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Abstract
Cardiogenic shock (CS) is associated with significant mortality. Advances in pharmacological therapies
and mechanical circulatory support (MCS) devices have markedly improved the therapeutic approach
to CS, though treatment efficacy and safety vary. The recent DanGer shock trial showed a significant
reduction in 6-month mortality for CS patients due to acute myocardial infarction. Future randomised
trials should evaluate a phenotype-guided pharmaco-MCS approach to the management of CS. This
paper summarises contemporary pharmacological and MCS treatments for patients with CS.
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Introduction
Etiology and Pathophysiology of Cardiogenic Shock (CS)

Cardiogenic shock (CS) is a life-threatening condition with short-term (in-hos-
pital or 30-day) mortality exceeding 30% across the literature (Chioncel et al, 2011;
Chioncel et al, 2020; Maggioni et al, 2010). There are three components to the
diagnosis of CS: an underlying cardiac pathology, circulatory failure related to the
cardiac pathology and evidence of hypoperfusion due to circulatory failure.

The acute coronary syndrome is the archetypal cause of CS, but recent studies
have increasingly recognised other causes of CS, including end-stage heart fail-
ure due to non-ischaemic cardiomyopathy, fulminant and other inflammatory my-
ocarditis, and valvular heart disease (Kolte et al, 2016; Shah et al, 2018). The under-
lying etiology is a major determinant of the CS phenotype, indication for treatment,
clinical course and potential outcomes. For example, revascularization is indicated
in CS due to acute myocardial infarction. Full recovery is likely in acute fulminant
myocarditis if the patient survives CS, but ‘heart replacement therapy’ may be indi-
cated in CS due to end-stage cardiomyopathy (Vahdatpour et al, 2019). Irrespective
of the underlying etiology, reduction in cardiac output is the dominant pathophysi-
ology of circulatory failure in CS. Global oxygen delivery is a function of cardiac
output of blood oxygen content. Global oxygen delivery diminishes due to the
compromised cardiac output and may become inadequate to maintain tissue/organ
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perfusion, leading to clinical and metabolic features of hypoperfusion. Prompt cor-
rection of low cardiac output and improved oxygen delivery is necessary to avoid
multi-organ failure and death from CS.

Markers of Cardiogenic Shock
Sustained hypotension is commonly used as evidence of circulatory failure

(The European Society of Cardiology guidelines have defined sustained hypoten-
sion as systolic blood pressure <90 mmHg for over 30 minutes or the necessity
for vasoactive drugs to maintain blood pressure), but it is also recognised that CS
may present without hypotension due to arterial vasoconstriction. Other features of
circulatory failure include elevated cardiac filling pressures and low cardiac output
(if measured). Evidence of hypoperfusion may be clinical (cold extremities, skin
mottling, mental confusion, oliguria) or biochemical indicators such as metabolic
acidosis and elevated blood lactate levels (Chioncel et al, 2020).

Classification of Cardiogenic Shock
The diagnosis of CS should be followed by phenotyping, which includes char-

acterisation of acuity/severity and pathophysiology. The Society for Cardiovas-
cular Angiography and Interventions (SCAI) classification is commonly used to
describe the acuity/severity of CS from A (at risk of CS) to E (extremis). The
pathophysiology of CS involves the assessment of left, right or biventricular func-
tion, and the systemic and pulmonary circulations (pulmonary vascular resistance).
The underlying aetiology, acuity/severity and pathophysiology guide the manage-
ment of CS, including the use of mechanical circulatory support (MCS) (Baran et
al, 2019).

Management of Cardiogenic Shock
The haemodynamic management of cardiogenic shock can be divided into four

phases: Recognition/Rescue, Optimization, Stabilization, and Exit/De-escalation
(ROSE) (Fig. 1) (Lim et al, 2024). Inotropes and vasopressors are pharmacological
agents employed to achieve hemodynamic stability in the Rescue and Optimisation
phases and mitigate the progression of CS. This review will discuss contemporary
pharmacological and mechanical support in CS.

Pharmacological Therapy in Cardiogenic Shock
At its most basic, inotropes are pharmacological agents that enhance cardiac

contractility to increase cardiac output and vasopressors induce arterial/arteriolar
vasoconstriction to increase arterial blood pressure (Bloom et al, 2023; Cooper,
2008; Russell, 2019). Table 1 provides a summary of the vasoactive drugs utilised
in the management of cardiogenic shock.

Norepinephrine
Norepinephrine predominantly targets alpha-1 receptors, promoting vasocon-

striction and subsequently elevating blood pressure. Norepinephrine has weak beta-
1 receptor affinity, resulting in some inotropic effects (Bloom et al, 2023; Cooper,
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Fig. 1. The four phases of cardiogenic shock. ROSE, Recognition/Rescue, Optimization, Sta-
bilization, and Exit/De-escalation; CS, cardiogenic shock; MCS, mechanical circulatory support;
LVAD, Left Ventricular Assist Device; MAP, mean arterial pressure; DO2, oxygen delivery; VO2,
oxygen consumption. Data from “Hemodynamic management of cardiogenic shock in the intensive
care unit” by Lim HS et al is licensed under CC BY 4.0.

2008; Russell, 2019). In the Sepsis Occurrence in Acutely Ill Patients (SOAP-
II) trial, which compared dopamine and norepinephrine (Zampieri et al, 2024),
there was no significant difference in mortality rates between the dopamine and
norepinephrine cohorts (52.5% in the dopamine group versus 48.5% in the nore-
pinephrine group, p = 0.10), but the incidence of arrhythmic events was signifi-
cantly higher in the dopamine group (24.1% vs 12.4%, p< 0.001). Ameta-analysis
similarly showed a reduced risk of arrhythmic events and a lower 28-day mortality
rate compared to dopamine (relative risk (RR) 1.611 [95% confidence interval (CI)
1.219–2.129]; p < 0.001) (Rui et al, 2017).

Epinephrine
Epinephrine increases systemic vascular resistance, cardiac output, and blood

pressure. However, its use is often constrained by associated adverse effects, includ-
ing myocardial ischemia, arrhythmias, hyperlactatemia, and splanchnic ischemia
(Bistola et al, 2019). A prospective randomized study that compared epinephrine
and norepinephrine-dobutamine combination in 30 patients with CS reported simi-
lar hemodynamic effects; but epinephrine was linked to higher incidence of lactic
acidosis, arrhythmias, and inadequate gastric mucosa perfusion (Levy et al, 2011).
In a prospective double-blind randomized study of patients with acute myocardial
infarction-induced CS (AMI-CS), norepinephrine and epinephrine produced com-
parable effects on arterial blood pressure and cardiac index, but epinephrine re-
sulted in higher heart rates and blood lactate levels, although it required a shorter
duration of inotropic support (p < 0.001) (Levy et al, 2018). A meta-analysis of
fourteen cohort studies and 2583 patients reported that the incidence of mortality
in epinephrine was threefold higher compared to other drug regimens (Léopold et
al, 2018).

