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Abstract The threshold velocity >200 cm/s at transcranial
Doppler (TCD) evaluation is a useful cut-off for preventing the
stroke (STOP trial) in pediatric patients with sickle cell disease
(SCD), term including different types of sickle genotypes.
Scanty data are available for adult SCD patients. We compared
intracranial blood flow velocities between adult SCD patients and
controls using transcranial color Doppler (TCCD), measuring the
peak of systolic velocity (PSV) with the insonation angle correc-
tion and the pulsatility index (PI), an indicator of endothelial elas-
ticity. Fifty-three adult SCD patients (aged >18 years) were en-
rolled (15 sickle cell anemia, 26 sickle cell thalassemia, and 12
HbS/HbC). None of the patients presented neurological signs.
PSVs in middle cerebral artery (MCA) were higher in SCD pa-
tients than in controls (p = 0.001). In sickle cell anemia patients,
PSVswere higher when compared to HbS/(3Thal (p < 0.0060) and
HbS/HbC patients (p < 0.0139). PI was within the lower range of
normality in SCD patients compared to controls. Moreover,
MCA-PSV was higher with lower Hb levels and higher HbS%;
PI did not change with variation of Hb levels and HbS%.

PSVand PI in SCD adult patients could be a relevant index
to indicate the abnormal cerebral blood flow and to detect the
sickle endothelial damage, in order to prevent cerebrovascular
accidents.
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Introduction

Sickle cell disease (SCD) is the term referring to all the clinical
syndromes caused by the homozygosis for the 3S allele (sickle
cell anemia—SCA) or by any other combination of 3S allele
with B-thalassemic (HbS/[3-thalassaemia) or variant alleles
(i.e., BS and C alleles—HbSC disease) [1]. SCD is a multisys-
tem disease, associated with episodes of acute illness and pro-
gressive organ damage. Stroke is one of the most severe compli-
cations of sickle cell disease (SCD), affecting children as well as
adults, as reported by the Collaborative Study of Sickle Cell
Disease (CSSCD) [2]. The incidence of stroke is 11% by the
age of 16 and 24% by the age of 45 years in patients with SCA,
homozygotes for hemoglobin S (HbS), which is ten times higher
than in African-Americans without SCD [3].

Transcranial Doppler (TCD) is a practical, inexpensive, and
non-invasive method recommended for screening children from
2 to 16 years of age with SCD [4] and in children with SCD at risk
for stroke [5, 6].

The threshold velocity >200 cm/s measured by time average
mean maximum (TAMM) in distal intracranial internal carotid
arteries (ICA) and/or proximal middle cerebral arteries (MCA)
was the cut-off defined for stroke risk in pediatric SCD patients.
SCD children with TAMM >200 cm/s had 10% risk per year ofa
first stroke, which fell to <1% by introducing regular red blood
cell transfusions decreasing HbS to <30% [7].

Jones etal. compared TAMM velocities detected by TCD and
by transcranial color Doppler (TCCD) and found that TCCD
velocities in MCA were lower than TCD velocities from 10 to
15% [8]. Krejza et al. showed that the angle-corrected TCCD
velocities are not different from the TCCD velocities in SCD
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children, but are more precise and more effective in order to study
the major intracranial arteries in comparison with TCD [9]. Jones
et al. also showed that the derived cut-off points of the peak of
systolic velocity (PSV) measured by TCCD [10] had the same
predictor value for stroke as those defined by TAMM. PSV cut-
offof200 cm/s measured using TCCD equipment is equivalent to
the TCD TAMM threshold velocity of 170 cm/s, which suggests
the need of increased surveillance as proposed by the Stroke
Prevention Trial in Sickle Cell Anemia (STOP trial) [10-12].
Moreovera TAMM velocity of 200 cm/s, which is recommended
to start chronic transfusion, is comparable to a TCCD PSV of
250 cm/s [10]. A recent study also showed that PSV can be a
better indicator than TAMM because of the highest sensitivity in
detecting patients with intracranial vasculopathy [13].

