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31The Kidney in Sickle Cell Disease

Jeffrey Lebensburger and Cristin Kaspar

Sickle cell disease (SCD) is the most common 
inherited red blood cell disorder in the United 
States, impacting approximately 100,000 
Americans and 1 in 365 African American births 
[1]. SCD is most prevalent in sub-Saharan 
Africa due to its protective inheritance against 
malaria. About 1000 children are born in Africa 
each day with SCD [2]. Some Hispanic and 
Indian populations have also been identified 
with up to 40% of residents having at least one 
sickle gene mutation.

The sickle cell mutation causes a hydrophobic 
valine to replace a hydrophilic glutamic acid in 
the sixth amino acid position of the β-globin pro-
tein. This mutation allows polymerization of 
hemoglobin S in the deoxyhemoglobin state. 
Two inherited β-globin sickle cell mutations 
result in the diagnosis of hemoglobin SS (HbSS). 
Different mutations in one of the β-globin sub-
units cause other forms of SCD.  These include 
mutations that lead to no beta globin synthesis 
(β0 thalassemia) or minimal globin synthesis (β+ 
thalassemia) as well as other mutations, includ-
ing hemoglobin C (HbC). The most prevalent, 
severe forms of SCD are HbSS and hemoglobin 

Sβ0 (HbSβ0) thalassemia; these genotypes are 
referred to as sickle cell anemia (SCA) and occur 
in about 70% of SCD patients. Other genotypes 
usually have less severe disease, and include 
hemoglobin Sβ+ (HbSβ+) thalassemia and hemo-
globin SC (HbSC).

Sickle cell trait, which occurs in 1  in 13 
African Americans, has been studied for its asso-
ciation with progressive kidney disease in adults, 
hematuria, renal papillary necrosis, and pyelone-
phritis during pregnancy. Sickle cell trait is asso-
ciated with the rare cancer, renal medullary 
carcinoma. Patients with sickle cell trait do not 
have a significant pediatric clinical disease 
course due to the protective effect of one normal 
β-globin gene. Therefore, patients with sickle 
cell trait do not have SCD and, aside from coun-
seling, do not receive follow-up care by a pediat-
ric hematologist.

 Hyposthenuria, Renal Papillary 
Necrosis, and Nocturnal Enuresis

 Hyposthenuria

Pathophysiology: The development of hyposthe-
nuria and renal papillary necrosis begin with 
sickling of the red blood cells in the vasa recta, 
leading to marked vascular changes. Necropsy 
studies have demonstrated almost complete 
destruction of the vasa recta and medullary 
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 capillaries in patients with SCA as compared to a 
reduced number of vasa recta in patients with 
sickle cell trait and HbSC disease [3]. These find-
ings may be related to the impact of the hyperos-
molar environment of the kidney on red cell 
rheology. In vitro models have demonstrated that 
sickle red blood cells exposed to even mildly 
hypertonic environments (sodium levels of 
141 mEq/L) experience a delay in transit time, an 
increase in red cell rigidity and an increase in red 
cell adherence to vascular walls [4]. The renal 
medulla is an extremely hypertonic, hyperos-
motic environment (800–1200  mOsm/kg) rela-
tive to the milder in vitro environments studied, 
which likely contributes to the more pronounced 
pathophysiologic changes seen in vivo. In addi-
tion, the renal medulla is a relatively hypoxic 
environment. Sickle red blood cells are stable in 
normoxia, but hemoglobin S begins to polymer-
ize during the hypoxic state. Finally, acidic envi-
ronments promote sickling of RBCs. Therefore, 
the combination of hypertonicity, hypoxia, and 
the acidotic environment in the renal medulla 
causes sickling of red blood cells within the vasa 
recta, with subsequent ischemic and reperfusion 
injury.

Epidemiology: A diminished urine concentrat-
ing ability is a well-established complication in 
patients with SCD [5–8]. The prevalence of 
hyposthenuria increases with disease severity 
(SCA > HbSC disease > sickle cell trait) [9, 10]. 
Urine concentration defects are first noted in 
infants and toddlers with SCA.  In the baseline 
analysis of the BABY HUG study of children 
with SCA, only 30% of infants concentrated their 
urine >500  mOsm/kg, and only 13% of infants 
concentrated their urine >2 times their serum 
osmolality [11]. Of note, infants whose urine 
osmolality was >500 mOsm/kg after fluid depri-
vation had higher mean fetal hemoglobin con-
centrations, and the urine osmolality correlated 
with glomerular filtration rate (GFR).

Treatment: The BABY HUG study treated 
infants with 24  months of hydroxyurea, which 
increases fetal hemoglobin, versus placebo. 
While treatment with hydroxyurea for 24 months 
did not affect GFR, it did result in a significantly 
higher mean urine osmolality (495  mOsm/kg 

hydroxyurea vs. 452  mOsm/kg placebo) and a 
higher percentage of infants with a urine osmo-
lality >500 mOsm/kg after fluid deprivation [12]. 
Murine models also suggest that a higher per-
centage of fetal hemoglobin and higher hemoglo-
bin levels are associated with less severe 
concentrating defects [13]. Thus, hydroxyurea 
may decrease the urine concentrating defect early 
in life in SCA patients. Chronic transfusion ther-
apy may also improve hyposthenuria [5, 6, 14]. 
However, preventing hyposthenuria is not an 
indication for initiating chronic transfusion; it is 
restricted to patients with increased risk of a poor 
central nervous system outcome or a very severe 
clinical course.

