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Executive Summary

Survival alone in cardiogenic shock is no longer the gold standard. Impella® best practice studies demonstrate greater than 70% 
survival with greater than 90% native heart recovery. Impella best practices, such as pre-PCI implantation , have been developed 
by the recognized physician experts in the field of circulatory support and published over the last decade in multiple clinical studies 
from the U.S., Germany, Italy and Japan. Heart recovery after AMI cardiogenic shock improves patient quality of life and makes 
Impella one of the most cost-effective therapies in the CMS Medicare population and in private insurance.119 In the U.S. alone, 
more than 200,000 patients are admitted to the hospital every year in cardiogenic shock.120

Early Stabilization Can Improve Outcomes in Cardiogenic Shock

Impella heart pumps have the ability to stabilize patient hemodynamics, unload the left ventricle, perfuse end organs, and allow 
for recovery of the native heart in patients with ongoing cardiogenic shock. Identifying patients early, treating them with a proven 
protocol, and following them with hemodynamic monitoring and aggressive down titration of inotropes and vasopressors can 
reverse the downward spiral of cardiogenic shock and help patients achieve myocardial recovery.

Impella CP® with SmartAssist® and  Impella 5.5® with SmartAssist® heart pumps remain the only mechanical circulatory support 
(MCS) devices that have received the FDA’s pre-market approval (PMA) for AMI cardiogenic shock, which is the highest level of FDA 
approval. Impella RP with SmartAssist has the ability to stabilize hemodynamics, unload the right ventricle and allow for native 
heart recovery in patients with right ventricular failure.

Improved Survival and Native Heart Recovery
Investigator-Led AMI Cardiogenic Shock Studies

Best Practice Protocols Include61,91,113,114

• Identify CS early and Impella pre-PCI < 90 
mins

• Aggressive down-titration of inotropes
• Identify RV dysfunction early and support 
• Identify inadequate LV support and escalate
• Systematic use of RHC to guide therapy

*Survival to discharge113 with native heart recovery > 90%91

17%

Non Impella

%
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Impella

50% 49% 52% 52%

82%

71%*

81%

N=87 N=83 N=302 N=48 N=685 N=82 N=406 N=293

Identify Early70, 81, 82

CPO = (CO x MAP) / 451 
PAPi = (sPAP-dPAP) / RA

Myocardial   
Recovery40, 90

Stabilize Early

Revascularization

Systematic Use of RHC to Guide Therapy91

(Ongoing Monitoring, Timely Escalation and Weaning)

No Recovery
Bridge-to-Decision or 

Transfer39

Impella Weaning Consideration91

• Off inotropes/pressors
• CPO ≥0.6 (ideally >0.8)

Bridge-to-Decision
• Consider durable VAD
• Consider heart transplant

• Shock-onset to support <90 min61

• Per guidelines88, 89

• Avoid/reduce inotropes/pressors18,19,91

• Impella support pre-PCI73, 75, 87

Cardiogenic Shock Evaluation
• SBP < 90 mmHg and/or on inotropes/pressors
• Cold, clammy, tachycardia
• Lactate elevated > 2 mmoI/L
• EKG (STEMI / NSTEMI)
• Echocardiography83

• PA catheter84-86 : Cardiac Index (CI) < 2.2 L/min/m2  
and pulmonary capillary wedge pressure  
(PCWP) > 15 mmHg 70

Activate Cath Lab

Wean Inotropes/Pressors in the Cath Lab  
and Reassess Hemodynamics91

If CPO ≤0.6*, consider escalation
• PAPi ≤0.9: Support right side with Impella RP®
• PAPi >0.9: Escalate left side to Impella 5.5® 
If CPO >0.6 without inotropes/pressors*
• Transfer to ICU

* or CPO of 0.8 with inotropes/pressors

Escalation Consideration in the CCU/ICU
• Escalating inotropes/pressors
• Rising lactate level
• Worsening hemodynamics CPO ≤0.6*
• Development of RV failure (PAPi ≤0.9, RAP >12, 

or frequent diastolic suctions with CVP >12)

* or CPO of 0.8 with inotropes/pressors

Additionally, the FDA has approved 
and closed Impella’s prospective AMI 
cardiogenic shock post-approval study 
(PAS), RECOVER III, as further validation 
of Impella as a safe and effective therapy 
for AMI cardiogenic shock. This study 
gathered real-world evidence on AMI 
cardiogenic shock patients treated 
with Impella between 2017–2019, 
collecting detailed data including stages 
of cardiogenic shock, cardiac output and 
timing of implantation. RECOVER III fulfills 
Abiomed’s PAS requirement.

Impella heart pumps have been proven 
to be cost-effective through reduction in 
length of hospital stay, readmissions, and 
overall costs compared with alternative 
treatment.1

1973 
Scheidt  
et al.115

1988 
Lee 

et al.116

1999 
Hochman 

et al.70

2017 
Ouweneel 

et al.76

2017 
Thiele 

et al.111

2019 
Inova61

2021 
NCSI Study113

2022 
J-PVAD 

Registry114



5

Epidemiology of Cardiogenic Shock
In cardiogenic shock, profound depression of myocardial contractility results in the vicious spiral of reduced cardiac 
output (CO), low blood pressure, further coronary insufficiency, and further reduction in contractility and CO.4 
Compensatory systemic vasoconstriction with high systemic vascular resistance (SVR) occurs in response to the 
depression of CO.5 Cotter et al. categorized acute heart failure patients according to cardiac power and demonstrated 
its importance in risk stratification and selection of therapy.6 Cardiac power output (CPO), measured in watts, is the 
product of cardiac output and mean arterial pressure [CPO= (CO x MAP)/451], and is a useful prognostic indicator in 
chronic heart failure.7

CPO Formula: (CO x MAP)/451
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Figure 1: Cardiac Power Output #1 Correlate to Mortality in 
AMI Cardiogenic Shock7

In the SHOCK trial, CPO was the hemodynamic variable 
most strongly associated with in-hospital mortality 
(see Figure 1).7 

A subset of patients in the SHOCK registry were 
diagnosed with cardiogenic shock without hypotension 
based on systemic hypoperfusion, low CO, and 
elevated ventricular filling pressures. The patient 
in-hospital mortality rate (43%) was lower than the 
mortality rate of those with hypotensive shock (66%), 
despite similar baseline left ventricular ejection 
fraction (LVEF) (34%), cardiac index (1.9 L/min/m2), 
and pulmonary capillary wedge pressure (25 mmHg) 
between the two groups. 

Vasoconstriction of vascular beds that supply non-
vital organs (e.g., skin) is an important compensatory 
response to a reduction in CO. Vasodilators 
(endogenous and exogenous) interfere with this critical 
response, which is needed to maintain flow to the 
cerebral and coronary circulations. 

CPO is also prognostically important because it reflects 
myocardial reserve adequate to generate flow, albeit 
reduced, in the face of high resistance.7 

Trends and Incidence of Cardiogenic Shock in Today’s 
Patient Population
Despite dramatic advancements in the last decade in interventional techniques, the overall incidence of cardiogenic 
shock has remained at 7-10% of AMI with an incremental increase in recent years.8 A similar trend is also observed in 
the Medicare patient population, attributed to demographic changes in populations (e.g., increasing obesity, diabetes), 
being treated with primary PCI and possibly better documentation of shock in ST-segment elevation myocardial 
infarction (STEMI).9 

The in-hospital mortality rate for AMI cardiogenic shock has remained at 50% for more than a decade.8  Recently, 
three published, investigator-led studies have shown consistent improvement in AMICS survival utilizing “best 
practices” in AMICS.

Patients with AMI complicated by cardiogenic shock who survive to hospital discharge are at risk of an additional 
10% mortality in the first 60 days post-discharge.13 The combined effect of the in-hospital and early post-discharge 
hazard approaches a mortality rate of 60%.
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Figure 2: Improved Survival and Native Heart Recovery

Despite the pressing clinical need for improved outcomes in cardiogenic shock, the improvements in systems of 
care in STEMI with primary PCI (e.g., national door-to-balloon time initiatives) have not made an impact on systems 
of care for cardiogenic shock complicating AMI, in general.11 As expected, with the proliferation of the number of 
primary PCI centers and the distribution of PCI volume and STEMI treatment to a greater number of centers, patients 
are more frequently presenting with AMI cardiogenic shock, often in community hospitals and in catheterization 
laboratories with smaller procedural volumes.14

AMI Cardiogenic Shock With PCI
N=56,497

Private/Community

Academic/Gov’t

90%

10%

69%

>500
PCI

2005-2006

31%

<500
PCI

52%

>500
PCI

2011-2013

48%

<500
PCI

Figure 3: AMI Cardiogenic Shock Often Treated in Community Hospitals14

In 2005, two-thirds of AMI cardiogenic shock patients received PCI procedures in larger hospitals (>500 PCIs/year). In 
2011, nearly half of AMI cardiogenic shock patients received PCI procedures in these larger hospitals, while the other 
half received PCI in smaller hospitals with lower PCI volumes (<500 PCIs/year; see Figure 3).14 This shift in treatment 
settings requires increased education in early identification, rapid treatment and a call to action for development of 
inter-hospital systems of care to optimize patient survival and outcomes. When appropriate, transfer for escalation 
of care for more advanced treatment is critical. 

Improved Survival and Native Heart Recovery
Investigator-Led AMI Cardiogenic Shock Studies

Best Practice Protocols Include61,91,113,114

• Identify CS early and Impella pre-PCI < 90 
mins

• Aggressive down-titration of inotropes
• Identify RV dysfunction early and support 
• Identify inadequate LV support and escalate
• Systematic use of RHC to guide therapy

*Survival to discharge113 with native heart recovery > 90%91
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Figure 4: Cardiogenic Shock Therapy Spiral

Beyond stabilizing hemodynamics and perfusing the patient’s end organs, the goal in the setting of  
cardiogenic shock is to break and reverse the downward spiral. This may lead to myocardial recovery and potentially 
increasing survival.

