
Critical Care Explorations	 www.ccejournal.org          1

DOI: 10.1097/CCE.0000000000001110

Copyright © 2024 The Authors. 
Published by Wolters Kluwer Health, 
Inc. on behalf of the Society of 
Critical Care Medicine. This is an 
open-access article distributed under 
the terms of the Creative Commons 
Attribution-Non Commercial-No 
Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to 
download and share the work pro-
vided it is properly cited. The work 
cannot be changed in any way or 
used commercially without permis-
sion from the journal.

Shannon M. Fernando , MD1,2

Alexandre Tran, MD2,3,4

Karim Soliman, MD1,5

Barbara Flynn, BScRN1

Thomas Oommen, PharmD1

Li Wenzhe, MD6

Neill K.J. Adhikari, MDCM7–9

Salmaan Kanji, PharmD2,3

Andrew J.E. Seely, MD, PhD2,3,4

Alison E. Fox-Robichaud, MD10

Randy S. Wax, MD, FCCM1,5

Deborah J. Cook, MD10,11

François Lamontagne, MD12,13

Bram Rochwerg, MD, FCCM10,11

SYSTEMATIC REVIEW

Methylene Blue in Septic Shock: A Systematic 
Review and Meta-Analysis
OBJECTIVES: Although clinicians may use methylene blue (MB) in refractory 
septic shock, the effect of MB on patient-important outcomes remains uncertain. 
We conducted a systematic review and meta-analysis to investigate the benefits 
and harms of MB administration in patients with septic shock.

DATA SOURCES: We searched six databases (including PubMed, Embase, and 
Medline) from inception to January 10, 2024.

STUDY SELECTION: We included randomized clinical trials (RCTs) of critically 
ill adults comparing MB with placebo or usual care without MB administration.

DATA EXTRACTION: Two reviewers performed screening, full-text review, and 
data extraction. We pooled data using a random-effects model, assessed the risk 
of bias using the modified Cochrane tool, and used Grading of Recommendations 
Assessment, Development, and Evaluation to rate certainty of effect estimates.

DATA SYNTHESIS: We included six RCTs (302 patients). Compared with pla-
cebo or no MB administration, MB may reduce short-term mortality (RR [risk ratio] 
0.66 [95% CI, 0.47–0.94], low certainty) and hospital length of stay (mean dif-
ference [MD] –2.1 d [95% CI, –1.4 to –2.8], low certainty). MB may also reduce 
duration of vasopressors (MD –31.1 hr [95% CI, –16.5 to –45.6], low certainty), 
and increase mean arterial pressure at 6 hours (MD 10.2 mm Hg [95% CI, 6.1–
14.2], low certainty) compared with no MB administration. The effect of MB on 
serum methemoglobin concentration was uncertain (MD 0.9% [95% CI, –0.2% 
to 2.0%], very low certainty). We did not find any differences in adverse events.

CONCLUSIONS: Among critically ill adults with septic shock, based on low-
certainty evidence, MB may reduce short-term mortality, duration of vasopres-
sors, and hospital length of stay, with no evidence of increased adverse events. 
Rigorous randomized trials evaluating the efficacy of MB in septic shock are 
needed.

REGISTRATION: Center for Open Science (https://osf.io/hpy4j).

KEYWORDS: critical care medicine; methylene blue; septic shock

Sepsis and septic shock are caused by a dysregulated host response to in-
fection, resulting in organ dysfunction, and potentially leading to death 
(1). Worldwide, septic shock remains one of the leading causes of death, 

particularly in low- and middle-income countries (2). Along with early initi-
ation of antimicrobials and source control, treatment is focused on fluid re-
suscitation and vasopressor administration to maintain organ perfusion (3). 
Prolonged and high doses of vasoactive medications may be associated with 
adverse effects, such as tachyarrhythmia, myocardial dysfunction, and periph-
eral ischemia (4, 5). Therefore, there is an urgent need for alternative thera-
peutic agents to assist the hemodynamic support of patients with profound 
shock secondary to sepsis.

