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INTRODUCTION

ABSTRACT

Background: Septic shock is characterised by profound vasodilation, refractory
hypotension, and high mortality despite standard therapy. Methylene blue (MB)
has emerged as a potential adjunct to restore vascular tone and improve
haemodynamic stability by inhibiting the nitric oxide-cGMP pathway. This
study aimed to evaluate the efficacy of early adjunctive MB in patients with
septic shock.

Materials and Methods: An ambispective observational study was conducted
on 66 patients at Kovai Medical Centre and Hospital from January 2023 to
January 2026. Patients were divided into two groups: those receiving methylene
blue in addition to standard sepsis care and those receiving standard care.
Baseline characteristics and haemodynamic parameters were recorded at
baseline and 672 h. Outcomes included vasopressor duration, lactate clearance,
ICU stay, and haemodynamic stabilisation.

Results: A total of 66 patients were included (33 patients per group). MAP was
significantly higher in the MB group from 6 h onwards (p =0.016 at 6 h; p <
0.001 at 12 and 24 h), with significant time, group, and interaction effects (all p
< 0.001). Norepinephrine requirement was similar at baseline (p = 0.608) but
significantly lower in the MB group at 12 and 24 h (both p = 0.001), with
significant overall group and interaction effects (p = 0.024 and p < 0.001).
Lactate levels differed significantly at 48 h (p = 0.037), and lactate clearance
was higher in the MB group at 24, 48, and 72 h (p = 0.026, p < 0.001, and p =
0.022, respectively). The MB group showed significantly earlier vasopressor
discontinuation (p = 0.004) and higher methemoglobin levels (p < 0.001) than
the control group.

Conclusion: Early methylene blue administration was well tolerated and was
associated with faster haemodynamic stabilisation and improved metabolic
response in patients with septic shock.

Keywords: Shock, Septic; Methylene Blue; Vasoplegia; Vasoconstrictor
Agents; Hemodynamics.

(fluids, antibiotics, and vasopressors), mortality
remains high.[? Despite adequate fluid resuscitation,
a subset of patients develops vasoplegia with

Septic shock represents the most severe subset of
sepsis, characterised by profound circulatory and
cellular/metabolic ~ abnormalities,  leading to
hypotension and tissue hypoperfusion. It remains a
leading cause of death in critically ill patients.[
Despite early recognition and standard treatment

persistent hypotension, creating a major therapeutic
challenge.P!

Excess nitric oxide (NO) production contributes to
profound vasodilatation and loss of vascular tone in
patients with septic shock. Inducible nitric oxide
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synthase (iNOS) produces high levels of NO that
enter vascular smooth muscle, activate soluble
guanylate cyclase, increase cGMP, and cause
vasodilation.[ In septic shock, loss of vascular tone
leads to arterial hypotension and impaired tissue
perfusion. Vasopressor therapy with norepinephrine
is typically required to restore mean arterial pressure
(MAP) and improve organ perfusion. [l
Non-adrenergic vasopressors, such as vasopressin
and angiotensin 1l, have been used as adjuncts to
manage vasodilation in patients with septic shock.
However, the response may be variable, and adverse
effects, such as arrhythmias or ischaemic
complications, may limit their use in selected
patients.[! Methylene Blue (MB) counteracts NO-
mediated vasodilatation by inhibiting soluble
guanylate cyclase and limiting downstream cGMP
signalling. It has been investigated as an adjunct to
catecholamine-resistant or refractory septic shock.
By targeting the NO—cGMP pathway, MB may
restore vascular tone and improve response to
vasopressors.’]

The use of MB in sepsis dates back to the late 1990s.
Early clinical studies have shown that short infusions
of norepinephrine can raise systemic vascular
resistance and MAP in patients with septic shock,
without much change in cardiac output.®l A few
reports have mentioned possible effects on
pulmonary pressures and oxygenation, which have
led to safety concerns. Over the past two decades,
growing clinical experience has clarified dose-related
effects and supported an acceptable safety profile
when administered as a controlled infusion rather
than a bolus.["

