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Background: The status of left ventricle in sickle cell anemia presenting in sickle crisis and

follow up has been minimally studied in past. To determine the left ventricular (LV)

myocardial performance in these patients, we performed the study to assess two dimen-

sional strains imaging which allowed a rapid and an accurate analysis of global and

regional LV myocardial performance in longitudinal, radial, and circumferential directions.

Methods: In this prospective study, 2-dimensional echocardiography (2DE) images of the LV

were obtained in 52 subjects which included 32 patients (23 � 8yrs, 16 male) with homo-

zygous sickle cell anemia (SCA) in sickle cell crisis and 20 healthy controls (23 � 5 yrs, 11

male) using apical 4-chamber and parasternal short-axis at the basal, mid, and apical

levels. Of these 32 patients, 2DE was performed again in 18 patients in follow up

(8 months � 5 days). Longitudinal, circumferential and radial strains (LS, CS and RS

respectively) were quantified and compared in an 18-segment model using a novel speckle

tracking system (2D Cardiac Performance Analysis, TomTec Imaging System, Munich,

Germany).

Results: There was no significant difference in LV ejection fraction between both the groups

(59.32 � 12.6 vs. 52.3 � 7.9; p-value > 0.05). In comparison with normal controls and follow

up of sickle cell patients, peak LS was significantly attenuated in the subendocardial and

subepicardial regions during sickle cell crisis (p < 0.05). However, a significant reduction in

circumferential strain was evident only in subepicardial region (p < 0.001). Also patients in

sickle cell crisis showed significantly higher radial strain parameters than controls

(p < 0.001).

Conclusion: Patients with SCA presenting in sickle cell crisis have reduced longitudinal

shortening. LV myocardial performance remains unaltered due to relatively preserved

circumferential shortening and increased radial thickening.
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1. Background commercially available ultrasound transducer and equipment
Individuals with homozygous sickle cell anemia (SCA) (SS

pattern) show frequent evidence of cardiovascular system

abnormalities which include abnormal systolic and diastolic

ventricular function.1,2 Low haemoglobin levels in sickle cell

anemia are associated with an elevated cardiac output at rest,

cardiomegaly, and frequently, heart murmurs, due to an

increase in stroke volume.3,4 It has been postulated that

excessive work load chronically imposed on heart by the

cardiac output, along with the tendency of the sickle cells to

occlude vessels in the systemic, pulmonary and coronary

circulation during crisis phase may result in LV dysfunction.5

LV diastolic dysfunction occurs earlier in the development of

overall cardiac dysfunction, and its presence is an indepen-

dent risk factor for mortality among adults with SCA.6

For the assessment of LV myocardial performance ejec-

tion fraction (EF), tissue Doppler imaging (TDI), Doppler

strain and 2D strain have been used widely.7,8 Subclinical

changes in LV function in SCA can be identified by quantifying

myocardial strain, a dimensionless measurement of deforma-

tion, expressed as a fractional or percentage change from an

object’s original dimension. 2D speckle tracking has recently

emerged as a novel echocardiographic technique for rapid,

offline, bedside analysis of regional LV strains in the longitu-

dinal, radial, andcircumferential directions.9e12This technique

analyzes myocardial motion by tracking natural acoustic

reflections and interference patterns seen in 2D echocardiog-

raphy images and has been validated with measurements

obtainedbysonomicrometry andmagnetic resonance imaging.

Assessment of regional LV function during the phase of sickle

cell crisis has not been studied in detail. The aim of this study

was to assess the ability of subtle differences in the LV strain

patterns in the longitudinal, radial and circumferential direc-

tions to characterize features of subclinical LV dysfunction in

patients presenting with sickle cell crisis.
2. Methods

2.1. Study population

In the present study, 32 sickle cell patients (SS pattern)

(23 � 8yrs, 16 male) presenting with sickle cell crisis and 20

healthy (AA pattern) controls (23 � 5 yrs, 11 male) were

included. Of these 32 patients, 18 patients (25� 4yrs, 8male) of

sickle cell anemia could come for follow up after 8 months� 5

days. Patients with established coronary artery disease,

echocardiography evidence of regional or global wall motion

abnormalities, atrial fibrillation, valvular heart disease, dia-

betes mellitus, chronic obstructive airway disease and

hypertrophic cardiomyopathy were excluded. Written

informed consent was obtained from the patients and the

study was approved by the institutional review board.