• Objective of treatment is not only to improve CS survival, but also to promote native heart recovery
• Native heart recovery is defined as improvement in heart function or patient quality of life with the patient’s 

native myocardium

Cardiac Output

MAP

End Organ
Perfusion

Death Spiral of 
Cardiogenic Shock

Reverse
Spiral

Myocardial
Recovery
Patients

AMI, Cardiomyopathy, (Peripartum, Myocarditis), Post-cardiotomy

Cardiogenic Shock Therapy

Recovering Hearts and Saving Lives as the Objective

Impella provides hemodynamic stability and can reverse the cycle of cardiogenic shock by:
• Increasing coronary flow
• Increasing end organ perfusion
• Increasing cardiac output
• Decreasing left ventricular end-diastolic pressure (LVEDP)

With the goal of myocardial recovery, it is critical to identify cardiogenic shock early, initiate early support with 
Impella, accomplish complete revascularization, and evaluate for recovery or the need to escalate to a higher level of 
left-side support and ambulation, or right-side/biventricular support.

Characterizing Cardiogenic Shock
There are several ways to characterize cardiogenic shock due to AMI. The Society for Cardiovascular Angiography 
and Interventions (SCAI) has proposed a pyramid of shock stages from “A” to “E” based on patient hemodynamics 
and other characteristics.92 This consensus statement is based on expert opinion and is endorsed by key cardiology 
societies.
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Figure 5: SCAI Shock Stages118

A patient being supported by multiple interventions who may be 
experiencing cardiac arrest with ongoing CPR and/or ECMO.

A patient who fails to respond to initial interventions. Similar 
to stage C and getting worse.

A patient presenting with hypoperfusion requiring intervention 
beyond volume resuscitation (inotrope, pressor, or mechanical 
support including ECMO). These patients typically present with 

relative hypotension.

A patient who has clinical evidence of relative hypotension or 
tachycardia without hypoperfusion.

A patient with risk factors for cardiogenic shock who is not 
currently experiencing signs or symptoms. For example, large 

acute myocardial infarction, prior infarction, acute and/or 
acute on chronic heart failure.

Baran DA, Grines CL, Bailey S, et al. SCAI clinical expert consensus statement on the classification of cardiogenic shock. Catheter Cardiovasc Interv. 2019;94:29–37. https://doi.org/10.1002/ccd.28329

Stage Description
Physical Exam/ 

Bedside Findings Biochemical Markers Hemodynamics

Typically Includes May Include Typically Includes May Include Typically Includes May Include

A 
At Risk

A patient who is not currently
experiencing signs or symptoms 
of CS, but is at risk for its 
development. These patients 
may include those with large 
acute myocardial infarction or 
prior infarction and/or acute or 
acute-on-chronic heart failure 
symptoms.

Normal JVP
Warm and well-perfused
• Strong distal pulses
• Normal mentation

• Clear lung sounds Normal lactate Normal labs
• Normal (or at 

baseline) renal 
function

Normotensive  
(SBP >100 mmHg or  
at baseline)

If invasive 
hemodynamics are 
assessed:
• Cardiac Index 

>2.5 L/min/m2 (if acute)
• CVP <10 mmHg
• PCWP <15 mmHg
• PA saturation > 65%

B
Beginning CS

A patient who has clinical evidence 
of hemodynamic instability 
(including relative hypotension or 
tachycardia) without  
hypoperfusion

Elevated JVP
Warm and well-perfused
• Strong distal pulses
• Normal mentation

• Rales in lung fields Normal lactate Minimal acute renal
function impairment
Elevated BNP

Hypotension
• SBP <90 mmHg
• MAP <60 mmHg
• > 30 mmHg drop from 

baseline
Tachycardia
• Heart rate > 100 bpm

C
Classic CS

A patient who manifests with
hypoperfusion and who requires 
one intervention (pharmacological 
or mechanical) beyond volume
resuscitation. These patients 
typically present with relative 
hypotension (but hypotension is 
not required).

Volume overload • Looks unwell
• Acute alteration in 

mental status
• Feeling of 

impending doom
• Cold and clammy
• Extensive rales
• Ashen, mottled, dusky,  

or cool extremities
• Delayed capillary refill
• Urine Output
• <30 mL/h

Lactate ≥2 mmol/L Creatinine increase to
1.5 x baseline (or 0.3
mg/dL) or > 50% drop
in GFR
Increased LFTs
Elevated BNP

If invasive 
hemodynamics assessed 
(strongly recommended)
• Cardiac index  

<2.2 L/min/m2
• PCWP >15 mmHg

D
Deteriorating/

Doom

A patient who is similar to 
category C but is getting worse. 
Failure of initial support strategy 
to restore perfusion as evidenced 
by worsening hemodynamics or 
rising lactate.

Any of stage C and 
worsening (or not 
improving) signs/
symptoms of 
hypoperfusion despite the 
initial therapy

Any of stage C and
lactate rising and
persistently  
>2 mmol/L

Deteriorating renal
function
Worsening LFTs
Rising BNP

Any of stage C and 
requiring escalating 
doses or increasing
numbers of pressors or 
addition of a mechanical 
circulatory support 
device to maintain 
perfusion

E
Extremis

Actual or impending circulatory 
collapse

Typically unconscious • Near pulselessness
• Cardiac collapse
• Multiple 

defibrillations

Lactate ≥8 mmol/La CPR (A-modifier)
Severe acidosis
• pH < 7.2
• Base deficit  

>10 mEq/L

Profound hypotension 
despite maximal 
hemodynamic support

Need for bolus doses of
vasopressors
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The SCAI shock stages have been applied retrospectively in several published studies108,109 to examine their ability to 
predict mortality.

Jentzer et al.108 studied the CICU patient population at the Mayo Clinic Hospital and found that SCAI shock stage on 
CICU admission was prognostic for patient mortality.  Hanson et al.109 studied the patient population in the National 
Cardiogenic Shock Initiative (NCSI) and published similar findings.

NCSI 
N=300 
AMICS 
Study Patients

Schrage et al. 
N=~1000 
AMICS 
All-Comers

Mayo Cardiac ICU 
N=~10,000 
AMI + Adv HF + CA 
CICU Admission

Stage C 
76% Survival

Stage D 
76% Survival

Stage E 
58% Survival

Hanson et al. also found that a change in SCAI shock stage between admission and at 24-hour follow-up was 
associated with predicted mortality. Figure 9 captures final data presented at SCAI 2021 showing survival in all SCAI 
shock stages113.

Stage A
NCSI

Stage C Stage D Stage E

96.4 97

66.1

92.9

76

46.1

87.6

76

33.1

59.6 58

22.6

33

Schrage et al. Mayo CICU

0

20

40

60

80

100

Stage B Stage C Stage D Stage E

Survival Based on SCAI Shock in AMICS

NCSI by Shock Stage Survival By 
Shock Stage

Survival By 
Baseline vs 24-hour Shock Stage

NCSI: Survival Outcomes

182 
(61%)

93 
(31%)

25 
(8%)

C - 24 Hours D - 24 Hours E - 24 Hours

C - Baseline 84% 55% 17%

D - Baseline 83% 80% 0%

E - Baseline 77% 63% 19%

All Stage C/D Stage E p value

Procedural 99% 99% 98% 0.74

Discharge 71% 79% 54% <0.01

30-days 68% 77% 49% <0.01

1-Year 53% 62% 31% <0.01

Figure 6:  Survival Based on SCAI Shock in AMICS109

Figure 7: NCSI by Shock Stage109 Figure 8: Survival By Baseline vs 24-hour Shock Stage109

Figure 9: NCSI Survival Outcomes by SCAI Stage113



10

Circulatory Support 
(Systemic Perfusion)

Hemodynamic Problem Hemo-Metabolic Problem

Mean Arterial Pressure

Lactate  
Creatinine

Vent Tachycardia  
BNP

ST-Changes 
Troponin/CK-Mb

Creatinine, LFTs, 
Coagulopathy

LV-ESP & EDP 
Aortic Pulse Pressure

MAP - LVEDP RA-PA Hemodynamics

Ventricular 
Unloading

(LV/RV Unloading)
Coronary 
Perfusion

Renal & Hepatic 
Unloading

Recovery Time in Cardiogenic Shock Death

The Hemodynamic Support Equation107

An Issue of Timing: Diagnosis, Stratification Therapy 

Rx: Hemodynamic Support 
Circulatory and Ventricular

Rx: Multi-organ Support 
Unloading, Ventilator, CVVHD

Treatment Delay is Associated with Increase in Mortality 
Treatment delay is also associated with increased mortality in AMICS. The FITT-STEMI Trial93 and the Inova Team-
Based Care paper61 demonstrated this finding. The Inova data showed each 60-minute delay in mechanical 
circulatory support (MCS) lead to an increased mortality of 9.9%. 

A ‘golden hour’ for care exists for AMI-CS

Significant decrease in survival with >90 min after first medical contact.
Every 10-min treatment delay resulted in 3.31% additional deaths in PCI-treated patients.

Figure 10: Treatment Delay is Associated with Increase in Mortality91,93

Cardiogenic shock can also be characterized by the severity of patient characteristics. “Hemodynamic shock” 
becomes “hemo-metabolic shock” over time. Based on length of time in cardiogenic shock and laboratory 
parameters, the patient’s situation, whether hemodynamic or hemo-metabolic, can be assessed and the needed 
treatment strategy can be applied as appropriate.
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Delaying effective care of AMICS patients can escalate mortality and increase cost of treatment. Stretch et al.24 found 
in AMICS patients, the use of IABP was associated with a doubling of the mortality hazard (OR = 2.0) and increase in 
overall treatment costs of 25%.

Figure 11: Delays Escalate Mortality Hazards74

Best Practices in Cardiogenic Shock
Recently published investigator-led studies have demonstrated implementation of AMICS best practices can 
influence patient survival. 61,91,113,114 

• Identify cardiogenic shock early and initiate Impella pre-PCI within 90 minutes of shock onset
• Aggressively down-titrate inotropes
• Identify RV dysfunction early and support
• Identify inadequate LV support and escalate
• Systematically use right heart catheter to guide therapy

Early diagnosis, stabilization, revascularization, and assessment of heart recovery in patients with cardiogenic shock 
is needed. Protocol development is increasing at institutions in the United States, and some hospitals have developed 
a coordinated strategy including shock teams. These structures are being developed to mimic best practices in 
trauma, STEMI, and acute pulmonary embolism care. Shock teams should be multidisciplinary and have a full 
understanding of the resources that the hospital can provide. If the hospital cannot provide early revascularization for 
the cardiogenic shock patient, rapid transfer to a facility that can provide early revascularization is recommended.  

