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Abstract
Objectives: Methylene blue exerts its vasopressor properties by inhibiting nitric oxide-mediated
vasodilation. Recent studies have advocated the use of methylene blue as a rescue therapy for
patients with septic shock. The primary aim was to investigate the effect of methylene blue on
the mean arterial pressure among adult patients with septic shock.
Methods: Databases of MEDLINE, EMBASE, and CENTRAL were searched from their inception
date until October 2023. Randomized Clinical Trials (RCT) comparing methylene blue and pla-
cebo in adults with septic shock were included.
Results: Our systematic review included 5 studies (n = 257) for data analysis. As compared to the
placebo, our pooled analysis showed that methylene blue significantly increased mean arterial
pressure (MD: 1.34 mmHg, 95% CI 0.15 to 2.53, p = 0.03, level of evidence: very low). Patients
who were given methylene blue were associated with statistically lower mortality rate
(OR = 0.49, 95% CI 0.27 to 0.88, p = 0.02, level of evidence: low), reduced serum lactate levels
(MD: -0.76 mmoL.L-1, 95% CI -1.22 to -0.31, p = 0.0009, level of evidence: low), reduced length
of hospital stay (MD: -1.94 days, 95% CI -3.79 to -0.08, p = 0.04, level of evidence: low), and
increased PaO2/FiO2 (MD: 34.78, 95% CI 8.94 to 60.61, p = 0.008, level of evidence: low).
Conclusions: This meta-analysis demonstrated that methylene blue administration was associ-
ated with an increased in mean arterial pressure and PaO2/FiO2 ratio, along with a reduction in
mortality rates, serum lactate levels, and length of hospital stay. However, substantial degree of
heterogeneity and inadequate number of studies with low level of evidence warrant future ade-
quately powered RCTs to affirm our results.
© 2024 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Sepsis is a life-threatening condition, resulting from a dysre-
gulated host response to infection.1 Septic shock is charac-
terized by persistent hypotension and elevated lactate
levels (> 2 mmoL.L-1) that are unresponsive to fluid resusci-
tation.1 It is classified as a vasodilatory shock, marked by
reduced myocardial contractility, widespread vasodilata-
tion, and diminished responsiveness to vasopressors.2

Research has identified three primary mechanisms underly-
ing vasopressor-resistant septic shock: vasopressin defi-
ciency, activation of Adenosine Triphosphate (ATP)-sensitive
potassium channels, and increased nitric oxide synthesis in
vascular smooth muscle cells.2

According to the 2021 Surviving Sepsis Campaign guide-
lines, norepinephrine, epinephrine, or dopamine, and vaso-
pressin are recommended as first-line, second-line and
third-line therapies for treating septic shock, respectively.3

Prolonged stimulation of adrenergic receptors by norepi-
nephrine, epinephrine, and dopamine may result in receptor
downregulation and desensitization, leading to diminished
responsiveness to vasopressor therapy.4 Additionally, studies
have demonstrated that the use of catecholamines, dopa-
mine, and vasopressin in septic shock can cause various
adverse effects, including digital ischemia, mesenteric
ischemia, and an increased incidence of arrhythmic events,
respectively.5,6 Given the risks of adverse effects associated
with these vasopressor agents, there is a growing interest in
vasopressor-sparing strategies. Non-adrenergic adjuncts,
such as methylene blue are being explored as alternatives to
increase Mean Arterial Pressure (MAP) and maintain organ
perfusion.

Nitric Oxide Synthase (NOS) produces Nitric Oxide (NO)
from its derivative L-arginine, which activates a second mes-
senger (guanylate cyclase and cyclic guanosine monophos-
phate) to cause vasodilatation.7 Nitric oxide synthase can be
subdivided into two types, Namely Constitutive (cNOS) that
is constantly active, also known as endothelial NOS (eNOS)
and Inducible (iNOS) that is produced in large quantities
upon activation by cytokines, endotoxin, and other inflam-
matory mediators.7 Nitric oxide has both beneficial and
harmful effects in septic shock. While it reduces vascular
responsiveness to catecholamines, it concurrently enhances
oxygen delivery, promotes free radical scavenging, and stim-
ulates macrophage activity.8 Given its varied impact, non-
selective blockade of NOS inhibitors can be detrimental. A
phase III clinical trial by Lopez et al. demonstrated that non-
selective NOS inhibitors increased mortality and morbidity,
including cardiac arrest and pulmonary hypertension, in
patients with septic shock.9 This finding underscores the
importance of preserving the function of the constitutive
isoform (cNOS) to maintain homeostasis, even in the context
of sepsis. These results suggests that a more targeted
approach to modulating nitric oxide synthase and its down-
stream pathways is warranted.

Methylene blue is one of the earliest synthetic drugs to be
used in medicine, which was first employed to treat patients
with septic shock in the 1990s.10 It exhibits the potential of
targeted inhibition on the iNOS, which demonstrated favour-
able hemodynamic effects with increased MAP and cardiac
function.11,12 Experimental studies showed that methylene
blue normalized plasma concentrations of nitric oxide end-
2

products, improved cardiopulmonary function, and reversed
endotoxin-induced hypotension in animals with
endotoxemia.13,14 However, the inhibition of iNOS is associ-
ated with side effects on cardiovascular parameters and gas
exchange.15

Current findings on the effects of methylene blue yielded
mixed results. In a systematic literature review published in
2006, which included 14 studies, Kwok et al. highlighted
that methylene blue increased systemic vascular resistance
and MAP.16 However, Porizka et al. showed that there are no
significant differences between methylene blue administra-
tion and MAP among patients with refractory distributive
shock.17 In addition, studies have administered methylene
blue in doses ranging from 1 mg.kg-1 to 7 mg.kg-1.16,18 Some
studies employed bolus-only administration, while others
utilized continuous infusion or a combination of bolus infu-
sion followed by continuous infusion.16,19 Consequently,
there is no clear consensus on the optimal dosing strategy
for administering methylene blue. To address this knowledge
gap, a systematic review and meta-analysis assessing the
efficacy and safety profile of methylene blue is timely and
essential before making any recommendation for its use in
patients with septic shock.