3 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.jhltonline.org/article/S1053-2498(24)01528-6/fulltext
https://www.jhltonline.org/article/S1053-2498(24)01528-6/fulltext
https://creativecommons.org/licenses/by/4.0/
https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEW REVIEW REVIEW

Table 1. Summary of the main medications used for cardiogenic shock.
Agents Mechanism Dose range Adverse effect

Norepinephrine Alpha agonist 0.05–0.20 µg/kg/min Tachycardia
(+) Beta agonist Hypertension

Epinephrine Alpha agonist 0.01–0.3 µg/kg/min Myocardial ischaemia
(++) Beta agonist Arrhythmia

Hypertension
Pulmonary congestion

Dopamine Dose-dependent Lower dose: 1–2 µg/kg/min Increased incidence of arrhythmias
Acts on alpha, beta and
dopaminergic receptors

Intermediate dose: 5–15 µg/kg/min
Higher dose: >15 µg/kg/min

Higher risks of ICU mortality and
hospital mortality as dose increases

Dobutamine Beta agonist 5–20 µg/kg/min May contribute to hypotension

Milirinone Phosphodiesterase 3 inhibitor 0.125–0.35 microg/kg/min Induce arrhythmia and cardiac is-
chaemia
Hypotension

Levosimendan Calcium sensitiser 0.05–0.4 µg/kg/min Hypotension
AF, tachycardia
Hypocardia

The number of ‘+’ indicates the effect size. AF, atrial fibrillation; ICU, intensive care unit.
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Dopamine
Dopamine, a precursor to norepinephrine and epinephrine, exhibits dose-depen-

dent cardiac effects through its interaction with different receptors. At lower doses
(1–2 µg/kg/min), dopamine primarily induces vasodilation in the renal and splanch-
nic systems due to its affinity for dopaminergic receptors. However, studies have
not demonstrated significant benefits on renal hypoperfusion in patients with CS
(Amado et al, 2016; Bloom et al, 2023; Cooper, 2008; Russell, 2019). At interme-
diate doses (5–15 µg/kg/min), dopamine activates both alpha- and beta-adrenergic
receptors, enhancing myocardial contractility and blood flow. At higher doses
(>15 µg/kg/min), its effects are predominantly mediated by alpha-1 stimulation
(vasoconstriction). The SOAP-II trial showed an increased incidence of arrhyth-
mic events in patients treated with dopamine (used as vasoconstrictor) compared
to norepinephrine, and may be associated with higher mortality in patients with CS
(p = 0.03) (Zampieri et al, 2024). A retrospective study suggested that dopamine at
doses exceeding 15 µg/kg/min significantly elevated the risk of hospital mortality
(Gao and Zhang, 2021). A comparative study between dopamine and dobutamine
showed that dopamine increased left ventricular filling pressure more than dobu-
tamine at 5 µg/kg/min (p < 0.001) and 10 µg/kg/min (p < 0.05) (Francis et al,
1982).

Dobutamine
Dobutamine primarily enhances cardiac output by increasing myocardial con-

tractility. The effect on arterial blood pressure may be negligible, but hypotension
due to vasodilatation is well-recognised. Several studies in the literature have sug-
gested an association between dobutamine use and higher hospital mortality. A ret-
rospective cohort study reported that while dobutamine significantly decreased in-
tensive care unit (ICU) mortality, it was linked to increased hospital mortality (Gao
and Zhang, 2021). Additionally, an observational study indicated that in patients
at SCAI stages B and C, the use of dobutamine resulted in a 15% increased risk
of mortality for each 1 µg/kg/min increment in dosage (Nandkeolyar et al, 2021).
Despite these findings, dobutamine remains a recommended inotrope for improv-
ing myocardial contractility, often administered concurrently with norepinephrine.
The combination of norepinephrine-dobutamine was associated with lower heart
rates and blood lactate levels compared to epinephrine (Levy et al, 2011).

Milrinone
Milrinone, a phosphodiesterase inhibitor, is a positive inotrope and a peripheral

vasodilator (Amado et al, 2016; Bistola et al, 2019), enhancing cardiac output and
decreasing arterial blood pressure. In observational studies, all-cause mortality was
lower with milrinone compared to dobutamine (odds ratio 1.19, 95% CI 1.02–1.39;
p = 0.02) (Abdel-Razek et al, 2023). The Cardiovascular Percutaneous Intervention
Trial Dobutamine Compared with Milrinone (CAPITAL-DOREMI) trial compared
dobutamine vs milrinone in patients with CS (Mathew et al, 2021). There was no
significant difference in in-hospital mortality between the two groups (37% in the
milrinone group and 43% in the dobutamine group; RR, 0.85; 95% CI, 0.60–1.21)
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(Mathew et al, 2021). The ongoing CAPITAL-DOREMI 2 trial aims to assess the
safety and efficacy of inotrope therapy (dobutamine or milrinone) versus placebo
in treating CS patients.

Levosimendan
Levosimendan exhibits inotropic properties by increasing the sensitivity of tro-

ponin C to intracellular calcium within the myocardium, but also induces periph-
eral vasodilation and hypotension (Nieminen et al, 2013). One small randomised
trial found that levosimendan improved cardiac index and cardiac power output
over a 24-hour treatment period compared to dobutamine in patients with AMI-CS
(García-González et al, 2006). Small studies have shown no significant statistical
difference in long-term survival between levosimendan and other inotropic medica-
tions. One randomised trial of patients with CS reported no significant differences
in outcomes between the levosimendan and control groups over 12 months (p =
0.24) (Samimi-Fard et al, 2008). An observational study also found no difference
in 30-day mortality rates (p = 0.93) or 1-year mortality rates (p = 0.87) between the
levosimendan and control groups (Omerovic et al, 2010).

