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CASE 1 

 58 yo lady with a history of PAF, CVA, HTN, HFrEF with EF 
25%, DM-2 presented with chest pain and SOB. 

 
 Previous smoker, quit 30 yrs ago. No significant FHx of CAD 

 
 Lotrel (amlodipine/benzepril), atenolol, atrovastatin, coreg, 
levemir, metformin, lyrica and effexor 

 
 O/E she was AAOx3, BP 190/110 mmHg. 

 
 EKG: sinus tachycardia at 101 bpm, normal axis, poor R-
wave progression in the pericordial leads and non-specific 
ST-T wave changes. Initial torponins level was 2.4 



EKG 



 Stabilized and treated medically for NSTEMI + Hypertensive 
emergency.  

 
Next morning>> Cath lab. 





























Figure 1. Current concept of CS pathophysiology.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 
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 Iatrogenic shock.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 
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Range of LVEF in studies of heart failure and in the SHOCK trial.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 

2008;117:686-697 
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Algorithm for revascularization strategy in cardiogenic shock, from ACC/AHA guidelines.42,44 

Whether shock onset occurs early or late after MI, rapid IABP placement and angiography are 

recommended.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 

2008;117:686-697 

Copyright © American Heart Association, Inc. All rights reserved. 



Long-term follow-up of the SHOCK trial cohort.55 Early revascularization (ERV) is associated 

with sustained benefit.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 

2008;117:686-697 

Copyright © American Heart Association, Inc. All rights reserved. 



IABP 

• The intra aortic balloon pump (IABP) acutely 
    improves systemic hemodynamics, augments 
    coronary flow, increases coronary patency, and 
    reduces myocardial oxygen demand. 
 
• Physiological and clinical data, led to a 

widespread use of the IABP in cardiogenic 
shock, refractory angina, primary PCI,  high 
risk PCI, and complex CABG in the last 
decades. 

Kantrowitz et al. JAMA. 1968;203:113–118 
Williams et al. Circulation. 1982;66:593–597 
Kern et al. Circulation. 1993;87:500–511 
Ohman Circulation. 1994;90:792–799 
Rihal et al. JACC. 2015; 65: e7-26 
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1 Ferguson et al. JACC 2001;38:1456-1462 
2 Prognostic impact of IABP before vs. after cardiac surgical intervention. A S Dhaliwal et al. AmJSurg 2009; 198: 628-632 
  



IABP PROs 
 

• Small ateriotomy (7.5-8.0 F) 

• Can be used in combination with other devices 

• Short term outcome similar to other technologies 

• Easy antithrombotic management  



IABP CONs 
• Minimum of cardiac function and a competent 

aortic valve required 

• Modest ventricular unloading 

• No outcome improvement in some studies  

• Practice guidelines downgraded recommendations 
or even discouraged the use of IABP 

 



BISIS-1: Elective IABP improves long-term survival 
after high-risk PCI 

 Perera et al. Circulation 2013; 127: 207-212 

301 patients, high-risk PCI (EF<30% and extensive 
myocardium at risk)  12/2005 and 01/2009, 

17 clinical sites UK 

50% no planned IABP 
before PCI (N=151) 

12% required bailout 
IABP (N=18) 

50% planned IABP 
before PCI (N=150) 



IABP-SHOCK II Trial 

600 patients with cardiogenic shock (clinical 
assessment) were enrolled between June 2009 
and March 2012 in 37 clinical sites in Germany. 

301 randomized to IABP  
• 13 did not receive IABP 

• 287 primary PCI 
• 11 no revascularisation 

300 with 30 d follow-up 

299 randomized to 
control  

• 30 cross-over to IABP 
• 288 primary PCI 

• 8 no revascularisation 

298 with 30 d follow-up 

 Thiele et al. N Engl J Med 2012;367:1287-96. 

Primary endpoint: 30 d all-cause mortality  



IABP-SHOCK II Trial 
 Strength 
• Largest randomized shock trial  

• 600 patients included within 32 month 

• Contemporary CS treatment (>95 % revasc.) 

• Follow-up: 99.2% 

 

 Limitations 
• Underpowered for the primary endpoint 

• No hemodynamic shock assessment 

• 10% cross-over to IABP 

• 83% of pts. received IABP post PCI 

 

 

•   

 

 

 

 

 



Design 

• DESIGN: Single center observational 
study in 102 patients (Jan. 2005-Dez. 
2010). 
 

