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Background: Abdominal organ sonography is a crucial part of the workup for treating sickle cell disease (SCD) patients.
Objective: The main objective of this study was to evaluate the abdominal organs in SCD patients using ultrasonography.
Methodology: A non-interventional descriptive cross-sectional study was carried out in Asir region Saudi Arabia from April 2019 to
July 2020. The study was conducted in 78 patients with sickle cell disease (SCD). Data were gathered using a data collection sheet
included demographic information, clinical information including medication types, and complications linked to SCD. Furthermore,
the study evaluated abdominal ultrasound findings pertaining to the liver, gall bladder, spleen, and kidneys. The data were analyzed
using Statistical Package for Social Sciences (SPSS).

Results: More than half of the study participants 43 (55.1%) were females. About 53.8% of the study participants received blood
transfusions, and (11.5%) receive extra-vaccine. Concerning ultrasound findings, hepatomegaly was found in seventeen (21.8%), focal
liver lesions in four (5.1%), gallstones in five (6.4%), splenomegaly in fifteen (19.3%), and the presence of splenic focal lesions was
found in seven (9.0%). The most frequent complication associated with SCD was osteomyelitis sepsis in six cases (7.7%). The study
revealed a significant correlation between the type of crisis and type of medication used and the size of the spleen (P-value <0.01), and
no notable correlation was found between the types of crises and the size of the liver (P-value >0.05).

Conclusion: Abdominal sonography in SCD patients revealed a wide range of alterations in the liver, gallbladder, and spleen. The
most frequently observed complications in SCD were hepatomegaly, splenomegaly, localized lesions in both organs, and the presence
of gallstones.
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Introduction

Sickle cell disease is a type of hereditarily acquired red blood cell (RBC) disorder, the most typical form of which is
sickle cell anaemia (SCD). It is linked to the pathologic consequences of chronic illnesses, such as sickle cell crises,
which can manifest in various forms in SCD patients, resulting in vaso-occlusion, ischemia in several organs, and
complex illness of the cell.'

Pathophysiology: sickle cause HbSS to polymerases in long filaments (HbSS is 25-fold less soluble than HbAA).>™*
Red blood cells that have undergone polymerization have sickle-shaped cells as a result. The hemoglobin polymers break
the cell membrane when deformability is further impaired, allowing free hemoglobin to escape into the bloodstream
where it will scavenge circulating nitric oxide and worsen vaso-occlusion.>>” The generation of reticulocytes and the
release of early red cell progenitors from the bone marrow-containing adhesion molecules will be stimulated by
hemolysis. Sickle cells can cause organ infarcts by adhering to the vascular endothelium, obstructing microcirculation,
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and producing vaso-occlusion.® The “sickle cell crisis” is represented by this procedure. Inflammatory cytokines boost
endothelial cell production of adhesion molecules in the presence of infection, further raising the risk of thrombosis.

In Africa, SCD is the third leading cause of pediatric hospital admissions and mortality'® In West African countries
like Ghana and Nigeria, SCD is still widespread in northeastern Nigeria due to poverty, lack of access to healthcare
facilities, and limited exposure to health education, about 20-30% of the population suffers.'®'* The disease’s severity
varies greatly from person to person. An SCD patient lived on average only fourteen years in 1973; however, a person
with SCD in high-income countries has a life expectancy of forty to sixty years. Advances in the detection and treatment
of SCD have made this improvement possible. Sickle cell disease was first noted in the Eastern Province of the Kingdom
of Saudi Arabia (KSA) in the 1960s."> Because SCD is a prevalent disorder in KSA, several screening studies at the
regional and national level studies have been conducted to discover the clinical features and distribution of SCD genes
throughout the country. The KSA Screening Program estimates that the prevalence of SCA is 5/1000 for SCD and 0.38/
1000 for sickle cell trait (SCT). Based on new-born screening, 2.6% of neonates had SCD whereas 21% showed SCT.'®

The increased frequency of consanguinity is one of the primary reasons for the occurrence of SCT and increasing the
risk for homozygous sickle cell patients.!” Premarital screening is the primary preventive intervention in KSA to avert
the inheritance of haemoglobinopathies, including SCD. Since there are no existing works, this study intends to
investigate.