Methylene blue (MB) can restore vascular tone through specific inhibition 
of endothelial and inducible nitric oxide synthase, and its downstream enzyme 
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soluble guanylate cyclase (sGC) (6). MB has been 
shown to restore vasoregulation in vasoplegic condi-
tions of nitrous oxide up-regulation, such as septic 
shock (7), improving hemodynamics in patients with 
profound vasoplegia. MB has demonstrated effects in 
patients with hypotension following cardiac surgery 
(postcardiopulmonary bypass) and in acute poisoning 
from calcium channel blockers (8, 9). Despite this, ev-
idence examining the use of MB in septic shock re-
mains sparse, including only small randomized clinical 
trials (RCTs). Furthermore, the risk of MB-associated 
adverse effects is unclear (10). To address this critical 
knowledge gap, we conducted a systematic review and 
meta-analysis summarizing the efficacy and safety of 
MB in adult patients with septic shock.

MATERIALS AND METHODS

We followed the Preferred Reporting Items for 
Systematic Review and Meta-Analysis statement guide-
lines (11). We registered the protocol with the Center 
for Open Science (https://osf.io/hpy4j). Institutional 
review board approval was not required, as all study 
data had been published previously, and we did not in-
clude individual patient data.

Data Sources and Search Strategy

We searched six databases (Medline, PubMed, Embase, 
Scopus, Web of Science, and the Cochrane Database 

of Systematic Reviews) from inception to January 10, 
2024. An experienced health sciences librarian assisted 
in the development of the search strategy. The search 
strategy is shown in Supplemental Figure 1 (http://
links.lww.com/CCX/B354). We conducted further 
surveillance searches using the “related articles” fea-
ture (12).

Study Selection

Two reviewers (S.M.F. and A.T.) independently 
screened titles and abstracts identified through the 
searches using Covidence (Melbourne, Australia). 
The same two reviewers independently assessed 
full texts of the selected articles from phase one. 
Disagreements were resolved by discussion. We 
sought to include all studies, published in any lan-
guage, describing retrospective and prospective ob-
servational studies, or RCTs. We included studies 
meeting all of the following criteria: 1) enrolled or 
presented a subgroup analysis of adult patients (16 
yr old or older), with a diagnosis of septic shock, 2) 
Evaluated the use of IV MB at any dose, duration 
of therapy, and with any timing, and 3) Compared 
patients receiving MB to those not receiving MB, 
or those administered placebo. “Sepsis” and “septic 
shock” were defined using any criteria used by the 
primary study authors, including the systemic in-
flammatory response syndrome criteria (13), or the 
more recent Sepsis-3 criteria using organ dysfunction 
(Sequential Organ Failure Assessment score ≥ 2) (1). 
We initially sought to include observational studies, 
regardless of whether the results were adjusted for 
known confounders. However, once the review was 
completed, we found no observational studies meet-
ing our criteria and focused entirely on RCTs.

Data Extraction

Two investigators (S.M.F. and A.T.) abstracted 
the following variables from the included articles: 
authors; year of publication; trial design and dates; 
eligibility criteria; number of patients; dose, tim-
ing, and method of MB administration; and effi-
cacy and safety outcomes, using a predesigned data 
extraction sheet (Supplemental Table 1, http://
links.lww.com/CCX/B354). We focused on the fol-
lowing efficacy outcomes, as defined by the trial 
authors: short-term mortality (longest reported up 

 
KEY POINTS

Question: What is the efficacy and safety of meth-
ylene blue (MB) administration, as compared with 
placebo or usual care without MB, in patients with 
septic shock?

Findings: Six randomized controlled trials were 
included. Compared with placebo or no MB ad-
ministration, MB may reduce short-term mortality, 
duration of vasopressors, and hospital length of 
stay. Few adverse events were reported across 
the included trials.