• OBJECTIVE: To evaluate the impact of 
IABP timing (before or after PCI) in 
STEMI complicated by cardiogenic 
shock. 
 

• ENDPOINTS: Total mortality, MACCE, 
renal failure 

 

Total mortality  

Impact of IABP-Timing in CS 

 Schwarz et al. Med Klin Intensivmed Notfmed (2015)  



IABP 

before PCI 

(n=49) 

IABP after 

PCI (n=53) 

p-

value 

Mortality  12 (25%) 29 (55%) 0.002 

Emergency CABG 0 (0%) 5 (9%) 0.027 

Cerebrovascular Events 4 (8%) 4 (8%) 0.908 

MACCE 15 (31%) 32 (60%) < 0.001 

Bleeding 12 (25%) 14 (26%) 0.824 

Acute renal failure 9 (18%) 14 (26%) 0.331 

Clinical outcomes at 30 days 

Impact of IABP-Timing in CS 

 Schwarz et al. Med Klin Intensivmed Notfmed (2015)  



Conclusions 
• IABP can improve short term outcome in cardiogenic 

shock patients, as long as it is preceding PCI. 

 

• IABP improves long term survival in high-risk PCI - 
possibly related to more stable procedural 
hemodynamics with more complete 
revascularisation.  
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Activate Cardiac Cath Lab 

Yes 

No 

Access 

Assess 

Hemodynamics 

Impella 2.5™ 

or CP® 

Reassess 

Hemodynamics 

Acute MI? 

Coronary Angiogram 

with PCI 

Begin Weaning 

Catecholamines* 

PCI: 

Coronary angiography and 

PCI with goal of complete 

revascularization 

Access: 

1. Femoral arterial access using micropuncture with 

image guidance (ultrasound and/or fluoroscopy)1 

2. Angiography via 4F micropuncture dilator to confirm 

puncture site & vessel size 

3. Place appropriately sized (5 or 6 Fr) arterial sheath 

4. Obtain venous access (femoral or internal jugular) 

Assess Hemodynamics: LVEDP or PAC 

• If sustained hypotension (SBP < 90 mmHg) 

for > 30 min 

Or 

• CI < 2.2 with LVEDP or PCWP >18 mmHg, 

consider mechanical circulatory support 
If femoral arterial anatomy suitable and no 

contraindications, place, or escalate to 

(if IABP already in place), Impella 2.5 or Impella CP 

BEST PRACTICE BEST PRACTICE 

Reassess Hemodynamics: PAC (if not done initially) 

1. CPO = MAP  CO/451 W 

2. PAPi = sPAP-dPAP/RA  

* If consistent with overall hemodynamic management 

CO, cardiac output; CPO, cardiac power output; dPAP, diastolic 

pulmonary arterial pressure; MAP, mean arterial pressure; 

PAC, pulmonary arterial catheter; PAPi, pulmonary artery pulsatility index; 

RA, right arterial pressure; sPAP, systolic pulmonary arterial pressure. 

IMP-127-16 

Soverow J, Lee MS. J Invasive Cardiol. 2014;26(12):659-667. 
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CPO < 0.6 CPO > 0.6 

PAPi PAPi 

≤ 1.5 > 1.5 ≤ 1.5 > 1.5 

RV Preserved: Escalate 

MCS or consider transfer 

to LVAD/Transplant 

Center 

RV Dysfunction: 

Right-sided MCS 

(Impella RP) 

RV Dysfunction: 

Right-sided MCS 

(Impella RP®) 

Reassess Hemodynamics via PAC prior to Discharge from the Cath Lab: 
1. Cardiac Power Output (CPO) MAP  CO/451 W 

2. Pulmonary Artery Pulsatility Index (PAPi) sPAP-dPAP/RA 

Admit to ICU to maximize 
supportive care and to actively 

assess for myocardial recovery 

Yes 

No 

Persistent Hypoxemia? 

PaO2 < 55 on 100% FiO2 

VA or 

VV-ECMO: Recommend 

maintaining Impella® at low 

speed for LV decompression 

IMP-127-16 

Anderson MB, et al. J Heart Lung Transplant. 2015;34(12):1549-1560.  

