
19West African Journal of Radiology  ♦  Vol. 20, Issue 1, January-June 2013

More especially, this disease involves the possession of two 
abnormal allelomorphic genes related to the formation of 
hemoglobin, at least one of which is the sickle cell gene.[3] 
Sickle cell disease includes sickle cell anemia  (SCA), sickle 
cell hemoglobin‑C disease  (HbSC), sickle cell thalassemia 
(HbS/βthal), and sickle cell O‑Arab disease (HbS/O‑Arab). SCA 
is the condition resulting from the inheritance of two sickle 
genes (HbSS) and it is the most severe of these disorders.[3]

Repeated vaso‑occlusion accounts for the majority of the 
clinical manifestations of the disease.[4,5] The most common 
renal complications include renal enlargement, a diffuse 
increase in reflectivity throughout the kidney, and widespread 
confluent or focal increase in reflectivity confined to the renal 
medulla.[5,6] The purpose of this prospective study was to report 
the renal sonographic findings of a sample of patients with 
hemoglobin electrophoretic pattern consistent with SCA.

Introduction

Since the earliest clinical and pathological descriptions of sickle 
cell disease by Herrick[1] and Sydenstricker et al.[2] in 1910 
and 1923, respectively, renal complications have been noted.

Sickle cell disease is a group of genetic disorders caused by 
an alteration in the molecular structure of hemoglobin.[3] 
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Materials and Methods

A cross‑sectional prospective study of 74  patients with 
the diagnosis of SCA, as documented by electrophoresis 
and who attended the adult sickle cell clinic, Hematology 
Department of the Ahmadu Bello University Teaching 
Hospital, Zaria, Nigeria and 20 age‑matched controls 
with a normal hemoglobin  (HbAA) genotype and with no 
history of renal disease, was carried out between April and 
December, 2010. Their age ranged from 10 to 52 years (mean 
age: 23.2±5.3 years). None of the patients had any clinical 
evidence of acute sickle cell episode  (crisis) at the time of 
ultrasonographic examination.

Approval for the study was granted by the ethical committee 
of the Ahmadu Bello University Teaching Hospital, Zaria. All 
the participants provided informed written consent.

B‑mode ultrasonography with Aloka SSD‑3500 ultrasound 
diagnostic equipment with a variable frequency probe at 
2‑5 MHz was used to assess the kidneys. The examination 
was performed with the patient in the supine, right, and 
left oblique positions to obtain an optimal view of the 
kidneys. Measurement of the kidneys was performed in 
all patients by obtaining the length, transverse diameter, 
anterior‑posterior (AP) diameter, and parenchymal thickness 
in centimeters. The measurements obtained from the 
study group were compared with those obtained from the 
control group and also with the hematological parameters. 
The parenchyma of the kidneys was evaluated by two 
radiologists, and the ultrasonographic appearance of the 
organ was described by consensus. An increase in reflectivity 
throughout the kidney and poor cortico‑medullary 
differentiation were defined as diffusely increased renal 
echogenicity. A high reflective renal medulla with a normal 
renal cortex was defined as medullary hyperechogenicity. 
B‑mode parameters such as frequency, focus, gain, and tissue 
harmonics application were optimized by the radiologist on 
a case‑by‑case basis. Image analysis was performed visually 
and quantitatively.

The hematological parameters were determined by the 
multiparameter analyzer Sysmex XT 2000i, whereas the 
creatinine, electrolytes, and urea of patients were also 
analyzed using Seletra XL chemistry autoanalyzer.

Statistical analysis
The data was analyzed using SPSS software version 17 (SPSS 
Inc., Chicago) for statistical analysis. Renal length was 
expressed as mean±standard deviation  (SD). We report 
Pearson correlation coefficient for investigating the relation 
between renal length in the two groups and renal length 
with hematological parameters by using t–test; P<0.05 
was considered as a statistically significant value. Other 
ultrasound renal abnormality findings were expressed as 
percentages of SCA patients.

Results

The mean age of all subjects was 23.2±5.3  years  (range: 
10-52 years), consisting of 43 males and 51 females.