We hypothesized that methylene blue administration
improves MAP in patients with septic shock. The primary objec-
tive of this systematic review and meta-analysis was to evalu-
ate the clinical efficacy of methylene blue in improving MAP in
septic shock patients. Secondary objectives included examining
its effects on mortality rate, serum lactate levels, length of
hospital stay, heart rate, and the ratio of arterial oxygen partial
pressure to fractional inspired oxygen (PaO2/FiO2).
Methods

This review was conducted according to the guidelines out-
lined by the Cochrane Handbook for Systematic Reviews and
Interventions.20 Our protocol was registered and published
in the database of PROSPERO under CRD42023460671 prior
to commencement of literature search. Review questions
were formed based on the Population (adult patients with
septic shock), Intervention (Methylene Blue), Comparison
(control drugs), and Outcomes framework. The primary aim
of the review is to examine the effect of methylene blue on
MAP. Other secondary aims include mortality rate (all-cause
mortality rate for the longest follow-up), serum lactate,
length of hospital stay, heart rate and PaO2/FiO2.

Literature search and study identification

Databases of MEDLINE, EMBASE and the Cochrane Central
Register of Controlled Trials (CENTRAL) were searched from
their inception until October 2023. Clinical trial registries
were searched systematically for ongoing trials. The defini-
tion of septic shock was tabulated in Supplementary Table 1
whereas the search strategies and terms utilized in this
review was shown in the Supplementary Table 2. In general,
eligibility criteria were: 1) All Randomized Controlled Trials
(RCT) comparing methylene blue versus control group were
included. 2) All RCTs comparing methylene blue versus con-
trol group involving adults (> 18-years-old) with septic
shock, regardless of reported outcomes were included.
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No language restrictions were applied. From our search,
we included non-English studies, in which these articles
were translated to English with the help of certified transla-
tors. Observational studies, case series or reports, confer-
ence abstract were excluded. The references of the
included RCTs were manually searched and cross referenced
for further potential studies. Authors of relevant studies
were contacted at least three times for any incomplete
data.

Study selection and data extraction

The review was reported in accordance with the guideline
from the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Statement 2020.21,22 Two authors (PK and
WL) briefed by the principal author (KN) for the inclusion
and exclusion criteria. Titles and abstracts were screened
for eligibility criteria by two authors (PK and WL) indepen-
dently. The final selection of all the included RCTs were dis-
cussed and agreed among all the authors (KN, PK, WL). Any
disagreements were solved by the principal author (KN). The
clinical characteristics of all included studies were recorded
independently by two authors (PK and WL) using an online
data extraction sheet. Our data extraction sheet included
the following important data: author, publication year, type
of control drug, dosage of control drug and methylene blue,
mean age of both intervention and control group, mean
weight of both groups, timing of administration of methy-
lene blue, and sample sizes.

Risk of bias assessment

The included RCTs were assessed for their respective risk of
bias according to the Cochrane Collaboration Risk of Bias
Assessment Tool by 2 authors (PK and WL) independently.23

Any disagreements were resolved via discussions with the
principal author (KN). Summary of findings and the assess-
ment on the level of evidence were conducted by 2 authors
(PK and WL) independently. These assessments were evalu-
ated using the GRADEpro software.24 A third author (KN) was
consulted to solve any conflicts.

Statistical analysis

Review Manager version 5.4 (The Cochrane Collaboration,
Copenhagen, Denmark) was used to carry out statistical
meta-analysis.25 All p-values were two tailed, with statistical
significance denoted as less than 0.05. With regards to dichot-
omous outcomes, Odd Ratios (OR) and 95% Confidence Inter-
val (95% CI) were calculated. For continuous outcomes, Mean
Difference (MD) and 95% Confidence Interval (95% CI) were
utilized. The heterogeneity of pooled outcomes was evalu-
ated by the I-square (I2) test, where the values of < 40%,
40%‒60% and > 60% were indicated as low, moderate, and
high heterogeneity, respectively. A fixed-effect model was
used to calculate the estimates of the primary and secondary
outcomes. However, if high heterogeneity (I2 > 60%) was
observed, a random-effect model was used. When the values
were reported as median or interquartile range, these values
were converted to mean and standard deviation.26 Publica-
tion bias was evaluated using funnel plots for any asymme-
try.27 Subgroup analysis was performed on specific time
3

intervals on the primary outcome of MAP. Two specific time-
intervals, namely immediate period after administration of
methylene blue and 3-day after methylene blue administra-
tion, were chosen to study its immediate effects and its
effects after being eliminated from the body.28
Results

PRISMA flow chart of the study selection was illustrated in
Figure 1. After removing duplicates, 658 articles remained for
title and abstract screening. A total of 26 articles were down-
loaded for full text screening. A total of 21 papers were
excluded due to failure to fulfil the inclusion criteria. The list
of excluded studies is shown in Supplementary Table 3. Five
articles with 257 participants were eligible to be included in
this review. The demographics of the included RCTs are illus-
trated in Table 1. Searching of trial registries found 1 ongoing
study, which is shown in Supplementary Table 4.

The control drugs varied among the included studies.
Three studies used normal saline as the control drug,29-31

whilst others employed glucose or alternative fluid resusci-
tation treatments.32 The range of mean age of the control
group is 23.8 to 76.0 years old whereas the range of mean
age of the methylene blue group is 33.8 to 75.0 years old,
respectively. The mean body mass index of the control group
is 22.2 to 28.4 kg.m-2 whereas the mean body mass index of
the methylene blue group is 22.1 to 27.6 kg.m-2. Of all, the
year of publication ranged from 2001 to 2023 with sample
sizes of each group varied from 10 to 46. Data analysis of pri-
mary and secondary outcomes is illustrated in Table 2. Sum-
mary of findings and certainty of evidence is shown
accordingly in Table 3.

