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AMI Shock Mortality Unchanged in > 20 years

/ 12 High In-Hospital Mortality
US AMI/CGS cases per year®: During AMI Cardiogenic Shock?
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Worsening Mortality of AMI-CS??

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 8, NO. 4, 2006
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Inclusion in Cardiogenic Shock Trials
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Variability in reporting of key outcome predictors in AMI
cardiogenic shock trials

Key Outcome Predictors in Cardiogenic Shock

Only15 randomized clinical trials in over 20 years including a total of 2525 patients

; Percent of studies including each variable
Only 4 have enrolled over 80 patients

Yes No
+ Key outcome predictors in AMICS are frequently underreported = ==
+ Future CS trials and registries should include more consistent ascertainment of key prognostic 6Cs on Admission Apachescore SOFA Hypothermia

variables and reporting of SCAI shock stage to improve our assessment of novel therapies

Percent of variables

Percent of key outcomesincluded in each trial

00¢

100

90

n= 41 n= 32
7%
80 o 25 n,gg n=57 Cause of Death Cardiac Index PCWP Lactate
69%
o % ss n=706
o so ) n= soo
60 54%
n= 393 n= 41 n=40
50
W Vasopressors LVEF Cardiac Arrest Pre-Intervention MCS
31% 31%
n=57 n=80
30 23%
n=42

20

10

. S$BP (mean) Mechanical Ventilation 30 Day Mortality

N N S o > S & N S Q) Q)
o ~°>°‘” & »\‘ & & @ & & & ¢
Q d~ & 0 & & £ S 2
Q~° \x\ C‘\ & \,w“ ,§\° 9 & s & N & ©
& S & @ N & ¢ o ¥ © & ) 3 oS &
Q& Q & & & & & S N R o N
I & 3 B $

000

Cl: Tyler, Henry et al 19 April 2021, DOI: (10.1002/ccd.29710)



Variability in reporting of key outcome predictors in
AMI cardiogenic shock trials

Trial Reporting
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Current Evidence From Randomized Clinical Trials in Cardioge
Shock in the Percutaneous Coronary Intervention Era
Mortality

Relative Ri;.k - 95% CI
100/150 -

Trial Follow-up n/N n/N Relative Risk - 95% CI

Revascularization (PCI/CABG)
SHOCK 1 year 81/152 i
SMASH 30 days 22/32 18/23 —
Total 1031184 1181173 et

Type of revascularization pary revasculanzation
CULPRIT-SHOCK 30 days 149/344 176/341 E

V. Culprit-lesion-only PC Immediate multivessel PCI
asopressors better i better
SOAP-2 (CS subgroup) 28 days 50/145 64/135 ——
Levy et al. 28 days 4/15 5/15
OptimaCC 28 days 8/30 13/27 —a—
Total 62/190  82/177 S
lnotropes Norepinephrine
P 10116 " .
Levosimendan better

0.72 (0.54:0.95)
0.87 (0.66:1.29)
0.82 (0.69:0.97)

0.84 (0.72;0.98)

Dopamine or epinephrine
better

Fuhrmann et al. 30 days 5/16

Glycoprotein lIb/llla-Inhibitors
PRAGUE-7

Control better

In-hospital 15/40 13/40

Up-stream Abciximab . Standard treatment

NO-Synthase-Inhibition
TRIUMPH
SHOCK I
Cotter et al.
Total

Hypothermia
SHOCK-COOL

IABP
IABP-SHOCK |
IABP-SHOCK I
Total

Mechanical circulatory support
Thiele et al.
Burkhoff et al.
ISAR-SHOCK

30 days
30 days
30 days

30 days

30 days
30 days

30 days
30 days
0 days
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IMPRESS-IN-SEVERE-SHOCK 30 days
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35177
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76/180
7120
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10/15
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9/20
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12124
32/71
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HOUGHTS ON SHOCK

ANot all shock is created equally

ANhat has held the field back is
the lack of a common language!




