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S ickle cell anemia (SCA) is one of 
the most common inherited hemo-
globinopathies and is associated 

with high morbidity and mortality, partic-
ularly in the early childhood of the most 
affected population.1 Children who have 
only hemoglobin S usually have severe in-
termittent illness during life, with painful 
vaso-occlusive episodes and complications 
of their sickle cell disease. A few children 
will have a less severe course, owing to 
higher levels of Hb F.2,3

Patients with SCA are living longer 
with better medical management, and 
what were previously uncommon sequelae 
are frequently being recognized, includ-
ing those involving the cardiovascular sys-
tem.4,5 

The cardiac manifestations of SCA 
are a significant feature of the disease but 
there is a paucity of information about the 
cardiovascular involvement in these pa-
tients.1 

Pulmonary hypertension has been 
identified as a major risk factor for death 
in adults with sickle cell anemia. The nat-
ural history of pulmonary hypertension in 
children with SCA is unknown, and there-
fore the optimal diagnostic and therapeu-
tic strategy for pulmonary hypertension 
has not been identified.6 

Conventional 2-dimensional, M-
mode, and spectral Doppler echocardio-
graphic imaging have documented abnor-
mal ventricular function in adults with 
sickle cell disease.7 Tissue Doppler echo-
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Introduction: The aim of this study was aim to evaluate cardiac function by means of echocardiography in 
patients with sickle cell anemia.
Methods: This was a case control study that evaluated a total of 44 patients with sickle cell anemia, who 
were on regular follow up, and 44 age/sex-matched normal healthy control subjects. M-mode, two-dimen-
sional, Doppler and pulse tissue-Doppler echocardiographic measurements were performed in both groups.
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ly. Pulsed Doppler echocardiography showed that the early diastolic trans-tricuspid peak flow velocity was 
greater in the patients than in the control subjects. Assessment of the lateral mitral and tricuspid annulus 
peak velocities by pulsed tissue Doppler imaging showed that the patients had significantly greater systolic, 
and early and late diastolic velocities than the controls. The left ventricular diameter, interventricular septum 
diameter, and posterior wall diameter were statistically significantly greater in the patients compared with the 
control group, whereas there was no difference in ejection fraction.
Conclusion: Sickle cell anemia in children results in a volume-overloaded heart with a significant increase in 
left ventricular dimensions. However, left ventricular systolic dysfunction and pulmonary hypertension were 
not frequent findings in our patients.
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cardiography provides additional information about 
myocardial function8.

This study aimed to evaluate myocardial function 
in patients with SCA using M-mode, conventional 
and tissue Doppler imaging.

Methods

This case-control study was conducted at an outpa-
tient clinic affiliated with Shiraz University of Medi-
cal Sciences in Shiraz, Southern Iran, from June 2011 
to June 2012. The investigation was approved by the 
ethics committee of the university, and written in-
formed consent was obtained from the patients or 
their parents.

The criteria for enrollment in this study were ful-
filled by 44 patients with SCA who were on follow up 
in hematologic centers. The diagnosis was established 
based on complete blood count (CBC), hemoglo-
bin electrophoresis, solubility test, and clinical status. 
The exclusion criteria were hypothyroidism, diabetes 
mellitus, any congenital cardiac disease, hemoglobin-
opathies other than sickle cell homozygous (SS), and 
pregnancy or lactation. The patients’ medical histo-
ries were recorded, including drug history or transfu-
sion. All of the patients had homozygous SCA. All of 
their parents were anemia heterozygous, a sickle cell 
trait which was confirmed by the CBC, solubility test, 
and hemoglobin electrophoresis.

The study also included 44 age/sex-matched nor-
mal healthy subjects. They were randomly selected from 
people who were coming to our general pediatric clinic 
for a routine checkup. These subjects had no personal or 
family history of cardiac or hematologic disease.

Fasting blood sample was taken for complete 
blood count and measurement of serum ferritin (mini-
VIDAS, Japan).

Echocardiographic methods

Echocardiography was performed using a GE Vivid 
3 echocardiographic machine (GE Vingmed, Horten, 
Norway) with a 3-MHz probe and pulsed-Doppler tis-
sue imaging software. All M-mode, two-dimensional, 
Doppler, and tissue Doppler echocardiographic mea-
surements were performed by the same qualified car-
diologist with the patient in the left lateral decubitus 
position. Ejection fraction, shortening fraction, and 
septal and posterior wall thickness in systole and di-
astole were measured in the left parasternal long-axis 
view.

