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Methylene blue treatment for cytokine release
syndrome-associated vasoplegia following a renal transplant
with rATG infusion: A case report and literature review
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Abstract. Rabbit anti-thymocyte globulin (rATG) is an infu-
sion of polyclonal rabbit-derived antibodies against human
thymocyte markers, which can be used to prevent and treat
acute rejection following organ transplantation. However,
the product monograph issued by the manufacturer (Sanofi
Canada) reports that serious immune-mediated reactions
have been observed following the use of rATG, consisting
of anaphylaxis or severe cytokine release syndrome (CRS),
which is a form of vasoplegic syndrome (VS), in which
distributive shock occurs refractory to norepinephrine (NE)
and vasopressin (VP). Severe infusion-associated reactions
are consistent with CRS and can cause serious cardiac or
respiratory problems, or in certain cases, mortality. CRS is a
form of systemic inflammatory response syndrome (SIRS). In
SIRS, the substantial activation of endothelial inducible nitric
oxide synthase (iNOS) and smooth muscle guanylate cyclase
(GC) is observed, which can produce severe hypotension that
is unresponsive to conventional vasopressors. Methylene blue
(MB) is a direct inhibitor of iNOS and GC and has been used
as an effective treatment for VS following cardiothoracic
surgery. In the present study, the successful use of MB as a
rescue therapy for CRS in a patient receiving rATG following
a renal transplant was reported. Following an uneventful
cadaveric kidney transplant involving the intravenous (IV)
administration of rATG for the induction of immunological
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tolerance, the patient became markedly hypotensive and
tachycardic. The patient required high doses of VP and NE
infusions. Following the protocol described for treating
refractory VS in post-cardiac surgery patients, the decision
was made to initiate the patient on an IV MB infusion. This
treatment protocol was shown to improve the hemodynamic
status of the patient, which enabled the withdrawal of vaso-
pressors and suggests an important role for methylene blue in
the management of refractory VS.

Introduction

Rabbit anti-thymocyte globulin (rATG) is an infusion of
polyclonal rabbit-derived antibodies against various human
thymocyte markers, such as CD2, CD3, CD4, CDS, CD118,
CD44, CD45, HLA-DR, HLA Class I heavy chains and
[,-microglobulin. The antibody infusion has been used for the
prevention and treatment of acute rejection following organ
transplantation; however, serious immune-mediated reactions
have been reported with the use of rATG, consisting of anaphy-
laxis or severe cytokine release syndrome CRS (1,2). Severe
infusion-associated reactions (IARs) are consistent with CRS
and may result in serious cardiac or respiratory compromise or
mortality. CRS is a form of systemic inflammatory response
syndrome (SIRS), which produces severe hypotension that is
unresponsive to conventional vasopressors (4).

Vasoplegic syndrome (VS) is frequently observed in
patients following a cardiopulmonary bypass. The condition
is hypothesized to result from the depletion of endogenous
vasopressin (VP) and the release of multiple neurohumoral
and inflammatory mediators associated with SIRS, which
subsequently leads to the activation of endothelial inducible
nitric oxide synthase (iNOS) and smooth muscle guanylate
cyclase (GC). Methylene blue (MB) is a heterocyclic aromatic
compound and a direct inhibitor of NOS and GC (5).

MB is well recognized as a treatment for methemoglo-
binemia, and has also been described in recent years as an
effective treatment for VS following cardiothoracic surgery. In
patients with VS who fail to respond to norepinephrine (NE)
and VP, MB is an additional therapeutic option to consider.
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The case in the present study illustrates the potential value of
MB in the treatment of CRS.

The present study reports the successful use of MB as a
rescue therapy for CRS, a form of VS, in which distributive
shock occurred refractory to NE and VP. The patient received
rATG therapy following renal transplant surgery.

