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INTRODUCTION

Sickle cell disease (SCD) is a group of  hemoglobinopathies 
that include mutations in the gene encoding the 
beta‑subunit of  hemoglobin. SCD is characterized by 
two major components: hemolysis and vaso‑occlusive 
crises (VOC). The defect in the beta‑globin gene makes 
the sickle hemoglobin (HbS) molecule susceptible 
to converting into rigid, elongated polymers in a 
deoxygenated state.[1]

SCD is characterized by repeated episodes of  severe 
acute pain and acute chest syndrome and other 
complications such as stroke, chronic pain, nephropathy, 
retinopathy, avascular necrosis, priapism, and leg ulcers. 
In the shift from paediatric to adult‑focused healthcare 
systems there’s a continual difference in average life 
expectancy, with individuals with SCD facing a mortality 
rate that is 20 years higher than that of  the general 
population.[2]

Background: Sickle cell disease (SCD) causes recurring crises that lead to changes in organs such as the 
spleen, liver, and kidneys, resulting in high morbidity and mortality.
Materials and Methods: This study was carried out in the Adult Haematology Clinic and the Radiology 
Department of Lagos State University Teaching Hospital, Ikeja Nigeria. Consenting SCD participants in a 
steady state and consenting blood donors with HbAA phenotype, representing controls were subjected to 
an abdominal ultrasound scan. The sizes of their spleen, liver, and kidneys were measured.
Results: There were 82 participants, 41 in each group (SCD and HbAA controls). The mean age for SCD 
was 25.9 ± 7.49 years and for HbAA was 26.49 ± 4.35 years. In each group, there were 41 participants, 
comprising 19 males and 22 females. Individuals with HbAA had spleen sizes approximately one and a half 
times larger than those with SCD (SCD: 6.81 ± 3.83 cm, HbAA: 9.97 ± 1.11 cm, P = 0.01). Conversely, 
participants with SCD exhibited larger liver, right kidney, and left kidney measurements compared to 
those with HbAA (Liver SCD: 14.91 ± 1.60 cm, HbAA: 13.32 ± 1.56 cm, P = 1.00), (right kidney SCD: 
10.52 ± 1.16 cm, HbAA: 9.92 ± 1.04 cm, P = 0.02), (left kidney SCD: 10.76 ± 1.45 cm, HbAA: 10.58 ± 
1.60 cm, P = 0.53).
Conclusion: The study found that SCD affects the sizes of abdominal organs, including the spleen, kidneys, 
and liver, compared to those without the condition.
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In the West African country of  Nigeria, more than 150,000 
children are born with the disease annually and 4 million 
people are afflicted. Sickle cell anemia (SCA) is the most 
common genetic disease and affects approximately 1%–3% 
of  Nigerians.[3‑6]

SCD causes a significant challenge to the global population’s 
health. It contributes crucially to the morbidity and mortality 
of  pediatric and adult populations. About 50%–90% of  
children born with SCD in low‑ and low‑middle‑income 
countries of  Sub‑Saharan Africa die before their fifth 
birthday.[7‑11]

SCD, particularly in the homozygous states, i.e., SCA, has a 
significant contribution to the morbidity and mortality of  
this disorder during crisis. The various types of  crises cause 
changes in different body organs, some of  which may have 
long‑term complications for the sickle cell patient. Most of  
these changes occur in the abdominal organs, that is, the 
liver, kidneys, spleen, gallbladder, as well as the pancreas. 
Early detection of  these changes enables the caretakers to 
take preventive measures.[12]

The most common clinical manifestations of  SCD is 
vaso‑occlusive crisis. A vaso‑occlusive crisis occurs when 
the microcirculation is obstructed by sickled red blood cells, 
causing ischemic injury to the organ supplied and resultant 
pain. Pain crises constitute the most distinguishing clinical 
feature of  SCD. They are the leading cause of  emergency 
department visits and hospitalizations for affected patients.[13] 
Certain organs involved during the vaso‑occlusive crisis in 
sickle cell patients are the spleen, liver, biliary tract, and 
kidneys. However, the gastrointestinal tract and adrenals 
may sometimes be affected; the occurrence is quite low 
compared to the aforementioned.[14]

Ultrasonography evaluation is becoming a standard 
screening procedure in all cases of  SCD patients for 
the assessment of  pathological changes occurring in the 
abdominal organs, especially the liver, biliary tract, spleen, 
kidneys, and pancreas.[12]

Ultrasound is a simple, affordable, and easily accessible 
imaging modality that plays an important role in the early 
detection of  these changes for further management and 
follow‑up of  SCD patients.[15] It is safe, replicable, portable, 
and can be performed at the bedside, giving precise 
diagnostic imaging techniques in the examination of  the 
effects of  SCA on the size of  the liver, kidney, and spleen.

