
Arq Bras Cardiol. 2025; 122(5):e20250070

Research Letter

Vasoplegic Syndrome under Extracorporeal Membrane Oxygenation: 
Successful Treatment with Methylene Blue
Ahmet Aydin,1  Banu Katlan,2  Selman Kesici2
Hacettepe University - Department of Cardiovascular Surgery,1 Ankara – Türkiye
Hacettepe University - Department of Pediatric Critical Care Medicine,2 Ankara – Türkiye

Abstract
A vasoplegic syndrome is a state of hypotension that 

develops due to low systemic vascular resistance and is 
associated with a high mortality rate. Methylene blue is known 
to improve hypotension and reduce vasopressor requirements 
by increasing resistance in vasoplegia by inhibiting nitric 
oxide synthase. Here, we aimed to report on the use and 
effectiveness of methylene blue to treat severely hypotensive 
five vasoplegic syndrome cases despite extracorporeal 
membrane oxygenation. We concluded that Methylene blue 
can be used as a lifesaving treatment for vasoplegic syndrome 
refractory to standard supportive treatments, including ECMO.

Introduction
Vasoplegic syndrome (VS) is a serious arterial hypotension 

with high mortality. The most characteristic features are 
low systemic vascular resistance (SVR) and normal or high 
cardiac output (CO). The reduction of SVR is the main 
pathophysiological mechanism.1-4 A systemic inflammatory 
response (SIRS), characterized by cellular hyperpolarization, 
a relative vasopressin deficiency with an increase in inducible 
nitric oxide (NO) levels, plays a role in decreasing SVR. 
Known risk factors are blood transfusion, cardiopulmonary 
bypass (CPB), trauma, transplantation, burn, sepsis, and use 
of specific drugs such as angiotensin-converting enzyme 
inhibitors, calcium-channel blockers (CCBs), angiotensin-II 
antagonist, heparin, amiodarone, aprotinin and protamine.3-5 
Iv volume and vasopressors, methylene blue (MB), and 
high-dose hydroxocobalamin are used in the treatment.5,6 
It is known to increase SVR by inhibiting NO synthase 
and consequently improve hypotension in VS and reduce 
vasopressor requirements.7-10 However, limited information 
is available on the management of refractory hypotension in 
patients undergoing extracorporeal membrane oxygenation 
(ECMO). Recently, there has been growing interest in the 

using of MB for the management of VS that develops during 
ECMO. In this context, we present cases in which MB was 
employed to effectively treat severely hypotensive patients 
despite ECMO support in the presence of VS.

Case series
This study includes data of patients between the years 

2004 and 2013 who received MB due to VS while undergoing 
ECMO support, and It complies with discussion on the 
guidelines and regulatory standards of research involving 
human beings; National Health Council, Ministry of Health, 
Brasilia, DF.   Resolution 466/2012. (Hacettepe University 
Hospital Ethical Committee, Approval Number: 2019/25-28 
date: 22/10/2019). All participants provided informed consent.

Given MB was Bluemet 100 mg/10 ml (Vem İlaç, İstanbul, 
Turkey).

The data included age, gender, weight, primary diagnosis, 
ECMO flow, duration, vital signs, vasoactive inotrope score 
(VIS) before and after MB treatment, laboratory parameters 
(blood gases and organ functions), and outcome. 

VIS is calculated as follows:

dopamine (mcg/kg/min) + 
dobutamine (mcg/kg/min) + 

100x epinephrine (mcg/kg/min) + 
10x milrinone (mcg/kg/min) + 

100x norepinephrine (mcg/kg/min) + 
10.000x vasopressin (U/kg/min).

Five patients were included in the study. The mean age 
was 45.8±29.2 years (13-91 years). Three (60%) patients 
were male. Primary diagnosis included coronary heart disease 
(n: 1), severe heart valve disease (n:2), COVID-19 infection 
(n:1), and CCB intoxication (n:1). The ECMO indication 
was low CO in all patients. The median duration of ECMO 
support was 2.6 ±1.8 days (1-6 days). Three patients 
were weaned from ECMO support, and 2 patients died. 
Demographic characteristics of patients are shown in Table 1.

