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Background: Vasoplegic syndrome is an increasingly recognized disease in periopera-
tive medicine and is characterized by severe hypotension, normal or elevated cardiac

Corresponding author
Jeong-Hyun Choi, M.D., Ph.D.
Department of Anesthesiology and
Pain Medicine, Kyung Hee University
Hospital, 23 Kyungheedae-ro,
Dongdaemun-gu, Seoul 02447,

output, and decreased systemic vascular resistance. It occurs commonly after cardio-
pulmonary bypass but may also occur after other types of surgery.

Case: Vasoplegic syndrome developed in our patient during posterior lumbar interbody
fusion because of administering nicardipine after phenylephrine. However, the blood
pressure did not increase as expected despite simultaneous use of norepinephrine and

Korea vasopressin to increase the reduced systemic vascular resistance.
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Conclusions: We present a case of vasoplegic syndrome that developed during poste-
rior lumbar interbody fusion and was treated successfully with methylene blue.
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Vasoplegic syndrome is increasingly recognized in periop-
erative medicine and is characterized by severe hypotension,
normal or elevated cardiac output, and decreased systemic
vascular resistance (SVR) [1]. This syndrome is associated
with preoperative use of angiotensin-converting enzyme
inhibitors, intravenous heparin, cardiopulmonary bypass,
transplant surgery, trauma, and sepsis [2-4]. A large amount
of fluid, catecholaminergic vasoconstrictors, vasopressin,
and methylene blue can be used as treatment [3,5]. Vasople-
gic syndrome is common after cardiopulmonary bypass but
sometimes occurs after other types of surgery [1,3,5]. We
present a case of vasoplegic syndrome that developed during
posterior lumbar interbody fusion and was treated success-

fully with methylene blue.

CASE REPORT

A 77-year-old woman (height 148.5 cm, weight 70 kg) was
admitted to undergo posterior lumbar interbody fusion for
lumbar spinal stenosis (L1-3). She had hypertension that was
treated with amlodipine (a calcium channel blocker) and
carvedilol (a beta-blocker). The preoperative leukocyte count
was 7,770/ml with a hemoglobin level of 14.1 mg/dl, hemato-
crit 40.1%, and a platelet count of 268,000/ml. Chest radiog-
raphy, electrocardiogram (ECG), and physical examination
were normal. A central venous catheter was inserted into the
right subclavian vein on the day before surgery to monitor
central venous pressure and for infusion of fluids and blood.

