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Septic myocardial depression, or septic cardiomyopathy, 
can be defined as a global (that is, affecting systolic and 
diastolic pressure), but reversible, dysfunction of both the 
left and right sides of the heart in septic shock (1). The 
pathogenesis of septic myocardial depression involves a 
complex interaction between genetic, molecular (including 
calcium channels, nitric oxide, endothelin-1, cytokines, and 
toll-like receptors), metabolic (including mitochondrial 
dysfunction and oxidative stress),  autonomic, and 
hemodynamic variables (2-7). However, most studies of 
this condition have been performed in animals, and their 
results are not readily applicable to humans. In addition, no 
specific treatment of septic myocardial depression exists, 
other than hemodynamic stabilization with fluid therapy, 
vasopressors, and inotropic agents (8), despite the proposal 
of a number of potential mechanisms. Systolic dysfunction 
in sepsis can be explained in terms of impaired ventricular-
arterial (V-A) coupling, which represents the interaction 
between the left ventricle (LV) and the arterial system, and 
which can be defined as the ratio of the arterial elastance (Ea) 
to the ventricular end-systolic elastance (Ees) (9). In septic 
shock, V-A decoupling persists, and is further exacerbated 
by heightened afterload caused by administration of 
vasopressors (which increase Ea) and by tachycardia-
induced myocardial dysfunction (which decreases Ees) (10).

In a study that has now been described in Intensive Care 
Medicine, Morelli and colleagues investigated the effects of 
reduction of heart rate (HR) by administration of the beta-
blocker esmolol on Ea in patients with septic shock (11). 
Patients with septic shock (n=45), with an HR ≥95 bpm 
and requiring norepinephrine to maintain mean arterial 
pressure (MAP) ≥65 mmHg, received esmolol-infusion 
therapy to maintain HR between 80 and 94 bpm. Data from 

right-heart catheterization, echocardiography, arterial-
waveform analysis, and norepinephrine requirements were 
obtained at baseline and at 4 h after esmolol administration. 
Ea was calculated as MAP/stroke volume (SV). The main 
finding was that esmolol infusion to achieve HR <95 bpm 
was associated with a decrease from baseline in Ea (from 
2.19±0.77 to 1.72±0.52 mmHg/L) and arterial dP/dtmax 
(from 1.08±0.32 to 0.89±0.29 mmHg/ms), and with an 
increase in SV (from 48±14 to 59±18 mL). These changes 
were all statistically significant (P<0.001). Cardiac output and 
ejection fraction were unchanged, whereas norepinephrine 
requirements were reduced by esmolol treatment (from 
0.7±0.7 to 0.58±0.5 μg/kg/min; P=0.01).

These results demonstrate that treatment with beta-
blockers modulates sepsis-induced cardiovascular alterations. 
In the early phase of septic shock, patients typically show the 
features of a state of high cardiac output, such as tachycardia 
and subsequent myocardial dysfunction (12). Beta-blockers 
decrease myocardial oxygen consumption and prolong 
diastole and coronary perfusion by decreasing HR, reducing 
the risk of myocardial ischemia. In addition, several clinical 
studies demonstrate positive effects on hemodynamics of the 
administration of the beta-blockers esmolol or metoprolol 
(13,14). In the presence of an adequate preload, a reduction 
in HR improves ventricular filling during diastole (increasing 
Ees), thereby increasing SV. In patients with similar cardiac 
outputs, a hemodynamic profile characterized by a relatively 
slow HR and concomitantly high SV can be interpreted as an 
improvement in cardiac efficiency, or V-A coupling. Sepsis 
induces substantial pro-inflammatory and anti-inflammatory 
cascades, and the administration of beta-blockers down-
regulates the pro-inflammatory response (including the 
release of TNF-α, IL-1β, and IL-6) and up-regulates the anti-
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inflammatory pathway (including IL-10) (15). Along with 
reduction of vascular oxidative stress and modulation of nitric 
oxide pathways, beta-blockers may improve endothelium-
dependent relaxation by exerting anti-inflammatory  
effects (16). This phenomenon could reduce Ea, enabling the 
LV to generate a higher SV with less contractility and lower 
energetic cost than in the absence of beta-blockers, thereby 
reducing vasopressor requirements. The results presented 
by Morelli and colleagues (11) are consistent with previous 
findings: HR reduction with esmolol effectively improved Ea, 
contributing to cardiovascular efficiency in septic shock.

