
Keita Saku, MD, PhD
Kyushu University

English lecture slide

Optimal Impella management 
based on the cardiovascular framework

～Basic of  Impella physiology～



 This is the lecture slide which was presented on CCT 2019.

 Please feel free to use this for the internal conference.

 If you use this slide for your presentation at the public conference,
please contact us (info@circ-dynamics.jp).

 If you would like to see the movie contents, please contact the office of
circulatory dynamics academy (info@circ-dynamics.jp).



Impella effects overview



Impella 2.5 On

MAP
110 mmHg

97 mmHg

Balloon
Inflation

42 mmHg

• 66 yo male
• 85% SVG
• Last patent conduit
• EF = 30%
• NYHA Class IV
• Prior CABG
• Prior PCI
• Hemodynamically stable
• Not Surgical Candidate

Case
Start

No Impella

15 sec 30 sec 45 sec

Simulated Arterial Pressure Tracings1

MAP
86 mmHg ‐15% ‐23% ‐51%

‐8% ‐10% ‐12%

Case Example*

Physiologic computational modeling, Am J Physiol. 1991;260 : H146-H157

Impella hemodynamic effect –Simulation-



Impella hemodynamic effect –Case-
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ESP=mean BP
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Suga et al. AJP 1981.

PVA reduction= MVO2 reduction

PV loopPVA = Myocardial oxygen consumption



PV loopImpella→PV loop



PV loopImpella→PV loop –AV open-
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PV loopImpella→PV loop



PV loopImpella→PV loop –AV close-
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PV loopPatterns of PV loop under Impella



Hemodynamics cannot be described 
just by cardiac function



Venous return

CO curve

LAP

C
O

※ Circulatory equilibrium focusing on systemic circulation

OP

Circulatory equilibrium



CE curve in Impella partial support

CO = S×(log(LAP-F)+H)
－ (1-EF)×Impella …  SV↓ 

＋ Impella …  Impella flow
= S×(log(LAP-F)+H)+EF×Impella

Native CO curve shifts downward
because of increased afterload by
Impella flow.

Impella flow
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Partial supportVR

The impact of partial Impella on CE

+EF×Impella flow
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The impact of total Impella on CE



Impella partial support

Circulatory equilibrium PV loop
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Impella total support

PV loop
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Hemodynamic support + PVA reduction

循環制御 2018 39巻 3号
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Increases in Impella flow does
not effectively increase total flow
and AP.

Venous return is important
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VR in LV
↓
Blood volume
PVR
Right heart function
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p-Impella

If venous return is inadequate…

Suction→Ineffective support

Higher flow Impella will be meaningless.
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How does Impella work in VF condition?

Suction threshold

Total Impella



Impella may support VF hemodynamics

Inadequate VR Adequate VR

AP

LAP

RAP

CO

LVAD

VF VF



O’ Neill WW  et al. Circulation. 2012;54:312-321

RCT in HRPCI



RCT in CS



RCT in CS –ISAR SHOCK trial-



Hemodynamic stable
Complete revascularization
 LVEF ↑
 Survival ↑, Event risk ↓

Impella registry

 Strategy
 Algorithm
 Pre-PCI

USpella registry

cVAD registry

EURO-SHOCK registry

IQ database



PV loopImpella and other MCS devices



PV loopECPELLA

×

ImpellaECMO



PV loop in ECMO



PV loop in ECPELLA



PV loop under MCS

PV loop
知ると聞こえる
「心」の声



CV framework for clinical setting

SBP 99 mmHg
DBP 68mmHg
MBP 78 mmHg
CVP 11mmHg
PCWP 24 mmHg

HeartCirculation Peripheral

＋
Lactate
Bil
SvO2

CO
BP
CPO

To CV framework

Answer



Real data simulation

Visualization of hemodynamics



Cardiovascular properties

Ees ↓

EDPVR→

LVEDP ↑

Ea ↑

※Moderate

BP↑



Framework simulation
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⼼拍出曲線静脈還流

Hemodynamic visualization by CE and PV loop

Normal/Present case



Framework study
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⼼拍出曲線は低下し、静脈還流曲線は上昇

