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Up to 60% of sickle cell anemia (SCA) adults have evidence of chronic kidney disease
(CKD).[1] We hypothesized that kidney ultrasound measures of echogenicity and size may
serve as a non-invasive prognostic markers for CKD in SCA. Among University of Illinois at
Chicago SCA patients who received ultrasounds as part of routine care, increased kidney
echogenicity was an independent predictor of CKD progression among all 177 SCA patients
with longitudinal follow up as well as in the subset of 104 with normal kidney function at
the time of the ultrasound and 96 who had ultrasounds performed for non-renal indications.

Kidney biopsy is associated with a risk for bleeding and is infrequently performed in
patients with SCA but renal ultrasonography is non-invasive, safe and widely available. In
non-SCA cohorts, kidney echogenicity correlates with tubulointerstitial damage,
glomerulosclerosis,[2] and reduced estimated glomerular filtration rate (eGFR).[3] Small
kidney size correlates with some histopathologic changes[2] but does not consistently
predict kidney function.[3] Abnormal kidney ultrasound findings have been described in
SCA, with 15-30% of patients having enlarged kidneys and 10-18% having increased
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echogenicity.[4, 5] The prevalence of small kidney size and the association of abnormal
kidney ultrasound findings with eGFR or albuminuria in SCA are unclear.

We retrospectively analyzed the association of abnormal kidney ultrasound findings with 1)
kidney function, 2) genetic predictors of sickle cell nephropathy, and 3) CKD progression in
SCA adults (HbSS or HbSp0-thalassemia) treated at the University of lllinois at Chicago.
The protocol was approved by the Institutional Review Board prior to data collection. A
total of 267 SCA patients with genotyping data for APOL1 G1/G2, BCL11Ars1427407, and
a-thalassemia status were screened for abdominal or retroperitoneal ultrasounds performed
as part of their routine care between 2/2002 and 2/2018. All SCA patients with an ultrasound
performed during this time period were included in the analysis. Laboratory and clinical data
were extracted from the electronic medical charting system, Cerner PowerChart, closest to
the time when the ultrasounds were performed. The eGFR was calculated using serum
creatinine and the CKD-Epidemiology Collaboration formula.[6]

Kidney ultrasounds were independently reviewed by radiologists who were masked to the
measures of kidney function. Right kidney measurements were used in this analysis. Normal
kidney ranges were considered to be 10-14 cm in men and 9-13 cm in women. Echogenicity
was classified as normal if the renal cortex was less echogenic than the adjacent liver, mildly
increased if the renal cortex was of the same or greater echogenicity than the adjacent liver,
and markedly increased if the renal cortex echogenicity obliterated the renal sinus.[4]
Hemoglobinuria was defined as urinalysis positive for blood by dipstick with <2 red blood
cells per high power field. Genotyping for APOL1 G1 and G2, a-thalassemia, and BCL11A
rs1427407 variants was performed by real time polymerase chain reaction as previously
described and APOL 1 G1/G2 was defined as homozygous or compound heterozygous
inheritance of the G1 and G2 variants.[1]

We evaluated the association of abnormal kidney ultrasound findings with macroalbuminuria
(=300 mg albumin/g creatinine) and eGFR<60mL/min/1.73m? (low eGFR) using the
Cochran’s test for linear trend. Variables by kidney ultrasound findings were compared
using the linear trend or Kruskall-Wallis tests for linear variables and Cochran’s test for
linear trend or Chi square for categorical variables. Applying the Bonferroni correction, P
<0.003 (0.05/17) was considered significant for univariate analyses. The association of
genetic variants with kidney ultrasound findings was assessed by logistic regression analysis
adjusting for age, sex, hydroxyurea therapy, and eGFR at the time the ultrasounds were
performed. Longitudinal data from the time the ultrasound was performed were utilized to
determine CKD progression, defined as a 50% eGFR decline or requirement for dialysis.
CKD progression was examined in those with at least 6 months of follow up from the time
of ultrasound with Kaplan-Meier survival curves and Cox proportional hazards ratio,
adjusting for age, sex, hydroxyurea therapy, and eGFR at the time the ultrasound was
performed. Systat 13 (Systat Software Corporation, Chicago IL) was used for the statistical
analyses.