Interventions to prevent hyposthenuria 
should be initiated early in life. Red blood cell 
transfusions before the age of 10 years are effec-
tive in reversing hyposthenuria, but this revers-
ibility was lost when initiated after the first 
decade [3, 5]. In a study of HbSC patients with 
a mean age of 11 years, hydroxyurea treatment 
for 12 months did not improve urinary concen-
trating ability [15]. This contrasts with the 
BABY HUG study and suggests loss of revers-
ibility in older children.

 Renal Papillary Necrosis

Another complication resulting from destruction 
of the renal vasculature is renal papillary necro-
sis. The pathophysiology is likely due to the 
renal medullary environment that promotes a 
higher level of sickling of red blood cells. It is 
believed that occlusion of the blood supply 
causes ischemia- induced necrosis of the renal 
medulla and papillae. This necrosis initiates sub-
clinical and clinical hematuria. Pathology stud-
ies in SCD patients identified papillary necrosis 
in about one-third, most often located in the tips 
of the papillae [16]. Hematuria is secondary to 
changes in the permeability of the vasculature 
that allows red cell leakage into the collecting 
system.

Epidemiology: In radiologic studies, 30–75% 
of SCD patients have evidence of papillary necro-
sis [17–19]. Studies in Africa suggest 2% of 
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patients will develop symptomatic renal papillary 
necrosis [20]. Risk factors for renal papillary 
necrosis are female sex, older age, more severe 
anemia and hypertension. Renal papillary necro-
sis is more common in the left kidney.

Diagnosis: While renal papillary necrosis is a 
common etiology of hematuria in pediatric 
patients with SCD, a standard diagnostic workup 
for hematuria should be performed on initial pre-
sentation. Since hemoglobinuria may cause a 
positive urine dipstick result, microscopic evalu-
ation of the urine is necessary to confirm hematu-
ria. SCD patients should also have a complete 
blood count (CBC) and creatinine to identify 
acute changes in hemoglobin and kidney func-
tion. Patients should be queried regarding other 
acute symptoms of SCD, prior history of hematu-
ria, and medication use.

Several diagnostic imaging techniques can be 
considered in the initial evaluation of hematuria 
in a SCD patient. Ultrasound, which does not 
require contrast and is readily available, will 
identify hydronephrosis, and may provide evi-
dence for a kidney stone as a cause of hematuria. 
A renal mass suggesting renal medullary carci-
noma is more often identified in patients with 
sickle cell trait than SCA [21]. Findings on ultra-
sound suggestive of renal papillary necrosis 
include filling defects and necrosed papillae in 
cavities [22]. However, ultrasound is not the opti-
mal imaging for identifying renal papillary 
necrosis. Most patients require a contrast evalua-
tion, including intravenous urography, retrograde 
pyelography, or CT with contrast [23]. 
Intravenous urography and retrograde pyelogra-
phy have less radiation exposure than CT [23]. 
Findings on a contrast study will often demon-
strate filling defects of the renal calyx, including 
deformities of the renal papillae (hooks, spurs) 
and a blunted calyx [22].

Treatment: Some cases of hematuria due to 
papillary necrosis will be mild, painless, and self- 
resolve; other cases may require therapy. There 
are no guidelines addressing the efficacy of sup-
portive care or when patients should be admitted 
to the hospital for care. Treatment may include 
intravenous (IV) fluids, analgesia, bedrest, alkali-

zation, and low-dose aminocaproic acid [24, 25]. 
Patients who develop severe anemia require 
transfusion. Surgical interventions such as papil-
lary tamponade, shunt placement, or nephrec-
tomy are rarely indicated unless a pediatric 
patient is experiencing severe, persistent, life- 
threatening hemorrhage [16, 26].

The goal of fluid therapy is to ensure adequate 
hydration and to maintain high urine output. For 
mild cases, aggressive oral hydration as an outpa-
tient is sufficient. For more severe cases, IV flu-
ids can be prescribed in either outpatient day 
hospital settings or inpatient units. Patients can 
be administered fluids at maintenance to 1.5 
times maintenance with or without a loop diuretic 
to further ensure adequate urinary output [27]. 
Since acidosis promotes sickling, adding base to 
the IV fluids to create a more alkaline environ-
ment to reduce sickling is theoretically appeal-
ing; however, there are no trials demonstrating 
benefit in SCD patients with papillary necrosis 
[28]. Bedrest may reduce the risk for dislodging 
of clots. Clinicians should closely monitor for the 
development of respiratory symptoms or fluid 
overload in patients receiving higher rates of IVF 
and/or suggested bedrest. Analgesia is used in 
patients with painful hematuria. If patients pre-
senting with painless hematuria progress to pain-
ful hematuria, additional imaging may be 
required to evaluate new obstructive disease due 
to blood clots. Low dose aminocaproic acid at 
20–50 mg/kg IV or po every 8 or 12 h has been 
used in severe cases as well as lower maintenance 
oral dosing [24, 25, 29]. SCD is a hypercoagula-
ble state so close monitoring for new clot forma-
tion or ureteral obstruction should occur when 
using aminocaproic acid. Transfusion therapy 
can improve the anemia and reduce the concen-
tration of sickle red blood cells, which should 
reduce sickling. In very severe cases, exchange 
transfusion may be used to significantly reduce 
the concentration of sickle cells, often to a sickle 
cell concentration of less than 30%. Reducing the 
sickle cell concentration may not treat the acute 
complication, but may allow more rapid recovery 
and prevent early recurrence of another renal 
injury.
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 Nocturnal Enuresis