The pulsed Doppler sample volume was placed at 
the mitral valve and tricuspid tips, and three cardiac cy-
cles were recorded from the apical window. Early (E) 
and late (A) peak velocities (m/s) and their ratio were 
determined for evaluation of diastolic function. Accel-
eration and ejection time of pulmonary flow and its ra-
tio were measured in the parasternal short-axis view.

In the case of pulmonary or tricuspid regurgita-
tion, the gradients (mmHg) were measured for the 
estimation of pulmonary artery pressure. Pulsed tis-
sue Doppler imaging was performed with the sample 
volume placed at the lateral mitral annulus, subse-
quently on the medial (or septal) and lateral tricus-
pid annulus in the apical four-chamber view, and then 
at the anterior and posterior wall in the parasternal 
short-axis view. In each region, peak systolic (S) wave, 
peak early (Ea) and peak late (Aa) diastolic velocities 
and ejection time were recorded.

Statistical analysis

The numeric data are presented as mean ± standard 
deviation. The independent samples t-test was used 
to compare echocardiographic data between patients 
and controls. Pearson correlation was used to evalu-
ate correlations between echocardiographic param-
eters and hematologic parameters. A p-value <0.05 
was considered significant for all the statistical tests.

Results

A total of 44 patients with SCA were included in this 
study. The demographic data, clinical and laborato-
ry variables of the patients and controls are shown in 
Table 1. Only three patients had a significant increase 
in serum ferritin levels (ferritin >1000). All patients 
were transfusion-independent, except for three who 
had been on irregular transfusion (3-4 times per year) 
for a period of 3-20 years. Forty-five percent of the 
patients were on hydroxyurea (10-20 mg/kg/day). No 
patient had clinical signs of heart failure and none 
had a decreased ejection fraction (<55%). In this 
study, one patient demonstrated pulmonary artery 
hypertension, defined as a peak trans-tricuspid regur-
gitation gradient exceeding 36 mmHg, or a peak pul-
monary regurgitation gradient exceeding 25 mmHg.

The M-mode and Doppler echocardiographic find-
ings are summarized in Table 2. The ejection fraction 
was 72 ± 12% in sickle cell patients and 75 ± 5% in the 
control group (p=0.4). End-diastolic and end-systolic 
left ventricular diameter, left ventricular volume, left 
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ventricular posterior wall diameter, and interventricu-
lar septum thickness were significantly greater in the pa-
tients than in controls (p<0.01). The early and late dia-
stolic velocities of the tricuspid and mitral valves did not 
differ significantly between the groups (p>0.05).

The pulsed Doppler tissue imaging data are pre-
sented in Table 3. The peak systolic velocity, peak 
early diastolic velocity, peak atrial velocity of the lat-
eral mitral annulus and septum were all significant-
ly greater in patients than in controls (p<0.05). The 
peak systolic velocity of the lateral tricuspid annulus 
was not significantly different, but the peak early dia-
stolic velocity and the peak atrial velocity of the lat-
eral tricuspid annulus were significantly greater in pa-
tients compared to controls (p<0.05).

The serum ferritin level had a statistically signifi-
cant positive correlation with the tricuspid E/A peak 
velocity ratio (r=0.75, p=0.01) and the end-systolic left 

ventricular posterior wall diameter (r=0.40, p=0.03).
The percentage of hemoglobin S had a correla-

tion with the systolic velocity of the lateral tricus-
pid annulus (r=0.35, p=0.04), the systolic velocity of 
the lateral mitral annulus (r=0.47, p=0.006) and the 
early diastolic velocity of the tricuspid valve (r=0.46, 
p=0.007).

The percentage of hemoglobin F had a correla-
tion with the tissue-Doppler–derived systolic velocity 
of the lateral tricuspid annulus (r=-0.35, p=0.04), the 
systolic velocity of the lateral mitral annulus (r=-0.35, 
p=0.035), and the early diastolic velocity of the tri-
cuspid valve (r=-0.4, p=0.019).

Discussion

In this study, there was a statistically significant cor-
relation between the serum ferritin level and the E/A 

Table 1. Demographic, clinical and laboratory variables of the patients and control groups.

 Patients Controls p

Sex (M/F) 45%/55% 45%/55% 
Mean age 14.06 ± 6.41 14.04 ± 5.68 0.24
Mean hemoglobin (g/dL) 9.4 ± 1.20 15.3 ± 2.21 0.13
Median ferritin (ng/dL) (range) 200 (30-3000) - 
Mean hemoglobin S (g/dL) 66.4 ± 13.3 - 
Mean hemoglobin F (g/dL) 22.7 ± 12.9 - 
Mean New York Heart Association classification 0.7 ± 0.42 - 

Table 2. M-mode and Doppler echocardiographic measurements 
in patients with sickle cell anemia (SCA) and control subjects.

