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A 66-year-old male patient developed significant pleural effusion on theright side six years
after coronary bypass grafting and mitral valve replacement. After pleurocentesis, hemo-
pneumothor ax developed and finally resulted in complete atelectasis of theright lung. Three
weeks later, the patient wastransferred to our department, and underwent aright lateral
thoracotomy. The hematoma was removed and a complete decortication was perfor med.
Four hours postoperatively the patient developed severe SIRS with beginning multiorgan
failure. Even extremely high doses of norepinephrine could not raise the systemic vascular
resistance. Single intravenous administration of methylene blue lead to significant and per-
manent improvement of the hemodynamic status. (Ann Thorac Cardiovasc Surg 2002; 8:
306-10)
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Introduction

Response to injury is usually appropriate in degree and is
sf-limited. In more severeinjury, response may persist in-
appropriately, leading to severe systemic inflammatory re-
sponse syndrome (SIRS), multiorgan dysfunction (MOD)
and possibly to multiorgan failure (MOF). In the case of
SIRS there are more than one of the following physiologic
changes in absence of other known causes for such abnor-
mdlities: (1) abody temperature of >38°C or <36°C, (2) a
heart beat rate of >90 *min, (3) tachypnea >20
breathsxmin’! or hyperventilation, asindicated by a PaCO-
<4.3 kPa, (4) an alteration of the white blood body count
(WBC) of >12.000 cellsxmm, <4.000 cellsmm3, or the
presence of >10% immature neutrophils.? The biochemi-
ca processesinducing SIRS are il unclear. Therefore, in
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exception of some questionably successful efforts with ad-
ministration of anticytokinesand plasmapheresis, thetherapy
in case of SIRS has been mostly symptomatic. The most
important symptom which hasto be treated primarily iscir-
culatory failurewith low systemic vascular resistance (SVR)
and consequently low mean arterial pressure. This signifi-
cant fall of arterial pressure resultsin areduction of organ
system perfusion, which may lead to MOD and MOF with
high mortality rates, ranging from 30-80% depending on
the number of failed organs.?

The classic symptomatic therapy consists of volume
infusion and intravenous administration of catecholamines
in order to maintain an adequate cardiac output. The low
vascular resistance is treated by a vasoconstrictor agent
(e.g., norepinephrine) to achieve mean arterial pressures
of at least 60 mmHg. We present the case of a patient
after thoracic surgery, in which norepinephrine therapy
was not effective, whereas administration of methylene
blue resulted in arapid and long lasting improvement of
systemic hemodynamics.

Case Report

A 66-year-old male patient was admitted to a peripheral
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Fig. 1. Chest X-ray in a patient with hemopneumothorax at the right side before (a) and after (b) thoracic surgery.

hospital with clinical signs of |eft ventricular failure. Six
years prevously he had undergone coronary bypass graft-
ing and mitral valve replacemant due to a severe coro-
nary artery disease and mitral valve stenosis. An atrial
fibrillation had been treated with digoxin and
phenprocoumone for approximately 15 years. Addition-
aly the patient had a history of mild pulmonary hyper-
tension and chronic renal insufficiency. There were no
signs of acute myocardial infarction or ischemia. A trans-
thoracic echocardiography revealed anormal function of
MV R without vegetation and no thrombosis. The chest
X-ray showed significant pleural effusion ontheright side
(Fig. 1a). After stopping anticoagulation with
phenprocoumone (Quick 62%) and beginning of
continous intravenous heparin administration,
pleurocentesis was performed. This procedure was fol-
lowed by development of amassive hemopneumothorax,
due to prolonged prothrombin time (49 s). A chest tube
was inserted, but the hematoma could not be drained en-
tirely. The hematoma could not be evacuated. Due to res-
piratory deterioration and unsuccessful drainage a com-
puted tomography scan of the chest was performed. This
showed a complete atelectasis of the right lung and a
massive and partially organized hematoma in the right
pleural cavity. For surgery the patient was transferred to
our department. A right lateral thoracotomy was per-
formed and more than 3 | mostly organized hematoma
were removed. The right lung was completely collapsed
and complete decortication performed (Fig. 1b). After
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surgery the patient was transferred to our intensive care
unit in a stable hemodynamic condition with alow dose
inotropic support. Mechanical ventilation (EVITA, Dréger
Inc.) with biphasic airway pressure ventilation and in-
verseratio was performed (pressure level 1: 24 mbar, pres-
surelevel 2: 8 mbar, 4 s: 2 s). Four hours postoperatively
arapid and significant fall of the arterial pressure devel-
oped. A Swan-Ganz catheter was placed. Thisrevealed a
low SVR of 430 dyn*s~cm™ and a high cardiac output
(CO) of 8.9 I*mint, mixed venous oxygen saturation
(Sv0r) was 78%. A continous intravenous administrations
of norepinephrine was started, and sufficient mean arte-
ria blood pressures (MAP) of at least 65 mmHg could be
achieved. A few hours later anew reduction of SVR (279
dyn*sxcm®) and MAP (46 mmHg) occurred, the mean
heart beat rate was 120-134 *min'?, the central body tem-
perature has shown an increase from 36.1 to 39.1°C. A
respiratory rate of 26 breathssmin? was manifested. In
this time the WBC increased from 9.800 to 20.200
cellssmm® and decreased within two days to 11.200
cellssmm, The blood | actate concentration had risen to
18 mg+dL L. In order to achieve an adequate coronary and
organ system perfusion, the administration rate of nor-
epinephrine was raised up to 165 pgxmint?, resulting in
elevation of SVR to 408 dyn*sxcm, and MAP to 70
mmHg. Acute renal failure made a continous veno-venous
hemodidfiltration (CVVHDF) necessary.