Epidemiology: Primary nocturnal enuresis (PNE) 
is bedwetting that occurs in an individual who 
has never been dry at night, and is usually not 
associated with daytime wetting symptoms. PNE 
affects approximately 15% of children aged 
5 years in the general population, and spontane-
ously remits at a rate of 15% per year [30]. The 
prevalence of PNE in SCD is much higher; chil-
dren with SCD aged 14–17 years old were five 
times more likely to have PNE than controls [31–
35]. Similar to the general population, PNE is 
more common in males, younger children and 
children with a positive family history of PNE 
[31–35]. Children with SCA and PNE are more 
likely to have sleep-disordered breathing [36]. In 
a study of 8-year-old Jamaican children, the prev-
alence of enuresis was 52% for boys and 38% for 
girls with HbSS disease, and 10% for boys and 
20% for girls with HbSC disease. The prevalence 
of PNE in HbSS disease was significantly more 
common than HbSC disease or controls, but there 
was no significant difference between HbSC dis-
ease and controls. There was no significant dif-
ference by sex [37].

Risk Factors: PNE in HbSS disease has been 
attributed to hyposthenuria and polyuria. 
However, in a study comparing HbSS patients 
with and without enuresis, there was no differ-
ence in urinary concentrating ability or overnight 
urine volume [38]. However, the bladder capac-
ity corrected to body surface area was lower, and 
the ratio of overnight urine volume divided by 
bladder capacity was higher in enuretic com-
pared to non-enuretic children. A high preva-
lence of daytime symptoms of overactive bladder 
was also present in those with nocturnal enuresis 
and SCA [34]. These results suggest that 
hyposthenuria- induced polyuria may not be the 
primary cause of PNE in HbSS disease. In addi-
tion to urinary tract pathology, an association has 
been identified between sleep disordered breath-
ing and PNE [36].

Therapy: Several pharmacological and behav-
ioral therapies have been identified to treat 
patients with PNE in the general populations 
[39]. However, there are no controlled trials dem-

onstrating benefit in children with SCD. One pro-
spective study of 10 patients with SCD treated 
with desmopressin reported improvement in six 
patients [32]. Hence, the evidence for pharmaco-
logic treatment is inadequate, and thus the focus 
of therapy is watchful waiting and bed-wetting 
alarms in some patients [40].

 Albuminuria

Epidemiology: Fifty to seventy percent of adults 
with SCA have albuminuria in large cross- 
sectional studies [41–43]. Children with SCD 
develop albuminuria around 5–10  years of age 
and the prevalence increases throughout adoles-
cence. The reported prevalence of albuminuria in 
cross-sectional pediatric SCA studies is 20–40% 
[44–46]. There is a need for longitudinal data on 
the natural history of the progression of kidney 
disease and development of end-stage kidney dis-
ease (ESKD) among pediatric patients with albu-
minuria as they transition into adulthood [47].

Pathology: Patients with SCA develop albu-
minuria due to either direct glomerular injury or 
impaired tubular reabsorption of albumin. In 
adults with SCD, glomerular complications 
include glomerular hypertrophy, focal segmental 
glomerulosclerosis, and membranoproliferative 
glomerulonephritis [48]. Kidney pathologic data 
was reported from 36 pediatric patients that 
underwent renal biopsy for proteinuria or low 
estimated GFR (eGFR) [49]. The majority had 
glomerular hypertrophy. In addition, the major-
ity of the biopsies had mesangial hypercellular-
ity and/or increased mesangial matrix. All 
patients in this cohort with mesangial hyper-
cellularity, had proteinuria, including 88% with 
nephrotic range proteinuria. Eleven of the 36 
patients had focal segmental glomerulosclerosis, 
six of the 11 also had global sclerosis. Five 
patients had membranoproliferative glomerulo-
nephritis. On electron microscopy, more than 
50% of biopsies had podocyte effacement, and a 
quarter had mesangial deposits. This study sup-
ports the importance of nephrology evaluation of 
children with SCD and significant proteinuria or 
decreased GFR.

