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Vasoplegic syndrome (VS) is a common and potentially
life-threatening complication of cardiac surgery with cardiopulmo-
nary bypass (CPB). It presents a significant haemodynamic chal-
lenge that is often difficult to manage and can appear either
intraoperatively, upon CPB initiation, or in the early postoperative
period. Until recently, VS had been described under various terms,
including low vascular resistance syndrome, catecholamine-
resistant vasoplegia and post-cardiotomy VS. Moreover, it is also
considered part of a broader spectrum of infllmmatory responses,
such as post-perfusion syndrome, vasoplegic shock or postopera-
tive vasoplegia [1]. This inconsistent terminology and the overlap
between definitions have made it challenging to accurately deter-
mine its true incidence, establish a standardized diagnostic and
therapeutic framework and understand its association with adverse
outcomes. Furthermore, the lack of a universally accepted
definition hinders the identification of key patient and procedural
risk factors that could help reduce VS-associated morbidity
and mortality.

In this context, Zhu et al. [2] present a Best Evidence Topic re-
view summarizing data on the use of methylene blue in patients
with post-cardiac surgery VS. The review offers a valuable oppor-
tunity to assess its role in VS management and evaluate whether
its clinical use is supported by robust evidence.

From a clinical standpoint, VS most often presents as a form
of distributive shock within the first 24 h following cardiac sur-
gery. Typically, affected patients develop persistently low blood
pressure that does not respond to fluid therapy, together with
markedly reduced systemic vascular resistance (SVR) and a pre-
served or even elevated cardiac output. While various definitions
exist, they generally agree on core diagnostic criteria: a mean ar-
terial pressure (MAP) <65mmHg along with a cardiac index
>2.21/min/m? and an SVR <800 dynes-s/cm®. Some definitions
also emphasize a poor response to vasopressors or the need for
non-catecholamine agents. Elevated lactate levels and the ab-
sence of infection are also frequently considered diagnostic
clues [1, 3, 4]. The term low MAP frequently appears in the litera-
ture, though target MAP ranges can vary significantly. It is

important, however, to distinguish this persistent vasoplegia
from the more common, transient hypotension seen at the initi-
ation of CPB. Transient MAP drops often result from haemodilu-
tion or cardioplegia administration and usually respond well to
vasopressor adjustments. In contrast, persistent vasoplegia arises
from more complex pathophysiological mechanisms and
requires greater vigilance. Notably, patients who experience a
significant MAP decline immediately upon CPB initiation are at
risk of developing prolonged post-CPB VS that resists conven-
tional vasopressor therapy [5]. Reported incidence rates of VS
vary from 5 to 45%, reflecting differences in patient populations,
clinical definitions and the presence of risk factors [1]. When in-
adequately treated, VS is associated with multi-organ dysfunc-
tion, extended ICU stay and increased morbidity and mortality.
Identified independent predictors of VS include advanced age,
anaemia, renal impairment and sepsis; the use of angiotensin-
converting enzyme inhibitors, beta-blockers and loop diuretics;
and surgical factors like prolonged CPB and aortic cross-clamp
times, redo procedures or complex cardiac surgery [5-7].

Although the exact pathophysiology of VS remains incompletely
understood, current evidence points to the overproduction of ni-
tric oxide (NO) and cyclic guanosine monophosphate (cGMP) as
central drivers. This cascade is thought to begin with inducible ni-
tric oxide synthase (iNOS) activation, leading to excessive NO pro-
duction. The resulting upregulation of cGMP triggers, widespread,
uncontrolled vasodilation, impairs vascular reactivity and reduces
responsiveness to catecholamines, all of which combine to under-
mine the effectiveness of standard vasopressor therapy [3].
Emerging evidence suggests that additional mediators, such as
prostacyclins, endotoxins, adrenomedullin, oxidative stress and
endothelial dysfunction, also contribute to the impaired vascular
tone and catecholamine resistance seen in VS. These factors may
play a role in perpetuating the refractory hypotension observed in
affected patients.

