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Mixed Cardiogenic Shock: A Proposal for _
Standardized Classification, a Hemodynamic primary
Definition, and Framework for Management

Sean van Diepen®, MD, MSc; Janine Pdss, MD; Janek M. Senaratne, MD, MSc; Ann Gage, MD; David A. Morow(®, MD, MPH
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Obstructive

ABSTRACT: The classification of cardiogenic shock (CS) has evolved from a singular cold-and wet-hemodynamic profile. Data
from registries and clinical trials have contributed to a broader recognition that although all patients with CS have insufficient
cardiac output leading to end organ hypoperfusion, there is considerable variability in CS acuity, underlying eticlogies, volume : s = T . T g :
status, and systemic vascular resistance. Mixed CS can be broadly categorized as CS with af least 1 additional shock state. e s e
Mixed CS states are now the second leading cause of shock in contemporary coronary intensive care units, but there is !'e{ff ; eV n‘ﬁL.:I\"_’I:ULf I‘__':_t!l :rlf._,.u“ o s dl _L'_'L“LL:I'_ “2: s onroncardiGgentc: shocl Rigtr Frimery rioncardiog enic catlses:Of
little high-quality evidence to guide routine care, and there are no standardized classification frameworks or well-established shncin he pefiphery. Mat Meylead i seconran/ rarclogenic.shog

hemadynamic definitions. This primer summarizes the current epidemiology and proposes a classification framework and
invasive hemodynamic parameters to guide categorization that could be applied to help better phenotype patients captured
in registries and trials, as well as guide management of mixed CS states.
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Levosimendan, a Promising Pharmacotherapy in
Cardiogenic Shock: A Comprehensive Review

2 Fan Maitri
ff12

s the current management of

CS presents significant challenges. Exploration of more effective therapies is necessitated. This r
article comprehensively examines the efficacy and safety of levosimendan in the management of
By synthesising evidence from numerous studies, a comparison of levosimendan over traditional
inotropic agents, such as enoximone, dobutamine, dopamine and norepinephrine, is highlight
unique mechanism of action of levosimendan enhances myocardial contractility without increasing

gen demand, offering a promising alternative for patients with CS. This review also delves into
comparative studies that demonstrate the superiority of levosimendan in improving survival rates,
haemodynamic parameters, and reducing the incidence of CS complications. Safety profiles and
adverse effects are critically assessed to provide a balanced view of the therapeutic window provided
by levosimendan. The review concludes that levosimendan is a valuable addition to the therapeutic
strategy against CS, with the potential to improve patient outcomes.

Keywords: Levosimendan; adenosine triphosphate-dependent potassium channel opener; calcium

r disease.
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Cardiac Complications of Immune Checkpoint
Inhibitors and Chimeric Antigen Receptor T Cell
Therapy

Bhargav Makwana 1, Aishwarya Malode 1, Sumanth Khadke 1, Vahin Patel 1, Rushin Shah 1,
Manav Patel 1, Aneri Parikh T, Sourbha S Dani ', Sarju Ganatra 2
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PMID: 39551556 DOI: 10.1016/j.ccl.2024.07.001

Abstract

Immune checkpoint inhibitors and chimeric antigen receptor T-cell therapy have revolutionized
cancer treatment but can cause life-threatening cardiovascular toxicities through immune-related
adverse events. Myocarditis is the most common and potentially fatal toxicity with immune
checkpoint inhibitors. T-cell therapies can potentially lead to cytokine release syndrome. Diagnosis of
ICl-myocarditis requires a multimodal approach, including biomarkers, imaging, and endomyocardial
biopsy, while CRS is characterized by a clinical syndrome resembling distributive shock. Management
involves discontinuing the offending therapy, immunosuppression with corticosteroids for 1Cl-
myocarditis, and interleukin-6 antagonists for CRS. Collaboration between oncologists and
cardiologists is crucial for early recognition and prompt treatment.

