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Septic shock represents one of the maximum physical 
stresses to the organism. The physiological response to 
stress includes increased release of catecholamines, lead-
ing to a stimulation of cardiac β1-adrenergic receptors 
thereby increasing heart rate and ventricular contractility 
in order to increase global and microvascular blood flow 
and oxygen delivery to vital organs. Yet there are adverse 
effects of adrenergic stimulation including tachyarrhyth-
mias, increased cardiac oxygen consumption with risk of 
cardiac ischemia, and immune dysregulation. So while it 
sounds at first contradictory to stabilize the cardiovas-
cular function by giving β-blocking agents to “brake” the 
system, there could be benefits. However, is beta-block-
ade in these clinical circumstances really a brake?

Dr. Morelli and coworkers present in a recent article in 
Intensive Care Medicine data on a cohort of 45 patients 
with the primary diagnosis of septic shock, in whom pull-
ing this brake seems to improve cardiovascular function 
[1]. After initial hemodynamic stabilization over the first 
24  h, patients who were tachycardic (heart rate more 
than 95  bpm) received a titrated esmolol infusion with 
the primary goal of reducing heart rate to 80–94  bpm 
within a time window of 4 h. Indeed, they achieved the 
intended reduction in heart rate, which could have pri-
marily decreased cardiac output. However, the decreased 
heart rate was offset by increased ventricular filling time 
and volume, and decreased left ventricular afterload, ulti-
mately resulting in increased stroke volume, obviously 
compensating for the decrease in heart rate. Interestingly, 

left ventricular ejection fraction remained unchanged. 
This, in combination with a decrease in arterial dP/dtmax 
and a concomitant reduction in the need for norepineph-
rine, strongly points toward a more economical cardiac 
function under β-blockade. This mechanism is illustrated 
in Fig. 1.

Similarly, β-blockade seemed paradoxical at first but 
was ultimately shown to be very effective in chronic 
heart failure [2]. To follow the automobile metaphor, 
β-blockade is more a shift to a higher gear, when revolu-
tions per minute are becoming too high. This shift results 
in the same speed, but with greater fuel efficiency.

So the physiological concept of improving cardiac effi-
ciency seems to work as well in selected patients with 
septic shock. This is a very important message, since a 
physiological rationale is one indispensable prerequisite 
for any new treatment concept. With all enthusiasm, 
we have to keep in mind that this study performed in a 
selected group of patients without known cardiac comor-
bidities was not a randomized controlled trial (RCT), 
nor was any patient-centered clinical outcome assessed. 
Second, management of preload has an influence on that 
treatment concept: the automobile metaphor of chang-
ing gears works only with adequate engine cubic capac-
ity. The parallel of engine cubic capacity in patients is 
cardiac preload that must be in the upper range—oth-
erwise diastolic filling would not increase, when slow-
ing the heart rate—the major prerequisite for ejection 
fraction to remain stable leading to an increased stroke 
volume. Morelli and coworkers guaranteed high ven-
tricular preload by keeping central venous pressure 
(CVP)  ≥  8  mmHg, and pulmonary arterial occlusion 
pressure (PAOP) ≥ 12 mmHg, following the current rec-
ommendations for the initial phase of fluid resuscitation 
in septic shock [3]. Using CVP and PAOP and in par-
ticular using those target values for guiding fluid therapy 
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are currently very controversial, primarily because using 
these targets could lead to fluid overload associated with 
worse outcome in septic shock [4, 5]. So the important, 
conceptual cardiovascular question still needs to be 
answered: how much preload is necessary for safe and 
effective β-blockade in septic shock?

Beta-blockade has been associated with reduced mor-
tality during septic shock in experimental studies and in 
two preliminary human RCTs [6–8]. A recent small pilot 
RCT (n = 90) in China suggested benefit of the combi-
nation of esmolol and milrinone in sepsis for control of 
heart rate and possibly survival (but the absolute risk 
reduction was an unlikely 30 %) [6]. Retrospective cohort 
studies suggest that chronic use of beta-blockers prior 
to ICU admission improves short-term survival [9]. A 
recent systematic review of beta-blockade in sepsis sug-
gests some benefit, but there is still work to do because 
of the lack of large RCTs—most studies are small and 
uncontrolled case series/cohorts [7]. In addition to its 
beneficial effects on cardiac dynamics, beta-blockade 
may exert beneficial pleiotropic effects including blunt-
ing the inflammatory response, metabolic changes, and 
sepsis-associated coagulopathy [10–14]. Furthermore, 
beta-blockade may increase microcirculatory/small ves-
sel blood flow in a small cohort (n = 25) of patients with 
sepsis [10]. Interestingly, norepinephrine requirements 
were significantly decreased by esmolol; however, there 
was no control group so we cannot be sure these were 
not just improvements with time.

Animal model studies show marked changes in 
immune gene expression—primarily anti-inflammatory 

effects—after β-blockade with esmolol, so some of the 
benefit of β-blockade could be in fact immune-mediated, 
and not related to the potentially beneficial cardiovascular 
physiology effects we discussed herein [12, 13]. For exam-
ple, eight genes with common promoter sequences for 
NFKB and/or BRCA1 were modulated by esmolol [13]. 
Analysis of a human database identified the upregulation 
of CAMP (p = 0.032) and TNFSF10 (p = 0.001) genes in 
septic patients compared with healthy controls [13]. In 
another animal model, esmolol decreased NFKB activation, 
increased Akt and endothelial nitric oxide synthase phos-
phorylation, while lowering inducible nitric oxide synthase 
expression in cardiac and vessel tissues [11]. Esmolol also 
improves LPS-induced ventricular dysfunction [14]. Thus, 
esmolol has impressive immune modulation in animal 
models that may be important in human sepsis, too.

So at this stage, it cannot be anticipated whether this 
treatment concept will finally lead to an improvement in 
outcome in real life. However, the therapeutic concept of 
“setting the brake” by β-blockade seems deceptively sim-
ple and could be effective in carefully chosen septic shock 
patients (excluding those with hypovolemia, known com-
plex cardiac comorbidities, tachyarrhythmias, hemo-
dynamic instability despite vasopressor treatment, or 
systolic cardiac dysfunction). These data must stimulate 
further research, especially well-designed, well-powered 
RCTs.
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Fig. 1 Pressure–volume loops of the left ventricle are depicted. a Pressure–volume loop prior to β-blockade; b β-blockade leads to a decrease of 
inotropy, which is reflected by the reduced angle of the ESPVR 2. Accordingly, the resulting SV 2 is diminished; c if venous return to the left ventricle 
is high enough, the prolonged duration of diastole caused by heart rate reduction will allow increased left ventricular filling, which, in combination 
with decreased afterload, will result in an increased SV 3. SV stroke volume, ESPVR end-systolic pressure volume relation
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