After anew fall of SVR and MAP 30 minutes later in
spite of maximal doses of catecholamines, an intravenous
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Fig. 2. Registration of blood pressure in a patient with severe SIRS before and after administration of 2 mgrkg* methylene blue.
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Fig. 3. Development of systemic vascular resistance and dose of
norepinephrine after single dose of 2 mgrkg* methylene blue.

administration of methylene blue in adosage of 2 mg~kg*
body weight over 15 minutes was started. Shortly after
injection hemodynamic stabilization was achieved. Nor-
epinephrine dosage could be reduced (Fig. 2) and hemo-
dynamic parameters remained stable (SVR: 471-486
dyn+*sxcm®, MAP 68-70 mmHg (Fig. 3). The effect was
permanent and the reduction of norepinephrine dose could
be continued (Table 1). Hemodynamic improvement was
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followed by the onset of diuresis after 48 h of CVVHDF.
Lactate concentration fell from amaximum of 18 mg+dL*
to 6 mg+dL* within seven hours. After 72 hours al ino-
tropic and vasoactive drugs could be stoppd and the pa-
tient showed a complete hemodynamic recovery. Side
effects were not observed. All the microbial culturesfrom
blood and endotracheal samples obtained from our pa-
tient were negative, and there were no signs of an infec-
tious focus.

Discussion

The surgical trauma associated with the (partial)
reexpansion of the right lung, which had been compressed
and atelectatic for more than 10 days is the most prob-
able cause of a massive release of mediators from the
altered lung tissue and the following severe SIRS. Via
receptor regulated mechanisms different neurotransmit-
ters (e.g., acetylcholine, adenosinetriphosphate and sub-
stance P), hemostasis regulating factors (e.g.,
adenosinediphosphate, serotonin, bradykinin and throm-
bin) and biogenic amines (e.g., norepinephrine and hista-
mine) induce synthesis and release of two endothelial
autocoides: endothelium derived relaxant factor (nitric
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Table 1. Hemodynamic changes and laboratory data after thoracic surgery in a patient with severe SIRS

Time MAP PAP(mean) CVP CO PCWP  SVR PVR  SVO; Lactate NE E
[h]  [mmHg] [mmHg] [mmHg] [I*min?Y] [mmHg] [dynsrcmd][dynsrem™®] [%]  [mgedLY]  [ugrmin] [ugrmin]
1 68 24 13 0 3
2 54 20 15 0 3
3 54 19 19 8.1 16 385 123 61 19 5 10
4 55 14 14 74 17 378 119 38 10 5
5 48 12 12 8.6 16 334 114 8 10 5
6 48 18 18 10 10 5
7 45 19 18 11.2 10 3
8 47 21 18 8.7 17 340 125 12.2 10 3
9 48 26 20 14 40 3
10 46 28 19 10 18 350 120 65 149 85 3
11 46 32 17 95 18 330 100 16.1 140 3
12 50 31 16 410 140 17 165 0
13 64 35 20 9.6 19 480 175 18 165 0
14 78 37 23 9.8 450 145 17 120 0
15 72 43 24 9.3 19 490 170 78 16 50 0
16 69 38 19 14 50 0
17 67 38 17 8.2 480 160 134 30 0
18 61 26 16 8 500 160 7 25 0
19 62 33 14 6.5 25 0
20 63 39 16 7.5 550 150 67 6 15 0