Overall, two of the included RCTs have a low risk of
bias30,32 whereas the other 3 studies were evaluated as
unclear or high risk of bias29-31 due to lack of blinding of par-
ticipants and personnel, and lack of blinding of outcomes
(Supplementary Table 5). The review was conducted with
the aid of PRISMA checklist, as shown in Supplementary
Table 6.

Primary outcome: mean arterial pressure

Three randomized-controlled trials examined the impact of
methylene blue on MAP.29,30,33 Methylene blue significantly
increased MAP in patients randomized to receiving methy-
lene blue (n = 203, MD = 1.34 mmHg, 95% CI 0.15 to 2.53,
p = 0.03, level of evidence: very low) (Figure 2). However,
there is a high degree of heterogeneity for this measured
outcome (I2 = 99%) and the funnel plot for MAP were asym-
metrical, suggesting risk of publication bias. Subgroup analy-
sis of specific time intervals revealed that methylene blue
significantly increased MAP of patients in the immediate
period after methylene blue infusion (studies = 4,
n = 203, MD = 3.25, 95% CI 0.24 to 6.27, p = 0.03) (Supple-
mentary Fig. 1).

Secondary outcome: mortality rate, serum lactate,
PaO2/FiO2, length of hospital stay, heart rate

Based on the combined data from 3 RCTs, patients who
received methylene blue had statistically lower mortality



Figure 1 Prisma diagram. A total of 5 studies were included in this systematic review.
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rate (n = 205, OR = 0.49, 95% CI 0.27 to 0.88, p = 0.02, level
of evidence: low) (Figure 3).30-32 Low statistical heterogene-
ity was denoted across included studies (I2 = 0%). Pooled
mean difference from 3 included studies showed that admin-
istration of methylene blue was associated with lower serum
lactate levels compared to placebo (MD = -0.76 mmoL.L-1,
95% CI -1.22 to -0.31, p = 0.0009, level of evidence: low)
(Figure 3).30,31,33 However, a moderate degree of heteroge-
neity was assessed in the pooled effect (I2 = 45%).

There was a significant increase in PaO2/FiO2 in the meth-
ylene blue group than the control group (MD = 34.78, 95% CI
8.94 to 60.61, p = 0.008, level of evidence: low)
(Figure 3).29,30 A total of 2 studies (n = 111) measured the
length of hospital stay. Patients who received methylene
blue had a statistically shorter length of hospital stay as
compared with the placebo group (MD = -1.94, 95% CI -3.79
to -0.88, p = 0.04, I2 = 0%, level of evidence: low)
(Figure 3).29,30

Three studies (n = 106 patients) indicated showed that
there was no significant difference between the methylene
blue and the control group on the heart rate (MD = -2.31,
95% CI -5.88 to 1.27, p = 0.21, level of evidence: low) (Sup-
plementary Fig. 2). The test for statistical heterogeneity
was low (I2 = 0%).29-31
Discussions

Our meta-analysis revealed that the methylene blue admin-
istration in patients with septic shock is associated with an
increase in MAP over a short-term period following its use,
4

although the results show considerable variability. Addition-
ally, methylene blue is likely associated with improvement
in the PaO2/FiO2 ratio, as well as reductions in mortality
rate, serum lactate levels, and length of hospital stay.

A previous systematic review completed by Kwok et al.
included 2 randomized-controlled trials and 11 case
reports/series.16 Another systematic review by Paciullo et
al. included 2 randomized-controlled trials and 8 prospec-
tive observational studies.19 However, the inclusion of non-
RCTs would have downgraded the quality of evidence for the
measured outcomes.34 Previously, no quantitative meta-
analysis of the data could be performed due to the limited
number of RCTs focusing on patients with septic shock. Given
that more RCTs have been published, our team decided to
perform an updated and comprehensive review and meta-
analysis on the use of methylene blue in the adult population
with septic shock.

Prompt treatment of hypotension is imperative in septic
shock.3 Observational studies of methylene blue in septic
shock patients have generally shown short term improve-
ments in hemodynamic parameters.12,15,16,35 It is believed
that methylene blue increases blood pressure via the inhibi-
tion of iNOS vasodilation, instead of vasoconstriction in cate-
cholamines.30 Memis et al. reported that methylene blue
statistically increased MAP in patients with severe sepsis.36

Similarly, our pooled analysis reported a statistical increase
of MAP in the methylene blue group compared to the control
group. However, the increase in MAP observed after 24 hours
was not statistically significant in our findings. This suggests
that the hemodynamic effects of methylene blue may be
short-lived and transient. While methylene blue has long



Table 1 Clinical characteristics of included studies.

Author, Year Methylene blue dose regimes Control Group Sample
Size

Main Findings

Kirov et al., 2001 Intravenous bolus injection
(2 mg.kg-1) methylene blue, fol-
lowed 2 hours later by infusion
at stepwise increasing rates of
0.25, 0.5, 1, and 2 mg.kg-1.
hour-1 that were maintained for
1 hour each

Normal Saline 20 Methylene blue reduced the
requirement for norepinephrine,
epinephrine, and dopamine by as
much as 87%, 81%, and 40%,
respectively.
Mean arterial pressure was signifi-
cantly increased at the 6-hour and
24-hour after drug administration
in the methylene blue group com-
pared to the control group.

Arzapalo et al.,
2016

2 mg.kg-1 methylene blue in
100 mL of
5% glucose solution infused over
1 hour

Glucose 60 Methylene blue group (22%) was
associated with an increase mean
arterial pressure than the control
group (9.2%).
Noradrenaline dose at the 6-hour
was significantly reduced in the
methylene blue group (86%) as
compared to the control group
(56%).

Lu et al., 2018 2 mg.kg-1 methylene blue
(diluted with 50 mL of 0.9%
sodium chloride injection) into
a single intravenous pump.
After 20 minutes, continue
administering methylene blue
at 2 mL/hour for 24 hours

Normal Saline 32 Mean arterial pressure after day 1
of drug administration was signifi-
cantly higher in the methylene
blue group than the control group.
Perfusion index at day 1 to day 5
after drug administration was sig-
nificantly higher in the methylene
blue group than the control group.
Oxygenation index at day 2 to day 5
after drug administration was sig-
nificantly higher in the methylene
blue group than the control group.

