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Purpose: This study was conducted to test the hypothesis that the carotid intima-media thickness
(CIMT) is higher in patients with sickle cell disease (SCD) than in the normal population, and
to determine the relationships of the CIMT with central retinal artery (CRA) and renal artery
Doppler indices.

Methods: Forty-four confirmed steady-state SCD patients aged 16 years and above were
recruited consecutively. The Doppler velocimetric indices of their right renal artery and both
CRAs were obtained. The CIMT was also measured on each side via B-mode ultrasonography.
The subjects were categorized by age and sex. Mean and median values for each group were
determined. The Spearman correlation test was used to quantify the relationships between CIMT
and the Doppler parameters.

Results: The participants had a median age of 24.50 years (interquartile range, 12.50 to 36.50
years). Twenty-three were men (52.3%) and 21 were women (47.7%). The median CIMT was
0.70 mm (IQR, 0.50 to 0.90 mm). Significant correlations with the CIMT were found for the
CRA peak systolic velocity (r=0.312, P=0.003), the renal artery resistivity index (RI) (r=0.284,
P=0.007), and the renal artery pulsatility index (PI) (r=0.273, P=0.010). There was no significant
relationship between the CIMT and the CRA end-diastolic velocity, CRA RI, or CRA PI.
Conclusion: CIMT in SCD patients was higher than in the previously reported age groups of the
reference populations. In addition, the CIMT was significantly correlated with the CRA peak
systolic velocity, the renal artery RI, and the renal artery PI.
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Introduction

Vascular occlusion, caused by sickled red and white blood cells
that are abnormally adherent to the vascular endothelium [1], is a
major cause of morbidity in sickle cell disease (SCD) via a variety
of generally nonfatal complications such as painful crisis, aseptic
necrosis of bone, priapism, leg ulcers, and proliferative retinopathy
2].

Central retinal artery (CRA) occlusion, which is the ocular analog
of cerebral stroke, is an ophthalmological emergency that can result
in profound monocular vision loss. The risk factors for CRA occlusion
are the same atherosclerosis-related factors that contribute to the
risk of stroke and heart disease [3]. The incidence of CRA occlusion
is estimated to be 1 per 100,000 per year and it accounts for 1
in 10,000 ophthalmological outpatient visits [4]. Retinal vascular
occlusions typically occur in the peripheral retina, leading to vascular
proliferation and fibrosis characteristic of sickle cell retinopathy
[5]. Ipsilateral carotid artery atherosclerosis is the most common
cause of retinal artery occlusion, with a prevalence as high as 70%
reported among patients with CRA occlusion. Other causes include
hematological conditions such as SCD, lymphoma, and leukemia [6].

B-mode ultrasonography is a safe, non-invasive diagnostic tool
that can be used to measure the carotid intima-media thickness
(CIMT), thereby providing information that can be used in risk
stratification for cardiovascular and stroke events [7].

The early and quantitative assessment of small-vessel disease,
such as pathological processes in the CRA (which measures
approximately 0.15 to 0.2 mm in diameter distally) is important.
Doppler flowmetry of the CRA seems appropriate for quantitative
assessment, as it causes minimal discomfort, requires little time, and
has high reproducibility [8].

Retinal vaso-occlusive disorder can occur in patients with chronic
renal failure in the absence of other chronic diseases that predispose
to it [9]. End-stage renal disease, which can be caused by SCD, is
associated with uremia-related risk factors (hemodynamic overload,
anemia, hyperhomocysteinemia, and increased oxidative stress) for
atherogenesis [10], which underlies atherosclerosis.

We hypothesized that the CIMT would be higher in patients with
SCD than in the normal population, and that the CIMT would be
positively correlated with CRA Doppler flowmetry indices in patients
with SCD.

Materials and Methods

In this prospective cohort study, we recruited consecutive 44
patients with steady-state SCD aged 16 years and above from the
hematology outpatient clinic of our institution. HbSS genotype
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confirmation was done by hemoglobin gel electrophoresis. The
study was approved by the research and ethics committee of the
hospital and the study was carried out in compliance with the
Declaration of Helsinki of 1964 and its subsequent revisions from
March 2013 through December 2013. A written informed consent
was obtained from all study subjects. The study subjects had been
previously studied with respect to the possible use of femoral artery
intima-media thickness as a biomarker of chronic leg ulcer [11]. In
contrast, in the present study, the CIMT was studied as a marker of
retinopathy and nephropathy in SCD patients.

