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Objectives

* Review the definitions, epidemiology,and
pathophysiology of cardiogenic shock

* Discuss my approach to management
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Case

45yo0 M with recent smoking history (1 pack per wk)
admitted with SOB, orthopnea, PND, abd distension.

PE: HR 105, BP 120/92, 95% RA, JVP 15cm, no
murmurs, +S3, b/l LE edema

Labs: Cr 2.5, AST 750, TB 2, Lactate 8
EKG: ST, Qin |, aVL, V1-3

Echo: EF 20%, mild LV dilation, mod central MR, mod RV
dysfunction, severe TR
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RCTs for P2Y12 inhibition in ACS/PCI

CURE (N=12,562)
PLATO (N=18,624)

The NEW ENGLAND

JOURNAL o MEDICINE
CLARITY-TIMI 28 (N=3,491) | “——o

N=59,430

EEEEE (N=11,145)

N=0 with Cardiogenic Shock pm

TRITON-TIMI 38 (N=13,608)

Effect of Platelet Inhibition with Cangrelor
during PCI on Ischemic Events

The NEW ENGLAND
JOURNAL of MEDICINE

Prasugrel versus Clopidogrel in Patients
with Acute Coronary Syndromes




RCTs in Cardiogenic Shock

Total N~2,700

Currently ~3,800:

+ DOREMI (192)

+ ECMO trials (~560)
+ DanGer Shock (355)

Trial Follow-up
Revascularization (Culprit vs Complete)
CULPRIT-SHOCK 30 days

Revascularization (PCI/CABG)

SHOCK 1-year
SMASH 30 days
Total

Vasopressors
SOAP Il (CS subgroup) 28 days

Inotropes
Unverzagt et al. 30 days

Glycoprotein llb/llla-inhibitors In-hospital
PRAGUE-7

Nitric oxide synthase inhibitors
TRIUMPH 30 days
SHOCK-2 30 days
Cotter et al 30 days
Total

IABP
IABP-SHOCK | 30 days
IABP-SHOCK |l 30 days
Total

LVAD

Thiele et al
Burkhoff et al
Seyfarth et al
Total

30 days
30 days
30 days

An Academic Research Organization of
Brigham and Women’s Hospital and Harvard Medical School

n/N

149/344

81/152
22/32
103/184

97/201
24/59
4/15

125/275

7119
119/300
126/319

9/21
9/19
6/13
24/53

Adapted from Thiele et al. EHJ. 2015; Thiele et al. NEJM 2017;377.

Mortality
Relative Risk
n/N 95% ClI

176/341 |
Culprit-only better | Complete better

100/150 -
18/23 =T
1181173 <
Early revascularization : Medical therapy
better i Dbetter
50/135 ——

Norepinephrine {  Dopamine
better i better

10116  —*———

Levosimendan i Control
better i better

13/40 —

Up-stream abciximab :  Standard treatment
better better

76/180 E B
7/20 o=
1015 —=——

93/215 ~—

Nitric oxide synthase Placebo
inhibition better better

6/21 .
123/298 : 3
129/319

IABP Standard treatment
better better

9/20
5/14
6/13
20/47

LVAD | IABP
better } better
I T | I I I 1

T f
0025050756115 2 253

Relative Risk
95% CI

0.84 (0.72-0.98)

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

0.75 (0.55;0.93)

0.33 (0.11;0.97)

1.15(0.59;2.27)

1.14 (0.91;1.45)
1.16 (0.59;2.69)
0.40 (0.13;1.05)
1.05 (0.85;1.29)

1.28 (0.45:3.72)
0.96 (0.79-1.17)
0.98 (0.81;1.18)

0.95 (0.48:1.90)
1.33 (0.57-3.10)
1.00 (0.44-2.29)
1.06 (0.68-1.66)




Where Does That Leave Us?

» Pathophysiologic principles
» Extrapolation from non-critical CV pts

» Extrapolation from MICU or SICU pts
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What is the current status for cardiogenic
shock?
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=
N

ccTIN Indications for Intensive Care
Respiratory insufticiency N A
e NS 6.1

I Shock (Cardiogenic/Other)

Unstable arrhythmia 171 |

Need for vasopressors/inotropes in 12.3 |
absence of shock or hypotension -

Hypotension without shock 9.3 |

Cardiac arrest 8.7 |

Need for ICU protocol med or 76 |
procedures -

Need for renal replacement therapy 4.9 |

Other [1.7]

Neurological emergency | 2.4 |

| (These categories only are exclusive

Post-procedural observation 13.6 of all other categories)

Need for frequent monitoring/labs, etc 22.6 |

10 15 20 25 30

o
a

Percent of patient
Bohula et al. JAMA Cardiology. 2019 ercent of patients



Historical [Trial] Definitions of CS

Hypoperfusion \/ X

X X

Van Diepen S et al. Circ 2017;136.
‘ TIMI Study Group

No Hypoperfusion
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SHARC Ciriteria for CS

cs : : : : :
Definition Cardiac disorder with evidence of hypoperfusion
K Elevated lactate (>2 mmol/L) \
Hypo-

perfusion | ° Acute kidney injury (creatinine 22x ULN) or oliguria (UOP < 0.5ml/kg/hr)
Definition | * Acute hepatic injury (ALT >3x ULN)

* Cool or mottled extremities

* Altered mental status not explained by an alternative cause
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SHARC Ciriteria for CS

CS . . . . .

