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ABSTRACT:

Methylene blue (MB) has multiple applications in ICU patients. Used as antidote in case of methemoglobinemia, as
rescue therapy in case of refractory septic shock and anaphylactic shock, for treatment and / prophylaxis in case of
Ifosfamide related neurotoxicity. Methylene blue acts by inhibiting both inducible nitric oxide synthase (iNOS) and
soluble guanylate cyclase (sGC) of vascular smooth muscle cells along with decreasing the levels of sGC,
scavenging nitric oxide (NO) and inhibition of NO synthesis which overall results in hemodynamic stability (basis
of treatment in refractory septic shock and anaphylactic shock). It is a reducing agent at physiological doses hence
used in patients with methemoglobinemia. Methylene blue also acts as alternate electron acceptor and restores the
mitochondrial respiratory chain which is the basic defect in Ifosfamide related neurotoxicity.

It can cause multiple side effects which are transient at physiological doses. Most common side effect is
discoloration of body fluids. Methylene blue is widely recommended as an antidote in methemoglobinemia, but the
exact role in case of refractory septic shock, anaphylactic shock and Ifosfamide induced neurotoxicity should be
confirmed by large observational studies. This review article summarizes the mechanism of action, different uses
and complications associated with Methylene blue use in ICU.

KEY WORDS: Methylene blue, Septic shock, Nitric oxide, Methemoglobinemia, Anaphylaxis, Ifosfamide, Bluish
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INTRODUCTION:

Methylene blue is a heterocyclic aromatic produces blue solution. Methylene blue was first
compound with molecular weight of 371.923 and prepared in 1876 by German chemist-Heinrich
a chemical formula C16H18Cl N3S-3H20. At Caro. In 1891 it was first used by Paul Guttmann
room temperature it is a solid, dark green and Paul Ehrlich to treat malaria [1].

powder, on mixing with water or alcohol
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It has been used in various clinical conditions
such as septic shock, methemoglobinemia,
anaphylactic shock, urinary tract leaks or fistula
detection, Ifosfamide related neurotoxicity,
submucosally during endoscopic polypectomy to
identify submucosal plane, as a spray in
detection of dysplasia or precancerous lesion in
gastrointestinal tract (chromoendoscopy), with
bone cement to discriminate between native bone
and cement and to accelerate the hardening of
bone cement, priapism, cyanide [2] and carbon
monoxide poisoning, sentinel lymph node
dissection, vasoplegia [3,4] following cardiac
surgery, psoriasis [5], AIDS related Kaposi’s
sarcoma [6], West Nile virus infection [7] and as
placebo [8]. It has been administered at various
routes such as Intravenous, Oral, Local site
(Submucosal), Intra-amniotic to confirm rupture
of membranes [9] and intrathecal to look for
reperfusion lung injury following superior
mesenteric artery clamping/unclamping [10].
Methylene blue is administered enterally or
intravenously as 1% solution (10 mg/ml). Oral
absorption is about 53% to 97% [11] and likely
undergoes first pass metabolism. Peak effect is
seen at 1-2 hours of injection with a half life of
5- 6.5 hours. It is in excreted in urine, feces and
bile [12]. MB should be avoided in patients with
known previous allergy to it, patients having
G6PD deficiency, low levels of NADPH and
severe renal failure.

Sepsis related immune dysregulation causes
systemic inflammatory response syndrome,
characterized by release of cytokines and
endotoxins [13,14]. These endotoxins (causes
increased production of iINOS) [15-17] and
cytokines (causes release of iNOS in target cells)
causes production of NO from vascular smooth
muscle cells. This NO causes vasodilatation
through activation sGC and increasing the
concentration of cGMP (Guanosine mono
phosphate). Methylene blue has shown to restore
hemodynamics through NO mediated mechanism
[18-21] and its administration has shown to
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reverse hemodynamic deterioration and prevent
the development of severe septic shock.
Methylene blue has been used in refractory
hypotension in both immuno-competent and
immuno-suppressed patients, anaphylactic shock
following contrast during coronary angiogram,
methemoglobinemia and Ifosfamide induced
neurotoxicity.

USES IN ICU:

1. Septic shock: During sepsis, the cytokines,
endotoxins and thrombin which are produced in
our body causes production of nitric oxide (NO).
NO is produced by two types of nitric oxide
synthases (NOS) in our body, such as
constitutive endothelial nitric oxide synthase
(eNOS) and an inducible nitric oxide synthase
(iNOS) [11]. The constitutive eNOS which is
present within vascular endothelium is stimulated
by thrombin and shear stress, produces lesser
amount of NO and hence maintains basal
vascular tone [22]. The iINOS is synthesized
within vascular smooth muscle cells (cytokines
and /or endotoxins produced during sepsis causes
synthesis of INOS) [23] and in turn produces
NO. This NO stimulates soluble guanylate
cyclase (sGC) within the smooth muscles to
produce guanosine 3’-5°  monophosphate
(cGMP) which leads to smooth muscle cell
relaxation (vasodilatation). The cytokines can
also cause synthesis of iINOS within cardiac
muscles leading to cGMP mediated decreased
myocyte contraction [24,25]. In lungs it can
produce impaired gas exchange, vascular leak
and organ failure [26-28].