Recent trials and systematic reviews suggest the
potential haemodynamic benefits of MB as an
adjunct in septic shock, particularly reduced
vasopressor duration and earlier MAP improvement.
A meta-analysis of randomised controlled trials
demonstrated that MB significantly reduced the total
duration of vasopressor therapy and hospital stay, and
improved MAP within the first six hours, indicating
an early haemodynamic benefit, without an
associated increase in adverse events.[®l Another
systematic review similarly reported shorter 1CU
stay, fewer days on mechanical ventilation, and
earlier vasopressor tapering among patients receiving
MB compared to those on standard therapy alone. 2%
This mechanism suggests the greatest benefit when
MB is administered early in septic shock, when
vasoplegia is predominantly nitric oxide-driven. A
prospective randomised trial found that MB given
within 24 hours of septic shock was associated with
earlier vasopressor discontinuation, shorter ICU and
hospital stay, and no major adverse effects.*! An
Indian randomised controlled trial comparing early
MB with vasopressin showed both agents effectively
improved MAP, with MB demonstrating comparable
safety and no excess renal dysfunction.[*?
Additional pilot trials and observational studies have
shown that continuous MB infusion reduces
vasopressor requirements, improves perfusion

indices, and may exert immunomodulatory
effects.['>1 A recent multicentre protocol proposed
standardised MB dosing to further evaluate its impact
on vasopressor dependence, organ dysfunction, and
survival.'® However, MB is not yet included in
standard sepsis guidelines because of limited sample
sizes, heterogeneous dosing regimens, and
uncertainty regarding optimal timing. Some reports
have mentioned that very late or high-dose use of MB
may temporarily worsen pulmonary haemodynamics
or cause mild hypoxia, although these changes are
usually dose-related and reversible.'sl However,
evidence remains limited in real-world emergency
department settings, particularly regarding early
initiation and haemodynamic response over the first
72 hours. Therefore, local observational data are
required to evaluate the efficacy and safety of early
adjunctive MB in conjunction with standard sepsis
care.

Aim

This study aimed to evaluate the efficacy of early
adjunctive MB in patients with septic shock in the
emergency department.

MATERIALS AND METHODS

An ambispective observational study was conducted
on 66 patients at the Emergency Department of Kovai
Medical Centre and Hospital (KMCH), Coimbatore,
between January 2023 and January 2026. Ethical
approval was obtained from the Institutional Ethics
Committee, KMCH. Written informed consent was
obtained from the patients or their legally authorised
representatives.

Inclusion Criteria

Patients aged > 18 years, with a confirmed diagnosis
of septic shock per the Sepsis-3 criteria, and initiation
of  vasopressors  following adequate  fluid
resuscitation were included. Septic shock was
defined according to the Sepsis-3 criteria: the
requirement of vasopressors to maintain MAP >65
mmHg and serum lactate >2 mmol/L despite
adequate fluid resuscitation.

Exclusion Criteria

Patients with pre-existing severe organ dysfunction
(e.g. advanced chronic kidney disease), prior MB
administration before arrival at the KMCH
Emergency Department, and with haemorrhagic,
obstructive, or hypovolemic shock were excluded
from the study.

Methods

Patients were categorised into two groups: MB
group: Patients receiving MB along with standard
sepsis management. Control group: Patients
receiving standard sepsis management.

Baseline demographic variables, clinical
characteristics, comorbidities, and illness severity
(APACHE 11 and SOFA scores) were also recorded.
Haemodynamic parameters, including MAP and
vasopressor requirements (converted to
norepinephrine equivalents), were documented at
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baseline and 6, 12, 24, 48, and 72 h after treatment
initiation. The metabolic response was assessed using
serial lactate values and lactate clearance. Additional
outcomes included the time to vasopressor
discontinuation and length of ICU and hospital stay.
All clinical and laboratory data were extracted from
the documented case records maintained in the
Medical Records Department (MRD).

Statistical Analysis

Data were summarised using the mean and standard
deviation for continuous variables and frequency
with percentage for categorical variables. Continuous
variables were compared using independent sample
t-tests. Repeated measures comparisons over time
were performed using a mixed-model ANOVA.
Categorical variables were analysed using Pearson’s

chi-square test. Statistical significance was set at p <
0.05. Statistical analyses were performed using IBM
SPSS version 29.0.