In the abdominal evaluation of  organs in SCD, certain 
sonographic appearances are visualized which are 

sometimes abnormal due to SCD. Our study aims to 
compare the sizes of  solid organs such as the liver, 
spleen, and kidney in SCD in their steady state and HbAA 
individuals.

MATERIALS AND METHODS

This study was carried out in the Adult Haematology Clinic 
and the Radiology Department of  Lagos State University 
Teaching Hospital, Ikeja. It involved willing participants 
diagnosed with SCD and healthy blood donors with HbAA 
phenotype as a control group. All participants underwent 
abdominal ultrasound scans at the radiology department 
of  a tertiary health‑care center after signing an informed 
consent form. The scans captured measurements of  
abdominal organs such as the liver, spleen, and kidneys 
in both SCD group and the HbAA control group. The 
scans were performed using the “Logiq C5 Premium” 
machine by GE Medical Systems (China) Co., Ltd. Adults 
who have been confirmed to be HbSS, HbSC, or other 
SCD phenotypes were included, and HbAA‑confirmed 
adults served as controls. Exclusion criteria included 
nonconsenting participants and HbAA controls with 
hypertension or diabetes. A total of  41 HbSS and 41 
HbAA controls were surveyed. Participants were given a 
questionnaire to gather sociodemographic data, and the 
study defined steady‑state in SCD using the method as 
stated by Ballas.[16]

The IBM Statistical Package for Social Sciences (SPSS) 
version 26 software was used to analyze the collected data, 
with means and standard deviations used to represent 
normally distributed numerical data. The Student’s t‑test 
compared continuous variables; P ≤ 0.05.

Ethical consideration
The approval for conducting the study was obtained from 
the Research and Ethics Committee of  the Lagos State 
Teaching Hospital. Reference number: LREC/06/10/1760.

RESULTS

This was a comparative cross‑sectional study comprising 
41 participants of  subjects and controls. The mean ages of  
the two groups were as follows: SCD = 25.9 ± 7.49 years 
and HbAA = 26.49 ± 4.35 years, which was statistically 
insignificant.

In each group, there were almost an equal number of  males 
(19 out of  41) and females (22 out of  41), with a ratio of  
1:1.15. This information is summarised in Table 1. Other 
sociodemographic parameters of  both the groups are 
presented in Table 1.
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The liver span was also larger in SCD than in control, while 
the splenic size was larger in control than in SCD.

The splenic size in the control group was almost one and a 
half  (approximately 1.5) times larger than that of  subjects 
within the SCD group [Table 2]. The liver, right and left 
kidneys, and spleen sizes in cm for both SCD and control 
are presented in Table 2.

Males with SCD had larger liver and spleen sizes compared 
to females with SCD, while female had larger spleens than 
males in the control group

The right kidney was larger and statistically significant in 
sickle cell subjects than controls in males (P = 0.01). The 
larger size of  the right kidney in comparison with controls 
in females was insignificant.

The measurements for the liver spans, right and left kidneys, 
and spleen for both male and female subjects can be found 
in Tables 3 and 4. Compared to controls as found in our 
study [Figures 1 and 2a,b].

DISCUSSION

This cross‑sectional study provided valuable insights 
into the morphological differences in organs between 
individuals with SCD and healthy controls. The study aimed 
to compare the sizes of  the liver, kidneys, and spleen in 
SCD patients and controls, shedding light on the impact of  
the disease on organ morphology. The results of  this study 
illuminate several critical aspects of  SCD and its impact 
on organ morphology, providing a foundation for a deeper 
understanding of  the disease’s complexities.

Notably, an almost equal number of  males (19 of  41) and 
females (22 of  41) participated, resulting in an almost 
balanced gender ratio (1:1.15). This gender balance within 
both the SCD and control groups ensures that our findings 
are representative of  diverse perspectives and reinforces 
the reliability of  our results.