The patient arrived in the operating room without premed-
ication. ECG, non-invasive blood pressure (BP), and pulse
oximetry monitors were applied. Before induction of anes-
thesia, BP was 130/90 mmHg, heart rate (HR) was 75 beats/
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min in sinus rhythm, and peripheral oxygen saturation was
100%. Anesthesia was induced by adjusting the target propo-
fol (3.0 pg/dl) and remifentanil (3.5-6.0 ng/dl) concentrations
according to the Schnider and Minto model with a target
concentration infusion pump (Orchestra, Fresenius Kabi,
Germany). Rocuronium 50 mg was administered after con-
firming loss of consciousness. Endotracheal intubation was
performed after cessation of spontaneous breathing. Imme-
diately after intubation, the patient’s BP was 130/70 mmHg
and HR was 80 beats/min. A right radial artery cannula was
inserted for continuous monitoring of arterial pressure, and
central venous pressure was continuously monitored through
the central venous line. Cardiac output, stroke volume varia-
tion (SVV), and SVR were monitored continuously using the
FloTrac/EV1000 device (Edwards Lifesciences, USA). After
arterial cannulation, the cardiac index (CI) was 2.8 L/min/m?,
SVR index (SVRI) was 2,394 dynes-sec/cm’/m’, mean arterial
BP was 95 mmHg, HR was 77 beats/min, SVV was 12%, and
central venous pressure was 13 mmHg. Preoperative arte-
rial blood gas analysis recorded a pH of 7.455, pCO, of 32.9
mmHg, pO, of 203.7 mmHg, and hematocrit ratio of 34%.
Forty-five minutes after the start of surgery, the patient’s
mean arterial BP decreased to 56 mmHg and her SVRI de-
creased to 1,932 dynes-sec/cm’/m’. Therefore, 50 pg of phen-
ylephrine was administered. About 2 min later, her mean
arterial BP increased rapidly to 123 mmHg and her SVRI
increased sharply to 4,254 dynes-sec/cm®/m’. To control the
rapid increase in BP, 500 pg nicardipine HCI (Perdipine injec-
tion®, Dong-A Pharm., Korea) was administered. Thereafter,
her mean arterial BP decreased rapidly to 47-59 mmHg. The
SVV was 15% and the cardiac index was in the normal range
at 2.7-3.3 L/min/m® but the SVRI remained low at 1,079-
1,242 dynes-sec/cm’/m? To recover the mean arterial BP and
SVR], a bolus of phenylephrine was repeated, but this time
the mean arterial BP did not increase above 60 mmHg. Four
units of packed red blood cells were transfused for recov-
ery of the intraoperative blood loss. After completion of the
transfusion, the hemoglobin level was 11.0 mg/dl, hematocrit
was 31.5%, and the platelet count was 144,000/ml. The mean
arterial BP remained at 47-58 mmHg, SVRI at 1,097-1,550
dynes-sec/cm’/m? and cardiac index at 2.2-2.8 L/min/m’
despite fluid replacement and repeated phenylephrine ad-
ministration. Norepinephrine was administered at a rate of

0.1 ug/kg/min and then increased to 0.3 pug/kg/min, but the
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mean arterial BP remained at 60 mmHg and SVRI at 1,239
dynes-sec/cm’/m”. No skin rash or urticaria was observed
when the patient’s skin was checked for an anaphylactic reac-
tion, and there was no change in peak airway pressure. After
the end of surgery, sugammadex 140 mg was administered
to restore spontaneous respiration and reverse muscle relax-
ation. Spontaneous breathing resumed, the patient recovered
consciousness, and the endotracheal tube was removed. The
patient was then transferred to the post-anesthesia care unit
(PACU) while receiving intravenous norepinephrine 0.1 pg/
kg/min. Fig. 1 shows the changes in vital signs during surgery.

On arrival in the PACU, the patient was conscious with a
BP of 82/64 mmHg, an HR of 78 beats/min, and a peripheral
oxygen saturation of 100%. Although MBP remained above
60 mmHg, we suspected that the patient had vasoplegia
because of the lower than expected blood pressure, despite
proper fluid replacement and blood transfusion. Therefore,
vasopressin was initiated at 2 U/h because norepinephrine
alone had not recovered the BP. Immediately after vasopres-
sin administration, her BP increased to 104/64 mmHg but
decreased to 82/57 mmHg 20 min later. Findings on a 12-lead

ECG in the PACU were normal. Transthoracic echocardiogra-
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Fig. 1. Mean arterial pressure and heart rate during anesthesia in the
operating room. Cl: cardiac index, HR: heart rate, MAP: mean arterial
pressure, NE: norepinephrine, SVRI: systemic vascular resistance in-
dex, SVV: stroke volume variation, PACU: post-anesthesia care unit.
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Fig. 2. Mean arterial pressure (MAP) and heart rate (HR) during the
immediate postoperative period in the post-anesthesia care unit. NE:
norepinephrine.