N=129, p=0.017

Mortality based on CS Onset to Impella Support Time
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Impella Devices Best Practices in AMI Cardiogenic Shock

An editorial by Hollenberg et al. identified the key to a good outcome in cardiogenic shock as “an organized 
approach” which starts with early diagnosis and prompt treatment.5 There are multiple steps in the aggressive 
treatment of cardiogenic shock, including: rapid diagnosis (identification) and prompt initiation of pharmacological 
treatment (stabilization) and reversal of the underlying cause (revascularization). 
 
The most important intervention required to improve survival in cardiogenic shock due to AMI is early and 
definitive restoration of coronary blood flow. In addition, the 2015 SCAI/ACC/HFSA/STS Clinical Expert Consensus 
Statement on the Use of Percutaneous Mechanical Circulatory Support Devices in Cardiovascular Care supports 
the insertion of mechanical support devices as soon as possible in the cardiogenic shock patient if initial attempts 
with fluid resuscitation and pharmacologic support fail to show any significant hemodynamic benefit, and before 
PCI.82 Therefore, the development and implementation of rapid cardiogenic shock identification and stabilization, 
including the early use of mechanical support devices and revascularization protocols, is imperative to achieving 
improved outcomes in the cardiogenic shock patient population.

Figure 12:  Impella Devices Best Practices in AMI Cardiogenic Shock

Identify Early70, 81, 82

CPO = (CO x MAP) / 451 
PAPi = (sPAP-dPAP) / RA

Myocardial   
Recovery40, 90

Stabilize Early

Revascularization

Systematic Use of RHC to Guide Therapy91

(Ongoing Monitoring, Timely Escalation and Weaning)

No Recovery
Bridge-to-Decision or 

Transfer39

Impella Weaning Consideration91

• Off inotropes/pressors
• CPO ≥0.6 (ideally >0.8)

Bridge-to-Decision
• Consider durable VAD
• Consider heart transplant

• Shock-onset to support <90 min61

• Per guidelines88, 89

• Avoid/reduce inotropes/pressors18,19,91

• Impella support pre-PCI73, 75, 87

Cardiogenic Shock Evaluation
• SBP < 90 mmHg and/or on inotropes/pressors
• Cold, clammy, tachycardia
• Lactate elevated > 2 mmoI/L
• EKG (STEMI / NSTEMI)
• Echocardiography83

• PA catheter84-86 : Cardiac Index (CI) < 2.2 L/min/m2  
and pulmonary capillary wedge pressure  
(PCWP) > 15 mmHg 70

Activate Cath Lab

Wean Inotropes/Pressors in the Cath Lab  
and Reassess Hemodynamics91

If CPO ≤0.6*, consider escalation
• PAPi ≤0.9: Support right side with Impella RP®
• PAPi >0.9: Escalate left side to Impella 5.5® 
If CPO >0.6 without inotropes/pressors*
• Transfer to ICU

* or CPO of 0.8 with inotropes/pressors

Escalation Consideration in the CCU/ICU
• Escalating inotropes/pressors
• Rising lactate level
• Worsening hemodynamics CPO ≤0.6*
• Development of RV failure (PAPi ≤0.9, RAP >12, 

or frequent diastolic suctions with CVP >12)

* or CPO of 0.8 with inotropes/pressors
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Identify Cardiogenic Shock Early
Ineffective or detrimental treatments continue to result in poor outcomes in patients with cardiogenic shock. The key 
to making an impact on these outcomes is early identification and confirmation of shock when it is suspected and 
rapid activation of the heart recovery team and cardiac cath lab for intervention. 

While the scientific definition of cardiogenic shock in trials generally involves hemodynamic assessment with right 
heart catheterization, the identifiers used in clinical practice are more universally adopted due to the inherent 
urgency of treatment. It is critical to raise awareness of the “downward spiral” accompanying cardiogenic shock. In 
the medical literature, cardiogenic shock is defined by decreased cardiac output and evidence of tissue hypoxia in the 
presence of adequate intravascular volume. The decreased cardiac output leads to a persistent systemic hypotension 
with systolic blood pressure below 90 mmHg (or the requirement of vasopressors and/or inotropes to maintain a 
blood pressure above 90 mmHg) with reduction in cardiac index below 2.2 L/min/m2 and normal or elevated filling 
pressure with a pulmonary capillary pressure above 15mmHg.70

In the clinical setting (emergency room, ICU, CCU) when a right heart catheterization is not immediately available, 
cardiac and end-organ identifiers are used to recognize cardiogenic shock. Signs of end-organ hypoperfusion may be 
manifested clinically by SBP <90 mmHg, altered sensorium, cool extremities, decreased urine output and elevated 
lactate level >2 mmol/L. In practice, blood lactate levels have been shown to be a surrogate for tissue oxygenation 
and can be helpful in the identification of end-organ hypoperfusion in the setting of shock.71

Identifying shock early and determining the etiology as cardiogenic are critical for initiation of appropriate therapy.  
Recognition of end-organ hypoperfusion in a patient with cardiac failure, through clinical assessment, laboratory 
testing (lactate, acidemia), and invasive testing with right heart catheterization, enables diagnosis and tailored 
treatment planning.

Identify: Minimize Duration of Shock

Figure 13:  Identify Cardiogenic Shock Early to Minimize Duration of Shock

Suspect

Confirm

Activate

See

See

Cardiogenic Shock

CS Diagnosis 
reassess every 1-2 hours if 

criteria not initially met

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

Diagnose CS
• STEMI/Non-STEMI
• ECG ST segment abnormalities
• Troponin
• ECHO (assess cardiac function)

Right Heart Cath (RHC):
• Cardiac Index (CI) < 2.2 L/min/m2 AND 

pulmonary capillary wedge pressure 
(PCWP) > 15 mmHg

A

A

B

B
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Stabilize Early (STEMI and NSTEMI) and Unload the Myocardium
Once the patient is diagnosed with cardiogenic shock, the priority becomes immediate stabilization of the patient 
and locally developed protocols must provide guidance for early and aggressive treatment. As demonstrated by 
Wayangankar et al., the risk of poor outcomes in the AMI cardiogenic shock patient is higher when therapeutic 
intervention is delayed; therefore, the protocol must focus on early identification of the patient in cardiogenic shock, 
rapid stabilization, and revascularization.14

Protocols and processes must allow for immediate stabilization in both the ST elevation MI (STEMI) and non-STEMI 
patient populations experiencing cardiogenic shock. As per existing protocols for diagnosis of STEMI, an immediate 
EKG should be performed to determine if shock is linked to STEMI. If STEMI is diagnosed, the hospital should follow 
the existing STEMI algorithm for expediting the revascularization of the patient. However, as indicated in the 2015 
SCAI/ACC/HFSA/STS consensus statement, the use of a percutaneous support device should be utilized in the 
cardiogenic shock patient before revascularization is attempted.82 Therefore, hospitals should adapt their existing 
STEMI protocols to follow this guidance when the patient develops cardiogenic shock.

Traditionally, in both the STEMI and non-STEMI cardiogenic shock patient population, inotropes and vasopressors 
have been the first-line therapy to stabilize hemodynamics. Due to the potential harm from utilizing multiple high-
dose inotropes and vasopressors, clinicians should continuously evaluate opportunities to wean patients from 
inotropes/vasopressors.91 Therapy escalation to MCS should be considered in the intensive care setting if continued 
reassessment of patients fails to reveal improvement in cardiogenic shock signs (such as increased cardiac output, 
increased urine output, increased blood pressure and decreased serum lactate levels). The timeframe for this decision 
should be determined by the clinical team; however, early escalation and revascularization are key to a successful 
outcome in this patient population, making it imperative to consider rapid escalation to mechanical circulatory 
support such as Impella.

Stabilize Early to Reduce Inotropes/Pressors with Impella Support Pre-PCI

Figure 14:  Stabilize Cardiogenic Shock Early Using Impella Support Pre-PCI

Activate Cardiac Cath Lab

Access

Impella CP®

Acute MI? Yes

Using micropuncture with image 
guidance (e.g.: ultrasound)

No

Access 
Hemodynamics

Begin Weaning 
Catecholamines

Coronary Angiogram 
with PCI

Reassess 
Hemodynamics

Wean Inotropes/Pressors in the Cath Lab  
and Reassess Hemodynamics
If CPO ≤0.6, consider escalation
• PAPi ≤0.9: Support right side with Impella RP
• PAPi >0.9: Escalate left side to Impella 5.5
If CPO >0.6 without inotropes/pressors*
• Transfer to ICU

*or CPO of 0.8 with inotropes/pressors

CPO = (CO x MAP) / 451 
PAPi = (sPAP-dPAP) / RA
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Evidence Supporting Impella Utilization Pre-Revascularization
Numerous published studies have demonstrated increased survival in AMICS when Impella is placed pre-PCI vs.  
post-PCI.

Unloading Pre-PCI Associated with Improved AMICS Outcome
Survival to 30 Days

Figure 15: Unloading Pre-PCI Associated with Improved AMICS Outcome

O’Neill et al.73 performed a retrospective analysis of 154 
consecutive, unselected patients who were reported 
in the Global cVAD Study having undergone a PCI and 
Impella 2.5 heart pump hemodynamic support for a 
confirmed AMI with CS. The primary endpoint evaluated 
the survival to discharge of patients supported with the 
Impella 2.5 heart pump prior to percutaneous coronary 
intervention (pre-PCI) versus those who received 
IABP and/or inotropes prior to PCI (Impella post-PCI). 
Survival to 30 days was also reported. Figure 16 shows 
a statistically significant survival advantage in patients 
receiving Impella pre-PCI.

Patient subset analysis demonstrated a consistent 
benefit for pre-PCI implantation in all subgroups 
analyzed.

When comparing the various hemodynamic support 
strategies, the Impella pre-PCI strategy demonstrates a 
survival to discharge of 65%.
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Figure 16:  30-Day Survival in Global cVAD Study 73
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Figure 17: Support Strategy73

Support Strategy (N=154)

No Support Pre-PCI

(N=38)

PCI

Impella Post-PCI

IABP Pre-PCI

(N=53)

PCI

Impella Post-PCI

Impella Pre-PCI

(N=63)

PCI

Continue Impella

N=38 N=53 N=63

P=0.0116

39.5%
41.5%

65.1%

Survival to discharge

Basir et al.74 evaluated patient characteristics and 
predictors of outcomes in patients presenting with 
AMICS supported with Impella. The authors studied 
287 consecutive unselected patients enrolled in the 
Global cVAD Study. Patients were supported with either 
the Impella 2.5 or the Impella CP heart pump. Before 
receiving Impella support, 80% of patients required 
inotropes or vasopressors and 40% were supported with 
intra-aortic balloon pump; 9% of patients were under 
active cardiopulmonary resuscitation at the time of MCS 
implantation.