Case report

The patient was a 69-year-old man with a history of hyper-
tension, coronary artery disease, peripheral vascular disease
and end-stage renal disease, receiving peritoneal dialysis.
Following an uneventful cadaveric kidney transplant, which
involved the intravenous (IV) administration of rATG
(Thymoglobulin®; Sanofi Canafa, Laval, QC, Canada) for
the induction of immunological tolerance, the 69-year-old
male patient became markedly hypotensive [systolic blood
pressure (SBP) of <80 mmHg) and tachycardic (heart rate,
130 bpm), although there was no evidence of sepsis or acute
blood loss. The patient had a history of hypertension, coro-
nary artery disease, peripheral vascular disease and end stage
renal disease, and was receiving peritoneal dialysis. Written
informed consent was obtained from the patient.

After the failure of conservative measures, including
fluid challenges and the administration of phenylephrine, the
patient received infusions of NE and arginine vasopressin
(AVP), with the aim to maintain the SBP at 100 mmHg.
Within 2 h, the patient had developed hyperpyrexia with a
temperature of 104°F. Following a pan-culture, the patient was
administered the empiric antibiotics, vancomycin and piper-
acillin-tazobactam. An infectious disease specialist reported
‘no obvious infected focus on examination, nor evidence of
donor infection’. By postoperative day (POD) 1, the patient
continued to be hypotensive, despite a central venous pressure
of 17 mmHg; thus, a pulmonary artery catheter (Swan-Ganz)
was inserted (#131HF7; Edwards Lifesciences Corporation,
Irvine, CA, USA). Initial measurements yielded a pulmonary
capillary wedge pressure of 18 mmHg, a cardiac index of
4.0 I/min/m? and a systemic vascular resistance (SVR) of
491 dynes-sec:cm?, while receiving a high dose of AVP and
NE (0.09 U/min and 0.17 pg/kg/min, respectively).

A non-ST segment elevation myocardial infarction was
suspected, with a peak troponin level of 12 ng/ml. However,
a bedside transthoracic echocardiogram revealed an ejection
fraction of 60%, with normal left ventricular wall motion and
contractility.

Later on POD 1, the patient continued to require high doses
of AVP (0.09 IU/min) and NE (0.17 pg/kg/min) in order to
maintain an SBP of >80 mmHg. Thus, following the protocol
described for treating refractory VS in post-cardiac surgery
patients, the decision was made to initiate the patient on an IV
infusion of MB.

Prior to the initiation of MB therapy, the NE infusion
was set at 0.17 yg/kg/min and the AVP infusion was set at
0.09 IU/min. Following a partial load of MB (0.5 mg/kg), the
hemodynamic status of the patient improved sufficiently and
the AVP was immediately reduced by 56% to 0.04 IU/min.
Following application of the remainder of the loading dose
(total, 1.5 mg/kg), the NE dose was decreased by 41% to
0.10 pg/kg/min. By POD 2, the NE infusion was withdrawn
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altogether, and the MB was titrated off. In addition, the AVP
infusion was withdrawn by POD 3. All cultures remained
negative. The patient was transferred from the intensive
case unit to the hospital ward on POD 7. After 7 months
the patient succumbed to sepsis and multiple system organ
failure in another facility.

Discussion

rATG or Thymoglobulin® is an infusion of polyclonal
rabbit-derived antibodies targeted against human thymocyte
markers, which has been used for the prevention and treatment
of acute rejection following organ transplantation (3). However,
serious immune-mediated reactions have been reported with
the use of rATG, including anaphylaxis or severe CRS. Fatal
cases of anaphylaxis have also been reported. Severe IARs are
consistent with CRS and can cause serious cardiac or respira-
tory compromise, or in certain cases, mortality (1). CRS is
a form of SIRS, and as aforementioned, SIRS can result in
severe hypotension that is unresponsive to treatment with
conventional vasopressors.

Vasodilatory shock that is refractory to high-dose NE
has been described in the literature as VS. The condition is
frequently observed in patients following a cardiopulmonary
bypass (4), and is hypothesized to result from the depletion of
endogenous VP (5) and the release of multiple neurohumoral
and inflammatory mediators associated with SIRS (4-10),
which subsequently leads to the activation of endothelial
iNOS and smooth muscle GC. MB is a heterocyclic aromatic
compound that is well known as a treatment for methemo-
globinemia, and has also been described in recent years as
an effective treatment for vasopressor-resistant vasoplegia
following cardiothoracic surgery (8.9).