Keywords: CAR T-cell therapy; Cardiotoxicity; Cytokine release syndrome (CRS); Immune checkpoint
inhibitors; Myocarditis; Pericarditis.

Copyright © 2024 Elsevier Inc. All rights reserved.
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Adrenal crisis-induced cardiogenic shock (ACCS): a
comprehensive review

Maryam Heidarpour 1, Davood Shafie 2, Reza Eshraghi 3, Seyed Reza Mirjalili 4, Ashkan Bahrami 2,
Mohammad Reza Movahed 3 5
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PMID: 39503801 DOI: 10.1007/510741-024-10458-y

Abstract

Adrenal insufficiency (Al) is a disorder in which inadequate glucocorticoid and mineralocorticoid
hormone production leads to a variety of symptoms, including fatigue, weight loss, and nausea. In
some patients with unknown Al, adrenal crisis-induced cardiogenic shock (ACCS) can be the first
presentation, resulting in a fatal situation. The ACCS may exhibit unresponsiveness to inotropes and
fluid therapy; thus, glucocorticoid administration is the primary vital intervention, making early
detection of Al essential. Hence, in this study, we review the case reports demonstrating acute
cardiomyopathies in the context of Al. The review addresses the suggested underlying mechanisms,
including the diminished protective effects of glucocorticoids against catecholamines in Al. We also
highlighted some clues to aid physicians in considering Al as a differential diagnosis in critically ill
patients presenting cardiogenic shock.

Keywords: Adrenal crisis; Adrenal insufficiency; Cardiogenic shock; Hormone deficiency; Shock.

& 2024. This is a U.5. Government work and not under copyright protection in the US; foreign copyright protection
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Management of Post-cardiotomy Shock

Eric J Hall 7, Alexander | Papolos 2, P Elliott Miller 2, Christopher F Barnett #,
Benjamin B Kenigsberg 2

Affiliations + expand
PMID: 39494414 PMCID: PMC11526484 DOI: 10.15420/usc.2024.16

Abstract

Patients undergoing cardiac surgery experience significant physiologic derangements that place them
at risk for multiple shock phenotypes. Any combination of cardiogenic, obstructive, hemorrhagic, or
vasoplegic shock occurs commonly in post-cardiotomy patients. The approach to the diagnosis and
management of these shock states has many facets that are distinct compared to non-surgical cardiac
intensive care unit patients. Additionally, the approach to and associated outcomes of cardiac arrest in
the post-cardiotomy population are uniquely characterized by emergent bedside resternotomy if the
circulation is not immediately restored. This review focuses on the unique aspects of the diagnosis
and management of post-cardiotomy shock.

Keywords: Shock; cardiac surgery; cardiogenic shock; cardiotomy; mechanical circulatory support;
post-cardiotomy shock.

Copyright © The Author(s), 2024. Published by Radcliffe Group Ltd.
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Lessons Learned From Extracorporeal Life Support
Practice and Outcomes During the COVID-19
Pandemic

1 Michael O'Connor 2, Mark E Nunnally 3, Alain Combes #, Michael Harper
n & Mary Avila 7, Barbara Pisani 2, Hannah Copeland ¥, Michael Murok !

Affiliations + expand
PMID: 39469754 DOl 101117/ ctr 15482

Abstract

Extracorporeal membrane oxygenation is increasingly being used to support patients with hypoxemic
respiratory failure and cardicgenic shock. During the COVID-19 pandemic, consensus guidance
recommended extracorporeal life support for patients with COVID-19-related cardicpulmonary
disease refractory to optimal conventional therapy, prompting a substantial expansion in the use of
this support modality. Extracorporeal membrane oxygenation was particularly integral to the bridging
of COVID-19 patients to heart or lung transplantation. Limited human and physical resources
precluded widespread utilization of mechanical support during the COVID-19 pandemic, necessitating
careful patient selection and optimal management by expert healthcare teams for judicious
extracorporeal membrane oxygenation use. This review outlines the evidence supporting the use of
extracorporeal life support in COVID-19, describes the practice and outcomes of extracorporeal
membrane oxygenation for COVID-19-related respiratory failure and cardiogenic shock, and proposes
lessons learned for the implementation of extracorporeal membrane oxygenation as a bridge to
transplantation in future public health emergencies.

