
Intensive Care Med (2016) 42:1613–1614
DOI 10.1007/s00134-016-4421-5

EDITORIAL 

Beta-blockers in septic shock to optimize 
hemodynamics? We are not sure
Daniel De Backer1*  and Djillali Annane2

© 2016 Springer-Verlag Berlin Heidelberg and ESICM 

In recent years, interest in the use of beta-blockade 
in sepsis has increased, bearing in mind that the septic 
heart may benefit from some protection against exces-
sive adrenergic stimulation. Then, one trial suggested 
substantial improvement in survival following heart rate 
control by continuous infusion of esmolol, a short-acting 
selective beta-1 antagonist, in a highly selected group of 
septic shock with severe tachycardia [1]. The same group 
of researchers suggested potential positive effects on car-
diac function from infusion of esmolol in a subsequent 
study in 45 septic shock with tachycardia above 95 bpm 
published in this issue [2]. In this study, esmolol-related 
decrease in heart rate was associated with increased 
stroke volume (SV). Owing to decreased cardiac contrac-
tility (as illustrated by the decrease in dP/dtmax), the pres-
ervation of SV can only result from increase in preload 
(related to the increase in diastolic time) or a decrease 
in afterload. Yet, the authors ascribed increase in SV to 
improved ventriculo-arterial coupling, as MAP/SV, an 
index of aortic elastance, improved while filling pressures 
were stable.

However, assessment of ventriculo-arterial coupling 
was indirect and relied on pulse wave analysis, thermodi-
lution, and basic echocardiography, and most measure-
ments are potentially subject to mathematical coupling 
of the data. Therefore, further studies using direct and 
independent assessments of cardiac-arterial coupling 
are needed before reliable conclusions can be made. 
Another major limitation was that arterial pressure was 
measured in peripheral arteries, thus underestimating 

central arterial pressure [3, 4]. This is due to the impact 
of reflected waves that are generated at branch points. 
Accordingly, the amplitude and timing of the central aor-
tic waveform, which directly affects the heart and deter-
mines ventriculo-arterial coupling, differ from peripheral 
arterial traces that are commonly measured in ICU 
patients (Fig.  1). In addition, as vasodilation decreases 
the influence of reflected waves (Fig. 1), the discrepancies 
between central and peripheral waveforms are exacer-
bated with alterations in vascular tone such as observed 
in septic shock [5, 6]. The impact of the reflected waves 
was nicely illustrated by Bilo et al. [7] who restored a nor-
mal arterial trace by compressing the artery distally to 
the site of measurement, mimicking a restoration of arte-
rial tone. In fluid-resuscitated endotoxemic pigs, Hatib 
et al. [5] nicely showed that peripheral systolic and mean 
arterial pressures markedly underestimated central aortic 
pressures, while diastolic pressure was reliably measured.

Of note, the effects of heart rate manipulation reported 
by Morelli et al. [2] differed from data observed in mid-
dle-aged healthy individuals [8]. Using central measure-
ments of aortic pressure and volumetric catheters to 
determine aortic volume, Stefanadis et  al. [8] observed 
that pacing did not affect MAP, decreased systolic 
blood pressure while diastolic pressure was increased, 
and decreased the augmented pressure (the difference 
between central and peripheral systolic pressure). Inter-
estingly, distensibility of the aorta increased and stiff-
ness index decreased at high HR, indicating that Ea 
should decrease at high HR. To what extent the results of 
Morelli et al. suggesting a decrease in Ea and an improve-
ment in ventriculo-arterial coupling were affected by 
the site of arterial pressure measurement remains to be 
determined. Of note, LVEF was unchanged, which sug-
gests that ventriculo-arterial coupling was not improved 
to the extent suggested by peripheral arterial pressure 
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measurements. Thus, whether esmolol-related heart rate 
reduction improved ventriculo-(central) arterial decou-
pling remains uncertain. However, the improvement in 
peripheral dicrotic notch–diastolic pressure gradient 
suggests that beta-blockade improved the reflection of 
waves. It still remains unclear whether this effect resulted 
from changes in arterial tone or in heart rate.

Finally, optimizing patients’ hemodynamics not only 
improves cardiac efficiency, as evaluated in this study, 
but also improves tissue perfusion. Unfortunately, the 
reader is provided with minimal information on the issue 

of tissue perfusion. As cardiac output decreased by 5 % 
(a nonstatistically significant drop), oxygen delivery very 
likely decreased, as observed in the previous trial by the 
same researchers (−20  % decrease in oxygen delivery) 
[1]. Whether the negative impact of the decrease in oxy-
gen delivery may be balanced by potentially beneficial 
effects on cardiac function remains speculative.

The net findings from the two trials performed by these 
researchers are that continuous infusion of esmolol may 
control heart rate without impairing stroke volume in a 
highly selected group of septic shock with severe tachy-
cardia [1, 2]. Additional investigations are required to 
determine whether preserved stroke volume results from 
increased preload despite impaired contractility or from 
improved ventriculo-arterial coupling following decrease 
in afterload and Ea.
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Fig. 1 Influence of reflected waves on arterial traces. a Central and 
peripheral aortic pressures: under the influence of reflected waves, 
central and peripheral arterial waveforms differ. Central aortic trace 
presents an earlier increase in the arterial pressure but the peak 
systolic pressure is slightly delayed and lower than in the periphery; 
the dicrotic notch occurs earlier and at a higher pressure than in the 
periphery (curves redrawn after Wang et al. [4]). b Impact of forward 
and backward waves on arterial traces: the measured arterial trace 
reflects a given point of the summation of forward and backward 
waveforms. Vasodilation alters reflection of waves and mostly 
decreases the impact of reflected waves. As a result the augmented 
pressure and dicrotic notch pressures are markedly decreased 
(adapted from Berger et al. [9])
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