0 Inotropes
(n=57)

1 Inotrope
(n=90)

2 Inotropes
(n=75)

3 Inotropes
(n=46)

≥ 4 Inotropes
(n=19)

68%

80%

70%

60%
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20%

10%

0%

46%

35% 35%

26%

P<0.001Survival

In-hospital Survival Rates as a Function of  
Inotropic Support to MCS Implantation

Figure 18: Impact of Inotrope Number on In-Hospital Survival74

Survival was found to be significantly improved 
if Impella support was initiated before PCI. 
This contemporary analysis also mirrors earlier 
data (Samuels et al. 199918) demonstrating 
predicted in-hospital mortality can be linked 
to the number of high-dose inotrope /
vasopressor drugs the patient is receiving.

A single-center review of ACS patients receiving Impella support during cardiogenic shock was performed by 
Schroeter et al.75 The authors utilized their database of Impella patients and found 68 consecutive patients who 
underwent Impella implantation due to acute coronary syndrome (ACS) complicated by cardiogenic shock.  Most 
patients (74%) suffered from an ST-elevation myocardial infarction, and 59% of patients received Impella during the 
initial coronary angiography. In the remaining cases, Impella implantation was performed later, most commonly 
after IABP implantation. The predominantly implanted device was an Impella 2.5.  Interestingly, delayed initiation 
of Impella support was an independent predictor of higher long-term mortality (hazard ratio, 2.157; P=.04) within 
the Impella patient cohort. Early (compared with delayed) initiation of Impella support was a predictor of improved 
survival in this population of patients.
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Ouweneel et al. published the IMPRESS trial,76 an exploratory safety study comparing mortality outcomes of cardiac 
arrest patients with Impella CP versus IABP. The trial was terminated prior to full patient enrollment (n=48), with 
a high rate of patient crossover between groups. While most support devices were placed post-revascularization, 
a trend toward lower 30-day mortality was observed if therapy with the support device was initiated before the 
primary PCI.

Selective Multi-Vessel PCI can be Safely Performed with Impella Support
Historically, clinical practice guidelines have recommended against PCI (Class III, may cause harm) of non-culprit 
artery stenoses at the time of primary PCI in hemodynamically stable patients with STEMI, based primarily on 
the results of non-randomized studies, meta-analyses and safety concerns (2013 ACCF/AHA Guideline for the 
Management of ST-Elevation Myocardial Infarction). However, six randomized controlled trials (PRAMI, CvLPRIT, 
DANAMI-3 PRIMULTI, PRAGUE-13, and COMPLETE95) have since suggested that a strategy of multi-vessel PCI, either 
at the time of primary PCI or as a planned, staged procedure, may be safe and beneficial in selected patients with 
STEMI.95

On the basis of these findings, in 2015 ACC/AHA/SCAI released a focused update upgrading the recommendation for 
multi-vessel primary PCI in hemodynamically stable patients with STEMI to a Class IIb recommendation to include 
consideration of multi-vessel PCI, either at the time of primary PCI or as a planned, staged procedure110 (Class IIb, 
Level of Evidence B-R). In 2020, Lemor et al. published a retrospective review of multi-vessel disease (MVD) patients 
enrolled in the NCSI Study, and examined mortality in patients receiving culprit-lesion only PCI (CV-PCI) vs. patients 
receiving multi-vessel PCI (MV-PCI). Of 198 patients with MV-CAD, 126 underwent MV-PCI (64%) and 72 underwent 
CV-PCI (36%). Patient survival and rates of acute kidney injury (AKI) were not significantly different between groups. 
Despite MV-PCI, patients had a trend toward more severe impairment of cardiac output and worse lactate clearance 
on presentation.96

Figure 20: Multi- Versus Culprit-Vessel Percutaneous Coronary Intervention in Cardiogenic Shock96
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30-day Survival No CV Death, MI or Revasc. at 3 Years

P <0.001

P = 0.5

P = 0.6

P = 0.01

30-day SurvivalAKI AKI

MV-PCI MV-PCI MV-PCICV-PCI CV-PCI CV-PCI

45%

16%

54%

91%
83%

70%
65%

30%
34%

12%

CULPRIT-SHOCK RCT 
N=685

COMPLETE RCT 
N=4,041

NCSI Study 
N=198

Multi-Vessel PCI in STEMI and AMICS Patients
Selective Multi-vessel PCI in AMICS can be safely performed in patients supported with Impella

MV-PCI was linked to lower survival 
 & higher AKI in AMICS

MV-PCI was linked to better outcomes  
in STEMI without CS

MV-PCI with Impella was similar in survival  
& AKI rates in AMICS

Figure 21: Multi-Vessel PCI and AMICS Patients111,95,96

Survival to Discharge based on  
CPO/Inotropes in Cath Lab (N=185)

Figure 22: Survival Based on CPO and Inotrope Usage91

* or CPO of 0.8 with inotropes/pressors

A CPO >0.6* with Low Inotropes Prior to Leaving the Cath Lab  
is Associated with High Survival
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Reassess Prior to Discharge From Procedure Room

Figure 23: Reassess for Myocardial Recovery Prior to Discharge from Cath Lab

(≤ 0.8 with inotropes/pressors)

PaO2 < 55 on 100% FiO2

(> 0.8 with inotropes/pressors)

Admit to ICU to maximize 
supportive care and to actively 

assess for myocardial recovery

• Cardiac Power Output (CPO) = (CO x MAP) / 451 
• Pulmonary Artery Pulsatility Index (PAPi) = (sPAP-dPAP) / RA

CPO ≤ 0.6

Persistent Hypoxemia?

PAPi
≤0.9 >0.9

Yes No

CPO > 0.6 without  
inotropes/pressors

Wean inotropes/pressors & reassess hemodynamics prior to leaving the cath lab

RV Dysfunction

VA or VV ECMO

RV Preserved

Consider right-side support  
with Impella RP if no  
persistent hypoxemia

Recommend maintaining  
Impella at low speed for  

LV unloading

Consider left-side support  
escalation to Impella 5.5  

or transfer to  
LVAD/Transplant Center

Escalate Support as Needed
Just as earlier intervention with mechanical support improves outcomes, prompt escalation of support is a  
time-sensitive decision. When patients fail to exhibit signs of cardiogenic shock resolution and exhibit continued 
signs of deterioration while on inotropes/vasopressors or first-line Impella support, clinicians must evaluate the 
patient’s need for escalation to an Impella heart pump that provides a greater level of support and/or contralateral 
ventricular support. Invasive hemodynamic monitoring, as well as clinical status, will help the physician determine 
whether the current hemodynamic support is adequate.

Evaluating Clinical and Hemodynamic Status
Two important factors must be evaluated prior to instituting and escalating support. One is the physiologic 
requirements of the patient based on the patient’s size, or body surface area (BSA). The other factor is the degree of 
compromise that a patient has experienced. A qualitative judgment about the extent of reduction in cardiac output 
and the duration of the defect is valuable to assess the magnitude of MCS needed.

Continued requirement of multiple high-dose inotropes, elevated lactate, depressed CPO, and worsening end organ 
function should prompt the clinician to consider escalation of systemic support to a device capable of delivering 
more flow. Assessment of a patient’s hemodynamic requirements (BSA) along with the degree of hemodynamic 
compromise (LVEDP or EF) and the assessment of desired improvement of systemic flow should guide the therapy. 
For example, a young muscular male with a BSA of 2.4 m2 may require escalation from Impella 2.5 to Impella CP with 
SmartAssist to wean inotropes or to increase CPO to the 0.7 watt range. Initiation of left ventricular support may 
uncover the need for right-side support. RV failure may become manifest by marked elevation of the RA pressure and 
the presence of new onset tricuspid regurgitation. Conversely, following right-sided univentricular support, PCWP 
elevation and onset of pulmonary edema often indicate the need for LV support. These critical patient care decisions 
require invasive hemodynamic monitoring and continual intensive care monitoring, reassessment and decision-
making to optimize outcomes by appropriate escalation and de-escalation of left and right-sided support.
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Figure 24: Ongoing Assessment for Escalation, Weaning, or Transfer

Ongoing Monitoring, Timely Escalation and Weaning
(Every 6 hours, or more frequently)

Clinical, Echocardiographic &  
Hemodynamic parameters  
(concordant):
• ↑ Cardiac output
• ↑ CPO↓ Lactate @12 & 24Hrs
• ↑ Urine output
• Inotropes low dose/discontinued
• Adequate Ramp test

Clinical, Echocardiographic &  
Hemodynamic parameters  
(discordant):
• Some parameters are improving
• Mixed CPO and Lactate
• Pressors lowered but not  

discontinued
• Fails “ramp test”

Clinical, Echocardiographic &  
Hemodynamic parameters  
(concordant):
• ↓ Cardiac output
• ↓CPO ↑ Lactate @ 12 & 24Hrs
• ↓Urine output
• Inotrope dependent
• Absent pulsatility

Improving Mixed Picture Worsening

Myocardial Recovery Inadequate Recovery No Recovery

Continue Impella support and assess for escalation* 
Failure to recover, consider durable VAD/transplant

Wean & Explant Impella
(After a minimum of 48hrs) 

*If CPO ≤0.6 (or ≤0.8 with inotropes/pressors), consider escalation
• PAPi ≤0.9: Support right side with Impella RP
• PAPi >0.9: Escalate left side to Impella 5.5

Wean Inotropes/Pressors in the Cath Lab  
and Reassess Hemodynamics91

If CPO ≤0.6*, consider escalation
• PAPi ≤0.9: Support right side with Impella RP®
• PAPi >0.9: Escalate left side to Impella 5.5 
If CPO >0.6 without inotropes/pressors*
• Transfer to ICU

* or CPO of 0.8 with inotropes/pressors

Escalation Consideration in the CCU/ICU
• Escalating inotropes/pressors
• Rising lactate level
• Worsening hemodynamics CPO ≤0.6*
• Development of RV failure (PAPi ≤0.9, RAP >12, 

or frequent diastolic suctions with CVP >12)

* or CPO of 0.8 with inotropes/pressors

Escalation, Weaning, and Transfer

Assess for Myocardial Recovery
As soon as hemodynamic stability is achieved and the patient is revascularized (as indicated), protocols should 
assess myocardial recovery and include a pathway for weaning the patient from any inotropes/vasopressors, 
followed by weaning from Impella support. Weaning protocols ensure that patients can recover the function of their 
hearts before increasing the workload of the heart.