RV Failure as defined by Recover Right1: 

• CI < 2.2 L/min/m2 (despite continuous infusion 

of ≥ 1 high dose inotrope, ie, da/dobutamine 

≥ 10 µg/kg/min or equivalent) and any of the 

following: 

1. CVP > 15 mmHg, or  

2. CVP/PCWP or LAP ratio >0.63, or 

3. RV dysfunction on TTE 

(TAPSE score ≤14 mm) 



43 

Assess for Myocardial Recovery 
(At least every 12 hours) 

Continue Impella® support & 

frequent clinical reassessment 

Failure to recover within 48-72 h, 

consider escalation or durable 

VAD/transplant 

Improving 

Clinical, Echocardiographic & 

Hemodynamic parameters 

(concordant): 

• ↑ Cardiac output 

• ↑ CPO 

• ↑ Urine output 

• ↓ Lactate 

• Inotropes low 

dose/discontinued 

• Adequate Ramp test 

Wean & Explant Impella® 

(After a minimum of 48h)  

Worsening 

Clinical, Echocardiographic & 

Hemodynamic parameters 

(concordant): 

• ↓ Cardiac output 

• ↓ CPO 

• ↓ Urine output 

• ↑ Lactate 

• Inotrope dependent 

• Absent pulsatility 

Mixed picture 

Clinical, Echocardiographic & 

Hemodynamic parameters 

(discordant): 

• Some parameters are improving 

• Pressors lowered but not 

discontinued 

• Fails “ramp test” 

 
No Recovery 

Escalate (& Ambulate) 

or Transfer 

 

See Escalate or Transfer Protocol 

Inadequate Recovery Myocardial Recovery 

IMP-127-16 
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No Recovery 

Escalate (& Ambulate) or Transfer 
 

Guidance by RHC Is Critical 

Worsening / not improving 

clinical, echocardiographic & 

hemodynamic parameters 

(concordant): 

• ↓ Cardiac output 

• ↓ CPO 

• ↓ Urine output 

• ↑ Lactate 

• Inotrope dependent 

• Absent pulsatility 

CPO remains < 0.6 

After 24 hours 

PAPi ≤ 0.9 (RV Failure) 

Biventricular support 

with Impella RP® on the right side 

(transfer if not available) 

RV Failure as defined by Recover Right1: 

• CI < 2.2 L/min/m2 (despite continuous infusion 

of ≥ 1 high dose inotrope, ie, da/dobutamine 

≥ 10 µg/kg/min or equivalent) and any of the 

following: 

1. CVP > 15 mmHg, or  

2. CVP/PCWP or LAP ratio >0.63, or 

3. RV dysfunction on TTE 

(TAPSE score ≤14 mm) 

0.9 < PAPi ≤ 1.5 (RV dysfunction) 

Consider supporting the 

right side with Impella RP  

(transfer if not available) 

IMP-127-16 

CPO = (MAP  CO)/451. 

PAPi = sPAP - dPAP/RA. 

Anderson MB, et al. J Heart Lung Transplant. 2015;34(12):1549-1560.  

PAPi > 1.5 (acceptable RV function)  

Consider left-side escalation 

with Impella 5.0™ 

(transfer if not available) 
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“Older” 

(Control) 

Non-
Profound 

(n=90) 

Without 
ECLS 

33.3% 
(30/90) 

Profound 
(n=25) 

Without 
ECLS 

72% 
(18/25) 

“Modern” 

(ECLS) 

Profound 
(n=46) 

ECLS 

39.1% 
(18/46) 

Non-
Profound 

(n=173) 

Without 
ECLS 

27.8% 
(48/173) 

 30 day Mortality 

 2x increase in survival rate! 

 

1 Sheu et al.  Crit Care Med 2010; 38;1810-1817 
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Source: ESC/EACTS Guidelines on Myocardial Revascularization; European Heart Journal (2010) 31, 2501–2555; 
doi:10.1093/eurheartj/ehq277  
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Flow (l/min) 

Arterial cannula 

(15cm length) 

Arterial cannula 

(23cm length) 

Cannulae caliber (Fr) 

 

100mmHg/H20 

15 2.9 2.6 

17 4.0 3.5 

19 5.0 4.5 

21 6.4 5.8 

Cannulae caliber (Fr) 

 

150mmHg/H20 

 

15 3.3 2.7 

17 4.3 3.8 

19 5.5 5.0 

21 7.0 6.4 



CASE 2 

 52 yo gentleman with CAD s/p PCI to prox and distal RCA in 
2006, and tobacco use presented with 2 days chest pain and 
SOB. 