phy was performed to rule out cardiogenic shock and showed
normal ventricular volume and left ventricular systolic func-
tion (left ventricular ejection fraction 65%), no regional wall
motion abnormality, and no pericardial effusion or hema-
toma. We excluded cardiogenic, anaphylactic, and hypovole-
mic causes of hypotension, and assumed that the patient had
developed vasoplegic syndrome. Given the lack of response
to a vasopressor, we administered methylene blue at a dose
of 0.5 mg/kg (35 mg), which is less than the usual dose, over
20 min. There was an immediate increase in BP from 74/54
mmHg to 112/66 mmHg. However, about 15 min later, the
patient vomited, so the methylene blue was discontinued im-
mediately. The total dose of methylene blue was 26 mg. The
systolic BP remained above 110 mmHg; therefore, the patient
was transferred to the intensive care unit where she received
a sustained infusion of norepinephrine 0.2 pg/kg/min and
vasopressin 2 U/h. Fig. 2 shows the change in vital signs in
the PACU. On the first postoperative day, the systolic BP was
maintained above 110 mmHg and HR at about 80 beats/min.
The norepinephrine and vasopressin were then tapered and
stopped. The patient was transferred to a general ward on the
second postoperative day and was discharged on postopera-

tive day 16 without any complications.

DISCUSSION

Vasoplegic syndrome is defined as a cardiac output of >
2.5 L/min/m’ and an SVRI of < 1,600 dynes-sec/cm’/m” with

severe hypotension despite administration of a large amount
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of fluid to increase the intravascular volume and a vasocon-
strictor [6]. We performed several evaluations to identify the
cause of the patient’s hypotension. There were no abnormal
findings on the ECG after surgery. Furthermore, there was no
decrease in cardiac output and there were no cardiac abnor-
malities on transthoracic echocardiography. The hemody-
namic changes, including hypotension, could have been mis-
diagnosed as anaphylaxis, hypovolemia, or cardiogenic shock
in this patient. However, she received an adequate amount
of fluid and a blood transfusion, and echocardiographic and
skin findings were normal. Therefore, these conditions were
excluded and vasoplegic syndrome was diagnosed. Vasople-
gia has been reported most frequently after cardiac surgery
with cardiopulmonary bypass and has also been reported
in non-cardiac major surgery, such as liver transplantation.
However, there has been no report of a sudden onset due to
intraoperative drug use like that seen in our patient.
Normally, vascular smooth muscle contraction is induced
by the rise of the cytosolic Ca®* concentration. Therefore,
the vascular tone is determined by the influx and removal of
Ca™. Vasoplegia may occur if multiple intrinsic and extrinsic
regulation failures occur. The causes of vasoplegia can be
classified as pathogen-associated, damage-associated, and
other mechanisms [7]. Sepsis is predominantly a response to
the pathogen-associated mechanism. Damage-associated
vasoplegia includes burns or polytrauma. Anaphylaxis,
neurogenic, and drug-associated mechanisms may cause
vasoplegia. Nitric oxide (NO) is a critical intrinsic regulator
of vascular tone and the endothelial-derived relaxing factor
causing vasodilation. It is known that nitric oxide plays a role
in the development of vasoplegic syndrome. It is generated
from calcium-dependent isoforms of NO synthase. Our pa-
tient developed vasoplegia due to drug-associated mecha-
nisms. Administering nicardipine immediately after phen-
ylephrine injection may have caused vasoplegic syndrome.
From a general point of view, the mechanism of action of
dihydropyridine (DHP)-type calcium antagonists is based on
the inhibition of the smooth muscle L-type calcium current,
thus decreasing the intracellular calcium concentration and
inducing smooth muscular relaxation. However, it has been
shown that DHPs can induce the release of NO from the vas-
cular endothelium and platelets [8]. Amlodipine resulted in
significantly increased NO formation in the porcine coronary

vessels and long-term preincubation (24 h) with amlodipine
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induced a significant increase in the NO bioavailability in
porcine aortic endothelial cell cultures [9]. This NO-releasing
effect was a group phenomenon shared by the DHPs [8].
When we used nicardipine to counteract the effects of phen-
ylephrine during surgery, our patients developed vasoplegic
syndrome. Although the exact pathophysiology of vasoplegic
syndrome cannot be determined in this patient, the use of
nicardipine during surgery is thought to trigger NO-releasing,
which may be related to the occurrence of vasoplegic syn-
drome. In addition, our patient was taking amlodipine for
preoperative hypertension. It is worth investigating whether
these drugs are more vulnerable to this phenomenon.