Clinical Guidance
The current body of evidence, largely comprising observational studies, pro-

vides limited support for the superiority of one inotropic agent over another. Cur-
rent European Society of Cardiology (McDonagh et al, 2021) and the American
Heart Association (van Diepen et al, 2017) guidelines recommend norepinephrine
as the first-line vasopressor due to its lower arrhythmic risk (dose ranging from
0.05–0.20 µg/kg/min). Dobutamine may be administered concurrently with nore-
pinephrine to enhance cardiac contractility.

Mechanical Circulatory Support
Mechanical circulatory support (MCS) has emerged as a pivotal therapeutic

modality in addressing this imbalance between oxygen delivery and consumption
in CS. These devices range from relatively small percutaneous devices such as the
intra-aortic balloon pump to surgical assist devices (Table 2). Mechanical circula-
tory support devices have been evaluated in patients with CS in a number of clinical
trials (Table 3).

Intra Aortic Balloon Pump (IABP)
The intra-aortic balloon pump (IABP) functions to enhance organ perfusion

by decreasing cardiac afterload and augmenting diastolic aortic pressure, thereby
improving diastolic blood flow. The device’s balloon inflates and deflates from
electrocardiogram (ECG) triggers and reduces left ventricle (LV) afterload and my-
ocardial oxygen demand (Musa et al, 2017). The IABP is favoured for its simplicity
and ease of insertion. Contraindications for IABP use include severe aortic regurgi-
tation, aortic dissection, and severe peripheral artery disease (Ferguson et al, 2001;
Musa et al, 2017). The Intra-aortic balloon counterpulsation in acute myocardial
infarction complicated by cardiogenic shock (IABP-SHOCK II) Trial investigated
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Table 2. Summary of mechanical circulatory support devices.
Device Insertion time Ventricular support Level of support Ischaemic risk Bleeding risk

IABP <10 minutes LV offloading About 0.5 L/min <5% 5–10%
Impella CP 10–20 minutes LV support About 3.5 L/min 5–10% 10–20%
Impella 5.5 30–60 minutes LV support About 5.5 L/min <5% 8–10%
Tandem heart 30–60 minutes Direct LV offloading About 4 L/min 5–10% 40–50%
VA-ECMO 10–20 minutes Biventricular support Over 5 L/min 5–10% 20–40%
Surgical assist devices 60–90 minutes Left, Right or Biventricular support Over 5 L/min 5–10% 15–30%
IABP, intra-aortic balloon pump; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; LV, left ventricle; CP, cardiac
power.

Table 3. Clinical trials in mechanical circulatory support.
Trial name Patient groups Intervention Outcomes

IABP-SHOCK II CS due to acute myocardial infarction IABP vs no IABP No significant difference in 30-day mortality
ALTSHOCK 2 CS due to acute decompensated heart failure IABP vs vasoactive treatments Ongoing trial
DanGer Shock CS due to acute myocardial infarction Impella vs no Impella 12.7% improvement in 6-month survival with Impella
ULYSS CS due to acute myocardial infarction Impella vs medical treatment Ongoing trial
Recover IV CS due to acute myocardial infarction PCI with or without Impella Ongoing trial
ECLS-SHOCK CS due to acute myocardial infarction ECLS vs medical treatment No significant difference in 30-day mortality
ECMO-CS CS of different aetiologies immediate VA-ECMO vs standard use No significant difference in 30-day mortality

ECLS-SHOCK I CS due to acute myocardial infarction ECLS vs no ECLS Reduction in 12-month all-cause mortality
No significant difference in 30-day mortality

EURO SHOCK CS due to acute myocardial infarction VA-ECMO vs standard therapy No significant difference in 30-day and 12-month mortality
IABP-SHOCK II, Intra-aortic balloon counterpulsation in acute myocardial infarction complicated by cardiogenic shock; ALTSHOCK 2, Early intra-aortic bal-
loon pump in acute decompensated heart failure complicated by cardiogenic shock; DanGer Shock, Danish-German Cardiogenic Shock trial; ULYSS, Ulysses
Cardiogenic Shock study; ECLS-SHOCK, Extracorporeal Life Support in Infarct-Related Cardiogenic Shock; ECMO-CS, Extracorporeal Membrane Oxygenation
in the Therapy of Cardiogenic Shock; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; PCI, percutaneous coronary intervention.
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outcomes of IABP in AMI-CS. showed no significant difference in 30-day all-cause
mortality with IABP in AMI-CS (RR 0.96, 95% CI 0.79–1.17, p = 0.69) (Thiele
et al, 2012). Long-term follow-up at six years confirmed no reduction in mortality
with IABP use in AMI-CS (Schrage et al, 2019). As a result, the European Society
of Cardiology guidelines have advised against its routine use of IABP in AMI-CS
due to the lack of mortality benefit (Byrne et al, 2023). The American College of
Cardiology/American Heart Association guidelines recommend using IABP as a
temporary stabilising measure for patients who fail to achieve hemodynamic stabil-
ity with pharmacological treatment (Rossini et al, 2021). The ongoing Altshock-2
trial will evaluate IABP in CS due to acute decompensated heart failure (Morici et
al, 2021).

Left Ventricular Assist Device (LVAD)
Impella

The Impella (Abiomed, Danvers, MA, USA) device is a catheter-mounted
micro-axial blood pump that provides ventricular support. The current left-sided
support Impella devices are the Imeplla CP and Impella 5.5. The devices work
by lowering the LV end-diastolic pressure which reduces the left ventricular well
stress, in turn reducing infarct size in acute myocardial infarction. Left ventricular
thrombus and mechanical aortic valve prostheses, and severe aortic regurgitation
are contraindications to Impella. Complications include bleeding, limb ischemia,
and haemolysis, which may necessitate transfusion or device repositioning (Musa
et al, 2017; National Institute for, Health, and Excellence Care, 2016; Zein et al,
2022).