Between 2/2002 and 2/2018, 185 SCA patients underwent ultrasounds of the abdomen or
kidney as part of routine medical care. The median age at the time of ultrasound was 35
years and 62% were female. Of the 185 ultrasound evaluations, 89 (48%) were performed to
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evaluate the kidneys and the remaining were performed for other indications (Supplementary
Table 1). Twenty-five percent of the patients had urine albumin =300mg/g creatinine, 28%
had eGFR <60mL/min/1.73m?, and 15% had the combination at the time of ultrasound.

Echogenicity was mildly increased in 43 (23%) and markedly increased in 28 (15%) of the
patients. The proportion of patients with increased kidney echogenicity was greater in those
with macroalbuminuria-only (33%), low eGFR-only (73%), or the combination of both
(92%), compared to those with normal kidney function (19%)(# <0.0001)(Figure 1A).
Individuals with increased kidney echogenicity were older and had greater albuminuria and
lower eGFR (Table 1). On multivariable analysis, absence of a-thalassemia (OR 5.2, 95%
Cl: 1.9-14.0; £=0.002) and coinheritance of the APOL 1 G1/G2 risk variants (OR 5.3, 95%
Cl: 1.2-23.7; P=0.03) were associated with increased kidney echogenicity after adjusting
for age, sex, hydroxyurea therapy, and baseline eGFR.

Kidneys were small in 19 (10%) and enlarged in 21 (11%) of the patients. The proportion
with small kidneys was greater in those with macroalbuminuria-only (17%), low eGFR-only
(15%), or the combination of both (27%) compared to those with normal kidney function
(3%) (P < 0.0001)(Figure 1B). Individuals with small kidneys had higher albuminuria and
lower eGFR while other clinical variables did not vary according to kidney size
(Supplementary Table 2). We did not observe statistically significant differences in
coinheritance patterns for a-thalassemia, the BCL11Ars1427407 T allele, or the APOL 1
G1/G2 risk variants with enlarged or small kidney size.

At a median follow up of 5.8 years (IQR, 3.2-8.5 years), 14% (25 of 177 evaluable patients)
had CKD progression. Of those that progressed, 15 (60%) were due to a 50% eGFR decline
and 10 (40%) were due to requirement for dialysis. Patients with increased kidney
echogenicity had a higher rate of CKD progression in univariate analysis (Figure 1C) as did
those with small kidney size (Figure 1D). Increasing degree of kidney echogenicity (HR 2.8,
95% ClI: 1.5-5.4; £=0.002), but not small kidney size (HR 1.8, 95% CI: 0.6-4.8; P=0.3), was
an independent risk factor for CKD progression after adjusting for age, sex, hydroxyurea
therapy, and baseline eGFR. Increasing kidney echogenicity was also an independent risk
factor for CKD progression in those without macroalbuminuria or eGFR <60 mL/min/
1.73m2 (HR 3.9, 95% CI: 1.0-15.5; P=0.05)(Figure 1E) and in the subgroup of patients who
had an ultrasound performed for non-renal indications (HR 10.1, 95% ClI: 2.2-46.7;
P=0.003) after similar adjustments (Figure 1F).

In adults with SCA, we demonstrate that increased kidney echogenicity and reduced kidney
size are commonly observed by ultrasound, an imaging modality that is safe, simple, and
low cost. Glomeruli and tubules are the primary components that contribute to kidney
echogenicity and increased kidney echogenicity is the strongest kidney ultrasound parameter
that correlates with glomerular and tubular histopathologic changes.[2] Consistent with the
non-SCA literature, increased kidney echogenicity was associated with progressively
worsening renal function and with risk for CKD progression on longitudinal follow up in our
cohort of SCA patients. Our findings regarding small kidney size are also consistent with
studies in non-SCA patients in which kidney length is an inconsistent marker for kidney
histopathology and function.[3] In our cohort, small kidney size was associated with
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impaired renal function versus normal sized kidneys but was not an independent risk factor
for CKD progression.