Up to now, most data were based on children assess-
ment [8, 9, 12]. There are few data and no prospective
long-term studies on the use of TCCD supported by
insonation angle correction, which is a more precise
measurement, in adults with SCD [9]. Moreover, few
data are available about the evaluation of the endothelial
damage of the vessels in adults.

The purpose of this study is to evaluate PSV in intra-
and extracranial vessels and the pulsatility index (PI), an
indicator of cerebral endothelial elasticity, in a group of
adult SCD stroke-free patients with different sickle-
genotypes and to compare them with a group of healthy
controls matched for age and sex, using angle-corrected
TCCD and carotid Doppler sonography (CDS). The re-
sults were related to the hemoglobin values.

Materials and methods
Study population

This is a case-control observational study where we
evaluated consecutive SCD adult outpatients (aged
>18 years) undergoing regular follow-up and treatment
at the Rare Diseases Center of Fondazione IRCCS Ca’
Granda, Ospedale Maggiore Policlinico. During a 2.5-
year period, we enrolled 53 adult SCD patients (M/F
19/34) and 27 healthy controls, matched for gender,
age and, as far as possible, ethnicity; we collected de-
mographic data, hematological tests, and performed clin-
ical neurological assessments. Exclusion criteria were
age <18 years, pregnancy, epilepsy, HIV infection and
previous bone marrow transplantation.

Laboratory studies
Complete blood cell count (CBC) was performed using

Coulter model S.Plus in SCD patients and controls; hemoglo-
bin (Hb) fractions were quantified by high-performance liquid
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chromatography (HPLC) (Bio Rad Variant Hemoglobin
Testing System®). The biochemical tests were measured by
standardized methods. Blood tests of SCD patients were eval-
uated before the transfusion therapy if planned.

TCCD and CDS ultrasound

Both patients and controls were examined with Esaote US system
(MyLab Twice, Esaote S.p.A., Genova-Italy) equipped with a
linear array transducer probe (LA533, operating bandwidth 3—
13 MHz) and a phased array probe (PA240, Esaote; operating
bandwidth 1-4 MHz, variable band).

In both patients and controls, all TCCD and CDS exams
were performed by the same physician, blind to the pathology
of the subjects. During the examination, patients were awake,
in order to avoid the increase of intracranial blood flow veloc-
ities due to the increase of carbon dioxide (CO2), which oc-
curs during sleep.

Following the STOP protocol, the main intracranial
vessels were analyzed: the middle cerebral artery
(MCA), the anterior cerebral artery (ACA), the carotid
siphon (SIPH), the posterior cerebral artery (PCA), the
vertebral arteries (VA V4) (on both right and left side),
and the basilar artery (BAS) at a depth of 80—100 mm.
The extracranial vessels, the internal carotid artery
(ICA), and the vertebral artery in the intertransversal
tract (VA V2) were also evaluated. The highest value
from the right or left cerebral arteries were assessed.

In this study, PSV were considered, since they are com-
monly used in vascular ultrasound practice, easier to measure
and more reproducible [9, 14]. However, TAMM velocities in
the MCA were also measured to compare them with those
reported in the literature.

Correction of the insonation angle was carried out in each
arterial segment. In the MCA, angle-corrected velocities were
measured in at least three points per side, and in particular in the
segment with color-aliasing artifice. PSVand TAMM were mea-
sured manually to avoid the interference of the signal introduced
by electronic wave-follower forms of measurement.

PI was calculated according to the following formula:
PI = [(systolic velocity - diastolic velocity)/(mean vel . x 100)].

Blood tests and TCCD/CDS ultrasound were performed on
the same occasion.