2.2. Echocardiography

A complete 2DE was performed in all patients of sickle cell

presenting in crisis and on follow up and also control group. A
(S4-2 probe, HD7, Philips) was used. The same experienced

operator performed all acquisitions with the patients in the

left lateral position. Basic measurements included LV wall

thickness by M-mode and LV diameter by 2D. LV volumes and

LVEF were measured using the modified biplane Simpson

method as recommended by the American Society of Echo-

cardiography.13 To determine the timing of cardiac events,

mitral inflow and LV outflow were recorded using pulsed

Doppler echocardiography. 2DE images of the LV were

acquired in apical 4-chamber and parasternal short-axis at the

basal, mid, and apical levels with same ultrasound machine.

Three consecutive cardiac cycles loops were recorded at end

expiration. The frame rate was kept between 70 Hz to 100 Hz.

Longitudinal (LS), circumferential (CS) and radial strains (RS)

were quantified in an 18-segmentmodel using a novel speckle

tracking system (2D Cardiac Performance Analysis, TomTec

Imaging System, Munich, Germany). This is an offline

myocardial performance analysis system which uses dicom

files from any echocardiography machine and can track the

2D speckles in the myocardium. Once tracked, it generates

waveforms from which various strain values can be derived.

2.3. Statistics

Continuous variables were expressed as mean � SD. The

differences between groups were analyzed by independent

student t tests (MedCalc 11.2 software MariaKerke, Belgium).

Annova and paired t e test were used to assess the level of

significance in the follow up group. Correlations between

variables were tested by Pearson or Spearman correlation

tests where appropriate. A p-value< 0.05 was considered to be

significant. Univariate regression models were used to

examine the relations between echocardiography variables

and EF. For the assessment of adjusted associations, we used

multiple regression with the investigator variable (EF) and

echocardiography variables as forced entry variables.
3. Results

The study population consisted of 52 subjects, including 20

healthy (AA pattern) controls (23� 5 yrs, 11male) and 32 sickle

cell patients (SS pattern) (23 � 8 yrs, 16 male) presenting with

sickle cell crisis. Of these 32 patients, 18 patients could come

in follow up period of 8 months � 5 days. There were no

significant differences in age and gender between sickle crisis

patients, control subjects and sickle cell patients during follow

up. The baseline clinical and echocardiography characteristics

are shown in Table 1. Patients in sickle cell crisis had signifi-

cant larger LV systolic diameters (p < 0.05) as compared to

control group, which decreased to non-significant diameters

on follow up. There was no significant difference in LV size in

diastole in all the three groups. Patients in sickle cell crisis had

significant higher ratio of E/A and E/e0 as compared to the

control group (p < 0.05). E/e0 was also significantly higher

during follow up, but E/A reduced to non-significant level

during follow up. Also patients in sickle cell crisis and during

follow up had significant larger left atrial (LA) volumes than
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Table 1 e Summary statistics for different echocardiographic parameters and their comparison in control and sickle cell
groups.

Characteristic Mean � SD p-value

Control (20) Sickle cell (32) Control (20) vs. Control (20) vs. Sickle cell:
during crisis (32) vs.

During
Crisis (32)c

During
follow up (18)

During
Crisis (32)a

During
follow up (18)a

During
follow up (18)b

Age (years) 23.2 � 5.38 25.38 � 8.38 25.38 � 8.38 e e e

Men/women (No.) 11/9 8/10 8/10 e e e

Height (cm) 163.11 � 12.29 146 � 12.20 146 � 12.20 e e e

Weight (kg) 58.33 � 8.69 41.44 � 8.84 41.38 � 8.81 <0.001* <0.001* 0.331

Systolic blood

pressure (mmHg)

120.0 � 6.0 108.66 � 5.86 109.44 � 5.39 <0.001* <0.001* 0.202

Diastolic blood

pressure (mmHg)