The pharmacological mechanism underlying the effects of
MB in the context of SIRS-associated VS is that MB exerts
its effect at the level of the ‘final common pathway’ in the
distributive shock cascade. Therefore, theoretically, the benefit
of MB is realized independent of the etiology of the upstream
inflammatory insult (9,10).

Inflammatory mediators in SIRS activate iNOS, increasing
the production of nitric oxide (NO). Subsequently, the soluble
GC of smooth muscle cells is activated and cyclic GMP
(cGMP) production is increased. The increased levels of NO
and cGMP lead to profound vasodilatation, among a host of
additional effects (10).

MB is a direct inhibitor of iNOS and GC, and has been
shown to be an effective treatment for VS following cardio-
thoracic surgery. In addition, MB has been demonstrated to be
effective for patients with distributive shock caused by sepsis
or anaphylaxis that is refractory to NE and VP (10-12).

A number of anecdotal studies have described the use of
MB in reversing vasoplegia (4,6,7). However, there have been
a limited number of randomized, controlled studies investi-
gating the use of MB in patients with vasodilation. Flynn
and Sladen discussed three studies that identified significant
increases in the mean arterial pressure and no adverse effects
following the administration of MB (11). The largest trial was
performed by Levin et al, which included post-cardiac surgery
patients with postoperative VS. The authors found that the use
of MB not only reduced the duration of vasoplegia to <6 h in
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all the patients, but also reduced the high mortality rate in the
sample population (12).

Several clinical trials using MB have been performed, and
all the trials have demonstrated that MB increases the SVR,
as reflected by an increase in the mean arterial pressure or by
a decrease in vasopressor requirement (5,9,11,12,14). Notably,
a number of the trials demonstrated increased pulmonary
vascular resistance with MB; however, these trials used large
bolus doses, not the recommended infusions at lower doses.
Inhaled NO has been proposed to counteract any potential
increases in pulmonary vascular resistance that are associ-
ated with MB. The selectivity of MB for iNOS indicates the
benefits and predisposition of this therapeutic option (11).

Despite the lack of a uniform definition, the terms
‘vasoplegia’ and ‘vasoplegic syndrome (VS)’ are being used
increasingly in the literature to describe a state of profound
vasodilatory shock (5). This condition is characterized by a
markedly decreased SVR and vasomotor hyporeactivity that
persists despite a high cardiac output, ample volume resuscita-
tion and high-dose NE administration (6,7).

Such catecholamine-resistant distributive shock states,
which are manifestations of severe SIRS (6), have been
described in diverse clinical contexts in response to a variety
of etiological triggers (7). However, at a molecular level,
the different forms appear to share the same final common
pathway, namely unregulated NO synthesis and the resultant
overproduction of cGMP in vascular smooth muscle (4-7).

Numerous factors have been implicated as contributing
to circulatory failure in SIRS, including endothelial injury,
the depletion of endogenous AVP (5,7) and the release of
multiple neurohumoral and inflammatory mediators (4-7,10),
such as prostaglandin 12 (5,7), bradykinin (5,7), interleukin
(IL)-1p (13) and atrial natriuretic peptide (ANP) (7), which
directly activate smooth muscle GC (5-7,10,14-16).

In the case of refractory vasoplegia, high levels of
circulating IL-1f, IL-6, tumor necrosis factor (TNF)-a,
interferon-v, platelet-activating factor and adenosine result
in the substantial induction of endothelial iNOS, leading to
unregulated NO synthesis (4,5,17-20) and widespread activa-
tion of GC in vascular smooth muscle. The resulting high
levels of NO and cGMP within the vascular myocytes causes
changes at the subcellular level, which directly give rise to
the vasoplegic state. In this state, K* channels are opened for
membrane hyperpolarization, while voltage-gated Ca** chan-
nels are closed, resulting in the dephosphorylation of myosin,
and subsequently, myocyte relaxation (5). Furthermore,
angiotensin II and NE enable vasoconstriction by increasing
the calcium entry into the vascular myocytes; NO-mediated
myocyte hyperpolarization and Ca®* channel closure inhibit
the very mechanism through which these vasopressors exert
their effect. Therefore, hypotension and vasodilation persist,
despite the high plasma concentrations of these hormones (5).
A concomitant increase in cGMP levels in cardiac myocytes
leads to a decrease in myocardial contractility (17,21,22).