J. Lebensburger and C. Kaspar



853

Impaired tubular reabsorption of albumin may 
also contribute to albuminuria independent of 
glomerular disease in patients with SCA. Some 
albumin is normally filtered at the glomerulus 
and then reabsorbed by receptor-mediated endo-
cytosis by megalin and cubilin in the proximal 
tubule [50]. However, internalization of albumin 
is subject to competition from many other pro-
teins. Importantly in SCD, hemoglobin dimers 
can also be reabsorbed in the proximal tubule. In 
preclinical models, the addition of oxyhemoglo-
bin to proximal tubule cells significantly reduced 
albumin uptake [51]. As SCD patients have daily 
variations in the amount of hemolysis consequent 
hemoglobinuria, it is plausible that albuminuria 
may vary depending on the amount of hemolysis. 
Studies have demonstrated that a single urine 
sample with albuminuria may not represent per-
sistent albuminuria [47, 52]. While free hemoglo-
bin or heme reuptake may lead to non-glomerular 
albuminuria, the uptake of free heme by the prox-
imal tubule may induce pathologic changes and 
kidney disease progression, as described in the 
section on acute kidney injury.

Risk factors: Older age is a risk factor for 
albuminuria in SCD [43, 47]. Inheritance of two 
apolipoprotein L1 (APOL1) risk alleles, which 
are common in people of African descent, is 
associated with increased risk of albuminuria and 
CKD in SCD [53, 54]. Albuminuria in SCD 
patients with two APOL1 risk alleles begins in 
the first decade of life [44]. Serum hemoglobin is 
inversely related to risk of albuminuria [45, 55–
57]. Patients with severe anemia in their second 
year of life are more likely to develop albumin-
uria earlier in life [45]. There is inconsistent data 
on the association of albuminuria with leukocyto-
sis, hemolytic markers (lactate dehydrogenase), 
and blood pressure [46, 58–61].

Similar to diabetes, hyperfiltration is a risk 
factor for albuminuria in SCD. In cross-sectional 
studies, there are conflicting results on the asso-
ciation of eGFR with albuminuria [55, 62, 63]. A 
large, prospective, pediatric cohort evaluated the 
impact of hyperfiltration on progression of albu-
minuria; patients with hyperfiltration in the first 
decade of life were more likely to develop albu-
minuria at an earlier age [64]. Patients that devel-

oped albuminuria had a significant increase in 
eGFR prior to developing albuminuria while 
patients without albuminuria did not experience a 
significant rise in eGFR during the first decade of 
life. Adult data also suggests that hyperfiltration 
is associated with albuminuria [65].

Diagnosis: The National Heart, Lung, and 
Blood Institute (NHLBI) guidelines recommend 
screening for albuminuria by age 10 years, with 
annual screening thereafter [66]. Patients with a 
positive screening result should have a first morn-
ing test for albuminuria (albumin/creatinine ratio 
[ACR] >30 mg/g), with referral to a kidney spe-
cialist if positive. If a first morning void is not 
available or feasible, scheduling patients for an 
early morning appointment to obtain a second 
morning void may be of benefit. This second 
urine measurement is important as patients with 
SCD experience intermittent albuminuria, but 
may not have persistent albuminuria. About 
25–50% of SCA patients with ACR <100 mg/g 
do not have persistent albuminuria; patients with 
ACR >100 mg/g are more likely to have persis-
tent albuminuria [47, 67].

Albuminuria can begin prior to 10  years of 
age; therefore, some centers may begin screening 
for albuminuria earlier than 10 years of age [44, 
64]. This is especially relevant in patients with 
two APOL1 risk alleles since almost 25% of 
these patients with SCD develop albuminuria 
prior to age 10 years.

The presence of severe albuminuria (ACR 
>300  mg/g) in SCD is less likely in pediatric 
patients than adults. As severe albuminuria is a 
rare complication in children with SCA, patients 
presenting with severe albuminuria require a 
complete diagnostic workup for proteinuria.

Treatment: The therapeutic approach in 
patients with SCD and albuminuria focuses on 
traditional modifiers of SCD and interventions to 
reduce hyperfiltration.

SCD Modifying Therapies: All patients with 
SCA should be offered hydroxyurea, a daily 
oral therapy, starting at 9 months of age regard-
less of clinical complications [66]. Therefore, 
patients that have progressed to albuminuria 
should be encouraged to begin hydroxyurea or 
improve adherence if nonadherence is present. 
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Hydroxyurea induces fetal hemoglobin, raises 
hemoglobin, and reduces hemolysis and inflam-
mation. The dose of hydroxyurea may be 
increased to 35 mg/kg in children to allow for 
maximal effect without reducing the absolute 
neutrophil count below 1000–2000/μL [68]. 
Patients on hydroxyurea have reduced hospital-
izations, pain events, and episodes of acute 
chest syndrome; this may provide downstream 
renoprotective effect [69]. Pediatric patients on 
hydroxyurea with higher fetal hemoglobin lev-
els have a lower prevalence of albuminuria [70]. 
As hydroxyurea improves anemia and reduces 
hemolysis, biologic plausibility suggests that 
early use of hydroxyurea should decrease glo-
merular hyperperfusion and reduce free hemo-
globin exposure to proximal tubule cells; 
however, randomized controlled data demon-
strating this benefit is lacking. Longitudinal 
adult studies have demonstrated some benefit of 
hydroxyurea when started prior to the develop-
ment of severe albuminuria [71].

