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Patients presenting with cardiogenic shock are among the sickest, most complex, highest 

risk patients seen in acute cardiac care. Even with contemporary multidisciplinary care 

innovations, prognosis remains grave—between 1 in 5 to as many as 1 in 2 patients with 

cardiogenic shock will not survive their hospital stay.1,2 Patients with cardiogenic shock 

are more commonly presenting with multisystem organ failure in the contemporary era3 

including renal dysfunction. Once renal dysfunction is established in cardiogenic shock, the 

prognosis worsens dramatically, even from the high baseline risk.4,5 Thus, clinicians have 

impetus to consider the cardiogenic shock patient with renal dysfunction as high clinical risk 

mandating directed and tailored therapy.

These unique considerations for patients with renal dysfunction in the intensive care unit 

are shown in the Table 1.5 Among them is altered drug clearance mandating vigilant 

pharmacologic management. Inotropes are commonly used in cardiogenic shock, including 

both dobutamine and milrinone. Dobutamine and milrinone were compared in 192 patients 

with cardiogenic shock in the pivotal DOREMI (Dobutamine Compared with Milrinone) 

trial randomized trial.6 This trial demonstrated no difference between the 2 inotropes 

with high in-hospital death rate in both groups of approximately 40%. Serum milrinone 

concentrations have been shown to be higher in patients with lower creatinine clearance, 

because a majority of milrinone is renally cleared.7 Higher milrinone concentrations could 

lead to increased toxicities such as hypotension, tachycardia, and arrhythmias. Thus, Dr Di 

Santo et al8 hypothesized that the presence of acute kidney injury (AKI) would be an effect 

measure modifier9 of the relationship between milrinone vs dobutamine and outcome in 

cardiogenic shock.
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The authors stratified the DOREMI trial population based on both baseline renal dysfunction 

and the development of AKI.8 Most patients had AKI—124 of the 192 subjects enrolled. 

Main clinical findings included the fact that, in the stratum of patients with cardiogenic 

shock without AKI, milrinone was associated with better outcomes than dobutamine 

(relative risk: 0.48; 95% CI: 0.24–0.97 for composite primary outcome). Such an effect was 

not observed in cardiogenic shock patients with AKI, where there was no difference between 

the strategies (relative risk: 1.06; 95% CI: 0.78–1.46). The authors conclude that a potential 

clinical benefit of milrinone vs dobutamine in cardiogenic shock could be attenuated by 

development of AKI.8

The author’s conclusions have a plausible physiologic mechanism, and they should be 

congratulated for adding to the evidence base in this understudied area. A second point 

is that randomized trials are rare in cardiac critical care,10 and the data from successful 

randomized trial such as DOREMI should be leveraged to the full extent to increase 

knowledge and improve care. Limitations of the study include the post hoc nature of the 

study which was not pre-specified in the DOREMI protocol. As such, the conclusions 

should be considered hypothesis generating. Subgroup analyses, particularly in small trials 

such as DOREMI, can be simultaneously underpowered and overpowered leading to risk 

of false positive and false negative findings.11 A second consideration is that the exposure 

of dobutamine vs milrinone was assigned at baseline yet the stratification variable of AKI 

could occur subsequently at time >0. Thus, interactions between the exposure variable and 

the stratification variable are possible and could introduce bias.

Despite these limitations, Di Santo et al8 have provided a study with important 

implications. The first implication serves as a reminder for scholars to use data from 

completed randomized trials to generate scientific hypotheses and advance knowledge. Data 

repositories such as the National Institute of Health Biologic Specimen and Data Repository 

Information Coordinating Center (BioLINCC) exist to facilitate this mission.12 A second 

paradigm is reinforced—that to improve cardiogenic shock outcomes, one must consider 

impact of noncardiac organ failures such as acute renal dysfunction in both prognosis 

and choice of therapy. Academic networks in acute cardiac care such as the Critical Care 

Cardiology Trials Network13 and the Cardiogenic Shock Working Group14 have recently 

been developed and these groups and investigators should consider prospective studies of 

cardiogenic shock therapeutics with particular consideration in those with AKI.
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