 SCA patients Controls  p

EF (%) 72 ± 12 75 ± 5 0.4
IVSd (mm) 0.90 ± 0.20 0.67 ± 0.15 <0.001
IVSs (mm) 1.2 ± 0.26 0.8 ± 0.18 <0.001
LVIDd (mm) 4.2 ± .0.60 3 ± 0.5 <0.001
LVIDs (mm) 2.4 ± 0.50 1.7 ± 0.3 <0.001
LVPWd (mm) 0.77 ± 0.18 0.67 ± 0.15 <0.001
LVPWs (mm) 0.90 ± 0.19 0.7 ± 0.14 <0.001
Et (cm.s) 0.70 ± 0.39 0.18 ± 0.1 0.040
At (cm.s) 0.50 ± 0.15 0.4 ± 0.17 0.120
Et/At 1.80 ± 1.10 1.5 ± 0.5 0.501
Em (cm.s) 1.10 ± 0.26 1.05 ± 0.17 0.150
Am (cm.s) 0.69 ± 0.28 0.57 ± 0.12 0.081
Em/Am 1.5 ± 0.9 1.8 ± 1.3 0.140

EF – ejection fraction; IVSd – interventricular septum diastolic dimension; 
IVSs – interventricular septum systolic dimension; LVIDd – left ventricular 
diastolic internal diameter; LVIDs – left ventricular systolic internal 
diameter; LVPWd – left ventricular posterior wall diastolic thickness; 
LVPWs – left ventricular posterior wall systolic thickness; Et – tricuspid 
E wave peak velocity; At – tricuspid A wave peak velocity; Em – mitral E 
wave peak velocity; Am – mitral A wave peak velocity.

Table 3. Pulsed tissue Doppler measurements in patients with 
sickle cell anemia (SCA) and control subjects.

 SCA patients Controls p

Septum

 S (m/s) 0.09 ± 0.02 0.06 ± 0.02 0.001
 Ea (m/s) 0.14 ± 0.02 0.12 ± 0.03 0.008
 Aa (m/s) 0.08 ± 0.02 0.07 ± 0.02 0.039

Mitral valve

 S (m/s) 0.09 ± 0.01 0.06 ± 0.02 <0.001
 Ea (m/s) 0.19 ± 0.04 0.14 ± 0.04 <0.001
 Aa (m/s) 0.08 ± 0.01 0.06 ± 0.02 0.030
 E/Ea 6.14 ± 1.90 7.6 ± 2.70 0.010

Tricuspid valve

 S (m/s) 0.20 ± 0.04 0.11 ± 0.03 0.210
 Ea (m/s) 0.17 ± 0.03 0.14 ± 0.04 0.006
 Aa (m/s) 0.14 ± 0.04 0.11 ± 0.03 0.010
 E/Ea 1.80 ± 1.50 1.5 ± 0.52 0.501

S – peak systolic velocity by tissue Doppler; Ea – peak early diastolic 
velocity by tissue Doppler; Aa – peak atrial velocity by tissue Doppler.
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ratio of tricuspid peak velocity. This correlation indi-
cates that diastolic dysfunction is associated with an 
increased ferritin level.

The percentage of hemoglobin S had a correla-
tion with the systolic velocity of the lateral tricuspid 
annulus, the systolic velocity of the lateral mitral an-
nulus, and the early diastolic velocity of the tricuspid 
valve. Increased velocities can be an indicator of in-
creased heart function (hyperdynamic state) with in-
creased hemoglobin S.9

The percentage of hemoglobin F had an inverse 
correlation with the systolic velocity of the lateral tri-
cuspid annulus, the systolic velocity of the lateral mi-
tral annulus, and the early diastolic velocity of the 
tricuspid valve. This reverse correlation may show a 
protective effect of hemoglobin F, attenuating the hy-
perkinetic state due to SCA.

This study showed that only three patients had a 
significant increase in ferritin levels (ferritin >1000), 
which could be an indicator of an iron overload in the 
studied population. It is important to mention that 
serum ferritin levels cannot show the exact status of 
an iron overload in SCA.6 The mean percentage of 
hemoglobin F was 22.7 ± 12.9%. In similar studies 
that evaluated heart function and pulmonary hyper-
tension in patients with SCA, the range of hemoglo-
bin F levels was 5-8%.10 The higher hemoglobin F in 
our patients may explain the lower incidence of pul-
monary hypertension and better heart function com-
pared with other studies.