Chronic transfusion therapy is a proven ther-
apy to reduce progressive SCD and treat acute 
SCD complications. By performing chronic 
monthly transfusion therapy, patients are main-
tained with a very low sickle cell concentration, 
often to a lower percentage of sickle cells than 
patients with sickle cell trait. Chronic transfusion 
protocols have demonstrated a clear benefit to 
prevent a first or second stroke in patients at risk. 
The use of transfusion therapy would likely ben-
efit pediatric patients with albuminuria or other 
renal complications, but using chronic transfu-
sion for this indication has not been systemati-
cally studied for benefit or cost-effectiveness in 
large studies [72]. One complication of chronic 
transfusion is the development of iron overload. 
After 10–12 transfusions, many patients will be 
started on iron chelation, which can have nephro-
toxic effects [73].

A few SCD modifying therapies have been 
recently approved by the Food and Drug 
Administration (FDA), but these approvals were 
not based on a renal indication. Crizanlizumab is 
a P-selectin inhibitor administered intravenously 
monthly that can prolong the time to the next 
pain event in patients with 2–10 pain events 

annually [74]. It is currently being studied for 
renoprotective effects (NCT04053764). 
Voxelotor is a daily oral medication that increases 
the oxygen affinity of sickle red blood cells. This 
increased oxygen affinity reduces sickling of red 
blood cells and was FDA approved for its ability 
to raise hemoglobin [75]. As a medication that 
reduces hemoglobinuria and likely reduces heme 
exposure in the kidneys, this therapy may have 
renoprotective effects and is being studied in 
adults with high risk for CKD (NCT04335721). 
Finally, L-glutamine received FDA approval for 
the reduction in painful events among pediatric 
and adult patients with two or more painful events 
in the last year [76]. L-glutamine may protect 
SCD patients by reducing oxidative stress 
through an increase in the availability of glutathi-
one. Future studies will need to be performed to 
determine the effect of glutamine on renal 
endpoints.

Angiotensin Blockade: Based on the benefit of 
angiotensin converting enzyme inhibitors (ACEI) 
and angiotensin receptor blockers (ARBs) in 
patients with diabetes to reduce proteinuria and 
lower intraglomerular pressure, SCD patients 
with albuminuria may be started on these medica-
tions. The American Society of Hematology 
(ASH) Guidelines for the management of SCD 
includes an evidence-based review of ACEI/
ARBs in patients with albuminuria [77]. Based on 
a low certainty in the evidence, the guideline 
panel decided to “suggest” the use of ACEI/ARBs 
for albuminuria rather than “recommend” it for 
albuminuria. One randomized controlled trial and 
several observational studies that suggested ben-
efit were evaluated [78]. The methodologic 
experts and guideline panel members determined 
from these studies that 63% of patients who 
received ACEI showed improvement in albumin-
uria; the panel also identified that 100% of 30 
patients who received ARBs had improved albu-
minuria at some point during the treatment [77–
82]. Patients started on ACEI/ARBs should be 
reassessed in one week and then serially for 
changes in GFR and serum potassium. In addi-
tion, these medications should be held during 
acute illness, planned IV contrast administration, 
or prior to surgery or other procedures.
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Endothelin Receptor Antagonist: Endothelin 
receptor A (ETA) is responsible for vasocon-
striction, inflammation, and adhesion. Endothelin 
B receptor mediates nitric oxide (NO) produc-
tion and vasodilation. It is likely that specific 
blockade of the ETA receptor could improve 
renal and SCD outcomes as compared to dual 
blockade. Murine sickle cell data showed a ben-
efit after 10 weeks of ETA receptor blockade, as 
compared to a combined ETA/B antagonist, in 
reducing plasma ET-1 levels, urinary protein and 
albumin excretion and maintaining a stable GFR 
[83]. In adults with SCA, a phase I double blind 
study of ETA antagonist ambrisentan has been 
completed [84]. The data suggests a potential 
benefit for albuminuria and improved microvas-
cular function.

 Glomerular Filtration Rate

Epidemiology: Patients with SCD experience 
hyperfiltration early in life. Infants enrolled in a 
randomized trial underwent measured GFR 
(mGFR) at around one year of age and again at 
study exit 2 years later. At one year of age, par-
ticipants had a normal mGFR; 2 years later, the 
mGFR had increased by a mean of 20  mL/
min/1.73 m2 to 146 mL/min/1.73 m2 [69]. This 
increase in GFR occurs throughout early life and 
cross-sectional studies have identified that around 
40–80% of SCD patients will develop hyperfil-
tration [12, 46, 58, 85]. After this early rise in 
GFR, pediatric patients likely experience a pla-
teau in GFR around 6–12 years of age before they 
begin a decline in GFR [58, 64]. Some pediatric 
patients will progress to a GFR <90  mL/
min/1.73 m2; these patients should be evaluated 
to investigate non-SCD related causes of CKD 
[62, 86].