Definition Cardiac disorder with evidence of hypoperfusion

& Hypotensive CS N ( .

SBP <90 mmHg for 230 min, or Normotensive €5
Subtypes ) = / i S .
- Vasopressors, inotropes and/or MCS to >BP 290 n?:;":r % MZTOOrUI;‘gSOPr essors,
maintain SBP 290 mmHg P

- N
Ootional Cl £2.2 L/min/m2 and SVR
Cl:iteria Cl £2.2 L/min/m2 index >2200 dynes/cm/sec-

5/m?2
Waksman R et al. Circ 2023;148(14).
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Cardiogenic Shock Etiologies/Subtypes

e |n setting of acute Ml (STEMI or _

AM I-cs NSTEMI) in which acute ischemia is the Additional

Modifiers
primary driver of cardiogenic shock. NSTEMI
LV/RV/BiV

* Post-cardiac
HF CS * Primary ventricular (L/R) failurei _

arrest or
absence of acute M) Acute-on-chronic J

—)
—)

(7]
o Q@
= &
(5 =]
a o
v B

eCPR

- * Key Specific

* Due to another primary non-myocardial S lello
. ot . Sub-classify b Myocarditis
Secondary CS cardiac cause: arrhythmia, pericardial, specific cxs: 2 Tatotsubo
or valvular disease Amvioid
) o Amyloi

o Peripartum

Post- * In setting of cardiac surgery Sub-¢lassify iy . Mix: Elalioa
: syndrome
cardiotomy CS surgery type y

y 4

Shock VI Virtual Thinktank: SHOCK ARC Session || ShOCk Academic Research consortium (SHARC)
Lawler, Mebazaa, Mon-owl. March 2022 Circulation. 2023, 148:1113-1126 Morrow DA. TCT 2024
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Epidemiology

Azu_ C 80 Mortality in patients with (S
Incidence of CS in patients with AMI
Bl AMI (n=3.650)
Bl STEMI (n=1.798)
RS2 NSTEMI (n=1.744)

I STEMI (n=15.786)

154 04
NSTEMI (n=26.136)

A "
FEIELEF PSS E S FPE LRI AL EFS S
Patients are older and with more
comorbidities Redfors. Int J Cardiol. 2015.
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Contemporary Epidemiology

Shock Category (N=8,974) CS Etiology (N=5,869)
100% Hypovolemic -3% [
90% Distributive m
AMI-CS
80%
Mixed 17%
70%
- — De novo

b (28%)

50%
HF-CS _|
40% 59%

: Cardiogenic = — Acute-on-chronic
30% (Isolated) (72%)
20%

10% Secondary
0% L CS

European Heart Journal: Acute Cardiovascular Care (2024) 13, 709-714
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Understanding the Heterogeneity of Shock

AMI CS e |n setting of acute MI (STEMI or _ Additional
- NSTEMI) in which acute ischemia is the Modifiers
primary driver of cardiogenic shock. NSTEMI J
/ * LV/RV/BiV
L @ * Post-cardiac
H F Cs e Primary ventricular (L/R) failure (in _ E gn arrest or
PLEETE D L Acute-on-chronic 52 eCPR

* Key Specific

* Due to another primary non-myocardial
cardiac cause: arrhythmia, pericardial,
or valvular disease

Secondary CS

Sub-classify by
specific cause

Post-

: e |n setting of cardiac surgery
cardiotomy CS

Sub-classify by
surgery type

etiologies:
o Myocarditis
o Takotsubo
o Amyloid

o Peripartum

Mixed shock
syndrome

y | 4

Shock Academic Research Consortium (SHARC)
Circulation. 2023;148:1113-1126

Shock VI Virtual Thinktank: SHOCK ARC Session ||

Lawler, Mebazaa, Morrow, March 2022 Morrow DA. TCT 2024
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Shock Spi

ral

Adapted from Reynolds et al. Circulation 2008;117(5):686.

Inotropes/
Vasopressors

Mechanical
support:
IABP/LVAD

v
g B Cardiac output
+ +'; #_  Stroke volume 1

| Acute myocardial infarction

Systolic

LV dysfunction

Diastolic

| ¥

Reperfusion:
PCI/CABG

Bleeding/

+.7

¥

eNoS | /
Peripheral perfusion
INOS :
\ /
A e perfusion

Ischemia

-—

\TNF-{IT / I

Proinflammation
Catecholamine sensitivity |
Contractility |

/ NO T \ i i Vasoconstriction
-/ Peroxynitrate T K Fluid retention
\ IL-6 T I -

“en” LVEDPT
Lung edema
g

Progressive
LV dysfunction

Death

& Multi-organ system failure
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High vs Low SVR State

Volume Status

Wet Dry

c Classic Cardiogenic Shock Euvolemic Cardiogenic Shock
=8 Cold
% ° ({4 Cl; TNSVRI; TNPCWP) (N Cl; 1N SVRI; <> PCWP)
L
% Vasodilatory Cardiogenic Shock Vasodilatory Shock
5 or (Not Cardiogenic Shock)
3l Warm Mixed Shock
Q
a

(J-Cl; 4 /¢>SVRI; "PCWP) (™NCl; L SVRI; . PCWP)

Van Diepen. Circulation. 2017.

B E[RIR 8]

g
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Uni- or Bi-Ventricular Failure?