RESULTS

A total of 66 patients were included in the study (33
per group). The baseline demographic characteristics
were comparable between the MB and control
groups, with no significant differences in age
distribution (p = 0.685) and sex (p = 0.215).
Pulmonary infection was the most common source of
sepsis in both groups (42.4% vs. 54.5%; p = 0.086).
[Table 1]

Table 1: Baseline demographic characteristics and source of infection

Variable Category MB group Control group P-value
<30 2 (6.1%) 2 (6.1%)
31-40 5 (15.2%) 3 (9.1%)
Age group (years) 41-50 13 (39.4%) 10 (30.3%) 0.685
51-60 9 (27.3%) 10 (30.3%)
>61 4 (12.1%) 8 (24.2%)
Female 12 (36.4%) 17 (51.5%)
Sex Male 21 (63.6%) 16 (48.5%) 0.215
Intra-abdominal 9 (27.3%) 13 (39.4%)
. Pulmonary 14 (42.4%) 18 (54.5%)
Infection source Urinary 4 (12.1%) 1(3.0%) 0.086
Other 6 (18.2%) 1 (3.0%)
Baseline severity measures were similar between the + 2.87 in the MB group and 10.39 + 3.51 in the

groups. The mean APACHE Il score was 22.61 +
4.70 in the MB group and 23.76 + 3.10 in the control
group (p = 0.244). The mean SOFA score was 10.67

control group (p = 0.731). Shock-to-intervention time
did not differ significantly between the groups (7.85

+2.31vs. 7.28 £ 1.55 hours; p = 0.247) (Table 2).

Table 2: Comparison of baseline disease severity and shock characteristics between the groups

Parameter MB group Control group P-value
APACHE Il score 22.61+4.70 23.76 +3.10 0.244
SOFA score 10.67 +2.87 10.39 £ 3.51 0.731
Shock to intervention time (hours) 7.85+2.31 7.28+155 0.247
MAP at baseline was comparable between the groups 90,00
(67.17 + 4.28 vs. 67.22 £ 4.41 mmHg; p = 0.964). 20.00 142, 4. 0 a
MAP was significantly higher in the MB group at 6 h 7000 7176722 —
(p = 0.016) and remained significantly higher at 12 60.00
and 24 h (both p < 0.001) (Figure 1). Mixed-model 50.00
ANOVA demonstrated significant effects of time, :
group, and time x group interaction (all p < 0.001), '
indicating a faster MAP response in the MB group.
[Table 3]
Baseline 6 hours 12 hours 24 hours

mMSGroup  m Control Group

Figure 1: MAP between groups across time intervals

Table 3: Summary of mixed-model ANOVA results for MAP between groups

Effect F (df) P-value Partial n2
Time Effect 120.84 (2.23, 142.58) <0.001 0.654
Group Effect 11.09 (1, 64) 0.001 0.148
Time x Group Interaction 28.33 (2.23, 142.58) <0.001 0.307
Estimated Mean MAP MB: 72.74 mmHg; Control: 68.97 mmHg - -
Pairwise Comparison Mean Diff = 3.77 mmHg 0.001
3394
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The baseline norepinephrine requirement was similar
between the groups (p = 0.608). At 12 and 24 h,
norepinephrine requirements were significantly
lower in the MB group (both p = 0.001) (Figure 2).
Mixed-model ANOVA revealed significant time,
group, and time x group interaction effects (p <
0.001). [Table 4]

[
[
[;

[=1

[

B

o 0.13

Baseline & hours 12 hours 24 hours

m M5 Group Corntral Group

Figure 2: Norepinephrine requirement between groups
across time intervals

Table 4: Summary of mixed-model ANOVA results for norepinephrine requirement between groups

Effect F (df) P-value Partial n*
Time Effect 188.25 (2.37, 151.62) <0.001 0.746
Group Effect 5.35 (1, 64) 0.024 0.077
Time x Group Interaction 24.82 (2.37, 151.62)

Estimated Mean NE

MB: 0.261; Control: 0.374

<0.001 0.279

Pairwise Comparison

Mean Diff = —0.113 pg/kg/min 0.024

Baseline lactate values were comparable between the
MB and control groups (5.12 £ 2.16 vs. 5.33 + 2.13
mmol/L; p =0.687). Lactate levels declined over time
in both groups, with significantly lower lactate levels
observed in the MB group at 48 h (p = 0.037). Lactate
clearance was significantly higher in the MB group at
24,48, and 72 h (p = 0.026, p < 0.001, and p = 0.022,
respectively).