Sickle cell disease is still widespread in north-eastern Nigeria due to poverty, lack of access to health care facilities,
and limited exposure to health education. The most prominent organs affected by SCD are the liver, spleen, and kidneys,
which respond by changing their dimensions and parenchyma.'"'® The gallbladder (GB) may develop stones, and its
wall thickness may change, as well as the possibility of Gamma Gandy bodies inclusions in the spleen and liver.®
Diagnosis and management in sub-Saharan Africa requires the development of care delivery models focused on
continuous monitoring, early crisis detection, and prompt presentation to specialized treatment facilities. Sonography
can be used to scan the liver, spleen, kidneys, and GB to improve early monitoring and detection through increased
awareness of complications associated with sickle cell disease.

Spleen is the first organ injured in sickle cell disease (SCD) with evidence of hyposplenism present before 12 months
in the majority of children. Repeated splenic vaso-occlusion leads to fibrosis and progressive atrophy of the organ (auto
splenectomy), which is generally complete by 5 years in SCD. Splenic injury is generally silent, progressive and life-
threatening complication in infants.'”?® On hepatobiliary Severe hepatic crises should be suspected in every child with
liver pain, increased jaundice, and Cholelithiasis was the most frequent that was responsible in some cases for severe
complications.”’ Kidney Complications SCD is associated with many structural and functional abnormalities of the
kidney, which may progress to chronic renal failure and end-stage renal disease.?” Early signs of complication associated
with SCD can determine by ultrasound such as splenomegaly, or hyposplenism. Hyposplenism indirectly increases the
risk of vaso-occlusion or other circulatory complications increases the susceptibility of SCA children to infection with
encapsulated bacteria, which is notably reduced by penicillin prophylaxis and immunization.”> Hepatobiliary ultrasono-
graphy performed in an emergency was sufficient for diagnosis and can guide to prevent the complication with elective
cholecystectomy.”* Regarding kidney disorders associated with SCD ultrasound can determine early change and
abnormal progress which include renal enlargement, a medullary or diffuse increase renal and medullary echogenicity
that can guide to monitoring either case.?’

Ultrasound is an easy, inexpensive, non-invasive, and widely available imaging technique. According to multiple
reports, there are regional differences in the parenchymal echotexture and organ size of SCD patients.! To our knowl-
edge, there have been no studies in our area; hence, this research was conducted to evaluate organs in the abdomen,
including the GB, spleen, liver, and kidneys.

Methods

A cross-sectional analysis was carried out in Saudi Arabia using a simple sampling method from April 2019 to July 2020.
This study involved seventy-eight participants, of whom thirty-five were male (44.9%) and forty-three were female
(55.1%), with an age range of 5-20 years. Ethical approval was received from the Ethical Committee of King Khalid
University in Abha, Saudi Arabia, under approval number RGP2/384/44. Prior to the study, informed consent was
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obtained from each patient as well as that of their legal guardians or parents if they were children. In total, seventy-eight
SCD patients confirmed to have homozygous hemoglobin were selected intentionally from the sickle cell group in
Mabhayel Asir General Hospital and Khamis Maternity and Children Hospital.

Patient Recruitment

Sickle cell disease (SCD) patients were recruited from the hematology department. According to patient access, the
radiology department scheduled an abdominal scan for each patient agreeing to participate in the study, twice weekly on
Tuesdays and Thursdays. Demographic information anthropometric measures, and patient records and files were
examined to assess if there is any complication associated with SCA was diagnosed, history of vaccination also was
taken, records of laboratory tests, such as hemoglobin electrophoresis and previous operations (splenectomy and/or
cholecystectomy), and the results of the abdominal ultrasound scan were recorded using a datasheet.
Vaccination history was taken because vaccination and prophylactic treatment prevent some abnormalities caused
by infection and vaso-occlusive disorders such as splenic injury and asplenia and other complications, so a relation-
ship between vaccination and sonographic abnormalities of the spleen was expected.