A study in Howard University, USA, using an 
echocardiographic assessment of tricuspid valve re-
gurgitant jet velocity of ≥2.5 m/s as a diagnostic crite-
rion, demonstrated pulmonary hypertension in 32% 
of adult sickle cell patients, and the prevalence ap-
peared to increase with the patients’ age.11 In patients 
between 40 and 49 years of age, the prevalence was 
40%, but it increased to 55-60% by age 50 and above. 
Other studies have documented prevalence rates be-
tween 20% and 40%.11-13 In our study, just one pa-
tient had pulmonary hypertension—a lower rate than 
in previous published retrospective studies. This dif-
ference could be due to a younger age range or a 
milder form of the disease in our region, or higher he-
moglobin F in the patients evaluated, which may have 
had a protective effect.

Pulsed Doppler tissue imaging is an established 
technique as a component of a diagnostic ultrasound 
examination. This technique permits the assessment 
of regional left ventricular function, myocardial ve-
locity, and time intervals throughout the cardiac cy-

cle. Findings have demonstrated that pulsed Doppler 
tissue imaging gives additional information compared 
with other echocardiography techniques, detecting 
even minor diastolic changes in several diseases and 
thereby aiding in the determination of the progno-
sis.8-14

In our study, systolic function was also in the nor-
mal range, but there was a statistically significant in-
crease in left ventricular volume and tissue Doppler 
velocities. In a study by Lewis et al, which aimed to 
determine whether left ventricular diastolic abnor-
malities are an early feature of SCA, indexes of dia-
stolic filling were obtained with pulsed Doppler echo-
cardiography. The results demonstrated that left ven-
tricular diastolic filling patterns are altered in pa-
tients with SCA and that these diastolic abnormali-
ties may be present in the absence of symptoms of 
heart failure.15 In another study by Moyssakis et al, 
which included middle aged patients with sickle be-
ta thalassaemia, diastolic function was abnormal in 
both ventricles but still higher in the right ventricle, 
whereas systolic function remained unchanged.16 In a 
study by Sachdev et al, diastolic dysfunction and pul-
monary hypertension each contributed independently 
to mortality in patients with SCA. Patients with both 
risk factors had an extremely poor prognosis. Diastol-
ic function was assessed using pulsed Doppler peak E 
and A velocities, E/A ratio, deceleration time and tis-
sue Doppler echocardiography. Their study showed 
an increased prevalence of diastolic dysfunction alone 
in SCA patients and pulmonary hypertension alone in 
younger patients.17

The early trans-tricuspid peak flow velocities in 
the patients were higher than those of the control 
subjects. There was also a difference in mitral E/Ea 
(p=0.01), which was lower in the patients. The fill-
ing pattern observed in our patients may have result-
ed from an increased volume overload (hyperdynamic 
state) caused by chronic anemia.

Assessment of the mitral and tricuspid valve sys-
tolic and diastolic function with pulsed Doppler tissue 
imaging showed significant differences for all mea-
sured parameters between the patient group and the 
control subjects, with velocities being higher in the 
patient group.

In a study by Kilinc Y et al, M-mode echocardio-
graphic findings were compared between sickle cell 
anemic and healthy children. Their findings showed 
a greater left ventricular end-diastolic dimension in 
sickle cell patients compared to their controls. The 
difference could be due to the patients’ anemia. Left 
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ventricular contraction was good and systolic function 
was normal, while there was no correlation between 
the echocardiographic findings and hematological in-
dices.18 Another study found that SCA in children re-
sults in a volume-overloaded heart with a significant 
increase in left ventricular dimensions and mass, both 
proportional to the degree of anemia.19

In our study, the M-mode echocardiographic 
findings, including left ventricular internal diastolic 
dimension, left ventricular internal systolic dimen-
sion, left ventricular posterior wall diastolic diameter, 
left ventricular posterior wall systolic diameter, inter-
ventricular septum diastolic dimension, and interven-
tricular septum systolic dimension, showed a statisti-
cally significant difference compared with the control 
group, whereas ejection fraction showed no such dif-
ference.

Conclusions

Sickle cell patients exhibit statistically significant 
changes in left ventricular volume and pulsed tissue 
Doppler imaging parameters. Sickle cell anemia in 
children results in a volume-overloaded heart with a 
significant increase in left ventricular dimensions and 
mass. However, left ventricular systolic dysfunction 
and pulmonary hypertension were not frequent find-
ings in our patients with SCA. This could be due to 
higher levels of hemoglobin F in our region compared 
to other populations.