Time to vasopressor discontinuation  was
significantly shorter in the MB group (48.95 £ 20.63

vs 63.72 £ 15.32 hours; p = 0.004). The ICU and total
hospital stays were shorter in the MB group, but the
differences were not statistically significant.
Regarding safety, maximum methaemoglobin levels
were significantly higher in the MB group (2.73 £
0.67% vs 0.66 = 0.21%; p < 0.001). Urine
discolouration was observed in 12 patients (18.2%) in
the MB group, without serious adverse events. [Table
5]

Table 5: Comparison of metabolic response, clinical outcomes, and adverse effects between the groups

MB group Control group P-
Parameter Category (mmol/L) (mmol/L) value
Baseline 5.12+2.16 5.33+2.13 0.687
Lactate levels 24 hours 3.39+£2.26 416 £2.41 0.187
(mmol/L) 48 hours 2.25+2.20 3.40+2.16 0.037
72 hours 1.76 £ 1.86 2.68 +2.31 0.079
24 hours 39.58 + 23.92 26.42 + 22.93 0.026
Lactate clearance (%) 48 hours 63.24 + 23.56 40.82 + 20.18 <0.001
72 hours 71.39 + 24,51 56.15 + 28.14 0.022
N Time to "asc’pr(ffjl?r's?'SCO”“”“"‘“O” 48.95 + 20.63 63.72+ 15.32 0.004
Clinical outcomes ICU stay (days) 3.0+ 196 3.64+188 0.253
Hospital stay (days) 9.27 +3.44 10.70 + 3.42 0.097
Safety profile Maximum methaemoglobin (%) 2.73+0.67 0.66 + 0.21 <0.001
Urine discoloration 12 (18.2%) - -

DISCUSSION

In the present study, the majority of patients were
middle-aged, with no significant differences in age
distribution, sex, or the source of infection. The
APACHE Il and SOFA scores were similar between
the groups. Kirov et al. reported comparable baseline
profiles, with a mean age of 55.3 + 20.9 years in the
MB group and 59.4 + 14.5 years in controls, and
equal sex distribution. Baseline SOFA scores were
also similar (10.1 £ 2.1 vs. 10.5 + 3.7).[171 Memis et
al. likewise demonstrated comparable baseline illness
severity, with APACHE Il scores of 13.3 + 5.3 versus
14.4 + 5.2 and SOFA scores of 6.2 + 3.3 versus 7.06

+5.17.18 Donati et al. and Sari-Yavuz et al. enrolled
more severely ill populations, reporting APACHE 11
scores of 22 and 25.8 * 6.4, and SOFA scores of 14
and 11.3 + 3.0, respectively.19,20 Ibarra-Estrada et
al. also found balanced baseline characteristics, with
APACHE Il scores of 22.9 + 4.4 versus 22.4 + 4.4
and identical median SOFA scores of 10 (IQR 8-
12).0t1

In our study, the haemodynamic improvement was
greater in the MB group. While baseline MAP and
vasopressor doses were similar, the MB group
demonstrated a faster and more sustained rise in
MAP, along with earlier and greater reductions in
norepinephrine requirements over time. These

3395

International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 2026 (www.ijmedph.org)



findings align closely with Schneider et al., who
described rapid MAP increases following MB
administration, with one patient’s MAP rising from
59 mmHg to 79 mmHg within 15 minutes after a 1
mg/kg dose, remaining between 78-89 mmHg after
escalation to 2 mg/kg, and norepinephrine being
discontinued within 12 hours in both reported
cases.21 Gachot et al. similarly observed MAP rising
from 69.7 = 4.5 mmHg to 83.7 £ 5.1 mmHg within
approximately 20 minutes of MB infusion (p =
0.028).22 Kirov et al. demonstrated significant MAP
improvement compared with both baseline (p =
0.018) and controls (p = 0.017), persisting at 24 hours
(p = 0.04), along with marked reductions in
norepinephrine (87%), epinephrine (81%), and
dopamine (40%) requirements.'”] Memis et al.
reported MAP increasing from 74.1 + 10.2 mmHg to
85 = 14 mmHg (p < 0.001), remaining significantly
higher than controls after infusion. 8!

