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Focused review

Outcomes of methylene blue treatment in septic shock
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Abstract

Sepsis and septic shock have a complex pathophysiology and a mortality rate that ranges 

from 35 to 50%. Many of these patients have cellular dysfunction, microvascular dysfunction, 

and hypotension. These inflammatory events are caused in part by the overexpression of 

soluble nitric oxide synthase. This leads to excessive nitric oxide production that causes tissue 

dysfunction and reduces vascular tone. Nitric oxide synthesis inhibitors have not improved 

outcome in these patients. Methylene blue inhibits soluble guanylate cyclase, which converts 

nitric oxide into cyclic GMP. This potentially improves the hemodynamics in these patients. This 

review summarizes the physiology and clinical effects of methylene blue in patients with septic 

shock in ten studies with 296 patients. Methylene blue consistently improved hemodynamic 

parameters, including mean arterial blood pressure and systemic vascular resistance. It did 

not affect gas exchange or cause other important side effects. However, none of the studies 

reported a reduction in mortality. More placebo-controlled trials are needed to determine 

whether or not this drug has benefit in these patients. Important considerations include timing 

of administration, the dose administered, and the duration of administration. If it is used as an 

add-on therapy in patients with established sepsis it is unlikely to provide much benefit.

Keywords: Sepsis, septic shock, methylene blue, nitric oxide cyclic GMP

Corresponding author: Julie Sang 

Contact Information: Julie.Sang@ttuhsc.edu 

DOI: 10.12746/swjm.v13i56.1529

Introduction

Sepsis and septic shock are caused by a dysregu-

lated response to infection, leading to endothelial dys-

function, persistent hypotension, and life-threatening 

organ dysfunction.
1
 Septic shock remains a leading 

cause of death in intensive care units, with mortal-

ity rates estimated between 35% and 50%.
2,3

 The 

Surviving Sepsis Campaign Guidelines recommend 

prompt administration of broad-spectrum antibiotics 

and early intravenous fluid resuscitation as core ele-

ments of initial management.
4
 However, only about 

50% of patients respond to fluid challenges, and hemo-

dynamic benefits are often transient.
5
 As a result, 

vasopressors are frequently required to maintain ade-

quate mean arterial pressures and organ perfusion. 

Norepinephrine is the first-line treatment, but escalating 

doses can result in adverse effects, including tachyar-

rhythmias, myocardial dysfunction, hyperglycemia, and 

even immunosuppression.
6,7

Given these limitations, interest has grown in “mul-

timodal” strategies that incorporate agents targeting 

different pathways.
8
 One such agent is methylene 

blue (MB, C16H18ClN3S, mass 319.85 g·mol−, see 

molecular structure below, Figure 1), which targets the 

nitric oxide (NO) signaling pathway, a key mediator of 

vasodilation in septic shock. Inflammatory cytokines 

and endotoxins induce overexpression of inducible 

nitric oxide synthase (iNOS), leading to excess NO 

Figure 1.  Molecular structure of methylene blue.
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By blocking sGC, MB reduces cGMP production and 

counteracts the vasodilatory effects of NO without com-

pletely suppressing its upstream immunologic func-

tions.
14,15

 This targeted mechanism has led to MB’s 

use in other vasoplegic states, including post-cardiac 

surgery vasoplegia, anaphylaxis, and reperfusion syn-

drome following liver transplantation.
16–18

 This review 

summarizes the current literature on the physiologic 

and clinical effects of MB in septic shock.

Physiologic Outcomes

Ten studies with 296 patients were included in 

this review (Table 1). Methylene blue administration 

production, which contributes to the pathologic vas-

odilation and reduced vascular tone characteristic of 

septic shock.
 9,10

 Several non-selective NOS inhibitors, 

such as L-NMMA, have been studied in septic shock. 

While these drugs can increase mean arterial pres-

sure and systemic vascular resistance, they also inter-

fere with NO’s critical role in immune response. This 

may explain why clinical trials using NOS inhibitors 

have not reported improved outcomes, and in some 

cases have shown harm.
11–13

Methylene blue acts downstream of NO by inhibiting 

soluble guanylate cyclase (sGC), an enzyme responsi-

ble for converting NO signals into cyclic GMP (cGMP), 

which promotes vascular smooth muscle relaxation. 