Magnetic resonance imaging and intracranial magnetic
resonance angiography

All SCD patients underwent to 3.0 T device gradient-echo
sequence (provide TR/TE/flip angle and spatial resolution)
covering the intracranial ICAs, vertebrobasilar arteries, and
the circle of Willis in the axial and coronal plane. The cerebral
images of the ICAs and branches of the circle of Willis were
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Table 1 Hematological data in

SCD patients and healthy controls Variables SCD patients n = 53 Controls n =27 p value controls vs SCD
Median Q1-Q3 Median Q1-Q3

Hb (g/L) 98 89-110 139 131-150 <.0001
HT (%) 28.0 24.7-31.0 40.4 38.7-43.2 <.0001
RBC (x10°/mm’) 4.2 3.1-4.4 4.7 4449 <.0001
MCV (fl) 75.4 67.0-84.1 86.1 84.9-89.1 <.0001
HDS (%) 64.1 47.0-75.8

HDF (%) 5.1 1.8-12.8 0.9 0.9-0.9 <.0001
HbA2 (%) 3.5 3.0-4.8 2.6 24-2.8 <.0001
WBC (mm?) 8.2 6.5-11.2 6.1 45-73 <.0001

evaluated for potential intracranial arterial segmental
narrowing and flow restriction by a trained operator.

Statistical analysis
The collected data are reported as median and interquartile
intervals. Differences between groups were tested using

Wilcoxon’s rank test and Kruskal-Wallis test. The significance
threshold was set at 0.05 in the case of two comparisons and at

Table 2 Hematological data in the three subgroups of SCD patients

0.017 in the case of three comparisons, in order to avoid an
over-estimation of the error of the first type.

Tolerance ellipses of 80% have been calculated using estimates
of the slope provided by the linear regression model. They group
80% of the data described function of the two variables considered,
while providing a measure of correlation (trend of the main axis),
and a measure of dispersion (value of the minor axis).

Finally, using a logistic regression model, a ROC curve was
built, allowing us to estimate the threshold variable MCA-PSV in
which sensitivity and specificity were highest. All analyses were

Variables SCA(A)n=15 HbS/BThal (B) n =26 HbS/HbC (C) n =12
Median Q1-Q3 median Q1-Q3 Median Q1-Q3 p value
Hb (g/L) 89 82-98 93 89-107 123 109-129 Avs B .0943
AvsC <.0001
BvsC <.0001
HT (%) 25.7 24.0-29.1 27.7 26.0-31.0 32.5 28.9-35.2 AvsB .0862
AvsC .0008
BvsC .0233
RBC (x10°/mm®) 3.1 24-34 4.1 3.3-45 4.5 4449 AvsB .0003
AvsC <.0001
BvsC .0005
MCV (fL) 86.8 80.0-93.2 70.2 65.3-80.7 73.3 65.5-76.2 AvsB <.0001
AvsC <.0001
BvsC 5417
HbS (%) 76.3 43.0-85.5 65.4 59.3-74.5 46.9 45.0-47.4 AvsB 3558
AvsC .0004
BvsC .0015
HbF (%) 5.8 2.8-9.1 11.6 4.8-20.8 0.9 0.9-2.6 AvsB 2729
AvsC <.0001
BvsC <.0001
HbA2 (%) 2.7 2532 4.8 3.7-5.2 32 32-34 AvsB <.0001
AvsC .0021
BvsC .0076
WBC (x10%mm?) 10.3 8.3-11.1 72 5.3-12.6 7.8 6.6-8.8 AvsB .0739
AvsC 1592
BvsC 9126
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Fig. 1 Insonation angle-
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performed using SAS ver.9.2 package (SAS Institute, Inc. 2008.
SAS/STATVR 9.2 user’s guide. Cary, NC: SAS Institute, Inc.)
Results

Patient data

Fifty-three consecutive adult SCD outpatients were recruited

(aged >18 years, median age 36 years, range 29-43, M:F
19:34), including 15 patients with SCA (M:F 3:12), 26 with
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sickle cell 3-thalassemia (M:F 11:15) (HbS/@Thal of whom 22
HbS/B°Thal; 4 HbS/B V™ Thal), and 12 HbS/HbC (M:F 6:7).
Patients with SCD were compared to 27 healthy controls (ratio
2:1, median age 31 years, range 2542, M:F 11:16), matched by
gender, age, and ethnicity.

