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Abstract

Sickle cell disease (SCD) affects between 70,000 and 100,000
Americans, making it one of the most prevalent genetic disorders
in the United States. It is an autosomal, recessive disorder charac-
terized by a single amino acid change in the betaglobin chain of
hemoglobin (Hob) leading to its pathological polymerization, red
cell rigidity and poor microvascular blood flow. These changes also
produce the characteristic sickle shape of the red cells, which lose
the pliability required to successfully traverse small capillaries. The
use of cardiopulmonary bypass (CPB) during adult cardiac surgery
initiates many of the conditions that contribute to the sickling of
the hemoglobin S cells. Traditionally during CPB the patients are
hypothermic and can become acidotic during intermediate periods
of surgery. The experience of adult cardiac surgery with CPB on
patients with SCD is limited. The purpose of our manuscript is to
review the first case of adult cardiac surgery in a patient with SCD
at our institution and also to review the literature on the manage-
ment of patients with SCD who undergo adult cardiac surgery.
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Introduction

Sickle cell disease (SCD) affects between 70,000 and
100,000 Americans, making it one of the most prevalent
genetic disorders in the United States [1]. It is an autoso-
mal, recessive disorder characterized by a single amino acid
change in the betaglobin chain of hemoglobin (Hob) leading
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to its pathological polymerization, red cell rigidity and poor
microvascular blood flow [2]. These changes also produce
the characteristic sickle shape of the red cells, which lose the
pliability required to successfully traverse small capillaries
[3]. The use of cardiopulmonary bypass (CPB) during adult
cardiac surgery initiates many of the conditions that contrib-
ute to the sickling of the hemoglobin S cells. Traditionally
during CPB the patients are hypothermic and can become
acidotic during intermediate periods of surgery. These two
factors make performing cardiac surgery on patients with
SCD more difficult. The experience of adult cardiac surgery
with CPB on patients with SCD is limited. The purpose of
our manuscript is to review the first case of adult cardiac sur-
gery in a patient with SCD at our institution and also to re-
view the literature on the management of patients with SCD
who undergo adult cardiac surgery.

Case Report

The patient is a 40-year-old African-American male with
SCD who recently was diagnosed with non-ischemic cardio-
myopathy. His presenting symptoms consisted of shortness
of breath and worsening fatigue. On transthoracic echocar-
diogram he was noted to have severe mitral valve regurgita-
tion due primarily to left ventricular dilation with no evi-
dence of torn or prolapsed chordae. Of note, the patient had
previously undergone an open cholecystectomy at the age of
18 years old. On admission to the hospital he was jaundice
with evidence of hemolysis. His lactate dehydrogenase was
elevated although his total bilirubin was normal. In addition,
on hemoglobin electrophoresis his hemoglobin S level was
87%.

The patient was worked up extensively for his cardio-
myopathy but no true etiology was determined. Prior to tak-
ing the patient to the operating room he was prepared for
surgery and the use of CPB. A hematology consult was made
for guidance with his management. The initial plan was to
perform red blood cell (RBC) exchange prior to surgery so
that his hemoglobin S level was less than the accepted level
of 30% for CPB [4].

After the patients first RBC exchange his hemoglobin S
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Figure 1. Preoperative image.

level was 31% and after the second RBC exchange his he-
moglobin S level was 8.7%. Several adjustments were made
in the operating room in order to prevent any problems with
running the CPB pump. First, the patient’s body temperature
was cooled to no lower than 32 °C. Second, the blood car-
dioplegia was cooled down to only 32 °C as opposed to the
standard 4 °C. Third, the patient’s blood was hemoconcen-
trated. Fourth, because of the presence of antibodies in his
blood, prior to the day of surgery, in coordination with the
blood bank 10 units of packed RBCs were put aside.

Procedure

The intraoperative transesophageal echocardiogram and op-
erative view (Fig. 1) confirmed the presence of severe mi-
tral valve regurgitation due to annular dilation. The patient
underwent a standard median sternotomy. The CPB circuit
consisted of a hollow fiber oxygenator with an integrated
32 pm arterial filter (FX15; Terumo, Ann Arbor, MI). An X-
coated circuit (poly-2-methoxyethyl acrylate; Terumo) was
used with a 3/8”X 3/32” arterial and venous line, a centrifu-
gal arterial pump (Delphin; Terumo) and a 4:1 blood car-
diopledgia system (Terumo). A hemoconcentrator (Capiox
HCI11; Terumo, Elkton, MD) was placed in the circuit and
an in-line venous saturation monitor (CDI 100; Terumo) was
used for continuous monitoring of venous oxygen saturation,
hemoglobin and hematocrit. A GEM 4000 (Instrumentation
Laboratories, Bedford, MA) blood gas machine was in the
room and used for blood gas analysis.