Risk Factors: Many cross-sectional studies 
have identified potential associations with 
GFR. Data is conflicting for the role of anemia, 
leukocytosis, blood pressure, male sex, and LDH 
[12, 58, 85, 87]. A few studies have explored the 
association of uric acid and GFR in SCD; these 
studies suggest that uric acid may be an early 
marker of risk for GFR decline [88–90]. As dis-

cussed in the albuminuria section, several studies 
have identified a link between hyperfiltration 
(elevated GFR) and albuminuria.

Treatment: Treatment approaches to prevent 
hyperfiltration or glomerular injury have not been 
fully explored. Treatment of infants with 
hydroxyurea for 2  years did not prevent the 
increase in eGFR or reduce the number of partici-
pants who developed hyperfiltration [12]. In con-
trast, some older participants started on 
hydroxyurea experience a decrease in eGFR that 
was associated with change in fetal hemoglobin 
and LDH [91]. The studies of angiotensin tar-
geted therapies often focused on albuminuria as 
the primary outcome; however, some of these 
studies have also reported the impact of treatment 
on change in GFR.  In a well-designed study of 
enalapril in adults, treatment for 2 weeks did not 
change the mean GFR, effective renal plasma 
flow, or filtration fraction [80]. Two studies using 
losartan therapy for 6 months or 1 year also did 
not identify a change in GFR while on treatment 
[92, 93].

One concern in clinical care and conducting 
research to evaluate eGFR or change in eGFR in 
patients with SCA is that the equations used to 
estimate GFR in children and adults have low 
precision and accuracy [12, 94–96]. In addition 
to the concern for the bias in a single eGFR mea-
surement, individual patients do not demonstrate 
concordance between eGFR and mGFR in longi-
tudinal studies [96]. Therefore, clinicians and 
researchers need to evaluate GFR changes at sev-
eral time points to reduce these inaccuracies. 
Formulas using either cystatin C alone or cystatin 
C and creatinine may have the best precision and 
accuracy among the current formulas. A current 
study is attempting to develop novel eGFR equa-
tions for children and adult participants with 
SCA (NCT 04380610). A second concern is that 
after a period of hyperfiltration in early child-
hood, a decline in eGFR occurs. Several studies 
have evaluated the change in eGFR after an inter-
vention or in the evaluation of risk factors. A 
rapid decline in eGFR in adults is associated with 
higher morbidity and mortality [97–99]. 
However, shorter-term longitudinal pediatric 
studies of patients with baseline hyperfiltration 
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struggle to determine whether a decline in eGFR 
during the study is related to an improvement in 
renal function back to baseline, the beginning of 
a progressive decline in renal function to CKD, 
or regression to the mean among participants 
with higher eGFR at one time point. Long-term 
pediatric research is vital to determine whether a 
change in eGFR represents a benefit or risk.

 Progressive CKD, End-Stage Kidney 
Disease, and Mortality

It is important to monitor pediatric patients with 
SCA for progression from glomerular hypertro-
phy with elevated GFR to CKD with decreased 
GFR due to sclerosis and fibrosis [80]. CKD in 
SCA is an independent risk factor for early death 
[100]. The management of CKD in SCD is simi-
lar to other patients with CKD, including control 
of hypertension and proteinuria with an ACEI or 
ARB.  Currently, there are no FDA-approved 
medications for the specific treatment of sickle 
cell nephropathy.

Renal Replacement Therapy: The average age 
of initiation of renal replacement therapy (RRT) 
in SCD patients is 40–45  years [101–103]. 
Patients with SCD are currently a small minority 
of U.S. dialysis patients, but this population is 
expected to grow as overall life expectancy 
improves [104]. A longitudinal cohort study of 
SCA patients published in 1991 reported that the 
median survival of patients requiring dialysis was 
a mere 4  years [105]. In a more contemporary 
study (2005–2009), the hazard ratio for mortality 
among SCD patients with ESKD was 2.8 (95% 
CI 2.31–3.38) compared to those without SCD as 
the primary cause of renal failure, and 26.3% of 
incident SCD ESKD patients died within the first 
year of dialysis [101].

SCD patients are less likely than other ESKD 
patients to have a functioning arteriovenous fis-
tula at the time of hemodialysis initiation, an 
important quality metric tied to improved RRT 
survival [103]. SCD patients on RRT experience 
greater rates of bacteremia and sepsis, atrial flut-
ter and fibrillation, congestive heart failure exac-
erbations, and major hemorrhage than other 

ESKD patients [103]. SCD patients on RRT have 
more RBC transfusions than other RRT patients. 
SCD patients not receiving erythropoietin stimu-
lating agents (ESAs) have the highest transfusion 
burden, while those treated with ESAs and 
hydroxyurea have the lowest transfusion burden 
[103]. The 2019 ASH guidelines recommend that 
hydroxyurea and ESAs be used in combination to 
promote fetal hemoglobin production. Clinicians 
should use a lower hemoglobin threshold (<10 g/
dL) when prescribing this combination therapy 
as higher hemoglobin levels, especially with 
higher HbS percentage, may be associated with 
increased SCD complications [77].

