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Summary

Sickle cell disease (SCD) is an autosomal recessive entity characterized by abnormal hemoglobin
formation. The manifestations of SCD are mainly due to vaso-occlusive crises, hemolysis or infection
and usually present with multisystem involvement. For the most part, clinical and imaging findings
will suggest the diagnosis and allow adequate follow-up. Different diagnostic modalities such as
ultrasound, computed tomography and magnetic resonance imaging play an essential role in
identifying complications of SCD. Knowledge of the different specific radiological manifestations of
the disease will allow us to make a correct differential diagnosis with other hematologic diseases,
an adequate follow-up of this pathology and an early and timely treatment. With this article we
intend to familiarize the radiologist with the SCD multisystemic spectrum in the pediatric population.

Resumen

La anemia de células falciformes (ACF) es una entidad autosdmica recesiva caracterizada por la
formacion anormal de hemoglobina. Las manifestaciones de la ACF se deben principalmente a
crisis vasoclusivas, hemolisis o infeccion; suele cursar con un compromiso multisistémico. En su
mayoria, los hallazgos clinicos e imagenoldgicos son los que sugieren el diagnodstico y permiten
el adecuado seguimiento. Las diferentes modalidades diagndsticas como la ecografia, tomografia
computarizada y resonancia magnética desempenan un papel esencial en la identificacion de
las complicaciones de la ACF. El conocimiento de las diferentes manifestaciones radioldgicas
especificas de la enfermedad permitird hacer un diagndstico diferencial correcto con otras
enfermedades hematoldgicas, un adecuado seguimiento de esta patologia y un tratamiento precoz
y oportuno. Con este articulo se pretende familiarizar al radidlogo con el espectro multisistémico
de la ACF en la poblacion pediatrica.

Introduction

Sickle cell anemia is an autosomal recessive disease
characterized by abnormal hemoglobin formation that
causes ischemic events and hemolysis, with multiple
manifestations in imaging. It has a higher incidence
in patients of African descent. Children are protected
until 6 months of age by high levels of fetal hemoglobin
(HDbF). Its clinical presentation is variable; there may be
recurrent painful crises, jaundice, short stature, strokes,
and infections, mainly caused by encapsulated agents.

This article aims to familiarize radiologists with
the imaging findings of multisystem manifestations in
the pediatric population with sickle cell disease (SCD).

Etiology

Sickle cell disease, also known as sickle cell
anemia, is a genetic disorder characterized by
the production of abnormal hemoglobin, called
hemoglobin S (HbS) (1). This defective hemoglobin
causes red blood cells to take on a crescent shape, rather

than the normal round and flexible shape, and leads
to obstruction of blood flow, pain, organ damage, and
stroke, among other things (2).

The etiology of SCD is due to a mutation in the
HBB gene, which encodes the beta chain of hemoglobin.
Specifically, there is a substitution of adenine for
thymine in codon 6 of the HBB gene, causing a change
from the amino acid glutamic acid to valine in the beta
chain of hemoglobin. This mutation causes hemoglobin
S to have a greater tendency to form polymers under
conditions of low oxygenation, resulting in the
deformation of red blood cells (3).

SCD is inherited in an autosomal recessive manner,
meaning that a person needs to receive a copy of the
mutated gene from each of their parents to develop
the disease. If a person inherits only one copy of the
mutated gene, they will be a carrier of the disease (sickle
cell trait carrier), but will not normally have severe
symptoms (4).
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Imaging manifestations

Infarctions are common throughout the body of patients with
SCD, causing painful crises as a result of bone marrow infarcts
(5). In the brain, infarcts of the white and gray matter are observed,
causing cognitive impairment and neurological functional deficits
(6). Patients may present with acute chest syndrome secondary
to infarcts, embolisms—due to bone marrow infarcts and fat
necrosis—and pulmonary infections (7). Abdominal organs may
also suffer ischemic events. A rare but potentially fatal complication
of SCD is sequestration syndrome, in which a considerable amount
of intravascular volume becomes trapped in an organ (usually the
spleen), causing vascular collapse (8). Finally, since the red blood
cells are abnormal, they are removed from the circulation, leading
to hemolytic anemia (9).

Different diagnostic modalities such as computed tomography
(CT), magnetic resonance imaging (MRI), ultrasound, and
conventional radiography are frequently used and indicated according
to the organs or systems affected in patients with SCD. Table 1
summarizes the manifestations of SCD in different body systems.