The DanGer Shock trial demonstrated that the use of the Impella CP in se-
lected patients with AMI-CS reduced all-cause mortality at 180 days (45.8% in the
Impella group compared to 58.5% in the standard care group, hazard ratio 0.74;
95% CI 0.55–0.99; p = 0.04). The 12.7% absolute reduction in mortality with Im-
pella CP indicates a number needed to treat to prevent 1 death of 8 (Møller et al,
2024). However, the reduction in mortality was associated with an increased risk
of complications, including bleeding and hemolysis. Other ongoing studies include
the Recover IV trial, to assess whether Impella support during percutaneous coro-
nary intervention in AMI-CS patients, as well as the ULYSS trial to assess whether
Impella should be used on top of standard medical therapy in patients undergo-
ing AMI-CS (Masiero et al, 2024). Previous comparative studies have reported no
significant difference in mortality between Impella and IABP in CS. The Impella
LP2.5 vs. IABP in Cardiogenic Shock (ISAR-SHOCK) trial reported a 30-day mor-
tality rate of 46% in both groups (Seyfarth et al, 2008). The Imella Left Ventricular
Assist Device Study in Cardiogenic Shock (IMEPLLA STIC) trial in 2020 also re-
ported no significant statistical change to the cardiac power index after 12 hours
(IABP group: cardiac power index (∆CPI) = 0.08 ± 0.08 W/m2; Impella LP 5.0 +
IABP group: ∆CPI = –0.02 ± 0.25 W/m2; p = 0.40) (Bochaton et al, 2020). The
PercutaneousMechanical Circulatory Support Versus Intra-Aortic Balloon Pump in
Cardiogenic Shock After Acute Myocardial Infarction (IMPRESS) trial found no
statistical difference in survival between IABP and Impella in patients with AMI-
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CS (Karami et al, 2021). These studies suggest the need for more nuanced selection
of patients with CS for Impella support and meticulous attention to potential com-
plications associated with the device. The International Society for Heart and Lung
Transplantation (ISHLT) guidelines recognise the Impella device as an option for
haemodynamic support for patients with AMI-CS to facilitate myocardial recovery
(Class II B evidence C) (Saeed et al, 2023).

TandemHeart Device
Similarly, the TandemHeart (LivaNova) is a percutaneous centrifugal Left Ven-

tricular Assist Device (LVAD) that drains blood from the left atrium via a trans-
septal atrial cannula and pumps the blood back into the descending aorta. The result
is an increase in cardiac output and cardiac power while reducing left ventricular
end-diastolic pressure and myocardial oxygen consumption (Megaly et al, 2023).

Currently, there are no multi-centre randomised clinical trials evaluating the
effectiveness of TandemHeart in patients with CS. However, there are some small
observational studies supporting the potential of this device. A prospective obser-
vational study demonstrated improved hemodynamic benefits in patients with CS,
with a 74% 30-day survival and a 66% 180-day survival (Megaly et al, 2023).

Extracorporeal Life Support (ECLS)
Veno-arterial extracorporeal membrane oxygenation (VA-ECMO), also known

as extracorporeal life support (ECLS) offers cardiac and respiratory support for
patients with CS. This system includes a venous drainage cannula, typically inserted
into the femoral vein, to draw venous blood into a pump, which pumps the blood
through an oxygenator. The membrane oxygenator decarboxylates and oxygenates
the venous blood, which is then returned to systemic circulation via a cannula into
the artery (usually femoral artery). ECLS can generate flows of over 5 L/min and
is capable of providing significant haemodynamic support even in the absence of
native heart function (e.g., cardiac arrest) (Musa et al, 2017; Shekar et al, 2014).
Despite its life-saving potential, ECLS is associatedwith significant risks, including
limb ischemia, thromboembolism, haemolysis, infection, and pulmonary oedema
due to left ventricular distension (Musa et al, 2017). The Out-of-Hospital cardiac
arrest & SmartphonE RespOndErS trial (HEROES) trial reported that 21.1% of
patients experienced bleeding complications. Thus, the success of ECLS heavily
depends on meticulous patient selection and management (Willers et al, 2022).

The ECLS-SHOCK I study reported the 12-month all-cause mortality in the
ECLS group as 19% compared to 38% in the control group, albeit with a small
sample size of only 42 patients (Lackermair et al, 2021). The ECLS-SHOCK trial
evaluated ECLS in 420 patients with AMI-CS. There was no significant difference
in all-cause mortality at 30 days mortality and the ECLS group had a higher in-
cidence of complications such as severe bleeding (23.4% vs 9.6%) (Thiele et al,
2023). Similarly, the smaller ECMO-CS trial comparing immediate ECLS vs later
or downstream use of the device in patients with severe cardiogenic shock reported
no significant difference in 30-daymortality (10.3.% vs 13.6%; risk difference, –3.2
[95% CI, –15.0–8.5]) or serious adverse events (60.3% vs 61.0%; risk difference,
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–0.7 [95% CI, –18.4–17.0]) (Ostadal et al, 2023). Current guidelines recommend
short-term MCS including ECLS, as a bridge to decision, recovery, or transplanta-
tion (Class IIa, Level C) (McDonagh et al, 2021). The ISHLT guidelines advocate
MCS in patients at high risk of 1-year mortality, emphasizing the need for compre-
hensive neurological assessment before ECLS (Feldman et al, 2013; Saeed et al,
2023).

Fig. 2. Initial approach to CS with a 5-step algorithm. If the patient is a candidate for temporary
MCS, the CS phenotype is the primary consideration to guide the deployment of pharmaco-MCS.
Secondary considerations include vascular access, prior sternotomy (if surgical approaches are con-
sidered) and anaesthetic considerations. Not shown here (and beyond the scope of this review) is
the additional pharmaco-MCS considerations in patients with CS and respiratory compromise. Data
from “Hemodynamic management of cardiogenic shock in the intensive care unit” by Lim HS et al
is licensed under CC BY 4.0.

Temporary Ventricular Assist Devices (VAD)
Temporary ventricular assist devices (VAD) with the use of centrifugal flow

pumps (Centrimag devices) can be implanted surgically to provide full biventricu-
lar support in patients with CS (blood flow of up to 10 L/min). It is primarily used
as a bridge to recovery, transplantation, or decision-making for long-term treatment
options. The Centrimag device features amagnetically levitatedmotor that operates
without mechanical bearings or seals, reducing the risk of blood-related complica-
tions (Amado et al, 2016). Current guidelines suggest short-term use of CentriMag
for 30 days but these devices have been used for longer duration of support over
several months to bridge patients to heart transplantation. There are no randomized
controlled trials for surgical VADs in CS (National Institute for, Health, and Excel-
lence Care, 2017). The Interagency Registry forMechanically Assisted Circulatory
Support (INTERMACS) 1 study, a retrospective analysis, examined the survival
rates of cardiogenic shock patients using CentriMag as a bridge to decision. Among
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Table 4. Case vignettes.

Case 1

Clinical presentation A 22-year-old female presented with new-onset biventricular dysfunc-
tion (LV ejection fraction 20%) following a week of flu-like illness.
Blood pressure was 96/78 mmHg but she had signs of mottling and olig-
uria. Arterial blood lactate was 4.6 mmol/L.

