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Myocardial ischaemia in children with sickle cell disease
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Background: The heart may be involved in children affected with sickle cell disease (SCD) via several
mechanisms. Principally, chronic anaemia increases cardiac output and may cause left ventricular
enlargement and cardiac insufficiency.
Aims: To investigate whether the heart also suffers from ischaemia in SCD, as has already been shown for
other organs (bone, brain, etc), and to look for risk factors predisposing to this complication.
Methods: Twenty two children with SCD, and chest pain or ECG or echocardiographic signs (left ventricle
dilation or hypokinesis) suggesting myocardial ischaemia were subjected to thallium-201 (201Tl) single
photon emission computed tomography (SPECT).
Results: Eight children had a normal SPECT, 14 an abnormal one. Myocardial perfusion defects were
reversible in nine, fixed in five. Patients with perfusion defects tended to be older and have more severe
disease. Five had had cardiac symptoms (episodes of cardiac failure in three, ventricular fibrillation in one,
angina in one). Myocardial perfusion was reassessed after six months of hydroxyurea treatment in three
patients, and was found to be improved.
Conclusions: Myocardial perfusion defects are present in children with SCD and may be demonstrated
using SPECT. Hydroxyurea improved perfusion in three patients.

S
ickle cell disease (SCD) is characterised by haemolytic
anaemia and ubiquitous vessel occlusion by sickled red
cells. Besides polymerisation of deoxyhaemoglobin S,

adhesion of erythrocytes to endothelial cells contributes to
altering vascular flow and to provoking vasoocclusion.
Chronic and acute ischaemic complications are hallmarks of
the disease. Surprisingly, the heart is not usually considered a
high risk target organ, in particular in children. However, as
many as 10–30% of adults suffer cardiac impairment, mostly
left ventricular hypertrophy or congestive heart failure.1

Pathological studies have revealed associations with degen-
erative myocardial changes, interstitial fibrosis, and occlusion
of intramural coronary arteries by aggregated sickle cells.2–5 A
review of postmortem examinations of 70 patients (adults
and children) with sickle cell disease performed between
1950 and 1981 at the University of Southern California found
evidence of myocardial infarction and fibrosis in 17%.6

Classical cardiac abnormalities in children with SCD, heart
murmur, and cardiomegaly, have been reported to be related
to the volume overload effects of chronic anaemia, and the
existence of an intrinsic myocardiopathy is disputed.7

Recent major cardiac complications (fatal cardiac failure,
severe arrhythmia, myocardial ischaemia) in three of our
patients prompted us to explore cardiac status of our
paediatric cohort with sickle cell disease. Besides the classical
tools (ECG, echocardiography), we looked for myocardial
ischaemia using single photon emission computed tomogra-
phy (SPECT) in children selected according to clinical, ECG,
and echocardiographic criteria. Twenty two patients met
these criteria and underwent thallium-201 SPECT. Our initial
aims were to assess the prevalence of myocardial ischaemia
and to look for possible risk factors. Eight children in whom
myocardial ischaemia was demonstrated were treated with
hydroxyurea, and we could assess the efficacy of the
treatment in three of them.

METHODS
A cohort of 300 children with sickle cell disease is being
followed up in Necker Enfants Malades Hospital. All children
receive a complete physical examination every three months,

and are systematically asked about chest pain. Chest
roentgenography is not systematic in our follow up, and is
performed only in case of heart murmur or chest pain, and
when patients are hospitalised. ECG is performed in case
of heart murmur, chest pain, or cardiomegaly.
Echocardiography is performed in children with heart
murmur and/or cardiomegaly.

In this study, children with chest pain, heart failure,
abnormal ECG, left ventricular dilatation, or hypokinetic left
ventricle were selected for myocardial perfusion studies.
Twenty two children met one or more of these criteria.
Twelve were male and 10 female; mean age was 11.24 (1.04)
years (range 3–19). Twenty one had homozygous sickle cell
disease (SS), one was S/b0-thalassemic. Two children
(patients 6 and 22 in tables 1 and 2) had a history of stroke.
Patient 6, aged 10 years, had been on regular transfusion for
five years, and received daily iron chelation (ferritin 1100 ng/
ml). Patient 22, aged 11 years, had a stroke six months before
SPECT. She has been transfused monthly since the accident
(ferritin level at SPECT: 500 ng/ml). She received bone
marrow transplantation some weeks after cardiac evaluation.
Patients 9, 16, and 18 (aged 5, 4, and 3.5 years, respectively),
had had episodes of cardiac failure. Seven patients had had
chest pain, typical of angina in a 19 year old girl. Twelve
patients had ECG abnormalities. Fourteen had left ventri-
cular enlargement.

