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Abstract
Objective: To assess the effects of methylene blue infusion

on on-pump coronary artery bypass patients in relation to
hemodynamic, laboratorial and systemic inflammatory
response.

Method: Sixty patients were randomized in two groups.
Methylene blue was infused in one group. Blood samples
were collected before the anesthesia and 3, 6, 24 and 48 hours
after the end of the extracorporeal circulation to determine
the IL-1βββββ, IL-6, IL-8, IL-10, IL-12p40, TNFααααα and nitric oxide
levels and perform gasometry and other routine tests.

Results: In the methylene group we observed at different
stages, higher systemic vascular resistance, lower TNFααααα
concentrations, fewer leukocytes and neutrophils as well as

lower levels of nitric oxide. No adverse effects were evidenced.
Conclusions: Methylene blue infusion showed less

tendency of systemic inflammatory responses, lower levels
of nitric oxide a better hemodynamic performance.

Descriptors: Myocardial revascularization. Cytokines.
Nitric oxide. Methylene blue.

Resumo
Objetivo: Estudar em pacientes submetidos à cirurgia de

revascularização miocárdica com circulação extracorpórea
os efeitos da infusão de azul de metileno na reação
inflamatória sistêmica e nas condições hemodinâmica e
laboratorial.
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INTRODUCTION

The use of cardiopulmonary bypass (CPB) in heart
surgery induces inflammatory alterations which have been
recognized since the 1970s, as published in a report by
PARKER et al. [1].

Reduction in the systemic vascular resistance associated
with arterial hypertension, denominated by GOMES et al.
[2] as vasoplegic syndrome, has a correlation with systemic
inflammatory response syndrome (SIRS).

Recent works have shown that the infusion of methylene
blue improves the conditions of systemic vascular resistance
and arterial pressure, diminishing or even eliminating the
necessity of the use of catecolamines [3-6].

SALARIS et al. [7] reported the efficiency of methylene
blue in the prevention of injury to the tissue of the liver and
kidneys due to free radicals in an in vitro model of ischemia
/ reperfusion.

There is, according to FINKEL et al. [8], a modulating
correlation between the cytokines and nitric oxide and as
methylene blue blocks the production of nitric oxide,
according to MAYER et al. [9] there is a possibility of utilizing
this substance to prevent SIRS in surgeries using CPB.

Objective
This study enrolled patients submitted to coronary artery

bypass grafting with CPB, divided in two groups, one of
which received methylene blue and the other not. The aim
of this work was to study:

1. the systemic inflammatory response by determination
of the interleukins and nitric oxide;

2. and the hemodynamic and laboratorial conditions.

METHOD

All the patients gave written consent and the work was
approved by the Ethics Committee of the Santa Izabel
Hospital of the Santa Casa de Misericórdia of Bahia and the
Medical School of the University of São Paulo.

Induction of anesthesia was made with midazolam,
sufentanil and pancuronium and maintenance was with
sevoflurane. Antibiotic therapy was achieved using
cephalotin and methylprednisolone at 30 mg/kg.

After measurement of the hemodynamic parameters, an
infusion of methylene blue was initiated in half the patients
chosen at random at a dose of 2 mg/kg of weight diluted in
a 5% glucose solution over a 6-hour period independently
of the surgical time. (Ampoules of 5 mL at 1% - Pharmacy of
the Hospital das Clinicas, Medical School, University of
São Paulo).

The surgery was performed using CPB and light to
moderate hypothermia with anterograde normothermic
cardioplegia.

Blood samples were drawn at 3, 6, 24 and 48 hours after
the withdrawal of CPB. The blood samples to measure the
IL—1β, IL-6, IL-8, IL-10 and TNFα cytokines were sent to
the laboratory of Pathology and Molecular biology of the
Osvaldo Cruz Foundation, Bahia. Blood samples for the
measurement of the nitric oxide were sent to the Laboratory
of Inflammation and Pain of the Medical School of Ribeirão
Preto.

Other routine measurements were performed in the Santa
Izabel Hospital.

Statistical Analysis
The data were stored and analyzed using SPSS 10.0

software. Continuous variables were presented as tendency
measurements (arithmetic means) and dispersion
measurements (standard deviation – SD). The Student t-
test was utilized for the comparison of means and the non-
parametric Mann-Whitney test for comparison of means
when the variances were not homogenous. For the
comparison of proportions, the chi-squared test was used
(χ 2) or the Fisher exact test, the latter when the stratified
samples were too small. A level of 5% was considered
significant.