Therapeutic approach A pulmonary artery catheter was inserted to characterize the hemody-
namic profile. Pulmonary artery pressure of 36/26mmHg and central ve-
nous pressure of 15 mmHg indicated severe low output state and severe
right heart failure. Thermodilution confirmed a low cardiac index of 1.2
L/min/m2 at a heart rate of 146/min. She was started on dobutamine and
milrinone. Her cardiac index failed to increase with inotropes, and she
deteriorated rapidly. Decision was made to support her with VA-ECMO.
The VA-ECMO ‘run’ was uncomplicated and she made a full recovery
after 7 days.

Comments Although not hypotensive (systolic blood pressure>90 mmHg), this pa-
tient had clear signs of hypoperfusion. In the context of severe cardiac
dysfunction, these clinical features are consistent with the syndrome of
cardiogenic shock. The clinical course is typical of acute fulminant my-
ocarditis. With such a low baseline cardiac index, it was unlikely that
inotropes would be sufficient to restore oxygen delivery. Continuous
monitoring with pulmonary artery catheter could guide timely escala-
tion of support. VA-ECMO was used in this case due to the rapid dete-
rioration and biventricular failure.

Case 2

Clinical presentation Acute myocardial infarction and PCI to proximal right coronary artery.
Recurrence of chest pain and re-infarction 12 hours after PCI. Stent
thrombosis confirmed on angiography and coronary blood flow restored.
However, progressively more hypotensive with signs of hypoperfusion.

Therapeutic approach Echocardiography in the cath lab showed extensive areas of infe-
rior/inferolateral akinesia but no pericardial effusion or tamponade. The
patient was started on metaraminol and an Impella CP was inserted but
the patient continued to deteriorate. The Impella device failed to achieve
adequate flow due to repeated ‘suction’ events.

Comments The patient had evolving right heart failure due to acute right ventricular
infarction. The failing right heart was not able to produce sufficient car-
diac output to ‘preload’ the left ventricle and the Impella CP, resulting in
‘suction’ events. The Impella CP, providing only left ventricular support
was inappropriate MCS modality in this case. This case highlights the
importance of characterizing the pathophysiological phenotype (right,
left or biventricular failure) to guide the use of MCS devices.
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Table 4. Continued.

Case 3

Clinical presentation Amanwith ARVC presented with VT storm, resulting in 30 ICD shocks,
despite amiodarone, lignocaine and esmolol. He developed refractory
VT and became increasingly unstable with escalating doses of nore-
pinephrine due to hypotension.

Therapeutic approach The patient underwent successful implantation of an Impella 5.5 via sur-
gical cutdown to the right axillary artery (left-sided ICD) and percuta-
neous right ventricular assist device. The biventricular assist devices
provided full hemodynamic support despite the persistent VT. The pa-
tient was successfully bridged to heart transplantation.

Comments Inotropes are ineffective and potentially even contraindicated in patients
with recurrent ventricular arrhythmias. Ventricular assist devices are
capable of providing full hemodynamic support, such that perfusion can
be maintained even in refractory ventricular arrhythmias.

ARVC, arrhythmogenic right ventricular cardiomyopathy; ICD, implantable cardioverter defib-
rillator; PCI, percutaneous coronary intervention; VA-ECMO, veno-arterial extracorporeal mem-
brane oxygenation; VT, ventricular tachycardia. Note: The cases were fictional to highlight spe-
cific aspects of cardiogenic shock management.

63 patients, 58%were discharged from the hospital, with a five-year survival rate of
46% (Mehta and Venkateswaran, 2020). A systematic review on CentriMag eval-
uated its efficacy as a temporary VAD. Survival rates on support were 82% (95%
CI 70–92) and 63% (95% CI 46–76) in patients with pericardiotomy cardiogenic
shock. Bleeding is the most significant complication, affecting up to 28% of cases,
alongside risks of infection, thrombosis, and haemolysis (Borisenko et al, 2014).

Case Vignettes and Treatment Algorithms
Faced with a range of pharmacological agents and temporary MCS devices,

the therapeutic approach to a patient with CS can be daunting. The following 5-
step algorithm could aid the approach and initial management of a patient with CS
(Fig. 2).

Step 1: Recognising CS. Features of CS should be actively sought or excluded
in any patient with features of circulatory compromise.

Step 2: Characterise the phenotype: aetiology, acuity/severity (SCAI stages)
and pathophysiological phenotype.

Step 3: Assess candidacy for temporary MCS. The possible ‘Exit strategy’
must be considered prior to MCS.

Step 4: Phenotype-guided pharmaco-MCS therapy.
Step 5: Post-Rescue management—Optimisation, Stabilisation and Exit ther-

apy.

12 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEWREVIEWREVIEW

A series of case vignettes are provided in Table 4 to illustrate some of the ther-
apeutic considerations in CS (The cases were fictional to highlight specific aspects
of cardiogenic shock management).

Limitations and Future Direction
Firstly, most clinical trials of CS to date have only included patients with AMI-

CS. It is not clear if the results of these clinical trials can be extrapolated to patients
with CS due to other causes, especially if recovery is less likely and bridging to
‘heart replacement therapy’ is the dominant outcome (Warren et al, 2024). Few
patients in the clinical trials were bridged to heart transplantation or durable LVADs
and more data are needed to define the optimal bridging strategy.

Secondly, clinical trials of MCS have largely been device-centric. The com-
bined use of vasoactive drugs with MCS devices have not been well studied. There
is growing recognition that better characterisation and phenotyping of CS is nec-
essary for a more tailored delivery of pharmaco-MCS therapy to improve clinical
outcomes. Biomarkers and proteomic profiling may aid the diagnosis and manage-
ment of CS (Patel et al, 2024). The integration of biomarkers and proteomic profil-
ing could improve the precision in treatment that could enhance both the diagnosis
and management of CS by identifying specific patient subgroups whomight benefit
from tailored therapies.

Conclusion
There has been significant progress in the management of CS. TemporaryMCS

has, for the first time been shown to reduce mortality in patients with AMI-CS. But
challenges remain, most notably the complications related to MCS and the high
residual risk of mortality. More studies are needed to guide the use of pharmaco-
MCS treatment in patients with CS.

Key Points
• Cardiogenic shock (CS) is associatedwith significantmortality. Advances

in pharmacological agents andmechanical circulatory support (MCS) have
improved clinical outcomes but residual mortality remains high.

• In the absence of randomised controlled trials, the pharmaco-MCS ther-
apy should be guided by the CS phenotype.

