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Abstract

OBJECTIVE—The purpose of this study is to perform and evaluate baseline abdominal 

ultrasound in infants with sickle cell anemia who participated in the BABY HUG 

multiinstitutional randomized placebo-controlled trial of hydroxyurea therapy and to examine the 

potential relationships among ultrasound results and clinical, nuclear medicine, and laboratory 

data.

SUBJECTS AND METHODS—After local institutional review board approval and with 

informed guardian consent, 116 girls and 87 boys (age range, 7.5–18 months) with sickle cell 

anemia underwent standardized abdominal sonography at 14 institutions. Imaging was centrally 

reviewed by one radiologist who assessed and measured the spleen, kidneys, gallbladder, and 

common bile duct. Baseline physical assessment of spleen size, serum alanine aminotransferase 

and bilirubin levels, 99mTc sulfur colloid liver-spleen scans, and 99mTc 

diethylenetriaminepentaacetic acid clearance glomerular filtration rates (GFRs) were obtained. 

Analysis of variance and the Student test were performed to compare sonographic findings to 

published results in healthy children and to clinical and laboratory findings.

RESULTS—The mean (± SD) spleen volume (108 ± 47 mL) was significantly greater than 

published normal control values (30 ± 14 mL; p < 0.0001). There was no correlation between 

spleen volume and function assessed by liver-spleen scan. The mean GFR (125 ± 34 mL/min/1.73 

m2) was elevated compared with control GFRs (92 ± 18 mL/min/1.73 m2). Renal volumes (right 
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kidney, 29 ± 8 mL; left kidney, 31 ± 9 mL) were significantly greater than control volumes (right 

kidney, 27 ± 3 mL; left kidney, 27 ± 3 mL; p < 0.0001) and were positively correlated with GFR 

(p = 0.0009). Five percent of patients had sonographic biliary abnormalities (sludge, n = 6; dilated 

common bile duct, n = 2; and cholelithiasis and thickened gallbladder wall, n = 1 each). There was 

no correlation between biliary sonographic findings and laboratory results.

CONCLUSION—In infants with sickle cell anemia, sonographic spleen volume does not reflect 

function, but increased renal volume correlates with GFR and is consistent with hyperfiltration. 

Sonographic biliary abnormalities can occur early in life, while remaining clinically silent.
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Individuals with sickle cell hemoglobinopathies experience clinical conditions related to low 

erythrocyte oxygen content, erythrocyte sickling, abnormal cellular adhesion, acute and 

chronic inflammation, and hemolysis [1–3]. Beginning in infancy, and coincident with the 

physiologic decline in fetal hemoglobin, ischemia and inflammation cause impairment of the 

spleen, kidneys, and biliary system [4–8]. The spleen initially becomes congested and 

enlarged then undergoes infarction. Renal glomerular enlargement and hyperfiltration occur 

early, ultimately leading to glomerulosclerosis and renal insufficiency [4, 9]. The chronic 

hemolysis associated with sickle cell anemia (SCA) contributes to the development of 

pigmented gallstones and biliary sludge, which can lead to biliary obstruction [10, 11].

Hydroxyurea (HU) therapy has shown efficacy in children and adults with SCA by 

stimulating fetal hemoglobin production and reducing the number of vasoocclusive 

episodes, transfusions, and hospitalizations [12, 13]. Although the efficacy of HU has been 

increasingly recognized for individuals with SCA, important questions regarding its effect 

on organ dysfunction and use in infants and young children remain. The Pediatric 

Hydroxyurea Phase 3 Clinical Trial, BABY HUG, is a multiinstitutional double-blind 

randomized placebo-controlled trial of infants (7.5–18 months old at screening) with SCA. 

Two hundred three infants underwent abdominal sonography during the pre-randomization 

screening to document spleen and renal size and parenchymal abnormalities and to 

determine the presence of biliary disease. The purpose of our study was to describe baseline 

ultrasound findings and to examine the potential relationships among these results and 

baseline clinical, nuclear medicine, and laboratory data.

Subjects and Methods

Patient Selection

After local institutional review board approval and with HIPAA compliance, informed 

consent for participation in BABY HUG was obtained from the legal guardians of infants 

with known SCA. Clinical severity was not a factor in determining eligibility [14].

