Cardiogenic Shock: State-of-the-Art Definitions and Classification
for Optimal Treatment Strategy

Cardiogenic shock severity and optimal treatment strategy

How to use hemodynamics to assess
the severity of cardiogenic shock ?

Keita Saku, MD, PhD

National Cerebral and Cardiovascular Center
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Understanding hemodynamics
= Understanding circulatory equilibrium
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Hemodynamics is determined by CE

Cardiac output curve
— (Frank-Starling curve)

Equilibrium point Venous return curve
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Cardiac Output(l/min)

Equilibrium point
=Hemodynamics

RAP
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What Is cardiac output curve?
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PV loop

(D Systolic function
[— 2 the slope of ESPVR (Ees)
(2) Diastolic function
=EDPVR

Volume

Pressure
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Pressure
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PV loop

(D Systolic function
[— 2 the slope of ESPVR (Ees)

(2) Diastolic function

/— =EDPVR

(3) Arterial afterload
Volume (1) Preload =the slope of E,
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PV loop

Cardiac function (E.., EDPVR)

Arterial property (E,)
X

E
Preload sv= = (Voq-Vo)
SV ” Ea+ Ees : ’

Stroke volume

Pressure

PV loop shows us how much
Preload — the heart can eject the blood in
Volume a cardiac cycle.
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PV loop to CO curve
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CO curve
CO curve=S5SV XHR

Decrease cardiac contractility (Ees])

Worsening of diastolic function (EDPVERY)
Increase arterial resistance (1R=Eat)

Decrease HR
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What IS venous return?
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What IS venous return

® The fluid flows from high pressure to low
pressure.

® Mean circulatory filling pressure (MCFP)
IS defined as the pressure after a stop In
cardiac output.

® Guyton assumed that the difference of
pressure between MCFP and RAP
generates the venous return.

® Experiment showed that decrease In
RAP from MCFP increased venous return.

Mean circulatory filling pressure
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What IS venous return

Volume loading increases the MCFP
and shifts the venous return upward.
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Hemodynamics is determined by CE
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How does the CS alter circulatory equilibrium?

> This graph focus on left heart, for the sake of clarity.

Cardiogenic shock

Decrease in cardiac contractility (Ees])
lowers the slope of CO curve.

The equilibrium point shifts to the lower-right.
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Forrester classification

> This graph focus on left heart, for the sake of clarity.

Treating Cardiogenic shock
Moving the equilibrium point to the upper-left.
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How to understand two ventricular system

Pulmonary circulation

J=h FE 0

v

Systemic circulation

> This is not the best but acceptable way.
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How to understand two ventricular system

Pulmonary circulation

J=h FE 0

LH \

Systemic circulation

> This is not the best but acceptable way.
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What is PAPI

PAPi = e PP = ald CO=HR=*S
" T RAP ~C = MRSV
‘ C=compliance in PA

CO

PAPI indicates
the slope of right CO curve
= RV egjection fraction

CO

7
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National cardiogenic shock initiative

NATIONAL CARDIOGENIC SHOCK INITIATIVE
ALGORITHM

® Rapidly identify patients with cardiogenic
shock
[ }— . e @ Measure hemodynamics pre PCI

IF LVEDP >15 or Cardiac Index < 2.2 AND anatomy suitable, place IMPELLA

T — ® Use early mechanical support if LVEDP >

** QUALITY MEASURES ** ©  If unable to obtain TIM) 1l flow, consider administration of intra-coronary

vasadilatare

¢ Impella Pre-PCI ¥

P ——— 15 or cardiac index < 2.2

< 90 minutes 3
1. Cardiac P Output (CPO): MAPXCO
o Establish TIMI Il Flow g S b e

¢ Right Heart Cath

] ]
o Waan offVasopressors & 2. Pulmonary Artery Pulsatility Index (PAPI): sEA.ER»Ad.EAE . R eVaS C u I a r I Z atl O n

Inotropes ¥
* Maintain CPO >0.6 Watts

gy |memem===.—— @ Measure - Cardiac Power Output (CPO) -
NATIONAL | .. . Pulmonary Artery Pulsitility Index (PAPI)

CARDIOGENIC ® \Wean or augment support based on
SHOCK - T——

Impella should only for once the followi are met
*  Weaning off from all inotropes and vasopressors