Lu et al., 2019 Group 1: Bolus Infusion (2 mg.
kg-1 of methylene blue added
into 50 mL of normal saline
infused over 20 mins, and then
continuous infusion of 50 mL of
normal saline over 24 hours)

Normal Saline 54 Norepinephrine dosage at day 1
was significantly lower in the
methylene blue group than the
control group.

Group 2: Continuous Infusion
(2 mg.kg-1 of methylene blue
added into 50 mL of normal
saline infused over 20 mins, and
then continuous infusion of
methylene blue diluted with
50 mL of normal saline over 24
hours)

Methylene Blue significantly
increased perfusion index at day 1
to day 7 compared to the control
group.

Ibarra-Estrada
et al., 2023

100 mg of methylene blue in
500 mL of 0.9% sodium chloride
solution over 6 hours once daily
for a total of 3 doses

Normal Saline 91 The methylene blue group had a
significantly shorter time to vaso-
pressor discontinuation, a shorter
ICU length of stay by 1.5 days and
shorter hospital length of stay by
2.7 days as compared to the con-
trol group.

Data are presented as mean § standard deviation. RCT, Randomised Controlled Trials.
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Table 2 Data analysis of primary and secondary outcomes.

Outcomes Trials n I2 (%) MD/OR (95% CI) p-value

Mean Arterial Pressure (Main Analysis) (mmHg) 6 286 99 1.34 [0.15, 2.53] 0.03
Mean Arterial Pressure (Subgroup Analysis) (mmHg)
Time-points after MB Infusion
a) Immediate period after MB Infusion 3 203 99 3.25 [0.24, 6.27] 0.03
b) 3-day after MB Infusion 3 183 29 0.22 [-0.30, 0.73] 0.42
Risk of Bias
a) Low Risk of Bias 4 302 100 0.95 [-0.25, 2.15] 0.12
b) High/Unclear Risk of Bias 4 84 25 9.95 [3.51, 16.40] 0.002
Mortality Rate (Main Analysis) 4 259 0 0.49 [0.27, 0.88] 0.02
Mortality Rate (Subgroup Analysis)
Time-points after MB Infusion
a) 7-day 2 114 0 0.38 [0.13, 1.10] 0.08
b) 28-day 2 145 0 0.54 [0.26, 1.12] 0.10
Serum Lactate (Main Analysis) (mmoL.L-1) 6 413 45 -0.76 [-1.22, -0.31] 0.0009
Serum Lactate (Subgroup Analysis) (mmoL.L-1)
Time-points after MB Infusion
a) 1-hr after MB Infusion 2 77 0 0.00 [-0.94, 0.94] 1.00
b) 24-hr after MB Infusion 2 168 0 -1.06 [-1.32, -0.81] <0.00001
c) 72-hr after MB Infusion 2 168 69 -1.04 [-2.26, 0.18] 0.09
d) PaO2/FiO2 (Main Analysis) 3 131 0 34.78 [8.94, 60.61] 0.008
PaO2/FiO2. (Subgroup Analysis)
Time-points after MB Infusion
a) Immediate Period After MB Infusion 2 111 0 34.37 [7.55, 61.19] 0.01
b) 24-hr after MB Infusion 1 20 N/A 40.00 [-56.51, 136.51] 0.42
Length of Hospital Stay (days) 2 111 0 -1.94 [-3.79, -0.08] 0.04
Heart Rate (Main Analysis) (bpm) 13 470 0 -2.31 [-5.88, 1.27] 0.21
Heart Rate (bpm)
a) After MB Infusion 3 106 0 2.62 [-5.02, 10.25] 0.50
b) 24-hr after MB Infusion 3 106 10 -3.27 [-11.75, 5.22] 0.45
c) 72-hr after MB Infusion 2 86 0 -3.24 [-12.00, 5.52] 0.47
d) 5-day after MB Infusion 2 86 0 -3.26 [-11.34, 4.82] 0.43
e) 7-day after MB Infusion 3 86 0 -4.95 [-12.61, 2.70] 0.20

Values are Mean Difference (MD)/Odds Ratio (OR) and 95% Confidence Interval.
MB, Methylene Blue; PaO2/FiO2, Ratio of arterial oxygen partial pressure to fractional inspired oxygen; n, Sample Size; N/A, Not Applica-
ble.
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been established as the treatment of methemoglobinemia
with dosages of 1‒2 mg.kg-1,37 the optimal dosing strategy
for methylene blue in septic patients is still not well defined.
A study on seven healthy individuals where 100 mg of IV
methylene blue was administered demonstrated that the
estimated terminal half-life is 5.25 hours.38 Three dosing
strategies were identified in our study ‒ single bolus, contin-
uous infusion, and bolus dose followed by infusion. Doses
based on weight ranged from 0.5 mg.kg-1.h-1 to 2.0 mg.kg-1.
h-1. The most commonly used regimen, observed in four out
of five included studies, was continuous infusion.29,31-33

Ibarra-Estrada et al. was the only study to administer methy-
lene blue for more than 24 hours, using repeated doses once
daily for a total of three days.30 Juffermans et al. demon-
strated that the hemodynamic effects of methylene blue are
dose-dependent, with an infusion of 1‒3 mg.kg-1 being suffi-
cient to increase MAP.18 This study also highlighted that the
effects of a single infusion are transient, lasting approxi-
mately two hours.18 These findings align with our study,
which showed a statistically significant increase in MAP
immediately after methylene blue infusion but no significant
6

effect 24 hours post-infusion. Therefore, repeated boluses
or continuous infusion may be considered to mitigate this
limitation. A significant degree of heterogeneity was
observed in the primary outcome, likely due to factors such
as variability in baseline patient characteristics, differing
dosing regimens, timing of drug administration, and types of
control drugs used. As such, future randomized controlled
trials in a more homogenous clinical setting are necessary to
accurately assess the impact of methylene blue on MAP in
adult patients with septic shock.