ANP activates membrane bound GC, while NO, IL-1f and
carbon monoxide (CO) activate soluble GC. In addition, CO
activates iNOS directly, and is produced within the cells from
the breakdown of heme by heme oxygenase (17,22).

The term ‘vasoplegic syndrome (VS)’ was coined to describe
this phenomenon. To date, VS has received substantial attention
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in cardiac surgery literature, where the condition is reported
to occur in up to 10% of patients following a cardiopulmonary
bypass, and in up to 42% of patients following a left ventricular
assist device placement for end stage heart failure (4,8,9,12,23).
However, VS is being increasingly recognized in other clinical
contexts, such as in association with anaphylaxis (including
anaphylactoid protamine reactions) (20,24-27), septic
shock (5,17,28), decompensated hemorrhagic shock (5,7,29),
hemodialysis (30), heart and liver transplantation (10,22)
and CRS associated with the IV administration of rATG
(Thymoglobulin®), monoclonal anti-CD3 or anti-CD20 (31-33).
Furthermore, in recent years, VS has been recognized as the
final common pathway for long-lasting severe shock of any
cause (5).

Risk factors for VS following cardiac surgery include the
preoperative administration of angiotensin-converting-enzyme
inhibitors, calcium channel blockers, amiodarone or IV
heparin, as well as conditions marked by high levels of endog-
enous catecholamines, such as congestive heart failure and
acute myocardial infarction, and/or endothelial dysfunction,
such as diabetes mellitus (4,5.7,17,18).

VS is associated with a poor prognosis (7,10). In studies
of patients with VS following a cardiac pulmonary bypass,
the duration of vasodilatory shock was shown to significantly
influence the overall morbidity and mortality rates. Mortality
rates as high as 25% were reported in cardiac surgery patients
when postoperative vasoplegia persisted for >36 h (13,19).
Furthermore, in patients with septic shock, VS is present in
~50% of the patients who succumb to sepsis, and the condition
is the leading cause of mortality in the first week following
diagnosis (4,7,15,16).

Faced with these poor statistics, it is worth considering two
statements made previously: i) ‘In recent years, VS has been
recognized as the final common pathway for long-lasting severe
shock of any cause (5); and ii) ‘At the molecular level, VS is
caused by a massive induction of endothelial iNOS, leading to
unregulated NO synthesis and widespread activation of GC
in vascular smooth muscle (4-7)’. Taken together, these state-
ments indicate the possibility that a treatment demonstrated to
reverse VS in one clinical context, by safely antagonizing NO
and GC, may be equally effective in reversing vasoplegia in
any other clinical scenario.

One such treatment is AVP. AVP, or antidiuretic hormone,
is a small peptide that is released from the posterior pituitary
in response to a reduction in effective circulating volume,
arterial hypotension or an increase in serum osmolality.
AVP is an extremely potent vasoconstrictor. However, under
normal physiological conditions, any increase in circulating
AVP functions centrally to bias the arterial baroreflex in the
sympathoinhibitory direction, subsequently buffering its own
pronounced vasoconstrictive effects (21).

Serum osmolality is the main feedback signal to the hypo-
thalamus, which modulates AVP release. However, during
conditions that reduce the cardiac preload, a hypovolemic
stimulus can override osmotic control, with the result that AVP
is released despite marked hyponatremia (hypo-osmolality).
Very high plasma concentrations of endogenous AVP
can be attained during volume depletion and hypotension
(20-400 pg/ml) (21,34). As previously discussed, endogenous
AVP becomes depleted as the shock state persists (5,34), which
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provides a rationale for the exogenous administration of VP in
patients with advanced vasodilatory shock (8,35).

