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Echocardiographic evaluation in patients with sickle cell disease.
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Therefore, the early identification of markers of sickle cell
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lllustration) is essential for the appropriate management of
the cardiovascular condition in these patients.
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This review provides a comprehensive overview of the
use of echocardiography in pediatric patients with SCD,
highlighting the main characteristics of the condition and
the importance of regular follow-up.

Introduction

Sickle cell disease (SCD) is considered the most prevalent
hereditary genetic disorder worldwide.

In Brazil, this condition affects between 60,000 and
100,000 individuals and has a higher incidence among the
Afro-descendant population (8%). The distribution across the
Brazilian territory is heterogeneous, with a higher incidence
in the states of Bahia, Distrito Federal, and Piaui. The national
incidence is approximately 1:1,200 live births, while it
reaches 1:650 live births in Bahia.’

SCD is characterized by a recessive autosomal hereditary
mutation, in which the glutamic acid is replaced by valine
at the sixth position of the hemoglobin (Hb) beta chain. As
a result, the organism produces Hb S, an abnormal type of
Hb responsible for the physiopathology of SCD. Hb S has a
shorter half-life (approximately one-sixth of the normal Hb A)
due to its increased susceptibility to hemolysis and increased
adhesiveness, contributing to vaso-occlusive events.

The disease may manifest as a homozygous form (Hb SS),
known as sickle cell anemia, which is the most severe and
prevalent form (approximately 60% to 75% of cases), with
symptoms typically beginning within the first year of life. The
heterozygous form occurs in approximately 25% to 40% of
cases, tends to be milder, and results from the association
of Hb S with other abnormal Hb, such as Hb SC and Hb SE.
On the other hand, the sickle cell trait occurs when there
is an association between Hb S and Hb A.? Individuals with
sickle cell trait are usually asymptomatic.

Under stress conditions (e.g., extreme temperatures,
infection, or dehydration), the deoxygenated Hb S undergoes
polymerization, causing red blood cells to assume a sickle
shape. This condition makes Hb more prone to hemolysis,
leading to chronic anemia. Moreover, the increased Hb
rigidity impairs its passage through the microvasculature,
triggering repeated painful vasoconstriction, endothelial
dysfunction, inflammation, and ischemia-reperfusion injury.

The cardiac involvement in SCD arises from multiple
mechanisms:

— Chronic hemolytic anemia leads to reflex peripheral
vasodilation to improve tissue oxygen delivery. This
condition activates the renin-angiotensin-aldosterone
system to retain sodium and water and, consequently,
increase preload and chronic cardiac chamber
dilation, particularly in the left chambers. Over time,
this results in compensatory eccentric hypertrophy.

— Chronic vaso-occlusive crises may cause microvascular
myocardial dysfunction, renal failure, and systemic
arterial hypertension. These conditions promote
myocardial fibrosis and consequent systolic (less
common) and diastolic dysfunction (more frequent).

— Pulmonary hypertension in patients with SCD
is multifactorial (Group 5): it may present with

pre-capillary (arterial) characteristics secondary
to intravascular hemolysis and Hb release into
the plasma, which consumes nitric oxide and
causes vasoconstriction, and post-capillary (venous)
characteristics, in which diastolic dysfunction increases
ventricular filling pressure, impairing blood flow
through pulmonary veins and increasing pulmonary
venous pressure. Additionally, chronic hypoxia and
pulmonary thromboembolism may further contribute
to elevated pulmonary pressure in patients with SCD.

Given these alterations, qualified and regular
echocardiographic assessments are essential in patients
with SCD.

Echocardiographic evaluation in patients with SCD

Dilation of cardiac chambers

The dilation of cardiac chambers, particularly the left
chamber, occurs in approximately 30% to 65% of patients
with SCD and is more prevalent in adults and those with
the most severe form.

Atrium dilation is the earliest cardiac alteration resulting
from volume overload secondary to compensatory
vasodilation in response to anemia as a mechanism to
improve oxygen delivery to tissues.

Sabatini et al. demonstrated an inverse association
between serum Hb levels (degree of anemia) and left atrial
dilation, and a direct association between reticulocyte levels
(a marker for hemolytic anemia) and left atrial dilation?
(Figure 1).

Eccentric hypertrophy

Eccentric hypertrophy (more common in the left chambers)
occurs in 25% to 45% of patients with SCD and is more
prevalent among older adults and individuals with more severe
hemolytic anemia.