These 22 patients underwent 201Tl SPECT after stress, and
again three hours later after reinjection, using a single head
gamma camera equipped with a low energy all purpose
collimator. A dose of 201Tl was injected at peak exercise or
during the pharmacological or mixed stress testing (dose
(MBq) = weight (kg) 6 1.5). Pharmacological stress testing
(using dipyridamole) was systematically used before the age
of 6 years. In older children, pharmacological or exercise
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Abbreviations: ECG, electrocardiography; ERNA, equilibrium
radionuclide angiography; LVEF, left ventricular ejection fraction; SCD,
sickle cell disease; SPECT, single photon emission computed tomography
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testing (using progressive stages of 10 to 20 watts for
2 minutes until heart rate reaches 190/min), or mixed testing
was performed. Another dose of 201Tl was reinjected before
the redistribution acquisition (dose (MBq) = weight (kg) 6
0.5). No patient required sedation. The matrix size format
was 64664. Starting from the left posterior oblique position
to right anterior oblique position, 30 projections over 180˚
were collected, 30 seconds per step.

The left ventricular ejection fraction (LVEF) was assessed
by equilibrium radionuclide angiography (ERNA) at rest on
the same day, using the gamma camera. The matrix size
format was 64664. Left anterior oblique and lateral views
were taken, 5 million counts per view.

Haemoglobin (Hb) levels and pulse oxymetry (SpO2)
(using a Nellcor N-395) (Nellcor Inc., Hayward, CA, USA)
were measured on the same day, or within one week when
SPECT was performed (no blood transfusion was given
between these measurements and SPECT). The mean
number of hospitalised vasoocclusive crises per year was
evaluated from the medical records of the past three years for
19 patients, but could not be calculated for the remaining
three. For all patients we also recorded the histories of acute
chest syndromes (defined as acute respiratory illness with
radiographic findings consistent with consolidation of the
lung(s)).

Patient characteristics were compared using Student’s t
test.

RESULTS
Tables 1 and 2 summarise the results.

Myocardial perfusion studies
Myocardial perfusion was abnormal in 14 of 22 patients, and
normal in eight. In the 14 patients with abnormal perfusion,
nine had reversible defects, and five had fixed defects (fig 1).

Mean LVEF was 61.7¡8.8% and was not correlated with
myocardial perfusion, left ventricular dilatation, or Hb level.

Risk factors
Mean age, Hb level, SpO2, and mean number of vasoocclusive
crises/year did not differ significantly between normal SPECT
and abnormal SPECT groups (table 3). However, children
with perfusion defects tended to be older (12.7 v 9.2 years,
p = 0.09), and have more severe diseases.

Course
Data for the first two patients included in this series (patients
9 and 10) have already been reported.8 Patient 9 had her first
acute cardiac failure when she was 3 years old.

Table 1 Results: children with normal myocardial perfusion

Pt Age (y) Nb VOC/y ACS other Hb (g/l) Chest pains ECG Echocardiography Stress testing

1 6 0 0 67 2 Abnormal LV dilatation 2

2 11 ND 0 80 2 Normal Normal +
3 9 0 0 85 + Abnormal Normal 2

4 9 0 0 71 2 Normal LV dilatation 2

5 6 1.5 0 65 + Abnormal LV dilatation 2

6 10 0 0 stroke 96 2 Normal Normal 2

7 12.5 0 0 94 + Normal Normal 2

8 10 ND 0 75 2 Normal Normal 2

VOC, vasoocclusive crises; ACS: acute chest syndrome; LV, left ventricular; ND, not determined.

Table 2 children with abnormal myocardial perfusion

Pt Age (y) Nb VOC/y ACS other Hb (g/l) Chest pains ECG Echo
Stress
testing Defect Treatment outcome

9 5 0 0 80 Heart failure Abnormal LV dilatation + Reversible Death
10 16.5 0 0 75 Arrhythmia Abnormal LV dilatation 2 Fixed
11 16 1.5 1 66 2 Abnormal LV dilatation + Reversible HU
12 17 0 0 59 + Normal LV dilatation + Fixed
13 16 1.5 0 77 + Abnormal LV dilatation 2 Reversible HU
14 14 0 0 55 2 Abnormal LV dilatation 2 Reversible HU partial correction
15 10.5 0 0 67 2 Abnormal LV dilatation 2 Fixed HU partial correction
16 4 0 0 90 Heart failure Normal LV dilatation + Reversible HU partial correction
17 18 6 1 70 2 Abnormal LV dilatation + Fixed HU
18 3.5 1 2 75 Heart failure Normal LV dilatation 2 Reversible HU
19 19 3 3 85 + Abnormal Normal + Reversible HU
20 14 0 0 89 + Normal 2 Reversible
21 13 ND 0 74 2 Abnormal LV dilatation 2 Fixed
22 11 1.5 4 stroke 82 2 Normal normal 2 Reversible BMT

VOC, vasoocclusive crises; ACS: acute chest syndrome; LV, left ventricular; ND, not determined; HU, hydroxyurea; BMT, bone marrow transplantation.

