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Abstract

Aim: The aim of our work is to study the velocities by trans cranial Doppler in children with
homozygous sickle cell SS, more specifically to measure cerebral circulatory velocities by trans cranial
oppler in children with sickle cell SS and determine the relationships between the results of trans
cranial Doppler with the age and type of sickle cell disease.

Materials and Methods: We conducted a retrospective prospective study (October 2018 to December
2020) and over a period of 27 months.

Results: We recruited a total of 126 patients aged between 1 year and 15 years. The sex ratio is 1.2.
The average systolic velocities at the level of the right and left middle cerebral artery are abnormally
high respectively with a rate of 61.90% and 58.73%. In total we had 68.25% (n=86) of patients with
high risk, 9.52% (n=12) with intermediate risk.

Conclusion: Sickle cell disease is one of the most common genetic pathologies in our regions,
especially the homozygous form. The latter is the one that presents more complications and among
which we have Stroke. Stroke detection is done using transcranial Doppler, hence the purpose of our
study.
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Introduction

Hemoglobinopathies are hereditary abnormalities of hemoglobin and sickle cell disease
represents the most widespread defect in the world with 100 million individuals affected. It
is estimated that more than 300,000 children are born each year worldwide, mostly in low-
and middle-income countries, with a severe form of hemoglobinopathy (SS). Approximately
5% of the world population are asymptomatic carriers of a sickle cell or thalassemia gene;
this percentage reaches 25% to 40% in certain regions [,

It is a real public health problem in Niger due to its prevalence on the one hand, its
complications (anemic, ischemic and infectious) leading to repeated and prolonged
hospitalizations as well as the mortality it causes on the other hand . One of the most feared
complications is stroke, this complication affects 6 to 17% of children and young adults
worldwide . The risk of stroke is higher in the first decade and especially in SS sickle cell
patients 541,

Thus, transcranial Doppler (TCD) is a non-invasive exploration technique of the intracranial
arteries. Since its first use by Aasliden 1982, its indications have continued to expand. Its use
in children with sickle cell disease stems from the work of Adams who in 1992 showed that
children with high velocities in the middle cerebral or internal carotid arteries had an
increased risk of stroke [,

In developed countries, the detection of high-risk patients coupled with a regular transfusion
program has led to an exponential reduction in strokes . Africa is home to the largest
number of sickle cell patients in the world but struggles to implement policies to prevent
complications [,

In Niger, screening for cerebral vasculopathy by transcranial Doppler is not systematic;
therefore, there are no data on the velocimetric study of sickle cell patients.

So it seemed useful to us to carry out this study whose objective is to measure cerebral
circulatory speeds by DTC in children with SS sickle cell disease and determine the
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relationships between the results of DTC with age and sex.

Materials and Methods

We conducted a retrospective prospective study (October
2018 to December 2020) over a period of 27 months.

We included in this study children with SS homozygous
sickle cell disease, aged less than or equal to 15 years,
received for transcranial Doppler ultrasound.

The transcranial Doppler examination was carried out with
mindray brand devices, either a DC70 or a DC80. In all
cases the examination was carried out by the same operator.
A 2-4 MHZ probe was used. The examinations were carried
out using the temporal window (right, left) and the occipital
window using color Doppler and pulsed Doppler. The
average maximum speeds, obtained after an automatic
tracing of the envelope of a cycle, were recorded on the
anterior, middle, posterior cerebral arteries and the basilar
trunk. Thus after recording the results, the risk of cerebral
vasculopathy is established according to the following
classification: the risk is low when the average systolic
speed is less than 170 cm/s; the risk is said to be
intermediate when the average systolic speed is between
170 and 200 cm/s; the risk is said to be high when the
average systolic speed is greater than or equal to 200 cm/s
We studied the following parameters.

= Age

= Sex

= Reasons for the examination

Parameters explored using transcranial ultrasound
= Average systolic velocity of the right middle cerebral

artery.

=  Average systolic velocity of the left middle cerebral
artery.

= Average systolic velocity of the right anterior cerebral
artery.

=  Average systolic velocity of the left anterior cerebral
artery.

= Average systolic velocity of the right posterior cerebral
artery.

= Average systolic velocity of the left posterior cerebral
artery.

= Average systolic velocity of the basilar trunk.

The data were recruited using Excel 2013 software. The
analysis of the data obtained was carried out with Epi info
7.2 software with a significance threshold of less than 0.05.