Table 1. Manifestations of SCD by organs and systems

Organ/System Manifestations
i Iron deposits
Multiorgan Extramedullary hematopoiesis
Vascular Vasculitis

Vasculopathy

Aneurysms

Subarachnoid hemorrhage

Stroke

Cerebral atrophy

Bone marrow hyperplasia in the skull

Central nervous system

Osteoporosis, osteomyelitis
Osteonecrosis, septic arthritis
H-shaped vertebrae
Subperiosteal hemorrhages

Musculoskeletal

Pneumonia, embolism

Thorax Chronic lung disease, infarcts

Hepatomegaly, sequestration
Hepatitis, cirrhosis

Cholestasis, hepatocellular carcinoma
Lithiasis

Biliary stenosis

Hepatobiliary

Abscesses, sequestrations
Infarcts, ruptures
Auto-splenectomy

Spleen

Ulcers, pancreatitis

Gastrointestinal Enterocolitis, intestinal ischemia

Infarctions, pyelonephritis

Renal Papillary necrosis, hemosiderosis
Nephropathy
Genitals Priapism

Testicular atrophy
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Manifestations in the central nervous system

Twenty-five percent of patients with SCD experience a
neurological event in their lifetime (10). Most are asymptomatic,
despite having imaging findings. When symptoms are present, they
usually consist of varying degrees of cognitive impairment (11).
Imaging findings are varied: ischemia and aneurysms with risk of
secondary subarachnoid hemorrhage (Figures 1 and 2), tortuosity
of arteries, stenosis, and cerebral atrophy (12). Moyamoya disease
is a progressive, non-inflammatory, non-atherosclerotic occlusive
vasculopathy characterized by a decrease in the caliber of the
intracranial internal carotid arteries and proximal segments of the
vessels of the circle of Willis, with proliferation of small abnormal
vessels that give the characteristic “puff of smoke” appearance on
panangiography (13) (Figures 3 and 4).

In a multicenter trial initiated in 1995 called the Stroke Prevention
Trial in Sickle Cell Anemia (STOP), transcranial Doppler ultrasound
(TCD) was used to stratify the risk of stroke in children with SCD.
In this trial, the mean velocities of the middle cerebral arteries or
internal carotid arteries were measured, and if all velocities were
less than 170 cm/sec, the results were classified as normal. A velocity
between 170 and 199 cm/sec was considered borderline, and a blood
flow velocity >200 cm/sec was considered abnormal (14). To date, the
STOP protocol continues to be implemented for the care of patients
with SCD, which involves annual TCD screening for children between
2 and 16 years of age and more frequent follow-up for children with
borderline or abnormal results. For patients identified as high risk due
to velocities >200 cm/sec, the STOP protocol implements a chronic
transfusion strategy to prevent stroke (15).

Figure 1. Male patient, 9 years old, with a history of SCD, who was admitted with
ischemic stroke with right hemiparesis. a) Plain CT scan of the skull showing
basal ganglia and b) lateral ventricles. Area of low density in the white matter
in the left frontal region corresponding to ischemic changes. After 12 hours,
high-density, rounded, intra-axial lesion measuring approximately 3 mm related
to hemorrhagic transformation.
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Figure 2. Male patient, 9 years old, with a history of SCD, who was admitted with
ischemic stroke with right hemiparesis, attending a follow-up appointment two
months later. Brain MR, axial slice of lateral ventricles, T2 sequence. High signal
in the left frontal lobe, corresponding to encephalomalacia and gliosis due to
old infarction in the territory of the middle cerebral artery on the same side.

Figure 3. Male patient, 15 years old, history of SCD, presenting with brain
target organ and subsequent development of moyamoya malformation.
Contrast-enhanced CT scan of the skull. a) Coronal reconstruction and b)
axial reconstruction of the basal ganglia. Decreased caliber of the intracranial
internal carotid arteries and proximal segments of the vessels of the circle of
Willis with development of lenticulo-striatal and thalamoperforating collaterals.

|
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Figure 4. Male patient, 15 years old, history of SCD, presenting with brain
as target organ and moyamoya malformation. Brain magnetic resonance
angiography (ToF) MIP reconstructions. a) Sagittal and b) coronal. Multiple
collaterals with stenosis of the anterior cerebral circulation, “smoke cloud”
image due to moyamoya vessels.
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Musculoskeletal manifestations

The skeletal manifestations of SCD are the result of three
interrelated factors: vasocclusive episodes leading to bone infarcts
and subperiosteal hemorrhages, chronic anemia causing expansion
of the medullary spaces, and finally infections (16). These, in turn,
can predispose individuals to other complications, such as bone
development disorders and pathological fractures (17).

Bone marrow expansion also manifests as thinning of the inner and
outer tables of the skull with expected thickening of the diploe (18).
Osteoporosis of the cranial vault can produce a granular appearance on
radiographs; vertical striations or “hair-like projections” that project
from the posterior part (19) (Figure 5).

Acute soft head syndrome is a rare complication in children with
SCD and is related to osteonecrosis and bone infarcts of the skull
associated with secondary subgaleal collections that are managed
conservatively (20) (Figure 6).