RESULTS

Método: Foram estudados 60 pacientes randomizados em
dois grupos, utilizando-se a infusão de azul de metileno em
um dos dois grupos. Amostras de sangue foram colhidas antes
da indução anestésica, 3, 6, 24 e 48 horas após o término da
circulação extracorpórea para dosagens dos marcadores de
inflamação (IL-1βββββ, IL-6, IL-8, IL-10, IL-12p40 e TNFααααα), NO,
gasometria e outras dosagens de rotina.

Resultados: O grupo que utilizou azul de metileno
mostrou, em diferentes momentos das coletas, maior
resistência vascular sistêmica, menor concentração de TNFααααα,

menor número de leucócitos e neutrófilos e menor nível de
óxido nítrico. Não ocorreram efeitos adversos importantes.

Conclusões: A infusão de azul de metileno não evidenciou
alterações clínicas ou pulmonares adversas, mostrando uma
tendência  menor à resposta inflamatória sistêmica, menores
níveis de óxido nítrico e melhor estabilidade hemodinâmica.

Descritores: Revascularização miocárdica. Citocinas. Óxido
nítrico. Azul de metileno.
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1. Characterization of the patients and intra-operative data.
All the patients were evaluated in relation to age, gender,

race, smoking, arterial hypertension, diabetes, unstable
angina, previous infarctions, CPB time, aortic clamping time
and number of grafts performed.

No significant differences were observed.

2. Postoperative complaints
The following variables were evaluated: the existence of

blue-tinged urine and/or feces, diarrhea, nausea, cephalea,
dizziness, asthenia and dyspnea. Blue-tinged urine continued
for up to four postoperative days and was evidenced in
37.9% of the patients of the group who used methylene
blue (p-value < 0.05) and in none of the control group. This
was the only characteristic with significantly difference
between the two groups.

3. Laboratorial variables
Significantly larger values in the leukocyte and neutrophil

counts were encountered in the control and experimental groups
48 hours after the initiation of CPB. These values were 16.311 ±
3.974 vs. 13.180 ± 4.355 and 13.782 ± 3.854 vs. 10.883 ± 3.723
respectively. For all the other variables, no significant
differences were evidenced (Figures 1 and 2).

4. Gasometric variables pH, Na+ and K+

The determined or calculated variables did not
demonstrate real differences between the two groups except
in relation to K+ in the 48th hour post-CPB, although this
remained within the normal range.

5. Hemodynamic variables
The diastolic systemic arterial pressure (DSAP) was

greater in the MB group that than in the control group (67.0
mmHg ± 12.6 vs. 59.5 mmHg ± 12.2; p-value 0.05) in
measurements after 3 hours. The systemic vascular
resistance (SVR) was greater in the MB group than in the
control group 6 hours post-CPB (987.4 dyn.s.cm-5 ± 414.8
vs. 764.4 dyn.s.cm-5 ± 349.1 p-value < 0.05). No significant
differences were seen in the other evaluated variables
(Figures 3 and 4).

6. Immunomolecular variables and nitric oxide
The measurements of IL-1-β, IL-6, IL-8, IL-10, and IL-

12p40 did not give significant differences between the two
groups of patients studied (Figures 5, 6, 7 and Table 1).
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Fig. 1 – Neutrophil count
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Fig. 3 - Diastolic systemic arterial pressure
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Fig. 4 - Systemic vascular resistance
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Fig. 2 - Leukocyte count
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TNFα gave significantly higher differences in the control
group than in the MB group in the 3rd and 48th hours after
CPB (Figure 5 and Table 1).

The nitric oxide was significantly higher in the control
group in the 6th hour post-CPB. In those patients who did
not use vasodilatory drugs in the postoperative period, the
nitric oxide was greater in the control group in the 3rd and 6th

hours post-CPB giving a significant difference (p-value <
0.05) (Figures 6 and 7 and Table 1).

COMMENTS

The harmful effects of CPB, with alterations in the brain,
lungs, heart, kidneys, liver and coagulation and systemic
vascular resistance functions, are well known and have a
varied etiopathogenesis  [1,10-17].