Although several studies have identified independent predic-
tors of VS, several scoring systems are still under investigation to
enhance early identification and guide preventive strategies [5-7].
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Table 1: Medications commonly used for the management of vasoplegic syndrome (including off-label applications)

Drug category Drug

Dosage

Mechanism of action

Catecholamine
Norepinephrine
Epinephrine

Phenylephrine
Dopamine

Non-catecholamine
Methylene blue

Hydroxocobalamin
Vasopressin
Angiotensin Il
Terlipressin
Ascorbic Acid
Thiamine
Hydrocortisone

0.01-1.0 ug/kg/min
0.01-0.5 ug/kg/min

0.1-5 pg/kg/min
1-20 pg/kg/min

1-2 mg/kg bolus over 15-30 min, infusion
0.25-2 mg/kg/h

5gIVover 15min, max10g

0.01-0.1 U/min

2-40 ng/kg/min

1.3 ug/kg/h or 1 mg bolus

1.5 g every 6 h, max. 6 g/day

100-200 mg IV every 6-12 h

50 mg IV every 6 h or 200 mg/day

al-adrenergic receptor agonist, vasoconstriction
al, B1-adrenergic receptor agonist,
increases inotropy
al-adrenergic receptor agonist
Dose-dependent: 31 agonist at low dose, a1 agonist
at high dose

Inhibits NO synthesis, blocks guanylate cyclase

Scavenges NO inhibits iNOS and hydrogen sulphide
V1 receptor agonist, restores vasomotor tone

AT1 receptor agonist stimulates aldosterone release
Selective vasopressin V1a receptor activator
Enhances catecholamine synthesis, antioxidant
Cofactor for lactate metabolism

Restores adrenal response, reduces inflammation

Calcium chloride

Sodium bicarbonate 1-2 mEqg/kg IV push

Bolus: 1-2 g, Infusion: 20-50 mg/kg/h

Enhances vascular smooth muscle contraction
Buffer's acidosis increases the catecholamine
response

AT: angiotensin; IV: intravenous; NO: nitric oxide; iNOS: inducible nitric oxide synthase.

While no single model has been universally validated, risk assess-
ment algorithms incorporating patient comorbidities, preopera-
tive medications and anticipated surgical complexity may help
identify individuals at high risk for developing VS and guide
perioperative management strategies. Conventional (first-line)
management of VS typically involves high-dose vasopressors.
However, this intervention can lead to vasopressor resistance and
cause adverse effects, including arrhythmia, myocardial ischaemia
and increased afterload—potentially impairing end-organ perfu-
sion. Given these limitations, alternative treatment strategies have
been the focus of growing interest. Several non-catecholamine
agents have emerged as promising adjuncts. Today, many of
these agents are used off-label in various clinical scenarios,
highlighting the absence of standardized institutional protocols
tailored to specific settings (Table 1). However, this also exposes
patients to numerous adverse events that are often not attributed
to non-catecholamine agents (Table 2). A recent meta-analysis by
Kotani et al. evaluated non-adrenergic vasopressors for VS.
Among the agents studied, methylene blue was the only drug to
significantly reduce mortality risk (Risk Ratio [RR] 0.12, 95%
confidence interval (Cl) 0.02-0.95), compared to vasopressin
(RR 0.89, 95% Cl 0.65-1.22) and angiotensin Il (RR 0.98, 95% ClI
0.15-6.38) [8].

Although the current body of evidence is limited by small
sample sizes, they highlight methylene blue as perhaps the most
promising treatment option for VS in cardiac surgical settings.
The reason for methylene blue’s potential effectiveness lies in its
unique mechanism of action. Methylene blue inhibits both iNOS
and guanylate cyclase, directly countering NO-cGMP-mediated
vasodilation—a key driver of refractory VS. Through this path-
way, methylene blue may help restore vascular tone, reduce va-
sopressor requirements and stabilize haemodynamics. The
effects of methylene blue can be summarized as targeting three
key mechanisms: (i) ‘inhibition of INOS' (prevents excess NO pro-
duction by blocking iNOS activity, which is upregulated during
systemic inflammation, such as in post-CPB vasoplegia); (ii)
‘inhibition of soluble GC' (reduces downstream cGMP accumula-
tion, limiting smooth muscle relaxation and preventing excessive

