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tself with several systemic findings such as recurrent
ever and chills related to pulmonary embolism.
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se of Methylene Blue for
atecholamine-Refractory
asoplegia from Protamine and
protinin

anny Del Duca, MD, Shashank S. Sheth, MD,
nn E. Clarke, MD, Kevin J. Lachapelle, MD, and
atrick L. Ergina, MD

ivisions of Cardiovascular Surgery, Allergy and Clinical
mmunology, McGill University Health Centre, Montreal,
uebec, Canada

e present two cases of catecholamine-refractory and
asopressin-refractory vasoplegic syndrome associated
ith intraoperative anaphylaxis during cardiac surgery.
ne case was related to the administration of protamine

nd the other case to the administration of aprotinin.
oth cases were successfully managed using intravenous
ethylene blue. The use of methylene blue blocks accu-
ulation of cyclic guanosine monophosphate by compet-

tively inhibiting the enzyme guanylate cyclase. This
esults in reduced responsiveness of the vasculature to
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yclic guanosine monophosphate–mediated vasodilators,
uch as nitric oxide. This report provides a description of
evere anaphylaxis induced by different agents, in which
he use of methylene blue was associated with a signif-
cant clinical response.

(Ann Thorac Surg 2009;87:640–2)
© 2009 by The Society of Thoracic Surgeons

evere anaphylactic reactions in patients treated with
either protamine or aprotinin during cardiac surgery

re among the most significant complications associated
ith the use of these agents. These reactions may be

efractory to aggressive resuscitation using conventional
herapy, including catecholamines, vasopressin, antihis-
amines, corticosteroids, and volume expansion. Methyl-
ne blue (methylthionine chloride) is an indicator dye
hat has been traditionally used in a number of clinical
ettings and more recently in the management of ana-
hylactic shock [1]. Although the use of methylene blue

n anaphylaxis specifically associated with protamine has
een described in one report [2], its use in the context of

ntraoperative aprotinin reactions has not been previ-
usly presented. We describe two cases in which meth-
lene blue was successfully used in the treatment of
evere anaphylactic reactions related to protamine (pa-
ient 1) and aprotinin (patient 2).

ase Reports

atient 1
72-year-old man was referred for elective coronary

rtery bypass grafting. The patient’s history included
ypertension and diabetes mellitus type 2 for which he
ad been using neutral protamine Hagedorn insulin.
uring surgery, four coronary bypass grafts were per-

ormed using cardiopulmonary bypass. The patient was
eaned from cardiopulmonary bypass and a protamine

nfusion was started. After the administration of approx-
mately 100 mg of protamine, the blood pressure de-
reased from 90/50 to 50/25 mm Hg, and generalized
rticaria appeared. The hypotension remained refractory

o resuscitation using epinephrine, norepinephrine, va-
opressin, diphenhydramine, hydrocortisone, calcium
hloride, and crystalloid boluses. On examination, the
eart continued to beat vigorously, with a rate between
00 and 110 beats per minute. The patient was placed
ack on cardiopulmonary bypass and an intra-aortic
alloon pump was inserted, with minimal improvement

n blood pressure. Methylene blue (100 mg) was admin-
stered intravenously. After 15 minutes, the blood pres-
ure stabilized, allowing cardiopulmonary bypass to be
iscontinued. The cannulae were removed without the
eversal of systemic anticoagulation. There were no post-
perative neurologic deficits or any evidence of further
naphylaxis. Four weeks later, outpatient cutaneous al-
ergy testing confirmed the presence of immunoglobulin

(IgE) specific to neutral protamine Hagedorn insulin

nd protamine sulfate.