In the setting of sepsis, inflammatory cytokines have been
theorized to suppress cortisol response or compete with
intracellular glucocorticoid receptors, resulting in periph-
eral tissue resistance and eventual vascular collapse.39,40

The utility of steroids was not explicitly described in all the
included studies, except for Ibarra-Estrada et al.30 This
study was the only RCT that administered intravenous hydro-
cortisone at 200 mg/day by continuous infusion as part of
the resuscitation protocol.30 Hydrocortisone is one of the
most commonly used corticosteroids in the management of
septic shock patients due to its mineralocorticoid and



Table 3 Level of Evidence. Author(s): Ka Ting Ng, Pei En Kwok, Wei En Lim, Mohd Shahnaz Bin Hasan, Rafidah Atan, Nor’ Azim Bin Mohammed Yunus, Mohd Fitry Zainal Abidin.
Question: Methylene Blue compared to Placebo for Septic Shock in Adults. Setting: Septic Shock Adult Patients.

Certainty assessment N° of patients Effect

N° of
studies

Study design Risk of
bias

Inconsistency Indirectness Imprecision Other
considerations

Methylene
Blue

Placebo Relative
(95% CI)

Absolute (95%CI) Certainty Importance

Mean Arterial Pressure (mmHg)

4 Randomized trials Seriousa Seriousb Not serious Seriousc None 142 144 ‒ MD 2.94 higher
(1.52 higher t
o 4.36 higher)

���� Very low

Mortality Rate

3 Randomized trials Seriousa Not serious Not serious Seriousc None 27/147
(18.4%)

39/112
(34.8%)

OR 0.49
(0.27 to 0.88)

141 fewer per 1,000
(from 222 fewer
to 28 fewer)

���� Low

Serum Lactate (mmoL.L-1)

2 Randomized trials Seriousa Not serious Not serious Seriousc None 228 185 ‒ MD 0.76 lower
(1.22 lower
to 0.31 lower)

���� Low

PaO2/FiO2 (ratio of arterial oxygen partial pressure to fractional inspired oxygen)

2 Randomized trials Seriousa Not serious Not serious Seriousc None 65 66 ‒ MD 34.78 higher
(8.94 higher
to 60.61 higher)

���� Low

Heart Rate (bpm)

3 Randomized trials Seriousa Not serious Not serious Seriousc None 280 190 ‒ MD 2.31 lower
(5.88 lower
to 1.27 higher)

���� Low

Length of Hospital Stay (days)

2 Randomized trials Seriousa Not serious Not serious Seriousc None 55 56 ‒ MD 1.94 lower
(3.79 lower
to 0.08 lower)

���� Low

CI, Confidence Interval; MD, Mean Difference; OR, Odds Ratio.
Explanations:

a Half of the included studies possess high or unclear risk of bias.
b High degree of heterogeneity.
c Sample size of each arm < 400.
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Figure 2 Forest plot of mean arterial pressure (mmHg) ‒ Methylene blue is associated with a significant increase in mean arterial
pressure compared to the control group.
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glucocorticoid activity. Given these properties, hydrocorti-
sone stimulates the release of aldosterone, promoting the
reabsorption of salt and water and enhancing the vascular
contractile response to pressor agents, thereby increasing
blood pressure in septic shock patients. However, its use
may introduce potential confounding in the measurement of
MAP. Therefore, future randomized controlled trials are nec-
essary to determine whether the combined administration
of corticosteroids and methylene blue would positively influ-
ence MAP and to assess the extent of their respective
effects.

Quantitative analysis of the three studies reporting mor-
tality demonstrated a statistically significant reduction in
the overall mortality rate among patients receiving methy-
lene blue.30,31,33 However, the total sample size (n = 205)
was very small. Hence, it is unpowered to detect any clini-
cally meaningful outcomes for mortality rate and the pooled
findings should be interpreted with caution. Future ade-
quately powered studies are required to examine the impact
of methylene blue on the mortality rate in septic shock
patients. Serum lactate has been included in the recent defi-
nition of septic shock as it is considered an important bio-
marker of cellular stress in a refractory hypotension.1

Current guidelines recommend using lactate levels as bio-
chemical indicators to guide resuscitation in early phases of
septic shock.3 Our finding demonstrated that methylene
blue was associated with significantly lower serum lactate
levels.30,31,33 This suggests that methylene blue may exert
favourable effects on tissue perfusion and anaerobic metab-
olism.41-43 However, the interpretation of lactate levels
should be approached cautiously and considered alongside
other hemodynamic parameters.

The time factor remains a critical element in the man-
agement of septic shock and early intervention is crucial to
improving outcome.3 In our included studies, the timing of
methylene blue administration and vasopressor titration var-
ied across all the included studies. The majority of studies
administered methylene blue within 24 hours after the initi-
ation of vasopressors.29,31-33 It is hard to determine if there
are possible delays between the onset of septic shock and
8

the administration of methylene blue. It has been proposed
that there is a ‘window of opportunity’ and time-sensitive
for methylene blue to restore vascular resistance in septic
shock effectively.44 A sepsis model in mice demonstrated
that there exists a dynamic guanylate cyclase activity in
three 8-hour windows.44 An increase in guanylate cyclase
and iNOS is observed in the first 8-hour window, followed by
an absence of guanylate cyclase expression and down-regu-
lation of iNOS in the second 8-hour window.45 Then, there is
an upregulation of guanylate cyclase and iNOS in the third 8-
hour window.45 This suggests that the use of methylene blue
as a last rescue therapeutic option may not act (second win-
dow) or act too late (third window) when the shock is irre-
versible with profound tissue hypoxia and intractable
metabolic acidosis.46 In the current literature, methylene
blue has been administered as a late rescue treatment dur-
ing septic shock, and the impact of earlier administration as
an adjunct is yet to be established.

