
Ultrasound Assessment in Cardiogenic Shock Weaning
Subjects: Cardiac & Cardiovascular Systems

Contributor: Rebeca Muñoz-Rodríguez

Cardiogenic shock (CS) is associated with a high in-hospital mortality despite the achieved advances in diagnosis and

management. Invasive mechanical ventilation and circulatory support constitute the highest step in cardiogenic shock

therapy. Once established, taking the decision of weaning from such support is challenging. Intensive care unit (ICU)

bedside echocardiography pro- vides noninvasive, immediate, and low-cost monitoring of hemodynamic parameters such

as cardiac output, filling pressure, structural disease, congestion status, and device functioning. Supplemented by an

ultrasound of the lung and diaphragm, it is able to provide valuable information about signs suggesting a weaning failure.

The aim of this article was to review the state of the art taking into account current evidence and knowledge on ICU

bedside ultrasound for the evaluation of weaning from mechanical ventilation and circulatory support in cardiogenic shock.
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1. Introduction

Cardiogenic shock (CS) is a complex syndrome defined as a low cardiac output leading to severe end-organ

hypoperfusion and progressive failure. Despite the advances in diagnosing, monitoring, and management in the last

decade, prognosis remains unacceptably poor with a 35–45% in-hospital mortality .

A total of 50–80% of patients with Society for Cardiovascular Angiography and Intervention (SCAI) classification stage C

or D cardiogenic shock may require initiation of mechanical ventilation (MV) due to left-ventricular dysfunction and

elevated filling pressure leading to pulmonary edema, oxygenation impairment, and the increased work of breathing with

ventilatory muscle fatigue . The early implantation of mechanical circulatory support devices has increased in recent

years as initial vasopressor and inotropic therapies remain insufficient to stabilize the shock status . A total of 19% of the

patients with CS following an acute myocardial infarction in the CULPRIT-SHOCK trial received at least one mechanical

circulatory support device . Although the exact moment of initiation remains controversial and despite the lack of strong

evidence in this field , there are a wide range of hemodynamic, echocardiographic, and clinical parameters that can

be assessed to help the heart team make the decision. However, when myocardial contractility improves, the time of

weaning from mechanical support, whether ventilatory or circulatory, remains less established, and the weaning criteria

and protocols are highly variable across centers .

CS weaning includes the withdrawal of both ventilatory and circulatory mechanical support. Nevertheless, their removal

does not have to be performed simultaneously. For instance, an awake ECMO strategy, with spontaneous patient

breathing, is feasible and safe, being significantly associated with lower MV complication rates and short- and long-term

mortality (61.9% vs. 26.7%) .

Echocardiography and right-heart catheterization are the cornerstone for hemodynamic assessment of myocardial

improvement . Moreover, lung and diaphragm ultrasound has emerged as a useful tool to predict outcomes of weaning

in MV . Although there is a lack of a gold standard , a broad range of helpful echocardiographic parameters enable an

immediate, low-cost, and noninvasive bedside assessment for the best moment to wean the patient from circulatory

and/or ventilatory support. Protocol-guided MV weaning has demonstrated a reduction in reintubation and post-extubation

respiratory failure rates .

2. Ultrasound Assessment in Mechanical Ventilation Weaning

Weaning from MV is challenging in all critically ill patients, even more so when recovering from CS, since concomitant left-

and sometimes right-heart failure and diastolic dysfunction are associated with higher rates of extubation failure .

Heart failure is responsible for 60% of weaning failures .
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Several echocardiographic parameters can be used to predict ventilatory support weaning failure, especially those that

allow the estimation of filling pressure and diastolic dysfunction. The influence of the systolic ejection fraction remains

unclear, with contradictory results .

When assessing diastolic function, obtaining an E/e’ mitral ratio higher than 14.5 is associated with higher rates of

weaning failure, even in atrial fibrillation , as are E waves higher than 0.87 m/s  ( Figure 1 ). However, this

method is less reliable in acute decompensated heart failure and left ventricles with larger volumes, where significant

mitral regurgitation can lead to underestimation, as well as in resynchronization therapy and wide QRS and the

subsequent change in septal e’ due to its abnormal motion .

Figure 1. E wave height, deceleration time, and A wave. Normal filling pattern.

The lung ultrasound score (LUS) and modified lung ultrasound score (LUSm) are excellent predictors of weaning failure

. They allow a bedside quantification of lung aeration by examining 12 regions for the first or eight regions for

the latter .

3. Ultrasound Assessment in Weaning from Temporary Mechanical
Circulatory Support Devices

Furthermore, dynamic changes in tissular doppler parameters have been shown to predict successful weaning from

ECMO, with an improvement in lateral e′ velocity. These parameters have been proposed as a more accurate predictor of

myocardial reserve . Diastolic parameters and the estimation of filling pressures, such as mitral E velocity or its time of

deceleration, do not discriminate between successfully weaned patients and failed ones .

In addition, continuous hemodynamic assessment with transesophageal echocardiography, allowing a permanent

evaluation of left- and right-ventricle function and volume status, was demonstrated to successfully predict ECMO

weaning outcomes .

Although there has been an interest in studying the role of LUS role in veno-venous ECMO weaning, especially during the

SARS-CoV-2 pandemic, no studies were found wherein lung ultrasound was proposed as a useful tool to predict the

success of mechanical circulatory support weaning. The role of the diaphragm and its influence in veno-arterial ECMO

weaning have also been studied, whereby a significant relationship was found between the diaphragm thickening fraction

and left-ventricle ejection fraction, but without the predictability of successful weaning .

TEE is commonly used to assist placement, to guide management, and to reveal mechanical complications, as well as to

assess the systolic function and concomitant valvulopathies and their severity .

4. Conclusions

Prediction of the extubation success can be assessed by bedside echocardiography to estimate diastolic function and

filling pressures, suggesting a higher risk of poor outcomes in mechanical ventilatory support withdrawal in cases of an

altered E/e’ ratio, mitral E wave, E/A pattern, left-atrial pressure, pulmonary capillary edge pressure, or TDI values.
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Supplemented with the estimation of the lung ultrasound score and an evaluation of diaphragm weakness, daily,

immediate, low-cost, and noninvasive evaluation of ventilatory weaning opportunities can be assessed at the ICU.

Furthermore, when the cardiac index improvement is suspected and weaning from mechanical circulatory support is

intended, echocardiography can be a useful tool, especially in ECMO weaning. Improvements of the ejection fraction, VTI,

lateral e′ and tricuspid annular S′ velocities, and right-ventricle function are reliable parameters for assessing de-

escalation on myocardial support. However, there are no feasible echocardiographic parameters to guide IABP weaning.
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