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Renal Doppler sonography as a non-invasive

technique for early detection of reno-vascular
changes in sickle cell disease in children
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Abstract

Objective Early identification of sickle renovascular changes via renal Doppler sonography among sickle cell disease
patients to help in early diagnosis and interventions to prevent progression to end-stage renal disease.

Methods Forty-five SCD children were included along with 45 healthy control children. Renal Doppler sonography
(Pland RI) was performed on all subjects.

Laboratory investigations were done: Hb electrophoresis, complete blood picture with blood indices, reticulocyte
count, liver enzymes (ALT and AST), HCV serology, serum ferritin, and lactate dehydrogenase (LDH). Urine analysis
and albumin/creatinine ratio in urine were done for all patients as well.

Results The study group consisted of 45 SCD patients, 27 (60%) males with a mean age of 12 years (+ 3 years). By
performing renal Doppler sonography, it was found that all study groups had significantly higher Doppler indices
(resistivity index and pulsatility index) compared to the control group.

Results of renal Doppler sonography revealed that the main renal pulsatility index was positively correlated

with the main renal resistance index (r=0.454, p=0.002).

Conclusion Doppler indices (resistance index and pulsatility index) were of value to assess reno-vascular changes
in SCD, Thus, renal Doppler indices could be an early technique in the assessment of sickle renovascular changes,
so treatment can be started at an early stage before progressive affection of renal function.
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Background

Sickle cell disease is a multisystemic autosomal reces-
sive disorder, characterized by chronic hemolytic anemia,
painful attacks of vaso-occlusive crises, and then organ

damage [1].

*Correspondence: Sickle nephropathy (SN) is known as a group of renal
Dalia El-Sayed complications (including hematuria, hyposthenuria, renal
Dalla_sayed2018@cu.edu.eg illary necrosis, proteinuria, renal tubular disorder

! Department of Pediatrics (Pediatric Hematology Unit), Kasr Alainy papiliary nec 0? S, 'p 0 e‘ u % ‘e al tubula soraers,
Faculty of Medicine, Cairo University, Cairo, Egypt acute and chronic kidney injury, sickle cell glomerulopathy,
2 Department of Radiology, Kasr Alainy Faculty of Medicine, Cairo and renal medullary carcinoma) among sickle cell disease
niversity, Cairo, Egypt tients increasing di: burden. Renal affection is mor

? Department of Clinical and Chemical Pathology, Faculty of Medicine, patents .C ?as g segse u e‘ - Rena a‘ec 9 § more
Kasr Alainy, Cairo University, Cairo, Egypt common in sickle cell disease patients than in trait or com-

bined hemoglobinopathies (HbS/B, HbS/B+, Hb/SC) [1].

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43054-023-00228-0&domain=pdf

Eltagui et al. Egyptian Pediatric Association Gazette (2023) 71:81

Patients with SCD must do regular yearly assessments
and screening for sickle cell nephropathy. Prolonged hyper-
filtration results in renal injury and proteinuria thus glo-
merulosclerosis and kidney damage [2].

Early detection of sickle nephropathy by renal vascular
Doppler could enable earlier detection and intervention,
thus slowing down disease progression to end-stage kidney
disease [3].

Methods

This study was conducted on 45 patients (60% males and
40% females) with SCD (sickle SS or sickle -thalassemia)
following up at the hematology outpatient clinic, diagnosis
of SCD based on Hb electrophoresis or HPLC. The patients
presented to New Children’s Hospital, Faculty of Medicine,
Cairo University, during the period of the study (conducted
from January 2020 to August 2021). Patients’ ages ranged
from 6 to 18 years with no sex preference and with normal
urea and creatinine values. Forty-five age- and sex-matched
subjects were enrolled as a control group. Informed con-
sent was obtained from the patients or their guardians
before enrollment in the study. All SCD patients were in a
steady state of the disease at the time of recruitment. The
study protocol was approved by the institutional research
ethics committees at the Faculty of Medicine, Cairo Uni-
versity (MD-40-2020).