Time, hours after end of surgery; MAP, mean arterial blood pressure; PAP, pulmonary arterial pressure; CVP, central venous
pressure; CO, cardiac output; PCWP, pulmonary wedge pressure; SVR, systemic vasculary resistance; PVR, pulmonary vasculary
resistance; SvOz, mixed-venous oxygen satturation; NE, norepinephrine; E, epinephrine

oxide, NO) and prostacyclin (PGl2). NO stimulates the
soluble guanylate cyclase in smooth muscle cellsdirectly.
Thisresultsin an increase of cyclic GMP (cGMP) level
followed by vasodilation.*# The biogenic amines (e.g.,
serotonin, histamine and norepinephrine) have either an
endothelium-dependent (NO-mediated) dilating or adi-
rect (endothelium-independent) constricting effect on ves-
sels. The end response is aresult of the interaction of
these two contradictory effects. A dysfunction of this bal-
anced system by an overproduction and massive release
of mediatorsresultsin an excessive vasodilation and clini-
cal manifestation of SIRS. Theclinical SIRS-criteriaswas
in this case fulfilled (consensus conference?).

Putensen and Wrigge® showed that mechanical venti-
lation in patients with acute lung injury may encourage
the development of SIRS, whereas SIRS can not be in-
duced by an aggressive ventilation mode in patients with-
out a preexisting lung injury. In the presented case the
patient needed a quite aggressive ventilation mode after
surgery. In combination with the preexisting lung injury
thismay result in an additional factor inducing SIRS. The
most common therapy of low SVR consistsin achieving
and maintaining an adequate vasomotor tone by using
the described direct effect of norepinephrine and volume
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infusion.

Garcia-Fernandez et a.9 showed that an early start of
a continuous renal replacement therapy in patientswith a
SIRS results in a better outcome.

In the presented case this strategy was ineffective. Be-
cause of the continous hemodynamic deterioration with
consequently reduced organ system perfusion and a be-
ginning MOF the patient wasin acritical and live-threat-
ening situation. An alternative strategy for achieving an
adequate vascular resistance consists in reduction of
cGMP level in vascular smooth muscle cells by inhibi-
tion of guanylate cyclase, which is stimulated by an ex-
cessive release of NO. Methylene blueis a strong inhibi-
tor of guanylate cyclase, and it has been successfully used
for treatment of low SVR in patients with SIRS after car-
diopulmonary bypass” and septic shock.? Although this
therapy is not causal as well, it describes an additional
option to the classic therapy of high dose norepinephrine
in similar critical cases. In this case of severe SIRS the
administration of norepinephrine alone, even in the high-
est doses (165 pugrmin'?), did not result in anormal range
SVR. In the presented case refractory hypotension of
MAP 40 mmHg and beginning cardiac failure, asingle
dose of methylene blue (2 mgxkg?) given intravenously
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was remarkably effective, so that the norepinephrine ad-
ministration rate could be reduced significantly within a
short term of time. In spite of this significant norepineph-
rine reduction the SVR rose gradually resulting in
cardiocirculatory stabilization. Decrease of lactate con-
centration within seven hours after methylene blue ad-
ministration, could not be explained only by an improve-
ment of tissue perfusion and consequently cellular oxy-
genation, but additionally due to the reductor properties
of methylene blue itself.?

Conclusion

Low SVR in severe SIRS after lung surgery and unsuc-
cessful norepinephrine therapy attempt can be treated suc-
cessfully by aguanylate cyclaseinhibitor: methyleneblue.
A single dose infusion of methylene blue was remark-
ably effective, side effectswere not observed. Further stud-
ies are required in order to define the exact criteria of
indication, the optimum dose and administration time.
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