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The cure of asthma by violent emotion is more sudden and complete 
than by any other remedy 

I know few things more striking and curious in the whole history of 
therapeutics.

Henry Hyde Salter (1860)
developed asthma from which he died.

Adrenaline rush



Oliver and Schäfer 1893–1894 injecting adrenal glands extract

The main function of the SNS is to stimulate the body’s fight-or-flight response.

Discovery of adrenaline 



Cardiac β2-receptors - tachycardia, arrhythmias, 
Peripheral β2-receptor stimulation - hypotension and reflex tachycardia 

Fight or flight response 



Adrenergní odpověď  v 
sepsi 



Activation of sympatoadrenal axis releases catecholamines from multiple cells

Catecholamine production increases in early sepsis - adrenal gland, autonomous 
nervous system, gut and white cells

     

Adrenergic response to sepsis  

Sympathetic overstimulation



Onset of septic shock - high 
concentrations of circulating 

catecholamines 
Despite high circulating 

catecholamine levels, adrenergic 
stimulation is blunted - 

impaired sympathetic modulation on 
heart and vessels, autonomic 

dysfunction



Progression toward septic shock may represent 
the exhaustion of compensatory response such 
as early sympathetic nervous system stimulation 

due to incapability of the immune system to 
eliminate a pathogen and due to the persistence 

of systemic inflammation

Bottasso  E. Toward the Existence of a Sympathetic Neuroplasticity Adaptive Mechanism Influencing the Immune Response. A Hypothetical View—Part II



Může beta blokáda ztlumit iniciální 
hyperaktivaci sympatického 

systému a následné vyčerpání 
adrenergní aktivace?



Rationale for beta blockade 
Myocardial or organ protection?

β-blockers use may protect from the catecholamine surge of sepsis 

Decrease myocardial oxygen consumption, prolong diastole and coronary perfusion 
reducing risk of myocardial ischaemia and improving diastolic dysfunction 

β-blockers may reduce iNOS expression in vascular tissues

Dogs in endotoxin shock treated early with β-blockers do not develop pathological 
changes of severe splanchnic and pulmonary congestion and atelectasis due to 
excessive catecholamine stimulation.

β-blockers may restore the sepsis-induced downregulation of adrenergic receptors 
and suppress the proinflammatory pathways

Wei, C., Louis, H., Schmitt, M. et al. Effects of low doses 
of esmolol on cardiac and vascular function in 
experimental septic shock. Crit Care 20, 407 (2016)

Berk JL, Hagen JF, Beyer WH et al.,. The treatment 
of endotoxin shock by beta adrenergic blockade. 
Ann Surg. 1969 Jan;169(1):74-81.



Anti-inflammatory effects

Beta blockade may suppress inflammatory pathways

IL8                 -0.68 (-0.83 ; -0.53)  0.004

IL7                 -0.42 (-0.57 ; -0.37)  0.004

IL6                 -0.50 (-1.98 ; -0.37)  0.012

IL-17C           -0.63 (-0.76 ; -0.39)  0.008

IFN-gamma   -1.08 (-1.60 ; -0.15)  0.020

CXCL6           -0.47 (-0.63 ; -0.32)  0.004

IL10                -1.02 (-1.89 ; -0.85)  0.008

TNF                -0.46 (-0.54 ; -0.06)  0.020





Rationale against beta blockade 

β-blockers reduce cardiac output - compromise patients with 
preexisting cardiac dysfunction 

Cardiovascular collapse may occur in patients with hypovolaemia 
(compensatory adrenergic response is blocked)

or 

Cardiovascular collapse may occur in patients with severe left or right 
ventricular dysfunction



Beta blokátory – premorbidně







Carvedilol ICU mortality                     0.46 (0.29–0.73).        p<0.001
               Hospital mortality                0.64 (0.46–0.91),        p<0.01

Carvedilol blocks cardiac β2-receptors > β1-receptors - 
cardiac effects less pronounced, alpha blockade may 
improve peripheral perfusion

Carvedilol has potent antioxidant properties (10x > vitamin 
E, metabolites 1000-fold > vitamin E).
Inhibits formation of ROS in the myocardium 

Feuerstein GZ, et al. Am J Cardiol. 1997 4;80(11A):41L-45L.