Imaging Procedures, Physical Assessment, and Laboratory Examinations

Screening sonograms were performed at 14 participating institutions using a standard 

scanning procedure developed for BABY HUG. Patients were kept on nothing by mouth 
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status (except clear liquids) for 6 hours before the ultrasound, to prevent gallbladder 

contraction. Imaging was submitted as hard copy film or in DICOM format on CD and was 

centrally reviewed by one pediatric radiologist, with 8 years of attending-level experience, 

who determined the adequacy of images, obtained organ measurements, and assessed the 

spleen and renal parenchyma and biliary system. Because imaging was reviewed after 

patients were randomized and began receiving study drug, examinations that were 

inadequate could not be repeated. Imaging included the maximum longitudinal, 

anteroposterior, and transverse measurements of the spleen (Fig. 1) and kidneys (Fig. 2). 

The spleen was imaged in the supine position only. The kidneys were imaged in both supine 

and prone positions; whichever image provided the best visualization of renal margins was 

used for measurement. Organs were remeasured as needed by the central reviewer using the 

methods shown in Figures 1 and 2. Spleen and renal volumes were calculated in milliliters, 

using the formula for an ellipsoid model (longitudinal × anteroposterior × transverse) × 

0.523, similar to that used in previous reports [15, 16]. The spleen was assessed for 

parenchymal homogeneity and focal abnormalities. Kidneys were considered abnormally 

echogenic if the renal cortex was equal to or more echogenic than adjacent spleen or liver. 

Renal corticomedullary differentiation was considered abnormal when it was difficult to 

distinguish cortex from medulla visually [17]. Kidneys were also assessed for renal calculi, 

cysts, or other focal parenchymal abnormalities. The presence of gallstones, gallbladder 

sludge, gallbladder wall thickening (> 3 mm), and common bile duct dilatation (> 2 mm) 

was recorded [18, 19].

Splenic function was assessed by standardized 99mTc-labeled sulfur colloid liver-spleen 

scan, pitted erythrocyte count, and quantitation by flow cytometry of Howell-Jolly (HJ) 

bodies within 2 months of the ultrasound examination. Pitted erythrocyte count was 

considered normal if fewer than 3.5% of 500 RBCs had abnormal “pocks,” and a normal HJ 

body count was less than 300 HJ bodies/106 RBCs [20–22]. Liver-spleen scans were 

interpreted qualitatively by two central reviewers (three in discrepant cases) as follows: 1, 

spleen present with radiotracer uptake equal to liver; 2, spleen present but radiotracer uptake 

decreased relative to liver; or 3, splenic radiotracer uptake absent. Spleen size was estimated 

by palpation at the anterior axillary and midclavicular lines on physical examination.

Renal function was examined using 99mTc-labeled diethylenetriaminepentaacetic acid 

clearance to determine glomerular filtration rate (GFR). A GFR of 92 ± 18 mL/min/1.73 m2 

(10–90% range of 60–120 mL/min/1.73 m2) has been reported in hematologically healthy 

age-matched children [23]. Liver and gallbladder function were assessed with serum alanine 

aminotransferase (ALT) and bilirubin levels that were obtained within 2 months of the 

ultrasound examination. An ALT level less than 41 U/L was considered normal [24]. 

Physical examination and laboratory tests were performed at well-child visits within 2 

months of the ultrasound.

Statistical Analysis

Analysis of variance was undertaken to assess the association between spleen volume and 

spleen function by liver-spleen scan. The Student t test was performed to compare spleen 

volumes of groups with normal or abnormal HJ body or pitted erythrocyte counts and to 
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perform comparisons between the study cohort and height-matched hematologically normal 

spleen volumes and weight-matched predicted normal kidney volumes [15, 16]. The Student 

t test was also used to detect potential differences in biliary ultrasound findings between 

subjects with and without abnormal ALT and serum bilirubin levels. All analyses were 

performed using SAS software (version 9.1, SAS Institute).

Results

Two hundred three infants (age range, 7.5–18 months; mean, 12.9 months) with SCA 

underwent screening sonography. Fifty-seven percent (116/203) were female, 97% 

(197/203) had the hemoglobin SS (HbSS) genotype, and 3% (6/203) had hemoglobin Sβ 

(HbSβ)–negative thalassemia. A small number of sonograms were inadequate for 

assessment of some organs, resulting in a variable number of measurements for different 

organs. Also, because not all sonographically screened patients were enrolled, some 

laboratory investigations and nuclear scans were not obtained.

Compared with published data for height-matched hematologically healthy children [15], the 

mean spleen volume in our cohort was increased (BABY HUG cohort, 108 ± 47 mL; 

healthy children, 30 ± 14 mL; p < 0.0001; Table 1). By assessment with nuclear liver-spleen 

scan (n = 199), 23 patients (12%) had normal splenic uptake, 148 (74%) had present but 

decreased uptake, and 28 (14%) had absent uptake. There was no correlation between spleen 

volume and liver-spleen scan findings whether patients were categorized in three groups 

(normal, decreased, and absent splenic uptake; p = 0.13; Fig. 3) or in two groups (normal 

and abnormal [decreased plus absent] uptake; p = 0.19). Of note, patients with decreased 

spleen uptake had slightly larger spleen volumes than those with normal or absent uptake. 