Keywords: extracorporeal membrane cxygenation (ECMO); heart disease! infectious; lung disease:
infectious,

& 2024 John Wiley & Sons ASS. Published by John Wiley & Sons Ltd.
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Aumento mortalita

Comparative Effectiveness of Percutaneous Microaxial Left Ventricular
Assist Device vs Intra-Aortic Balloon Pump or No Mechanical Circulatory
Support in Patients With Cardiogenic Shock
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Impella and venoarterial extracorporeal
membrane oxygenation in cardiogenic shock
complicating acute myocardial infarction
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This study aimed to give contemporary insight into the use of Impella and venoarterial extracorporeal membrane
oxygenation (VA-ECMO) in acute myocardial infarction-related cardiogenic shock (AMICS) and into associated

outcomes, adverse events, and resource demands.

This nationwide observational cohort study describes all AMICS patients treated with Impella (ABIOMED, Dan-
L MA, USA) andfor VA-ECMO in 2020-2021. Impella andior WA-ECMO were used in 20% of all AMICS cases
(n=4088). Impella patients were older (34% vs. 13% =75 years, p<0.001) and less frequently presented after
an out-of-hospital cardiac arrest (18% vs. 40%, p <0.001). In-hospital mortality was lower in the Impella versus
VA-ECMO cohort (61% vs. 001). Adverse events occurred less frequently in Impella-supported patients:
acute haemorrhagic anaemia (36% vs. 6 < 0.001), cerebrovascular accidents (4 1% .001)

beembelisms of the extremities (5% vs. p<0.001), systemic inflammatory response syndrome (21% vs. 25%,
p=0.004), acute kidney injury [44% vs. 53% .001), and acute liver failure (7% vs. 12%, p < 0.001). Impella patients
were discharged home directly more often (20% vs. 11%, p < 0.001) whereas VA-ECMO patients were more often

discharged to another care facility (22% vs. 19%, p=10.031). Impella patients had shorter hospital stays and lower

haspital costs.

Conclusion This is the largest, most recent European cohort study describing outcomes, adverse events, and resource demands
based on claims data in patients with Impella andlor VA-ECMO. Overall, adverse event rates and resource
consumption were high. Given the current lack of beneficial evidence, our study reinforces the need for prospectively

established, high-quality evidence to guide dinical decision-making.




Microaxial Flow Pump or Standard Care

in Infarct-Related Cardiogenic Shock

This article was published on April 7, 2024,
at NEJM.org.
DOI: 10.1056/NEJMoa2312572



DanGer Shock

Pz acuti con ST up

Ipoperfusione documentata (lattat1 >2.5 mmol/L; mg/dl
dividi per 0.111),

Disfunzione VS ( FE<45%), senza disfunzione VD

Non in coma (Glasgow Coma Scale score >81n caso di
arresto cardiaco precedente



* 360 patienti

* Morte per tutte le cause 180 gg45.8% (microaxial-flow-pump
group ) Impella

* Controllo 58.5%)

(hazard ratio, 0.74; 95% confidence interval [CI], 0.55 to
0.99; ).