In vascular smooth muscle, AVP counteracts the effects
of NO and cGMP via the G-protein coupled vasopressin 1A
receptor.Bindingof AVPtothe vasopressin 1 Areceptoractivates
the phospholipase C/inositol triphosphate (increasing intracel-
lular Ca*) and protein kinase C/myosin light-chain kinase
(increasing myosin phosphorylation) signaling cascades,
which partially restores vascular smooth muscle contractility,
and partially reverses the NO- and cGMP-mediated resistance
to NE and angiotensin II.

Since the 1990s, AVP has been used as an adjunct vaso-
pressor in patients with severe vasodilatory shock or vasoplegia.
While AVP has been repeatedly demonstrated to be effective at
improving the hemodynamic status in catecholamine-resistant
shock states, no survival benefit has been observed at doses
between 0.01 and 0.03 IU/min, as reported by the Vasopressin
in Septic Shock Trial (VASST) (35). However, at these doses,
subgroup analysis revealed that AVP improved the outcome in
patients with less severe septic shock and in patients receiving
low-dose corticosteroids.

The Surviving Sepsis Campaign guidelines indicate that
AVP may be added as a supplementary vasopressor when
hemodynamic instability persists, despite escalating NE
doses (36).

Although multiple studies have evaluated the therapeutic
effects of AVP in vasodilatory shock (34-36), an optimal
dose has yet to be established. The authors of the VASST
study selected AVP infusion rates of 0.01-0.03 IU/min (35),
while the Surviving Sepsis Campaign guidelines recommend
infusing AVP at 0.03 IU/min (36). More recently, however, an
open label randomized controlled trial comparing IV AVP
at two dose rates (0.033 and 0.067 IU/min) in patients with
vasoplegia, demonstrated that while both infusion rates led
to an increased mean arterial pressure (>69+14 mmHg) and
decreased heart rate, the higher dose rate (0.067 IU/min) led
to a more pronounced reduction in NE requirement, with no
significant increase in adverse events, as compared with the
low-dose (0.033 TU/min) group (35). This result indicates that
AVP dose rates that are much higher than the currently recom-
mended level may be effective at reversing cardiovascular
failure in patients with advanced vasodilatory shock (35). In
addition, coadministration of IV glucocorticoids appears to
significantly potentiate the beneficial effects of AVP (35).

An additional approach that has been attempted is the direct
inhibition of NOS with nonselective inhibitors. Tilarginine
[L-(N)-monomethyl arginine or NG-monomethyl-L-arginine
HCI] is a nonselective inhibitor of NOS that has been studied
in the treatment of vasoplegia-complicated sepsis and
post-myocardial infarction cardiogenic shock (37). Despite
clear evidence that the overproduction of NO plays a pivotal
role in the pathogenesis of vasoplegia-associated septic shock
and myocardial infarction complicated with refractory cardio-
genic shock, outcome studies in these two disorders have
produced disappointing results (27,28).

A phase III trial investigating the effect of tilarginine on
patients with septic shock was terminated early due to the
increased mortality rate in the treatment group, as compared
with the placebo group. At day 28, the mortality rate was
59% in the tilarginine treatment group, as compared with
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49% in the patients receiving the placebo (P<0.005). Overall,
the adverse effects were similar between the placebo and
treatment groups; however, the patients receiving tilarginine
experienced a higher incidence of cardiovascular events,
including pulmonary hypertension, systemic hyperten-
sion, decreased cardiac output and heart failure. Causes of
mortality were similar to those expected in patients with
severe sepsis; however, a higher percentage of fatalities
referable to cardiovascular events were associated with the
tilarginine treatment (37). To aid the interpretation of these
results, it is worth reviewing the various roles of NOS in the
cardiovascular system.

NO is produced by three isoforms of NOS, namely neuronal
(nNOS), endothelial (eNOS) and iNOS. These three isoforms
are products of different genes and have different localizations,
kinetics, regulation properties and roles in neuronal, immune,
vascular and myocardial physiology. The first two isoforms
are constitutively expressed, fast-acting enzymes, whose
NO production is calcium-dependent. The third isoform,
iNOS, is a slow-acting, high-output, calcium-independent
enzyme. Activated iNOS generates large amounts of NO by
a sustained production for up to 10 h. All three isoforms of
NOS are expressed in the myocardium, where eNOS and
nNOS contribute to sustaining normal excitation-contraction
coupling and contribute to the Frank-Starling mechanism.
The enzymes also moderate the $1-/f2-adrenergic increase
in inotropy and chronotropy, and reinforce the vagal control
of cardiac contraction, thereby protecting the heart against
excessive stimulation by catecholamines, such as endogenous
[B-blockers (16-18,22,24,25).