Koyunku et al. conducted a retrospective study on
146 patients with SCD aged over 18 years and found
that 45 (30.8%) patients presented eccentric hypertrophy.
After a 5-year follow-up, 31 (21.2%) patients had died.
Survival analysis showed that patients presenting eccentric
hypertrophy had a worse prognosis (the greater the eccentric
hypertrophy, the higher the risk of death).*

Cardiac dysfunction

Chronic hemolytic anemia and recurrent vaso-
occlusive episodes are physiopathological mechanisms
for microvascular dysfunction and myocardial fibrosis.
Moreover, disease-related systemic alterations, such as
renal dysfunction, systemic arterial hypertension, and iron
overload (which may occur in patients receiving periodical
blood transfusions), contribute to the development or
worsening of cardiac dysfunction, or both.

Diastolic dysfunction is common in adults with SCD
(approximately 15% to 20% of cases) and is associated with
an increased risk of premature death.> Evaluating diastolic
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Figure 1 - Apical 2- and 4-chamber views for left atrial volume calculation.

function in patients with SCD is needed but also challenging
for echocardiographers.

In children, the assessment of diastolic function is limited
because the Doppler parameters vary significantly according
to age, body surface area, and heart rate. Unlike systolic
function, which can be evaluated using one parameter (e.g.,
ejection fraction), there is no single gold-standard marker for
diastolic function.

Even invasive measurements obtained by cardiac
catheterization have limitations and provide only partial
information on ventricular diastolic characteristics. Also,
the parameters used to define diastolic dysfunction may
be affected by the underlying disease physiopathology
without truly reflecting diastolic function alterations, such
as atrial dilation.®’

In the general population, atrial dilation is associated with
increased ventricular filling pressures. However, this dilation
in patients with SCD occurs early in the development of the
disease due to volume overload from the compensatory
physiopathology of the condition and may not reflect
elevated filling pressures. Hammoudi et al. evaluated 127
patients with SCD and found that most presented with
left atrial dilation, but this finding was not associated with
diastolic dysfunction. Instead, it correlated with disease
severity and duration.®
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Tricuspid regurgitation velocity peak is another parameter
used to assess diastolic function. However, an increase in this
parameter in patients with SCD may not necessarily indicate
elevated pulmonary arterial pressure but rather increased
cardiac preload or pre-capillary pulmonary hypertension.
Hence, tricuspid regurgitation velocity data must be
interpreted with caution in this population.®

The ratio between early diastolic transmitral flow
velocity and tissue Doppler velocity (E/e’) is also used to
estimate the left ventricular filling pressure in SCD. Sachdev
etal. assessed 436 patients with SCD (homozygous for Hb
S) and found that the E/e’ ratio independently correlated
with reduced exercise capacity measured using the six-
minute walk test.®

Another parameter used to evaluate diastolic function
is the ratio between early and late diastolic flow velocity
(E/A ratio). In a study of 141 patients with SCD, Sachdev
et al. found that a low E/A ratio (i.e., indicative of diastolic
dysfunction) was associated with increased mortality risk
(hazard ratio of 3.5 ).

Systolic dysfunction (assessed by conventional
echocardiography) is rare in children with SCD.* Poludasu
et al. performed a meta-analysis of 19 case-control studies
and found no significant difference in systolic function
between 841 patients with SCD (homozygous Hb S) and
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554 controls when evaluated using echocardiographic
parameters'® (Figure 2).

Strain analysis in SCD: what is new?

The development of 2D strain imaging enabled the early
detection of cardiac damage in many chronic diseases and
has become an increasingly important tool in prognostic
stratification. The aim is to highlight the contribution of 2D
strain in detecting subclinical ventricular myocardial damage
in patients with SCD.

Cardiac dilation and eccentric ventricular hypertrophy in
patients with SCD occur in response to increased preload and
may progressively alter the cardiac function. These alterations
contribute to morbidity and mortality in patients with SCD.

The global longitudinal strain of the left ventricle is a
more specific predictor of myocardial remodeling than the
left ventricle ejection fraction (LVEF), making it a sensitive
tool for detecting early systolic dysfunction even when LVEF
is preserved.

Studies have shown that patients with SCD presenting
lower Hb levels (Hb < 9 g/dl) and increased preload are more
likely to develop long-term subclinical systolic dysfunction in
the left ventricle due to the limited adaptability of the heart
to chronic preload increases. Resende et al. followed 219
patients with SCD for 30 months and observed that those
with abnormal strain had worse clinical outcomes (pain crises,
acute chest syndrome, and SCD-related death), independent
of age, tricuspid regurgitation velocity peak, and ejection
fraction assessed using conventional echocardiography. Thus,
patients with SCD who present abnormal strain are at greater
risk for adverse outcomes'" (Figure 3).

Pulmonary hypertension

Pulmonary hypertension is characterized by reduced
blood flow through the pulmonary arterial circulation due
to increased pulmonary vascular resistance and elevated
arterial pressures.

The prevalence of pulmonary hypertension is higher in
patients with Hb SS disease than in those with SC, SB+, or
SB° thalassemia.