Car Crashes are Variable




Problem with o0One Size FI t

Cardiogenic Shock
IABP SHOCK Il Trial
. SBP < 90 for 30mins

Pressorsto SBP > 90
PulmCongestion

Signs ofHypoperfusion
(Lactate > 2, Alt MS or
Urine Output < 30 /hour)

IMPRESS Trial
SBP < 90 for 30mins
Pressorsto SBP > 90
All pts intubated
90% cardiac arrest
20 minutes to ROSC
70-80% hypothermia

Signs ofHypoperfusion
(Lactate > 78, ph 7.1-7.2)




Classification System

SCAI 2019
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CLINICAL DECISION MAKING WILEY

SCAI clinical expert consensus statement on the classification
of cardiogenic shock

This document was endorsed by the American College of Cardiology (ACC), the
American Heart Association (AHA), the Society of Critical Care Medicine (SCCM),
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Abstract

Background: The outcome of cardiogenic shock complicating myocardial infarction
has not appreciably changed in the last 30 years despite the development of various
percutaneous mechanical dirculatory support options. It is dear that there are varying
degrees of cardiogenic shock but there is no robust classification scheme to catego-
rize this disease state.

Methods: A mult linary group of experts convened by the Sodety for Cardiovas

“ Rescarch
New York City, New York

"Hayior University Modical Center, Daltas,
Texas

“Lindner Rescarch Conter 3t the Chist
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"Cooper University Hospital, Camdon,

New Jorey

*1he CardloVancudar Conter, Tufts Modical
Center, Boston, Massachusetts

"Heney Ford Health System, Detrolt, Michigan
“Virginks Commonweath Univority Health
System, Richmand, Virgnks

*'Hcant Conter Loipaig at University of Lelpris.
Department of Intormal Medione/Cardology,
Leipng. Gormany

AL Mepronarsatse
'AA Regrertative.

e

cular Angi by and & lons was bled to derive a d classification
schema for jogenic shock. Repy from c ogy (interventi
advanced heart fallure, noninvasive), emergency medicine, critical care, and cardiac
nursing al b to develop the d schema.

Results: A system describing stages of cardiogenic shock from A to E was developed.
Stage A is “at risk” for cardiogenic shock, stage B is "beginning” shock, stage C is
“dassic” cardiogenic shodk, stage D is "d ', and Eis " ". The differ-
ence between stages B and C is the presence of hypoperfusion which is present in
stages C and higher. Stage D implies that the initial set of interventions chosen have
not restored stability and adequate perfusion despite at least 30 minutes of

Catheter Cardlovasc Interv. 2019,1-9.

wikcyonlinclibrary com/journal/ccd © 2019 Wikey Pertodicals Inc. |




SCAI SCAI Stages of Cardiogenic Shock

Society for Cardi |
Angiot;r:;h:& |I$:;,?-,:ms Adapted from the SCAI Clinical Expert Consensus Statament on the Classification of Cardiogenic Shock

Endossed by ACC, AHA, SCCM, and 5TS
EXTREMIS

. & patient baing supportad by multiple interventions who may be
axperiancing cardiac arrest with ongoing CPR and/for ECMO.

DETERIORATING

A patient who fails to respond to initial interventions. Similar to stage Cand
gatting worse.

CLASSIC

. A patient presenting with hypoperfusion requiring intervention beyond volume
rasuscitation {inotrope, prassor, of mechanical support including ECMO). Thase
patients typically present with relative hypotension.

Arrest (A) Modifier:

BEGINNING

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

ATRISK

_

A patient with risk factors for cardiogenic shock who is not currently
axpariencing signs or symptoms. For exampla, large acute myocardial
infarction, prior infarction, acute andfor acute on chrenic heart failure.

Baran 04, Grines CL, Bailey 5, at al. S3CAl clinical expert consensus statement on the classification of cardiogenic shock. Catheter Cardiovasc Intarv. 2019:1-9. https:(/dei.org/10.1002/cod 28329
For more information, please visit: www.scai.org/shockdafinition

SCAI

Society for Cardiovascular
Angiography & Interventions




Validation of SCAI Shock Classificatic

Stage C ("Classic") Hypoperfusion WITHOUT
deterioration

Stage D ("Deteriorating)” Hypoperfusion WITH deterioration
NOT refractory shock
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Standards and Guidelines
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Incorporation of Validation Studies
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INTRODUCTION spectrum of CS, incdluding various phenotypes, pre
and health care settings. Nonetheless,
several areas of potential refinement have been
identified to make the classification scheme more
applicable across all settings and clinical time points,
given that data from validation studies have pro-
vided useful information not previously available
that could serve to significantly refine the dassifi-
cation. With this background, a clinical expert
consensus writing group of all relevant stakeholders
was reconvened to re-evaluate and refine the SCAI
SHOCK stage classification based on the existing
literature and dinidan feedback from real-world
experience.