Signs of improving native contractility include increased arterial pulsatility, improving cardiac index, and improving 
ventricular performance as evaluated with echocardiography. Decreased inotropic requirement, improving lactate 
levels, and well-perfused end organs are signs of myocardial recovery.

Hospitals with successful programs focused on heart recovery dedicate training time for the ICU nursing staff to 
learn the benefits of early weaning from inotropes/vasopressors. Protocols should also address a patient’s need to 
return to activities of daily living and quality of life. Therefore, as soon as it is achievable, plans should be made to 
ambulate the patient.

Protocols should provide further guidance on how to respond when patients do not improve while on hemodynamic 
support despite successful revascularization. Protocols provide common parameters for patient presentations in 
cardiogenic shock and right heart failure. If the patient fails to improve or demonstrates right heart failure, hospital 
protocols are needed to identify refractory shock and clarify a pathway to escalate the level of support to allow for 
heart muscle recovery. Clinicians should also consider the patient’s neurological and end-organ status.

Protocols should also include steps to determine if further treatment for the patient will be futile. If futility is 
determined, clinicians should discuss weaning and end-of-life decisions with patients and their families.
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Pulmonary artery pulsatility index (PAPi) is a hemodynamic index that has been shown to predict right ventricular 
failure. It is measured by taking the systolic pulmonary artery pressure and subtracting the diastolic pulmonary artery 
pressure and dividing by the central venous pressure, or right atrial pressure (RAP). A PAPi score of <1 is an indicator 
of right ventricular failure. Worsening right ventricular failure may be indicated by worsening PAPi scores.

PAPi   =   (PA systolic-PA diastolic)/RA pressure
To calculate PAPi, visit: 

https://www.heartrecovery.com/resources/calculators/cpo-papi

Patients may have elevated CVP pressures out of proportion to the PCWP. CVP/PCWP ratio >0.63 is one metric of RV 
failure.80 A retrospective study by Korabathina et al. demonstrated that PAPi is predictive of the need for right heart 
support if PAPi <1.0.79 This study examined three cohorts of patients, those with suspected RVD (n=20), patients with 
nonobstructive coronary artery disease (n=50), and patients presenting with acute coronary syndrome requiring left 
coronary stenting (n=14).79 Compared to the non-CAD and ACS control groups, the PAPi was lower in suspected RV 
dysfunction (5.52 ± 4.40 vs 4.32 ± 3.04 vs 1.11 ± 0.57, respectively, P <0.01). RV stroke work was lower in participants 
with suspected RV dysfunction compared with controls (9.50 ± 8.01 vs 17.71 ± 12.24 vs 17.53 ± 10.32, respectively, 
P <0.05). The PAPi showed the strongest association with estimates of RV systolic function compared with the 
other hemodynamic variables studied (r = -0.731, P <0.001) and a decreased PAPi was consistently found among 
subjects with the combined outcome of in-hospital death and/or need for a pRVSD. According to the authors, the PAPi 
demonstrated specificity and sensitivity for predicting the need of a pRVSD with a diagnostic accuracy of 97.1%.

The use of invasive hemodynamic measurements with PAPi may identify patients with severe RV dysfunction while 
acting as a risk stratification and prediction tool for in-hospital mortality and the need for mechanical circulatory 
support.

Right Heart Escalation: Impella RP for Right Heart Support in Cardiogenic Shock
Right ventricular failure (RVF) can occur after an acute myocardial infarction (AMI), after durable LV implantation, 
post-cardiotomy, or post-transplant. The occurrence of RVF in any of these patient populations is associated with 
worse outcomes and can lead to longer ICU stays, higher short-term mortality, and worsening end-organ dysfunction. 
A major cause of morbidity and mortality in acute inferior wall myocardial infarction (IWMI) can be attributed to RV 
dysfunction. 

Kapur et al. illustrated the prevalence of RVF in AMI by analyzing the SHOCK Trial data where RV dysfunction was 
present in 37% of the patients when using a contemporary definition of RVF.97 Data presented at TCT Connect 2020 
demonstrate the potential under-recognition of right heart failure and the related patient mortality outcomes. Both 
SHOCK/SHOCK Registry data and NCSI data demonstrate increased mortality in the presence of RVF.

NCSI Study on RV Dysfunction

SHOCK Trial and Registry (N=397)

37% of AMICS patients exhibit RV Dysfunction 
with 3x increased risk of mortality

No RVD 
63%

RVD 
37%

July 2016 to August 2019 
516 patients (pts) screened at 49 centers

250 pts enrolled to date 
72% Survival to Discharge

266 pts excluded

27 (11%) w/o RHC

233 (89%) pts had RHC

165 pts had CVP, s/d/m PA, PCWP, CO, CI, 
HR measured w/n 24 hours of enrollment

100 pts No RVD  
79% Survival D/C

65 pts had RVD 
65% Survival D/C

P=0.046

Figure 25: Prevalence of Right Ventricular Dysfunction in AMICS77, 91, 97
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1.0

Patients experiencing RV failure have a high risk for short-term mortality, an effect that has been consistently 
observed in the setting of cardiogenic shock, pulmonary hypertension, and acute myocardial infarction and post-
LVAD and cardiac transplant.78,80

Management of RV failure with RV support devices may facilitate the rapid stabilization of patients with CS involving 
the RV. Using a PA catheter, hemodynamic measures predictive of RV failure can be obtained. The measurement 
of the right atrial to pulmonary capillary wedge pressure ratio is perhaps the simplest method for quantifying RV 
dysfunction.

Mechanical circulatory support (MCS) devices represent a useful therapy in the setting of RV failure. While several 
options exist for percutaneous MCS, Impella RP is the only percutaneous MCS option proven safe and effective by 
the FDA for support of the RV for up to 14 days. Other devices such as CentriMag™ (Abbott), TandemHeart® (Cardiac 
Assist, Inc) and VA ECMO are used to support the RV.

The Impella RP is FDA approved for providing temporary right ventricular support for up to 14 days in patients with a 
body surface area ≥1 .5 m2, who develop acute right heart failure or decompensation following left ventricular assist 
device implantation, myocardial infarction, heart transplant, or open-heart surgery. 

Early identification of RV failure coupled with utilization of Impella RP may improve outcomes in patients suffering 
from cardiogenic shock and RV failure. Utilization of Impella RP in isolated RV failure results in the reduction of RA 
pressure as well as an increase in LV preload and PA pressure. In the setting of biventricular failure, an Impella RP 
reduces RA pressure while also increasing PA pressure and LV preload.

Identification of right heart failure in a patient already on left-side support differs somewhat from the identification 
of isolated right heart failure. Left-sided filling pressures may be low in a patient with isolated right ventricular 
(RV) failure, or LVAD flows may be compromised due to impaired delivery of volume to the left ventricle due to RV 
dysfunction.

SmartAssist Overview Impella Heart Pump
• Repositioning in the ICU without the need for imaging*
• New sensor technology for confident positioning
• Greater hemodynamic support and ease of use

Advanced Metrics
• Better and faster resolution of suction alarms
• Earlier identification of right heart failure
• Assist in hemodynamic assessment and  

successful weaning

Impella Connect®

• Cloud-based, remote monitoring for better  
patient outcomes

• Collaborative patient management
• Streamlined continuity of careFigure 26:  SmartAssist: Ease of Patient Management

5.0
1.0

*When “Position in Ventricle” alarm is triggered
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Identifying Right Heart Failure with Impella SmartAssist Technology 
Impella SmartAssist technology can help identify the need for right heart support.  If the Automated Impella 
Controller™ (AIC) is consistently alarming for “diastolic suction” and the patient’s CVP is 12 or greater, an immediate 
assessment of right heart function is recommended.

Persistent
Suction
Alarms

Yes

No

CVP > 12

Low Volume
Status

High Volume
Status

Strongly
Consider Right 
Heart Support

No Action

Continuous Suction

Diastolic Suction

EDP: 0

5.0
1.0

CVP ≤ 12

Figure 27: SmartAssist - Right Heart Failure Identification

Elevated CVP 
during Impella left-side support

Yes

No Yes

210 secs

P=0.016

No RHF

N=52 N=48

RHF

558 secs

Right heart 
failure?

Few diastolic 
suction events

Many diastolic 
suction events

NCSI Study

Longer total duration of diastolic suction 
(median, secs) in patients with CVP > 12 mmHg 

associated with RHF 
N=100

Figure 28: Diastolic Suction Alarms as Early Marker of RV Failure in Patients with Elevated CVP During Impella LV Support 91

Left Heart Escalation: Impella 5.5 with SmartAssist
The Impella 5.5 with SmartAssist is a minimally invasive, forward flow, fully unloading heart pump designed for 
surgical use, allowing the heart to rest and enabling heart recovery. This next generation heart pump is designed 
to improve patient outcomes by using real-time intelligence to optimize positioning, managing, and weaning of the 
Impella for better patient care. The Impella 5.5 with SmartAssist pulls blood from the left ventricle through an inlet 
area near the tip and expels blood from the catheter into the ascending aorta. New hemodynamic sensor technology 
allows for repositioning in the ICU without the need for imaging (for ventricularized pumps); the optical sensor senses 
aortic pressure while the microaxial motor senses the blood flow (pressure) between the aorta and the left ventricle. 

The Impella 5.5 with SmartAssist can be inserted through the axillary artery or anterior aorta and across the valve into 
the left ventricle.
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Ramzy et al. published patient outcome data for the first 55 patients treated with Impella 5.5 with SmartAssist.105 
Overall survival was 84%, with most patients achieving native heart recovery.

Patient Indication
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n=55
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AMICS PCCS OtherCardiomyopathy CS

ASAIO: Published Outcomes on the First 55 U.S. Patients

Figure 29: Published Outcomes on the First 55 U.S. Patients Treated with Impella 5.5 with SmartAssist

Standardized Team-based Care in Cardiogenic Shock61

Tehrani et al. published the Inova shock team experience. By implementing a shock team approach to patient care, 
Inova was able to change their AMICS survival from 44% to 82% over an 18-month period. Key steps to a team 
approach mentioned in the paper include: 

• Development of a shock protocol / shock team 
• Utilization of right heart catheterization in shock patients 
• Hemodynamic criteria for MCS deployment 
• Impella CP utilized pre-PCI 
• Serial assessment of end organ perfusion and hemodynamics (CPO, lactate, PAPi, etc.)