Methylene blue acts by inhibiting both inducible
nitric oxide synthase (iINOS) and soluble
guanylate cyclase (sGC) of vascular smooth
muscle cells [29,30]. It also acts by decreasing
the levels of sGC, scavenging NO, inhibition of
NO synthesis [31] and competitive action with
NO [32], which overall results in hemodynamic
stability.

In many case reports, MB has been used as a last
resort for treatment of intractable septic shock in
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the form of intravenous bolus (1-2mg/kg) or
short term infusion for <6 hours [33-39]. Tristan
et al [40] have used MB infusion for about 120
hours in Wegener’s granulomatosis patient on
chronic prednisone and azathioprine treatment
who had refractory septic shock (100mg of MB
intravenous  bolus initially  followed by
0.5mg/kg/hr and further tapering dose up to 120
hours).

Sarvanan et al have used MB (100mg infused
over 2 hours) even in immunosuppressed patient
after liver transplantation in severe sepsis with
good effect [41]. Alhameed et al [42] used
methylene blue bolus (1 mg/kg) followed after 2
h by infusion at 0.5 mg/kg/h for 4 hours as an
adjuvant treatment to patients with septic shock
and concluded that continuously infused MB for
4 hours counteracts myocardial depression,
reduces adrenergic support and maintains oxygen
transport as compared with conventional
treatment alone.

Even though there are no guidelines for use of
MB in refractory septic shock, many case reports
have shown the usefulness in the form of
hemodynamic stability and mortality benefits
when MB was used as last resort. Large
observational studies are required to recommend
its use in septic shock patients along with dosage
and duration of infusion.

2. Methemoglobinemia (MHb):

MHb occurs due to oxidation of ferrous iron
(Fe™) to ferric iron (Fe*™™) within hemoglobin
[43]. MHb can cause impaired oxygen transport
leading to tissue hypoxia, cyanosis, metabolic
acidosis and death (if severe methemoglobinemia
present). Causes of methemoglobinemia (MHb)
are multifactorial, such as idiopathic, genetic
(cytochrome-b5  reductase  deficiency  or
cytochrome-b5 deficiency), acidosis, dietary
(well water containing nitrates) and exposure to
oxidizing agents (such as aniline, benzocaine,
dapsone, nitrites and nitrates) [44].
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Small amount of MHb is formed continuously in
our body endogenously, since the RBCs are
bathed in blood. Endogenous reducing system in
our body keeps MHb levels to about 1% every
time [45]. The enzymatic systems which are
involved in maintaining lower levels of MHb are
cytochrome-b5 - MHb reductase system (99% of
daily MHb reduction) and ascorbic acid,
glutathione,  flavin, tetrahydropterin  and
cysteamine [46] as a minor system. Cytochrome
b5 and cytochrome-b5 reductase transfer
electrons from NADH (formed from glycolysis)
to MHb to form reduced hemoglobin.

The NADPH-MHb reductase also known as
generalized reductase, under normal conditions
plays a minor role in reducing MHb to
hemoglobin. It can reduce methylene blue due to
its affinity [47-49], which in turn reduces MHb
to hemoglobin. MHb levels more than 10%
causes cyanotic discoloration of skin, >20%
causes anxiety and headache, >30% fatigability,
>50% coma and death at >70%.

MHb can be detected at bedside with 3 simple
tests. Test-1: Placing 1-2 drops of patient blood
on white filter paper turns the dark red color of
deoxyhemoglobin to bright red (exposure to
atmospheric oxygen) where as the chocolate
brown color of MHb remains the same. Test-2:
The potassium cyanide test, which distinguishes
between sulfhemoglobin and MHb.

MHb  reacts with cyanide to form
cyanomethemoglobin which is bright red in color
as opposed to the chocolate brown color of MHb
whereas Sulfhemoglobin is similar in appearance
to MHb and does not change in color after
exposure to potassium cyanide [50]. Test-3:
when MHb level reaches about 30-35%, the
pulse oximeter will show saturation of about 82-
86% (Fixed range) but the Pao, levels will be
high.

This treatment is usually started when MHb is
about 20% in symptomatic and 30% in
asymptomatic patient [51].
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Patients having anemia, heart disease, lung
disease and carbon monoxide poisoning,
treatment may be initiated at lower levels also.
The treatment of choice is MB. Methylene blue
is a reducing agent at pharmacological doses,
whereas at higher doses it acts as an oxidizing
agent. The dose is about 1-2 mg/kg infused (V)
over 3-5 minutes. If MHb does not resolve
within 30 minutes then MB can be repeated at 1
mg/kg [52].