Hemodynamic Profiles of Various Forms of Shock « Cardiac power output (CPO)

Type of shock RAP PCWP RAP/ CO SVR CPO PAPi| |V)=MAPxCO/M5]
PCWP N
1° L-sided nl or 0 <0.8 ! » <06 >09 |° Pulmonaryartery pulsatility
T index (PAPi) = (PA systolic -
1° R-sided T nlord >08 T <06 <09 PA diastolic) / RA mean

Biventricular T T >0.8 \} T <06 <09

Pocket Cardiology, Ginder, Bohula and Sabatine
|
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Predictors of CS Mortality:
Arterial Tone and RV Function

MAP - : O
RAP = ; )
SBP - 5 )
SVR - : o
RAP/PCWP = : O
PAP| = : O
PADP /| @
PASP - @
TPG 4 @
cL4 o
CPO - @
DPG - @
PVR - @ ;
PAE -{@ :
PCWP -l® :
RVSWI ; é @ Indices of systemic arterial tone

Iy f right ventricular function
PAC & [ndices of right ventricular functio

HR

0 10 20 European Heart Journal: Acute Cardiovascular Care (2023) 12, 651-660
Wald Chi-Square Value https://doi.org/10.1093/ehjacc/zuad095
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& Deeper Dive into CS Epidemiology C§N

Cardiogenic Shock Admissions
(N=2093 from 2017-2020) aHR: 1.36

(1.05-1.75)

100% 40% I U 38%
D HF-CS 90% 0
e hovo , 350, 34%
0

AMI-CS, 370, 18% 80%

688, 33% 0% 30%

(0]
25% 257
60% ., 2%
50% ‘_1:9 20%
O
40% p

15%
Acute-on- 30%

chronic HF- 20% 10%
0

CS, 1035,
49% 10% 5%
0% 0%
De Novo HF- Acutt_e-on De Novo Acute-on- AMI-CS
CS Chronic HF- HF-CS  Chronic
CcS -
An Academic Research Organization of HF-CS

Brigham and Women’s Hospital and Harvard Medical School Bhatt A*, Berg D* et al. JCF. 2021.



Cardiogenic Shock Staging

Heart & Vascular Center

SCAI Shock Stages (Cath CVI 2019;94:29)
Stage Description BP Exam Labs Hemodyn.
At risk MI, ADHF nl nl nl nl
: _ SBP <90,
Beginnin E\ilr?tlc\:/aerg::'-rv[v/’o MAP <60, cha\(J:\IZI:’S nl TPCWP
9 9 y y or >30 mmHg | ’ Cl22.2
hypoperfusion : extrem warm
from baseline
Hypoperfusion that T Cr
Classic requires SBP <90, lactate =2
intervention MAP <60 + JVP TLFTs TPCWP
or requiring ’ Cl<2.2
drugs/device to =~ crackles, M Cr CP0O <0.6
. - intain BP extrem cool ’
Deteriorating  Failing to respond main lactate,
& mottled, & LFT
L UOP S
Extremis Near or in cardiac HoTN despite lactate =25 Cl<<2.2
Pocket Cardiology, Ginder, Bohula and arrest max support pH <7.2 CPO <<0.6
Sabatine
|
‘ | BRIGHAM AND T BIET
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Mortality by SCAI Classification

B CICU Mortality In-Hospital Mortality

| Heart & Vascular Center

70
Modified SCAI Stages: 62.5
60 | A “Atrisk”: ACS or HF %
B “Beginning”: hypotension without shock, normal lactate \
50 C “Classic cardiogenic shock”: inotropes/vasopressors, MCS, biochemical shock \
§ D “Doom”: multiple inotropes/vasopressors, new/escalating MCS, lactate ‘T >50% \
é‘ 40 E “Extremis”: worst pH <7.2 or lactate =5 mmol/L %
©
+ 32.1 \
§ 30 § %
15.8 \
\ \ \
. m B Bk
0 — —— — S N L AN AN
A B C D E
Lawler et al. Critical Care Med. 2021 SCAI Cardiogenic Shock Stage
BRIGHAM AND U8 00 5
WOMEN'’'S HOSPITAL ¥©92 HARVARD MEDICAL SCHOOL
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Mortality by SCAI Classification

80%

T0%

60%

50

]

40

#

aa

®

3

20

Short-term (in-hospital or 30-day) mortality

10

#

‘II‘ L,

Sr.hmgn- CCl Baran, CCl 2020 Thal_.lar Circ HF Hanson, CCl  Jentzer, EHJ Jent:ar JACC Lawler, CCM Pareak, CCI
2020 2020 ACC 2021 2019 2021 2020

Cardiogenic Shock cicu OHCA

mSCAlA mSCAIB mSCAIC SCAID mSCAIE

0%

SCAI 2022

BRIGHAM AND
WOMEN’S HOSPITAL ¢+ HARVARD MEDICAL SCHOOL
;g*f TEACHING HOSPITAL 25

| Heart & Vascular Center | TIMI Study Group




What evidence-based interventions can we
offer?
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Interrupting the Shock Spiral

| Acute myocardial infarction |

LV dysfunction
Systolic Diastolic

“en” LVEDPT
Lung edema

Vasopressors Stroke volume

Mechanical :

support: 4

IABP/LVAD Hypntenslon )
eN 0 S NS -\ Hypoxemia
|NOS ) Perlpheral perfusion ¢ 7

Bleeding/
transfusion

Coronary i
perrusmn il
44 ; __-' ; E Ischemia
Reperfusion: iy P :
PCI/CABG P \ |
N, ,«’ NO T N Vasoconstriction
: Fluid retention