Non-isoform-specific inhibition of NO production in the
presence of excessive amounts of endogenous and exogenous
vasoconstrictor agents potentiates the vasoconstrictor effects
of catecholamines and may result in excessive vasoconstric-
tion, compromising myocardial and systemic tissue perfusion.
Numerous experimental studies have demonstrated peripheral
and coronary vasoconstriction, reduced cardiac output and
myocardial dysfunction via nonselective NOS inhibition. In
experimental models of acute myocardial infarction, nonselec-
tive NOS inhibition with N-nitro-L-arginine was associated
with the exaggeration of myocardial dysfunction due to a
reduction in regional blood flow in the surviving myocardium.
In addition, elimination of endogenous NO synthesis has been
shown to exacerbate myocardial stunning and reduce the
percentage of perfused capillaries in a normal and stunned
myocardium. Patients with cardiogenic shock may be particu-
larly sensitive to slight reductions in the coronary blood flow
to the surviving myocardium. Furthermore, the elevation in
blood pressure that follows NOS inhibition may be the result
of increased systemic vascular resistance that reduces cardiac
output (16,17,22,24,25).

Previous results demonstrate that treatment of sepsis with
nonselective inhibitors of NO originating from L-arginine
are associated with unfavorable cardiac effects and a higher
mortality rate (28). Due to these findings, further research
studies with these compounds are unlikely to be initiated.
However, promising results from in vitro and animal studies
have shown that continued research into the function of these
compounds is warranted (38,39). Initial studies of NO scav-
engers revealed encouraging hemodynamic effects, minus the
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evident adverse cardiac consequences; thus, further investiga-
tion is required.

Diaspirin cross-linked hemoglobin (DCLHDb) is a
stroma-free hemoglobin solution that has been shown to
cause reproducible vasoconstriction at low doses in animal
and healthy human subjects (40). The mechanism underlying
the vasopressor effect is yet to be fully elucidated; however,
it is hypothesized that DCLHb accumulates NO, in addition
to changing the sensitivity of the adrenergic receptor (40). A
pilot study of DCLHb was conducted in 14 patients with a
low SVR due to sepsis syndrome who required vasopressor
treatment to maintain their blood pressure. DCLHb was
administered in up to five 100-ml doses to a maximum dose
of 700 mg/kg. A rapid and profound vasopressor response
was observed in all the test subjects. As a result, doses of
conventional vasopressor usage were decreased by an average
of 50% (15-100%). With regard to the laboratory evalua-
tions, base deficit and lactic acid levels did not change, no
deleterious findings were observed and the cardiac output was
unchanged (40).

MB is a chemical dye that can compete with NO by
crossing the cell membrane and subsequently inhibiting the
activation of soluble GC by binding with the iron heme moiety
in GC. Despite numerous case reports investigating MB for
the reversal of VS, a limited number of randomized, controlled
studies using MB in vasoplegic patients have been conducted.
To date, three studies have demonstrated a significant improve-
ment in the mean arterial pressure, without any observed
adverse effects (7,8,12). Levin et al investigated MB treatment
in post-cardiac surgery patients with VS. MB administration
was shown to decrease the length of vasoplegia to <6 h in all
the patients and also reduce the mortality rate in the sample
population (12).

Clinical trials with MB have demonstrated that the drug
increases the SVR, manifesting as an increase in blood pres-
sure or as a decrease in the vasopressor dosage. A small
number of trials have demonstrated an elevation in pulmonary
vascular resistance with MB; however, these trials used bigger
bolus dosages, rather than the recommended I'V administration
at a lower rate (5,41). Inhaled NO is hypothesized to counteract
any possible increases in the pulmonary vascular resistance
that may occur following MD administration. However, the
affinity of MD for iNOS may make the drug a preferred choice
of therapy.