0003-4975/09/$36.00
doi:10.1016/j.athoracsur.2008.07.017
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atient 2
72-year-old woman was referred for elective replace-
ent of a stenotic aortic valve bioprosthesis. Her past
edical history included hypertension, recurrent urti-

aria, and aortic valve replacement for aortic stenosis 5
ears earlier. The patient had received aprotinin at the
rimary operation without any adverse reaction. Aproti-
in was used for the reoperation due to the increased risk
f bleeding. While preparing for cardiopulmonary by-
ass, a 20,000 KIU test dose of aprotinin was adminis-

ered. This was followed by a sudden drop in blood
ressure from 115/60 to 39/20 mm Hg. The hypotension
emained refractory to treatment with epinephrine, nor-
pinephrine, vasopressin, diphenhydramine, and dexa-
ethasone. The heart rate varied between 100 and 120

eats per minute and on examination, the cardiac con-
ractility appeared depressed, but the heart was not
istended. Cardiopulmonary bypass was instituted 9
inutes later. The aortic valve was replaced unevent-

ully, and this was followed by reperfusion on cardiopul-
onary bypass for 35 minutes. Weaning from bypass

emained difficult, despite the use of epinephrine and
orepinephrine infusions. An intra-aortic balloon pump
as inserted, and 100 mg of methylene blue was admin-

stered intravenously. After 10 minutes, cardiopulmonary
ypass was discontinued, and the patient’s blood pres-
ure remained stable. The patient recovered without
eurologic deficit and was discharged from the hospital 8
ays later. Outpatient skin testing confirmed the pres-
nce of aprotinin-specific IgE.

omment

rotamine, which is a fish-derived arginine-rich peptide,
as discovered in 1868 and is used for the reversal of
eparin-induced anticoagulation in more than 2 million
atients annually. The adverse reactions associated with
rotamine were classified by Horrow [3] as systemic
ypotension related to rapid protamine administration,
ntibody-mediated anaphylactic and complement-
ediated anaphylactoid responses, and catastrophic pul-
onary vasoconstriction. In our patient, the presence of

rotamine-specific IgE suggests that the adverse reaction
as anaphylactic. The general incidence of significant

dverse reactions to protamine has been reported as
.9%. Among patients having previous exposure to neu-
ral protamine Hagedorn-based insulin regimens, the
ncidence may be as high as 2.8% [4]. The mechanism by

hich protamine causes a systemic vasodilatory re-
ponse, as seen in our patient, likely involves the cross-
inking of protamine-specific IgE on mast cell surfaces
esulting in the release of several mediators, some of
hich lead to increased nitric oxide (NO) production by
pregulating nitric oxide synthase. Another possible
echanism is that protamine may directly stimulate

ndothelial cell-mediated conversion of the amino acid
-arginine to NO [5]. The release of NO leads to activa-
ion of the enzyme guanylate cyclase, thereby resulting in
ncreased synthesis of cGMP, a mediator of vascular
mooth muscle relaxation.

Aprotinin, a serine protease inhibitor derived from
ovine lung, is a member of the class of anti-fibrinolytic
gents that include the lysine analogues aminocaproic
cid and tranexamic acid. The incidence of adverse
linical reactions on primary exposure to aprotinin is
.09%. Among patients having re-exposure to aprotinin,
he incidence increases to 1.5%. However, the frequency
nd severity of these reactions may be reduced as the
ime interval since primary exposure is increased [6]. The
resence of aprotinin-specific IgE in our patient suggests

hat the adverse reaction was anaphylactic. The use of
protinin during cardiac surgery has recently been asso-
iated with an increased risk of perioperative renal fail-
re, myocardial infarction, heart failure, stroke, and en-
ephalopathy, which was not observed in patients
eceiving aminocaproic acid or tranexamic acid [7]. For
hese reasons, tranexamic acid has replaced aprotinin as
he first-line anti-fibrinolytic agent used in high-risk
ardiac surgical cases at our institution.

The indicator dye, methylene blue, is currently used in
number of clinical settings. It has a role in the manage-
ent of methemoglobinemia, and may be used in the

reatment of chronic urolithiasis. More recently, methyl-
ne blue has been used in the context of refractory
asoplegia and anaphylaxis [1], and it has been associ-
ted with improved hemodynamics in septic shock [8].
ose-related toxicities include hemolytic anemia, cardiac

rrhythmias, skin desquamation, abdominal pain, bluish
kin and urine discoloration, and hyperbilirubinemia in
eonates. Methylene blue is a competitive inhibitor of

he enzyme guanylate cyclase, and thereby interferes
ith nitric oxide-mediated vascular smooth muscle re-

axation by indirectly decreasing cGMP production. The
ose used in our experience has been 1.5 mg/kg, which is
dministered intravenously.
The use of protamine and aprotinin during cardiac