Since its development and release in 2019, the So-
dety for Cardiovascular Angiography and In-
terventions (SCAI) shock stage classification for adult
patients has been widely cited and increasingly
incorporated, owing to its simplicity across all din-
ical settings, ecasily understood and visualized
framework, and notable endorsement by relevant
sodieties and organizations that manage cardiogenic
shock (CS).' Ensuing validation studies over the
course of the subsequent 2 years documented both
its case and rapidity of use as well as its ability to
meaningfully discriminate patient risk across the
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Association between SCAI stages and mortality
was consistent across ACS & HF subgroups
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SCAI Stage

Jentzer, JACC 201971 CICU patients
Thayer, Circ HF 20207 CS patients




Proposed 3-axis model
of cardiogenic shock
evaluation and
prognostication

Cardiogenic
shock patient

st with coma
/reversibility
gan failure
e Systemic inflammatory
response
¢ Frailty/risk of complication

s1aIpow sty

©2021 Society for Cardiovascular Angiography and Interventions



Chronic cardiovascular disease

—— H
SCAI shock stage not applicable Acute cardiovascular event

Recovery Hemodynamically stable
SCAIl shock stage A
RECOVERY PATHWAYS Loss of 1 compensation DETERIORATION PATHWAYS

Normalization of perfusion compensation Acute catastrophic event (i.e.,
metrics while on support (MCS prolonged CA) arrives in Stage
or pharmacologic) improves to E. All others must stop at least
Stage C. If remains normal . . transiently in Stage C for first

: Deterioration . .
with removal of support, then intervention.
improves to Stage B or A. Failure to stabilize with initial Tx
SCAI shock stage D

Deterioration

©2021 Society for Cardiovascular Angiography and Interventions

SCAI
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EXTREMIS

(A) Modifier: ‘ A patient with refractory shock or actual/impending
CA with concern for circulatory collapse.

anoxic brain injury

A patient who has clinical evidence of shock that worsens or
fails to improve despite escalation of therapy.

CLASSIC

. A patient who has clinical evidence of hypoperfusion
that initially requires pharmacologic or mechanical support.

Hypotension is usually present.
BEGINNING

. A patient who has clinical evidence of hemodynamic
instability (including hypotension, tachycardia or abnormal
systemic hemodynamics) without hypoperfusion.

AT RISK

‘ A hemodynamically stable patient who is NOT experiencing
signs or symptoms of CS, but is at risk for its development (i.e.
large AMI or decompensated HF).

©2021 Society for Cardiovascular Angiography and Interventions

SCAI
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Interaction of Cardiac Arrest and Cardiogenic Shc
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m In-Hospital Mortality
50%

m 1-Year Mortality
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Cardiac Arrest Impact on Cardiogenic Shoc
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Tri al P rOtO CO I Patient incardiogenicshock DanGer ShOCkv

after myocardialinfarction

Danish German Cardiogenic Shock trial

Inclusion Screening

1. STEMDbf <36hrs(ECGAngiq Checlof Inclusior ExclusiorCriteria Exclusion

2. CGS24hrs ] other causeof shock(hypovolemia
lactate>2.5 &br SvQ <55% Patients Intent sepsisembolism anaphylaxi
(at normal Pag) and (1/2 physician consent process)* cardiacmechanical
SBP < 10mHgor complicationgpapillarymuscle
Vasopressors rupture, VSDrupture of free wall)

Randomization severeaortic valveregurgitation
/ stenosig mechanicalalve
severeRVfailure (e.g. TAPSE <1cm)