• There is little data to suggest the superiority of one inotropic agent over
another.

• The DanGer Shock trial demonstrated that the use of the Impella pump in-
creased six-month survival rates in patients with acute myocardial infarc-
tion-induced CS.

Availability of Data and Materials
All the data of this study are included in this article.

13 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEWREVIEWREVIEW

Author Contributions
EYKC and HSL designed the review. EYKC was responsible for literature

search, drafting of manuscript, design tables and figures. HSL was responsible for
drafting and revision of manuscript, tables and figures. Both authors contributed to
the important editorial changes in the manuscript. Both authors read and approved
the final manuscript. Both authors have participated sufficiently in the work and
agreed to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgement
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
Abdel-Razek O, Di Santo P, Jung RG, Parlow S,Motazedian P, Prosperi-Porta G, et al. Efficacy ofMilrinone
and Dobutamine in Cardiogenic Shock: AnUpdated Systematic Review andMeta-Analysis. Critical Care
Explorations. 2023; 5: e0962. https://doi.org/10.1097/CCE.0000000000000962

Amado J, Gago P, Santos W, Mimoso J, de Jesus I. Cardiogenic shock: Inotropes and va-
sopressors. Portuguese Journal of Cardiology. 2016; 35: 681–695. (In English, Portuguese)
https://doi.org/10.1016/j.repc.2016.08.004

Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, et al. SCAI clinical expert consensus
statement on the classification of cardiogenic shock: This document was endorsed by the American Col-
lege of Cardiology (ACC), the American Heart Association (AHA), the Society of Critical Care Medicine
(SCCM), and the Society of Thoracic Surgeons (STS) in April 2019. Catheterization and Cardiovascular
Interventions. 2019; 94: 29–37. https://doi.org/10.1002/ccd.28329

Bistola V, Arfaras-Melainis A, Polyzogopoulou E, Ikonomidis I, Parissis J. Inotropes in Acute Heart Failure:
From Guidelines to Practical Use: Therapeutic Options and Clinical Practice. Cardiac Failure Review.
2019; 5: 133–139. https://doi.org/10.15420/cfr.2019.11.2

Bloom JE, Chan W, Kaye DM, Stub D. State of Shock: Contemporary Vasopressor and Inotrope
Use in Cardiogenic Shock. Journal of the American Heart Association. 2023; 12: e029787.
https://doi.org/10.1161/JAHA.123.029787

Bochaton T, Huot L, Elbaz M, Delmas C, Aissaoui N, Farhat F, et al. Mechanical circulatory support with
the Impella® LP5.0 pump and an intra-aortic balloon pump for cardiogenic shock in acute myocardial
infarction: The IMPELLA-STIC randomized study. Archives of Cardiovascular Diseases. 2020; 113:
237–243. https://doi.org/10.1016/j.acvd.2019.10.005

Borisenko O, Wylie G, Payne J, Bjessmo S, Smith J, Yonan N, et al. Thoratec CentriMag for tem-
porary treatment of refractory cardiogenic shock or severe cardiopulmonary insufficiency: a system-
atic literature review and meta-analysis of observational studies. ASAIO Journal. 2014; 60: 487–497.
https://doi.org/10.1097/MAT.0000000000000117

14 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEWREVIEWREVIEW

Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023 ESC Guidelines for the
management of acute coronary syndromes. European Heart Journal. 2023; 44: 3720–3826.

Chioncel O, Parissis J, Mebazaa A, Thiele H, Desch S, Bauersachs J, et al. Epidemiology, pathophysiology
and contemporary management of cardiogenic shock - a position statement from the Heart Failure Asso-
ciation of the European Society of Cardiology. European Journal of Heart Failure. 2020; 22: 1315–1341.
https://doi.org/10.1002/ejhf.1922

Chioncel O, Vinereanu D, Datcu M, Ionescu DD, Capalneanu R, Brukner I, et al. The Romanian
Acute Heart Failure Syndromes (RO-AHFS) registry. American Heart Journal. 2011; 162: 142–153.e1.
https://doi.org/10.1016/j.ahj.2011.03.033

Cooper BE. Review and update on inotropes and vasopressors. AACN Advanced Critical Care. 2008; 19:
5–13; quiz 14–15. https://doi.org/10.1097/01.AACN.0000310743.32298.1d

Feldman D, Pamboukian SV, Teuteberg JJ, Birks E, Lietz K, Moore SA, et al. The 2013 Inter-
national Society for Heart and Lung Transplantation Guidelines for mechanical circulatory sup-
port: executive summary. The Journal of Heart and Lung Transplantation. 2013; 32: 157–187.
https://doi.org/10.1016/j.healun.2012.09.013

Ferguson JJ, 3rd, Cohen M, Freedman RJ, Jr, Stone GW, Miller MF, Joseph DL, et al. The current practice
of intra-aortic balloon counterpulsation: results from the Benchmark Registry. Journal of the American
College of Cardiology. 2001; 38: 1456–1462. https://doi.org/10.1016/s0735-1097(01)01553-4

Francis GS, Sharma B, Hodges M. Comparative hemodynamic effects of dopamine and dobutamine in
patients with acute cardiogenic circulatory collapse. American Heart Journal. 1982; 103: 995–1000.
https://doi.org/10.1016/0002-8703(82)90562-2

Gao F, Zhang Y. Inotrope Use and Intensive Care Unit Mortality in Patients With Cardiogenic Shock: An
Analysis of a Large Electronic Intensive Care Unit Database. Frontiers in Cardiovascular Medicine. 2021;
8: 696138. https://doi.org/10.3389/fcvm.2021.696138

García-González MJ, Domínguez-Rodríguez A, Ferrer-Hita JJ, Abreu-González P, Muñoz MB. Car-
diogenic shock after primary percutaneous coronary intervention: Effects of levosimendan com-
pared with dobutamine on haemodynamics. European Journal of Heart Failure. 2006; 8: 723–728.
https://doi.org/10.1016/j.ejheart.2006.01.007

KaramiM, Eriksen E, Ouweneel DM, Claessen BE, Vis MM, Baan J, et al. Long-term 5-year outcome of the
randomized IMPRESS in severe shock trial: percutaneous mechanical circulatory support vs. intra-aortic
balloon pump in cardiogenic shock after acute myocardial infarction. European Heart Journal. Acute
Cardiovascular Care. 2021; 10: 1009–1015. https://doi.org/10.1093/ehjacc/zuab060

