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Cold agglutinins are of unique relevance in cardiac surgery because of the use
of hypothermic cardiopulmonary bypass (CPB). Cold autoimmune diseases
are defined by the presence of abnormal circulating proteins (usually IgM or
IgA antibodies) that agglutinate in response to a decrease in body
temperature. These disorders include cryoglobulinemia and cold
hemagglutinin disease. Inmunoglobulin M autoantibodies to red blood cells,
which activate at varying levels of hypothermia, can cause catastrophic
hemagglutination, microvascular thrombosis, or hemolysis. Management of
anesthesia in these patients includes strict maintenance of normothermia.
Patients scheduled for the surgery requiring cardiopulmonary bypass
present significant challenges. Use of systemic hypothermia may be
contraindicated, and cold cardioplegia solutions may precipitate
intracoronary hemagglutination with consequent thrombosis, ischemia, or
infarction. Management of CPB and myocardial protection requires
individualized planning. We describe a case of MV repair and CABG in a
patient with high titer cold agglutinins and high thermal amplitude for
antibody activation. Normothermic CPB and continuous warm blood
cardioplegia were successfully used.
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Introduction

Cold agglutinins (CAs) are particular cold-

undergo procedures such as cardiopulmonary

reactive antibodies that react with the red blood
cells (RBCs) when the blood temperature drops
below normal body temperature causing increas-
ed blood viscosity and red blood cell clumping.
Most individuals with cold agglutinins are not
aware of their presence, as these antibodies have
little impact on daily living, often necessitating no
treatment. However, when those with cold agglu-
tinins are exposed to hypothermic situations or

bypass with hypothermia during cardiac surgery,
lethal complications of hemolysis, microvascular
occlusion and organ failure may occur (1). (CAs)
are cold-reactive antibodies, usually of the
immunoglobin M subtype, that cause (RBCs) to
agglutinate at low temperatures (2). At low
temperatures occur hemagglutination, followed
by complement fixation and subsequent
hemolysis is the again warm (2, 3). This autoim-
mune phenomenon isof unique relevance during
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cardiac operations when hypothermic cardiopul-
monary bypass (CPB) and cardioplegia are
instituted (4).

At normothermia, CA rarely has clinical
significance; however, activation of CAs during
CPB can lead to massive hemagglutination,
hemolysis, and microvascular thrombosis. This
can manifest intraoperatively as intracoronary
thrombosis, incomplete cardioplegic delivery, or
high pressures in the CPB circuit. Clinical squeal
can include cerebral or myocardial infarction,
hepatic or renal failure, and hemolysis (3,5).

The importance of CAs depends on two
factors: the plasma titer of CAs and the thermal
amplitude at which hemagglutination occurs. Low
levels of CAs can be found in the sera of healthy
individuals (about 1:16), however at higher titers,
CA activation ismore likely. In addition, thermal
amplitude, or the temperature below which
antibody activation occurs, should be quantified
preoperatively, then the temperature range
should be maintained during the operation be
warned to the surgeon. In this case report we
aimed to describe a patient undergoing MV repair
and CABG who had high titer CAs with high
thermal amplitude. A brief literature review with
the aim of management strategies is also
undertaken.

Case Report

A 73-year-old man presented with severe MR
and severe 3VD. Anangiogram revealed low left
ventricular (LV) systolic function, with severe
mistral regurgitation.

The patient had probably asymptomatic CAs
due to a chronic Infectious Mononucleosis beca-
use IgG anti IM antibody was detected in
laboratory studies. Preoperative testing demonst-
rated an elevated CA titer (1:512) with unusually
high thermal amplitude of 32°C.

Precautions were taken intraoperatively to
avoid exposure to agents within the active tempe-
rature range for cold agglutination. Anesthetic
agents and fluids were warmed, including
priming fluid for CPB. The operating room
temperature was elevated, and a lower body-
warming blanket was applied. The patient was
anticoagulated with heparin to an activated
clotting time (ACT) of 500 seconds.

Warm CPB was initiated, and the esophageal
core temperature was maintained above 35°C.
The aortic cross clamp was applied, and induc-
tion cardioplegia was given antegrade into the
aortic root at a temperature of 35°C.

Throughoutthe remainder of the procedure,
warm antegrade cardioplegia was given, every 15
minutes and electromechanical silence was susta-
ined. Pressures withinthe CPB and cardioplegic
circuits remained within normal limits. The
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circuitry was visually monitored for evidence of
agglutination of the RBCs.

Total revascularization was done and MV
repaired with posterior anuloplasty. Total cross-
clamp time was 96 minutes, and the patient
weaned successfully from CPB and required
minimal support with inotropes. Once separated
from CPB, the circuit cooled to room temperature,
and RBC agglutination could be seen within
cardioplegic lines.

