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Abstract: Cardiogenic shock (CS) remains one of the most critical
states in acute cardiac care, marked by severe reduction in cardiac
output and organ hypoperfusion. While vasopressors and inotropes are
standard mainstays for acute hemodynamic support, their use increases
the risk of arrhythmias and may contribute to increased mortality.
Beta-blockers (BBs), with their antiadrenergic effects, could
theoretically mitigate some adverse effects but are classically
contraindicated in shock due to negative inotropy. This article reviews
current evidence, mechanisms, clinical experience, and considerations
related to the combined use of BBs with vasopressors and inotropes in
CS. We synthesize findings from recent registry data, retrospective
studies, and mechanistic analyses and visually represent key outcomes
with tables and figures.
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INTRODUCTION
Cardiogenic shock, most commonly secondary to acute myocardial infarction or chronic heart failure
decompensation, is characterized by profound hypotension, tissue hypoperfusion, and high short-term mortality.
e Vasopressors and inotropes: Used to restore perfusion, at the cost of increased myocardial oxygen
consumption and life-threatening arrhythmias.
e Beta-blockers: Offer mortality benefit in chronic heart failure and arrhythmia prevention, but their role in
acute shock is controversial due to potential exacerbation of hemodynamic compromise!™2!,

PHARMACOLOGY OVERVIEW

Vasopressors and Inotropes
e Vasopressors (norepinephrine, epinephrine): Increase vascular tone, raise systemic vascular resistance!,
e Inotropes (dobutamine, milrinone, levosimendan): Enhance cardiac contractility, with varying chronotropic
and vasodilatory properties™!),

Table 1: Key Actions and Adverse Effects
Arrhythmia Risk

Agent Main Action Effect on BP

Norepinephrine | Vasoconstriction Moderate "
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Dobutamine Inotropy, mild vasodilation | High 1/0
Milrinone Inotropy, vasodilation High 170
Dopamine Inotropy, vasoconstriction Very High 1

Beta-blockers
Act by antagonizing beta-adrenergic receptors, reducing sympathetic drive, heart rate, and arrhythmic potential.
Risks include reduced contractility and further lowering of blood pressure in unstable patients™!(23!,

Rationale and Theoretical Benefits

e Mitigating arrhythmias: High-dose catecholaminergic agents increase arrhythmic risk, which BBs may
counteract?!!,

e Receptor upregulation: Chronic catecholamine exposure can lead to beta-receptor downregulation; BBs may
prevent this, aiding long-term recovery.

e Potential myocardial protection: By reducing heart rate and myocardial oxygen consumption™?,

EVIDENCE FROM CLINICAL STUDIES
Registry and Retrospective Data
FRENSHOCK Registry (2023):
e BBs continued at 24h after onset of shock were associated with reduced 1-month mortality (HR=0.43, p=0.03).
Early initiation (<24h) did not significantly improve mortality compared to no BB.
Discontinuation of chronic BB therapy was linked to worse outcomes.
Initiation or reinitiation strategies must be individualized™?!,

Retrospective Chart Review (2022, n=227):
e No reduction in in-hospital mortality with concurrent use of BBs plus vasopressors/inotropes.
e BB group had younger patients and more comorbidities, highlighting the need for prospective studies®!!,

Impact on Hemodynamic Response
e Beta-blockers may blunt the positive inotropic effect of dobutamine, especially non-selective types
(carvedilol > metoprolol)™.
¢ Enoximone and milrinone, as phosphodiesterase inhibitors, retain efficacy in beta-blocked patients™.

Table 2: Hemodynamic Effects of Inotropes in Beta-Blocked Patients

Inotrope Effect in BB-treated Patients
Dobutamine Diminished (esp. with carvedilol)
Milrinone Largely preserved/enhanced
Levosimendan | Preserved

Beta-Blockers in Special Circumstances
e Persistent tachyarrhythmias with preserved perfusion: short-acting BBs under monitoring have been used
successfully, particularly with mechanical support (e.g., VA-ECMO)™H,
e Ventricular arrhythmias refractory to amiodarone/lidocaine: selective BBs may have a role in specialized
settings.

Visual Representation

Figure 1: Mortality Outcomes with Beta-Blocker Continuation/Discontinuation in Cardiogenic Shock™?

BB Strategy 1-Month Mortality
Continued !
Discontinued 1
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Figure 2: Mechanism Schematic
(Schematic would illustrate the push-pull of catecholamine-driven arrhythmia risk, inotropy, and counter-regulatory
effects of BBs.)

Clinical Considerations and Guidelines

e Guidelines generally recommend pausing BBs in ongoing CS (stage C-E), except in specific arrhythmic
indications and highly-selected stable patients™ !,

o Early, cautious reintroduction may improve post-shock recovery, especially as vasopressor/inotrope needs
decrease!!,

e In patients already on chronic BBs, abrupt cessation risks rebound effects; dose reduction is favored over
discontinuation when feasible™.

e Combination with vasopressors/inotropes should be limited to hemodynamically stable or carefully monitored
patients.

Limitations and Knowledge Gaps
e Most data are observational or retrospective, existing RCTs are underpowered for conclusive
recommendations/?P!4,
e Need for individualized therapy based on patient’s arrhythmia risk, type of BB, hemodynamic status, and
inotrope used.

e  Unclear long-term impact of various BB/inotrope combinations on myocardial recovery and survival.

Practical Algorithm
Suggested Clinical Approach:
1. During active shock (especially stage C-E): Avoid or wean BBs unless intractable arrhythmia.
2. On recovery/compensated stage: Consider early reintroduction of BBs, with titration and hemodynamic
monitoring.
3. For refractory tachyarrhythmias: Short-acting BBs or esmolol may be considered within mechanical support
settings.
4. Prefer milrinone or levosimendan over dobutamine in chronic BB patients needing inotrope.

CONCLUSION

The concomitant use of beta-blockers with vasopressors and inotropes in cardiogenic shock is a rapidly evolving field
with promise and complexity. While BBs may provide arrhythmia prevention and improved outcomes in stabilized
patients or those recovering from shock, their use in active shock must be highly selective and monitored. The balance
between risk and benefit depends on dynamic hemodynamics, the pharmacologic profile of agents used, and patient-
specific factors. Robust prospective studies are needed to clarify optimal strategies in this critical scenario.
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