Table 1. Variations of the cytokines (pg/ml) and Nitric Oxide (µm)

Induction
Control
MB
3 hours
Control
MB
6 hours
Control
MB
24 hours
Control
MB
48 hours
Control
MB

TNF-α

0.22 ± 0.09
0.02 ± 0.01

1.20 ± 0.41*
0.23 ± 0,10*

1.17 ± 0.38
0.37 ± 0.23

1.78 ± 0,44
1.16 ± 0.40

2.56± 0.58*
1.33 ± 0.48*

IL-1

0.85 ± 0.37
0.53 ± 0.29

8.56 ± 4.57
8.05 ± 3.56

4.03 ± 2.10
3.41 ± 1.17

11.23 ± 5.64
9.20 ± 4.09

7.83 ± 3.37
6.01 ± 2.62

IL-6

3.35 ± 0.52
2.90 ± 0.43

74.4 ± 9.85
88.78 ±16.08

66.16 ± 8.39
57.05± 7.59

42.74 ± 5.79
45.02 ± 6.19

29.26 ± 3.98
29.32 ± 3.45

IL-8

10.50 ± 1.05
8.81 ± 1.21

47.73 ± 9.81
39.72 ± 6,00

52.84 ± 16.00
40.04± 6.04

26.87 ± 5.25
36.05 ± 4.45

31.65 ± 8.45
28.15 ± 6.68

IL-10

81.5 ± 45.7
119.4 ± 24.4

1.082.0 ± 143.0
1.221.0± 345.3

726.0 ± 143.0
852.5 ± 196.8

128.2 ± 24.4
922.3 ± 620.9

483.2 ± 351.3
645.3 ± 527.9

IL-12

24.71 ± 4.39
25.31 ± 4,60

44.48 ± 8.93
65.34 ± 24.41

30.42 ± 4.76
37.54 ± 7.90

25.62 ± 4.58
25.18 ± 5.02

23.96 ± 3.22
26.82 ± 3.82

NO

23.92 ± 2.54
26.96 ± 3.53

25.03 ± 2.81
21.11 ± 2.72

23.29± 3.53*
18.49 ± 2.75*

19.05 ± 2.31
16.42 ± 1.92

17.91 ± 2.11
19.74 ± 2.28

*p<0.05
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Fig. 5 - TNF-a values
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Fig. 6 - Nitric oxide levels
Hours* p-value<0.05
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Fig. 7 - Level of Nitric oxide in patients who did not use vasodilators
in the intra-operative period
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The systemic inflammatory response syndrome is today
considered one of the most important factors in the genesis
of these alterations [10,14-16,18].

Methylene blue has been reported in the literature as
being a drug capable of reverting significant arterial
hypotension which does not respond to catecholamines,
reducing or even eliminating their necessity. It was initially
used in the treatment of arterial hypotension due to septic
shock and, more recently, in patients submitted to heart
surgery with vasoplegic symptoms [3-6, 19-21].

Nitric oxide is seen in high levels, both during septic
shock as in postoperative vasoplegia [20-23], although Brett
et al. [24] did not observe an increase in the postoperative
period of heart surgery. The increase in the levels of nitric
oxide and the cytokines are related to dysfunction of
differing systems [11-13].

Methylene blue, by means of several mechanisms such
as inhibition of the action of nitric oxide in the vascular
smooth muscle and reduction of ischemia and reperfusion,
could have beneficial effects in patients submitted to heart
surgery with CPB [3-7,9,20].

The systemic inflammatory response triggered by
classical and alternative means has ischemia/reperfusion as
one of its triggered factors. This leads to an action on the
endothelium that regulates the vascular tonus with
production of nitric oxide, prostacyclin, thromboxane and
endothelin. Methylene blue might, therefore, prevent SIRS
or diminish its vascular effects.

The current prospective randomized study was planned
to evaluate the effects of methylene blue in patients
submitted to CABG surgery with CPB. The preoperative,
demographic and intra-operative data were compared and
did not present with significant statistical differences,
demonstrating the effectiveness of the randomization.