3. Anaphylactic shock:

Nitric oxide plays an important role during
pathophysiology of anaphylaxis. In vitro it
antagonizes the effects of vasoconstrictors
released by  anaphylaxis.  Except  for
vasodilatation, NO production reduces
pathophysiological changes associated with
anaphylaxis [53]. Rodrigues et al have reported
the usefulness of methylene blue in both
anaphylaxis and anaphylactic shock [54].
Methylene blue was used during anaphylaxis and
anaphylactic shock with a dose of 1.5-2 mg/kg
intravenous bolus with good outcome. Evora et
al [55] used intravenous bolus of methylene blue
(1.5-2 mg/kg) who developed anaphylactic shock
following injection of radiocontrast media during
coronary angiography with good immediate
response. They observed chest pain and nodal
rhythm in one patient. The nodal rhythm returned
to normal spontaneously within a minute. Zheng
et al have shown that in case of anaphylactic
shock both epinephrine and methylene blue had
synergistic effect [56].

Even though many case reports suggest single
bolus of Methylene blue during anaphylactic
shock has a role, but large observational study is
essential to recommend its definitive role.

4. Ifosfamide neurotoxicity:

Ifosfamide is prodrug, metabolized to its
alkylating agents (by cytochrome p450) such as
4-hydroxy-ifosfamide and isofosforamide. It is
used in the treatment of soft tissue sarcoma,
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cervical carcinoma and germ cell tumors.
Ifosfamide induced encephalopathy is seen in 10-
15% of patients treated with it.

The exact pathophysiological mechanism is
unknown. The non-alkylating metabolites
(chloracetaldehyde) are thought to be responsible
for the neurotoxicity toxicity of Ifosfamide. The
metabolite chloroethylamine, on conjugation
with cysteine forms thialysine which later
metabolized to thialysine ketimine.

This inhibits the flavoproteins in the
mitochondrial respiratory chain leading to
accumulation of NADH. The other metabolite
chloracetaldehyde (neurotoxic substance) needs
NAD for the oxidation.

Hence decreased levels of NAD can cause
accumulation  of  chloracetaldehyde  and
precipitates neurotoxicity.

Methylene blue acts as an alternate electron
acceptor (replacing the inhibited flavoproteins)
and restores the mitochondrial respiratory chain
[57], MB also causes dehydrogenation of the
aldehydes by oxidating NADH [58]. Methylene
blue has also been found to inhibit the plasma
and extrahepatic monoamine oxidases [59] which
can also form chloracetaldehyde.

There are many case reports which used MB for
the  treatment of Ifosfamide  induced
encephalopathy [60-62]. Pelgrims et al [59] in
their literature review regarding the role of MB
in the treatment of Ifosfamide induced
encephalopathy (between 1993 and 1997)
involving 52 patients who received Ifosfamide
had following findings.

Twelve patients developed encephalopathy out of
which 8 patients received MB (300mg/day). Four
patients recovered within 24 hours, 2 patients
recovered after 48 hours and remaining 2 patients
recovered after 72 hours.

Later authors concluded that MB can be used in a
dose of 300 mg /day (IV) for treatment and 200
mg /day (IV/orally) for secondary prophylaxis of
Ifosfamide-induced encephalopathy.
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COMPLICTIONS: The complications due to MB have been shown in table-1.
Table-1: Showing complications related to Methylene blue administration.

SYSTEMS

CLINICAL FEATURES

Hematological

Heinz body hemolytic anemia [64] and Hyperbilirubinemia (in G6PD deficiency
patients). Methemoglobinemia (higher doses).
Anaphylactic reaction [65].

Respiratory

Increased pulmonary vascular resistance (mainly with bolus doses) [66,67]. Falsely
low oxygen saturation [68].

Central nervous system

Dizziness, confusion, fever, headache, diaphoresis and serotonin syndrome [69].

Cardiovascular system

Hypertension, arrhythmias (transient ventricular ectopics and nodal rhythms) and
coronary vasoconstriction (angina) [70,71].

Skin

Bluish discoloration of palms, soles and face. Necrosis at injection site [72].
Epithelial desquamation following phototherapy in infants [73].

Genito-urinary

Greenish urine [74]. Transient elevation in alanine and aspartate amino transferases.

Gastro-intestinal

7mg/kg).

Nausea, vomiting, abdominal pain and decreased splanchnic perfusion (at bolus of

Most common side effect is the discoloration of
body fluids [63]. Methylene blue can cause
Heinz body  hemolytic  anemia  and
hyperbilirubinemia in patients having G6PD
deficiency and lower levels of NADPH. With
bolus doses it can cause increased pulmonary
vascular resistance. Methylene blue causes bluish
discoloration of palms, soles, face and body
fluids. Transient nodal rhythms and ventricular
ectopics are seen. Higher doses can cause
coronary and splanchnic vasoconstriction. Fever,
headache, confusion, dizziness and serotonin
syndrome are seen in patients on mono amino
oxidase inhibitors. Locally it can cause skin
necrosis. Rare complications include anaphylaxis
and epithelial desquamation during phototherapy

CONCLUSION:

Methylene blue has wide variety of application in
the ICU. It is wused as an antidote in
methemoglobinemia, but the exact role in case of
refractory septic shock, anaphylactic shock and
Ifosfamide induced neurotoxicity should be
confirmed by large observational studies.
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