Figure 1 201Tl myocardial SPECT: reversible defect in the anterior wall,
left ventricular cavity dilated.
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Echocardiography showed an enlarged hypokinetic left
ventricle (shortening fraction: 20%). She was treated with
diuretics and angiotensin converting enzyme inhibitors. Two
years later, she had no signs of cardiac failure, but her left
ventricle was still enlarged and hypokinetic. Stress testing
was positive and 201Tl SPECT showed an anteroseptal
reversible perfusion defect. The child was then lost to follow
up. She was hospitalised again at 7 years with severe cardiac
failure (shortening fraction: 13%) and died within days
despite intensive cardiac resuscitation.

Patient 10 had ventricular fibrillation when he was 8 years
old, followed the day after by constrictive chest pain,
posterior subepicardial ischaemia, and severe heart failure.
Q-T prolongation led to insertion of an implantable pace-
maker. Eight years later, the patient had no new episode of
arrhythmia and no signs of heart failure. 201Tl SPECT showed
a fixed inferior perfusion defect, probably related to
myocardial necrosis.

Among the 12 other patients with myocardial perfusion
defects, patient 22, who had had a cerebrovascular infarct,
received a bone marrow transplant in 2002, and patient 21
returned to Africa. Hydroxyurea treatment was begun in
eight children who had myocardial perfusion defects and
other complications of SCD: more than one hospitalised
painful crisis/year (patients 11, 13, 17), severe anaemia
(patients 14, 15), past history of acute chest syndromes
(patients 18, 19), or a past history of acute cardiac failure
(patient 16).

Course under hydroxyurea treatment
These eight patients were treated with hydroxyurea at a
mean dosage of 20 mg/kg/day. SPECT was repeated after six
months of treatment in three. Two patients had reversible
defects that had improved, and one had a fixed defect, the
size of which had decreased.

DISCUSSION
Our study shows myocardial perfusion defects in children
with SCD, which can be demonstrated and followed with
201Tl SPECT. This finding, which to our knowledge has never
been reported in children with SCD, raises several questions.
The first is the prevalence of these perfusion defects. In our
paediatric population selected according to strict criteria
(chest pain, heart failure, abnormal ECG, left ventricular
dilatation, or hypokinetic left ventricle), this prevalence was
as high as 14/22 (63.6%). Prevalence depends clearly on the
criteria used to perform SPECT. All the children in our series
who had had an overt symptom of cardiac disease (heart
failure episodes for patients 9, 16, 18; ventricular arrhythmia
for patient 10; angina for patient 19) had perfusion defects.
The relevance of ECG or echographic abnormalities may be
more problematic to interpret in black children and adoles-
cents, since some changes are considered to be non-
specific.2 9 However, we noted that more children had an
abnormal ECG (9/14) and left cardiac enlargement (11/14) in
the group with hypoperfusion than in the group with normal
perfusion (who had respectively 3/8 and 3/8 ECG and

echographic abnormalities). Criteria indicating when to
perform SPECT will certainly need to be further debated. It
is noteworthy that myocardial perfusion defects have also
been reported using 201Tl SPECT in patients aged over 18 who
had chest pain of at least 30 minutes during pain episodes,
since four of six patients in whom SPECT was performed had
focal perfusion defects. All four also had ischaemic appearing
ST-T abnormalities.10

Our first analysis did not show significant risk factors that
could pinpoint a population more prone to heart disease,
since age, Hb level, SpO2, and the mean number of
hospitalised vasoocclusive crises/year were not statistically
different in children with or without perfusion defects.
Among the two children with a past history of cerebrovas-
cular disease, one had a normal SPECT (patient 6, who had
received regular transfusions for five years), and the other
had an abnormal SPECT (patient 22, who had a recent stroke
and received bone marrow transplantation some weeks after
SPECT). The children with perfusion defects were, however,
older than those with normal SPECT, and there was a
tendency towards a lower Hb level and a greater number of
vasoocclusive crises in the group with perfusion defects. This
difference will perhaps reach significance when a greater
number of children are studied.