Excluded from this study were patients with congenital urogenital
anomalies; patients with urinary tract infection, diabetes mellitus,
systemic hypertension, dyslipidemia, a history of ocular disease or a
previous ophthalmological operation; patients on oral contraceptive
pills or adrenergic drugs; smokers; human immunodeficiency virus—
positive individuals; patients on hemodialysis or with massive
edema; patients on any medications potentially interfering with
renal function, such as cimetidine, probenecid, and angiotensin-
converting enzyme inhibitors; patients with space-occupying lesions
of the kidney, urinary or renal vascular obstructions, urinary tract
infection, or a history of renal surgery; and those who had a single
kidney. None of the SCD subjects were on hydroxyurea or Nicosan/
Hemoxin.

Ultrasonography Technique

Ultrasonographic examinations were performed using a Mindray
real-time ultrasound machine (model DC-7, Shenzhen Mindray
Bio-medical Electronics, Nanshan, Shenzhen, China) using a linear
transducer (frequency, 7.5-12.0 MHz) for ocular and carotid scans.
A curvilinear transducer (frequency, 3.5-5 MHz) was used for the
renal scans.

The CRA Doppler parameters were obtained according to the
protocol described by Baxter and Williamson [12] (Fig. 1), while the
ultrasonographic examination of the CIMT was carried out using the
protocol described by Pignoli et al. [13]. Measurements were taken
3 times, unfreezing the image at each occasion and relocating the
position of maximal intima-media thickness (Fig. 2).

The right renal artery of all subjects was examined with the
subjects in the supine position. A B-mode ultrasonographic
examination was first performed on each subject to evaluate them
for exclusion criteria related to the genitourinary system. Color-
coded duplex ultrasound interrogation was used to identify the
intraparenchymal arteries. Resistivity index (RI) and pulsatility
index (PI) values were obtained from the right interlobar or arcuate
arteries. Only parameters from the right kidney were obtained in this
study, as it has been shown that there is no significant difference
between the Rl and Pl values of the right and left kidneys [14]. The
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Fig. 1. Triplex ultrasound image of the central retinal artery
showing a narrowed and spiked peak systolic waveform, a
relatively high peak systolic velocity in comparison to the end-
diastolic velocity, and a resistivity index of 0.89.

mean values of the Doppler indices were calculated from at least
three consecutive waveforms obtained from the three different
regions of the kidney while subjects held their breath at the end of
respiration. The interlobar or arcuate arteries were chosen for this
study because their waveforms show less variability. The Doppler
sample volume was set at a 2- to 4-mm gate just appropriate to
be placed in the mid-portion of the diameter of the vessel to be
insonated. The waveforms were optimized with a minimum Doppler
angle of <60° adapted for maximum spectral amplitudes. The
peak systolic velocity (PSV) and end-diastolic velocity (EDV) were
measured and the Rl and Pl were automatically calculated using the
existing software (automated algorithm) capabilities of the scanner
from the following formulae:

Resitive index (RI)=Peak systolic frequency shift—minimum
diastolic frequency shift+-Peak systolic frequency shift during the
whole cardiac cycle

Pulsatility Index (Pl)=Peak systolic frequency shift—minimum
diastolic frequency shift=Mean frequency shift during the whole
cardiac cycle

Statistical Analysis

The data were analyzed using SPSS version 22 for Windows (IBM
Corp., Armonk, NY, USA). The normality of the data was determined
using the Kolmogorov-Smirnov test. The measure of central tendency
for each continuous variable was presented as either the mean or
median with interquartile range (IQR). The relationships of the CIMT
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Fig. 2. B-mode ultrasound image of the common carotid artery,
showing thickened intima media.

with the CRA and renal artery Doppler velocimetric indices were
assessed using Spearman correlation analysis, linear regression, and
logistic regression as appropriate. The level of statistical significance
was set at P<0.05.

Results

Eighty-eight CIMT measurements from 44 patients with SCD were
evaluated. The patients had a median age of 24.50 years (IQR,
12.50 to 36.50 years). The group was composed of 23 men (52.3%)
and 21 women (47.7%). The median CIMT was 0.70 mm (IQR, 0.50
t0 0.90 mm).