vasodilation); and (iii) ‘restoration of catecholamine sensitivity'
(improves vascular responsiveness to both endogenous and ex-
ogenous catecholamine, enhancing the effectiveness of standard
vasopressors). Potential complications of methylene blue use in-
clude rebound hypotension after drug clearance, haemolysis
and renal dysfunction in glucose-6-phosphate dehydrogenase
deficiency. Emerging therapies such as hydroxocobalamin (vita-
min B12a), which acts as a NO scavenger, have shown promise
in treating vasoplegia, particularly when methylene blue is con-
traindicated. Adjunctive agents like ascorbic acid (high-dose vi-
tamin C) and corticosteroids have also been investigated for
their potential vascular-stabilizing and anti-inflammatory effects.

REVIEW OF EVIDENCE

A Best Evidence Topic review evaluated the safety and efficacy
of methylene blue in treating VS after cardiac surgery, drawing
data from randomized controlled trials (RCTs) and observational
studies. Overall, the findings suggest that methylene blue is asso-
ciated with significant haemodynamic improvements, reflected
by increased MAP and SVR, along with reduced vasopressor
requirements. While some studies also reported improved sur-
vival and better organ function, the results were inconsistent.
Notably, the available RCTs were underpowered, and the obser-
vational studies applied varying definitions of VS. Further com-
plicating interpretation, the timing of methylene blue
administration differed widely across studies: some investigators
administered methylene blue prophylactically in high-risk
patients, such as those undergoing mechanical circulatory sup-
port implantation, while others reserved it as rescue therapy for
cases unresponsive to conventional vasopressors.

Despite the methodological limitations of existing studies, the
overall body of evidence supports both the efficacy and safety
of methylene blue in VS. Reflecting this, the 2024 EACTS/
EACTAIC/EBCP Guidelines on Cardiopulmonary Bypass in Adults
have assigned methylene blue a Class Ila, Level B recommenda-
tion [9]. This endorsement aligns with current data suggesting
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that methylene blue can help restore haemodynamic stability in
patients with refractory VS. However, caution is warranted re-
garding potential drug interactions. The concomitant use of
methylene blue with serotonergic drugs carries a risk of severe
serotonin syndrome, a concern highlighted by the Food and
Drug Administration and European Medicines Agency.

CHALLENGES AND FUTURE DIRECTIONS

The optimal timing and dosing regimen for methylene blue
remains undetermined; however, recent studies suggest that
early administration may confer benefits, including a reduction
in ICU stay and mitigation of end-organ damage [10]. Key ques-
tions include the ideal bodyweight-based dose, infusion rate,
and duration of administration. This uncertainty is further com-
plicated by the fact that the pharmacokinetics of methylene blue
in cardiac surgical patients have not been well characterized.
Beyond dosing, clarifying the long-term safety profile is crucial.
While available evidence suggests that methylene blue is gener-
ally safe, concerns persist regarding potential complications such
as methaemoglobinaemia, serotonin toxicity and increased pul-
monary vascular resistance. These risks may be especially rele-
vant in patients undergoing complex cardiac procedures,
underscoring the need for further investigation. Above all, large-
scale RCTs are essential to establish whether methylene blue can
deliver clinically meaningful improvements in patient outcomes,
including the reduction of major adverse events.

CONCLUSION

Methylene blue is an effective yet underutilized therapy for vas-
oplegic syndrome in cardiac surgery. Its impact on major clinical
outcomes remains uncertain, primarily due to the scarcity of
high-quality data. Nonetheless, the 2024 EACTS/EACTAIC/EBCP
Guidelines on Cardiopulmonary Bypass in Adults have assigned
methylene blue a Class Ila, Level B recommendation, supporting
its early consideration in patients with refractory vasoplegic syn-
drome. Methylene blue should be administered without delay
when indicated. Research efforts should prioritize refining opti-
mal dosing regimens, further evaluating the long-term safety
profile, and working towards a standardized definition of vaso-
plegic syndrome. Until more robust evidence becomes available,
clinicians should be encouraged to integrate methylene blue
into the perioperative management of vasoplegic syndrome.
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