3. LVEF <45%

additionalinclusion(same Group 1: Group 2: Of?Hcafdiaca"eStWith GCs <8
criteria) if shockis developed IMPELLA Control after ROSC
shock>24hrs

within 12 hrsof procedure alreadyestablishedMCS

DNR /severecomorbidity
knownintoleranceto Heparine
Aspirin, ADPfP2Y 12nhibitors,

accordingo currentguidelines

Followup: 180days

PrimaryEndpoint Deathfrom all causeghrough 180days

SecondaryEndpoints:

Compositecardiovasculaevents(survivalwith native heart needfor additional MCSgardiactransplantation death of
all cause}

hemodynamic4CPO, Lactatelearance PAP)

sequentialorganfailure assessmentSOFA) score @ 24, 48,h2after randomization

useanddosageof vasopressoandinotropes@ 24, 48, 72rsafter randomization

renalfunction

LVfunction@ 180days

To T o T o

* patient/ proxyconsentassoonassafeandfeasible
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AHA SCIENTIFIC STATEMENT

Contemporary Management of

Cardiogenic Shock

A Scientific Statement From the American Heart Association

Direct transfer to Shock Center
by-passing closest nonshock site

ABSTRACT: C: shock is a high-acuit Ily complex, and
hemodynamlca]ly diverse state of end-organ hypoperfuslon that is
with organ failure. Despite improving

survival in recent years, patient morbidity and mortality remain high, and
there are few evidence-based therapeutic interventions known to clearly
improve patient outcomes. This scientific statement on cardiogenic shock
summarizes the . causes, and outcomes of
cardiogenic shock; reviews contemporary best medical, surgical,
‘mechanical circulatory support, and palliative care practices; advocates for
the development of regionalized systems of care; and outlines future
research priorities.

ardiogenic shock (CS) is a low-cardiac-output state resulting in life-threat-
ning end-organ hypoperfusion and hypoxia.'> Acute myocardial infarction
il vemrisuler CRdmeen semains the e et sase.of

in survival, but significant regional disparitics in evidence-based care have been
reported, and in-hospital mortality remains high (27%-51%).'** Management
recommendations are distributed between discase-specific statements and guide-
lines, and a dedicated and comprehensive clinical resource in this area is lacking.
‘Thus, consolidating the evidence to define contemporary best medical and surgical
S practices for both Mi-associated CS and other types of CS may be an important

Sean van Dicpen, MD,
MSc, FAHA, Chair

Jason N. Katz, MD, MHS,
Vice Chair

Nancy M. Albert, RN, PhD,
FAHA

Timothy D. Henry, MD,
FAHA

Alice K. Jacobs, MD, FAHA

Navin K. Kapur, MD

Ahmet Kilic, MD

Venu Menon, MD, FAHA

E. Magnus Ohman, MD

Nancy K. Sweitzer, MD,
PhD, FAHA

Holger Thiele, MD

Jeffrey B. Washam,
PharmD, FAHA

Mauricio G. Cohen, MD

On behalf of the Ameri-
can Heart Association
Council on Clinical
Cardiology; Council on
Cardi and

step in knowledge translation to help attenuate disparities in evidence-based care.

Regional systems of care coupled with treatment algorithms have improved sur-
vival in high-acuity time-sensitive conditions such as M, out-of-hospital cardiac arrest
(OHCA), and trauma."* > Applying a similar framework to CS management may lead
to similar improvements in survival, and CS systems of care are emerging within ex-
isting regional cardiovascular emergency care networks; however, guidance from a
national expert group on structure and systems of care has not been available.1* Ac-
cordingly, the purposes of this American Heart Association (AHA) scienific statement
on CSare to summarize our of the patho-
physiology, and in-hospital best care practices into a single clinical resource document;
to suggest a stepwise management algorithm that integrates medical, surgical, and
mechanical circulatory support (MCS) therapies: and to propose a Mission: Lifeline—
supported pathway for the development of integrated regionalized CS systems of care

DEFINITION OF CS

Acute cardiac hemodynamic instability may result from disorders that impair func-
tion of the . valves, system, or cither in isolation

€232 Ociober 17,2017 Circuation.