Renal size in the study group was compared with that of 
the control group and was found to show a significant 
increase  [Table  1]. The mean right renal length in the 
study group and control group was 10.65±0.97  cm and 
9.95±0.80  cm  (P<0.001), respectively, whereas the mean 
left renal length in the study group and control group was 
10.70±1.02 cm and 10.00±0.66 cm (P<0.001), respectively. 
The mean right renal AP diameter in the study group and 
control group was 4.45±0.54 cm and 4.01±0.30 cm (P<0.001), 
respectively, whereas the mean left renal AP diameter in 
the study group and control group was 4.65±0.47  cm and 
4.17±0.47  cm  (P<0.001), respectively. The mean right 
renal transverse diameter in the study group and control 
group was 7.11±0.73  cm and 6.00±0.49  cm  (P<0.001), 
respectively, whereas the mean left renal transverse diameter 
in the study group and control group was 7.17±0.76 cm and 
6.07±0.51 cm (P<0.001) respectively. The mean right renal 
parenchymal thickness in study group and control group 
was 1.90±0.26 cm and 1.50±0.12 cm (P<0.001), respectively, 
whereas the mean left renal parenchymal thickness in 
the study group and control group was 1.95±0.19  cm and 
1.55±0.14 cm (P<0.001), respectively. However, all the three 
patients above 50 years had reduced renal size when compared 
with four patients of the control group who were also above 
50 years.

Statistical relationships between renal length and some 
hematological indices  (PCV, red blood cell count, and 
reticulocyte count) showed no correlation but renal length was 

Table 1: Assessment of kidney size in patients and controls
Study parameter Study group n=74 Control group n=20 Level of 

significanceRight kidney Left kidney Right kidney Left kidney
Range Mean Range Mean Range Mean Range Mean Right Left

Length (cm) 8.5‑13.4 10.65±0.97 8.3‑14.2 10.70±1.02 8.6‑11.3 9.95±0.80 8.8.8‑11.4 10.00±0.66 <0.000111 <0.0001

Anterior posterior diameter (cm) 3.4‑5.7 4.50±0.54 3.2‑5.7 4.65±0.47 3.6‑4.6 4.01±0.30 3.5‑5.6 4.17±0.47 <0.0001 <0.0001

Transverse diameter (cm) 5.7‑8.8 7.11±0.73 4.8‑8.6 7.17±0.76 5.0‑6.9 6.00±0.49 5.2‑7.0 6.07±0.51 <0.0001 <0.0001

Parenchymal thickness (cm) 1.2‑2.7 1.90±0.26 1.5‑2.5 1.95±0.19 1.3‑1.7 1.50±0.12 1.3‑1.9 1.55±0.14 <0.0001 <0.0001
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positively correlated with reticulocyte count, especially high 
reticulocyte count (P<0.0001). The mean values of creatinine 
were 82.67 µmol/L and 76 µmol/L in the study and control 
groups, respectively, and the mean difference between the 
two groups was statistically significant with a P value of 0.016. 
However, there was no evident correlation between the renal 
length and biochemical indices like urea and creatinine (r values 
of 0.14 and 0.03; P values of 0.23 and 0.81, respectively).

Medullary and diffuse renal hyperechogenicity was 
observed in 14 (18.9%) and 7 (9.5%) patients, respectively 
[Figure  1]. Ultrasound findings consistent with renal 
papillary necrosis, viz a viz multiple round or triangular 
cystic spaces communicating with the collecting system 
in the medullary region without dilated renal pelvis 
was observed in one patient [Figure  2]; the intravenous 
urogram  [Figure  3] confirmed papillary necrosis in this 
patient. A left hydronephrosis was noted in one patient.

Discussion

An ultrasound scan is a simple, rapid, noninvasive, and 
nonionizing tool for assessing the renal manifestations of 
SCA. Chronic sickling underlies several mechanisms for kidney 
injury. The arterial side of the renal microvasculature has a 
low oxygen tension. The hypertonicity and low PH of the renal 
medulla promote the formation of hemoglobin polymers in the 
red cells with deformation of the sickled cells, resulting in an 
increase in the blood viscosity, functional venous engorgement, 
and interstitial edema, predisposing the renal microcirculation 
to ischemia and infarction.[7] Obliteration of the medullary 
vasculature produces segmental scarring and interstitial 
fibrosis (structural papillectomy), resulting in the formation of 
dilated renal pelvic capillaries and veins. Hematuria may result 
from rupture of the vessels from early venous engorgement or 
from dilated vessels that result from scarring. The development 
of collateral vessels and their abnormal orientation in 
the medulla interferes with the countercurrent exchange 
mechanism, culminating through the years in irreversible loss 
of medullary tonicity.[7] Renal cortical blood flow and glomerular 
filtration rate (GFR) are increased perhaps by the secretion of 
medullary vasodilator prostaglandins.[7]