In contrast to nonselective NOS inhibitors, MB has been
shown to exert beneficial effects in vasoplegic patients. MB
may also produce positive results in vasoplegic patients via the
inhibitory effects of molecules, such as TNF-a, which lead to
an improved myocardial output. Furthermore, MB has been
demonstrated to have salutatory effects in inhibiting super-
oxide radical formation through competing with oxygen for
electron transfer via xanthine oxidase (11). In summary, MB
has been demonstrated to exert a positive effect in reversing
vasodilatory shock.

MB inhibits the effects of NO in vascular tissues, while
not altering the quantity of NO produced. The effects of MB
on NO were reviewed in four randomized, clinical trials with
small patient populations. MB was administered in bolus
doses of 1-3 mg/kg over 20 min, while the blood pressure and
cardiac parameters were assessed for the subsequent 3 h. All
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four studies revealed significant increases in the SVR and
mean arterial pressure (12,17,21,41). In addition, three studies
demonstrated no change in oxygen delivery, oxygen consump-
tion and the cardiac index, while one study observed increases
in these parameters (12,17,21). The study that used the highest
dose of MB (3 mg/kg) observed a decrease in the pulmonary
artery pressures, pulmonary vascular resistance and PaO,:FiO,
ratios. Furthermore, one group observed a decrease in lactate
measurements; however, the authors concluded that this was a
result of the MB, instead of an improvement in cellular metab-
olism (41). A continuous infusion of MB was determined to
be necessary, since the positive effects of the MB bolus were
observed to last for only 3 h (12).

MB is a heterocyclic aromatic compound. Among its
numerous clinical uses, MB has been demonstrated to be
very effective as a treatment for patients with VS following
cardiothoracic surgery, as well as for patients with VS arising
in the context of liver transplantation, sepsis, anaphylaxis and
hemodialysis (5,6,17,21,38,42).

MB rapidly reverses VS by scavenging NO via the deacti-
vation of the Fe-Heme prosthetic group in soluble GC. Thus,
MB decreases the levels of NO and cGMP in vascular smooth
muscle, which reverses vasodilation and reestablishes vaso-
motor responsiveness to NE and angiotensin II. An increase
in blood pressure is observed following the administration of
MB to a patient with septic shock, which is the result of the
return of peripheral vascular tone and the improvement in
cardiac contractility. In addition, MB inhibits the formation of
superoxide and peroxynitrite; thus, significantly decreases the
harmful effects associated with myocardial or cerebral ischemia
and reperfusion (5,6,17,21,38 42).

A randomized trial assessing the use of MB therapy for
patients with vasoplegia following cardiac surgery demon-
strated a statistically significant decrease in the mortality rate
(0% in the MB group vs. 21.4% in the control group) (17).
Furthermore, the MB treatment group exhibited a significant
reduction in the incidence of renal failure, respiratory failure,
myopathy, neuropathy, supraventricular arrhythmia, sepsis,
and multi-organ dysfunction (17).

With regard to the pharmacological mechanism underlying
the effects of MB in the context of SIRS associated with VS,
MB is hypothesized to exert its effect at the level of the ‘final
common pathway’ in the distributive shock cascade. Therefore,
theoretically, the benefit of MB may be realized independent of
the etiology of the upstream inflammatory insult. The induc-
ible isoform of NOS is activated by inflammatory mediators
that are produced during SIRS, which subsequently increases
the production of NO. In turn, soluble GC of the smooth
muscle cells is activated, increasing the production of cGMP.
Increases in the levels of NO and cGMP lead to significant
vasodilatory and other effects, as discussed previously.

Therefore, MB directly inhibits NOS and GC, and has been
shown to have a beneficial effect for patients with distributive
shock refractory to NE and VP. In addition, MB may be a
successful therapy for patients with VS following cardiac
surgery, sepsis or anaphylaxis.

In conclusion, MB is a potential therapeutic option to
consider in patients with vasoplegic shock who fail to respond
to catecholamine and VP therapy. However, further research
is required to determine whether certain patients may benefit
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from treatment with MB more, and to assess when the side
effects may outweigh the benefits.
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