“a/ Peroxynitrate T
Improve coronary \ et/

Perfusion? —

Progressive
LV dysfunction

SVR |
Proinflammation
Catecholamine sensitivity |
Contractility |

& Multi-organ system failure

Death

Adapted from Reynolds et al. Circulation 2008;117(5):686.
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Mortality Benefit of Early Revascularization in CS

o
¥

Proportion Alive

Log-rank P=.03

Early revascularization

Initial medical stabilization

0

No. at risk
Early revascularization 152
Initial medical stabilization 150

2 4 6 8 10
Years Since Randomization

56 42 33 18 3

38 29 18 9 2

= 302 pts with STEMI and CS

= Early revasc w/in 6 hrs vs
med Rx followed by prn
revasc

= Survival

» 30 d: 53.3% vs 44.0%
(p=0.11)

= 1vyr:46.7% vs 33.6% (p<0.03)

= 6yr: 32.8% vs 19.6% (p=0.03)

Hochman JS, Sleeper LA, Webb JG, et al: JAMA 295(21):2511, 2006
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CS due to STEMI Case Fatality Rate Decreasing
Over Time

157,892 pts with CS due to STEMI in Nationwide Inpatient Sample from 2003-2010

In-hospital mortality

——

Mechanical revascularization
Bl Early PCI
4 3 Early CABG

“llll“

Early PCl Rates fncreasing &

>
>
3

704

=]
o
'S
o

14,
(=]
1

o
=]
1
w
=3

(%]
N
pital Mortality (%)

]
o
1

Early Mechanical
Revascualrization (%)

-
(=]
1

(=]
I

—
2003 2004 2005 2010
C Fatality D '
: ase ralallty becreasing
B= -o- Unadjusted pdjusted
(.: 3.0 > -& Adjusted
5 = 1.004 :
52 g8=
.E e 2.51 o O
50 =
- o
25 23
s & 15 28
w5 T 0.50-
g 1.0 =
m 04
1
o

0.5 T T T T T T T T s J g y ’ y v J J
2003 2004 2005 2006 2007 2008 2009 2010
2003 2004 2005 2006 2007 2008 2009 2010 P-trend<0.001 Kolte D et al: JAHA 2014
|
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CULPRIT-SHOCK

706 pts with CS due to AMI (61% STEMI/39% NSTEMI) and MVD
Rx: Immediate MV PCI vs Culprit-Only +/- Staged PCI

100+

90+ Relative risk, 0.83 (95% Cl, 0.71-0.96)
80_ P=0.01

70+

60 Multivessel PCI
50

40+ Culprit-lesion-only PCI
30+

204
10+

0 I I I I I 1
0 5 10 15 20 25 30

All-cause mortality or RRT

Days since Randomization

No. at Risk
Multivessel PCI 341 199 172 162 156 153 152
Cu|prit-|esion-0n|y PCI 344 219 207 198 192 189 184

Thiele H et al. NEJM 2017;377(25).

[

| BRIGHAM AND
\ /‘ WOMEN'’S HOSPITAL

Heart & Vascular Center

458 JB0L 128

554 HARVARD MEDICAL SCHOOL
&9 TEACHING HOSPITAL

‘ TIMI Study Group



CULPRIT-SHOCK

Subgroup

Sex
Male
Female
Age
<50 yr
50-75yr
>75yr
Diabetes
No
Yes
Hypertension
No
Yes

Primary End-Point Event

Multivessel PCI

Culprit-Lesion-Only PCI

no. of patients with event/total no. (%)

148/266 (55.6)
41/75 (54.7)

3/16 (18.8)
114/226 (50.4)
72/99 (72.7)

116/218 (53.2)
66/116 (56.9)

68/129 (52.7)
114/205 (55.6)

109/257 (42.4)
48/86 (55.8)

6/17 (35.3)
82/212 (38.7)
70/115 (60.1)

93/235 (39.6)
59/102 (57.8)

65/139 (46.8)
88/200 (44.0)

Relative Risk (95% ClI)

L 2
Y

0.76 (0.64-0.91)
1.02 (0.77-1.35)

1.88 (0.56-6.29)
0.77 (0.62-0.95)
0.84 (0.69-1.01)

0.74 (0.61-0.91)
1.02 (0.81-1.28)

0.89 (0.70-1.13)
0.79 (0.65-0.97)

P Value for
Interaction

0.24

0.08

0.47

Type of infarction
NSTEMI
STEMI

54/97 (55.7)
128/233 (54.9)

45/98 (45.9)
108/237 (45.6)

0.82 (0.62-1.09)
0.83 (0.69-0.99)

0.96

Location of STEMI
Anterior
Nonanterior

Previous infarction
No
Yes

No. of affected vessels
2
3

Chronic total occlusion
No
Yes

59/113 (52.2)
48/92 (52.2)

154/281 (54.8)
28/53 (52.8)

64/124 (51.6)
124/215 (57.7)

146/259 (56.4)
43/82 (52.4)

57/108 (52.8)
3497 (35.1)

128/279 (45.9)
25/60 (41.7)

48/122 (39.3)
109/218 (50.0)

131/267 (49.1)
2777 (35.1)

T
0.25

Culprit-Lesion-Only PCI

Better

Multivessel PCI
Better

1.01 (0.79-1.30)
0.67 (0.48-0.94)

0.84 (0.71-0.99)
0.79 (0.53-1.17)

0.76 (0.58-1.01)
0.87 (0.73-1.03)