Immediately after diagnosis of VS was considered, MB was 
initiated at a dose of 1-2 mg/kg/dose by infusion for 1 hour. 
A rapid response was obtained in 4 patients. Within the first 
60 minutes of treatment, blood pressure could be measured, 
mean arterial pressure was >60 mm Hg, and withdrawal from 
inotrope and vasopressor treatment was initiated. Before MB 
was given, the mean VIS was 50 under ECMO and decreased 
to 20 in half of the MB treatment. The patients did not need 
vasopressor and inotropes at the 12th hour. Two patients 
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were weaned from ECMO within 24 hours. The patient 
with SIRS was followed up at ECMO for 6 days without the 
need for inotropes and vasopressor treatments after MB and 
was successfully weaned. The patient with CCB overdose 
gave a complete response to MB treatment but developed 
brain death at 72 hours. Partial response to MB treatment 
was obtained in our 91-year-old patient who underwent 
CABG and AVR. Blood pressure was measured at the end 
of MB infusion, but died 6 hours later due to hemodynamic 
instability. The course of patients’ blood pressure and VIS 
before and after MB is shown in Figure 1. 

Discussion
VS is a condition characterized by a low MAP, 

normal or high CO, and low SVR unresponsive to 
high-dose vasopressors. SIRS characterized by cellular 
hyperpolarization, a relative vasopressin deficiency with 
an increase in inducible NO, and c-GMP levels play a role 
in decreasing SVR.11 Inhibition of both NO and c-GMP 
overproduction and activity plays a critical role in the 
treatment of refractory vasoplegia.6,11 In the present study, 
in 5 cases with VS, three patients were post-cardiotomy, 
one patient had CCB intoxication, and one patient had 
SIRS (Table 1). Regardless of the etiology, it has been 
reported that the mortality rate reaches 50% in patients 
with VS.12 There is minimal data available regarding the 
VS in patients undergoing ECMO. Even if the ECMO 
indication of the patient is not one of the above-mentioned 
VS-related conditions, the ECMO set itself may cause 
inflammation and lead to VS. In treatment, catecholamines 
are used to increase SVR. Treatment options, in addition to 
catecholamines, are limited.13 

Considering pathophysiological mechanisms underlying 
refractory vasoplegia, the inhibition of both NO and cGMP 
overproduction and activity becomes crucial. Therefore, 
MB is used in both animal experiments and humans in the 
treatment, which counteracts increased NOS stimulation 
by antagonizing endothelial NOS activity and inhibiting 
guanylate cyclase activity.7,8,14 The use of MB for hypotension 
was first reported in 1999 in a patient with difficulty in 
weaning from CPB.15 Today, MB is used in both children and 
adults in the treatment of septic shock, anaphylaxis, CPB 
and surgery, and drug intoxication-related vasoplegia, and 
promising results are reported. MB therapy in VS reduces 
the need for inotropic support, possibly due to attenuation 
of ischemia/reperfusion injury, in addition to a reduction in 
vasopressor requirements. Moreover, studies have reported 
that mean arterial pressure and SVR increased, heart rate 
decreased, and CO and pulmonary vascular resistance did 
not change in patients given MB.16

VS may commonly occur in patients undergoing CPB. 
Various factors contribute, including acute hemodilution, 
citrate administration, SIRS, and increased NO activity. Existing 
studies have highlighted the successful application of MB 
before, during, or after CPB to prevent and/or treat VS.17 It was 
reported that a patient with severe vasoplegia, unresponsive 
to conventional treatment after cardiac surgery, experienced 
normalized hemodynamic parameters after receiving a single 

2 mg/kg intravenous bolus of MB. In another case involving 
a heart transplant patient, MB was effectively used to restore 
hemodynamic stability postoperatively when the infusion of 
norepinephrine did not yield the desired results. Similarly, 
higher SVR and MAP, reduced vasopressor requirements, and 
a lower incidence of VS in the MB group were documented 
in a comparative study investigating the hemodynamic effect 
of MB administration at the initiation of CPB.18

The use of MB has recently been reported in the treatment 
of VS under ECMO.19 Ortelova et al.20 investigated the use 
of MB in 45 ECMO patients with VS, reporting a positive 
response in over 50% of patients, with a reduction in 
norepinephrine dosage observed within one to two hours 
after MB administration. Additionally, a trend towards 
improved survival to discharge was noted.