The median CIMTs of SCD patients in the present study looked
higher than in the previously reported reference populations [15],
categorized by age group and sex (Table 1). The median values of
ocular and renal Doppler velocimetric parameters are shown in Table
2. There was no significant difference between the median right and
left CIMT. The median CIMT on the left side was 0.7 mm (IQR, 0.40
to 1.00 mm), while that on the right was 0.75 mm (IQR, 0.55 to 0.95
mm; P=0.128). In addition, no significant difference was found in
the median CIMT between male and female study participants (male
median CIMT, 0.70 mm [IQR, 0.50 to 0.90 mm]; female median
CIMT, 0.75 mm [IQR, 0.35 to 1.15 mm]; P=0.969). The median
CRA PSV of male participants, 9.57 cm/sec (IQR, 4.44 to 14.70 cm/
sec), was higher than that of female participants (8.43 cm/sec; IQR,
5.35to 11.51 cm/sec); however, this difference was not statistically
significant (P=0.427).

Table 3 shows the correlations of the CIMT with CRA PSV, CRA
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Table 1. Median CIMT and mean CIMT compared to mean reference values according to age group and sex

Mean (mm)
Age group (yr) No. Median of subjects (mm) -
Subject Reference group [15]
Male (n=23, 46 CIMT measurements)

0-24 26 0.700 0.762 0.676
25-34 18 0.750 0.828 0.730
35-44 2 0.800 0.800 0.749
45-54 0 - - 0.824

Female (n=21, 42 CIMT measurements)

0-24 18 0.650 0.756 0614
25-34 12 0.750 0.775 0.690
35-44 8 0.750 0.800 0.665
45-54 4 1.000 0.975 0.775

CIMT, carotid intima-media thickness.

Table 2. Median CRA and RA Doppler parameters

Variable No. Median (IQR)
CRA PSV (cm/sec) 88 5.19 (3.28-13.66)
CRA EDV (cm/sec) 88 2.14(1.00-3.28)
CRAPI 88 1.53(0.88-2.18)
CRARI 88 0.75(0.62-0.88)
RAPI 44 1.01(0.69-1.33)
RARI 44 0.64(0.51-0.77)

CRA, central retinal artery; RA, renal artery; IQR, interquartile range; PSV, peak
systolic velocity; EDV, end-diastolic velocity; PI, pulsatility index; RI, resistivity index.

EDV, CRA PI, CRA RI, renal artery PI, and renal artery RI. Of the
ocular and renal Doppler parameters, the CRA PSV, renal artery Rl,
and renal artery Pl had weak, but significant, positive correlations
with CIMT.

CRA PSV was correlated with renal artery RI, but not with renal
artery Pl (renal artery Pl: r=0.05, P=0.212; renal artery Rl: r=0.271,
P=0.012).

Discussion

The CIMT is the combined thickness of the intimal and medial layers
of the carotid artery [16]. In addition to atherosclerosis, the CIMT
can also be increased by other factors such as age and hypertension,
which were accounted for in this study [16]. The CIMT can be used
to predict atherosclerosis and cardiac events. An increased CIMT,
irrespective of atherosclerosis, is associated with an elevated risk of
stroke and myocardial infarction [17]. The CIMT has been found to
be an acceptable marker for subclinical atherosclerosis [16].

SCD causes a chronic anemic state, which is compensated for
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Table 3. Correlations of the CIMT with ocular and renal Doppler
parameters

No. CIMT
R P-value
CRAPSV 88 0.312 0.003
CRAEDV 88 0.070 0.523
CRAPI 88 0.149 0.170
CRARI 88 0.195 0.072
RAPI 88 0.273 0.010
RARI 88 0.284 0.007

CIMT, carotid intima-media thickness; R, Spearman correlation coefficient; CRA,
central retinal artery; PSV, peak systolic velocity; EDV, end-diastolic velocity; PI,
pulsatility index; R, resistivity index; RA, renal artery.