78.0 � 4.0 75 � 5.14 75.88 � 4.92 0.234 0.494 0.177

Aorta (cm) 2.36 � 0.1 2.46 � 0.29 2.52 � 0.26 0.146 <0.05** 0.063

Left atrium (cm) 2.63 � 0.1 3.14 � 0.48 2.96 � 0.39 <0.001* <0.05** 0.073

LV end e diastolic

dimension (cm)

4.36 � 0.14 4.33 � 0.52 4.24 � 0.58 0.870 <0.001* 0.145

LV end-systolic

dimension (cm)

2.75 � 0.08 3.02 � 0.49 2.86 � 0.80 <0.05** 0.123 0.18

LA volume (cm3) 23.3 � 2.1 36.3 � 3.2 34.2 � 2.3 <0.05* <0.05* 0.852

Global ejection

fraction (%)

59.32 � 12.64 52.25 � 9.61 55.34 � 6.21 0.074 0.245 <0.05**

E peak velocity (cm/s) 72.2 � 1.84 119.61 � 25.27 83.65 � 15.73 <0.001* <0.05** <0.05**

A peak velocity (cm/s) 63.6 � 2.35 59.19 � 17.34 57.12 � 12.81 0.344 0.063 0.465

E/A 1.16 � 1.35 2.11 � 12.13 1.36 � 4.96 <0.001* 0.512 0.433

E/e0 6.75 � 6.13 8.12 � 4.23 9.77 � 4.66 <0.05* <0.05* 0.324

e0 (Septal) (cm/s) 11.72 � 0.8 11.92 � 2.66 8.66 � 1.88 0.799 <0.001* <0.05**

A0 (septal) (cm/s) 11.0 � 0.4 8.86 � 2.16 8.36 � 1.64 <0.001* <0.001* 0.207

S0 (septal) (cm/s) 13.47 � 0.5 9.42 � 1.62 9.59 � 1.58 <0.001* <0.001* 0.083

e0 (lateral) (cm/s) 12.44 � 0.6 18.33 � 3.32 14.30 � 2.81 <0.001* <0.05** <0.05**

A0 (lateral) (cm/s) 10.84 � 1.93 9.88 � 2.43 10.21 � 2.00 0.386 0.604 0.083

S0 (lateral) (cm/s) 14.12 � 0.56 12.18 � 2.57 13.57 � 2.09 <0.05** 0.260 <0.05**

*p < 0.0001; **p < 0.05.

a Statistical significance tested at 5% level using t-test for independent samples.

b Statistical significance tested at 5% level using paired t-test.

c Includes same cases as appearing in follow up.
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the control group (p < 0.05). There were no significant differ-

ences in LV global EF between the groups.

In comparison with normal controls, peak LS was signifi-

cantly attenuated in the subendocardial regions during sickle

cell crisis (p < 0.05) (Table 2). There was no significant differ-

ence in peak LS during follow up and control group (p¼ 0.422).

A significant reduction in circumferential strain was observed

in subepicardial region only in sickle cell patients presenting

in crisis which persisted during follow up also (p < 0.001).

However, circumferential strain was higher in subendocardial

region in crisis and follow up, but this change was not signif-

icant. Patients in sickle cell crisis showed significantly higher

radial strain parameters than controls (p < 0.001) (Graph 1),

which came to non-significant levels during follow up.

The impact of six echo strain parameters, henceforth,

referred as independent variables (IVs), was studied on LVEF

using data from both the groups. Univariate regression anal-

ysis revealed that only subendocardial longitudinal strain

during sickle cell crisis had a significant positive influence on

EF (p < 0.05, R ¼ 0.38) (Table 3).

Multivariate regression analysis was done to know the

prediction accuracy of EF considering all echocardiography
strain variables. The results obtained are shown in Table 4,

which revealed that echocardiography strain variables like

subendocardial longitudinal strain, radial and circumferential

strain were all significantly affecting independently the LVEF

(R ¼ 0.67, p < 0.001). There was no significant correlation

between subepicardial longitudinal strain and EF in multi-

variate analysis.
4. Discussion

In this study, conventional echocardiography findings

revealed, increased LV dimensions in systole and LA volumes

in sickle cell patients both during crisis and follow up. The

findings in the present study are in conjunction to findings in

the earlier studies where they have reported larger LA

volumes in SCA suggesting evidence of diastolic dysfunc-

tion.14,15 Also the filling pressures were significantly higher in

sickle cell anemia during crisis and follow up than the control

group.