Kolte D, Khera S, Dabhadkar KC, Agarwal S, Aronow WS, Timmermans R, et al. Trends in
Coronary Angiography, Revascularization, and Outcomes of Cardiogenic Shock Complicating
Non-ST-Elevation Myocardial Infarction. The American Journal of Cardiology. 2016; 117: 1–9.
https://doi.org/10.1016/j.amjcard.2015.10.006

Lackermair K, Brunner S, Orban M, Peterss S, Orban M, Theiss HD, et al. Outcome of patients treated
with extracorporeal life support in cardiogenic shock complicating acute myocardial infarction: 1-
year result from the ECLS-Shock study. Clinical Research in Cardiology. 2021; 110: 1412–1420.
https://doi.org/10.1007/s00392-020-01778-8

Léopold V, Gayat E, Pirracchio R, Spinar J, Parenica J, Tarvasmäki T, et al. Epinephrine and short-term
survival in cardiogenic shock: an individual data meta-analysis of 2583 patients. Intensive CareMedicine.
2018; 44: 847–856. https://doi.org/10.1007/s00134-018-5222-9

Levy B, Clere-Jehl R, Legras A, Morichau-Beauchant T, Leone M, Frederique G, et al. Epinephrine Ver-
sus Norepinephrine for Cardiogenic Shock After Acute Myocardial Infarction. Journal of the American
College of Cardiology. 2018; 72: 173–182. https://doi.org/10.1016/j.jacc.2018.04.051

Levy B, Perez P, Perny J, Thivilier C, Gerard A. Comparison of norepinephrine-dobutamine to
epinephrine for hemodynamics, lactate metabolism, and organ function variables in cardiogenic
shock. A prospective, randomized pilot study. Critical Care Medicine. 2011; 39: 450–455.
https://doi.org/10.1097/CCM.0b013e3181ffe0eb

Lim HS, González-Costello J, Belohlavek J, Zweck E, Blumer V, Schrage B, et al. Hemodynamic man-
agement of cardiogenic shock in the intensive care unit. The Journal of Heart and Lung Transplantation.
2024; 43: 1059–1073. https://doi.org/10.1016/j.healun.2024.03.009

15 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEWREVIEWREVIEW

Maggioni AP, Dahlström U, Filippatos G, Chioncel O, Leiro MC, Drozdz J, et al. EURObservational Re-
search Programme: the Heart Failure Pilot Survey (ESC-HF Pilot). European Journal of Heart Failure.
2010; 12: 1076–1084. https://doi.org/10.1093/eurjhf/hfq154

Mathew R, Di Santo P, Jung RG, Marbach JA, Hutson J, Simard T, et al. Milrinone as Compared with
Dobutamine in the Treatment of Cardiogenic Shock. The New England Journal of Medicine. 2021; 385:
516–525. https://doi.org/10.1056/NEJMoa2026845

Masiero G, Arturi F, Panza A, Tarantini G. Mechanical Circulatory Support with Impella:
Principles, Evidence, and Daily Practice. Journal of Clinical Medicine. 2024; 13: 4586.
https://doi.org/10.3390/jcm13164586

McDonagh TA,MetraM, AdamoM,Gardner RS, BaumbachA, BöhmM, et al. 2021 ESCGuidelines for the
diagnosis and treatment of acute and chronic heart failure. European Heart Journal. 2021; 42: 3599–3726.
https://doi.org/10.1093/eurheartj/ehab368

Megaly M, Gandolfo C, Zakhour S, Jiang M, Burgess K, Chetcuti S, et al. Utilization of TandemHeart in
cardiogenic shock: Insights from the THEME registry. Catheterization and Cardiovascular Interventions.
2023; 101: 756–763. https://doi.org/10.1002/ccd.30582

Mehta V, Venkateswaran RV. Outcome of CentriMag™ extracorporeal mechanical circulatory support use
in critical cardiogenic shock (INTERMACS 1) patients. Indian Journal of Thoracic and Cardiovascular
Surgery. 2020; 36: 265–274. https://doi.org/10.1007/s12055-020-01060-6

Møller JE, Engstrøm T, Jensen LO, Eiskjær H, Mangner N, Polzin A, et al. Microaxial Flow Pump or
Standard Care in Infarct-Related Cardiogenic Shock. The New England Journal of Medicine. 2024; 390:
1382–1393. https://doi.org/10.1056/NEJMoa2312572

Morici N, Marini C, Sacco A, Tavazzi G, Cipriani M, Oliva F, et al. Early intra-aortic balloon pump in acute
decompensated heart failure complicated by cardiogenic shock: Rationale and design of the randomized
Altshock-2 trial. American Heart Journal. 2021; 233: 39–47. https://doi.org/10.1016/j.ahj.2020.11.017

Musa TA, Chue CD, Lim HS. Mechanical Circulatory Support for Decompensated Heart Failure. Current
Heart Failure Reports. 2017; 14: 365–375. https://doi.org/10.1007/s11897-017-0349-5

Nandkeolyar S, Doctorian T, Fraser G, Ryu R, Fearon C, Tryon D, et al. Predictors of In-hospital Mortality in
Cardiogenic Shock Patients on Vasoactive or Inotropic Support. Clinical Medicine Insights. Cardiology.
2021; 15: 11795468211049449. https://doi.org/10.1177/11795468211049449

National Institute for, Health, and Excellence Care. Impella 2.5 for haemodynamic support during high-risk
percutaneous coronary interventions (MIB89). 2016. Available at: https://www.nice.org.uk/advice/mib89
(Accessed: 19 September 2024).

National Institute for, Health, and Excellence Care. CentriMag for heart failure (MIB92). 2017. Available
at: https://www.nice.org.uk/advice/mib92 (Accessed: 26 September 2024).

Nieminen MS, Fruhwald S, Heunks LMA, Suominen PK, Gordon AC, Kivikko M, et al. Levosimendan:
current data, clinical use and future development. Heart, Lung and Vessels. 2013; 5: 227–245.