There are some concerns that the use of methylene blue
causes ventilation-perfusion mismatch and vasoconstriction
via the inhibition of cGMP.47 Previous studies demonstrated
a significant reduction in the PaO2/FiO2 ratio in the methy-
lene blue group.15,36 Weingartner and colleagues specifically
reported a decrease in the PaO2/FiO2 ratio from 168 (131‒
215) mmHg to 132 (109‒156) mmHg following methylene
blue administration (p < 0.05).35 However, it is worth noting
that all the included patients in this study had acute lung
injury, and seven of the ten included patients fulfilled the
criteria for ARDS.35 Hence, the observed respiratory dysfunc-
tion may be attributed to septic shock secondary to respira-
tory pathology rather than the adverse effect of methylene
blue. Our pooled results support this hypothesis by showing
that methylene blue increases PaO2/FiO2 compared to the
control group.29,30 Methylene blue is a safe drug when used
in therapeutic doses of < 2 mg.kg-1.38 All our included studies
used the dose of methylene blue < 2 mg.kg-1 and no signifi-
cant adverse events were reported. There was an increase in
the level of methaemoglobin in one of the included studies
albeit not clinically significant.29 Other common side effects
include blue skin and urine discoloration that are transient



Figure 3 Comparison of mortality rate (a), serum lactate levels (b), PaO2/FiO2 ratio (c), and length of hospital stay (d), between
the methylene blue group and the control group.
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and benign.38 Clinicians should also be conscientious of the
interference in pulse oximeter readings caused by methylene
blue as it absorbs most light emitted by the pulse oximeter.47

This may be interpreted as a false reduction in circulating
oxyhaemoglobin and reduced oxygen saturation.48 Further-
more, a study by Juffermans et al. demonstrated that high
doses (> 7 mg.kg-1) of methylene blue may compromise
splanchnic perfusion despite global haemodynamic enhance-
ment.39 The usage of methylene blue is contraindicated in
patients with Glucose-6-Phosphate Dehydrogenase (G6PD)
deficiency as it increases the risk of haemolytic anaemia.49

Moreover, methylene blue also inhibits the monoamine oxi-
dase enzyme, which may result in the manifestation of sero-
tonin syndrome when used with monoamine oxidase
inhibitors, such as antidepressant medications.50

Catecholamine-resistant shocked patients with high renin
levels may benefit from early commencement of angiotensin
II.51 Measurement of the metabolites of the nitric oxide
pathway in the form of nitrite and nitrate may suggest early
initiation of methylene blue. Markers to predict specific
vasopressor responsiveness may be the ideal approach to
managing hypotension in septic shock. Physiologically, dia-
stolic arterial pressure and dynamic arterial elastance may
be useful parameters to guide patients who will benefit from
early vasopressors.52,53 Analysis of the kinetics of norepi-
nephrine dose increment and the response to vasopressin
treatment may suggest the need for early initiation of other
vasopressors with different mechanisms of action.54 Accord-
ing to Kram et al., who studied patients with vasoplegic syn-
drome, the minimum methylene blue required to reduce
norepinephrine needs was 1.4 mg.kg-1.55 For each incremen-
tal dose increase of 0.5 mg.kg-1, there is a 2.25 mg.kg-1

decrease in norepinephrine dosage.55 However, we have to
be careful with the dose of methylene blue due to its side
effects such as blue skin and urine discolouration.38 Hence,
future studies on the pharmacokinetics and pharmacody-
namics of methylene blue are warranted to gauge the opti-
mal dose of methylene blue.

Our study has several limitations. Variations in methylene
blue administration regimens and vasopressors titration pro-
tocols may have contributed to the substantial heterogene-
ity observed in our primary outcome. Additionally, all the
included studies had small sample size and were underpow-
ered to detect the primary outcome of MAP, as well as sec-
ondary outcomes such as mortality rate and other clinical
parameters. The lack of blinding of participants and out-
come assessors (researchers) introduces a risk of overesti-
mating the treatment effects of methylene blue. Study
participants and clinicians, aware of the intervention, may
have influenced subjective outcomes such as hospital dis-
charge timing, potentially biasing the length of hospital
stay. Furthermore, the follow-up periods were short and het-
erogeneous across most RCTs, increasing the likelihood of
underreporting adverse outcomes. Another limitation is that
the causes of septic shock were not consistently reported
across the included studies, which could introduce bias to
our findings. The transient urine discoloration commonly
associated with methylene blue administration may have
unintentionally unblind clinicians, further increasing the risk
of bias. None of the studies measured nitrite or nitrate lev-
els, making it unclear whether the observed effects of MAP
could be directly attributed to methylene blue. Finally,
10
there is a risk of publication bias due to the limited number
of studies published on the effects of methylene blue in sep-
tic shock patients. These limitations highlight the need for
more robust, adequately powered, and methodologically
sound randomized controlled trials to better assess the effi-
cacy and safety of methylene blue in this context.

This meta-analysis demonstrated that methylene blue
shows promise in the management of patients with septic
shock. However, due to the limited sample size and the low
quality of evidence in the included studies, its use requires
further validation through larger, well-designed clinical tri-
als. Future adequately powered randomized controlled trials
are necessary to determine the optimal dosing and timing of
methylene blue, as well as its effect on hemodynamic and
clinical outcomes, before its routine implementation in clin-
ical practice.
Human ethics and consent to participate
declarations

None.
Previous presentation in conferences

RCoA Anaesthesia Research.
Awards

RCoA Anaesthesia Research Presentation Award.
Conflicts of interest and Funding

No potential conflict of interest relevant to this article was
reported. No funding was received in support of this project.
Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.bjane.2024.
844580.
References

1. Singer M, Deutschman CS, Seymour C, et al. The Third Interna-
tional Consensus Definitions for Sepsis and Septic Shock (Sepsis-
3). JAMA. 2016;315:801.

2. Landry DW, Oliver JA. The pathogenesis of vasodilatory shock. N
Engl J Med. 2001;345:588−95.

3. Evans L, Rhodes A, Alhazzani W, et al. Surviving Sepsis Cam-
paign: International Guidelines for Management of Sepsis and
Septic Shock 2021. Crit Care Med. 2021;49:E1063−143.