Also in the present study, LVEF by conventional echocar-

diography measurements in patients in sickle cell crisis was
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Table 2 e Comparison of left ventricular mechanics between control and sickle cell groups.

Characteristic Mean � SD p-value

Control group (20) Sickle cell (32) Control (20) vs. Control (20) vs. Sickle cell:

During
Crisis (32)c

During
follow up (18)

During
crisis (32)a

During
follow up (18)a

During Crisis (32)
vs. During

follow up (18)b

Longitudinal strain

Subendocardial (%) �20.17 � 5.48 �16.40 � 4.78 �19.04 � 1.98 <0.05** 0.422 <0.05**

Subepicardial (%) �17.68 � 4.95 �19.13 � 6.59 �18.80 � 4.05 0.477 0.474 0.679

Circumferential strain

Subendocardial (%) �23.98 � 8.08 �21.02 � 5.43 �20.74 � 4.07 0.214 0.143 0.622

Subepicardial (%) �6.47 � 1.80 �14.85 � 4.54 �11.74 � 2.81 <0.001* <0.001* <0.001**

Radial (%) 21.97 � 10.37 41.86 � 22.27 27.11 � 5.98 <0.001* 0.082 <0.001**

*p < 0.0001; **p < 0.05.

a Statistical significance tested at 5% level using t-test for independent samples.

b Statistical significance tested at 5% level using paired t-test.

c Includes same cases as appearing in follow up.
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normal. Conventional 2-dimensional, M-mode, and spectral

Doppler echocardiography have several limitations in identi-

fying and measuring early ventricular dysfunction. For

example, measuring LV fractional shortening (FS) and LVEF

were relatively simple, but inter-observer and intra-observer

variability were high.16 Also, the global LVEF and FS only

reflect the global cardiac contractility and do not take regional

systolic abnormalities into consideration. To explain this need

of understanding the regional myocardial deformation prop-

erties, our study was undertaken.

Cardiovascular abnormalities are apparent in SCA.17 To our

knowledge, this is the first comprehensive study to assess the

LV regional myocardial deformation properties in sickle cell

anemia patients presenting with sickle cell crisis and during

follow up. The impact of SCA on LV systolic function is con-

flicting depending on the echocardiography method

used.14,18,19 Lamers et al20 found abnormal LV systolic func-

tion in children with SCD using preload-independent end-

systolic LV wall stressevelocity measurements. In contrast,

Covitz et al21 reported normal LV function based on normal LV

fractional shortening, which is a preload dependent
Graph 1 e Showing comparison of LV mechanics between

control (blue) and sickle cell patients during crisis (red).

1 – Subendocardial Longitudinal strain, 2- Subepicardial

Longitudinal strain, 3- Subendocardial circumferential

strain, 4- Subepicardial circumferential strain, 5- Radial

strain.
parameter, in a large study of 191 children and young adults

with SCD. Denenberg et al22 were the first to report about the

cardiac function in sickle cell anemia. They demonstrated by

echocardiography that heart failure in SCA was due to

a pseudo normalization of the indices of the ejection phase (EF

and FS) by load alterations. These indices were the only ones

used to assess the systolic function in patients with SCA.

In patients with abnormal diastolic LV filling, LV systolic

function is commonly considered normal if the global EF and

FS are normal.23e25 Heart failure due to LV dysfunction in

sickle cell patients is a late finding.19 LV dysfunction in SCA

may be the result of myocardial ischemia, fibrosis, iron

deposition and ventricular hypertrophy.25

Ischemic myocardial changes not related to coronary

atherosclerotic disease have been found in autopsy specimens

of adults with SCD.25 Myocardial ischemia has been docu-

mented in children with SCD. Older children with SCD tend to

have more extensive ischemic defects than younger

patients.26 Haywood27 reported that myocardial dysfunction

may be related to long-term recurrent myocardial micro-

injuries and metabolic tissue alterations aggravated by sickle

cell-related vaso-occlusive crises, including acute chest

syndrome.