 
 Has not seen a physician in 15 yrs and stopped all his meds 
despite Hx of cardiac stents 

 
 O/E AAOx3, in moderate distess, diaphoeritc & SOB 

 
 BP 60/40 

 
 EKG showed ST elevation in the anterolateral leads. 

 
 Emergent cardiac cath 



EKG 





















Functional status in the SHOCK trial.60 The majority of patients who survived 2 weeks after discharge 

had good functional status (and quality of life) at that time point.  

Harmony R. Reynolds, and Judith S. Hochman Circulation. 

2008;117:686-697 

Copyright © American Heart Association, Inc. All rights reserved. 
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Activate 
Heart Recovery Team/ 

Cardiac Cath Lab 

Suspect Shock 
Consider any of these criteria: 

• Cool, clammy, pale skin 

• Confusion/anxiety 

• Rapid, shallow breathing 

• SBP < 90 mmHg > 30 min 

• Inotrope/vasopressor and/or IABP to 

maintain SBP > 90 mmHg  

• Decrease in urine output (<0.5 cc/kg/h) 

• Serum lactate level > 2 mmol/L 

A Suspect 
 Cardiogenic Shock 

See A 

Diagnose CGS 
• STEMI/Non-STEMI 

• ECG ST segment abnormalities 

• Troponin 

• ECHO (assess cardiac function) 

 

If PA Catheter (PAC) available: 

• Cardiac Index (CI) < 2.2 L/min/m2 

• pulmonary capillary wedge pressure 

(PCWP) > 18 mmHg 

• Cardiac power output (CPO) < 0.6 watts 

B 

Confirm 
 CGS Diagnosis 

 reassess every 1-2 hours if 

criteria not initially met 

See B 

IMP-127-16 
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Identify1-3 
• SBP < 90 mmHg or on inotropes/pressors 

• Cold, clammy, tachycardia 

• Lactate elevated > 2 mmoI/L 

Stabilize 

Early  
• Impella Support pre-PCI8-10  

• Reduce Inotropes/Pressors11,12 

Complete 

Revascularization 
• Per Guidelines13,14 

Assess for Myocardial Recovery 
(Weaning and Transfer Protocols) 

• ↑ Cardiac Output 

• ↑ Cardiac Power Output 

• ↑ Urine Output 

• ↓ Lactate  

• ↓ Inotropes 

Myocardial 

Recovery15,1

6 

No Recovery  
Escalate (and  

Ambulate) or 

Transfer17 

• EKG (STEMI / NSTEMI) 

• Echocardiography4 

• If available, PA catheter, cardiac 

output, CPO, CI, PCWP, SvO2
5-7 

• Ongoing Left Heart Failure 

• Assess for Right Heart Failure 

Cardiogenic etiology evaluation 

 

 

IMP-127-16 

1. Reyentovich A, et al. Nat Rev Cardiol. 2016;13(8):481-492. 

2. Hochman JS, et al. N Engl J Med. 1999;341(9):625-634. 

3. Rihal CS, et.al. J Am Coll Cardiol. 2015;65(19):e7-e26. 

4. Picard MH, et al. Circulation. 2003;107(2):279-284. 

5. Cohen MG, et al. Am J Med. 2005;118(5):482-488. 

6. Kahwash R, et al. Cardiol Clin. 2011;29(2):281-288. 

7. Chatterjee K. Circulation 2009;119(1):147-152. 

8. O'Neill WW, et al. J Interv Cardiol. 2014;27(1):1-11. 

9. Joseph SM, et al. J Interv Cardiol. 2016 Jun;29(3):248-56.  

10. Schroeter MR, et al. J Invasive Cardiol. 2016 Aug 15. [Epub ahead of print]  

11. Samuels LE, et al. J Card Surg. 1999;14(4):288-293.  

12. De Backer D, et al. N Engl J Med. 2010;362(9):779-789. 

13. O’Gara PT, et al. J Am Coll Cardiol. 2013;61(4):e78-e140. 

14. Steg PG, et al. Eur Heart J. 2012;33(20):2569-2619. 

15. Casassus F, et al. J Interv Cardiol. 2015;28(1):41-50.  

16. Lemaire A, et al. Ann Thorac Surg. 2014;97(1):133-138. 

17. Anderson MB, et al. J Heart Lung Transplant. 2015;34(12):1549-1560.  