The results in Table 1 suggest that renal size is increased in 
patients with SCA. This is particularly seen in the left kidney. 
Results of the statistical analysis suggest that the differences in 
renal size between the control group and the sickle cell patients 
were significant. This finding is in agreement with previous 
studies.[8‑11] However, unlike the previous studies that used only 
the renal length as an index for renal size, the present study 
considered all the indices of renal size (length, AP diameter, 
transverse diameter, and renal parenchymal thickness) in both 
the case and control groups. Enlargement of sickle cell kidneys 
has been attributed to vascular dilatation, engorgement of 
vessels, glomerular hypertrophy, increased blood volume, and 
interstitial edema.[7] The apparent greater enlargement of the 

Figure 1: Ultrasound image of the kidney shows diffuse increase in 
renal echotexture similar to that of the adjacent liver, in a 38‑year‑old 
female patient with sickle cell anemia

Figure 2: Ultrasound image of the kidney shows triangular fluid‑filled 
cavities within renal papillae that communicate with collecting system 
in an 18‑year‑old male patient with sickle cell anemia; renal pelvis is 
not dilated

Figure  3: Urogram of the patient described in Figure  2 showing 
corresponding changes in the upper pole calyces compatible with 
papillary necrosis
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left kidney could be explained by the fact that the longer left 
renal vein, joined by other veins, causes more venous stasis 
and consequently sickling.[12] The reduction in renal size in 
all the patients above 50 years could be attributed to sickle 
cell nephropathy, a chronic condition that may progress to 
end‑stage renal disease as part of renal complications in SCA.

The poor correlation of renal size with PCV, red blood cell 
count, urea, and creatinine were in agreement with an earlier 
study carried out by Walker et  al.[9] However, there was 
positive correlation between the renal size and reticulocyte 
count. Further analysis suggested that the stronger 
relationship was between renal length and high reticulocyte 
count. This is due to a high erythropoietic drive which is seen 
commonly in SCA as a result of chronic anemia. The increase 
in the value of creatinine in our study group may be due to 
the high incidence of sickle cell nephropathy.

SCA is associated with many structural and functional 
complications of the kidney,[13] which may progress to chronic 
renal failure and end‑stage renal disease.[11] Several studies have 
reported medullary or diffuse increase in reflectivity on renal 
ultrasonography in patients with SCA.[9,14,15] The cause and 
significance of this entity is unknown; however, renal papillary 
necrosis, high concentrations of iron deposits within tubular 
epithelial cells, focal scaring and interstitial fibrosis in the 
vasa recta system, glomerular hypertrophy, and renal sclerosis 
have been suggested as factors that may cause increased renal 
echogenicity.[9,14,15] Walker et al.[9] reported increased medullary 
echogenicity in 5 of 179 patients with SCA (2.8%) and 17 of 
25 patients with S/βthal (68%). In the same study, diffusely 
increased renal echogenicity was reported in 15 of 179 patients 
with S/S (8.4%), and none of the 25 patients with S/βthal. In 
another report,[15] increased renal echogenicity was observed 
in 26 of 189 patients with sickle cell disease (13.8%). In our 
study, medullary hyperechogenicity was observed in 14 of 
74 patients (18.9%), and the prevalence of diffusely increased 
renal echogenicity was 9.5%. Medullary hyperechogenicity has 
been reported in many conditions including hypercalciuria, 
medullary sponge kidney, hyperparathyroidism, and papillary 
necrosis.[16] A simple renal cyst was observed in two patients. 
The left hydronephrosis noted in one patient was due to distal 
ureteric obstruction from calculus. One patient had typical 
ultrasonographic findings of renal papillary necrosis, multiple 
round or triangular cystic spaces communicating with the 
collecting system in the medullary region without dilated renal 
pelvis.[17] The intravenous urogram of this patient showed 
corresponding changes in the upper pole calyces compatible 
with papillary necrosis.

Conclusion

Renal ultrasound imaging of patients with SCA showed a high 
incidence of renal complications. Repeated vascular occlusion, 
chronic hemolysis, anemia, and iron overload contribute to 
the pathogenesis of multiple renal complications of SCA. 
However, inadequate clinical care due to lack of good health 

education, ignorance, poverty, and poor standard of care as 
well as lack of therapeutic agents may be contributory factors 
in a developing country like Nigeria.
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