Hemodynamic visualization by CE and PV loop

Normal/Present case
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Hemodynamic visualization by CE and PV loop
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Further LV dysfunction occurred after VF…
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Impella

Total flow ↑
（Native CO＋Impella）

BP ↑ LVEDP ↓

PVA ↓

Hemodynamic support

LV unloading

Impella effects overview



Impella

Total flow ↑
（Native CO＋Impella）

BP ↑ LVEDP ↓

PVA ↓

Hemodynamic support

LV unloading

More exciting paradigm

Impella effects overview



 Recent progress in the treatment of acute myocardial infarction (AMI) has
lowered acute mortality to less than 10%.

 However, the presence of myocardial damage leads to heart failure in
about 30% of patients in the long term.

 The latest reperfusion therapy is still unsatisfactory for preventing future
heart failure.

AMI
HF

AMI Early reperfusion Increasing in heart 
failure after MI

MI

1995 2010

Clinical option of Impella unloading 



Ischemia Reperfusion

Ischemia-reperfusion



Imbalance between supply and demand



Supply
Demand

Acute unloading in MI is “Functional reperfusion”.

Impella

Total flow ↑
（Native CO＋Impella）

BP ↑ LVEDP ↓

PVA ↓

Collateral flow ↑

LV unloading

Impella effects during ischemia



LV mechanical unloading in acute MI (acute unloading) 
reduces infarct size. 

Hypothesis

Hemopump reduces MI size 
 Dog
 2 hrs MI and 1 hr reperfusion
 Hemopump

Total LVAD reduces MI size 

Smalling et al. Circulation 1992. Saku et al. Plos one 2015.

 Dog
 1.5 hrs MI and 5 hr reperfusion
 LVAD

Infarct size (%)

Acute umloading limits infarct size



 Swine
 1 hr MI and 3 hrs reperfusion

Group 1 : Control group 
Group 2 : Maximum Impella entire exp.
Group 3 : Maximum Impella during reperfusion
Group 4 : Partial Impella during reperfusion 

Changes in MVO2 MI size (%)

Meyns et al. JACC 2003.

Acute Impella limits infarct size



Saku et al. Circ Heart Fail 2018.

 Dog
 3 hrs MI and reperfusion
 Assessment in a month after MI
 Impella CP

Total Impella support limits infarct size 
and prevents heart failure



Clinical scenario of AMI
Sixty‐two years old man with multiple CV risk factors. 
Chest pain evoked 2 hrs before admission. 
Tachycardia, Stable hemodynamics, Positive for troponin, ECG ST elevation 

PCI
Unloading



Door to unload
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Door to unload

Ischemia

MVO2 ↓
and

Collateral flow↑

Inhibition of 
reperfusion injury
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Reperfusion



While, the contemporary strategy of treating AMI is
dominated by a quest to achieve rapid coronary
recanalization in AMI (Door to Balloon Time), we
now propose that first mechanically reducing LV
preload (Door to Unload) and then delaying coronary
reperfusion will promote RISK pathway activation
and significantly reduce myocardial infarct size.

Navin K. Kapur, MD

Tufts University

A pivotal trial assessing the impact of
LV unloading in anterior STEMI is
planned to begin in 2019.

STEMI-DTU trial



 Dog
 3 hrs MI and 3 hrs reperfusion
 Treatment started from 1 hr after MI
 Partial support with Impella CP

Sunagawa et al. JCTR 2018.

Impella+Ivabradine



Yoshitake et al. J Artif Organs 2012.

MI size (%)
 Swine
 2 hrs MI and 4 hrs reperfusion
 Impella LD and landiolol 0.5 mg/kg/min

Impella+beta-blocker



PVA

ECMO+Impella



Conclusion

 Impella increases total cardiac output, thereby reducing
LVEDP.

 Impella support effect depends on native LV systolic
function because Impella shifts CO curve by
LVEF×Impella flow.

 Impella reduces PVA, thereby reducing MVO2.

 Impella unloading effect may contribute to the limitation
of infarct size (STEMI-DTU trial).