Gender‑specific differences in organ sizes were highlighted 
in this study. Male SCD patients had notably larger right 
kidneys compared to male controls, while no such finding 
was observed in female SCD patients. Further research is 
needed to explore the underlying mechanisms contributing 
to this difference.[17,18]

This gender‑specific variation emphasizes the importance 
of  considering sex as a biological variable in SCD research, 
as males and females might exhibit different disease 
manifestations and complications.[19]

The gender‑specific differences observed in this study 
could be influenced by hormonal factors. Estrogen, for 
instance, has been shown to have a protective effect on 
the vasculature, potentially mitigating some complications 
in females with SCD.[19] Understanding these hormonal 
influences could open avenues for targeted therapies, 

Table 1: Sociodemographic parameters in sickle cell disease 
and control study participants
Parameters SCD Controls

Age (years), mean±SD 25.59±7.49 26.49±4.34
Sex

Males 19 of 41 (46.34) 19 of 41 (46.34)
Females 22 of 41 (53.65) 22 of 41 (53.65)

The mean age of diagnosis (years) 6.83±5.35
History of blood transfusion

Yes 28 (68.3) 1 (5.3)
No 13 (31.7) 18 (94.7)

Known hypertensive
Yes 0 1 (5.3)
No 41 (100) 18 (94.7)

Known diabetics
Yes 0 1 (5.3)
No 41 (100) 18 (94.7)

History of alcohol
Yes 10 (24.4) 14 (34.1)
No 31 (75.6) 27 (65.9)

SD – Standard deviation, SCD – Sickle cell disease

Table 2: Liver, kidney, and spleen sizes in sickle cell disease 
and control study participants
Parameters Mean±SD P

SCD Controls

Age (years) 25.59±7.49 26.49±4.34 0.51
Liver span (cm) 14.91±1.60 13.32±1.56 1.00
Right kidney (cm) 10.52±1.16 9.92±1.04 0.02
Left kidney (cm) 10.76±1.45 10.58±1.60 0.53
Spleen (cm) 6.81±3.83 9.97±1.11 0.01

SD – Standard deviation, SCD – Sickle cell disease

Table 4: Mean values of age and organ sizes in female sickle 
cell disease and control participants
Parameters Mean±SD P

SCD Controls

Age (years) 25.14±8.57 27.05±8.57 0.42
Liver span (cm) 14.68±1.87 12.91±1.06 0.01
Right kidney (cm) 10.34±1.16 9.91±0.80 0.10
Left kidney (cm) 10.62±0.63 10.48±1.68 0.61
Spleen (cm) 5.68±4.31 10.07±0.95 0.01

SCD – Sickle cell disease, SD – Standard deviation

Table 3: Mean values of age and organ sizes in male sickle 
cell disease and control study participants
Parameters Mean±SD P

SCD Controls

Age (years) 26.11±6.19 26.00±4.08 0.92
Liver span (cm) 15.18±1.20 13.67±1.82 0.01
Right kidney (cm) 10.73±1.15 9.92±1.23 0.01
Left kidney (cm) 10.91±2.03 10.66±1.56 0.53
Spleen (cm) 8.12±2.74 9.89±1.24 0.01

SCD – Sickle cell disease, SD – Standard deviation

D
ow

nloaded from
 http://journals.lw

w
.com

/w
ajr by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 04/28/2025



Adegboyega, et al.: Abdominal ultrasound

50  West African Journal of Radiology | Volume 30 | Issue 2 | July-December 2023

tailored to each gender, enhancing the quality of  care for 
SCD patients.

The mean ages of  the two groups were comparable 
(SCD = 25.9 ± 7.49 years; HbAA = 26.49 ± 4.35 years) 
and insignificant statistically. This finding indicates that 
age‑related variations were unlikely to confound our 
assessment of  organ sizes, enhancing the validity of  our 
comparisons.

The enlargement of  organs, particularly the liver and 
spleen, is a well‑documented phenomenon in SCD. The 
spleen’s size reduction in SCD patients could be attributed 
to recurrent VOC, leading to infarctions and subsequent 
atrophy.[20] This study revealed significant differences in 

spleen sizes between SCD patients and controls, with 
controls exhibiting a spleen size approximately 1.5 times 
larger than that of  SCD patients. This observation aligns 
with existing literature that discusses splenic sequestration 
crisis, a common complication in individuals with SCD, 
leading to spleen size reduction due to repeated episodes 
of  vaso‑occlusion.[20]

Hepatomegaly in SCD can have multiple underlying causes. 
Chronic hemolysis, transfusion‑related effects, and liver 
disease risk factors contribute to the development of  
hepatomegaly [Figure 2c] in these patients.[21‑24] The liver 
disease in SCD can result from intrahepatic sickling of  
erythrocytes, viral hepatitis, iron overload due to multiple 
blood transfusions, and gallstone disease from chronic 
hemolysis. Cholelithiasis is a common complication, while 
acute hepatic crisis and chronic cholangiopathy are severe 
complications. Multiple blood transfusions can also lead 
to liver dysfunction in SCD patients. The manifestations 
of  SCD in the liver include vascular occlusion, acute 
ischemia, sequestration, and cholestasis. The main hepatic 
complications of  multiple transfusions include hepatitis B 
and C infections and iron overload. Overall, hepatomegaly 
in SCD is a complex condition with various contributing 
factors, and close collaboration between hepatologists and 
specialists in SCD is crucial for preventing, exploring, and 
treating these complications.