Recruitment of patients

SCD patients were recruited from the pediatric hematol-
ogy SCD clinic of New Children’s Hospital, Cairo Uni-
versity. All the patients who consented to participate in
the study were scheduled for renal Doppler sonography
scans in the radiology department based on convenience.
Renal Doppler sonographic findings, demographic data,
anthropometric measurements, and their records/files
were revised for evidence of laboratory investigations
such as Hb electrophoresis, complete blood picture with
blood indices, reticulocyte count, liver enzymes (ALT
and AST), HCV serology, serum ferritin, and lactate
dehydrogenase (LDH).

Estimated glomerular filtration rate (eGFR) measurement
We used the CKD-EPI equation for the measurement of
GER (age-related creatinine irrespective of the height of the
patients) [4].
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a= —0.241 (females) or —0.302 (males).
min =indicates the minimum of S_./K or 1.
max = indicates the maximum of S_,/K or 1.

Renal dysfunction in this study was defined
as the presence of either high or low eGFR

+ Hyperfiltration (high eGFR) was defined as an
eGFR of more than 140 ml/min/1.73 m? and low
GFR (chronic renal failure) was as an eGFR of less
than 80 ml/min/1.73 m2 [5].

Laboratory examination: urine analysis and A/C ratio
Urine samples were collected aseptically midstream
samples, voided directly into a sterile container. Cen-
trifuge to remove particulate matter, assay immediately
or aliquot, and store at < —20°C. Repeated freeze—thaw
cycles were avoided.

+ The presence of microalbuminuria was consid-
ered when albumin excretion was in the range of
30-300 mg/dl and or gross albuminuria when it
was more than 300 mg/dl [6].

Renal Doppler sonography (equipment and scanning
technique)

We assessed renal Doppler indices (resistance index
and pulsatility index) among patients with SCD, and
these indices were valuable in assessing reno-vascular
changes in SCD.

Doppler sonography was performed on an aplio400
Toshiba scanner with a color flow Doppler facility,
using a 5-MHz convex probe. The patients were exam-
ined in the supine position. Doppler indices assessed
were PI, RI, systolic/diastolic ratio (S/D), peak systolic
velocity, and end-diastolic velocity for all the patients
(Fig. 1).

Doppler indices

The resistance index (RI) is the ratio between the dif-
ference of systolic and diastolic velocities with systolic
velocity.

eGFR = 142 x min (standardized S, /K, 1)* x max (standardized S, /K, 1)71‘200 x 0.9938%8° x1.012 (if female) x 1.159 (if black)

eGFR (estimated glomerular filtration rate)=mL/
min/1.73 m.?

S (serum creatinine) =mg/dL.

K=0.7 (females) or 0.9 (males).

RIL: PSV-DV/PSV

PSV: peak systolic velocity.
DV: diastolic velocity.
PSV: peak systolic velocity.
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Fig. 1 Renal Doppler imaging for intrarenal vessels
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Normal RI: 0.61 (+0.05) [7].

The pulsatility index (PI) is the ratio between the dif-
ference of systolic and diastolic velocities with average
velocity.

PI: PSV-DV/AV

PSV: peak systolic velocity
DV: diastolic velocity

AV: average velocity

Normal PI: 1.03 (+0.18) [7] (Fig. 2).

Statistical analysis

Data was coded and entered using the statistical pack-
age SPSS version 20. Data was summarized using mean
and standard deviation for quantitative variables and fre-
quencies (number of cases) and relative frequencies (per-
centages) for categorical variables. Comparisons between
groups were done using an unpaired ¢ test in normally
distributed quantitative variables while the non-paramet-
ric Mann—Whitney test was used for non-normally dis-
tributed quantitative variables. Pearson and Spearman’s
correlation (r) were used to correlate different param-
eters. The results were considered statistically significant
and highly statistically significant when the significant
probability (P value) was<0.05 and<0.001, respectively.
The diagnostic value of Doppler indices (RI, PI) in pre-
dicting possible renal insult was examined using receiver-
operating characteristic (ROC) curve analysis.
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Results

The study group consisted of 27 (60%) males and 18
(40%) females with an M/F ratio of 1.5. Thirty-eight
patients (84.4%) had a history of positive consanguinity,
8 patients (17.8%) had an affected relative in the fam-
ily, and 25 patients (55.5%) had an affected sibling. The
mean age of the enrolled study group was 12+ 3 years
old. The mean age of diagnosis of the disease among the
enrolled cases was 1.39 +1.04 years. All clinical data of
the studied SCD patients are illustrated in Table 1.