Despite positive results, the studies of the potential 
of beta-blockers for treatment in septic shock have 
notable limitations. First, the heart is only one part of the 
cardiovascular system, and the whole system is constantly 
responding to various hemodynamic changes. Distinguishing 
between direct cardiac effects of sepsis and the cardiac 
response to changes in preload, afterload, and neurohumoral 
activity that occur during sepsis is challenging (17), especially 
when cardiovascular drugs are involved. For instance, Cariou 
and colleagues (18) assessed hyporesponsiveness of LV Ees 
in 10 patients with septic shock. However, all patients in this 
study were already receiving dobutamine at baseline, making 
it difficult to separate the effects of sepsis-related autonomic 
dysregulation from those of previous exposure to exogenous 
inotropic agents. Second, most previous studies were not 
designed with appropriate controls, and neither was the 
study conducted by Morelli et al. (11). Positive findings in 
these studies could be the consequence of successful standard 
therapy for septic shock (8), such as fluid resuscitation, 
appropriate antibiotic therapy, and early infection control, 
rather than the effect of esmolol-induced HR reduction. 
Morelli and colleagues have also performed an open-label, 
single-center, randomized phase 2 study (13) involving 154 
patients in septic shock, who had similar characteristics 
to those in their latest study (11). Treatment with esmolol 
successfully achieved the primary outcome (reduction of 
HR to 80–94 bpm) in all patients, and was associated with 
significantly lower 28-day mortality compared with standard 
treatment alone (49.4% versus 80.5%; P<0.001) (13). The 
esmolol group also had increased SV and stroke work 
index, reduced requirements of fluid and norepinephrine to 
maintain a MAP of 65–75 mmHg, and no adverse effects 
on cardiac index and organ function (13). However, the 
results should be treated with caution, because the trial 
was not designed to detect changes in mortality, which was 
very high in the control group. A substantial proportion of 
patients in both groups received infusion with the inodilator 

levosimendan (49.4% in the esmolol group versus 40.3% in 
the control group; P=0.39 for the difference between these 
groups) (13). Third, without further evaluation, currently 
available results cannot be applied to patients with low 
cardiac output or LV ejection fraction, because most studies 
have only involved patients in a hyperdynamic state, with 
preserved LV function after hemodynamic optimization.

Pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6) and 
nitric oxide could act as myocardial depressant factors (2,3), 
and might also contribute to septic myocardial depression. 
Another contributory factor could be ineffective cardiac 
metabolism caused by high levels of free fatty acids (19).  
Glucose-insulin-potassium (GIK) may be beneficial in this 
situation, because treatment with insulin leads to reductions 
in circulating levels of myocardial depressant factors, 
elevation of anti-inflammatory signal transduction, and 
suppression of levels of free fatty acids (20). However, results 
from clinical trials that support this conclusion are currently 
lacking. We have evaluated 45 patients with refractory 
septic shock, who were treated with GIK (unpublished 
data). In 12 patients with myocardial depression determined 
by echocardiography, MAP increased and HR decreased 
from baseline during the first 72 h of GIK therapy. The 
total insulin dose correlated with the improvement in 
MAP (r=−0.61; P=0.061) and the cardiovascular Sequential 
Organ Failure Assessment score (r=−0.64; P=0.045) at 72 h.  
However, these findings were not replicated in patients 
without myocardial depression, suggesting that the short-
term improvement in hemodynamics on GIK administration 
in septic shock depends upon the presence of myocardial 
depression. However, it should be noted that our study did 
not have a control group, and 16% of patients received 
dobutamine prior to GIK infusion.

Together with findings from previous reports, the 
results presented by Morelli and colleagues (11) suggest 
that HR reduction with esmolol could effectively improve 
cardiovascular efficiency by normalizing V-A decoupling in 
patients with septic shock who remain tachycardic despite 
standard resuscitation. Limitations in the currently available 
evidence suggest that additional studies are necessary to 
confirm this proposal. These studies should be designed to 
examine not only the hyperdynamic state of septic shock, 
but also earlier phases of septic shock that are associated 
with lower cardiac output or LV function.
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