Evidence for a specific myocardial lesion called the

myocardial factor attributable to the sickle cell disease is

ambiguous.28 Our study focuses on the regional myocardial

systolic dysfunction in patients presenting in sickle cell crisis
Table 3 e Univariate regression with EF.

Echo parameter
(variable)

b SE(b) p-value Adj R-square

SL Endo �1.328 0.244 1.97E-06 0.38

SL Epi �0.645 0.272 0.022 0.09

SL Rad 0.098 0.068 0.158 0.02

S Endo �0.369 0.205 0.08 0.05

S Epi 0.359 0.241 0.144 0.02

S Rad �0.039 0.075 0.604 0.006

Ejection fraction (EF); Standard error (SE).
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Table 4 e Multiple regression with EF.

Echo parameter b SE (b) p-value

SL Endo �1.213 0.464 0.012

SL Epi 0.019 0.405 0.961

SL Rad 0.273 0.051 0.000

S Endo �0.550 0.220 0.016

S Epi 0.578 0.263 0.034

S Rad �0.160 0.063 0.015

Intercept 23.903 4.757 0.000

R-square: 0.669

Adj R-Square: 0.620

Model p-value: 0.000

Ejection fraction (EF); Standard error (SE).
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despite normal global systolic parameters by the use of 2D

speckle tracking echocardiography. In recent years, 2D

speckle tracking echocardiography is increasingly being used

in the assessment of global and regional ventricular function.

Being angle-independent, reproducible and being able to

provide quantitative data further increases the utility of 2D

speckle tracking echocardiography in evaluation of ventric-

ular functions in clinical settings.26,27 The tracking system is

based on gray-scale B-mode images and is obtained by auto-

matic measurement of the distance between two pixels of an

LV segment during the cardiac cycle, independent of the angle

of insonation. The integration of 2D speckle tracking with

real-time cardiac ultrasound imaging overcomes some of the

limitations of previous work in the field and has the potential

to provide a unified framework to more accurately quantify

the regional and global function of the LV. 2D speckle tracking

holds promise to reduce inter- and intra-observer variability

in assessing regional LV function and improve patient care

while reducing health care costs by early identification of

subclinical disease.

In the present study, patients in sickle cell crisis had

significantly lower strain parameters assessed by 2D speckle

tracking inspite of having preserved LV global EF.

Our study reveals no significant difference in LV volumes

between patients in sickle cell crisis and control groups which

is unlike previous studies.27 The possible reason for this

difference was that our patient group were in the phase of

sickle cell crisis.

The longitudinal fiber shortening was significantly less in

sickle cell patients presenting in crisis in the present study

than the corresponding segments in the control group. This

longitudinal fiber shortening normalized in the follow up

group of sickle cell anemia as there was no significant differ-

ence as compared to control group. This finding that has been

reported for the first time by us in sickle cell anemia pre-

senting in crisis.

The subendocardial longitudinal-oriented myocardial

fibers have shown to be particularly vulnerable to ischemia

leading to a dominant decrease in shortening in the longitu-

dinal axis.28e31 Patients in sickle cell crisis showed signifi-

cantly higher radial thickening than control and follow up

group. Also a significant reduction in circumferential strain

was evident only in subepicardial region in both sickle cell

crisis and follow up. This phenomenon may be helpful in

explaining the compensatory mechanism produced by
circumferential and radial fibers to maintain LV systolic

function in this group.

Study limitations

The present study is a single-center observational study. It is

limited by the relative small sample size. Also, the LS was

assessed in apical four chamber view.
5. Conclusion

Patients with SCA presenting in sickle cell crisis have reduced

longitudinal shortening which gets normalized on follow up

when they are not in crisis phase. However, LV myocardial

performance remains unaltered due to relatively preserved

circumferential shortening and increased radial thickening. In

the detection of subclinical LV dysfunction in patients pre-

senting with sickle cell crisis, 2D speckle tracking echocardi-

ography appears to be useful.
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