Renal Transplantation: For those with 
advanced CKD, the ASH evidenced-based guide-
lines suggests referral for renal transplant. As 
SCD is associated with chronic inflammation, the 
guidelines suggest judicious use of corticoste-
roids in post-transplant protocols due to the risk 
for vaso-occlusive pain with the increase in 
WBCs that accompanies steroid use [77]. 
Referral rates for transplantation for SCA patients 
are lower than other ESKD patients, even after 
adjusting for covariates [102]. One potential 
explanation for this disparity may be related to 
historical data reporting high rates of complica-
tion and poor graft survival in SCD patients. An 
analysis of the U.S. Renal Data System data from 
1984–1996 showed that SCA patients and other 
renal transplant recipients have similar 1-year 
cadaveric graft survival [106]. Recipients had 
higher rates of 3-year graft loss (RR 1.60) and a 
significantly higher adjusted mortality rate at 
1 year (RR 2.95) and 3 years (RR 2.82) compared 
to non-SCA transplant recipients [106]. However, 
more recent data (2000–2011 compared to 1988–
1999) showed that 6-year survival among SCA 
recipients improved in the more recent era com-
pared to the early era (78% versus 55.7%, 
p  <  0.001) [107]. While the 6-year patient sur-
vival was still significantly lower than non-SCA 
recipients (HR for mortality 2.03, 95% CI 1.31–
3.16), it was equal to that of black diabetic trans-
plant recipients [107].

An additional concern that may hinder referral 
for renal transplantation is the perceived risk of 
alloimmunization if blood transfusion is required 
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in anemic SCD transplant recipients. It is not sur-
prising, given the lifetime exposure to RBC 
transfusions, that a greater proportion of SCA 
renal transplant recipients had allosensitization, 
with panel reactive antibodies >20% [107]. One 
retrospective multicenter study compared the 
proportion of de novo donor specific antibodies 
(DSAs) and graft survival among SCD renal 
transplant recipients who received regular auto-
mated exchange blood transfusions (EBT) pre or 
post renal transplant versus those who did not 
receive regular EBT [108]. Goals for EBT were 
to maintain hemoglobin >9 g/dL, to reduce HbS 
to <30%, and to reduce sickling-related compli-
cations. The median number of red blood cell 
units transfused per year was 37 and 8 in the EBT 
and non-EBT group, respectively. Overall, 
patient survival, graft survival, and graft function 
were superior in those who were on EBT, and the 
proportion of patients who developed de novo 
DSAs was not different (20% and 21%) between 
the groups. In addition, the incidence of rejection 
was lower in those on EBT (28% vs 54%). These 
data, while limited by sample size, indicate that 
blood transfusions peri-transplant are effective, 
safe and lead to improved outcomes in the SCA 
renal transplant population.

SCA patients with advanced CKD should 
therefore be counseled on the shortened graft sur-
vival and increased complication rates expected 
after transplantation, but should not be restricted 
from renal transplant access. Moreover, they 
should receive blood transfusions as needed pre 
or post transplantation.

 Acute Kidney Injury

Patients with SCD may be at increased risk for 
acute kidney injury (AKI) due to high use of 
nephrotoxic medications and hemolysis causing 
proximal tubule injury from free heme and 
hemoglobin exposure [51, 109]. Acute pain 
events are a leading cause of hospitalization in 
children with SCD and repeated acute pain 
events can progress to chronic pain. Aggressive 
and early pain management is important, and 
many centers utilize individualized pain plans 

for home and during hospitalizations [110]. 
These pain plans often include non-steroidal 
anti-inflammatory medications (NSAIDs) dur-
ing home pain events and inpatient IV ketorolac 
as adjunctive therapy to opioids [111–113]. The 
2014 NIH guidelines provide a moderate recom-
mendation for the use of NSAIDs for mild to 
moderate pain in the absence of contraindica-
tions [110]. The 2019 ASH guidelines suggest a 
short course of NSAIDs in addition to opioids 
for acute pain management based on a low cer-
tainty of evidence [113]. The ASH guidelines 
remark that patients with known risk for renal 
toxicity should be identified as the mild potential 
benefit to NSAIDs for pain may not outweigh 
the risks associated with NSAID use. One con-
cern with these guidelines is that pediatric 
patients may utilize a significant amount 
NSAIDs without appropriate monitoring of kid-
ney function or fluid intake. Rarely, a single dose 
of ketorolac in the absence of volume depletion 
may precipitate irreversible renal failure [114].

In addition to acute pain events, infections 
may lead to use of nephrotoxic medications in 
SCD patients, who are increased risk for infec-
tion with pneumococcus and other encapsulated 
bacteria [115–117]. Patients may receive vanco-
mycin or other nephrotoxic antibiotics for acute 
chest syndrome, fever, sepsis, or skin infections. 
It is important to consider the pros and cons of 
nephrotoxic medications given the potential 
long-term exposure and underlying risk of devel-
oping sickle cell nephropathy; monitoring of kid-
ney function is needed when patients with SCD 
are at risk of AKI from nephrotoxins, volume 
depletion or infection.