Our genetic associations also highlight the importance of hemolytic and kidney disease risk
modifiers on kidney pathology.[1] In patients with SCA, kidney damage may be, in part,
mediated by intravascular hemolysis leading to increased cell-free hemoglobin and heme
exposure. Alpha thalassemia is associated with reduced intravascular hemolysis in SCA, and
our observation that absence of a-thalassemia is an independent predictor for increased
kidney ultrasound stage highlights this pathway in sickle cell nephropathy. The APOL1 G1
and G2 risk variants are the strongest genetic risk factor for CKD in African Americans and
may enhance glomerular damage through enhanced podocyte necrosis. In our study,
coinheritance of the APOL1 G1/G2 risk variants was also an independent predictor for
increased kidney ultrasound stage.

There are a number of limitations to our study. Our study is limited by the small sample size,
being from a single center and retrospective in nature, and the eGFR being calculated using
creatinine based-values. We applied the CKD-EPI formula which has the closest
approximation to measured GFR in SCA.[6] Many of the ultrasounds were performed for
non-renal indications, although increased kidney echogenicity remained a predictor for CKD
progression in this subset of patients. Future, prospective longitudinal studies assessing
kidney ultrasound findings, including renal Doppler indices and contrast-enhanced
techniques, in conjunction with renal function may provide a deeper understanding for the
pathophysiologic changes occurring in the kidneys of SCA patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kidney echogenicity by kidney function status.

00 P < 0.0001 R
100% - >
2 24/26
S
c
)
4
£ 80% -
& 19/26
°
Q
7]
©
o
o 60% -
=
=
E
]
c 40% -
2 6/18
©
o
°
c 505 20/105
2 °
]
o
o
S
o
0% I :
Normal Macroalbuminuria Low eGFR Only Macroalbuminuria +
Only Low eGFR
Figure 1A:

Am J Hematol. Author manuscript; available in PMC 2020 November 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Patel et al.

Proportion of Patients with Small Kidney Size

50% P < 0.0001

Page 7

45%

40%

35%

30%

25%

20%
3/18

4/26
15%

10%

5% 3/105

0%

Normal Macroalbuminuria Low eGFR Only
Only

Figure 1B:
Small kidney size by kidney function status.
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Figure 1C: CKD progression and kidney echogenicity.
Higher rates of CKD progression were observed with increasing kidney echogenicity

(normal: 3%, 3/112; mild: 22%, 9/41; marked: 54%, 13/24)
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Figure 1D: CKD progression and small kidney size.
Higher rates of CKD progression were observed with smaller kidney size (small: 39%, 7/18;

normal or enlarged: 11%, 18/159).
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Figure 1E: CKD progression and kidney echogenicity in SCA patients with normal kidney

function.

Higher rates of CKD progression with increasing kidney echogenicity were observed in the
subset of patients with albuminuria < 300mg/g creatinine and eGFR > 60 mL/min/1.73m?
(normal: 2%, 2/84; mild: 8%, 1/13; marked: 43%, 3/7).
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Figure 1F: CKD progression and kidney echogenicity in SCA patients who had an ultrasound
performed for non-renal indications.

Higher rates of CKD progression with increasing kidney echogenicity were observed in the
subset of patients that had an ultrasound performed for non-renal indications (normal: 3%,
2/79; mild: 18%, 2/11; marked: 50%, 3/6).

Log-rank Pvalues are provided. CKD, chronic kidney disease; SCA, sickle cell anemia;
eGFR, estimated glomerular filtration rate
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