Almost all cases (97.8%) were on hydroxyurea (with a
dose ranging from 15 to 37 mg/kg/day), and 37.8% were
receiving iron chelator (Deferasirox).

Laboratory findings of our patients revealed that
the mean HB value was 9+1.42 g/dl ranging from
7 to 12.3 g/dl and patients’ baseline HB S % was
67.06% +14.28, mean BUN was 10.39+4.29 mg/
dl, the mean creatinine was 0.48 £0.13 mg/dl rang-
ing from 0.27 to 0.9 mg/dl, the mean total serum bili-
rubin was 1.99+1.09 mg/dl, the mean direct serum
bilirubin was 0.34+0.19 mg/dl, the mean serum albu-
min was 4.21 +0.64 g/dl, and the mean serum ferritin
level was 1107.76 +778.97 ng/ml while mean LDH was
659.04+1610.47 U/L.

The mean GFR (CKD-EPI) was 165.87 +26.18 ml/
min/1.73m?. Thirteen percent of our patients reached
more than 200 ml/min/1.73m? and 1 patient reached up
to 245 ml/min/1.73m? denoting hyperfiltration (Illus-
trated in Supplementary figure 1).
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Fig. 2 Renal Doppler ultrasound imaging for measurement of peak systolic and end-diastolic velocities and assessment of Rl and Pl values
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Table 1 Clinical data of the studied 45 SCD patients

Variable N %

Age of diagnosis
Mean+SD 1.39+1.04
Median (IQR) 1(0.75-1.75)
Transfusion history among studied patients

Simple transfusion 26 57.7%
Chronic transfusion 8 17.7%
Exchange transfusion 7 15.5%
Frequency of yearly transfusion 0time 8 17.8%
2 times 6 13.3%
3times 3 6.7%
4 times 10 22.2%
6 times 7 15.6%
12 times 1 24.4%
Complications of SCD among studied patients
Infection 8 17.8%
AVN and fractures 5 11.1%
Acute chest syndrome 5 11.1%
Pulmonary HTN 4 8.9%
Manifest stroke 1 2.2%
Gall bladder stones 1 2.2%
Priapism 0 0%

Urine analysis and urinary A/C ratio done to our
patients revealed that the mean urine specific gravity
among the cases was 1018.13+4.73, and the mean A/C
ratio was 28.27 +26.14 mg/g.

The results of renal Doppler sonography done on
our studied cases revealed that the mean renal artery
PI among the cases was 1.48 +0.48, and the mean renal
artery RI among the cases was 0.69+0.06. The mean
interlobar artery PI among the cases was 1.29+£0.58, and
the mean interlobar artery RI was 0.63+0.06 (Table 2).

The main renal pulsatility index was positively cor-
related with the main renal resistance index and vice
versa (r=0.454, p=0.002). Otherwise, renal Doppler
indices did not show a statistically significant correla-
tion with the other studied variables (Supplementary
Tables 1 and 2).

Upon reviewing the patients that had both vascular
insult (affected RI and PI) and tubular affection (micro-
albuminuria), they were 15 patients, aged above 8 years
with monthly severe vaso-occlusive crises and transfu-
sion-dependant every 1-2 months and 4 of these patients
had another complication (CNS vasculopathy with high
transcranial Doppler).

Cases and controls were compared regarding renal
Doppler sonographic indices, and it was found that
there was a statistically significant difference (with p
value<0.001) between the studied groups regarding
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Table 2 Doppler parameter results among the studied 45 SCD
patients

Variable Value
Main renal artery pulsatility index
Mean +5SD 1.48+048
Range (0.88-3.54)
Main renal artery resistance index
Mean +SD 0.69+0.06
Range (0.57-0.86)
Interlobar artery pulsatility index
Mean +SD 1.29£0.58
Range (0.71-1.87)
Interlobar artery resistance index
Mean+SD 0.63+0.06
Range (0.5-0.77)

the main renal artery PI (mean 1.48+0.48), main renal
artery RI (mean 0.69+0.06), interlobar artery PI (mean
1.29+0.58), and interlobar artery RI (mean 0.63 + 0.06) as
the patients had a higher mean value of all indices com-
pared to the control group; control group main renal
artery PI (mean 0.99 +0.12), main renal artery RI (mean
0.60+0.03), interlobar artery PI (mean 0.99+0.11), and
interlobar artery RI (mean 0.59+0.04) (Supplementary
figures 2, 3, 4, and 5).