Results

We included 126 patients in our study. The average age of
our patients is 6.67+3.51 years. The age group of 1-10 years
is the most present with a percentage of 85.72% (table 1).
The male and female gender are approximately equal with
49.21% and 50.79% respectively. The most frequent reason
for examination is the follow-up assessment with a
percentage of 61.9% (Table 2). On transcranial Doppler at
the level of the right and left anterior cerebral artery 34.13%
and 30.95% of patients have a VSM > 200 cm/s (figure
N°1), at the level of the right and left middle cerebral artery
respectively 61.90% and 58.73% have a VSM > 200 cm/s
(figure N°2) , at the level of the posterior artery 21.43% of
patients on the right and left have a VSM > 200 cm/s and at
the level of the basilar trunk 33.33% have a VSM > 200
cmis.

https://www.radiologypaper.com

The risk of vasculopathy was high in 68.25%, intermediate
in 9.52% of cases and low in 14.29% of cases (Table 3).

Table 1: Distribution of patients by age group.

Age range (Years) Frequency Percent
[1-5] 51 40, 48
[6-10] 57 45, 24
[11-15] 18 14,29
Total 126 100, 00

Table 2: Distribution of patients according to age groups by
indication for transcranial Doppler.

Age range (Years)

Indication [11-15]|[1-5]|[6-10]|Total
History of transient ischemic attack 0 1 0 1
History of stroke 1 4 3 8
Monitored assessment 10 37| 28 | 75
Headache 5 2 9 16
Control 2 5 11 | 18
Troubleshooting 0 1 2 3
After-effects of stroke 0 1 3 4
Chronic vertigo 0 0 1 1

Total 18 | 51| 57 | 126

Discussion

The WHO reports 120 million people carrying the sickle
cell mutation. Sickle cell disease is one of the most common
genetic diseases in the world and 300,000 new SS sickle cell
patients are born each year worldwide, with more than
200,000 cases recorded in Africa (€,

For the African continent, the WHO indicates a prevalence
of 13%. In West African countries such as Ghana and
Nigeria, the frequency of the trait reaches 15 to 30%
according to the WHO P, The prevalence of sickle cell trait
according to the 2010 WHO report is around 25% in Niger,
Niamey being an area located in the sickle cell belt 9],
During its evolution several manifestations can appear
among which we have cerebral manifestations, the most
feared of which is stroke. Thus, sickle cell disease increases
the risk of stroke in children by 220 11,

The average age of our patients is 6.67 years £3.51 and the
age group of 1 to 10 years is the most present with a
frequency of 108 cases or 85.72%. This frequency in the
first decade can be explained by the fact that sickle cell
disease is a genetic disease that is most often detected early
in life 101,

The homozygous SS type is the form of sickle cell disease
most present in Niger, especially in West Africa %, It
represents the form with the most complications, especially
cerebral complications "3 %1, The interest of our work lies in
the fact that our study population consists only of the
homozygous SS form. In order to detect or diagnose
cerebral vasculopathy, the most requested test is transcranial
Doppler because it is a reliable and accessible test in our
regions. It emerged from our study that the most frequent
reasons for examination are the follow-up assessment in
61.9% of cases (n = 78) and the control in 14.29% of cases
(n = 18). In terms of the above, we unfortunately note
among our patients that the follow-up by the DTC is
insufficient as is the control too. This observation made in
our study goes against the recommendations made in the
literature which highlights the importance of examining
DTC in the follow-up of children with sickle cell disease
aged between 2 and 15 years [ 12,
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The age group of 1 to 10 years is the one presenting more
patients with high VSM, we find 58.73% of patients in this
age group out of the 68.25% having a high risk. Speeds are
highest between ages 3 and 12 with a peak speed around 7-8
years. It is interesting to note that this age group is that of
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maximum risk of stroke. Cerebral vasculopathy is more

common in the first decade of life in sickle cell patients 2

18 This is why it is recommended to do transcranial

Doppler in the annual follow-up of sickle cell patients,

especially those aged between 2 and 15 years.

1 VSM 167.63cm/s
vOoMm
R
S/0

77.78 cm/s
0.54
2.16

1 VSM 217.24cm/s
VDM 109.96 cm/s
RI 0.49
S/D 1.98

Fig N°2: Velocimetric study of the right middle cerebral artery showing an average systolic velocities equal to 217.24 cm/s.