* End point composito di 43 patients (24.0%)
Impella

* 11 (6.2%) controllo
75 patient1 (41.9%) Impella
» 4’7 patients (26.7%) controllo



10.1016/).cardfail. 2024.07.013

Anticoagulation Medications, Monitoring, and
Outcomes in Patients with Cardiogenic Shock
Requiring Temporary Mechanical Circulatory Support
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Microaxial Flow Pump Hemodynamic and Metabolic Effects
in Infarct-Related Cardiogenic Shock
A Substudy of the DanGer Shock Randomized Clinical Trial

Impella riduce 1’uso di inotropi e vasopressori
mantenendo stabilita emodinamica




Drug therapy and catheter ablation for management
of arrhythmias in continuous flow left ventricular
assist device's patients: a Clinical Consensus
Statement of the European Heart Rhythm
Association and the Heart Failure Association of the

atheter ablation; Heart failure; Left ventri
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Early Impella Support inPatientsWith ST-SegmentElevation
Myocardial Infarction Complicated by Cardiogenic Shock
( nord america)



Cateterismo destro e fenotipo emodinamico CS per
selezionare potenziali candidatt MCS e guidare 1a selezione
del device,l’ottimizzazionee 1’escalation-descalation

Diversificare 1’arruolamento nei trials futuri (donne)
Quando mettere device ( prima o dopo rivascolarizzazione).
Pazienti con non-STEMI AMI-CS

Device aternativi MCS potrebbero avere simili benefici con
selezioni accurate



Trial name

Inclusion
criteria

Intervention

Control

Institution

Primary
outcome

Key secondary
outcomes

Estimated
study
completion

EARLY-UNLOAD
(MCT04775472)

Cardiogenic
shock

VA-ECMO +
atrial septos-
tomy within 12
hours

VA-ECMO
alone

Chonnam
Mational
University
Hospital,
Korea

All-cause mortal-
ity at 30 days

Rate of atrial
septostomy in
control group
Incidence of
cardiac death

October
2023

REVERSE
(NCT0O3431467)

Cardiogenic
shock

VA-ECMO +
Impella CP

VA-ECMO
alone

Multicenter,
United
States

Recovery from
cardiogenic
shock at 30 days
(survival; free
from MCS, trans-
plant, or inotropic
support)

Survival to hos-
pital discharge

January
2025

ECLS-SHOCK
(MCT03637205)

Cardiogenic
shock secondary
to acute myocar-
dial infarction

VA-ECMO +/-
LV unloading

Standard care
(escalation to
other MCS [eg,
IABP or pLVAD]
allowed)

Multicenter,
Germany

All-cause mortal-
ity at 30 days

Time to death
at 6- and
12-month
follow-up; dura-
tion of catechol-
amine therapy

MNovember
2023

ANCHOR
(NCT04184635)

Cardiogenic
shock secondary
to acute myocar-
dial infarction

VA-ECMO +
IABP

Standard care
(no MCS de-
vice allowed)

Multicenter,
France

Treatment fail-
ure at 30 days
(death in ECMO
group or rescue
ECMO in the
control group)

Mortality at 30
days; MACE at
30 days

November
2024

HERACLES
(ISRCTNB2431978)

Cardiogenic
shock being
treated with VA-
ECMO

VA-ECMO +
Impella CP

VA-ECMO +
lABP

Multicenter,

United King-

dom

Change in device
coronary flow
reserve

Change in
LVEDP: time
to VA-ECMO
decannulation

February
2025

ANCHOR indicates Assessment of ECMO in Acute Myocardial Infarction Cardiogenic Shock; EARLY-UNLOAD, Eary Left Atrial Septostomy Versus Conventional
Approach After Venoarterial Extracorporeal Membrane Oxygenation; ECLS-SHOCK, Extracorporeal Life Support in Cardiogenic Shock; ECMO, extracorporeal
membrane oxygenation; HERACLES, Hemodynamic Effects of Reducing Left Ventricular Afterload With Impella or Intraaortic Balloon Counterpulsation During Veno-
arterial Extracorporeal Membrane Oxygenation in Cardiogenic Shock; IABP, intra-aortic balloon pump; LV, left ventricle; MCS, mechanical circulatory support; pLVAD,
percutaneous left ventricular assist device; REVERSE, Impella CP with VA-ECMO for Cardiogenic Shock; and VA-ECMO, venoarterial extra corporeal membrane
oxygenation.
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