We reported 5 cases who developed VS resistant to 
vasopressors and inotropes despite ECMO given MB for 
treatment. Our adult patients were post-cardiotomy. The 
diagnoses of our other two adolescent patients were CCB 
poisoning and COVID-19-associated SIRS. In these patients 
whose CO was guaranteed with ECMO, a diagnosis of VS was 
concluded. They were receiving high-dose NA infusion and 
high-dose adrenaline and dopamine infusion. Like our cases, 
it has been reported in the case series that hemodynamic 
response to MB started to be obtained within the first hours. 

Gillman21 highlighted potential side effects, including 
methemoglobinemia, hemolysis, nausea, vomiting , 
abdominal pain, chest pain, pulmonary edema, cardiac 
arrhythmia, central nervous system toxicity, interfere with 
pulse oximeters, especially on a dose > 4 mg / kg. We did 
not see any side effects in our patients except staining the 
urine color blue, which is the most common side effect. 
The effect of MB through NO inhibition could be important 
in terms of triggering pulmonary hypertension. However, 
therapeutic doses do not affect PVR. Similarly, clinical 
findings of pulmonary hypertension did not develop in our 
patients. Therefore, careful evaluation of MB usage is crucial.

Conclusion
MB has been used as a lifesaving treatment for VS despite 

the standard supportive treatments. VS may develop despite 
ECMO support, and MB must be kept in mind in such cases. 
To our knowledge, the current cases are the first cases of 
effective use of MB in ECMO for VS. The opinion that MB is 
a magic bullet in the treatment of VS emphasized in previous 
publications has been confirmed by our patients.
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Table 1 – Patient Characteristics and ECMO Outcomes with Methylene Blue

Patient No. 1 2 3 4 5

Patients Characteristics

Age/ Gender 62/M 47/F 13 /F 16 /M 91/ M

Weight 70 kg 62 kg 45 kg 70 kg 81 kg

Primer Diagnosis Postop Severe MR MIS-C CCBs intox. Critical AR

ECMO Indication LCOSCHD Postop LCOS LCOS LCOS Postop LCOS

ECMO Parametres

Flow Rate 5,7 L/minute 5,5 L/minute 4,5 L/minute 5,5 L/minute 6 L/minute

RPM 2500 3000 2500 2500 3000

Fio2 80 90 80 95 95

Anticoagulation 20 U/kg/h 20 U/kg/h 20 U/kg/h 20 U/kg/h 20 U/kg/h

Methylene blue

Dose 2 mg/kg 1 mg/kg 2 mg/kg 1 mg/kg 1 mg/kg

Time Single dose Single dose 1 doses Single dose 2 doses

Side effects None None None None None

Vasoactive Inotrop Score

Before MB 50 40 50 50 80

30 min into MB infusion 30 20 40 30 80

60 min into MB infusion 20 10 30 20 80

30 min after MB infusion 20 5 25 10 80

60 min after MB infusion 10 5 15 5 80

4 hrs after MB infusion 10 5 5 0 -

8 hrs after MB infusion 10 5 5 0 -

12 hrs after MB infusion 5 0 5 0 -

24 hrs after MB infusion 0 0 5 0 -

2 days after MB infusion 0 0 5 0 -

ECMO duration 2 days 1 day 6 days 3 days 4 hrs

Outcome Discharged Discharged Discharged Brain death Exitus

ECMO: extracorporeal membrane oxygenation; MB: methylene blue; CHD: coronary heart disease; MR: mitral regurgitation; 
MIS-C: multi-system ınflammatory syndrome in children; CCBs: Ca channel blockers; AR: aort stenosis; RPM: revolutions 
per minute.

Sources of funding

There were no external funding sources for this study.