Equipment

A real-time sonogram, General Electric Logiq E10, was used for the research. A Convex probe with a frequency range
between 3.5 and 10 megahertz (MHz) was used to assess the internal organs. The departmental medical physicist verified
the functionality of the instrument before the measurements. The probe was chosen to provide sufficient resolution and
penetration of the internal organs in pediatric patients. The required organ dimension measurements were done by using
Caliper/distance. A scale, tested periodically for calibration and accuracy, was used to measure the height and weight of
the participants after removing their shoes and while standing upright with their heads in a Frankfurt position. The BMI
(kg/m?) was also computed.

Scanning Technique

Before being scanned, all patients fasted the previous day or for a minimum of six hours. No surgery had been performed
on the patients at the time of the scan. The patients underwent evaluation while supine, both for comfort and to obtain the
best views of the liver, GB, kidneys, and spleen. Right and left oblique orientations were used as alternative positions if
the organs could not be viewed clearly in the supine position. A sagittal approach was used to measure the liver span in
the mid-clavicular line by lining up the right lobe’s longitudinal center with the right kidney’s longitudinal center on the
imaging plane. The liver parenchyma was examined for localized and echo-textural abnormalities. Hepatomegaly was
considered when the long axis of the liver measured greater than 150 millimetres.”® The length of the spleen was also
measured, and the wall thickness and content of the GB were evaluated at the level of the hilum. An auto-splenectomy
was performed when the spleen could not be seen in its usual place'>*” Splenomegaly in adults was described as the long
axis of the organ being >130 mm, whereas a shrunken spleen was defined as the long axis being 50 mm. The spleen’s
parenchymal echo-textural alterations and localized abnormalities were also evaluated.”® > The kidneys were examined
while the patient lay supine or slightly to their left or right lateral decubitus, with the renal hilum in the sagittal and axial
planes. Maximum renal length was measured only once using sonography; then, using the longitudinal image, the
thickness and width of the kidney were measured in a section perpendicular to its long axis. The level of this transverse
section was intended to be positioned relatively close to the kidney’s hilum after measuring the thickness and width in
two perpendicular directions.?! It was proposed that the kidneys were unusually echogenic when the renal cortex was as
echogenic or more than the adjacent spleen or liver'® When the cortex was difficult to visually differentiate from the
medulla, renal corticomedullary differentiation was thought to be abnormal. Additionally, the presence of renal calculi,
cysts, or other localized parenchymal abnormalities was examined in the kidneys. According to the grading method
developed by Using the grading method developed by Shetty et al, who classified the echogenicity of the organs
descending from high to low as the diaphragm, pancreas, spleen, liver, and kidneys, the evaluation of the organs’ echo-
texture was conducted subjectively.*?
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Ethical Consideration and Procedure
The College of Medicine at King Khalid University’s Research Ethics Committee (REC) awarded ethical authorization
(approval number: REC #2016-04-11). The study met with the Helsinki Declaration’s guidelines as they were updated in
Edinburgh in 2000. All participants received guarantees that the study would keep their information private, their
participation was entirely voluntary, and they could withdraw from participation whenever they chose. Prior to inclusion,
written consent was obtained from each.

Before scanning minor patients, the RAs identified the co-patients (a parent) and explained the study’s goal,
information, risks, and advantages. The co-patient was then asked to complete the surveys and sign the informed consent
form, which took 10 to 20 minutes. The nurse reviewed everything and requested the co-patient complete any missing

information by reviewing data from the medical records and confirming it with the co-patient.