Meaning: In patients with septic shock, adminis-
tration of MB may improve patient outcomes, but 
more rigorous randomized data surrounding the 
efficacy and safety of MB are needed.
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to 60 d, or in-hospital [14]), long-term mortality 
(longest reported 61 d or later, and not including in- 
hospital), shock reversal (as defined by trial authors, 
e.g., time to vasopressor discontinuation, time to 
lactate clearance, etc), vasopressor-free days, dura-
tion of mechanical ventilation, and length of stay 
in the ICU and hospital. Adverse events included 
any of the following: extravasation of MB, tissue 
necrosis, methemoglobinemia (within 72 hr of drug 
administration), hemolytic anemia, serotonin syn-
drome, and any other serious events (as defined by 
individual study authors). Two investigators (S.M.F. 
and A.T.) independently collected outcome infor-
mation. For studies reporting the median and inter-
quartile range, we estimated the mean and sd, using 
previously published methods (15). Disagreements 
were resolved through discussion.

Risk-of-Bias Assessment

Two reviewers (S.M.F. and A.T.) independently assessed 
the risk of bias in the included studies, using the mod-
ified Cochrane Risk of Bias Tool for Randomized 
Controlled Trials (CLARITY Group). We judged each 
criterion for each trial as low or probably low risk of 
bias, or high or probably high risk of bias. Studies with 
high or probably high risk of bias were considered as 
“high risk of bias.” Reviewers resolved disagreements 
through discussion.

Data Synthesis and Analysis

We performed meta-analyses using the random-
effects method with inverse variable weighting (16), 
and the Review Manager software (Version 5.3, 
Copenhagen, Denmark). In keeping with published 
guidance, and due to methodological heterogeneity, 
we planned to pool RCTs separately from observa-
tional studies (17). For RCTs, we present pooled risk 
ratios (for dichotomous outcomes), or mean differ-
ence (MD; for continuous outcomes), both with 95% 
CIs. For observational studies, we planned to present 
pooled unadjusted and adjusted odds ratios, along 
with 95% CI. We assessed for statistical heterogeneity 
(or “inconsistency,” in Grading of Recommendations, 
Assessment, Development, and Evaluation [GRADE] 
terminology) using the I2 statistic, the chi-square test 
for homogeneity, and visual inspection of the forest 
plots.

Subgroup and Sensitivity Analyses

We performed preplanned sensitivity analyses, ex-
cluding trials judged to be “high” risk of bias. We 
also performed a subgroup analysis comparing tri-
als administering MB as a bolus only versus as a 
continuous infusion (with or without a bolus dose). 
For any statistically significant subgroup effects, we 
assessed credibility using the Instrument to assess the 
Credibility of Effect Modification Analyses (18).

Assessment of Certainty of Evidence

We used the GRADE approach to assess the certainty of 
evidence for each outcome (19). Input was received from 
all coinvestigators to ensure agreement with the certainty 
assessments. We categorized the overall certainty in esti-
mates for each outcome into 1 of 4 levels: high, moderate, 
low, or very low. The certainty assessments are based not 
only on the magnitude of the effect estimate alone, but 
additionally encompass the risk of bias, consistency, di-
rectness, and precision. We describe results using the 
appropriate GRADE narrative statements, based on cer-
tainty of evidence (“probably,” “may,” etc) (20).

RESULTS

Search Results and Study Characteristics

Of 4,128 citations (Fig. 1), we reviewed 33 full texts 
and included Six eligible studies (all RCTs) (21–26), 
examining 302 total patients. There were no disagree-
ments among reviewers. Three of these RCTs were 
published in China (23, 24, 26), and were translated 
by one of the study authors (L.W.). We did not iden-
tify any observational studies meeting the eligibility 
criteria. Study characteristics are shown in Table 1, 
with further details depicted in Supplemental Table 2 
(http://links.lww.com/CCX/B354). All trials were con-
ducted in critically ill patients. One trial administered 
MB as a single bolus (23), and five trials used a contin-
uous infusion (with or without bolus) (21, 22, 24–26). 
Only two trials (21, 22) detailed the timing of MB ad-
ministration relative to the initiation of vasopressors. 
Risk-of-bias assessment of the included trials is shown 
in Supplemental Table 3 (http://links.lww.com/CCX/
B354). Only two trials were judged to have “low” risk 
of bias (21, 25), and detailed methods of blinding MB 
administration. The other four trials were judged to 
have “high” risk of bias.