The primary treatment for vasoplegic syndrome is a cat-
echolamine vasoconstrictor, including dopamine, epineph-
rine, norepinephrine, or phenylephrine, to stimulate the o1
adrenergic receptor and increase mean arterial pressure.
Norepinephrine is a very potent vasoconstrictor and has the
following advantages compared with other BP-raising agents.
First, the vasoconstrictive effect is similar to that of epineph-
rine or phenylephrine and is greater than that of dopamine.
Second, unlike epinephrine, norepinephrine does not act on
the B2 adrenergic receptor, so lactate levels do not increase.
Third, unlike dopamine and epinephrine, norepinephrine
does not increase HR. Therefore, cardiac output can be in-
creased without excessively increasing the myocardial oxy-
gen demand. Fourth, whereas phenylephrine acts only on the
ol adrenergic receptor, norepinephrine also acts on the 31
adrenergic receptor, thereby maintaining ventricular-arterial
coupling. Therefore, norepinephrine increases the mean ar-
terial pressure without causing much of an increase in HR, so
can be used as a primary treatment for vasoplegic syndrome.
However, catecholamine resistance is frequently present in
vasoplegic syndrome, and high-dose catecholamine therapy
has various side effects. Although vasopressin alone does
not seem to reduce the mortality risk, it is known to increase
mean arterial pressure at a low dose as effectively as norepi-
nephrine and to reduce the need for concomitant use of nor-
epinephrine [10]. However, BP did not increase in our patient
as expected despite the simultaneous use of norepinephrine
and vasopressin to increase the reduced SVR.

Vasoplegic syndrome that does not respond to potent
vasoconstrictors is difficult to treat. Methylene blue may ef-
fectively treat severe vasoplegic syndrome [3,5]. Methylene

blue binds to guanylate cyclase competitively with nitric ox-
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ide, which plays an important role in vasodilatation, thereby
reducing production of cGMP and inhibiting vasodilatation.
Methylene blue is administered as a bolus dose of 1-2 mg/
kg over 10-20 min [5]. Several case reports and observational
studies revealed that methylene blue administration early af-
ter surgery can improve mean arterial pressure, decrease the
requirement for a vasoconstrictor, reduce the mortality risk,
and decrease the duration of vasoplegic syndrome [11-13].
Therefore, methylene blue can be used to treat vasoplegic
syndrome that does not respond to catecholamine vasocon-
strictors.

Methylene blue has a number of adverse effects, includ-
ing arrhythmia, coronary artery spasm, angina pectoris,
decreased cardiac output, decreased renal and mesenteric
blood flow, and increased pulmonary arterial pressure. Pro-
longed peripheral intravenous administration may cause
localized skin necrosis and interfere with oxygen saturation
monitoring, thereby causing relatively low oxygen saturation.
Other side effects include confusion, headache, fever, nausea,
vomiting, abdominal pain, and sweating [5]. Doses higher
than 7 mg/kg may cause hemolysis, methemoglobinemia,
chest pain, and hypertension, while doses higher than 20
mg/kg can lead to severe intravascular hemolysis, hyperbili-
rubinemia, and death. Methylene blue is contraindicated in
patients taking monoamine oxidase inhibitors because it can
cause serotonin syndrome [14]. Methylene blue should not
be administered to pregnant women because it can increase
expression of nitric oxide in the placenta, leading to fetal hy-
poxia. In patients with glucose-6-phosphate dehydrogenase
deficiency, methylene blue administration may cause hemo-
Iytic anemia [5,15].

In conclusion, our patient developed vasoplegic syndrome
when administered nicardipine to offset the effects of phen-
ylephrine during posterior lumbar interbody fusion. The
vasoplegic syndrome responded poorly to norepinephrine
and vasopressin treatment but did respond to methylene
blue. Therefore, it should be considered that the cause of va-
soplegic syndrome in our case may be nicardipine, which is a

calcium channel blocker used during surgery.
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