Acknowledgement

We would like to thank Shiraz University of Medical 
Sciences for financial support of this thesis with code 
number 2907. In addition, the authors would like to 
thank Salma Husain for editing this manuscript. We 
also thank Shirin Parand at the Hematology Research 
Center for help with manuscript preparation.

References

1. Adebayo RA, Balogun MO, Akinola NO, Akintomide AO. 
Cardiovascular changes in sickle cell anaemia. Niger J Med. 
2002; 11: 145-152.

2. Fathallah H, Atweh GF. Induction of fetal hemoglobin in the 
treatment of sickle cell disease. Hematology Am Soc Hema-
tol Educ Program. 2006; 58-62.

3. Bailey K, Morris JS, Thomas P, Serjeant GR. Fetal haemo-

globin and early manifestations of homozygous sickle cell dis-
ease. Arch Dis Child. 1992; 67: 517-520.

4. Simmons BE, Santhanam V, Castaner A, Rao KR, Sachdev 
N, Cooper R. Sickle cell heart disease. Two-dimensional 
echo and Doppler ultrasonographic findings in the hearts of 
adult patients with sickle cell anemia. Arch Intern Med. 1988; 
148: 1526-1528.

5. Balfour IC, Covitz W, Arensman FW, Eubig C, Garrido M, 
Jones C. Left ventricular filling in sickle cell anemia. Am J 
Cardiol. 1988; 61: 395-399.

6. Debaun MR, Ferijones M, Vichinsky E. Sickle cell disease. 
In: Kliegman RM, Stanton BF, Geme SJ, Schor NF, Beh-
rman RE (editors). Nelson text book of pediatrics.19th ed. 
Philadelphia: Elsevier Saunders; 2011.Chapter 21, Diseases 
of the blood; p.1663-1670.

7. Eddine AC, Alvarez O, Lipshultz SE, Kardon R, Arheart K, 
Swaminathan S. Ventricular structure and function in chil-
dren with sickle cell disease using conventional and tissue 
Doppler echocardiography. Am J Cardiol. 2012; 109: 1358-
1364.

8. Miyatake K, Yamagishi M, Tanaka N, et al. New method for 
evaluating left ventricular wall motion by color-coded tissue 
Doppler imaging: in vitro and in vivo studies. J Am Coll Car-
diol. 1995; 25: 717-724.

9. Lamers L, Ensing G, Pignatelli R, et al. Evaluation of left 
ventricular systolic function in pediatric sickle cell anemia pa-
tients using the end-systolic wall stress-velocity of circumfer-
ential fiber shortening relationship. J Am Coll Cardiol. 2006; 
47: 2283-2288.

10. Akinsheye I, Alsultan A, Solovieff N, et al. Fetal hemoglobin 
in sickle cell anemia. Blood. 2011; 118: 19-27.

11. Aliyu ZY, Gordeuk V, Sachdev V, et al. Prevalence and risk 
factors for pulmonary artery systolic hypertension among 
sickle cell disease patients in Nigeria. Am J Hematol. 2008; 
83: 485-490.

12. Gladwin MT, Sachdev V, Jison ML, et al. Pulmonary hyper-
tension as a risk factor for death in patients with sickle cell 
disease. N Engl J Med. 2004; 350: 886-895.

13. Vichinsky EP. Pulmonary hypertension in sickle cell disease. 
N Engl J Med. 2004; 350: 857-859.

14. Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA, Qui-
ñones MA. Doppler tissue imaging: a noninvasive technique 
for evaluation of left ventricular relaxation and estimation of 
filling pressures. J Am Coll Cardiol. 1997; 30: 1527-1533.

15. Lewis JF, Maron BJ, Castro O, Moosa YA. Left ventricular 
diastolic filling abnormalities identified by Doppler echocar-
diography in asymptomatic patients with sickle cell anemia. J 
Am Coll Cardiol. 1991; 17: 1473-1478.

16. Moyssakis I, Tzanetea R, Tsaftaridis P, et al. Systolic and dia-
stolic function in middle aged patients with sickle beta thal-
assaemia. An echocardiographic study. Postgrad Med J. 2005; 
81: 711-714.

17. Sachdev V, Machado RF, Shizukuda Y, et al. Diastolic dys-
function is an independent risk factor for death in patients 
with sickle cell disease. J Am Coll Cardiol. 2007; 49: 472-479.

18. Kilinç Y, Acartürk E, Kümi M. Echocardiographic findings 
in mild and severe forms of sickle cell anemia. Acta Paediatr 
Jpn. 1993; 35: 243-246.

19. Batra AS, Acherman RJ, Wong WY, et al. Cardiac abnor-
malities in children with sickle cell anemia. Am J Hematol. 
2002; 70: 306-312.