The patient’s postoperative course was
without evidence of hemolysis or end-organ
dysfunction. The patient was discharged on the
seventh postoperative day.

Discussion

CAs are predominantly immunoglobin M
antibodies directed against the RBC I or i antigen.
The clinical importance of CAs largely depends on
their titer and thermal threshold, the highest
temperature at which the antibody is active (6).
As this is usually lower than ambient temper-
atures, CASs are usually of little clinical impor-
tance, with diagnosed CA disease having an
approximate incidence of 1:75,000. However, in
the situation of cardiac surgery, CAs might be of
greater clinical importance due to the use of
hypothermia for myocardial protection (2).

For the first time in 1980, Klein and
colleagues (7) investigated cold agglutinin in
relation to cardiac surgery. Most authors had
noted these antibodies in routine preoperative
testing, whereas a few were surprised by unex-
pected finding of agglutination in the CPB or
cardioplegia circuit during operation or persis-
tent hemolysis after operation (3). Moore and co-
workers (8) were the first group to use routine
preoperative clinical testing with the Ehrlich
finger test and palm ice cube test. Most reports
with preoperative detection of antibodies also
thermal amplitude and standard the titer. For
myocardial protection the most common techniqg-
ue in the past has been crystalloid/blood cardiop-
legia at higher temperature (9).

Hypothermic circulatory arrest technique
depends on noncoronary collaterals for myoca-
rdial protection and may be insufficient. Hypo-
thermic ventricular fibrillation or intermittent
cross-clamping with or without fibrillation is
useful only for coronary artery operations. The
warm crystalloid washout technique is theore-
tically appealing but requires isolation of the
heart from the remaining circulation, which may
not be achieved due to noncoronary collaterals.
The recently introduced technique of normoth-
ermic operation with warm blood cardioplegia
delivered antegradely or retrogradely (3) obvia-
tes the need for hypothermia and prevents
activation of these proteins while at the same
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time providing excellent myocardial protection,
which may be better than any other technique
of myocardial management in these patients.
We recommend warm heart operation as the
preferred method.

The technique is described as providing
myocardial protection with cold cardioplegia in a
patient with cold autoagglutinins. The operation
was done in normothermia and the coronary
system was perfused with a normothermic (+37
degrees C) NaCl 0.9% solution to remove the
blood before using the cold (+4 degrees C)
cardioplegic solution. With this technique, the
patient underwent an uneventful operation to
relieve right ventricular-outflow stenosis opera-
tion (10). Recently, a new technique has been
reported byAoki and coworkers for myocardial
protection that does not rely on hypothermia. In
this method, the heart is continuously perfused
with normothermic hyperkalemic blood cardiop-
legia during the cross-clamp period. Cardiac
arrest is achieved and maintained using high
levels of potassium. Hypothermia is not a part of
this technique; so the danger of hypothermia can
be avoided in the patient with cold agglutinin
disease without compromising myocardial prote-
ction (11).

Myocardial preservation Techniques inclu-
ded: 1) cold crystalloid cardioplegia, 2) plasma
exchange, 3) normothermic ischemic arrest, 4)
warm crystalloid cardioplegia washout followed
by cold cardioplegia, and 5) warm blood-
potassium cardioplegia. None of the five
techniques that are used is clearly superior to
one another in order to avoid problems during
open-heart surgery in patients with cold autoim-
mune disease. Hemolysis occurs in all patients
during cardiopulmonary bypass, especially dur-
ing rewarming. There was no protection from
agglutination afforded by heparin, nor by hemod-
ilution that has been reported by James Park
coworkers (12).

Ko and Isom found that use of hypothermia
during cardiopulmonary bypass and cardioplegia
poses a special problem in patients with cold-
reactive hemagglutination. They reported succes-
sful aortic valve replacement on a patient with
severe aortic valve stenosis and severely
symptomatic cold agglutinin induced hemolytic
anemia. This case illustrates the various proble-
ms in the perioperative management of these
patients (13).Berreklouw et al have reported
previously that a technique is defined for
providing myocardial protection with cold
potassium crystalloid cardioplegia in a patient
with cold autoagglutinins and hemolysins. The
patient was just mildly cooled systemically (14).

Conclusion
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In conclusion, patients displaying high titer
and high thermal amplitude CAs, need personal
planning before cardiac operations, including
consultation with a hematologist. Careful temper-
ature monitoring must be undertaken intraoper-
atively to avoid CA activation causing catastro-
phic hemagglutination and hemolysis. We launch-
ed a safe technique with a successful outcome
using normothermic CPB and continuous warm
blood cardioplegia.
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