Table 1 shows the hematological data (Hb, Ht, HbS, HbF)
in SCD patients and healthy controls. Significant differences
were found for Hb values, Ht, RBC, MCV, HbA2% and
HbF% and WBC (p < 0.001) when comparing the SCD group
with control group. Table 2 shows the hematological and clin-
ical data in the three subgroups of SCD patients.

Table 3 TAMM in MCA, PSV,

and IP in extra- and intracranial Variables SCD patients (n = 53) Controls (n = 27) p value

vessels of SCD patients and

controls Median Q1-Q3 Median Q1-Q3 Controls vs SCD
MCA-TAMM (cm/s) 96.9 84.6-103.8 75.9 72.3-83.4 <.0001
MCA-PSV (cm/s) 133.7 112.9-144.1 112.2 104.5-120.2 =.0001
ACA-PSV (cm/s) 105.5 89.5-115.9 84.7 76.6-91.1 <.0001
SIPH-PSV (cm/s) 133.0 107.8-143.7 108.7 94.2-115.0 <.0001
PCA-PSV (cm/s) 80.1 72.0-86.9 68.7 62.3-74.2 =.0002
BAS-PSV (cm/s) 85.2 72.2-96.1 68.6 61.8-79.6 =.0009
ICA-PSV (cm/s) 84.1 72.9-96.2 84.3 71.8-89.3 n.s.
VERT-PSV (cm/s) 52.8 44.9-61.0 51.9 43.7-63.0 ns.
MCA-PI 0.80 0.73-0.88 0.89 0.80-1.06 =.0021
ACA-PI 0.84 0.75-0.96 0.93 0.85-1.11 =.0058
SIPH-PI 0.85 0.78-0.97 0.97 0.87-1.15 =.0039
PCA-PI 0.78 0.72-0.86 0.86 0.80-0.94 =.0016
BAS-PI 0.78 0.70-0.89 0.89 0.74-1.00 ns.
ICA-PI 0.97 0.88-1.10 1.06 0.97-1.19 ns.
VERT-PI 1.04 0.90-1.25 1.39 1.08-1.55 <.0001

n.s. not significant
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Biochemical tests (iron status, hemolysis indices) were also
collected, but not any significant differences were found in the
three subgroups of SCD patients. No neurological signs and no
cognitive impairment were reported in any SCD patients, despite
history of sickle crisis. The values of PSV by angle-corrected
TCCD (Fig. 1)inMCA, ACA, SIPH, PCA, and BAS were found
to be higher in SCD patients than in controls (median MCA 133.7
vs 112.2 cm/s; p=0.001); TAMM velocity by TCD in MCA was
also higher in SCD patients than in controls (median MCA 96.9
vs 75.9 cm/s p < 0.001) (Table 3), but lower if compared to PSV.
No statistical differences in PSVs in extracranial vessels (ICA
and VERT) were found.

Both SCD patients and controls have shown a normal
range of PI value; however, in MCA, ACA, SIPH, PCA,
and VERT, PI was statistically lower in SCD patients (median
MCA 0.80 vs 0.89; p = 0.021) than in healthy controls. Any
statistic differences in BAS and ICA was found considering.

Considering the three SCD subgroups, higher PSV values
were found in SCA patients compared to HbS/(3Thal and HbS/
HbC patients (median MCA 142.5 vs 126.9 cm/s, p <0.0139 and
vs 126.5 cm/s p < 0.006, respectively), corresponding to lower
Hb values and amore severe clinical phenotype. TAMM velocity
in MCA was also higher in SCA patients than in HbS/{3 Thal and
HbS/HbC patients (median MCA 104.2 vs 93.2 cm/s, P<0.0239

Table4 TAMM in MCA, PSV, and IP in extra- and intracranial vessels of the three subgroups of SCD patients