0.87 (0.74-1.02)
0.67 (0.46-0.97)

0.07

0.83

Thiele H et al. NEJM 2017;377(25).
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Immediate Multi-vessel PCI in Shock

ESC STEMI Guidelines 2017 — Revascularization Guidelines 2018

STEMI (NSTEMI), Cardiogenic Shock

s

2017 2018

N — 0
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Interrupting the Shock Spiral

| Acute myocardial infarction |

LV dysfunction
Improve global Systolic Diastolic
perfusion?
T LVEDPT
Lung edema
Inotropes/ Cardiac output |
Vasopressors Stroke volume L £
Mechanical H
support: 4
IABP/LVAD Hypntension ;
eNOS N\ £ I
|NOS ) Perlpheral perfusion ¢ I
Bleeding/ i
transfusion Coronary i
perrusmn il
+ .4 i Ischemia
Reperfusion: el ¥

Progressive
LV dysfunction

PCI/CABG ,,/" \
N, ,«’ NO T N Vasoconstriction
s Peroxynitrate T\ § Fluid retention
\ L6 T / 3 b

. TNFaT /
\\

SVR |
Proinflammation
Catecholamine sensitivity |
Contractility |

& Multi-organ system failure

Death

Adapted from Reynolds et al. Circulation 2008;117(5):686.
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Vasoactives

Pure vasopressors — Incr SVR

Inopressors — Incr CO, Incr SVR

Inodilators — Incr CO, decr SVR

Pocket Cardiology, Ginder, Bohula and Sabatine

Vasoactive Drugs

Drug Receptors MAP HR co
Pure vasopressors

Phenylephrine Pure o ™ a a
Vasopressin V, &V, ™ lla la

Inopressors (relative pressor vs. inotropy depends on drug & dose)

Norepinephrine a >> B, ™ =)

Epinephrine
Low-dose B, &P, > ) ™ ™
High-dose a>B ™ ™ ™
Dopamine®
Low-dose D < S EREYA)
Medium-dose B, >D, a v T ™
High-dose a>p4, D ™ ™ 0
Inodilators
Dobutamine By >>>B,, 0oy ol ™ ™
Milrinone PDE; inhib W 0 ™
Isoproterenol B, &P, s ™ ™
Pure vasodilators
Nitroglycerin NO - sGC \2 T PR
Nitroprusside® NO - sGC AN T ™c

SVR

™1

™1

™1

™

N

™

W

W

W

PVR

()

o/t

- 17

W

W

Comment

Consider if refractory to
catechols. Attractive if RV
dysfxn or PHT.

More pressor than
inotrope. Fewer
tachyarrhythmias than w/
dopa and mortality at least
as good if not better.

Inotrope
Inotrope+pressor

! PCWP. Fast onset.
Tachyphylaxis.

Ll PCWP;

L PVR; ..

attractive if RV dysfxn or
PHT. Slow onset. Renally
cleared.

@ chronotrope

Venodilator >> arteriolar
dilator

Arteriolar dilator =
venodilator




SOAP |I: Dopamine vs Norepinephrine

100+

80

60

40+

204

Probability of Survival (%)

P=0.07 by log-rank test

Norepinephrine

Dopamine

No. at Risk
Norepinephrine 821 617
Dopamine 858 611

1 1 i i I |

8 12 16 20 24 28

Days since Randomization

553 504 467 432 412 394
546 494 452 426 407 386

De Backer et al. NEJM 2010;362:779.

e 28d mortality:
* 52.5% for DA vs 48.5% for norepi
* OR1.17 (0.97-1.42), p=0.10

* Arrhythmias: 24.1% vs 12.4%

WOMEN’S HOSPITAL
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SOAP |I: Dopamine vs Norepinephrine

Hazard Ratio (95% Cl) Cardiogenic Shock (N=280)
Type of shock 1.0— I Norepinephrine
Hypovolemic - I Dopamine
Cardiogenic —— T g
Septic —— g
All patients —& ® 6
f 1 'E -~
0.5 1.0 1.5 >
- - =
S 04—
Pint: 0.87 Norepinephrine  Dopamine 2
Better Better &
0.2—
- - 0.0 T T T T T I 1
Increased signal of harm with 5 4 8 1 16 > 24 2
dopamine? Days after Randomization

BRIGHAM AND
WOMEN’'S HOSPITAL
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Epinephrine vs Norepinephrine

B A
4.0 o TABLE 2 Serious Adverse Events and Dutcomes
a8
T 1 7 0dds Ratio
E - i Lo Epinephrine Morepinephrine (95% Confidence
3 - .E ] {n=27) {n = 30) P Value* Imterval) p Valuet
= g
3 25*] 3 \ Refractory shock 10 (37) 2{N 0.008 8.24 (1.61-42.18) 0.0M
= 204 ﬂ } 1 £31h— —1\\ Arrhythmia 11 (47) 10 (33) 0.59 1.37(0.474.05) 056
ks | ™~
K izl P : } I L ECLS 30m 1(3) 034 362(0.35-3774) 028
) e 1 <
p=043 p <0.0001 Daath 14 (52 (37 0.29 1.86 (0.65-536) 0.25
1047 "™ HO HZ HE  HI2  H24  Hi8  HD2 N
5. in 4 B i1 104 e i Hours Death within 7 days B (30) 3Inom 0093 379(0.8%-16.17) 0072
Howrs B Death within 28 days 13 (48) 8 (27) 011 255(084-7.72) 0.097
C
140 1 . z 16000 - T . Valuss are n (%) unless otherwise indicated. Odds ratios wene expressed by using the nonepinaphrine group as
130 - s T = g . reference. *pvalue from the Fisher exact test 1p value from the Wald tes
.g 5 £ 14000 - T, r ECLS = extracorporeal life support.
- »—f’J“\‘ E -
T 110 ~ J° —T
g ‘ = ; 12000 4 L
o 100 4 E B - -
= | A—— 3 s
= 90- ] / & 10000 1 4 _ / H H
bl o — - .
- T | Increased signal of harm with
| S 8000 - =
704 5= 0,031 oot 1 epinephrine?
HO H2 H4 HE6 HI2 H24 H48 H72 HO H2 He HE HI2 HM He8  HI2
Hours Hours
@ Epinephrine Levy etal. JACC 2018,721 73-82.
BRIGHAM AND