Table 1.  Outcomes of Methylene Blue Use in Septic Shock 

Author (year)
Study Design 
and Population MB Protocol Key Outcomes

Gachot (1995)19 Prospective
6 patients

3 mg/kg infusion ↑ MAP, ↑ mPAP, ↑ SVR, ↓ PaO2/FIO2 
ratio. No change in cardiac index.

Preiser (1995)20 Prospective
14 patients

2 mg/kg infusion ↑ MAP, ↑ LV stroke work. No change in 
cardiac output, oxygen delivery, or oxygen 
consumption. 

Daemen-Gubbels (1995)21 Prospective
9 patients

2 mg/kg infusion ↑ MAP, ↑ SVR, ↑ cardiac index, 
↑ oxygen delivery, ↓ arterial compliance.

Andreson (1998)22 Prospective
10 patients

1 mg/kg bolus ↑ MAP, ↑ SVR. No change in cardiac 
output or gas exchange. 

Weingartner (1999)23 Prospective
10 patients

4 mg/kg infusion ↑ MAP, ↑ SVR, ↑ LV stroke work, 
↓ PaO2/FIO2 ratio. No change in cardiac 
output or oxygen delivery. 

Kirov (2001)24 RCT
20 patients

2 mg/kg bolus + infusion ↑ MAP, ↓ vasopressor requirements. 5/10 
patients survived vs. 3/10 in control group.

Memis (2002)25 RCT
45 patients

0.5 mg/kg/hr infusion 
(6 hrs)

↑ MAP, no difference in mortality.

Donati  (2002)26 Prospective
15 patients

3 mg/kg bolus ↑ MAP, ↑ mPAP, ↑ SVR, ↑ LV stroke 
work, transient ↓ in blood lactate.

Rajbanshi (2023)27 Prospective
76 patients

2 mg/kg bolus ↑ MAP, ↓ vasopressor requirement. No 
significant difference in mortality, length of 
ICU stays, ventilator-free days, or incidence 
of acute kidney injury.

Ibrarra-Estrada (2023)28 RCT
91 patients

100 mg infusion (over 
6 hrs)

Shorter vasopressor use, shorter ICU and 
hospital stay. No difference in mortality or 
days on mechanical ventilation.

↑– increased; ↓– decreased; MAP – mean arterial pressure; mPAP – mean pulmonary artery pressure; SVR – systemic vascular resistance.



27

Outcomes of Methylene Blue Treatment in Septic Shock	 Sang et al.  

The Southwest Journal of Medicine 2025;13(56):25–29

consistently improved hemodynamic parameters. 

An increase in MAP was the most reproducible find-

ing across studies, supporting MB’s ability to restore 

vascular tone in septic shock.
19–26

 This effect was 

frequently accompanied by an increased systemic 

vascular resistance index (SVRI).
19,21–24

 Importantly, 

these changes occurred without significant alterations 

in cardiac output or cardiac index, suggesting that 

MB enhances perfusion pressure primarily through 

effects on peripheral resistance, without adversely 

impacting cardiac function.
20,22–24

 In some cases, left 

ventricular stroke work index (LVSWI) improved fol-

lowing MB administration, possibly as a secondary 

effect of improved vascular resistance and myocar-

dial efficiency.
20,23,24

 A few studies also reported a 

transient decrease in serum lactate, which may reflect 

enhanced tissue perfusion, although this effect was 

not universal.
20,24

 

Several studies also noted an increase in pulmo-

nary vascular resistance and mean pulmonary artery 

pressure following MB administration.
19,23,24

 However, 

gas exchange was largely unaffected, and no stud-

ies reported clinically significant deterioration in res-

piratory status. A few early studies also observed a 

modest decline in PaO
2
/FiO

2
 ratio, but this was not 

reproduced in more recent RCTs.
19,23,26

 Collectively, 

these findings support MB’s ability to restore vascu-

lar tone in septic shock without compromising oxygen 

delivery or cardiac performance.

Clinical Outcomes

While the physiologic effects of MB are well docu-

mented, clinical outcomes remain inconsistent. Three 

studies observed a reduction in vasopressor require-

ments with MB administration.
25,27,28

 Ibrarra-Estrada 

et al. also reported shorter intensive care unit (ICU) 

and hospital lengths of stay.
28

 However, MB admin-

istration was not associated with a consistent sur-

vival benefit, and most studies found no statistically 

significant difference in mortality between MB and 

control groups.
26–28

 In the few studies that did report 

higher survival with MB, sample sizes were small and 

not adequately powered to detect true differences in 

outcomes. 