http://links.lww.com/CCX/B354
http://links.lww.com/CCX/B354
http://links.lww.com/CCX/B354
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Efficacy Outcomes

The primary efficacy outcomes are shown in Table 
2, and forest plots are displayed in Figure 2 and 
Supplemental Figure 2 (http://links.lww.com/
CCX/B354). GRADE Evidence Profile is included in 
Supplemental Table 4 (http://links.lww.com/CCX/
B354). We found that MB may reduce short-term mor-
tality in patients with septic shock (RR 0.66 [95% CI, 

0.47–0.94]), based on low-
certainty evidence, down-
graded for imprecision and 
risk of bias among the in-
cluded trials. With regard 
to reversal of shock, MB 
may increase mean arte-
rial pressure (MAP) at 6 
hours after administration 
(MD 10.2 mm Hg [95% CI, 
6.1–14.3], low certainty) 
and decrease duration of 
vasopressors (MD –31.1 hr 
[95% CI, –16.5 to –45.6], 
low certainty). MB may 
decrease hospital length 
of stay (MD –2.1 d [95% 
CI, –1.4 to –2.8], low cer-
tainty), ICU length of stay 
(MD –1.05 d [95% CI, –2.6 
to +0.5], low certainty), 
and may have no effect on 
the duration of invasive 
mechanical ventilation 
(MD –0.7 d [95% CI, –1.3 
to –0.2], low certainty).

Adverse Events

Adverse events were not 
uniformly reported across 
trials, but are summarized 
in Table 3. The only adverse 
event that was amenable to 
meta-analysis was methe-
moglobin concentration, as 
reported in Three trials (21, 
22, 25) (Table 2); the effect 
of MB on this outcome was 
uncertain (MD 0.9% [95% 

CI, –0.2 to 2.0], very low certainty). Otherwise, few ad-
verse events were reported across trials.

Subgroup and Sensitivity Analyses

Forest plots for sensitivity analyses are shown in 
Supplemental Figure 3 (http://links.lww.com/CCX/
B354). Following the exclusion of trials at high risk 
of bias, the effect of MB on mortality was attenuated 

Figure 1. Flowchart summarizing evidence search and study selection.

http://links.lww.com/CCX/B354
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(RR 0.77 [95% CI, 0.48–1.24]), but MB was still asso-
ciated with reduced duration of vasopressors (based 
only on the trial from Ibarra-Estrada et al [21]), and 
reduced duration of invasive mechanical ventilation 
(MD –0.8 d [95% CI, –1.4 d to –0.3 d]). The subgroup 
analysis excluding trials only using bolus of MB (i.e., 
without infusion) yielded similar results to the pri-
mary analysis.

DISCUSSION

We conducted a systematic review and meta-analysis 
to evaluate the efficacy and safety of MB administra-
tion in patients with septic shock. Although existing 
systematic reviews have been performed evaluat-
ing the use of MB, none have specifically evaluated 
patients with septic shock, and few have attempted to 
capture adverse events, therefore leading to variability 
in included trials, and conflicting conclusions, partic-
ularly with regard to mortality (27–29). Furthermore, 
these existing reviews have not incorporated GRADE 
certainty estimates, which are especially important 
given the paucity of available evidence. Although this 
review includes a small number of trials and patients, 
we found low-certainty evidence suggesting that MB 
may reduce short-term mortality in patients with 
septic shock. We also found that administration of 

MB may increase MAP, decrease the duration of ex-
posure to vasopressors, and reduce hospital length 
of stay. There were minimal adverse events reported 
across trials. Taken together, this review highlights 
the potential role of MB administration as a possible 
therapeutic strategy for septic shock and demon-
strates that further high-quality randomized studies 
are necessary.