Variables SCAA)n=15 HbS/BThal (B) n =26 HbS/HbC (C)n =12
Median Q1-Q3 Median Q1-Q3 Median Q1-Q3 p value
MCA-TAMM (cm/s) 104.2 97.4-111.9 93.2 84.5-101.8 86.1 69.3-99.3 AvsB .0239
AvsC .0023
BvsC 1547
MCA-PSV (cm/s) 142.5 134.9-151.1 126.9 110.6-140.5 126.5 96.9-142.7 AvsB .0139
AvsC .0060
BvsC .3886
ACA-PSV (cm/s) 112.8 102.4-121.1 102.3 86.0-112.3 89.8 81.9-117.3 AvsB .0360
AvsC .0410
BvsC 7106
SIPH-PSV (cm/s) 139.4 130.7-157.0 1324 107.8-143.7 1154 93.6-138.4 AvsB 1478
Avs C .0130
BvsC 1361
PCA-PSV (c/s) 82.6 78.2-92.8 77.8 65.8-86.7 73.1 66.6-84.8 AvsB .0256
AvsC .0145
BvsC 4736
BAS-PSV (c/s) 100.6 78.7-105.5 82.0 72.2-85.2 87.3 68.4-93.3 AvsB .0082
AvsC .0629
BvsC .6273
ICA-PSV (cn/s) 91.9 80.5-99.7 81.3 71.0-91.5 84.8 72.7-93.8 AvsB .0653
AvsC 3358
BvsC 5045
VERT-PSV (cm/s) 61.0 52.8-64.47 45.14 41.87-50.95 56.96 52.59-63.97 Avs B <.0001
Avs C 7579
BvsC .0007
MCA-PI 0.79 0.70-0.88 0.79 0.72-0.90 0.84 0.77-0.91 AvsB .6837
AvsC 2842
BvsC 4131
ACA-PI 0.83 0.72-0.89 0.83 0.74-0.96 0.93 0.81-1.08 AvsB 9157
AvsC .0386
BvsC .0290
SIPH-PI 0.82 0.68-0.91 0.84 0.78-0.97 1.01 0.84-1.06 AvsB 2189
Avs C .0126
BvsC .0878
PCA-PI 0.78 0.74-0.86 0.77 0.71-0.85 0.84 0.68-0.91 AvsB .8720
AvsC 3724
BvsC 2601
BAS-PI 0.77 0.68-0.87 0.76 0.71-0.89 0.86 0.76-0.97 AvsB 9130
AvsC 1977
BvsC 1734
ICA-PI 0.92 0.77-0.99 0.95 0.88-1.10 1.08 0.93-1.16 AvsB .1060
AvsC .0200
BvsC 2608
VERT-PI 0.96 0.89-1.10 0.97 0.86-1.31 1.22 1.01-1.42 AvsB 4024
AvsC .0109
BvsC .0365
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Fig. 2 Relation between Hb values and MCA-PSV (leff) and MCA-IP (right). Eighty percent tolerance ellipses were calculated for SCD patients (red

line) and healthy controls (black line)

and vs 86.1 cm/s; p <0.0023, respectively) (Table 4), but lower if
compared to PSV.

If considering the three SCD groups altogether, the PI value
was not statistically different in the three SCD subgroups.

None of SCD patients showed intracranial arterial
narrowing at MRI/MRA, although 20% of cases showed si-
lent cerebral infarcts, similar to which was previously reported
in beta thalassemia intermedia patients [15].

Furthermore, MCA-PSV and MCA-IP values were related
to Hb levels and HbS%, focusing on the more studied cerebral
artery.

Figure 2 shows the relationship between Hb values and
MCA-PSV (left) and MCA-PI (right). Eighty percent toler-
ance ellipses are highlighted for SCD patients and healthy

controls. The major axes of the ellipses, even in the presence
of'a considerable dispersion of the values, show that when the
Hb value increases, the MCA-PSV value decreases. MCA-
PSV values are lower in healthy controls than in SCD patients;
in the latter, the angular coefficient differs in a statistically
significant from zero. In healthy controls, MCA-IP values
increase when Hb values increase and a substantial stability
of MCA-PI was found in SCD patients. The angular coeffi-
cient was statistically significant in controls. Even in this case,
there is a considerable dispersion of the values in both groups.

