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Objectives

• Provide the rationale behind the utilization of methylene blue, beta 

blockers, and early vasopressor initiation in septic shock.

• Review the existing data on the efficacy of these therapeutics.

Early
Vasopressors
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Endotoxin

Inflammatory
Cytokines

Nitric Oxide Synthetase (iNOS)
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Nitric Oxide

Guanylate Cyclase

↑↑↑cGMP
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Distributive

EARLY VASOPRESSORS
Oppose

inflammatory mediators

Increase preload (& cardiac output) 

Reestablish perfusion promptly to 
minimize ongoing ischemia
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EARLY VASOPRESSORS

Earlier shock control

Decreased IVF / fluid balance

Decreased mortality  

Bai et al, Crit Care 2014
Elbouhy et al, Arch Med Res 2019

Ospina-Tascón et al, Crit Care 2020

Permpikul et al, Am J Respir Crit Care Med 2019
Li et al, Crit Care 2020

EARLY VASOPRESSORS

No major adverse events

Peripheral infusion safe 

Bai et al, Crit Care 2014
Elbouhy et al, Arch Med Res 2019

Ospina-Tascón et al, Crit Care 2020

Permpikul et al, Am J Respir Crit Care Med 2019
Li et al, Crit Care 2020

Shapiro et al, NEJM 2023
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Early
Vasopressors

Methylene Blue
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Poisonous Poppers
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Endotoxin

Inflammatory
Cytokines

Nitric Oxide Synthetase (iNOS)
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Guanylate Cyclase

↑↑↑cGMP

Guanylate Cyclase

↑↑↑cGMP

(iNOS)
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Methylene Blue

Methylene Blue

Improved survival in post-cardiac 
surgery vasoplegia syndrome

Levin et al, Ann Thorac Surg 2004
Hosseinian et al, Anesth Analg 2016

MethyleneBlue

Methylene Blue

Few prospective studies in
septic shock

Decreased vasopressor needs without 
mortality difference

Kirov et al, Crit Care Med 2001
Kwok et al, J Int Care Med 2006

Rajbanshi et al, Indian J Crit Care Med 2023
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Methylene Blue

Methylene Blue

Early vs Late

Mehaffy et al, Ann Thorac Surg 2017
Naoum et al, BMC Anesthesiology 2022

“Responders” vs  “Nonresponders”

Single-center, double-blind RCT

91 patients

100mg MB over 6h, daily x3d
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Time to vasopressor dc @ 28d

Vasopressor-free days @ 28d

Ventilator days

ICU/hospital length of stay

28d mortality

Shorter shock duration (69 v 94h)

1 more vasopressor-free day

Lower cumulative fluid balance

Shorter hospital/ICU LOS

No mortality difference
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Dosing Strategy?

Retrospective cohort study

MAP improved in all groups

Decreased mortality in 
bolus+infusion group

Sari-Yavuz et al, Front Med 2023
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Methylene Blue

Methylene Blue

Avoid in combination with 
serotonergic medications

Not for use in G6PD deficiency

Methylene Blue
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Hydroxocobalamin ?

NOS Scavenger

H2S Inhibitor
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Mitigate sympathetic surge 
to decrease stress CM

Decrease myocardial oxygen 
demand and ischemia
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SEPSIS
Dysregulated host 
immune response

Pro-inflammatory

Anti-inflammatory

β-adrenergic 
modulation of the 
immune system
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Suzuki et al, Crit Care Med 2005
Hagiwara et al, Shock 2009

Ackland et al, Crit Care Med 2010

↓ myocardial dysfunction

↓ inflammation & organ 
dysfunction

↑ survival
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Patients on beta blockers at home 

> decreased mortality

Continuing chronic oral beta-blocker 

> decreased mortality

Macchia et al, Crit Care Med 2012
Tan et al, Crit Care Med 2021
Fuchs et al, Br J Anesth 2017

Short-acting 
vs. 

Long-acting

Selective (β1)
vs. 

Nonselective (β1 & β2)
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Esmolol

Morelli et al, JAMA 2013
Levy et al, Crit Care 2021
Cocchi et al, Shock 2022

Decreased HR & 28d mortality

Early in shock > hypotension

& decreased cardiac function

No effect on shock

Esmolol

Zhang et al, Med (Baltimore) 2022

May decrease 28d mortality, control HR, 
and provide cardioprotection
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Landiolol
Hydrochloride

Parallel group, multicenter RCT

Open-label

Septic shock patients on 
>0.1mcg/kg/min norepi

HR ≥ 95 bpm

Landiolol gtt to HR 80-94
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Mean SOFA score

28d & 90d mortality

ICU/hospital LOS

Lactate, PaO2, PCO2

Trial stopped early 

No difference in SOFA score

Trend toward ↑ mortality

More adverse events
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Take Homes
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Early vasopressor initiation 
expedites shock control resulting in 

decreased organ dysfunction and 
possibly improved mortality.

Methylene blue expedites shock 
control when given early rather than 

for refractory shock. The optimal 
dosing strategy remains unclear.
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Beta-blockers for septic shock are 
likely not one-size-fits-all and aren’t 

yet ready for prime time.

khu@som.umaryland.edu

@kwhomd
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