Sepsis and septic shock are often characterized 
by a systemic inflammatory response, resulting in 
profound vasodilation, which can lead to dysregu-
lation of endothelial homeostasis and endothelial 
dysfunction (30). The nitric oxide pathway plays 
a particular role in this pathophysiology, as nitro-
sylation of the heme iron within soluble guanylate 
cyclase leads to increased synthesis of cyclic guano-
sine monophosphate, which subsequently acts on 
several targets (such as protein kinases), resulting 
in vasodilation. Clinically, this manifests in hypo-
tension and impaired perfusion and oxygenation 
of tissues, leading to progressive organ dysfunction 
and death. The ability of MB to inhibit nitric oxide 
synthesis may attenuate the resultant vasodilation 
and maintain or improve tissue perfusion. This 
phenomenon has been consistently demonstrated 
in animal models of septic shock (31), but limited 
data exist in humans.

TABLE 2.
Pooled Efficacy and Safety Outcomes Comparing Effect of Methylene Blue With Placebo 
or Usual Care

Outcome
Studies 

(Patients)

Pooled Risk Ratio 
or Mean Difference 

(95% CI) p I2 (%)

Grading of Recommendations 
Assessment, Development, 

and Evaluation Certainty

Short-term mortality 5 (260) 0.66 (0.47 to 0.95) 0.02 0 Low

Mean arterial pressure 
at 6 hr (mm Hg)

3 (82) 10.2 (6.1 to 14.2) < 0.00001 0 Low

Duration of  
vasopressors (hr)

2 (111) –31.1 (–45.6 to –16.5) < 0.00001 0 Low

ICU length of stay (d) 3 (133) –1.1 (–2.6 to 0.5) 0.19 37 Very low

Hospital length of  
stay (d)

3 (177) –2.1 (–2.8 to –1.4) < 0.0001 0 Low

Duration of invasive 
mechanical  
ventilation (d)

3 (141) –0.7 (–1.3 to –0.2) 0.01 0 Low

Methemoglobin 
concentration (%)

3 (133) 0.9 (–0.2 to 2.0) 0.11 99 Very low
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The results of this review suggest that MB admin-
istration may reduce short-term mortality, providing 
emerging evidence of potential benefits in patients 
with septic shock. This review builds upon the existing 
evidence supporting the use of MB in other states 
of vasoplegia, such as postcardiopulmonary bypass 
and toxicity from beta-blockers and calcium channel 
blockers (8, 9). If large, geographically representative 
trials show that MB, a relatively inexpensive treatment 

(32), reduces mortality in septic shock, the findings 
may be generalizable to resource-constrained set-
tings globally, where the burdens of sepsis incidence 
and mortality are high (2, 33). In addition, we docu-
mented low-certainty evidence that MB may facilitate 
reversal of shock and decrease the duration of vaso-
pressors, which may indirectly support its potential to 
reduce mortality. As vasopressors may be associated 
with important adverse effects such as arrhythmia and 

Figure 2. Forest plots depicting the efficacy of methylene blue versus placebo or usual care.
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myocardial dysfunction (4, 5), the benefits of MB may 
partly be explained by a reduction in exposure to these 
agents. Existing evidence also suggests that the harms 
of vasopressors may be more pronounced in older 
patients (65 yr old or older), where higher exposure 
has been associated with increased mortality (34). This 
is particularly important given the aging population, 
as older patients have higher incidence of septic shock 
and worse outcomes (35). Therefore, MB may have an 
even more important role in these high-risk patients, 
pending additional evidence about adverse effects in 
this vulnerable population.

We also sought to evaluate potential harms or adverse 
events associated with MB administration—an impor-
tant consideration in the evaluation of any potential 
therapy. Although reporting of adverse events across the 
included trials was inconsistent, we found little reported 
evidence of harm associated with MB administration. 
Although often used as a treatment for methemoglobi-
nemia, MB can paradoxically also increase methemo-
globin levels (6). However, we found no difference across 
trials in methemoglobin concentrations following MB 
administration in the three trials that measured meth-
emoglobin concentrations. Two trials described discol-
oration of the urine and skin (21, 22), but this was not 
reported to be associated with patient-important out-
comes. Furthermore, no differences in arterial oxygen 
concentration, renal function, or liver function were re-
ported. Therefore, although based on low-certainty evi-
dence, with an important degree of ongoing uncertainty, 
the existing randomized trial evidence does not demon-
strate an increased risk of adverse events associated with 
MB administration.