There was no correlation between pitted erythrocyte count (n = 197; p = 0.27) or HJ body 

count (n = 177; p = 0.71) and spleen volume. As expected, spleen volume was significantly 

associated with palpated spleen size at the anterior axillary line (n = 196; p = 0.0005) and 

the midclavicular line (n = 196; p < 0.0001). On average, spleen volume increased by 14.1 

mL for every 1-cm increase at the anterior axillary line and 15.8 mL for every 1-cm increase 

at the midclavicular line. One patient had a focal peripheral hypoechoic area in the spleen, of 

unknown significance. There was no corresponding abnormality on this subject’s liver-

spleen scan.

Of 201 patients with adequate renal imaging, eight (4%) had renal abnormalities: six had 

diffusely increased renal echogenicity or loss of corticomedullary differentiation bilaterally 

and two had increased medullary echogenicity (one bilaterally and one in the left kidney 

only). No patient had a renal calculus, cyst, or other abnormality. Right and left renal 

volumes were significantly larger in the study cohort (right kidney, 29 ± 8 mL; left kidney, 

31 ± 9 mL) compared with predicted weight-matched volumes for hematologically healthy 

children (right kidney, 27 ± 3 mL; left kidney, 27 ± 3 mL; p < 0.0001 for both kidneys; 

Table 2) [16] and were positively associated with GFR (Fig. 4; p = 0.0009). The average 

GFR measurement was 125 ± 34 mL/min/1.73 m2 (range, 40–301 mL/min/1.73 m2) [4], 

which was elevated compared with the published normal value for this age group (10–90% 

normal range, 60–120 mL/min/1.73 m2).

McCarville et al. Page 4

AJR Am J Roentgenol. Author manuscript; available in PMC 2016 January 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Of 200 patients with adequate gallbladder and common bile duct imaging, one (0.5%) 

patient, who was 17.9 months old, had numerous small gallstones; six patients (3%), ranging 

in age from 9.4 to 18.0 months, had gallbladder sludge; one (0.5%) had a thick gallbladder 

wall; and two (1%) had a dilated common bile duct. Thus, at a mean age of 12.9 months, 5% 

(10/200) of infants had abnormal biliary sonograms. Among these patients, two had 

abnormal ALT values. One patient, with a dilated common bile duct, had an ALT level of 

100 IU/L, and the other patient, who had gallbladder sludge, had an ALT level of 45 IU/L. 

Although there were no significant differences in ALT (p = 0.19) or bilirubin levels (total 

bilirubin, p = 0.38; direct bilirubin, p = 0.84) between patients with and without sonographic 

biliary abnormalities, the only infant with gallstones had a markedly elevated total bilirubin 

level of 5.6 mg/dL.

Discussion

In our study, most infants with SCA had a greater spleen volume than did height-matched 

hematologically healthy children. Sonographic spleen volume did not predict splenic 

function as assessed by liver-spleen scan. In fact, there was substantial overlap in spleen 

volumes among patients with normal, decreased, and absent spleen function. However, 

patients with decreased spleen uptake had slightly larger spleen volumes than did the other 

patients. This finding is consistent with the natural evolution of spleen changes in SCA 

because spleen size increases with increasing congestion (which may result in decreased 

function) until autoinfarction occurs, resulting in spleen atrophy and involution with absent 

spleen uptake. We also found no correlation between spleen volume and surrogate markers 

of spleen function (i.e., HJ body and pitted erythrocyte count) [25]. Furthermore, only one of 

our patients had abnormal splenic echotexture. These findings suggest that sonographic 

spleen volume and parenchymal findings, when compared with 99mTc liver-spleen scan and 

laboratory investigations, are not helpful in estimating the severity of splenic injury in 

infants with SCA.

In our cohort, renal volumes were significantly larger than those predicted for weight-

matched hematologically healthy children and were significantly correlated with GFR. 

Children with SCA are known to develop glomerular hyperfiltration, as indicated by 

elevated GFR [4, 26–28]. Also, large renal size is known to develop in older children and 

adults with sickle cell disease, and, eventually, glomerular hyperfiltration may result in 

glomerulosclerosis and renal insufficiency [29, 30]. Our findings suggest that increased 

sonographic renal volume may indicate glomerular hyperfiltration and that this process 

begins in infancy.