Data Analysis

Data were analyzed using SPSS Sciences version 23.0. Armonk, NY: IBM Corp. Descriptive statistics were performed
for continuous variables and presented as mean + STD. Categorical data were presented as frequency and percentage, and
then cross-tabulation using a chi-square test was performed to assess the correlation between the study variables. P < 0.05
was considered to have statistical significance.

Results

In this study, the largest groups were 5—10 years old and 11-5 years old (38.5%) and (24.4%), respectively. More than
half were female (55.1%), and more than half were 121 cm or taller (53.8%), and in the weight group of more than
“30Kg” (39.7%). Most had not received a blood transfusion (46.2%), and (20.5%) had received blood transfusions four

times. Only (11.5%) received extra-vaccines regularly, and (38.5%) received governmental support (see Table 1).

Table | Demographic Characteristics and Clinical Data of SCA
Paediatrics

Variable Frequency Percent

Age of participant/years

<5 13 16.7
5-10 30 38.5
I1-15 19 244
>15 16 20.5

Mean 10.39+4.9 years

Gender

Female 43 55.1
Male 35 44.9
Height

More than 80 cm 4 5.1

81-100 cm 12 15.4
101-120 cm 20 25.6

(Continued)
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Table | (Continued).

Variable Frequency Percent

121 - more 42 53.8

Mean 130.52+26.52

Weight

Less than 15 Kg 16 20.5
16-20 kg 10 12.8
21-30 kg 21 26.9
More than 30 kg 31 39.7

Number of blood transfusion

Once 18 23.1
Twice 3 38
Triple 5 6.4
Four times 16 20.5
No 36 46.2

Extra-vaccine gives regularly

Yes 9 1.5

No 69 88.5

Governmental support

Yes 30 385
No 48 61.5
Total 78 100

Concerning abdominal ultrasound findings, in (21.8%) of pediatrics presented with SCD, the liver was enlarged, and
in all cases, it was homogeneous in echo-texture (100%). The liver was hyperechoic in only two cases (2.6%), hypo-
echoic in one case (1.3%), and in four cases (5.1%) there was a focal lesion in the liver. When scanning the biliary
system, there were biliary stones in (6.4%) of cases, while in one case it was post-cholecystectomy. The spleen was
enlarged in fifteen cases (19.3%), shrunken in 1 case (1.3%), and the presence of focal splenic lesions was found in 7
cases (9.0%). In all cases, the renal system was normal (100%). The other complications associated with SCA in the
included sample where osteomyelitis sepsis were 6 cases (7.7%), stroke in 1 case (1.3%), acute chest syndrome in 3 cases
(3.8%), and meningitis 1 case (1.3%) (see Table 2).

The study found a significant correlation between spleen findings and type of crises, p-value <0.01, as the markedly
enlarged spleen was found in hemolytic and vaso-occlusive crises and mildly enlarged in hemolytic crises patients, also
significant correlation between the type of treatment used and spleen size, and no significant correlation between liver
size and type of crises (see Figures 1-3). A significant relationship was noted between the number of blood transfusions
and the spleen size in SCA patients, p-value <0.05 (see Table 3).

Discussion

Sickle cell disease “SCD” is a hereditary condition in which the usual globin chain is altered, causing the RBC to

produce aberrant hemoglobin chains. This sickling of the cell causes arterial blockage and ischemia in several organs.'~
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Table 2 Frequency Distribution of Abdominal Ultrasound Findings and
Complication of SCA

Abdominal Findings Frequency Percentage
Liver
Liver size
Normal 6l 782
Enlarged 17 21.8
Small 0 0
Mean 10.14+2.7 cm (6.5-14.5 cm)
Liver Echotexture
Homogeneous 78 100
Heterogeneous 0 0
Liver echogenicity
Normal 75 96.2
Hyperechoic 2 2.6
Hypoechoic | 1.3
Liver Focal lesion
Yes 4 5.1
No 74 94.9
Biliary system (GB)
Normal 72 92.3
Stone 5 6.4
Cholecystectomy | 1.3
Spleen
Spleen abnormality
Normal 50 64.1
Auto splenectomy | 1.3
Shrunken | 1.3
Mild enlarged I 14.1
Moderate enlarged 2 2.6
Marked enlarged 2 2.6
Decreased echotexture 2 2.6
Multiple punctate echogenic foci 2 2.6
Focal lesion 7 9
Mean 9.65+2.27 cm (6.0-15.0 cm)

(Continued)
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Table 2 (Continued).