Molenaar P, et al. Cardiovasc Res. 2006;69(1):128-39

Association Between Premorbid Beta-Blocker Exposure and Sepsis Outcomes—The 
Beta-Blockers in European and Australian/American Septic Patients (BEAST) Study

Tan, Kaiquan MD1; Harazim, Martin et al

Premorbid β-blocker exposure -   ICU mortality: aOR, 0.80; (95% CI, 0.66-0.97; p = 0.025) 
                                                          Hospital mortality aOR, 0.83; (95% CI, 0.71-0.99; p = 0.033)

Critical Care Medicine: September 2021 - Volume 49 - Issue 9 - p 1493-1503

https://journals.lww.com/ccmjournal/toc/2021/09000


MIMIC IV and eICU database  - ~ 60000 patients



Měli bychom pacientům 
předepsat beta blokátor při 
dimisi z intenzivní péče???



Long term follow up in ~ 94000 patients





Beta blokátory - podávat 
během sepse na JIP?





Inclusion criteria: Septic shock 
Catecholamine to maintain MAP > 65mmHg 
Heart rate > 100 bpm for at least 10min with diagnosis of AF or sinus tachycardia.

BPHeart rate



SAE related to landiolol occurred in 6% of patients, hypotension in 4%
cardiac arrest, severe bradycardia, ejection fraction decrease occurred in one patient each

MortalityArrhythmia incidence
12% in the control group vs 20% in the 
landiolol group (p = 0.22)



Inclusion/randomization

septic shock - adequate fluid resuscitation,
with > 0.1 μg/kg/min of norepinephrine

(for >24 hours but <72 hours) and 
tachycardia heart rate of > 95/min.

The continuous i.v. landiolol - started at 
1.0μg/kg/min, increasing every 15 minutes 
by 1.0 μg/kg/min to reach the target heart 

rate of 80-94/min within 6hours



Heart rate
MAP



The trial was stopped prematurely on the advice of the independent data 
monitoring committee because of increased mortality

Only 126 (37% of planned) patients were enrolled 

Mortality at day 28 
Landiolol - 37.1% (23 of 62) vs. 25.4% (16 of 63) - Standard care group

Mortality at day 90 
Landiolol - 43.5% (27 of 62) vs. 28.6% (18 of 63) - Standard care group



The patients receiving landiolol had higher mean lactate and norepinephrine requirements
 - indicate a reduction in cardiac output.



Sepsis standard treatment (SSC guidelines)
Continuous infusion of landiolol (1 μg/kg/min). 

Titration phase (0–24 h), the dose was increased at 
increments of 1 μg/kg/min to reach a target HR of 

80–94 bpm. 
Then Landiolol was administered at any dose to 

maintain target HR until discontinuation of 
vasopressor infusion, 

death, or serious adverse event (SAE).

Inclusion criteria: septic shock with persistent tachycardia (HR ≥ 95 bpm)
despite a hemodynamic optimization phase of 12 - 36hrs.



BP

Noradrenaline doseHeart rate



Post hoc subgroup analysis
showed higher mortality risk for the landiolol group

(47%) vs  control group (40%)
 in patients with sinus tachycardia

opposite was observed in patients with AF (34% vs 42%)



Retrospective analysis - clinical experience with the combined use of 
milrinone and enteral metoprolol therapy in 40 patients with septic 

shock and cardiac depression. 

β-blockers initiated only after stabilization of cardiovascular function 
(18 ± 16 hrs after shock onset) to decrease the heart rate < 95/min.

Critical Care 2008, 12:R99

Heart rate significantly decreased; 65- 95/min achieved in 97.5% of patients.

MAP increased despite decreasing norepinephrine, vasopressin, and milrinone dosages.

Cardiac output maintained with a lower heart rate and a higher stroke volume.

Enteral metoprolol therapy - no major adverse effects on cardiovascular or organ function.



Administration of β-blockers with concomitant catecholamine treatment does not compromise 
hemodynamics, when given enterally to stabilised sepsis patients

Critical Care 2008, 12:R99



Splanchnic perfusion is reduced in shock
Enteral beta blocker absorption will be reduced 



Beta blokátory v sepsi- 
praktický návrh k použití



Early septic shock

Fluid resuscitation
Vasopressors

Steroids

Treat pain, fever, dyspnoea

β-blockers for rapid atrial fibrillation, SVT, frequent arrhythmia

Modulator of stress, inflammation, 
prevention of complications

Echo to confirm normal CO

TIME FOR ENTERAL BETA BLOCKER?







Conclusions
• Early adrenergic surge and catecholamine excess in septic shock

• Dysregulation of adrenergic signalling

• Beta blockade may be beneficial in sepsis

• Which patients?

• Cardiac output monitoring preferably by echocardiography is vital

• Enteral administration may be preferable

• We don’t know which beta blocker is best to use

• We need more studies 



Thank you
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