Figure 1: (a) B scan mode of ultrasound shows a normal‑sized 
liver (12.1 cm in length) and right kidney (9.68 cm × 4.80 cm in length 
and anteroposterior [AP] diameters) in control adults. (b) B scan mode 
of ultrasound shows normal‑sized spleen (9.82 cm in length) and 
left kidney (spans 9.10 cm × 5.49 cm in length and AP diameters) in 
control adults 

ba

Figure 2: (a) Shows transverse (Left) and longitudinal (Right) views of the left kidney measuring 6.46 x 6.30 x 10.2cm in transverse, AP and 
longitudinal diameters respectively. (b) Shows transverse (Left) and longitudinal (Right) views of the right kidney measuring 7.32 x 4.44 x 11.1 cm 
in transverse, AP and longitudinal diameters respectively. (c) shows longitudinal view of the liver showing hepatomegaly (span 17.3 cm)

a b

c
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Our study also revealed gender‑specific variations in kidney 
size. Among male participants, the right kidney’s size in the 
SCD group was significantly larger than in the control group. 
However, this difference was not statistically significant 
among female participants. These gender‑specific disparities 
in kidney size within the context of  SCD present an intriguing 
area for further investigation, as they may have implications 
for the management and care of  patients [Table 2].

These observations underscore the multisystemic nature 
of  SCD and highlight the need for comprehensive, 
multidisciplinary care for affected individuals. Understanding 
the morphological changes in organs in SCD patients is 
crucial for clinicians. Enlarged organs, as indicated in this 
study, might impact the management of  sickle cell patients, 
especially in cases where organomegaly affects the normal 
physiological functions of  these organs. Physicians must 
be aware of  these alterations for accurate diagnosis and 
treatment planning.

It is important to acknowledge the limitations of  the 
study. The sample size, though comparatively the same 
as controls, is relatively small due to the small percentage 
of  the steady status of  SCD patients with 8 to 12 weeks 
of  crisis‑free periods in our environment; most SCD 
patients are lost to follow‑up after resolution of  crises. The 
study does not delve into the potential causes or clinical 
implications of  the observed organ size differences. Future 
research could focus on longitudinal studies with larger 
sample sizes to explore the underlying mechanisms and 
long‑term complications behind these disparities and their 
impact on the clinical course of  SCD.

The strength of  this study is the contribution to our 
understanding of  how SCD may affect abdominal organ 
sizes and provide a foundation for ongoing research to 
enhance the care and outcomes of  individuals living with 
this genetic condition.

CONCLUSION

Our study offers valuable insights into the potential impact 
of  SCD on abdominal organ sizes, particularly the spleen, 
kidneys, and liver. The findings underscore the importance 
of  regular monitoring and early detection of  organ 
abnormalities in individuals with SCD. Furthermore, the 
gender‑specific variations in kidney size within this context 
provide an intriguing avenue for future research.

Acknowledgment
The authors are grateful to the hematology nurses who 
recruited the SCD subjects for the ultrasonography, the 

head of  the blood donor clinic, Mrs. Olupitan T., who 
assisted with recruiting the HbAA blood donors, and the 
radiology residents who scanned all research participants.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Mangla A, Ehsan M, Agarwal N, Maruvada S. Sickle cell anemia. In: 
StatPearls. Treasure Island (FL): StatPearls Publishing; 2023. Available 
from: https://www.europepmc.org/article/nbk/nbk482164. [Last 
accessed on 2022 Nov 30].

2. Kavanagh PL, Fasipe TA, Wun T. Sickle cell disease: A review. JAMA 
2022;328:57‑68.

3. Chakravorty S, Williams TN. Sickle cell disease: A neglected chronic 
disease of  increasing global health importance. Arch Dis Child 
2015;100:48‑53.

4. Desai DV, Dhanani H. Sickle cell disease. History and origin. Internet 
J Haematol 2004;1:1‑2.

5. Eze CU, Offordile GC, Agwuna KK, Ocheni S, Nwadike IU, 
Chukwu BF. Sonographic evaluation of  the spleen among sickle 
cell disease patients in a teaching hospital in Nigeria. Afr Health Sci 
2015;15:949‑58.

6. World Health Assembly. Sickle‑Cell Anaemia: Report by the Secretariat. 
Available from: https://iris.who.int/bitstream/handle/10665/20890/
A59_9‑en.pdf?sequence=1&isAllowed=y. [Last accessed on 2024 May 
27].