Figure 3 shows the relationship between Hb values and
MCA-PSV (left) and MCA-IP (right) only for SCD patients,
because HbS is absent in healthy controls. Always consider-
ing 80% tolerance ellipses, the MCA-PSV value increases
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Fig. 3 Relation between HbS values and MCA-PSV (lefi) and MCA-PI (right). Eighty percent tolerance ellipse were calculated for SCD patients (red /ine)
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together with HbS, even in the presence of a significant dis-
persion of the data. There is not a significant increase of
MCA-IP values with increase of HbS.

Finally, in order to better evaluate the possible use of
MCA-PSV as a diagnostic test in differentiating the two
groups (SCD patients and controls), the ROC curve was cal-
culated using a logistic regression model. The area under the
curve (AUC) was 0.76. The threshold value of PSV of 132.7
provides a sensitivity of 53.8% in identifying a patient SCD
and a specificity of 100% in detecting a condition of absence
of pathology (Youden’ index = 0.5385) (Fig. 4).

Table 5 shows the distribution of subjects above and below
the chosen threshold for the two groups (controls and SCD
patients). The highest values of PSV are those that potentially
increase the risk of cerebrovascular accident.

Discussion

Ischemic strokes in SCD are usually the result of fibrous pro-
liferative hyperplasia of the miointimal endothelium, leading
to intracranial artery stenosis, which can be detected by trans-
cranial Doppler (TCD) [4, 5]. Elevated cerebral blood flow
(CBF) velocity (=200 cm/s) has been widely reported as a risk
factor for stroke in children with SCD [6].

Due to improvement in treatment and better life expectancy
in SCD patients, cerebrovascular disease in adults with SCD is
increasing and receiving greater attention. There are scarce
data about the use of TCD in adults with SCD and no pro-
spective long-term studies. Previous studies [16, 17] reported
that the pattern of TCD velocities in adults with SCD are

sé

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

MCA_sis=132.7041

0 01 02 03 04 05 06 07 08 09 1
1-sp

Fig. 4 ROC curve

Table 5 The distribution of subjects above and below the chosen
threshold for the two groups (controls and SCD patients)

MCA-PSV (cm/s) SCD patients Controls Total
>132.7 28 (53.8%) 0 28
<132.7 24 (46.2%) 26 (100%) 50
Total 52 26 78

lower than those observed in children with SCD, but still
higher than those detected in adult control population,
confirming that age affects cranial vessel velocities, which
are also increased in the presence of anemia [18]. Therefore,
the TCD velocity cut-off used in SCD children cannot be used
to categorize the risk for stroke in SCD adults. Valadi et al.
reported that adults with SCD had a higher TAMM
(110.9 £ 25.7 cm/s) compared to healthy controls
(71.1 £ 12.0 cm/s) and this difference is apparently propor-
tional to the degree of anemia [19]. In 2004, the American
Academy of Neurology also recommended TCD in adults
with SCD [20]. Furthermore, recent studies reported the in-
volvement of extracranial internal carotid arteriopathy in the
risk of stroke in SCA patients [21, 22].

The use of transcranial color Doppler (TCCD) instead of
TCD has the potential to be more accurate, because the former
combines color Doppler flow information to B-Mode image
and allows determination of the angle between the course of
the vessel and the ultrasound beam, leading a more accurate
estimation of the velocities. Using the two methods and angle
correction, Kreiza et al. [9] found no differences in children.
However, no data are available for adults and moreover the
transcranial velocities risk threshold for stroke in adults with
SCD remains yet to be established.

In this study, a group of stroke-free adult SCD patients was
evaluated. We measured PSVs by TCCD using angle correc-
tion, because it is a more precise technique to detect CBF
velocities, although an overestimation of stroke risk has been
reported measuring PSV [23].