Donati et al. observed significant MAP elevations
within 20 minutes (p < 0.001), sustained at one
hour.I**l Huang et al. found that MB increased MAP
more than placebo, with a mean difference of 6.48
mmHg (95% CI 2.65-10.27; p = 0.01).23 Zhao et al.
reported a pooled MAP increase of 4.76 mmHg (95%
Cl 2.99-6.54; p < 0.001).*1 Fernando et al.
demonstrated a MAP rise of 10.2 mmHg (95% CI
6.1-14.2) at six hours, along with a significant
reduction in vasopressor duration of approximately
31 hours.[

In the present study, metabolic recovery was
favoured by the MB group. Although the baseline
lactate levels were similar, lactate levels declined
more rapidly, and lactate clearance was consistently
greater with MB. Evidence from previous studies
supports this observation, although with some
variability. Donati et al. reported a transient reduction
in lactate at 20 minutes after MB administration (p <
0.05), but no sustained difference at later time
points.19 In contrast, Huang et al. demonstrated a
significant pooled reduction in lactate of —0.72
mmol/L (95% CI —1.33 to —0.12; p = 0.02).23 Zhao
et al. reported a stronger pooled reduction of —0.97
mmol/L (95% CI —1.34 to —0.59; p < 0.001).24
Porizka et al. observed that MB responders had
significantly lower lactate levels at 9 hours (4.2 + 3.3
vs. 10.2 £ 1.5 mmol/L; p = 0.007) and 12 hours (3.4
+2.7vs.9.9+2.2mmol/L; p=0.002) compared with
non-responders. [

In our study, patients who received MB achieved
earlier vasopressor independence. The ICU stay and
total hospital stay were not significantly different
between the groups. Schneider et al. observed rapid
vasopressor withdrawal, although both patients
ultimately died, highlighting that haemodynamic
improvement does not necessarily equate to survival
benefit.?!l Kirov et al. reported faster shock
resolution, but no significant differences in ICU stay,
hospital stay, or 28-day survival.*”l Memis et al. also
found no significant differences in mortality,
ventilation duration, or ICU stay, with identical
mortality of 26.6% in both groups.[8!

Ballarin et al. demonstrated reductions in ICU stay (p
= 0.03), mechanical ventilation duration (p = 0.010),
and vasopressor duration (p < 0.001).10 Porizka et al.
observed striking outcome differences between
responders and non-responders, with early mortality
of 0% versus 45.5% and 30-day mortality of 44.4%
versus 100% (p < 0.001).1° These mixed results
suggest that MB may not confer a uniform survival
benefit, but its ability to shorten the duration of
circulatory failure is clinically meaningful and may
influence outcomes in selected patients.

In our study, MB demonstrated an acceptable safety
profile. Methemoglobin levels increased as expected
but remained clinically manageable, and urine
discolouration was the most frequent benign adverse
effect. Kirov et al. reported a significant increase in
methaemoglobin at 1, 2, and 6 hours (p < 0.05)
compared with controls, along with transient blue-
grey skin discolouration and blue urine lasting 2—4
days.l'1 Memis et al. observed a mild rise in
methaemoglobin from 0.88 + 0.06% to 1.06 + 0.22%,
normalising within 24 hours.18 Porizka et al., Zhao
et al., and Ibarra-Estrada et al. reported no serious
adverse effects, with only temporary blue
discolouration.?>2411 Maheshwari et al. similarly
concluded that MB is generally well tolerated, with
rare serious complications.[?8 These data support the
overall safety of MB when used judiciously in septic
shock.

A key strength of this study is the evaluation of MB
in terms of haemodynamics, metabolic response, and
outcomes in both groups at baseline. Assessments
allowed for tracking changes over time. Future
research should be conducted as larger multicentre
trials to confirm the benefits, define the dose and
timing, and identify responders. Longer follow-up
and  biomarkers, including endothelial or
pharmacogenomic data, may further clarify MB’s
role and support personalised treatment.

Limitations

This study has limitations, including a small sample
size and single-centre design, which may affect
generalisability. Follow-up included only short-term
outcomes, and MB timing was not standardised. The
study was not blinded, so bias may exist, and
mechanistic biomarkers were not measured. Larger
multicentre randomised trials are needed to validate
these results.

CONCLUSION

Methylene blue use was associated with faster and
more sustained haemodynamic stabilisation, as
evidenced by higher MAP, reduced norepinephrine
requirement, better lactate clearance, and earlier
vasopressor discontinuation compared with standard
therapy alone. The ICU and hospital stays were
slightly shorter in the MB group, although the
difference was not significant. The treatment was
well tolerated, with expected transient effects, such
as mild methaemoglobinaemia and  urine
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discolouration,

and no serious adverse events.

Overall, early MB administration may be a safe and
potentially beneficial adjunctive therapy in the

management of septic shock. However,

larger

multicentre randomised trials are needed to confirm
these findings and define the optimal dosing and
timing.
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