urgery may cause anaphylaxis with significant vasople-
ia in which the endothelial synthesis and release of
itric oxide play a central role. The two cases presented
ere suggest that methylene blue, through its effect on

he nitric oxide pathway, may have an important role in
he treatment of refractory anaphylactic reactions associ-
ted with either of these two agents. Due to its inhibitory
ole in a pathway common to allergic reactions, methyl-
ne blue may be effective in the management of refrac-
ory anaphylaxis induced by different triggering agents.
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arly Constrictive Epicarditis After
oronary Artery Bypass Surgery

urtis A. Anderson, MD, Evelio Rodriguez, MD,
onny L. Shammas, MD, and Alan P. Kypson, MD

ivisions of Cardiothoracic Surgery and Cardiology,
epartment of Cardiovascular Sciences, The Brody School of
edicine, East Carolina University, Greenville, North Carolina

patient with constrictive pericarditis early after coro-
ary bypass surgery is presented. At reoperation a dense

nflammatory process was encountered on the epicardial
urface of the heart with minimal pericardial thickening.
rosshatching of the epicardial scar tissue produced an

mmediate and durable clinical response.
(Ann Thorac Surg 2009;87:642–3)

© 2009 by The Society of Thoracic Surgeons

onstrictive pericarditis impairs filling of cardiac
chambers, resulting in venous congestion and di-

inished cardiac output. The visceral pericardium, or
picardium, contributes variably to this process. We
resent a patient with postoperative constrictive physi-
logy early after coronary artery bypass surgery. At the
ime of reoperation, the patient was found to have
ronounced constrictive epicarditis.

62-year-old man underwent coronary artery bypass
urgery for severe three-vessel disease. The operation
as uneventful and no pericardial abnormalities were
oted. He was discharged on day 4 and had an unre-
arkable early postoperative recovery. At week 6 he

egan experiencing exertional dyspnea. Echocardiogra-
hy showed normal ventricular contraction with early
eptal collapse and diminished respiratory variation of
he inferior vena cava. Contrast enhanced computed
omography of the chest was unremarkable except for
mall bilateral pleural effusions, a small pericardial effu-

ccepted for publication July 9, 2008.
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c
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ion, and normal postoperative changes. No pericardial
hickening was evident on computed tomography. De-
pite intravenous diuretic therapy and a short course of
ntravenous steroids, the patient experienced worsening
yspnea and continued to gain weight. Cardiac catheter-

zation revealed equalization of left and right ventricular
iastolic pressures, a central venous pressure of 19 mm
g, and a cardiac index of 1.73 L · min	1 · m	2. All three

rafts were widely patent.
The patient was taken to the operating room for

resumed constrictive pericarditis. A reoperative median
ternotomy was performed. The pericardium, which was
eft open at the original operation, was minimally thick-
ned. On cardiopulmonary bypass the heart was freed
rom the surrounding pericardium, which was then re-
ected anteriorly from phrenic to phrenic. The epicar-
ium, in contrast to the pericardium, was globally thick-
ned. As the epicardium was sharply incised, there was
otable expansion of the underlying myocardium. This
rocess was repeated along the diaphragmatic and lat-
ral surfaces of the heart creating a crosshatch or waffle
attern (Fig 1). At the conclusion of the case, hemody-
amic measurements were improved with central venous
ressure decreasing from 19 to 9 mm Hg, and his cardiac

ndex increased to 3.5 L/min	1/m	2. The fibrous pericar-
ium submitted to pathology was read as mild chronic

nflammation and was measured to be approximately
-mm thick. Since being discharged, the patient has
esumed normal activity, including jogging.

omment

onstrictive pericarditis classically involves a thickened,
oncompliant pericardium. Early filling is normal, but
bruptly ceases when the volume limitation imposed by
he pericardium is reached. Impaired filling causes
ymptoms of heart failure despite normal myocardial

ig 1. Diaphragmatic surface of the heart showing thickened epicar-
ium that has been sharply incised. This process encapsulated a
arge portion of the left and right ventricles.
ontraction. This disease may be idiopathic, but it is also

0003-4975/09/$36.00
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