Data on other clinical endpoints, such as mechani-

cal ventilation duration, organ failure, and ICU-acquired 

complications, were also limited and inconsistently 

reported. Overall, MB appears to be a physiologically 

effective adjunct in the treatment of septic shock, but 

the current body of evidence does not yet support a 

definitive improvement in survival or other major clin-

ical outcomes, highlighting the need for larger, well- 

powered randomized controlled trials.

Discussion

Methylene blue demonstrates consistent improve-

ments in hemodynamic parameters such as MAP and 

SVR without compromising cardiac output or oxy-

gen delivery. These effects align with MB’s known 

inhibition of the NO-sGC-cGMP pathway. However, 

whether these physiologic outcomes translate into 

consistent clinical benefits remains uncertain. While 

MB frequently reduced vasopressor requirements 

and, in some studies, shortened ICU or hospital stay, 

evidence for improvement in mortality or other long-

term endpoints is lacking. 

The optimal timing for MB administration also 

remains under debate. In most studies, MB was used 

as a salvage therapy after conventional therapy had 

failed. Only one study investigated early use, admin-

istering MB within 24 hours of septic shock diagno-

sis.
28

 Emerging literature suggests there may be a 

therapeutic window early in the course of shock dur-

ing which iNOS and sGC expression are elevated, 

making the vasculature more responsive to MB’s 

effects.
29–31

 Administering MB during this period may 

reverse vasoplegia more effectively, reducing cat-

echolamine exposure and improving organ perfusion 

before metabolic failure ensues. In contrast, late-

stage administration, often in the setting of sustained 

tissue hypoperfusion and lactic acidosis, may offer 

little benefit.

Dosing strategies for MB also varied considerably 

across studies. A bolus dose of 1 mg/kg was enough 

to improve vascular tone in many patients,
22

 although 

other studies have used doses up to 4 mg/kg or con-

tinuous infusions over 6 hours. Higher cumulative 

doses (>7 mg/kg) raise concerns for toxicity, including 
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splanchnic ischemia.
15

 Nonetheless, MB was gener-

ally well tolerated, with most adverse events related to 

blue-green discoloration of urine, skin, and secretions, 

which may interfere with the accuracy of pulse oxime-

ter readings.
25,28

 Paradoxical methemoglobinemia was 

observed in some patients,
26,28

 but it remained lower 

than the clinically relevant threshold of 10 percent in all 

studies. Methylene blue is contraindicated in patients 

with glucose-6-phosphate dehydrogenase (G6PD) 

deficiency due to risk of hemolysis, and inhibition of 

monoamine oxidase A by MB can induce serotonin syn-

drome in patients taking serotonergic medications.
14

 

There were initial concerns regarding MB’s potential to 

impair pulmonary oxygen exchange or cause pulmo-

nary vasoconstriction, reported in two early studies by 

Gachot et al. and Weingartner et al.
19,23

 However, this 

has not been substantiated in recent trials.
26,28

 

Several meta-analyses of MB studies in shock 

have also been published, but all are based on very 

limited data. In a meta-analysis of 6 randomized con-

trolled trials with a total of 302 patients, Fernando et 

al. found that MB was associated with reduced short-

term mortality (RR 0.66, 95% CI 0.47–0.94), shortened 

vasopressor duration, and reduced hospital length of 

stay.
32

 Ng et al. analyzed five studies (257 patients) 

and found improvements in mean arterial pressure 

and oxygenation (PaO
2
/FiO

2
 ratio) but did not observe 

a statistically significant mortality benefit.
33

 Ballarin et 

al. analyzed three RCTs (141 patients) and reported 

that MB led to a significant decrease in ICU stay, 

fewer days on mechanical ventilation, and a faster 

time to vasopressor discontinuation, with no increase 

in adverse effects such as methemoglobinemia.
34

 The 

authors of these meta-analyses highlighted limitations 

that led to low certainty evidence, including the small 

sample sizes, heterogeneity of studies, and discolor-

ation of skin/urine with MB administration that makes 

blinding difficult.

In summary, methylene blue shows promise as 

an adjunct therapy in septic shock, with the greatest 

potential in early intervention. Future research should 

focus on standardizing dosing regimens, clarifying 

optimal timing of administration, and identifying clini-

cal or biochemical predictors of response. Larger ran-

domized trials are needed to determine MB’s definitive 

place in the management of septic shock.
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