Eight patients in our study had additional sonographic findings suggesting renal disease, 

including diffusely increased renal echogenicity or loss of corticomedullary differentiation 

and increased medullary echogenicity. Other researchers have shown that, among older 

children and young adults with severe (i.e., HbSS or HbSβ-negative thalassemia) and milder 

(i.e., hemoglobin SC or HbSβ positive) forms of sickle cell disease, diffuse loss of 

corticomedullary differentiation was most common in patients with the HbSS genotype 

(25/315 [8%]) [17]. Conversely, increased medullary echogenicity was more frequent in 

patients with milder hemoglobin SC disease and was thought to be due to medullary 
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nephrocalcinosis. The authors [17] postulated that medullary scarring in severe sickle cell 

disease diminished blood flow to the renal pyramids and may have protected them from 

calcium deposition. The diffusely increased renal echogenicity in patients with HbSS 

disease, both in previous studies [30–32] and the present study, likely results from the 

generalized glomerular and interstitial changes that occur in these patients. Our findings 

suggest that such renal abnormalities may begin in infancy in patients with severe forms of 

sickle cell disease, before they are clinically evident.

There is limited literature, to our knowledge, regarding the prevalence of cholelithiasis and 

gallbladder sludge in infants with SCA. Sarnaik et al. [33] found a 12% (4/33) incidence of 

gallstones in 2–4-year-old children with SCA screened with ultrasound. The prevalence of 

gallstones in children with SCA increases with age and can be as high as 43% in adolescents 

[10, 11, 33, 34]. Other investigators have shown that gallbladder sludge in children with 

SCA progresses to the formation of gallstones [10, 11, 33]. We found that sonographic 

findings of biliary disease can occur at a very early age in children with SCA; 3% of our 

patients had gallbladder sludge, and one patient (0.5%) had numerous small gallstones. 

Interestingly, we found no correlation between serum chemistry levels and sonographic 

biliary abnormalities. Thus, sonography is the only useful method of detecting biliary tract 

abnormalities in infants with SCA.

A potential limitation of our study was that, although specific ultrasound scanning 

guidelines were provided to local institutions, the large number of participating sites resulted 

in variable image quality and differences in scanning techniques. To standardize 

measurements, the central reviewer remeasured organ dimensions as needed. Differences 

between organ measurements obtained for this study and those previously reported may be 

due, in part, to interobserver variability in the published literature and differences in 

methods.

This is the largest report, to our knowledge, of the sonographic appearance of the spleen, 

kidneys, and biliary system in infants with SCA. We have shown that the effects of SCA on 

these structures can be detected sonographically very early in life. In infants, ultrasound is 

useful in assessing renal and biliary disease but has limited value, if any, in predicting spleen 

function. Follow-up sonograms of these patients, after 2 years of HU therapy or placebo, 

will provide insight into the efficacy of HU in halting, reversing, or preventing the 

sonographically evident sequelae of SCA in these organs.
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Fig. 1. Spleen measurement technique
A, Image shows placement of cursors for longitudinal (X) and anteroposterior (+) diameter 

measurements.

B, Image shows placement of cursors for transverse (X) and anteroposterior (+) diameter 

measurements. Sonographic image plane that best depicted anteroposterior margins was 

used for anteroposterior measurement.
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Fig. 2. Kidney measurement technique
A, Image shows placement of cursors for length (X) and anteroposterior (+) diameter 

measurements.

B, Image shows placement of cursors for transverse (X) and anteroposterior (+) diameter 

measurements. Sonographic image plane that best depicted anteroposterior margins was 

used for anteroposterior measurement.
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Fig. 3. 
Correlation of spleen volume and 99mTc sulfur-colloid spleen uptake in 199 infants with 

sickle cell anemia, 7.5–18 months old. “Normal” refers to splenic uptake present and equal 

to that in liver. “Present but Decreased” refers to splenic uptake present but less than that in 

liver. “Absent” refers to no splenic uptake.
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Fig. 4. 
Scatterplot shows correlation between average kidney volume and diethylene-

triaminepentaacetic acid (DTPA) glomerular filtration rate (GFR) in 174 infants with sickle 

cell anemia, 7.5–18 months old.
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McCarville et al. Page 13

TABLE 1

Spleen Volume Measurements of Children With Sickle Cell Anemia, 7.5–18 Months Old, Compared With 

Height-Matched Hematologically Healthy Children

Group No. of Children

Spleen Volume (mL)

Mean (SD) Range

BABY HUG full cohort 199 105 (46) 28–281

BABY HUG subset (with body length 71–85 cm) 180 108 (47) 28–281

Height-matched healthy children 18 30 (14)a Not applicableb

a
p < 0.0001 for BABY HUG cohort and subset vs healthy children.

b
Range was not provided in reference article [25].
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