Study association 

This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate 

This study was approved by the Ethics Committee of the 
Hacettepe University Hospital under the protocol number 
2019/25-28. All the procedures in this study were in accordance 
with the 1975 Helsinki Declaration, updated in 2013. Informed 
consent was obtained from all participants included in the study.
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Figure 1 – Patients’ blood pressure and VIS course following MB treatment. (VIS: Vasoactive Inotrop Score; MB: Methylene blue;  
BP: Blood pressure; MAP: Mean arterial pressure; Before MB: Before Methylene Blue Infusion Initiation; 30 min into MB inf: 30 minutes 
into methylene blue infusion; 60 min into MB inf: 60 minutes into methylene blue infusion; 30 min after MB inf: 30 minutes after 
methylene blue infusion; 60 min after MB inf: 60 minutes after methylene blue infusion; 4 hrs after MB inf: 4 hours after methylene 
blue infusion; 8 hrs after MB inf: 8 hours after methylene blue infusion; 12 hrs after MB inf: 12 hours after methylene blue infusion; 
24 hrs after MB inf: 24 hours after methylene blue infusion; 2 days after MB inf: 2 days after methylene blue infusion). (Horizontal 
bar: “median” vasoactive inotrope score and blood pressure values; Xs; the boxes, i.e., interquartile intervals are 25th and 75th 
percentile vasoactive inotrope score and blood pressure values; Upper extreme of whisker: the highest vasoactive inotrope score 
and blood pressure (90th percentile), excluding outliers; Lower extreme of whisker: the lowest vasoactive inotrope score and 
blood pressure (10th percentile), excluding outliers; Dots: the largest and smallest outliers vasoactive inotrope score and blood 
pressure values).
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1.	 Lambden S, Creagh-Brown BC, Hunt J,  Summers C, Forni LG. 
Definitions and Pathophysiology of Vasoplegic Shock. Crit Care. 
2018;22(1):174. doi: 10.1186/s13054-018-2102-1. 

2.	 Shaefi S, Mittel A, Klick J, Evans A, Ivascu NS, Gutsche J, et al. Vasoplegia 
after Cardiovascular Procedures-Pathophysiology and Targeted 
Therapy. J Cardiothorac Vasc Anesth. 2018;32(2):1013-22. doi: 
10.1053/j.jvca.2017.10.032. 

3.	 K immoun  A ,  Duc rocq  N,  Levy  B.  Mechan i sms  o f  Va scu l a r 
Hyporespons iveness  in  Sept ic  Shock.  Curr  Vasc  Pharmacol . 
2013;11(2):139-49. doi: 10.2174/1570161111311020004.

4.	 Omar S,  Zedan A,  Nugent  K.  Cardiac Vasoplegia  Syndrome: 
Pathophys io logy,  Risk Factors  and Treatment.  Am J  Med Sci . 
2015;349(1):80-8. doi: 10.1097/MAJ.0000000000000341. 

5.	 Laborıt H. Progressive Vasoplegia during Transfusion in Post-Shock 
Vasomotor Disequilibrium. Presse Med. 1952;60(32):692. 

6.	 Liu H, Yu L, Yang L, Green MS. Vasoplegic Syndrome: An Update on 
Perioperative Considerations. J Clin Anesth. 2017;40:63-71. doi: 10.1016/j.
jclinane.2017.04.017. 

7.	 Booth AT, Melmer PD, Tribble B, Mehaffey JH, Tribble C. Methylene Blue for 
Vasoplegic Syndrome. Heart Surg Forum. 2017;20(5):234-8. doi: 10.1532/
hsf.1806. 

8.	 Bhalla T, Sawardekar A, Russell H, Tobias JD. The Role of Methylene Blue in the 
Pediatric Patient with Vasoplegic Syndrome. World J Pediatr Congenit Heart 
Surg. 2011;2(4):652-5. doi: 10.1177/2150135111410992. 

9.	 Evora PR, Ribeiro PJ, Vicente WV, Reis CL, Rodrigues AJ, Menardi AC, et al. 
Methylene Blue for Vasoplegic Syndrome Treatment in Heart Surgery: Fifteen 
Years of Questions, Answers, Doubts and Certainties. Rev Bras Cir Cardiovasc. 
2009;24(3):279-88. doi: 10.1590/s0102-76382009000400005. 