WOMEN’S HOSPITAL
| Heart & Vascular Center |
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DOREMI Trial

Te NEW ENGLAND JOURNAL of MEDICINE

Milrinone vs. Dobutamine in Cardiogenic Shock

DOUBLE-BLIND, RANDOMIZED TRIAL

In-hospital death from any cause, § L | & o
TIA, stroke, or cardiovascular
or renal events

47 patients 52 patients
Relative risk, 0.90; 95% CI, 0.69-1.19; P=0.47

No between-group difference was observed in the primary
composite outcome or in important secondary outcomes.

R. Mathew et al. 10.1056/NEJMo0a2026845 Copyright © 2021 Massachusetts Medical Society

HARVARD MEDICAL SCHOOL
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Vasopressor Take Home

« Catecholamines have not demonstrated improved
survival, but in theory may “break” the shock spiral

* Very limited data suggests:
— Norepinephrine may be better than dopamine and epinephrine

B BRIGHAM AND
() WOMEN’S HOSPITAL

Heart & Vascular Center
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Interrupting the Shock Spiral

| Acute myocardial infarction |

LV dysfunction
Systolic Diastolic

“en” LVEDPT
Lung edema

Improve global

H Inotropes/ Cardlac output |
perfUSIOn? Vasopressors
Mechanical :
support: 4
IABP/LVAD Hypntensbn _
eNOS A/ A Hypoxemia
|NOS ) Perlpheral perfusion ¢ I
Bleeding/ i
transfusion Coronary i
perrusmn il
LA ¥ Ischemia
Reperfusion: Il ¥

Progressive
LV dysfunction

PCI/CABG ,,/" \
N, ,«’ NO T N Vasoconstriction
s Peroxynitrate T\ § Fluid retention
\ L6 T / 3 b

. TNFaT /
\\

SVR |
Proinflammation
Catecholamine sensitivity |
Contractility |

& Multi-organ system failure

Death

Adapted from Reynolds et al. Circulation 2008;117(5):686.
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Potential Mechanisms of Benefit with MCS

e | intracardiac filling pressures and volumes —

e | PCWP — | hypoxia

e | wall stress — | myocardial oxygen demand — | ischemia
e | ventricular afterload —

e | myocardial oxygen demand — | ischemia

e 1SV — 1 CO — | hypotension and end-organ hypoperfusion
e Directly 1 CO — | hypotension and end-organ hypoperfusion
e 1 coronary perfusion — | ischemia

B BRIGHAM AND
Lv) WOMEN’S HOSPITAL

Heart & Vascular Center
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Devices Improve Hemodynamics

LWAD AR
maan + 50 mean+35D

Thiele et al, 23106 18:04
Burkhoff ef al.
Seyfarth ef al.

Pooled

22406 21+02
22406 18+07

Cardiac index
Mean difference

—_—
——
_._

+

A{heterogensity ) = 0,22
i =34.0%

Thiele ef al.

.55 (0.23—0.87)

Burkhoff ef all

016 (-0.14 - 0.46)

Seoyfarth of al

0.35 (-0.16-0.88)
0.35 (0.09-0.61)

Pooled

-1

Favours 1ABP

Cheng et al. EHJ. 2009;30:2102-2108.

0 1
Favours LvAD

Thiele ef af.

Burkhofferaf 9116 72&17

Seyfarth ef al.

Pooled

2

LWAaD lABR
mean+ 50 meant S0

Mean arterial pressure

Mean difference
TE+10 7TO+16 —_

-

B7+18  T1s22 &

——

LvAD  IABP

meant SO meanSh

1645 2217 ——

16+4 25+3 —8—

1945 2+8 —i

—_——

Pulmonary wedge pressure
Mean difference

Flneterogenaity) = (.01
= 76.6%

=56 (=9.210=-21)

-84 (-11.010-58)

—10(-52-3.3)

=53 (-840=13

-10 0
Favaurs LVAD

=20

Fhateragensity) = 0.10
12 = B5 g5

65(-2.8-13.9)
16.6 (2.4-27.9)
6.0 (05-31.5)

12.8 (3.6-22.0)

L] T
—-25 [i] 25
Fayours |ABP Favours LVAD

=50

50

10 20

Favours IABP
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Lack of Mortality Benefit

IABP-SHOCK Il (AMI-CS, N=598) LVAD vs IABP (N=100)

VAL JABP 30-day mortality Fiheterogenaity] = 083
N N relative risk o 0%

Thiele ef al. a1 9i20 + .95 (0.48 —1.20)
Burkhoffet ai 919 514 * 1.33 {057 -3.10)