The circuit was initially primed with 1,000 mL of lac-
tated ringers (B Braun, Irvine, CA). After the chest was
open and the heart was exposed, the patient was systemi-
cally heparinized with 20,000 units of heparin, with a target
activated clotting time (ACT) of > 480 s. Both antegrade
and retrograde cardioplegia were used for myocardial pro-
tection. Retrograde autologous prime and antegrade autolo-
gous prime were performed on the patient and 700 mL of
prime was removed. At that time 12.5 g of 25% albumin,
25 g of mannitol, 5,000 units of heparin, 50 meq of sodium
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Figure 2. Postoperative image.

bicarbonate and 500 mL of autologous RBCs which were
washed with the Fresenius continuous autotransfusion sys-
tem (CATS) (Fresenius AG, Bad Homburg, Germany) in an
effort to reduce the potassium were added to the venous res-
ervoir. The CATS was only used for washing the autologous
RBCs. Pump suctions were used to return all blood to the
CPB circuit after the patient was heparinized and until prot-
amine was given. Any shed blood returned to the CATS post
CPB was discarded.

The heart was initially arrested with 1,400 mL of an-
tegrade and retrograde 4:1 blood-crystalloid cardioplegia
maintained at 32 °C. Subsequent doses of 32 °C retrograde
cardiopledgia were given at 20 min intervals. A standard ap-
proach through Sondergaard’s groove was made. On initial
inspection the mitral valve was intact with no evidence of
prolapse of torn chordae. There was clear evidence that there
was no coapting of the anterior and posterior leaflets. The
anterior leaflet was sized and a 26 mm Carpentier-Edwards
Physio Annuloplasty Ring (Edwards) was implanted. CPB
flows were maintained at a minimum cardiac index of 2.4 L/
min. Venous saturations were kept above 70% and there was
no acidosis during CPB. Arterial pressure was kept between
65 and 87 mmHg. The patient was rewarmed to a bladder
temperature of 36 °C. The aortic-cross clamp was removed
after 76 min. The patient was ventilated and successfully
weaned from CPB. The total CPB time was 114 min.

The post-procedure transesophageal echocardiogram
and saline test after placement of the ring showed no residual
mitral valve regurgitation (Fig. 2). Postoperatively the pa-
tient was transferred to the surgical intensive care unit and
extubated shortly upon arrival. He required no additional
blood transfusions or blood products. The patient was trans-
ferred to a regular room on POD#1 and he was discharged to
home on POD#4.

Discussion

Between 1989 and 1993, there was an average of 75,000 hos-
pitalizations per year in the United States among individuals
with SCD [3]. The current incidence of SCD remains high
and the practicing cardiac surgeon needs to be able to man-
age these patients in the operating room on CPB. Performing
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open heart surgery with the use of CPB on patients with SCD
requires extensive preoperative preparation and coordination
by multiple services. As can be seen in this case, the commu-
nication between hematology, cardiac surgery, the perfusion
team and the blood bank was critical to the patient’s success.
The patient underwent successful mitral valve repair with the
use of a 26 mm Physio ring. Postoperatively the patient had
complete repair of the valve and had no residual mitral valve
regurgitation. The patient did well and was later discharged
to home. The patient’s success is directly related to the com-
munication and preparation of the different services on the
team. Each member of the team played a vital role. Hematol-
ogy coordinated the RBC exchange so that we could have
the patient’s hemoglobin S level below the 30% cutoff that
most report that it is safe to have the patient undergo CPB.
In addition, the director of the blood bank was able to secure
10 units of pack RBCs which was difficult because of the
patient’s known antibodies in his blood. Both the anesthesia
and perfusion team coordinated intraoperatively to maintain
the patient’s core body temperature above 32 °C and prevent
him from becoming acidotic.

The term “SCD” refers to a collection of autosomal re-
cessive genetic disorders characterized by the Hb S variant of
the betaglobin gene [3]. The hemoglobin of individuals with
SCD polymerizes in RBCs upon deoxygenation. This causes
the RBCs to change from the usual biconcave disc shape to
an irregular sickled shape [3]. These phenomena cause epi-
sodes of microvascular occlusion and premature RBC de-
struction, which leads to chronic severe hemolytic anemia
[5]. Morbidity in SCD arises from vaso-occlusive events or
tissue damage resulting from obstructed blood flow. Some
of the more common symptoms include pain crises, acute
chest syndrome and cerebrovascular accidents. The impact
of SCD on the heart is important to note. In order to compen-
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sate for the reduced oxygen-carrying capacity, patients often
have an increased plasma volume, elevated cardiac output
and enlarged heart. In fact, cardiomegaly is an expected con-
sequence of the anemia of SCD [6]. Despite this knowledge,
the extent to which SCD impacts myocardial function is not
very clear.

This case report describes the difficulties of performing
adult cardiac surgery on patients with SCD. The conditions
created during CPB often contribute to the sickling of RBCs
and thus a balance has to be maintained that allows for suc-
cessfully completing the procedure safely and preventing the
clotting and clumping of cells within the pump. This case
shows that successful cooperation by services and technical
skill can overcome most operative challenges.
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