Abdominal Findings Frequency Percentage
Renal
Normal 78 100

Complications

Stroke | 1.3
Meningitis | 1.3
Osteomyelitis sepsis [ 77
Acute Chest Syndrome 3 38
Meningitis and acute chest I 1.3
syndrome

These result in changes in the organs, some of which may have long-term effects on the spleen, kidneys, liver, and GB,
and others, based on race and ethnicity.>* Crucial factor in the early diagnosis of these alterations for ongoing therapy and
follow-up is provided by ultrasound, which is an uncomplicated, relatively inexpensive, and widely available imaging
modality. Table 1In this study, the most affected age groups with SCA were 11-15 years and 5-10 years. The female
sampling presented to the ultrasound department for ultrasound scanning was greater than the male sampling, the result is
inconsistent to the previous study whom found the male sampling were more than females owing to the fact that episodes

Bar Chart spleen size
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DMarked enlarged
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Figure | Bar chart shows the relation between the type of crises at presentation for ultrasound and splenic size.
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Figure 2 Bar chart shows the relation between the medication used and splenic size.
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Figure 3 Bar chart shows the correlation between the liver size and type of crises.

of pain in crises occur more frequently in males. Extravacine is taken regularly in this study in only 11.5 %, it was

nessecary to take the vaccine regulary to avoid the complications, one study found that the incidence of pnumococcal
diseases decreased after introduction of vaccine in SCD patients.**¢
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Table 3 Correlation Between the Spleen Size and Number of Blood Transfusions

Spleen Size Number of Blood Transfusion Total P-value
No Once Twice Triple Four Times

Normal 35 12 2 4 I 64 0.018

Shrunken | | 0 | | 4

Mild enlarged 0 2 0 0 2 4

Moderate enlarged | 0 0 0 0 2 2

Marked enlarged 0 3 | 0 0 4

Total 36 18 3 5 16 78

The most common finding in the livers of SCD patients in this investigation was hepatomegaly. Earlier researchers reported
similar results.'%23” Several complications contribute to the development of liver disease related to both SCD and its treatment.
Blood transfusions often place the patient at risk of viral infection and iron overload in combination with chronic hemodialysis,
and those patients can develop hepatic malignancies, infiltrative and granulomatous illnesses''*® In two cases (2.6%), patients had
an increase in the echogenicity of the liver, similar to Balci et al, who found that in (5.9%) of their cases, the liver was hyperechoic.
Variations might result from the patient’s economic state, way of life, or diet, which can potentially impact the liver’s echogenicity.
Several liver histological characteristics in SCD patients, such as periportal fibrosis and sinusoid distension with sickle cell, may
be responsible for the brightening of the liver echo-texture.”®*"~** In SCD patients, abdominal sonography revealed a variety of
notable abnormalities in the liver, GB, and spleen, as well as in the size, echo-texture, and intraluminal accumulation. A similar
study showed little alteration in the liver in patients with SCD.*>* This study found GBs in five (6.4%) of the SCD patients.
Previous studies found a progressive age-related increase in the prevalence of GBs; however, a higher prevalence was reported by
abdominal sonography in SCD patients, which included remarkable changes in the size, echo-texture, and liver, GB, spleen, and
intraluminal deposit.'*® These differences may be due to the combination of different age groups, races, symptomatic patients,
diet, access to and availability of diagnostic and therapeutic drugs, and other health services, which may be insufficient in
impoverished countries such as Nigeria.