Infarctions of the terminal vertebral plates due to microvascular
occlusion produce central depression, giving the appearance of an
H-shaped vertebra (21) (Figure 7).

Bone infarction can occur anywhere in the skeleton and is caused
by the sickle-shaped folding of red blood cells in the bone marrow,
which leads to blood stasis, cell sequestration, hypoxia, and tissue
ischemia, resulting in cell death (22). Infarctions typically occur in
medullary cavities and epiphyses and are often the cause of painful
bone crises, although they can also be silent and found incidentally
in diagnostic imaging (23) (Figure 8).

Infarction and necrosis of the medullary bone create a breeding
ground for the growth and spread of bacteria. The most common
pathogens are Salmonella and S. aureus, among other Gram-negative
bacteria (24). Osteomyelitis generally affects long bones, but it can
also affect small bones, such as the vertebrae (Figure 9). Clinical
manifestations include pain, edema, fever, and increased plasma
inflammatory markers (25).

Distinguishing between osteomyelitis (OM) and bone infarcts
from vasocclusive crises in children with SCD is difficult, particularly
in the acute phase and in cases with negative cultures. In a study
of pediatric patients with SCD who underwent musculoskeletal
ultrasounds, it was found that in the group with osteomyelitis, 84% of
cases presented with periosteal elevation and/or fluid accumulation.
In the group of patients with vasocclusive crisis bone infarcts, the
initial ultrasound showed no collections in 91% of cases, and when
the ultrasound was repeated, none showed fluid accumulation (26).
On contrast-enhanced MRI, the enhancement pattern can be useful in
differentiating acute infarcts from OM. While bone infarcts show fine,
peripheral enhancement, osteomyelitis shows more geographic and
irregular enhancement of the marrow. Similarly, cases of osteomyelitis
have shown cortical defects with abnormal signal intensities crossing
the marrow to the soft tissues (22).
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Figure 5. Female patient, 6 years old, history of SCD. a) Plain skull CT scan,
axial section, bone window, and b) plain skull X-ray. Long, thin vertical
streaks alongside thickening of the skull due to bone marrow hyperplasia
("hairy skull”).

Figure 6. Male patient, 15 years old, hospitalized for painful crisis and
headache. a) Plain CT scan of the skull showing the frontal lobes. High-
density, lenticular-shaped extra-axial hemorrhage adjacent to the right
frontal convexity, without mass effect, approximately 3 mm thick and
associated with subgaleal collection. b) Brain MRI of the same patient,
coronal T2 sequence. Bone infarction in the skull, subperiosteal hematoma,
and laminar subgaleal collection.

Figure 8. Female patient, 9 years old, history of SCD, attends the emergency
department due to pain in her right upper limb. a) Shoulder MRI T2
sequences, b) diffusion, and ¢) T1after contrast administration. Geographic
area located in the proximal humeral epiphysis, surrounded by a line of low
signal on T1 with high signal intensity on T2, without enhancement after
contrast administration and diffusion restriction, characteristics suggestive
of avascular necrosis of the humeral head.

Figure 7. Male patient, 14 years old, history of SCD. a) Lateral projection X-ray of
the lumbar spine and b) sagittal plane CT scan of the thoracic spine. Flattening
and collapse of the terminal vertebral plates, resulting in H-shaped vertebrae.

Rev. Colomb. Radiol. 2024; 35(3): 6214-22 6217



o review article

Figure 9. Male patient, 13 years old, history of SCD, now with pain and limitation in the right knee. Knee MRI, sagittal T2, coronal T1, and coronal T1
sequences after contrast administration. Diffuse enhancement of the thickened synovial membrane with accumulation of joint fluid. Abnormal, irregular,
and poorly defined medullary edema, high signal on T2 and low signal on T1. A localized area of similar signal is observed in the medial femoral condyle,
surrounded by a thin line of low T2/T1, with surrounding medullary edema and slight enhancement after contrast administration.

Thoracic manifestations

Acute chest syndrome

It is the most common cause of lung disease in these patients
and is responsible for 25% of deaths. Episodes are recurrent in up to
80% of cases (27-30). It may be secondary to an infectious process,
ischemia, or fat embolism. Children with CF are 100 times more likely
to develop pneumonia than other children because their immune system
is severely compromised (31, 32). Imaging findings generally include
cardiomegaly secondary to chronic hypoxia, ground-glass opacities,
and consolidations (Figures 10 and 11). Recurrence of this condition
leads to pulmonary sequelae that can trigger fibrosis (33).

Abdominal manifestations

Abdominal manifestations of SCD are mainly secondary to
vasocclusive crises, hemolysis, or infections. Cross-sectional imaging
with ultrasound, CT, and MRI plays an essential role in identifying
complications of the disease (34-36).