NationalCSI@hfhs.org o CPO>06,3nd PAPI>09 . M . - ]
s oo | M INIMIiZe Fressors/INotropes
.henryford.com/cardiogenicshock P:ncm m‘*’ha ;: no?rllgmn myocardial recovery within 3-5 days, as clinically indicated, should

INCLUSION CRITERIA
Acute Myocardis! Infarctio: STEMI oF NSTEMI

be transferred to an LVAD/Transplant center. If patients are not candidates, palliative care
options should be considered.
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National cardiogenic shock initiative

NATIONAL CARDIOGENIC SHOCK INITIATIVE o

ALGORITHM

est i which ROSC s nat

INCLUSION CRITERIA
Acute Myocardis! Infarctio: STEMI oF NSTEMI

o ock
exsion (Paimonary Embutsm, Preumothoras,

coagulation

® Rapidly identify patients with cardiogenic
shock

I ACTIVATE CATH LAB l_’ 5

Obtain femoral arterial access (via direct visualization with use of ultrasound and fluoro)
Obtain venous access (Femoral or Internal Jugular)
Obtain either Fick calculated cardiac index or LYEDP

IF LVEDP >15 or Cardiac Index < 2.2 AND anatomy suitable, place IMPELLA

® Measure hemodynamics pre PCI

** QUALITY MEASURES **

* Impella Pre-PCI

* Door to Support Time
< 90 minutes

* Establish TIMIIII Flow

¢ Right Heart Cath

* Wean off Vasopressors &
Inotropes

¥

Attempt to provide TIMI 11l flow in all major epicardial vesscls other than CTO
1f unable to obtain TIM] 11 flow, consider administration of intra-coronary

® Use early mechanical support if LVEDP >

wreslinieis
¥

Perform Post-PCl [¥
1. Cardiac Power Output (CPO): MAPXCO
451

2. Pulmonary Artery Pulsatility Index (PAPI): sPAP - dPAP
RA

15 or cardiac index < 2.2
® Revascularization

* Maintain CPO >0.6 Watts
* Improve survival to
discharge to >80%

¥

rators skould wean vasopn -
the Cath Lab ot lft in piace with transier

impelia

1
1CPO is 0.6 and PAPI <
for RV éysfunction/

modynamic support i clinical suspicion

lar exsm should be performed tncluding femaral

® Measure - Cardiac Power Output (CPO) -
Pulmonary Artery Pulsitility Index (PAPI)
® \Wean or augment support based on

NationalCSI@hfhs.org

www.henryford.com/cardiogenicshock

« Daily should be pes L vascular
assessment

*  Monitor for signs of hemolysis and adjust Impella posit dicated

Impella should only for once the followi are met

*  Weaning off from all inotropes and vasopressors
© (PO >0.6,and PAPI > 09

Bridge to Decision

Patients who do not regain myocardial recovery within 3-5 days, as clinically indicated, should
be transferred to an LVAD/Transplant center. If patients are not candidates, palliative care
options should be considered.

CPO/PAPI
® Minimize Pressors/Inotropes
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What can we learn from these parameters?

CO LVEF

PAPI CVP PCWP/LVEDP
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We can identify the circulatory equilibrium

Right heart - Left heart

PAP] CVP\ PCWP/LVEDP |

Right CO determines the VR of left heart
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Finally...

It determines the delivered power to the body.

Right heart - Left heart

Power (W):
(CO XMAP)/451

PAP] CVP\ PCWP/LVEDP |
=CPO

Right CO determines the VR of left heart
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We see how effective the two-ventricular
system delivers the power to the body

Right heart - Left heart -

Power (W):
(CO XMAP)/451

PAP] CVP\ PCWP/LVEDP |
=CPO

Right CO determines the VR of left heart
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Conclusions

v' Understanding hemodynamics
= Understanding Guyton’s circulatory equilibrium.

v’ Every hemodynamic parameters indicate the
effectiveness of two-ventricular system. Thus,
the balance between right and left heart is also
Important.

v' We need to consider “the voice of body” such as
Lactate, which indicates the sufficiency of given
circulation.
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Deep dive into circulatory equilibrium

Equilibrium point e e
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v Guyton’s model is a concept of single heart (RAP-CO relationship).

v Dr. Sunagawa established the extended model of circulatory equilibrium.
v"In this model, we can consider LAP together with RAP.

v If you learn more, VISIT OUR WEBSITE!
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