10.	 Pruna A, Bonaccorso A, Belletti A, Turi S, Di Prima AL, D’Amico F, et 
al. Methylene Blue Reduces Mortality in Critically Ill and Perioperative 
Patients: A Meta-Analysis of Randomized Trials. J Cardiothorac Vasc Anesth. 
2024;38(1):268-74. doi: 10.1053/j.jvca.2023.09.037.

References

4



Arq Bras Cardiol. 2025; 122(5):e20250070

Research Letter

Aydin et al.
Vasoplegic Syndrome Treatment with Methylene Blue

This is an open-access article distributed under the terms of the Creative Commons Attribution License

11.	 Ortoleva J, Shapeton A, Vanneman M, Dalia AA. Vasoplegia During 
Cardiopulmonary Bypass: Current Literature and Rescue Therapy Options. 
J Cardiothorac Vasc Anesth. 2020;34(10):2766-75. doi: 10.1053/j.
jvca.2019.12.013. 

12.	 Gomes WJ, Carvalho AC, Palma JH, Teles CA, Branco JN, Silas MG, et 
al. Vasoplegic Syndrome after Open Heart Surgery. J Cardiovasc Surg. 
1998;39(5):619-23. 

13.	 Levy B, Fritz C, Tahon E, Jacquot A, Auchet T, Kimmoun A. Vasoplegia 
Treatments:  The Past ,  the Present,  and the Future. Cri t  Care. 
2018;22(1):52. doi: 10.1186/s13054-018-1967-3. 

14.	 Habib AM, Elsherbeny AG, Almehizia RA. Methylene Blue for Vasoplegic 
Syndrome Postcardiac Surgery. Indian J Crit Care Med. 2018;22(3):168-
73. doi: 10.4103/ijccm.IJCCM_494_17. 

15.	 Yiu P, Robin J, Pattison CW. Reversal of Refractory Hypotension with 
Single-Dose Methylene Blue after Coronary Artery Bypass Surgery. J 
Thorac Cardiovasc Surg. 1999;118(1):195-6. doi: 10.1016/S0022-
5223(99)70161-3.

16.	 Warrick BJ, Tataru AP, Smolinske S. A Systematic Analysis of Methylene 
Blue for Drug-İnduced Shock. Clin Toxicol. 2016;54(7):547-55. doi: 
10.1080/15563650.2016.1180390. 

17.	 Busse LW, Barker N, Petersen C. Vasoplegic syndrome Following 
Cardiothoracic Surgery-Review of Pathophysiology and Update of 
Treatment Options. Crit Care. 2020;24(1):36. doi: 10.1186/s13054-
020-2743-8. 

18.	 Maslow AD, Stearns G, Butala P, Schwartz CS, Gough J, Singh AK. The 
Hemodynamic Effects of Methylene Blue When Administered at the 
Onset of Cardiopulmonary Bypass. Anesth Analg. 2006;103(1):2-8. 
doi: 10.1213/01.ane.0000221261.25310.fe. 

19.	 Washington GC, O’Donnell CT, Madhok J, Williams KM, Hill CC. Use of 
Methylene Blue to Treat Vasoplegia Syndrome in Cystic Fibrosis Patients 
Undergoing Lung Transplantation: A Case Series. Ann Card Anaesth. 
2023;26(1):36-41. doi: 10.4103/aca.aca_276_20. 

20.	 Ortoleva J, Roberts RJ, Devine LT, French A, Kawabori M, Chen F, et 
al. Methylene Blue for Vasoplegia During Extracorporeal Membrane 
Oxygenation Support. J Cardiothorac Vasc Anesth. 2021;35(9):2694-9. 
doi: 10.1053/j.jvca.2020.12.042

21.	 Gillman PK. CNS Toxicity İnvolving Methylene Blue: The Exemplar 
for Understanding and Predicting Drug İnteractions that Precipitate 
Serotonin Toxicity. J Psychopharmacol. 2011;25(3):429-36. doi: 
10.1177/0269881109359098.

5

https://creativecommons.org/licenses/by/4.0/