Other questions concern the significance of myocardial
perfusion defects in children with SCD and the possible
course of these abnormalities. Considering the importance of
vasoocclusion in SCD, related to polymerisation of sickle
haemoglobin, adherence between sickle and endothelial cells,
and vascular tone abnormalities, it is not surprising to find
that ischaemia does not spare the heart in SCD. These
findings agree with anatomopathological evidence of myo-
cardial infarction and fibrosis at postmortem examina-
tion.2 4 5 11 12 No occlusion of the major coronary arteries
was found in these series, which strongly suggests that it is
the microcirculation that is involved. It is too soon to
determine the possible course of myocardial perfusion
defects, but we can note that patients 9, 16, and 18 had
had overt heart failure, fatal in patient 9 at 7 years of age, and
that it is reasonable to relate the ventricular fibrillation
episode to the ischaemic myocardial changes in patient 10.
We must also remember that, besides myocardial hypoperfu-
sion, SCD children have other factors that may impair cardiac
function, such as chronic anaemia and increased cardiac
output. Cardiac enlargement is a well known observation in
children with SCD1 7 13 14 and has been found to be related to
the severity of anaemia and percentage of HbS.7 13 Our
findings are in favour of a specific ischaemic cardiomyopathy
that could worsen the consequences of the increased cardiac
output. Furthermore, some children receive very frequent
transfusions, and are exposed to the cardiac toxicity of iron
overload.

For about 10 years, hydroxyurea has been recognised as
having a beneficial effect on the prognosis of sickle cell
disease in adults15 and in children.16–18 This cytostatic drug
probably alleviates the severity of the disease via a number of
pathways: induction of fetal haemoglobin synthesis (which
has a sparing effect on polymerisation of haemoglobin S),
reduction in reticulocyte adhesion to vascular endothelium,19

modulation of inflammatory processes, induction of NO
synthesis,20 etc. Although we do not yet have evidence that
hydroxyurea acts directly on vascular remodelling, all these
indirect arguments led us to hypothesise that hydroxyurea
could at least partially correct the hypoperfusion; we there-
fore decided to administer it to selected children. However,
due to our uncertainty about the long term effects of this
cytostatic drug, we restricted this treatment to children for
whom we also had other grounds for considering hydroxy-
urea treatment (for example, 1–2 hospitalised painful crises/

Table 3 Patient characteristics according to 201Tl SPECT

Normal SPECT Abnormal SPECT p

n 8 14
Age (y) 9.2¡2.3 12.7¡5.2 0.09
Hb (g/l) 79¡11 74¡10 0.36
Sp02 (%) 97.5¡2.1 96.5¡2.3 0.48
Vasoocclusive
crises/y

0.25¡0.61 1.11¡1.7 0.26
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year, severe anaemia). Interestingly, the first three children
treated with hydroxyurea for whom we reassessed myocar-
dial perfusion showed improvement. We intend to continue
monitoring SPECT in the other children who are currently
being treated with hydroxyurea. If we confirm that hydro-
xyurea improves myocardial perfusion, we will suggest giving
this drug to all children in whom perfusion defects are found,
considering that the hypothetical risk of malignancy will be
counterbalanced by a decrease in the risk of myocardial
impairment.21 It would be of interest to evaluate whether
patients with silent ischaemia could be identified, as they
would benefit more from earlier treatment.

In conclusion, we report that myocardial perfusion abnor-
malities can be demonstrated using 201Tl SPECT in children
affected with SCD. Those with myocardial perfusion abnorm-
alities tend to be older, have a lower Hb level, and more
frequent vasoocclusive crises. Perfusion defects may be rever-
sible or fixed and may lead to cardiac failure or arrhythmia.
Improvement in cardiac perfusion was observed in three
children of our series who were treated with hydroxyurea.

Finally, we postulate that cardiac impairment is under-
estimated in children because it is under-investigated. Chest
pain is usually attributed to bone infarcts and cardiomegaly
to chronic anaemia. As a result of our findings, we now
intend to perform ECG systematically in cases of chest pain
and/or cardiac enlargement. For the moment, we plan to keep
the same clinical, ECG, and echographic criteria for deciding
whether or not to perform SPECT. If we confirm in more
cases that hydroxyurea in fact improves cardiac perfusion, we
will consider that the hypothetical risk of malignancy will be
counterbalanced by a decrease in the risk of myocardial
impairment.
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