7. Nwabuko OC, Onwuchekwa U, Iheji O. An overview of  sickle cell 
disease from the socio‑demographic triangle – A Nigerian single‑
institution retrospective study. Pan Afr Med J 2022;41:161.

8. World Health Organization. Management of  Birth Defects and 
Haemoglobin Disorders: Report of  a Joint WHO‑March of  Dimes 
meeting. Geneva, Switzerland: World Health Organization; 2006. 
p. 17‑9. Available from: https://www.who.int/publications/i/
item/9789241594929. [Last accessed on 2023 Jul 10].

9. Aygun B, Odame I. A global perspective on sickle cell disease. Pediatr 
Blood Cancer 2012;59:386‑90.

10. Frenette PS, Atweh GF. Sickle cell disease: Old discoveries, new 
concepts, and future promise. J Clin Invest 2007;117:850‑8.

11. Natarajan K, Townes TM, Kutlar A. Disorders of  hemoglobin structure: 
sickle cell anemia and related abnormalities. In: Kaushansky K, 
Lichtman MA, Beutler E, Kıpps TJ, Seligsohn U, Prchal JT, editors. 
Williams hematology, 8th edn. New York: Mcgraw Hill; 2010. p. 667‑
700.

12. Kaushal L, Verma VK, Ahirwar CP, Patil A, Singh SP. Sonographic 
evaluation of  abdominal organs in sickle cell disease patients. Int J 
Med Res Rev 2014;2:1204.

13. Maakaron JE. Sickle Cell Disease (SCD): Practice Essentials, 
Background, Genetics Medscape; 2023. Available from: https://www.
emedicine.medscape.com/article/205926‑overview. [Last accessed on 
2023 Oct 31].

14. Mohanty J, Narayan JV, Bhagat S, Panda B, Satpathi G, Saha N. 
Sonological evaluation of  abdominal organs in sickle cell crisis in 
Western Orissa. Indian J Radiol Imaging 2004;14:247.

15. Luntsi G, Eze CU, Ahmadu MS, Bukar AA, Ochie K. Sonographic 
evaluation of  some abdominal organs in sickle cell disease patients in 
a tertiary health institution in Northeastern Nigeria. J Med Ultrasound 
2018;26:31‑6.

16. Ballas SK. The evolving pharmacotherapeutic landscape for the 

D
ow

nloaded from
 http://journals.lw

w
.com

/w
ajr by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 04/28/2025



Adegboyega, et al.: Abdominal ultrasound

52  West African Journal of Radiology | Volume 30 | Issue 2 | July-December 2023

treatment of  sickle cell disease. Mediterr J Hematol Infect Dis 
2020;12:e2020010.

17. Brar A, Markell M. Impact of  gender and gender disparities 
in patients with kidney disease. Curr Opin Nephrol Hypertens 
2019;28:178‑82.

18. Calle‑Toro JS, Back SJ, Viteri B, Andronikou S, Kaplan SL. Liver, spleen, 
and kidney size in children as measured by ultrasound: A systematic 
review. J Ultrasound Med 2020;39:223‑30.

19. Ceglie G, Di Mauro M, Tarissi De Jacobis I, de Gennaro F, Quaranta M, 
Baronci C, et al. Gender‑related differences in sickle cell disease in a 
pediatric cohort: A single‑center retrospective study. Front Mol Biosci 
2019;6:140.

20. Theocharidou E, Suddle AR. The liver in sickle cell disease. Clin Liver 

Dis 2019;23:177‑89.
21. Lacaille F, Allali S, de Montalembert M. The liver in sickle cell disease. 

J Pediatr Gastroenterol Nutr 2021;72:5‑10.
22. Tavabie O, Suddle AR. Lymphoma and hematological conditions: II. 

Sickle cell hepatopathy and other hematological diseases. Clin Liver 
Dis (Hoboken) 2016;8:6‑9.

23. Warade J, Pandey A. Sickle Cell Hepatopathy Due to Multiple 
Transfusion; 2014. Available from: https://www.semanticscholar.org/
paper/f484a2205951caa638ad58a533d07bb2cd6e2fc0. [Last accessed 
on 2024 Jan 15].

24. Comer GM, Ozick LA, Sachdev RK, Kumar S, Taunk JL, Smith JA, 
et al. Transfusion‑related chronic liver disease in sickle cell anemia. Am 
J Gastroenterol 1991;86:1232‑4.

D
ow

nloaded from
 http://journals.lw

w
.com

/w
ajr by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 04/28/2025