4. Tsujimoto G, Honda K, Hoffman BB, Hashimoto K. Desensitiza-
tion of postjunctional alpha 1- and alpha 2-adrenergic recep-
tor-mediated vasopressor responses in rat harboring
pheochromocytoma. Circ Res. 1987;61:86−98.

https://doi.org/10.1016/j.bjane.2024.844580
https://doi.org/10.1016/j.bjane.2024.844580
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0004


Brazilian Journal of Anesthesiology 2025;75(1): 844580
5. Nagendran M, Russell JA, Walley KR, et al. Vasopressin in septic
shock: an individual patient data meta-analysis of randomised
controlled trials. Intensive Care Med. 2019;45:844−55.

6. De Backer D, Aldecoa C, Njimi H, Vincent JL. Dopamine versus
norepinephrine in the treatment of septic shock: A meta-analy-
sis. Crit Care Med. 2012;40:725−30.

7. Green SJ, Scheller F, Marietta MA, et al. Nitric Oxide: Cytokine-
regulation of nitric oxide in host resistance to intracellular
pathogens. Immunol Lett. 1994;43:87−94.

8. Tripathi P, Tripathi P, Kashyap L, Singh V. The role of nitric oxide
in inflammatory reactions. Nitric oxide: control of immune
response. FEMS Immunol Med Microbiol. 2007;51(3):443−52.

9. L�opez A, Lorente JA, Steingrub J, et al. Multiple-center, ran-
domized, placebo-controlled, double-blind study of the nitric
oxide synthase inhibitor 546C88: effect on survival in patients
with septic shock. Crit Care Med;. 2004;32:21−30.

10. Brown G, Frankl D, Phang T. Continuous infusion of methylene
blue for septic shock. Postgrad Med J. 1996;72:612−4.

11. Mayer B, Brunner F, Schmidt K. Inhibition of nitric oxide synthe-
sis by methylene blue. Biochem Pharmacol. 1993;45:367−74.

12. Preiser JC, Lejeune P, Roman A, et al. Methylene blue adminis-
tration in septic shock: A clinical trial. Crit Care Med.
1995;23:259−64.

13. Paya D, Gray GA, Stoclet JC. Effects of methylene blue on blood
pressure and reactivity to norepinephrine in endotoxemic rats.
J Cardiovasc Pharmacol. 1993;21:926−30.

14. Zhang H, Rogiers P, Preiser JC, et al. Effects of methylene blue
on oxygen availability and regional blood flow during endotoxic
shock. Crit Care Med. 1995;23:1711−21.

15. Gachot B, Bedos JP, Veber B, Wolff M, Regnier B. Short-term
effects of methylene blue on hemodynamics and gas exchange
in humans with septic shock. Intensive Care Med. 1995;21:1027
−31.

16. Kwok ESH, Howes D. Use of methylene blue in sepsis: a system-
atic review. J Intensive Care Med. 2006;21:359−63.

17. Porizka M, Kopecky P, Dvorakova H, et al. Methylene blue
administration in patients with refractory distributive shock ‒ a
retrospective study. Sci Rep. 2020;10:1828.

18. Juffermans NP, Vervloet MG, Daemen-Gubbels CRG, et al. A
dose-finding study of methylene blue to inhibit nitric oxide
actions in the hemodynamics of human septic shock. Nitric
Oxide. 2010;22:275−80.

19. Paciullo CA, Horner DMM, Hatton KW, Flynn JD. Methylene
Blue for the Treatment of Septic Shock. Pharmacotherapy:
The Journal of Human Pharmacology and Drug Therapy.
2010;30:702−15.

20. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ.
Cochrane Handbook for Systematic Reviews of Interventions |
Cochrane Training [Internet]. London: Cochrane Training; 2020.
Available from https://training.cochrane.org/handbook/cur-
rent.

21. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372372:n71.

22. Haddaway NR, Page MJ, Pritchard CC, McGuinness LA.
PRISMA2020: An R package and Shiny app for producing PRISMA
2020-compliant flow diagrams, with interactivity for optimised
digital transparency and Open Synthesis. Campbell Syst Rev.
2022;18:e1230.

23. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Col-
laboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

24. GRADEproGDT: GRADEpro Guideline Development Tool [Soft-
ware]. McMaster University and Evidence Prime, 2023. Accessed
9 September 2023. Available from gradepro.org.

25. Review Manager (RevMan) [Computer program]. Version 5.4.
Accessed 9 September 2023.
11
26. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/or
interquartile range. BMC Med Res Methodol. 2014;14:135.

27. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-
enhanced meta-analysis funnel plots help distinguish publica-
tion bias from other causes of asymmetry. J Clin Epidemiol.
2008;61:991−6.

28. Howland MA. Methylene Blue. In: Nelson LS, Howland MA,
Lewin NA, Smith SW, Goldfrank LR, Hoffman RS, eds. Gold-
frank’s Toxicologic Emergencies, 11e [Internet], New York, NY:
McGraw-Hill Education; 2019. Available from: accessemergen-
cymedicine.mhmedical.com/content.aspx?aid=1163003951.

29. Kirov MY, Evgenov OV, Evgenov NV, et al. Infusion of methylene
blue in human septic shock: a pilot, randomized, controlled
study. Crit Care Med. 2001;29:1860−7.

30. Ibarra-Estrada M, Kattan E, Aguilera-Gonzalez P, et al. Early
adjunctive methylene blue in patients with septic shock: a ran-
domized controlled trial. Crit Care. 2023;27:110.

31. Lu Y, Yu H, Liu Q, Yao M, Zhu J. Therapeutic Effects of Intrave-
nous Infusion of Methylene Blue on Patients with Septic Shock.
National Medical J China. 2019;99:868−71.

32. Arzapalo MFA, Avendano VGL, Castillo AE, Mukul JJG, Herrera
BF, Camara MAC. Efficacy of methylene blue as an adjuvant in
the treatment of patients with septic shock. Medicina Crítica.
2016;30:102−10.

33. Lu Y, Liu Q, Yu H. Effect of methylene blue on arterial blood gas
value and perfusion index in patients with septic shock. Zhe-
jiang Medicine. 2019;41:575−8.