Although this review highlights the potential of MB 
as a therapeutic strategy in septic shock, the inherent 
uncertainty in the literature suggests that clinical 
equipoise regarding its utility may exist (10). Given 
the limited data describing the current use of MB in 
septic shock, a practice audit and clinician survey 
would be particularly useful components of a future 
research program on this topic. The use of MB has 
frequently been cited for “refractory” shock (6), but 
given the high mortality associated with such condi-
tions, any potential benefit of MB is likely to be when 
administered earlier when organ dysfunction is still 
potentially reversible. Administration of MB in in-
cluded trials has focused upon early, adjunctive use 
(21); a better understanding of current and optimal 
drug timing and dosing is crucial. Finally, while this 
review summarizes the existing trial data evaluating 
the use of MB in septic shock, the evidence base is 
still fairly small, including only 302 patients across all 
trials; highlighting the need for further randomized 
evidence. 

This review has important strengths, including the 
investigation of a novel intervention and an important 
research question. We screened all available articles 
from numerous databases and translated articles as re-
quired. We performed sensitivity and subgroup anal-
yses and used GRADE to rate certainty in the effect 
estimates. This review also has important limitations. 
First, there were few randomized trials, with variable 
inclusion criteria (reflecting changing definitions for 
“sepsis”), and the overall number of included patients 
was small, contributing to imprecision. Second, the 
majority of the included trials were judged to be at high 

TABLE 3.
Adverse Events Described Across Trials

References Adverse Events

Ibarra-Estrada et al (21) Green-blue discoloration of urine in 42/45 (93%) of patients receiving methylene blue. No 
difference in ejection fraction, arterial oxygen concentration, serum creatinine, bilirubin, or liver 
enzymes

Kirov et al (22) The majority of patients (unclear proportion) developed a noticeable blue-gray skin color for 1–3 
d. Blue discoloration of urine noted for 2–4 d. No difference in ejection fraction, arterial oxygen 
concentration, or laboratory values

Li (23) Not recorded

Lu et al (24) Not recorded

Memis et al (25) None identified

Xiong et al (26) Not recorded
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risk of bias, largely due to lack of blinding and lack of 
concealment. That said, administration of MB is dif-
ficult to blind, due to the dark color of the drug itself, 
and the changes to urine and skin color. We accounted 
for these issues of imprecision and individual trial 
risk of bias in GRADE assessments. Nonetheless, it 
should be noted that the primary pooled point esti-
mates largely included trials with a high risk of bias. 
Third, there were limited data available describing ad-
verse events, which were not systematically reported 
across trials. Thus, conclusions regarding the safety 
of MB should be tempered. There were also limited 
data available describing cointerventions, such as the 
type and volume of fluid resuscitation, corticosteroids, 
and adjuncts such as midodrine or thiamine. Finally, 
we did not have sufficient available data to examine 
subgroups of patients with septic shock based on clin-
ical characteristics (e.g., age, sex, source of infection) 
or biologic profile (e.g., inflammatory markers, etc). 
Heterogeneity of treatment effect with MB is plausible, 
and certain subgroups of patients may benefit, while 
others may experience harm, which would require ex-
ploration in very large randomized trials.

CONCLUSIONS

In this systematic review and meta-analysis, based on low 
certainty of evidence, we found that the administration of 
MB may reduce short-term mortality, duration of vaso-
pressors, and hospital length of stay, with minimal evi-
dence of adverse events. This review highlights the need 
for large, rigorous randomized trials evaluating the effect 
of MB in patients with septic shock on clinically important 
and patient-important outcomes.
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