Comparing our SCD patients with healthy controls, and with
the subgroups of SCA, HbS-Thal and HbS/HbC patients, a
direct correlation was found between PSV and Hb levels and an
inverse correlation with HbS. Despite the absence of cerebral
events, it was observed that adult SCD patients had higher
PSVs in any vessels evaluated, compared to healthy controls,
showing a more alterated CBF. These findings confirm the im-
portant role played by hypoxia in relation to CBF velocities;
furthermore, HbS, partially responsible for blood hyperviscosity
leading to sickling and consequent vaso-occlusive crisis, is pres-
entin different amounts in the three SCD subgroups studied. This
could explain the higher PSV values in SCA patients compared to
HbS-3Thal and HbS/HbC patients and controls. However, in our
SCD patients, the highest PSV in MCA, the most representative
and best evaluated intracranial vessel, was lower than those
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reported in the literature in SCD children, and did not relate with
overt stroke. Furthermore, no strictrelations between CBF veloc-
ities and clinical neurological findings were detected. The ab-
sence of neurological events is probably due to the absence of
hemodynamically relevant stenosis in this group of patients. On
the contrary, it was observed that patients with higher PSVsin any
evaluated vessels showed a more severe sickle phenotype, in
terms of total Hb levels, HbS, blood requirement, and number
of sickle crises, even in stroke-free cases. These results suggest
that PSV could be an index of severity of disease.

In our series of patients, the ROC curve showed a MCA-
PSV values of 134.7 cm/s that can indicate the threshold of
abnormal MCA-PSV in SCD patients in comparison with
healthy controls. In a previous study, we reported a higher
pathological cut-off out of the 95° percentile considering only
the group of the SCD patients studied [24].

The pulsatility index (PI) was also considered; PI measure-
ment is considered an indicator of endothelial elasticity.
Although it was normal in SCD patients and controls, PI values
increase when Hb levels increase with statistical significance
only in controls, showing a loss of endothelial elasticity in SCD
patients. No relation between PI and HbS was found in SCD
patients. The reduced endothelial elasticity in adult SCD pa-
tients could justify the higher observed PSV values even though
in the absence of stenosis and over stroke events.

In SCD patients, as in the general population, age is a factor
responsible for atherosclerosis: atherosclerosis may be a po-
tential physio-pathological mechanism involved in the devel-
opment of sickle cerebral vasculopathy. Loss of endothelial
elasticity in SCD patients is due to inflammation, hypoxia,
anemia, hemolysis with subsequent decreased nitric oxide
bioavailability, impaired blood rheology and particular local
hemodynamic profiles, and genetic factors [25, 26]. The vas-
cular damage caused by sickle cells may be the result of their
adherence to the endothelium, leading to secondary degener-
ation of the arterial wall and compromising the adequate sup-
ply of oxygen and other nutrients through the endothelial
membrane [27]. In adult SCD patients, PI could be another
good indicator of endothelial damage and sclerosis, a potential
predictor of acute cerebrovascular events, or an indicator of
chronic progression of the disease, and it may be detected with
a non-invasive and relatively inexpensive technique. It could
be useful to perform this evaluation with PSV to have a com-
plete picture of cerebral vessels, studying at the same time
endothelial structure and blood flow velocity, respectively.

A larger prospective study on a larger number of SCD
patients could confirm our results.

Conclusions

In conclusion, MCA-PSV measured by angle-corrected
TCCD is higher in any cerebral vessels of our group of adult
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SCD patients compared with healthy age and sex-matched
controls and in particular in SCA patients according to the
worse hematological phenotype and high HbS levels, despite
the absence of acute cerebrovascular events. Furthermore, PI
value is within the normal range in both adult SCD patients
and healthy controls, but, interestingly, it is in the lower range
of normal values in SCD patients.

Considering the life-threatening risk of stroke and the so-
cial cost of treatment, it could be helpful to identify adult SCD
patients in need of TCCD control in order to indicate abnor-
mal CBF and to detect the severity of the sickle endothelial
damage due to the hemodynamic stress. It could be useful to
perform a TCCD screening, a non-invasive, convenient, and
low-cost procedure, in a large series of adult SCD patients to
early identify the patients at risk of stroke and establish appro-
priate treatment.
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