Table 3: Distribution of patients according to the results of transcranial Doppler by age groups

Age range (Years) Conclusion of transcranial Doppler
High Low Incomplete Intermédiate Total
[11-15] 12 2 2 2 18
[1-5] 36 7 3 5 51
[6-10] 38 9 - 5 57
Total 86 18 10 12 126

Conclusion

In Niger the prevalence of this disease in Niger is 25%. The
most common form in the world is the homozygous form, it
is a real public health problem due to its complications and
one of the major complications is stroke. We therefore
carried out a study on the velocimetry of the cerebral
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arteries in sickle cell patients with SS in order to find
patients at risk of developing cerebral vasculopathy. At the
end of our study, we noticed that children in the age group
of 1-10 years are more likely to present high velocities, all
sickle cell patients whether SS or SC can have a stroke,
hence the importance of doing DTP in the follow-up of
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sickle cell patients in Niger.

Conflict of interest
The authors declare that they have no conflict of interest.

References

1.

10.

11.

12.

13.

Weatherall D, Akinyanju O, Fucharoen S, Olivieri N,
Musgrove P. Inherited Disorders of Hemoglobin. In:
Jamison DT, Breman JG, Measham AR, Alleyne G,
Claeson M, Evans DB, Jha P, Mills A, Musgrove P,
editors. Disease Control Priorities in Developing
Countries. 2" ed. Washington (DC): World Bank;
c2006. p. 663-680.

Malam Abdou B, Mahamadou S, Brah S, Alhousseini
MD, Djibrilla A, Daou M, et al. Les
Hémoglobinopathies au Niger: Analyse de 6532
électrophoreses réalisées au laboratoire de biochimie de
la faculté des sciences de la santé de Niamey. Health
Sci. 2016;17(3):93-97.

DeBaun MR, Jordan LC, King AA, Schatz J,
Vinchinsky E, Fox CK, et al. American Society of
Hematology 2020 guidelines for sickle cell disease:
prevention diagnosis and treatment of cerebrovascular
disease in children and adults. Blood Adv.
2020;4(8):1554-88.

Munube D, Katabira E, Ndeezi G, Joloba M, Lhatoo S,
Sajatovic M, et al. Prevalence of stroke in children
admitted with sickle cell anaemia to Mulago Hospital.
BMC Neurol. 2016;16(1):175.

Adams R, McKie V, Nichols F, Carl E, Zhang DL,
McKie K, et al. The use of transcranial ultrasonography
to predict stroke in sickle cell disease. N Engl J Med.
1992;326(9):605-10.

Adams RJ, McKie VC, Hsu L, Files B, Vichinsky E,
Pegelow C, et al. Prevention of a First Stroke by
Transfusions in Children with Sickle Cell Anemia and
Abnormal  Results on  Transcranial  Doppler
Ultrasonography. N Engl J Med. 1998;339(1):5-11.
Niamkey JT, Kemajou U, Boka B, Koffi J, Angoran I,
Soya E, et al. Profil echo-doppler transcranien de
I'enfant majeur a I'Institut de Cardiologie d'Abidjan.
Médecine d'Afrique Noire. 2021;(68):91-98.

Bako ID, Ousseini M, Salia AM. Quelle place pour
I’imagerie médicale dans le bilan d’extension de la
drépanocytose? Illustration a propos d’un cas a Niamey
(Niger). Jaccr Africa, 2018, 2(1).

OMS, Organisation Mondiale de la Santé.
Drépanocytose. Prévalence de la drépanocytose. A59/9.
Avril; c2006.

Bade Mallam A, Brah S, Daou M, Issaka H, Andia A,
Sani Beydou S, et al. Contribution a I’étude du profil
des patients drépanocytaires & I’Hopital National de
Niamey. Annales de I'Université Abdou Moumouni.
2015;18:44-51.

Mutombo AM, Shongo MYP, Kanteng GAW, Nyenga
AM, Kabuya MS, Lubala TK, et al. AVC révélateur
tardif d’un syndrome drépanocytaire majeur chez trois
enfants congolais. Pan African Medical Journal.
2013;16:74.

Verlhac S, Bernaudin F, Brugieres P. Doppler
transcranien chez l’enfant drépanocytaire. J Radiol.
2003;84:131-8.

Sonhaye L, Gbande P, Dagbe M, Wallace E, Boube
AH, Amadou A, et al. Doppler transcranien des enfants

https://www.radiologypaper.com

drépanocytaires. Journal Africain d’Imagerie Médicale.
2018;10(3):127-132

How to Cite This Article

Inoussa BD, Matallah SM, Hissene TM, Marie O, Enock L, Eric
Omar A, et al. Transcranial doppler echo in children with sickle cell
SS in Niger: Velocimetric study. International Journal of Radiology
and Diagnostic Imaging 2024; 7(1): 19-22.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which
allows others to remix, tweak, and build upon the work non-
commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.


https://www.radiologypaper.com/