Protocol Driven Care May Improve Survival

Other shock team activities shown to impact outcomes include: 

• Protocol and algorithm development
• Establishment of quality metrics reviewed on a regular basis
• Scheduled program reviews 
• Implementation of findings to optimize patient management

• 82% AMICS survival in 2018 
• 9.9% increase in mortality associated with 

every 60 min delay in MCS initiation
• Protocol driven care:

• Early identification
• Minimization of inotropes
• Early Impella support
• Mandatory right heart cath

Inova Health System AMICS 
Survival Data

44%

Jan-Jun 
2017

Jul-Dec 
2017

Jan-Jun 
2018

62%

82%

Figure 30:  Protocol Driven Care May Improve Survival 61,98
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Therapeutic Options for Managing Cardiogenic Shock
Prior to the availability of Impella heart pumps, the traditional therapeutic options for managing cardiogenic shock 
had been of limited benefit and clinical outcomes remained poor.12

1. Intravenous Inotropic Drugs and Vasopressor Agents - The use of intravenous inotropic drugs to treat 
cardiogenic shock remains a common practice. Commonly prescribed inotropes include dobutamine (Dobutrex®) 
or milrinone (Primacor®). Commonly prescribed vasopressor drugs include norepinephrine (Levophed®), 
phenylephrine (Neo-Synephrine®), or high-dose dopamine.

2. Intra-aortic Balloon Pump (IABP) - The IABP has been used to provide counterpulsation therapy, either with or 
without inotropes, in patients with cardiogenic shock. Results from large data sets, including randomized clinical 
trials, have not shown a hemodynamic or mortality benefit with IABP when compared with medical therapy.15,99 
Guidelines from both the European Society of Cardiology (ESC) and the Japanese Circulation Society (JCS) consider 
IABP to be Class III, not recommended.16

3. Extracorporeal Membrane Oxygenation (ECMO) - ECMO has been used to provide support in patients presenting 
with refractory cardiogenic shock. However, there are no ECMO systems approved or cleared by the FDA to treat 
these patients.

Figure 31:  Therapeutic Options for Management of Cardiogenic Shock104
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Intravenous Inotropic Drugs and Vasopressor Agents
Historically, inotropic and vasopressor agents have been used as the first-line therapies in cardiogenic shock patients 
to immediately increase systolic blood pressure through increased myocardial contractility (inotropes) or increased 
vascular tone (vasopressors). The use of these agents is largely confined to critically ill patients with profound 
hemodynamic impairment when tissue blood flow is not sufficient to meet metabolic requirements. A drawback 
associated with this therapy is the increased mortality associated with the administration of inotropes18 and the 
temporary improvement of hemodynamic parameters and cardiac output at the potential expense of increasing 
myocardial oxygen demand and myocyte death, especially in the setting of AMI. Intravenous inotropic drugs rapidly 
increase myocardial contractility, thereby increasing native cardiac output.

Inotropes may also decrease systemic vascular resistance (SVR) through vasodilatory mechanisms. When a patient 
does not respond to the first drug, common practice has been to either increase the medication dose or add another 
vasoactive agent.  A post-cardiotomy cardiogenic shock study by Samuels et al. demonstrated that the predicted 
hospital mortality correlates with the number and level of inotropic support.18 The study showed that a patient on 
one moderate dose inotrope or vasopressor had a mortality risk of 7.5%, which increased stepwise to 80% with three 
high-dose inotropes.18

Inotropes and vasopressors increase the myocardial oxygen consumption (MVO 2). By increasing both contractility and 
afterload, they increase myocardial oxygen demand and mechanical work in an already compromised ventricle.  As 
noted by Samuels et al., vasopressors cause vasoconstriction and thereby elevate MAP. However, many drugs have both 
vasoconstrictive and inotropic effects. Although vasopressors have been used since the 1940s, few controlled clinical 
trials have directly compared these agents or documented improved outcomes. De Backer et al. found that dopamine 
was associated with an increased risk of patient mortality when compared with norepinephrine in cardiogenic shock.19
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Figure 32: High-Dose Vasopressors/Inotropes Associated with Increased in-Hospital Mortality18 and Decreased Survival74

Figure 33: Vasopressors Independently Associated with Worse Outcomes117
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Intra-aortic Balloon Pump (IABP)
In some cases of cardiogenic shock the IABP is utilized in conjunction with an inotropic or vasopressor agent. The 
IABP is thought to decrease myocardial oxygen consumption (MVO2) by decreasing afterload, thereby augmenting 
cardiac output (about 5-10% increase). IABP use requires timing to the patient’s EKG to provide benefit and is 
thought to be not optimal in patients with tachycardia or heart rate irregularity. In IABP-SHOCK-I20 there was 
no hemodynamic effect in AMI cardiogenic shock likely due to the low native cardiac output, which is normally 
experienced during cardiogenic shock.

IABP-SHOCK II (n=600), concluded that there was no mortality benefit associated with the use of IABP compared 
with medical therapy in the setting of AMI complicated by cardiogenic shock treated with PCI.15 At 30 days, 39.7% of 
the patients in the IABP group and 41.3% of the patients in the control group had died.15 At 12-month follow-up of 
these patients, there was no survival benefit observed between the IABP arm and control arm.21 The lack of benefit 
continues out to 72 months.99
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Vasopressors and inotropes are useful temporizing agents, but their use should be limited to the lowest dose and 
shortest time interval to limit cardiogenic and end-organ hazard.18 Addressing and treating the underlying etiology 
of shock and use of effective mechanical circulatory support (MCS) often allows reduction and termination of 
vasopressors and inotropes. NCSI Study data showing the association between the patient’s CPO and the number of 
inotropes being used was presented at TCT Connect 2020.91

Figure 34: IABP in AMI Cardiogenic Shock: No Hemodynamic or Survival Benefit 20, 21

Thiele et al. published 6-year IABP-SHOCK II follow-up data (Circulation, 2018) also showing no benefit for IABP when 
used adjunctively with optimal medical therapy.99

Figure 35: IABP-SHOCK II Follow-up Data
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Additionally, a meta-analysis by Sjauw et al. showed that the IABP was found to increase the risk of bleeding and 
stroke in AMI.22 Subsequently, both the European Society of Cardiology (ESC) and Japanese Circulation Society (JCS) 
downgraded the guidelines for the IABP to Class III, (may cause harm) advising that the IABP should not be used  
routinely in cardiogenic shock patients.16

The U.S. population study by Stretch et al. analyzed the contemporary use of MCS devices from 2004 to 2011 
(data were collected from the Nationwide Inpatient Sample from the Healthcare Cost and Utilization Project) and 
determined that IABP use prior to MCS was a predictor of mortality and increased costs by 25.2% (p<0.001).24 This 
may be due to delayed care in AMI cardiogenic shock patients, according to the authors.24

Extracorporeal Membrane Oxygenation (ECMO)
In the past decade, the use of ECMO has grown rapidly; however, publicly available data show no evidence of  
improved outcomes in the setting of cardiogenic shock.100 Patients with the greatest likelihood to benefit from 
ECMO are those with hypoxemia, newborn or infant patients with persistent fetal circulation and respiratory failure, 
or patients with acute cardiopulmonary arrest as an adjunct to cardiopulmonary resuscitation (CPR) or so-called 
ECPR.100

A recent meta-analysis conducted by Cheng et al. of 1,866 adult patients supported with ECMO for the treatment of 
cardiogenic shock and cardiac arrest reported significant morbidity with ECMO, including lower extremity amputation 
(4.7%), stroke (5.9%), neurological complications (13.3%), acute kidney injury (55.6%), major or significant bleeding 
(40.8%), bleeding or tamponade in post-cardiotomy patients (41.9%), and significant infection (30.4%).25 Outcomes 
with ECMO in the setting of cardiogenic shock include in-hospital mortality exceeding 70%.100,101

ECMO systems (which consist of pumps, oxygenators, heater and cooler systems, and tubing) allow high blood 
flow that supports vital non-cardiac organs but adds volume and pressure load to the failing heart. The retrograde 
flow provided from the ECMO outflow cannula in the descending aorta can lead to a dangerous rise in left atrial and 
ventricular pressure.27,28 This may result in extreme heart dilation and pulmonary edema and lowers the ischemic 
threshold of the heart and reduces the likelihood of left ventricular recovery.25-27 Systems to overcome ventricular 
dilatation have included the use of an IABP or ventricular sumps to drain the left heart, which may also increase 
complication rates.26

In the context of Impella and cardiogenic shock, recent publications from Pappalardo et al.32 and Patel et al.33 
demonstrated lower hospital mortality among cardiogenic shock patients when treated with Impella and 
concomitant VA ECMO, compared to patients treated with only VA ECMO. The papers showed survival increasing 
from 26% and 22%, to 52% and 43%, which while statistically significant still remains at or below the historical average 
of approximately 50% survival in cardiogenic shock.

Despite strategies to improve results and reduce complication rates, high morbidity and mortality rates persist with 
ECMO. Efforts to prevent distal limb ischemia, left ventricular distention, and central hypoxia often involve additional 
devices, procedures, and expense, and are often ineffective and detrimental to the long-term outcome of the 
patient.30
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ECpella: ECMO + Impella
Grajeda Silvestri et al. published a meta-analysis of ECMO plus Impella studies. The meta-analysis showed a survival 
advantage to the combination therapy arm. In contrast, Cheng et al. published an IABP unloading meta-analysis and 
no survival benefit was seen.