34. Reeves BC, Deeks JJ, Higgins JPT, Shea B, Tugwell P, Wells GA.
Chapter 24: Including non-randomized studies on intervention
effects. In: Higgins JPT, Thomas J, Chandler J, Cumpston M,
Li T, Page MJ, Welch VA, eds. Cochrane Handbook for Systematic
Reviews of Interventions version 6.4 (updated August 2023),
Cochrane; 2023. Accessed 9 September 2023. Available from
www.training.cochrane.org/handbook.

35. Weingartner R, Oliveira E, Oliveira ES, et al. Blockade of the
action of nitric oxide in human septic shock increases systemic
vascular resistance and has detrimental effects on pulmonary
function after a short infusion of methylene blue. Braz J Med
Biol Res. 1999;32:1505−13.

36. Memis D, Karamanlioglu B, Yuksel M, Gemlik I, Pamukcu Z. The
Influence of Methylene Blue Infusion on Cytokine Levels During
Severe Sepsis. Anaesth Intensive Care. 2002;30:755−62.

37. Ginimuge PR, Jyothi SD. Methylene Blue: Revisited. J Anaesthe-
siol Clin Pharmacol. 2010;26:517−20.

38. Peter C, Hongwan D, K€upfer A, Lauterburg BH. Pharmacokinet-
ics and organ distribution of intravenous and oral methylene
blue. Eur J Clin Pharmacol. 2000;56:247−50.

39. Huang ZH, Gao H, Xu RB. Study on glucocorticoid receptors dur-
ing intestinal ischemia shock and septic shock. Circ Shock.
1987;23:27−36.

40. Molijn GJ, Spek JJ, van Uffelen JC, et al. Differential adapta-
tion of glucocorticoid sensitivity of peripheral blood mononu-
clear leukocytes in patients with sepsis or septic shock. J Clin
Endocrinol Metab. 1995;80:1799−803.

41. O’Conor E, Fraser JF. The interpretation of perioperative lac-
tate abnormalities in patients undergoing cardiac surgery.
Anaesth Intensive Care. 2012;40:98−603.

42. Evora PRB. Methylene blue does not have to be considered only
as rescue therapy for distributive shock. J Med Toxicol.
2013;9:426.

43. Luis-Silva F, Menegueti MG, Sato L, et al. Effect of methylene
blue on hemodynamic response in the early phase of septic
shock: A case series. Medicine (Baltimore). 2023;102:e32743.

44. Fernandes D, Da Silva-Santos JE, Duma D, Villela CG, Barja-
Fidalgo C, Assreuy J. Nitric oxide-dependent reduction in solu-
ble guanylate cyclase functionality accounts for early

http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0017
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0017
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0017
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0019
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0023
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0023
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0023
http://gradepro.org
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0027
http://accessemergencymedicine.mhmedical.com/content.aspx?aid=1163003951
http://accessemergencymedicine.mhmedical.com/content.aspx?aid=1163003951
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0030
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0030
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0030
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0033
http://www.training.cochrane.org/handbook
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0037
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0037
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0044


K.T. Ng, P.E. Kwok, W.E. Lim et al.
lipopolysaccharide-induced changes in vascular reactivity. Mol
Pharmacol. 2006;69:983−90.

45. Evora PRB, Ribeiro PJF, Vicente VA, et al. Methylene blue for
vasoplegic syndrome treatment in heart surgery: fifteen years
of questions, answers, doubts and certainties. Rev Bras Cir Car-
diovasc. 2009;24:279−88.

46. Grayling M, Deakin CD. Methylene blue during cardiopulmonary
bypass to treat refractory hypotension in septic endocarditis. J
Thorac Cardiovasc Surg. 2003;125:426−7.

47. Al-Halawani R, Charlton PH, Qassem M, Kyriacou PA. A review of
the effect of skin pigmentation on pulse oximeter accuracy.
Physiol Meas. 2023;144:05TR01.

48. Clifton J, Leikin JB. Methylene blue. Am J Ther. 2003;10:289−91.
49. McDonagh EM, Bautista JM, Youngster I, Altman RB, Klein TE.

PharmGKB summary: methylene blue pathway. Pharmacogenet
Genomics. 2013;23:498.

50. Ramsay RR, Dunford C, Gillman PK. Methylene blue and seroto-
nin toxicity: inhibition of monoamine oxidase A (MAO A)
12
confirms a theoretical prediction. Br J Pharmacol. 2007;152:
946−51.

51. Bellomo R, Forni LG, Busse LW, et al. Renin and survival in
patients given angiotensin II for catecholamine-resistant vasodi-
latory shock. A clinical trial. Am J Respir Crit Care Med.
2020;202:1253−61.

52. Hamzaoui O, Teboul JL. Importance of diastolic arterial pres-
sure in septic shock: PRO. J Crit Care. 2019;51:238−40.

53. Monge García MI, Pinsky MR, Cecconi M. Predicting vasopressor
needs using dynamic parameters. Intensive Care Med. 2017;43:
1841−3.

54. Guerci P, Belveyre T, Mongardon N, Novy E. When to start vaso-
pressin in septic shock: the strategy we propose. Crit Care.
2022;26:125.

55. Kram SJ, Kram BL, Cook JC, Ohman KL, Ghadimi K. Hydroxoco-
balamin or Methylene Blue for Vasoplegic Syndrome in Adult
Cardiothoracic Surgery. J Cardiothorac Vasc Anesth. 2022;36:
469−76.

http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0048
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0049
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0049
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0049
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0052
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0052
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00102-7/sbref0055

	The use of methylene blue in adult patients with septic shock: a systematic review and meta-analysis
	Introduction
	Methods
	Literature search and study identification
	Study selection and data extraction
	Risk of bias assessment
	Statistical analysis

	Results
	Primary outcome: mean arterial pressure
	Secondary outcome: mortality rate, serum lactate, PaO2/FiO2, length of hospital stay, heart rate

	Discussions
	Human ethics and consent to participate declarations
	Previous presentation in conferences
	Awards
	Conflicts of interest and Funding
	Supplementary materials
	References