Sequestration occurs in 10%—-30% of children aged 6-24 months
and can often be fatal (37). Splenomegaly occurs in approximately
10% of patients over 10 years of age and is a consequence of
vascular congestion (including sequestration), infarction, or abscess
(37-39) (Figure 12). The clinical presentation includes sudden
weakness or lethargy, tachycardia, abdominal pain, and pallor (40).
Approximately 50% of children experience recurrent episodes (41).
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On ultrasound, the spleen appears as a heterogeneous parenchyma
with multiple hypoechoic foci, and on CT, low peripheral density is
the predominant finding. Splenic hemosiderosis is a phenomenon of
chronic systemic iron overload with diffuse deposition of hemosiderin
in reticuloendothelial tissues, including the spleen (42,43) (Figure 13).

Patients with SCD may develop renal dysfunction due to
glomerulosclerosis and papillary necrosis. Ultrasound shows
nephromegaly and increased medullary echogenicity (43-46) (Figure
14).

Renal medullary carcinoma is an aggressive cancer that occurs
almost exclusively in patients with CKD, usually adolescent males
(47). It manifests as a mass in the renal medulla, invading the renal
sinus and cortex, often associated with dilation of the collecting system,
peripheral extension, and adenopathy (48). On ultrasound, the mass is
observed to have mixed echogenicity, with loss of corticomedullary
differentiation and minimal or no flow on color Doppler ultrasound
images (49) (Figure 15). On contrast-enhanced CT and MRI images,
the tumor appears as an infiltrating, poorly defined, hypovascular, and
heterogeneous mass, and the enhancement is usually less than that of
the adjacent cortex and medulla (50) (Figure 16).

Right upper quadrant syndrome manifests as pain, jaundice, nausea,
vomiting, painful hepatomegaly, and elevated transaminases and
bilirubin; It is caused by stones, inflammation, cholestasis, hepatitis, and
hepatotoxicity and can lead to chronic complications such as cirrhosis
and subsequent liver fibrosis (51-53) (Figure 17).
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Figure 10. Female patient, 8
years old, dyspnea and chest
pain. a and b) Chest X-ray.
Posteroanterior and lateral
projections showing bilateral
basal alveolar glass opacities
and H-shaped vertebrae.
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Figure 11. Female patient, 8 years old, with dyspnea and chest pain. Chest CT scan with contrast medium, a) coronal plane
and b) axial plane. Ground-glass opacities and consolidations in both lower lobes due to pneumonia.

Figure 12. Male patient, 12 years old, history of SCD, with pain
in the left hypochondrium for 8 days. Contrast-enhanced
abdominal CT scan, a) coronal and b) sagittal. Enlarged
spleen associated with low peripheral density, findings
consistent with splenomegaly and splenic sequestration.
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Figure 13. Male patient, 11 years old, history of SCD, now with abdominal pain. Abdominal MRI sequences a) axial T2, b) coronal
T2,and c) T1. Low signal intensity in the spleen due to iron deposits with well-defined areas of high signal distributed throughout
the parenchyma, corresponding to areas of respect.

Figure 14. Female patient, 6 years old, history of
SCD, ultrasound follow-up. Renal and urinary tract
ultrasound. a and b) Increased echogenicity of the
renal pyramids bilaterally due to vascular congestion.

Figure 15. Female patient, 13 years old, history of SCD with recent

diagnosis of renal medullary carcinoma. Renal and urinary tract ultrasound. Figure 16. Female patient, 13 years old, history of SCD, recent diagnosis of
Heterogeneous mass with poorly defined edges, located in the left renal renal medullary carcinoma and pulmonary metastasis. a) Contrast-enhanced
sinus, without color Doppler signal, measuring approximately 5 cm in its abdominal CT scan: infiltrating mass of the left kidney, poorly defined,
largest diameter. hypovascular, and heterogeneous with lower enhancement than the adjacent

cortex and medulla. b) Contrast-enhanced chest CT scan: multiple solid
nodules of random distribution and variable size due to metastasis. Associated
inflammatory lesions.
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Figure 17. Male patient, 10 years old, with colicky abdominal pain located in the right hypochondrium. a and b) Total abdominal ultrasound showing
amorphous, mobile echoes without acoustic shadowing, located in the gallbladder, in areas of decline, consistent with biliary sludge, associated with
multiple echogenic, mobile images that cast posterior acoustic shadowing consistent with stones, without additional inflammatory signs; findings
consistent with cholelithiasis without cholecystitis. ¢) Contrast-enhanced abdominal CT scan in the portal phase. Gallstone in the gallbladder, without signs.

Conclusions

Diagnostic imaging plays an essential role in the management of

pediatric patients with sickle cell anemia. Knowledge of the different

imaging manifestations of the disease will enable a correct differential

diagnosis with other diseases, adequate monitoring of this pathology,

and facilitate early and timely treatment.
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