by increased cardiac output accompanied by increased blood mass
and blood pressure. There is subsequent stiffening, enlargement,
and remodeling of the central elastic arteries such as the common
carotid artery [18]. Sickle cell anemia affects both the microvascular
circulation and large vessels, such as the carotid arteries [19]. The
complications of sickle cell anemia, such as stroke, can be explained
by occlusive vasculopathy, which in turn is due to intima-media
thickening and thrombus formation [20]. Intima-media thickness
has been identified as the most important factor associated with
stroke in SCD patients [2]. It may be associated with abnormal
adhesive and procoagulant effects of the red blood cells of SCD
patients. Other mechanisms of vasculopathy include microvascular
occlusion by sickle cell erythrocytes, bone marrow/fat embolism,
vasospasm, and/or vasodilatation. Intima-media changes may also
be explained by high flow turbulence at areas of arterial bifurcation
and tortuosity. In addition, such changes may occur due to increased
blood flow secondary to anemia. Intima-media proliferation has
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been reported in arteries of the spleen, lungs, penis, and kidneys;
however, the frequency and significance of those changes have
not been well documented. These widespread changes may
contribute to other vascular complications. Intimal hyperplasia
causes changes by direct occlusion and superimposed thrombosis,
potentially contributing to the trapping of sickled red blood cells in
the microcirculation by slowing microvascular flow and increasing
the capillary transit time [2]. In this study, the mean CIMT of all the
subjects studied was higher than that of the corresponding age and
sex reference groups.

Sickle cell retinopathy is an ocular manifestation of SCD [21].
Retinal changes can be considered as a focal neurologic change in
the definition of stroke [22]. The ocular manifestations of extracranial
cerebrovascular pathology or chronic ischemic diseases commonly
occur with a stroke-like temporal profile. These manifestations can
be subdivided into hemorrhagic retinopathy, also called venous
stasis retinopathy, and ischemic oculopathy [23]. Of all the Doppler
velocimetric parameters of the CRA studied, only the CRA PSV had a
significant correlation with the CIMT.

SCD involves structural, tubular, and hemodynamic changes that
are associated with increased hormone synthesis (erythropoietin,
renin, and angiotensin). These changes start in childhood and lead
to chronic anemia, increased blood flow, and vaso-occlusion [24].
The renal medulla contains renal tubules and medullary blood
vessels. The mechanism of hemoglobin S polymerization and cell
sickling accounts for much of the pathophysiology of sickle cell
nephropathy [24]. Slow blood flow in the renal microvasculature
provides a prolonged exposure time for the polymerization of
hemoglobin S, which in turn leads to microvascular obstruction
and subclinical renal tissue infarction, especially in the medulla
[25]. Proteinuria, hypertension, and anemia in SCD patients predict
end-stage renal disease, which is preceded by alterations in renal
hemodynamics, such as altered effective renal plasma flow and
an elevated glomerular filtration rate. The effective renal plasma
flow and glomerular filtration rate are elevated in young sickle cell
patients, decrease to normal levels in adolescence, and decrease
further to subnormal levels as patients grow older [24]. Significant
deterioration in renal function may occur long before it is detected
clinically [24]. The sickling of red blood cells results in almost
complete occlusion of the vasa recta and dilatation of the remaining
medullary blood vessels that end blindly [24]. These renal vascular
changes and subsequent tissue ischemia may partly account for
multiorgan failure syndrome, defined as affecting at least two major
organ systems, including the lung, liver, and/or kidney [24]. Based
on the assertion of previous researchers that chronic renal failure
can be caused by SCD [10] and can independently lead to vascular
retinopathy [9], we evaluated the relationship between the CIMT
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and renal artery Rl and PI, along with renal Doppler indices and
retinal velocimetry. The CIMT was correlated positively with the renal
artery indices. In addition, a positive correlation was found between
CRA PSV and renal artery RI.

An evaluation of biochemical parameters and ophthalmological
examinations would have added value to this study. The findings
that SCD patients had a higher CIMT than the normal population
and that in those patients, the CIMT was correlated positively with
CRA PSV and renal artery RI, suggest that the CIMT is increased
in SCD and can function as a marker of ocular and renal changes
in SCD patients. Further elucidation of the relationship between
Doppler changes and end-organ damage will lead to more
effective prevention and treatment. Early detection of retinopathy
and appropriate therapy in SCD patients may reduce their risk of
complications.
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