Studies using echocardiography to measure tricuspid
regurgitation velocity peak as an index of systolic pulmonary
artery pressure demonstrated a high prevalence (30%) of
pulmonary hypertension in patients with SCD.®

The physiopathology of pulmonary hypertension varies.
First, since pulmonary pressure is a product of flow and
pulmonary vascular resistance, the high cardiac output in
SCD leads to increased pulmonary pressure regardless of
altered pulmonary vascular resistance. Second, chronic
volume overload may lead to left ventricular failure and
subsequent pulmonary venous hypertension. Third,
intravascular hemolysis may induce pulmonary arterial
vasculopathy, mainly driven by nitric oxide depletion due
to free plasma Hb.

Last, several other mechanisms may contribute, including
hypoxemia, post-embolic pulmonary hypertension, lunginjury

related to SCD, and chronic liver disease. Importantly, several
of these factors often occur simultaneously in the same patient
with SCD and pulmonary hypertension. This represents a
major challenge in the clinical management of the disease.
Therefore, these patients are currently classified into Group 5
of the WHO classification system for pulmonary hypertension.’

Mehari et al. studied 531 patients and found associations
between pulmonary pressure and reduced exercise tolerance
and increased mortality rate in patients with SCD.?

Given the impact of pulmonary hypertension on the
morbidity and mortality of patients with SCD, the American
Thoracic Association published a management guideline
in 2014 recommending diagnostic cardiac catheterization
when tricuspid regurgitation velocity was = 3 m/s or between
2.5 and 2.9 m/s in symptomatic patients (e.g., reduced
performance in the six-minute walk test or elevated serum
NT-pro-BNP) '* (Figure 4).

Echocardiographic assessment during SCD treatment

Symptomatic patients with SCD or those with pulmonary
hypertension are candidates for disease-modifying
treatments.

Hydroxyurea is one of the drugs used to treat SCD. One of
its mechanisms of action is to increase fetal Hb levels; thus,
reducing pathological Hb S levels and its physiopathological
consequences.

Dhar et al. analyzed 100 patients with SCD, including
60 who received hydroxyurea, and observed that left
ventricular dilation and hypertrophy significantly improved
with hydroxyurea therapy. Additionally, left ventricular
volume and mass were inversely correlated with treatment
duration, demonstrating that pharmacological therapy may
lead to cardiac remodeling."

Another recommended therapy in symptomatic patients
with SCD is chronic blood transfusion, aimed at reducing
levels of pathological Hb S.

Turpin et al. evaluated 13 patients with SCD (homozygous
Hb S) before and after chronic blood transfusion therapy and
observed improved functional class and reduced tricuspid
regurgitation jet velocity following transfusion.'

Therefore, patients with SCD undergoing disease-
modifying treatment should also be regularly evaluated
by echocardiography for a better definition of the
cardiovascular status.

Echocardiographic assessment during SCD crises

Patients with SCD may present numerous acute events
throughout life, such as pain crises, acute chest syndrome,
splenic sequestration, and stroke.

Onalo etal. followed 176 patients for two years (92 without
crisis and 84 with at least one crisis) and found a higher
prevalence of pulmonary hypertension and cardiac dysfunction
in those who experienced a crisis during this period.'®

Therefore, patients with SCD who present with a sickle
cell crisis must have their cardiovascular status re-evaluated to
ensure appropriate cardiac management during these episodes.
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Figure 2 — Apical 2- and 4-chamber views for the analysis of ventricular function during systole and diastole. Ejection fraction was
calculated using Simpson’s method. CVEd/VDFVE: Left Ventricular End-Diastolic Volume; MOD: Simpson’s Method; FEVE/FE: Left
Ventricular Ejection Fraction; CVE/VSFVE: Left Ventricular End-Systolic Volume; SV: Stroke Volume.
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Figure 3 - Left ventricle global longitudinal strain of -19.5% in a child with SCD. Sept: Septal wall; Ant: Anterior wall; Inf: Inferior wall;
Lat: Lateral wall; Post: Posterior wall; GLPS: Global Longitudinal Peak Strain; FR: Frame Rate
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Figure 4 - Apical 4-chamber view for the analysis of tricuspid regurgitation using continuous Doppler in a patient with SCD. PG:
Pressure Gradient; CW: Continuous Wave Doppler; WF: Waveform; CF: Color Flow Doppler

Conclusion

Routine echocardiogram for asymptomatic pediatric
patients with SCD is not yet a reality in clinical practice.
However, the significant impact of cardiac alterations can
be already observed from childhood.

Serial echocardiography exams must be considered to
allow an early diagnosis of cardiac complications, improve
clinical care for patients with SCD, and reduce cardiovascular
morbidity and mortality in this population.
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