Improved Survival 
with Impella Unloading

Lack of Survival Benefit 
with IABP Unloading

Figure 36: Improved Survival with Impella Unloading in CS 32,102,103,121

Figure 37: ECpella Provides ECMO Support with LV Unloading
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ECMO with LV Unloading65

Daily Ramp Trials on ECMO
Decrease ECMO flow and Increase  

Impella flow

Flows not adequate on Impella alone
CI <2.2L/min/m2 or CPO ≤0.6 

or CPO ≤0.8 with inotropes/pressors 
Persistent hypoxia or RV failure

Continue Impella + ECMO Support
Consider changing to axillary (ambulation)

Wean and Remove ECMO
Continue LV support with Impella

Stable with Impella alone
CPO ≥0.6 without inotropes/pressors 
or CPO ≥0.8 with inotropes/pressors 

and CI >2.2L/min/m2



30

Impella Heart Pumps 
The Impella heart pumps are the smallest percutaneous ventricular support devices available. The Impella CP with 
SmartAssist heart pumps is inserted percutaneously, whereas Impella 5.5 with SmartAssist is surgically implanted. 
These left-sided heart pumps are delivered across the aortic valve, generating forward blood flow in the ascending 
aorta and directly unloading pressure and volume from the left ventricle. The Impella RP with SmartAssist, which 
provides right side support, is delivered from the femoral vein over a wire through the right atrium and right ventricle 
to the pulmonary artery. Use of Impella left-sided heart pumps raises systemic aortic pressure (AOP), mean arterial 
pressure (MAP) and cardiac power output (CPO). Left ventricular unloading during Impella support results from active 
removal of blood from the ventricular cavity, reducing both volume and pressure (measured as left ventricular end-
diastolic volume and pressure [LVEDV, LVEDP]) thereby augmenting peak coronary flow.31 These changes result 
in favorable alteration of the balance between myocardial oxygen supply and demand. These physiologic benefits 
provided by Impella technology optimize the conditions for native heart recovery.

Impella CP with SmartAssist and Impella 5.5 with SmartAssist are used in a variety of clinical scenarios to support 
emergent patients with hemodynamic instability from cardiogenic shock. Worldwide, the technology has been used 
by over 3,000 physicians at more than 1,500 hospitals to support more than 250,000 patients. A large body of 
evidence has been generated through prospective clinical trials, registries, as well as single and multicenter studies 
resulting in over 900 peer-reviewed publications, making Impella the most studied percutaneous circulatory support 
devices on the market. The Impella heart pumps are also approved in Europe (2004), Canada (2007), Latin and South 
Americas (2008-2012) China (2013), India (2017) and Japan (2017) for indications including high-risk percutaneous 
coronary intervention (PCI) and cardiogenic shock.

Abiomed IQ Program and cVAD Study: Real-World Clinical Evidence

Impella Quality (IQ) Database* 
(N=237,628)

cVAD Study Data**

(N=8,008)
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Figure 38: Abiomed IQ Program and cVAD Study
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Clinical Registry Database

*    Abiomed Impella Quality (IQ ) Database, Danvers MA, updated through December 31, 2022 
**  cVAD Study Data of Patients Undergoing PCI for Acute Myocardial Infarction Complicated by 

Cardiogenic Shock, updated through Dec 31, 2020
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Impella Platform/FDA Approvals for Cardiogenic Shock
In the United States, Impella 2.5 has been used since 2006. The first clinical trial investigation of Impella was the 
PROTECT I, FDA trial for high-risk PCI.36  In 2016, the Impella 2.5, Impella CP, Impella 5.0 and Impella LD heart pumps 
received first-of-its-kind FDA approval for the treatment of ongoing cardiogenic shock, immediate (<48 hours) post-
acute myocardial infarction (AMI) or postcardiotomy cardiogenic shock (PCCS). The FDA indication states that these 
Impella heart pumps, in conjunction with the Automated Impella Controller, are safe and effective, and intended 
for short-term use (≤4 days for the Impella 2.5, Impella CP, and the Impella CP with SmartAssist and ≤14 days for 
Impella 5.0, Impella 5.5 with SmartAssist and Impella LD) for the treatment of ongoing cardiogenic shock that occurs 
immediately (<48 hours) following acute myocardial infarction (AMI) or open heart surgery as a result of isolated left 
ventricular failure that is not responsive to optimal medical management and conventional treatment measures with 
or without an intra-aortic balloon pump (IABP). The intent of Impella support in the cardiogenic shock setting is to 
reduce ventricular work and allow heart recovery and early assessment of residual myocardial function.

In 2017, the Impella RP received PMA approval from the FDA for providing temporary right ventricular support for 
up to 14 days in patients with a body surface area ≥1.5 m2 who develop acute right heart failure or decompensation 
following left ventricular assist device implantation, myocardial infarction, heart transplant, or open-heart surgery. 
The Impella RP is a percutaneous pump designed for right heart support that optimizes right heart hemodynamics, 
providing more than 4 liters per minute of blood flow.

FDA PMA Approvals and 510(k) Clearances
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Figure 39: FDA PMA Approvals and 510(k) Clearances

1. 510(k) clearance is defined as substantially equivalent to other 510(k) products cleared.  Established 1976
2. FDA 515i Process, 510(k) Cleared ECMO as long-term Bypass
3. FDA PMA approval is defined as safe and effective and meets FDA risk/benefit requirements.
4. 870.4100 Extracorporeal circuit and accessories for long-term respiratory/cardiopulmonary failure.
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Hemodynamic Effects of Impella Support
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Figure 40: Hemodynamic Effects of Impella Support

Hemodynamic Benefits of Impella Therapy in Cardiogenic Shock
The Impella left side heart pump propels blood forward from the left ventricle into the aorta increasing MAP. This 
increase in MAP and forward flow provides end-organ perfusion. The measure of pressure and flow is objectively 
characterized by the product of MAP and CO [(MAP x CO)/451] and is referred to as cardiac power output (CPO). 
Impella’s action, directly unloading the left ventricle, is unique among MCS devices.37 The active removal of blood 
from the LV reduces end-diastolic volume and pressure (LVEDV, LVEDP) and augments peak coronary flow by 
increasing coronary perfusion gradient. These hemodynamic effects are described in the literature in a variety of pre-
clinical and clinical studies and validated in computational modeling (see Figure 40).7, 38-54 Coronary flow increases in 
the setting of shock through a dual mechanism during Impella support. First, increased aortic pressure (the pressure 
head for coronary flow during diastole) increases the upstream pressure for myocardial perfusion. Secondly, through 
Impella’s unloading mechanism, with continuous removal of ventricular volume, LV wall tension falls (see Figure 
40). LV wall tension (characterized by the Law of Laplace as pressure x diameter/wall thickness) falls leading to 
subsequent reduction in microvascular resistance. Myocardial perfusion gradient improves with a rise in MAP and 
drop in LVEDP. Nellis et al. demonstrated in an animal model that there is a minimum myocardial perfusion gradient 
of 40 mmHg between coronary arterioles and venules.55 Sustained hypotension with coronary perfusion gradients 
<40 mmHg can result in global myocardial ischemia, which quickly depresses an already impaired left ventricle and 
may lead to cardiovascular collapse and arrest.56
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Impella OFF Impella ON

BASELINE PRIOR TO IMPELLA SUPPORT AFTER 48 HOURS OF IMPELLA SUPPORT

Changes in Sublingual Microcirculation

End-organ perfusion with Impella has also been demonstrated through advanced imaging of the sublingual 
mucosal vasculature. Lam et al. used sidestream dark field (SDF) imaging to evaluate improvement of sublingual 
microcirculation as a surrogate for cerebral perfusion with the Impella turned off and turned on, in the setting of 
STEMI with shock (see Figure 42).38

Figure 42: Sublingual microcirculation with Impella Off and On

The coronary perfusion effects of Impella have been assessed using the coronary flow velocity reserve (CFVR) 
demonstrating beneficial unloading effects of Impella during high-risk and primary PCI.58 Recently, the impact 
on coronary perfusion pressure was evaluated by Alqarqaz et al., demonstrating increased perfusion pressure 
distal to significant stenosis with increased flow provided by Impella heart pumps.58 The myocardial perfusion 
effects of Impella were visualized on myocardial scintigraphy by Aqel et al.59 In this case report, a patient enrolled 
in the PROTECT II study underwent hemodynamically supported PCI of the last remaining vessel, the left anterior 
descending (LAD) in the setting of right coronary artery (RCA) and circumflex coronary chronic total occlusions (CTO). 
After LAD PCI, without revascularization of the RCA and circumflex, multiple differences can be noted. With Impella 
support, there is resolution of the inferolateral wall myocardial perfusion detected (circles), improved endocardial 
perfusion, and smaller ventricular volume.35,59
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Figure 41: Improved Myocardial Perfusion with Impella35, 59
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Clinical Evidence of Safety and Effectiveness for Impella  
in Cardiogenic Shock 
The Impella literature review encompasses a large body of scientific evidence from over 900 peer-reviewed clinical 
publications to date. The literature review provides further insight into the use of Impella heart pumps in routine 
clinical practice. The literature analysis shows that cardiogenic shock patients who were treated with emergent 
hemodynamic support are, in general, older, and present with high-risk comorbidities, poor functional status, and 
depressed cardiac function. Overall, the survival rates and morbidities also appear to be favorable for use of the 
Impella heart pumps as compared with surgical ventricular assist devices. This comprehensive set of data that 
was collected over the course of more than 12 years from real-world registry results, clinical trials, and published 
literature on the Impella 2.5, Impella CP, and Impella 5.0, was presented to the U.S. FDA and resulted in the FDA’s 
designation that Impella is safe and effective in the post-surgery and post-AMI cardiogenic shock setting.

Figure 43:  Clinical Guidelines for Impella Heart Pumps

Clinical Guidelines for Impella Heart Pumps

Protected PCI Cardiogenic Shock & Other Guidelines
2021 ACC/AHA/SCAI Guideline for Coronary Artery 
Revascularization (J Am Coll Cardiol)

• In selected high-risk patients, elective insertion of 
an appropriate hemodynamic support device as 
an adjunct to PCI may be reasonable to prevent 
hemodynamic compromise during PCI: Class IIb

2021 EAPCI/ACVC Expert Consensus on pVAD 
(EuroIntervention)

• Indication for pVAD-Support in HRPCI: AFP 
(microaxial flow pump) may be considered in highly 
selected patients undergoing HRPCI in case of 
acceptable femoral access (>6mm diameter common 
femoral artery, no tortuosity); 

• IABP and VA ECMO should not be used

2020 SCAI Position Statement on Optimal PCI Therapy for 
Complex Coronary Artery Disease  
(Catheter Cardiovasc Interv)

• MCS devices aim to improve the safety and 
efficacy of PCI in patients at very high risk for 
revascularization.

• Observational studies demonstrate improved 
procedural cardiovascular hemodynamics and more 
complete revascularization in the presence of MCS 
devices despite higher-risk patient profiles.