As regards the spleen, this study found fifty cases (64.1%) “SCD” patients with a normal spleen. It should be stated that normal
sonographic findings of the spleen in sickle cell patients do not rule out the presence of other complications, such as intravascular
sickling, which may not be visible at the time of the scan, and the quality of the sonogram operator. Different classifications of
splenomegaly in this study were found in fifteen cases (19.3%), which is consistent with a Nigerian study conducted by Ma’aji
et al'' who found splenomegaly in fifteen cases (21.1%). Several studies have found splenomegaly is an extremely common
abdominal symptom in SCD patients.'®*° Splenomegaly occurs in the first year of life and should be observed in children if the
spleen is longer than the adjacent normal kidney by more than 1.25 times.*® This study found one reduced spleen (1.3%), which is
consistent with prior research that found shrunken spleen,” and could last into the third and fourth decades of life. Sequestration
syndrome, a frequent splenic complication, is considered the source of splenomegaly in SCD patients. A child or adult with SCA
may undergo larger-than-expected blood pooling within the spleen, producing intravascular volume depletion, then quickly
progressing to cardiovascular collapse and mortality (Murakami & Shimizu). Infectious or granulomatous disease, cancer,
congestive disorders, and other hematologic diseases are additional illnesses that can result in splenomegaly*' Auto-
splenectomy in this study was found in one (1.3%) of the SCD patients, and another study conducted in Nigeria found it in
three (4.2%) cases.'" At the time of the scan, none of our consents had received any surgery. Auto-splenectomy has been identified

. : 16,27,2
1n previous research& 6.27,29

as a prevalent occurrence in SCD patients. These results may be caused by the spleen’s tortuous
vasculature, which stimulates RBC sickling and leads to a high frequency of splenic infarctions. With time, recurrent infarctions
may result to an auto splenectomy.

The study found two (2.6%) SCD patients with decreased echo-texture of the spleen, two (2.6%) with multiple

punctuates of the spleen, and seven (9.0%) had focal lesions of the spleen. Similar findings were reported in previous
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studies.’' This could be due to the similar methodology used. Previous studies have reported shrunken spleen®® which
could be attributed to sickle cell nephropathy, a chronic condition that may progress to end-stage renal disease.

The other complications which were diagnosed based on clinical and other radiological examination such as MRI and taken
from patients record and associated with SCD in the included sample were osteomyelitis sepsis in six cases (7.7%), stroke in two
cases (2.6%), acute chest syndrome in three cases (3.8%), and meningitis in one case (1.3%). Previous studies have reported that
among those with SCD, acute and chronic osteomyelitis is one of the most frequent infections, and it ranges from 12% to 17.8%.%

The study found that all cases (100%) had a normal renal system. In contrast, Balci et al' found that a substantial
proportion of patients had renal abnormalities, including renal enlargement in (30.4%) and increased renal echogenicity
in 15.7% (133). On the other hand, our results are consistent with the findings of Attala et al,** who also reported a low
prevalence of renal abnormalities in patients with SCD. However, it is important to note that the absence of sonographic
abnormalities does not necessarily rule out the presence of other complications, such as intravascular sickling, which may
not be visible on ultrasound. Additionally, the accuracy of ultrasound findings can depend on the operator’s skills.*?

The study found a significant correlation between the type of crisis and spleen size p-value <0.01, and there was no
significant correlation between liver size and type of crisis, P-value >0.05, and significant correlation between the type of
treatment used and size of the spleen.

Limitations of the Study

The results of the abdominal sonography were not specific because no biopsy or other imaging technique was utilized to
corroborate the results. Since this was a single center study, the sample size was insufficient because most of the
individuals we contacted failed to attend the appointments for their scheduled scans.

Conclusion
The study concluded that SCA can result in several abdominal findings, the most frequently observed being an enlarged liver
and spleen. In addition, the presence of focal lesions in both organs is also a common finding, and also GBs (gall stones).
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