According to ROC curve analysis results, the main
renal pulsatility index may be used as a reliable tool in
predicting renovascular changes in sickle cell disease,
showing that at the cutoff (1.45), the sensitivity was
95.6%, the specificity was 73.3%, the predictive value for
positive was 79.2%, and the predictive value for negative
was 94.3% (Supplementary figure 6).

According to ROC curve analysis results, the main
renal resistance index may be used as a reliable tool in
predicting renovascular changes in sickle cell disease
showing that at the cutoff (0.615), the sensitivity was
88.9%, the specificity was 66.7%, the predictive value for
positive was 72.7%, and the predictive value for negative
was 85.7% (Supplementary figure 7).

Discussion
Sickle cell nephropathy is a major complication of sickle
cell disease. It presents as glomerulopathy, proteinuria,
hematuria, tubular defects, and eventually end-stage
renal disease (ESRD) [3]. Sickle nephropathy is still
a challenging complication among sickle cell disease
patients that needs early diagnosis and early intervention
before disease progression [3].

Patients with SCD with albuminuria are liable to
develop hypertension [8], asymptomatic bacteriu-
ria [9], acute chest syndrome [10], stroke, pulmonary
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hypertension, ESRD, and death. Unfortunately, SCN
cannot be detected at subclinical stages and GFR only
decreases at late stages [11].

This study was a case—control study conducted on 45
sickle cell disease patients, 23 patients with Hb SS and 22
patients with sickle beta thalassemia, compared to 45 nor-
mal children as a control group. When we analyzed renal
function tests (BUN, creatinine) among SCD enrolled
patients, it was found that mean creatinine among cases
was 0.48 +0.13 mg/dl, denoting hyperfiltration this result
matched with Thompson et al. [12] found that serum cre-
atinine was lower in patients with sickle cell disease but
still in normal ranges. The low serum creatinine may be
due to tubular dysfunction in SCD patients and increased
tubular secretion of creatinine [13, 14].

Our study showed higher GFR among SCD
patients, and this denotes hyperfiltration (mean GFR
165.87+26.18). On the contrary, another previous
study [15] revealed that 11.6% of enrolled patients had
eGFR <90 mL/min/1.73 m? Also, another study includ-
ing 112 pediatric SCD patients [16] found that the mean
eGFR was 249+ 56 mL/min/1.73m? thus also denoting
hyperfiltration.

The main pathophysiology in SCD is vaso-occlusion
by sickled erythrocytes, so Doppler assessment of renal
arteries among SCD patients is important. Doppler indi-
ces (RI, PI) enable the evaluation of renal vascular resist-
ance at different sites and help in the detection of severity
and site of vascular narrowing.

In our study, we assessed renal vascular affection
among SCD patients, and it was found that renal Doppler
indices (RI, PI) among SCD patients were significantly
higher than the control group (p value <0.001 and <0.001,
respectively), denoting renal vascular affection among
SCD patients. This goes in agreement with a previous
study done in 2017 [17] on the effect of sickle cell disease
on arterial renal flow using Doppler sonography indi-
ces, which showed that RI and PI were increased in SCD
cases more than controls, and this study was performed
on 115 Sudanese SCD patients versus 100 normal con-
trol group. Similar findings were found in another study
[18] where both PI and RI were significantly higher in 42
SCD patients compared with the control group, but it
also showed that arterial renal Doppler indices were sig-
nificantly higher in patients with homozygous SCD other
than in patients with sickle p-thalassemia but this was
not found in our study, there was no significant difference
between patients with Hb SS and patients with sickle
beta-thalassemia [18].

Thus, renal vascular Doppler indices (PI and RI) and
other non-invasive laboratory parameters such as micro-
albumin to creatinine ratio can be used as screening
methods for early assessment of renal vascular changes
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among children with SCD to detect sickle nephropathy at
a preclinical stage before disease progression.

Conclusion

The study showed that renal Doppler indices (assessing
vascular injury) could be an early technique in the assess-
ment of sickle reno-vascular changes so treatment can be
started at an early stage before progressive affection of
renal function.
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