 5L/min

21 Fr venous, 
15-19 Fr arterial

Transseptal 
puncture 
(Implantation 
time : 25-65 min)

Not widely used

↓ Preload
↓ MVO2
↓ Wall stress
LV unloading 



TandemHeart in AMI (Thiele H et al. Eur Heart J 2005)
 CS after AMI 
 n=83, IABP vs. TandemHeart, randomized 1:1
 Improved CI, MAP, PWCP, metabolic variable
 Similar 30d mortality (~44%)

Texas Heart (Kur B et al. JACC 2011)
 Severe refractory CS (47.9% CPR)
 80 Ischemic CMP, 37 nonischemic CMP 
 Improvement in hemodynamics
 30d mortality 40.2 % and 6m mortality 45.3 %

Evidence : TandemHeart
Cardiogenic shock



VA-ECMO



Hemodynamics of Peripheral VA-ECMO
• Quick restoration of perfusion (3-7 L/min)

• Full cardiac support with Oxygenation

• Increased in afterload is problematic
when peripherally cannulated, if poor LV function
• Increase in PCWP/Lung congestion

> Consideration for unloading LV/LA 
(i.e. Septostomy, IABP, Impella) 

Briceno N, et al. Heart 2016;102:1494–1507.



Evidence : VA-ECMO

Descriptive:
Cardiac Arrest and/or Shock

(Nichol et al. Resuscitation, 2006)
• Meta-analysis : 85 studies, n=1494
• Survival to discharge 47%

(Takyama et al. J Heart Lung Transpl. 2013)
• Single center; n=90 (23% with CPR)
• Survival to discharge: 49%

Descriptive:
E-CPR

(Thiagarajan et al.  Ann Thorac Surg, 2009)
• ELSO Registry
• n=295 (75% AMI), 1992-2007
• Survival to discharge 27%

Descriptive:
Fulminant myocarditis 

(Lorusso et al. Ann Thorac Surg,2016)
• Survival to discharge 72%
• Major complications 70%



Evidence : VA-ECMO



Chen YS, et al. Lancet. 2008;372:554-61.

CPR with ECMO vs. Conventional CPR:
In-Hospital Cardiac Arrest

Survival to Discharge Based Upon Duration of CPR

Evidence : VA-ECMO

Chen et al. Lancet 2008;372:554–561.



Out-Hospital Cardiac arrest
Evidence : VA-ECMO



Evidence: VA-ECMO+Impella (ECPELLA)

Pappalardo F, et al. Eur J Heart Fail. 2017;19:404-412.



Evidence: VA-ECMO+Impella (ECPELLA)

Schrage et al, JACC:HF, in press.



pMCS device available

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Consider acidosis, lactate clr, oxygenation , RV function, RHC, ECHO 
COLLABORATE with TEAM 

Practical approach to pMCS
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ECMO/VAD

Modified from Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Practical approach to pMCS

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Practical approach to pMCS

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Myat A, et al. JACC Cardiovasc Interv. 2015;8:229-244. 

Practical approach to pMCS
High-Risk PCI



Practical approach to pMCS

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



LV Support during High-Risk PCI
LVEF + Lesion Complexity



Lack of available options in Korea

Atkinson TM, et al. JACC Cardiovasc Interv. 2016;9:871-83.



Cardiogenic shock
• Terrible prognosis with limited therapeutic options

• Limited evidence for MCS
 Methodological challenges
 Small studies
 No randomized prospective evidence of mortality benefit 

in all comers 

• Careful patient selection is important

Conclusion



Conclusion

• In the setting of pre-shock with systemic hypoperfusion 
without a blood pressure <90 mmHg or high-risk PCI, it 
may be reasonable to use an IABP.

• In patients meeting criteria for severe cardiogenic shock 
and cardiac arrest, the use of VA-ECMO should be 
considered.

• The Impella showed beneficial effects on hemodynamics 
and improved survival benefits in high-risk PCI and 
cardiogenic shock registry, but real-world evidence was 
disappointing. Further research is needed.



•Thank you for listening