2014 AHA/ACC Guideline for the Management of Patients 
With Non-ST-Elevation Acute Coronary Syndromes 
(Circulation)

• Revascularization in Heart Failure: Class I
• pVADs: Large amount of ischemic territory/poor LV 

function

2022 AHA/ACC/HFSA Guideline for the Management of HF  
(J Am Coll Cardiol)

• “Bridge to Recovery” or “Bridge to Decision” for patients with advanced 
HFrEF and hemodynamic compromise and shock: Class IIa

2021 ESC Guidelines Acute and Chronic Heart Failure (Eur Heart J) 
• Short-Term MCS should be used in advanced HF (INTERMACS 1 or 2) as 

BTD/BTR/BTB/BTT: Class IIa
• Short-term MCS should be considered in CS as a BTR/BTD/BTB. Further: 

Class IIa
• IABP is not routinely recommended in post-MI cardiogenic shock: Class III

2021 EAPCI/ACVC Expert Consensus on pVAD (EuroIntervention)
• Indication for pVAD in AMI without CS: Impella CP® use seems feasible as a 

preventive unloading strategy; IABP is not suggested, VA ECMO should not 
be used

• Indication for pVAD in CS: Impella CP may be used as a short-term 
therapy in CS, stage C and D with potentially reversible underlying cause/
transplant/VAD candidates; IABP routine use is not recommended; VA 
ECMO may be used as short-term therapy in CS stage C, D and E and for 
selected patients in refractory cardiac arrest

2020 EACTS/ELSO/STS/AATS Expert Consensus on Post-Cardiotomy 
Extracorporeal Life Support in Adult Patients (Eur J Cardiothorac Surg)

• Percutaneous/axillary Impella or ECpella in severe isolated LV dysfunction: 
Class IIb

• IABP not recommended for severe LV or bi-V dysfunction in failure CPB 
weaning: Class III

2019 HRS/EHRA/APHRS/LAHRS Expert Consensus Statement on Catheter 
Ablation of Ventricular Arrhythmias (Heart Rhythm)

• Hemodynamic Support During VTA: Class IIa
• Hemodynamic Support for Unstable VT: Class IIb

2013 ACCF/AHA Guideline for the Management of STEMI (Circulation)
• STEMI and Cardiogenic Shock: Class IIb
• STEMI and Urgent CABG: Class IIa

2013 ISHLT Guidelines for MCS  (J Heart Lung Transplant)
• Temporary mechanical support for patients with multi-organ failure: Class I

2012 AHA Recommendations for the Use of MCS (Circulation)
• Acutely decompensated heart failure patients: Class IIa

2011 ACCF/AHA/SCAI Guideline for PCI (J Am Coll Cardiol)
• PCI and Cardiogenic Shock: Class I

Categories referencing Impella Devices include Percutaneous LVAD, pVAD, 
Non-durable MCS, TCS, and Percutaneous MCS
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Randomized trials play a key role in assessment of cardiovascular and medical device innovations. Trials in 
cardiogenic shock pose many logistic and methodological challenges. Consequently, evidence on the impact of MCS 
in CS based on randomized controlled trials is limited. So far, 8 randomized controlled trials have been initiated with 
Impella in CS (see Figure 44). Of these, 5 trials were terminated due to markedly lower enrollment rates than the 
target numbers needed to assess primary outcome of the trials.

Figure 44: Randomized Control Trials with Impella

Clinical evidence from various primary sources and a comprehensive literature review supported the FDA’s 
determination of overall safety and effectiveness of the Impella heart pumps in cardiogenic shock:

• USpella/cVAD Study 
• USpella/cVAD Study subset analysis
• National Cardiogenic Shock Initiative (NCSI) Study
• ISAR-SHOCK prospective randomized trial
• RECOVER RIGHT HDE trial
• RECOVER III
• RECOVER IV

Abiomed Funded Randomized Controlled Trials (RCTs) with Impella® in Cardiogenic Shock

As of September 12, 2022
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Survival Before & After The Detroit CSI
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National Cardiogenic Shock Initiative (NCSI) Study
Based on the consistent finding of good survival outcomes with early hemodynamic support with Impella, 
collaborators of the NCSI established a best practices algorithm for the treatment of patients with AMICS. They 
assessed the feasibility and effects of the best practices algorithm in achieving rapid door-to-support times in 41 
patients with AMICS.112 Before initiation of Impella support, 93% of patients received vasopressors or inotropes, 15% 
had out-of-hospital cardiac arrest, 27% had in-hospital cardiac arrest, and 17% were under active cardiopulmonary 
resuscitation during Impella implantation. In accordance with the adoption of a uniform shock protocol, 66% 
of patients had Impella inserted pre-PCI, 83% of patients had right heart catheterization and hemodynamic 
monitoring. The study reported average door-to-support times of 83 minutes and reduction in doses of inotropes 
and vasopressors within the first 24 hours in 71% of patients. A 66% increase in cardiac power output was observed 
(see Figure 45). Survival to explant for the entire cohort was 85% compared to 51% with institutional historical 
controls. The study also reported a survival to discharge of 76% with native heart recovery in 100% of patients who 
survived (Figure 45) and achievement of TIMI III flow after PCI in 87%. In conclusion, this pilot study conducted in 
4 metro Detroit hospital sites demonstrated that systematic use of a shock protocol emphasizing early initiation 
of Impella with invasive hemodynamic monitoring is feasible and may improve survival in AMICS.112 After this 
successful pilot study, the Detroit Cardiogenic Shock Initiative expanded to the NCSI Study.

Increasing Adoption of Best Practices Improving Overall AMICS Outcomes
Distribution of Impella survival to explant at sites treating > 4 patients

Pre-PMA 
Apr 2015 - Mar 2016

376 Hospitals, 3,111 Impella Patients

0% 0%

# of 
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10%10% 20% 20%30% 30%40% 40%50% 50%60% 60%70% 70%80% 80%90% 90%100% 100%

553 Hospitals, 4,441 Impella Patients

Post-PMA (Year 4, YTD) 
Apr 2019 - Sep 2019

Translates to 4,400 
more  patients 

surviving to explant 
since PMA

51% 
median

70% 
median

The increasing adoption of best practices for treatment of patients with AMICS has led to improving overall AMICS 
outcomes (see Figure 46).

Figure 45:  Improvement in Hemodynamics and Survival in AMICS112

Figure 46:  Increasing Adoption of Best Practices Improving Overall AMICS Outcomes106



37

ISAR-SHOCK Prospective Randomized Trial (for Impella 2.5)
Seyfarth et al. published the results from ISAR-SHOCK (n=26) in the Journal of the American College of Cardiology, 
which compared the hemodynamic effects of the Impella 2.5 with the IABP.37 This prospective, randomized 
study demonstrated that the Impella 2.5 provided superior hemodynamic improvement compared with IABP for 
cardiogenic shock patients.37 The Impella 2.5 was found to significantly increase cardiac index compared to IABP, 
while simultaneously unloading the left ventricle.

Improvement in Cardiac Index
ISAR-SHOCK Randomized Controlled Trial
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Figure 47:  Hemodynamic Stability and LV Unloading with Impella 37

RECOVER RIGHT HDE Trial39

The RECOVER RIGHT trial, a multicenter, prospective, open-label study by Anderson et al., reported on the safety and 
efficacy outcomes associated with Impella RP support in 30 patients with right-sided failure. Two cohorts comprised 
this non-randomized study’s patient population: patients with RVF 48 hours after LVAD implantation (n= 18; Cohort 
A) and patients with RVF 48 hours after myocardial infarction or cardiotomy (n = 12; Cohort B). The majority of the 
patients had congestive heart failure history at baseline (88.5%). Primary endpoint was survival to hospital discharge 
or 30 days, and major secondary endpoints were indices of efficacy and safety. Initiation of device weaning occurred 
in a stepwise manner every 2 to 3 hours, with a decreasing flow rate of 0.5–1 L/min each time. Patients developing 
RVF following implantation of an LVAD had lower LVEF and were more likely to be symptomatic (NYHA class III 
and IV) and present with end-stage heart failure than Cohort B.  Following support with Impella RP, there was a 
significant increase in cardiac index (1.8 ± 0.2 to 3.3 ± 0.23 liters/min/m2; p <0.001). Additionally, there was an 
observed reduction in central venous pressure (19.2 ± 4 to 12.6 ± 1 mmHg; p <0.001). The increase in cardiac index, 
along with the decrease in central venous pressure were immediate after pump implementation and sustained after 
pump explant.

RV failure as defined by RECOVER RIGHT39

CI <2.2 L/min/m2  (despite continuous infusion of ≥ 1 high dose 
inotrope, i.e., dobutamine ≥ 10 µg/kg/min or equivalent) and 
any of the following: 
• CVP > 15 mmHg, or 
• CVP/PCWP or LAP ratio > 0.63, or
• RV dysfunction on TTE (TAPSE score ≤ 14mm)

Figure 48: RV Failure Definition
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Figure 49: Sustained Hemodynamic Improvement in Cardiac Index and Central Venous Pressure after Impella RP 39

Sustained hemodynamic improvement in cardiac index (left) and central venous pressure (right) after Impella RP explant (post-support hemodynamic 
parameters were captured within 24 hours after Impella RP explant). The horizontal line in the middle of each box indicates the median; the top and bottom 
borders of the box mark the 75th and 25th percentiles, respectively; and the whiskers mark the 90th and 10th percentiles. 

The need for concomitant inotropic drug support also decreased over time.

Overall survival was 73.3%, and all discharged patients were alive at 180 days. The investigators concluded that the 
Impella RP was safe and reliable for providing hemodynamic improvement in patients with life-threatening RV failure.

Figure 50: Use of Inotropes/Pressors After Initiation of Support with Impella RP 39
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RECOVER IV: Cardiogenic Shock Trial

Figure 51:  RECOVER IV: Cardiogenic Shock Trial

Cost-Effectiveness of Impella in Cardiogenic Shock
Impella has been determined to be one of the most cost-effective treatments in cardiogenic shock. Maini et al.  
concluded that in addition to reduction in length of stay (LOS), patients treated with Impella heart pumps had 
improved survival with reduced cost (see Figure 52).24 A systematic review of cost-effectiveness studies also 
observed reduction in LOS across multiple patient populations.

PVADs Linked to Reduced Mortality, Reduced Costs

52%
43%
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Figure 52: PVADs Linked to Reduced Mortality and Reduced Costs
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