P=0.92 by log-rank test

RR 0.96 (0.79-1.17), p=0.69 Control

IABP

Seyfarth etafl 613 6/13 1,00 (044 -2.28)
Pooled 2453 1.06 (0.66—1.66)

r T 1
0.1 1 10
Fawours LvAD  Favours |ABP

3
z
©
=
(]
=

VA-ECMO vs Control (N=567)

n/N Odds ratio (95% CI)
VAECMO  Control 30-day mortality

ECLS-SHOCKI 4 st ——— 0-47 (0-11-1.94)
ECMO-CS 18/37 14/36 149 (059-3.77)
EURD SHOCK 7115 12/18 —— 0-44(0-11-179)

10 15 20

ECLS-SHOCK 100/209 102/208 005 (0-65-1 -40)
Owverall 120/282 135/283 0-93 (0-66-1-20)

Heterogeneity: Q=2.98, ’=0%

Days since Randomization

T T
0-20.5

Thiele et al. NEJM. 2012; Cheng et al. EHJ. 2009;30:2102-2108; Zeymer et al. Lancet 2023.
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DanGer Shock

A Death from Any Cause

« 355 pts with STEMI and AMI-CS, LA 100-
> 2.5 LV EF <45%, & not
comatosed % o
* Randomized to SOC or impella CP : —
w/in 12 hrs of PCI, run at highest P- H
level for 48 hours : A
* Median time from symptom onset to e, 074 5% 01, 05-039)
rando was 4.8 hrs N M
« Median duration of support 2.5 days Nosthsk mﬁmmm
« 16% vs 21% escalated to other e
M C S Moller et al. EHJ. 2024;390.
| B5gd BRIGHAM AND 1

pLVE IS [Bmislg
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DanGer Shock

B mAFP + Standard Care  m Standard Care

60 - RR 1.98
(1.27, 3.09)
50 - RR1.17
41.9 (0.75, 1.83)
40 - RR4.74 RR 2.06
(2.36, 9.55) (1.15, 3.66) 33.0
29.5
30 - 26.7 RR 2.79
24.0 RR 5.15 (1.20, 6.48)
21.8 :
(1.11, 23.84) RR 1.75
20 - (0.75, 1.83)
11.9 11.7
10 ~ 6.2 5.6
11 39 23 4.5
0 .
Composite Safety Moderate or Limb Ischemia Renal Stroke Cardioversion for ~ Sepsis with
Severe Bleeding Replacement VT or VF positive blood
Therapy culture

Moller et al. EHJ. 2024;390.

HARVARD MEDICAL SCHOOL
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UNDERSTANDING APPLICATION OF DATATO ol

CLINICAL PRACTICE

e

N

CCCTN

All cardiogenic shock
4842

A 4

Presenting Lactate 22.5 mmol/L
73% of STEMI-CS w/ lactate

\ 4

STEMI-CS
16% of CS
v | y DanGer 28%
Presented to CCCTN Transfer from
Center 45% other hospital 55%

AMI-Shock
24% of CS

A 4

STEMI-CS
16% of CS

LVEF <50%
86% STEMI-CS w/lactate >2.5

A 4

Transfer time <24h
68%

STEMI-CS w/in 24h
82% of STEMI CS

Missing Lactate: 34

O’Brien CG et al. JACC 2024; ePub DOI: 10.1016/j.jacc.2024.08.056

Trial Exclusion Criteria (-34%)
VSD: 10
OHCA & TTM: 86
RV failure: 12
Severe Valve Dysf: 12

Severe dementia: 10

l

DanGer Eligible

32% of STEMI-CS
5% of all CS admissions




Practical Guidance for Management of CS
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General Principles of CS Management

« Stabilize HD and improve end-organ perfusion via
optimization of MAP and CO, while minimizing risk of
pulmonary edema and systemic venous congestion

 Allow for time to treat underlying driver(s) of shock (ACS,
arrnythmia, sepsis, etc.) and facilitate cardiac recovery.

‘. | BRIGHAM AND
) WOMEN’S HOSPITAL

Heart & Vascular Center
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Step-Wise Approach to CS Management

* |nitially must correct hypotension and MAP (goal 265 mmHg),
typically with inopressor

» Assess degree of congestion (preload) & adequacy of
perfusion (CO)

* Assess and treat reversible causes of cardiogenic shock:

— Acute ischemia

— Address other potential contributors: dysrhythmias, acid/base
disturbances, negative inotropes (bB, CCB) and antihypertensives

* Optimize hemodynamics, often with PAC to guide therapy

B BRIGHAM AND
Cv) WOMEN’S HOSPITAL

Heart & Vascular Center

@4 HARVARD MEDICAL SCHOOL
€9 TEACHING HOSPITAL

‘ TIMI Study Group




Optimizing Hemodynamics

 Contractility: Goal Cl 22.2 A | |
* Afterload HoTN | | Relatively
— Minimize excess afterload ! ! ihr:ngh SVR
] ] ] palrnng
to maximize SV while 1 CO

maintaining adequate
perfusion pressure.