Stroke Nursing; Council
on Quality of Care and
Outcomes Research;
and Mission: Lifeline

Key Words: AHA Scientific
Statements W delivery of health
care W discase management
Mishock, cardiogenic

© 2017 American Heart
Asst

ation, Inc.

DO 101

PCI Capable

!

L)

im0

Non-Shock Spoke Center J

Not PCI Capab

CARE LOCATION

©
=
o
wv
o
==
Q
B
o
o
v

©
=
o
v
=]
==
0
=
eE
-
o
=1
=
wv

SCAI

Society for Cardiovascular
Angiography & Interventions

Non-Shock Spoke Center

le

iogenic

Card

< " 0O <000 XN

.! ‘/' Hub Cardiogenic
0—O

Shock Center

CARDIOGENIC SHOCK MANAGEMENT PATHWAY

Transplan

Resuscitation and Medical Therapy
Inotropes/Vasopressors
Mechanical Ventilation

Etiology specific Medical Therapy

e@rfus-on (A(‘s Onln
PCI
CABG
Fibrinolysis
m———p -

Peripheral VAD
ECMO
Implantable VAD

Durable VAD

Destination VAD




SHOCK Team Approach

Healrt

Severe Failure
Refractory Cardiologist
Cardiogenic

Shock

Patient

Interventionl
Cardiologist

Cardiac ICU

Surgeon A 24 x 7 Availability Cardiologist
A Match Proper Device to

Patient needs

A Facile with Invasive
Hemodynamics and all
devices




AHA SCIENTIFIC STATEMENT

Invasive Management of Acute Myocardial Infarction
Complicated by Cardiogenic Shock: A Scientific
Statement From the American Heart Association

Timothy D. Henry, MD, FAHA, Chair, Matthew |. Tomey, MD, Jacqueline E. Tamis-
Holland, MD, FAHA, Holger Thiele, MD, Sunil V. Rao, MD, Venu Menon, MD, Deborah G.
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SCAI Shock Stage - B

Description At risk Beginning Classic Deteriorating Extremis
Survival (%)
In CS/AMI (30 d) 0 9.4 66.1 46.1 33.1 2.6

Hypothesized , . 1
| ? | oee?
role for early MCS Early el Stabilization Salvage
Individualized

patient assessment Factors that may favor early MCS Cautions against early MCS
Persistent hemodynamic, electrical or Low level of operator/team/institution
respiratory instability despite initial measures experience with device use
High risk coronary anatomy Vascular anatomy prohibitive for access
Severe ventricular dysfunction Delay to primary reperfusion therapy*
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Palliative care

Stable BP and perfusion status Assess patient and CIaSSIf\f shock Moribund patient

Limited goals of care
Generally stage ‘E’

Stable respiratory status
Generally stage ‘A’

Low BP
Malperfusion

Stabilize patient

Hypoxemia
Acidosis

Consider vasopressor/inotrope

Consider intubation/ventilation

Diagnose cause of shock and define

hemodynamics (LHC, RHC, Echo) Mechanical complication

Surgical consult

Consider early MCS

Factors that may favor early MCS Cautions against early MCS
Persistent hemodynamic, electrical or Low level of operator/team/institution
respiratory instability despite initial measures experience with device use
High risk coronary anatomy Vascular anatomy prohibitive for access
Severe ventricular dysfunction Delay to primary reperfusion therapy*

Revascularize culprit lesion
Verify stability for transfer to ICU
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CSRC Shock Il T Formation of Working Groups

|. Shock networks for treatment and research

Il. Defining cardiogenic shock for research and
regulatory purposes i Academic Research
Consortium (SHARC)

I Creation of a minimum reguirement case report
form

lll.Informed consent for Cardiogenic Shock Res
IVV.Core questions to be answered: trial design
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Cardiogenic Shock: Selected Issues

ANew SCAI Shock Classification
ACardiac Arrest-CS interaction
AShock centers and teams

AUS National Shock Initiative

A Role of MSC: New data
A Refractory Shock
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80 participating hospitals (29 states + DC)

NCSI: CLINICAL SITES

patients enrolled
406 nationally

total patients
1! 103 screened (with AM/ +

cardiogenic shock)

32 48

Academic  Community
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