Omerovic E, Råmunddal T, Albertsson P, Holmberg M, Hallgren P, Boren J, et al. Levosimendan neither
improves nor worsens mortality in patients with cardiogenic shock due to ST-elevation myocardial infarc-
tion. Vascular Health and Risk Management. 2010; 6: 657–663. https://doi.org/10.2147/vhrm.s8856

Ostadal P, Rokyta R, Karasek J, Kruger A, Vondrakova D, Janotka M, et al. Extracorporeal Membrane
Oxygenation in the Therapy of Cardiogenic Shock: Results of the ECMO-CS Randomized Clinical Trial.
Circulation. 2023; 147: 454–464. https://doi.org/10.1161/CIRCULATIONAHA.122.062949

Patel SM, Lopes MS, Morrow DA, Bellavia A, Bhatt AS, Butler KK, et al. Targeted proteomic profiling of
cardiogenic shock in the cardiac intensive care unit. European Heart Journal. Acute Cardiovascular Care.
2024; 13: 624–628. https://doi.org/10.1093/ehjacc/zuae068

Rossini R, Valente S, Colivicchi F, Baldi C, Caldarola P, Chiappetta D, et al. ANMCO POSITION PAPER:
Role of intra-aortic balloon pump in patients with acute advanced heart failure and cardiogenic shock.
European Heart Journal Supplements. 2021; 23: C204–C220. https://doi.org/10.1093/eurheartj/suab074
https://doi.org/10.1093/eurheartj/suab074

Rui Q, Jiang Y, Chen M, Zhang N, Yang H, Zhou Y. Dopamine versus norepinephrine in the treat-
ment of cardiogenic shock: A PRISMA-compliant meta-analysis. Medicine. 2017; 96: e8402.
https://doi.org/10.1097/MD.0000000000008402

16 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396


REVIEWREVIEWREVIEW

Russell JA. Vasopressor therapy in critically ill patients with shock. Intensive Care Medicine. 2019; 45:
1503–1517. https://doi.org/10.1007/s00134-019-05801-z

Saeed D, Feldman D, El Banayosy A, Birks E, Blume E, Cowger J, et al. The 2023 International Society
for Heart and Lung Transplantation Guidelines for Mechanical Circulatory Support: A 10- Year Update.
The Journal of Heart and Lung Transplantation. 2023; 42: e1–e222.

Samimi-Fard S, García-González MJ, Domínguez-Rodríguez A, Abreu-González P. Effects of lev-
osimendan versus dobutamine on long-term survival of patients with cardiogenic shock af-
ter primary coronary angioplasty. International Journal of Cardiology. 2008; 127: 284–287.
https://doi.org/10.1016/j.ijcard.2007.04.143

Schrage B, Ibrahim K, Loehn T, Werner N, Sinning JM, Pappalardo F, et al. Impella Support for
Acute Myocardial Infarction Complicated by Cardiogenic Shock. Circulation. 2019; 139: 1249–1258.
https://doi.org/10.1161/CIRCULATIONAHA.118.036614

Seyfarth M, Sibbing D, Bauer I, Fröhlich G, Bott-Flügel L, Byrne R, et al. A randomized clinical trial to
evaluate the safety and efficacy of a percutaneous left ventricular assist device versus intra-aortic balloon
pumping for treatment of cardiogenic shock caused by myocardial infarction. Journal of the American
College of Cardiology. 2008; 52: 1584–1588. https://doi.org/10.1016/j.jacc.2008.05.065

Shah M, Patnaik S, Patel B, Ram P, Garg L, Agarwal M, et al. Trends in mechanical circulatory sup-
port use and hospital mortality among patients with acute myocardial infarction and non-infarction re-
lated cardiogenic shock in the United States. Clinical Research in Cardiology. 2018; 107: 287–303.
https://doi.org/10.1007/s00392-017-1182-2

Shekar K, Mullany DV, Thomson B, Ziegenfuss M, Platts DG, Fraser JF. Extracorporeal life support devices
and strategies for management of acute cardiorespiratory failure in adult patients: a comprehensive review.
Critical Care. 2014; 18: 219. https://doi.org/10.1186/cc13865

Thiele H, Zeymer U, Akin I, Behnes M, Rassaf T, Mahabadi AA, et al. Extracorporeal Life Support
in Infarct-Related Cardiogenic Shock. New England Journal of Medicine. 2023; 389: 1286–1297.
https://doi.org/10.1056/NEJMoa2307227

Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, et al. Intraaortic balloon support
for myocardial infarction with cardiogenic shock. The New England Journal of Medicine. 2012; 367:
1287–1296. https://doi.org/10.1056/NEJMoa1208410

Vahdatpour C, Collins D, Goldberg S. Cardiogenic Shock. Journal of the American Heart Association. 2019;
8: e011991. https://doi.org/10.1161/JAHA.119.011991

van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, et al. Contemporary Management
of Cardiogenic Shock: A Scientific Statement From the American Heart Association. Circulation. 2017;
136: e232–e268. https://doi.org/10.1161/CIR.0000000000000525

Warren A, Morrow D, Proudfoot AG. Cardiogenic shock: all hail the RCT, long live the registry. Critical
Care. 2024; 28: 53. https://doi.org/10.1186/s13054-024-04835-0

Willers A, Swol J, van Kuijk SMJ, Buscher H, McQuilten Z, Ten Cate H, et al. HEROES V-V-
HEmorRhagic cOmplications in Veno-Venous Extracorporeal life Support-Development and internal
validation of multivariable prediction model in adult patients. Artificial Organs. 2022; 46: 932–952.
https://doi.org/10.1111/aor.14148

Zampieri FG, Bagshaw SM, Njimi H, Vincent JL, DeBacker D; SOAP II Investigators. Exploration of dif-
ferent statistical approaches in the comparison of dopamine and norepinephrine in the treatment of shock:
SOAP II. Critical Care. 2024; 28: 299. https://doi.org/10.1186/s13054-024-05016-9

Zein R, Patel C, Mercado-Alamo A, Schreiber T, Kaki A. A Review of the Impella Devices. Interventional
Cardiology. 2022; 17: e05. https://doi.org/10.15420/icr.2021.11

17 British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0396

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0396

	Introduction
	Etiology and Pathophysiology of Cardiogenic Shock (CS)
	Markers of Cardiogenic Shock
	Classification of Cardiogenic Shock
	Management of Cardiogenic Shock

	Pharmacological Therapy in Cardiogenic Shock 
	Norepinephrine
	Epinephrine
	Dopamine
	Dobutamine
	Milrinone
	Levosimendan
	Clinical Guidance

	Mechanical Circulatory Support
	Intra Aortic Balloon Pump (IABP)
	Left Ventricular Assist Device (LVAD)
	Impella
	TandemHeart Device 

	Extracorporeal Life Support (ECLS) 
	Temporary Ventricular Assist Devices (VAD)

	Case Vignettes and Treatment Algorithms
	Limitations and Future Direction

	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgement
	Funding
	Conflict of Interest
	References