When pediatric SCD patients are admitted for 
pain events or acute chest syndrome, AKI, when 
defined as an increase in creatinine occurs in 
10–20% [118–120]. Risk factors for AKI in these 
studies include ketorolac exposure and an acute 
drop in hemoglobin, which probably reflects 
increased hemolysis and tubular exposure to free 
heme and hemoglobin. In another study using 
coding data, 1.4% of hospitalized SCD patients 
develop AKI, with risk factors including HbSS 
genotype, older age and greater number of total 
hospitalizations [121].
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Adult studies of SCD patients demonstrate a 
higher incidence of AKI during hospitalization 
than described in children [122]. In a prospective 
study of adult SCD patients observed for a 
median of 5.5 years, 46% developed AKI [122]. 
Patients with AKI were older, had lower hemo-
globin levels, higher white blood cell counts, and 
higher use of vancomycin. Moreover, genetic 
variants of heme catabolism (HMOX1) were 
independently associated with the development 
of AKI. Finally, adults with AKI were likely to 
develop CKD sooner, with the highest risk asso-
ciated with more severe AKI.

 Tubular Abnormalities 
and Acidification Defects

Along with defects in urinary concentrating abil-
ity (see above), SCD patients have well-described 
defects in other tubular functions, including uri-
nary acidification and potassium excretion. SCA 
patients have an incomplete distal renal tubular 
acidosis as evidenced by decreased urine acidifi-
cation in response to a systemic acid load [10, 
123]. In one study, 42% of adult SCA patients 
had a metabolic acidosis [124]. Defects in acid 
excretion are associated with poor outcomes. In 
one adult study, the lowest tertile of urinary 
ammonia excretion increased the risk of ESKD 
[125]. Acidification of the urine was impaired in 
52% of adults SCD patients, and was associated 
with older age, higher serum uric acid, increased 
hemolysis, lower eGFR, and lower serum bicar-
bonate [121]. Poor urinary ammonium excretion, 
as a measure of acid excretion, is associated with 
poor urinary concentrating ability [121].

SCA patients also have impaired potassium 
excretion [126]. In this study, patients had a nor-
mal renin-aldosterone axis and normal GFR, but 
had impaired potassium excretion, urine acidifi-
cation and urinary concentrating ability, indicat-
ing that a severe distal tubular dysfunction is 
present in SCA patients despite preservation of 
glomerular function.

In one study of 24 children without decreased 
GFR, 75% had hyperphosphatemia, but serum 
calcium was normal [127]. Seventy-nine percent 

of participants had elevated FGF-23 levels, which 
is the expected physiologic response to hyper-
phosphatemia and would be expected to increase 
renal phosphate excretion. However, patients had 
evidence of impaired phosphate excretion, sug-
gesting t that SCA patients have a proximal tubu-
lar resistance to FGF-23 before evidence of GFR 
decline.

 Hypertension

A meta-analysis conducted for the 2014 NHLBI 
guidelines demonstrated that patients with HbSS 
genotype have lower diastolic and systolic blood 
pressures than healthy children. A large cohort 
study developed 90th percentile curves for chil-
dren with SCD [128]. Hence, it may be appropri-
ate to use SCD-specific blood pressure (BP) 
tables when evaluating BP in children with SCD.

There is an association in SCD patients 
between elevated BP and higher hemoglobin val-
ues [128, 129]. Hypertension in SCD patients has 
been associated with increased risk of acute 
stroke, although causality has not been estab-
lished [128, 130]. Finally, data suggests that there 
is a direct correlation between higher blood pres-
sure and increased mortality [128].

SCD patients have a high prevalence of 
masked hypertension and “white coat” hyperten-
sion in studies using 24-h ambulatory blood pres-
sure monitoring (ABPM). Patients with SCA 
have only moderate concordance between in- 
clinic blood pressure and ABPM, with 25–33% 
having masked hypertension and 60% having 
white coat hypertension [61, 90, 131–133]. This 
may explain why some studies of in-clinic BP did 
not find a correlation between albuminuria and 
hypertension while there was an association 
when using ABPM [90, 132, 133]. Hence, since 
ABPM is the gold standard for measurement of 
BP, it is especially important to follow the 
American Academy of Pediatrics Guidelines and 
perform ABPM prior to initiation of anti- 
hypertensive treatment in SCD patients. 
Screening for masked hypertension may be 
appropriate in children with SCD and evidence of 
kidney disease. Patients identified with nocturnal 
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hypertension or abnormal nocturnal dipping may 
have an increased risk for more rapid annual 
decline in GFR, albuminuria, and silent cerebral 
infarcts [61, 90, 131–133].

The ASH evidence-based guidelines for the 
management of SCD patients recommends a 
lower BP goal (<130/80) than the usual goal in 
adults without additional co-morbidities 
(<140/90) [77]. This strong recommendation was 
based on a moderate certainty in the evidence. 
The guidelines did not address BP management 
in children, and thus there are no recommenda-
tions to have a lower BP goal in SCD patients 
than in healthy children. Hence, BP management 
in children with SCD should follow the guide-
lines for healthy children.
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