— Typical goals: SVR ~800-
1000, SBP 65-75

Optimal
afterload

Cardiac Output

SVR or Afterload

B BRIGHAM AND
Cv) WOMEN’S HOSPITAL

Heart & Vascular Center
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My Strategy for Vasoactives in CS

Phenotype

Classic CS with hypotension  Inopressor (NE/epi/DA) to maintain MAP, then
(low CO, high SVR, low MAP) inodilator

Vasodilatory CS with Inopressor (NE/epi/DA) +/- vasopressin to
hypotension maintain MAP, then inodilator if BP room for
(low CO, low SVR, low MAP)  better CO

Normotensive cardiogenic Inodilator and/or pure vasodilator

shock (low CO, high SVR, nl

MAP)

| BRIGHAM AND
K WOMEN’'S HOSPITAL

Heart & Vascular Center

@4 HARVARD MEDICAL SCHOOL
TIMI Study Group &) TEACHING HOSPITAL



Optimizing Hemodynamics

 Preload

— Target a preload that makes Preload
CO near maximal (ie, flat dependent:
part of Starling curve) while T PCWE
avoiding pulmonary edema, il Tee
hepatic & renal congestion

— Typical goal PCWP <15-20
but 7 levels may be
tolerated in chronic HF

— Prefer diuretic gtt to bolus

F 3

CO already max
T PCWP only T
pulm edema

C— ' ——

Crptimal
CWP

Cardiac Output

B BRIGHAM AND
() WOMEN’S HOSPITAL
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Other Things to Consider

* When to escalate beyond medical therapy
— Aggressive up-front trial of medical therapy

— Simultaneously collect data (eg place PAC at bedside or in cath
lab)

— If refractory/declining, consider rapid escalation to MCS
 ADHF involvement
— Are there advanced options (eg durable VAD, OHT)?

« Shock team involvement
— CICU, iCards, ADHF, CSS, ECMO

‘. | BRIGHAM AND
) WOMEN’S HOSPITAL

Heart & Vascular Center
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Considerations When Choosing MCS

* Physiology

— Ventricular involvement (left vs right vs biventricular) _
« Shock severity — degree of CO support needed _
« Requirement for respiratory support
« Duration of support and desire for ambulation

« Technical & Logistical Aspects
— Adequate access (eg, PAD)
— Specific contraindications (eg, LV thrombus, mechanical AVR)
— Operator availability (eg, iCards, surgery)

» Additional considerations

— AMI-CS vs acute decompensated HF-CS _
— Cardiogenic (1 SVR) vs mixed (| SVR)

B BRIGHAM AND
CvJ WOMEN’S HOSPITAL
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Protocol-Based
Approach

Adapted from Tehrani et al. JACC HF 2021,;8(11):879.

Recognition of Cardiogenic Shock

\

Early Management

Add and 1 inotropes, .

vasodilators or vasopressors
depending on BP .

v

Coronary revascularization,

if ACS

Decongestion

Serial Assessment

Perfusion markers (lactate, LFTs, Cr, UOP, mental status)

* Fick & TD CO/CI
* CPO and PAPi
Refractory Shock
CP0O<0.6
Cl<2.2
“Mactate
No Yes
Bi-V CS LV CS
CP0O<0.6 CP0O<0.6
d PAPi<1.0 PAPi>1.0
CVP > 15 CVP< 15
Wean PCWP > 15 PCWP > 15
vasoactive
agents and ‘ *
assess for R+ L pVAD* L pvAD*
recovery VA-ECMO VA-ECMO

-z
o
£ €
v o
e £
(¢°]
bo
!
%:
K R
£
i @©
- QO
=I—
=

Assess for Candidacy for
Temporary MCS

T~

RV CS

CP0O<0.6

CPO — MAP X CO/451
PAPi — (sPAP-dPAP)/RA

PAPi<1.0
CVP > 15
PCWP < 15

V

R pVAD*
VA or VV ECMO w Protek

*Add oxygenator if
hypoxemic




=

> Shock Team: Multicenter Observational Study

CCCTN

REGISTRY

Shock Team vs No Shock Team

Center Population Characteristics

-

(@

o
Cardiogenic shock =
admissions (n) 40 Vs 66 5

g
AMI-CS (%) 27 vs 28 _g‘ =

=9
Admission lactate S
(mmOl/L) 2.3vs 2.3 ...6 3

=

o
PCWP (mm Hg) 25 vs 22 "g

o
Cl (L/min/m2) 1.9vs 2.0 £
CPO (W) 0.62 vs 0.64

Shock Team Yes (10) vs No (14) Centers
(Propensity adjusted analysis)

P<0.001

60%

49%

PAC

P =0.016

43%
35%

Overall MCS

B Shock Team

P=0.005 P=0.016

53%

43%

29%

*Advanced MCS  CICU Mortality

" No Shock Team

Papolos et al. JACC 2021; 78:1309-17



Case Continuation

« Remote/virtual Dx: Normotensive cardiogenic shock
— Initial treatment: Dobutamine initiation, diuresis, transfer

 Additional Studies:

— RHC with elevated BiV filling pressures, low CO (RA 26, PCWP 25, SVR 1800, Cl 1.5, PAPi 0.8,
CPO 0.5).

— Coronary angio w/o coronary disease. No EMBx done.
— Added milrinone
— CO, SVR, filling pressures improved. Cr, lactate and LFTs normalized

» Refined diagnosis
— De novo HF-CS, SCAI Stage E -> D with Biventricular failure

« Course: Unable to wean off dual inotropes — advanced therapies (R tandem, surgical LVAD
(HM3) with plan for bridge to OHT
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Take Aways

* Highly mortal condition with significant heterogeneity

* Phenotyping is helpful to understand prognosis (e.g.,
SCAI Stage, ventricular involvement, etc)

« Early recognition is critical to minimize multi-organ system
failure and death

 Team-based approach is optimal
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