In relation to the adverse effects of the methylene blue,
there were no significant differences in the clinical alterations
in the two groups, except for blue-tinged urine. Similarly, in
the laboratorial examinations, only an increased level of K+

24-hours after removal of CPB in the MB group was
observed but the levels remained within the normal range
levels. There were no significant differences between the
values of the pulmonary pressures, the pulmonary vascular
resistance and gasometric variables. Therefore no significant
adverse effects were confirmed. In the literature, the effects
of methylene blue on the pulmonary vascular system are
controversial. ANDRADE et al. [3] observed among six
patients treated with methylene blue, that the SVR increased
three, remained unaltered in two and reduced in one.
KOELZOW et al. [5] studied two groups of liver
transplantation patients one group that used methylene blue
and one that did not and confirmed the pulmonary pressures
and resistance increased in both groups after the procedure.

However, there was no significant difference between the
two groups in respect to these parameters. PREISER et al.
[21], in patients suffering septic shock that received
methylene blue, reported that there was no alteration in the
pulmonary pressure nor in the arterial gases, including the
supply and demand of oxygen. However, WEINGARTNER
et al. [23] verified a slight increase in the rate of pulmonary
vascular resistance and a worsening in the pulmonary
function, without, however, alterations occurring in the
filling of the heart  and its outflow.

In the evaluation of SIRS, in this study, it was confirmed
that both the pro-inflammatory (IL-1â, IL-6, IL-8 and TNFá)
and the anti-inflammatory (IL-10 and IL-12p40) cytokines
demonstrated an increase in both groups evidencing the
presence of SIRS after heart surgery with CPB. These
findings are in agreement with other publications [13,25].

In relation to the comparative study of the cytokines in
the two groups, which is one of the objectives of this study,
no significant difference was seen between the two groups
at any of the time intervals in relation to IL1â, IL-6, IL-8, IL-
10 and IL-12p40. The levels of TNFá showed lower values
in the MB group in the 3rd and 48th hours in the post-CPB
period, demonstrating that the methylene blue reduced
production but had no effect on the other cytokines. No
references in the literature were found in relation to the
influence of methylene blue on SIRS.

There was a significantly lower absolute number of both
leukocytes and neutrophils in the methylene blue group at the
end of 48 hours post-CPB. Although, in isolation, this finding is
not definitive, it suggests a less severe SIRS in the MB group.

In relation to the hemodynamic evaluation, this study
confirmed that the systemic vascular resistance was higher in
the MB group in all the periods of the experiments and
significantly higher in the 6th hour post-CPB. Additionally, the
diastolic systemic arterial pressure was significantly higher in
the 3rd hour post-CPB in the MB group. This result
demonstrates a better arterial vascular tonus as was expected
by the mechanism of the action of methylene blue and this was
demonstrated in the literature in several clinical conditions such
as septic shock and also heart surgery [3-6,21,23].

Determination of the nitric oxide, in this study
demonstrated lower values in the MB group from the 3rd to
24th hours post-CPB, with significant differences in the 6th

hour. When the group of patients who did not receive
vasodilators is evaluated, the difference was significant in
the period from 3 to 6 hours. These findings were expected
as the effect of methylene blue is known to reduce or to
inhibit the synthesis of nitric oxide by the mechanism of
inhibiting the nitric oxide synthesis. The proven effect of
methylene blue is the inhibition of the guanylyl cyclase,
impeding the increase of cGMP or acting as an artificial
receptor of electrons, thus inhibiting the formation of free
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radicals [7,9]. The lower levels of nitric oxide might explain
the greater values of systemic vascular resistance that are
observed in the hemodynamic evaluation, but the most
probable mechanism is a reduction in the formation of cGMP
by the inhibition of guanylyl cyclase.

It was verified that only the determinations of nitric oxide
demonstrated an inhibitory character of methylene blue, but
the markers of SIRS and the hemodynamic parameters did
not have a uniform behavior. It should be stressed, however,
that the dose of methylene blue utilized was very low and
this may have influenced the results.

CONCLUSIONS

In this prospective randomized study of patients
submitted to CABG surgery using CPB, we concluded that
the use of methylene blue:

1. did not demonstrate adverse clinical effects
especially in gas exchange and pulmonary hemodynamics;

2. demonstrated a tendency of lower systemic
inflammatory response evaluated by the levels of TNFá and
the leukocyte and neutrophil numbers. The levels of the
other measured cytokines did not demonstrate significant
differences between the patients who received a venous
infusion of methylene blue and those who did not;

3. demonstrated a significant action in the inhibition of
the production of nitric oxide;

4. demonstrated significantly higher values in the
systemic vascular resistance and diastolic systemic arterial
pressure in one of the postoperative periods, suggesting a
greater hemodynamic stability.
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