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Renal abnormalities in sickle cell disease.
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Abstract

Many structural and functional abnormalities of the kidney are observed in patients with sickle cell anemia and
the related hemoglobinopathies. The environment of the renal medulla is characterized by acidosis, hypertonicity and
hypoxia. These factors tend to promote HB S polymerisation and red cell sickling, thereby making this part of the kidney
susceptible to changes in oxygen delivery. So these patients exhibits numerous kidney structural and functional abnormali-
ties, changes that are seen along the entire length of the nephron. Changes are most marked in patients with homozygous
sickle cell anemia, but are also seen in those with compound heterozygous states and the sickle cell trait. The renal features
of sickle cell disease include hematuria, proteinuria, tubular disturbances and chronic kidney disease. Therapy of these
conditions requires specialized knowledge of their distinct pathogenic mechanisms.
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Introduction

Sickle cell disease (SCD) is expressed as
chronic haemolytic anaemia and a large variety of vaso
-occlusive phenomena and their consequences, prolif-
erative vasculopathy, and a predisposition to infec-
tions, leading to very high early morbidity and mortal-
ity rates. This is therefore a chronic disease with se-
vere economic and psychosocial implications. An early
diagnosis of SCD allows the implementation of neces-
sary preventative measures that reduce mortality and
morbidity. Kidney abnormalities in SCD start in child-
hood, with haematuria being the most common mani-
festation, along with renal papillary necrosis and tubu-
lar function abnormalities, which are triggered by vaso
-occlusive phenomena. The long-term consequences of
this condition are sickle cell glomerulopathies
(albuminuria in 68% of SCD adults), with evolution to
chronic renal failure (CRF) in as many as 20% of ho-
mozygous patients(l). Since the life expectancy of pa-
tients with SCD has increased in the last decade, the

prevalence of CKD secondary to SCD has increased
significantly, becoming an independent factor for
mortality in these patients(Z5). Renal medullary car-
cinomas are also associated with the sickle cell trait
(HbAS) and, to a lesser degree, with SCD. In this re-
view article, we have attempted to present an over-
view regarding kidney abnormalities occurring in
sickle cell disease.

Asymptomatic haematuria

This is the most common form of SCD. It can
be microscopic, or more commonly, macroscopic and
self-limiting. It is frequently unilateral, and is more
often found in the left kidney, due to the longer left
renal vein and its anatomical location, compressed
between the aorta and the superior mesenteric
artery. This subjects this vessel to a greater venous
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pressure with relative hypoxia in the renal medulla
that favours cell sickling. It can develop at any age,
and has been primarily described in patients with
sickle cell trait (HbAS) much more frequent than in
the homozygous form (HbSS) (6-9).

Renal papillary necrosis and renal infarction

They are also common complications of SCD,
with an estimated prevalence of 30%-40% in homo-
zygous HbSS patients. The clinical presentation of
this condition varies from asymptomatic macroscop-
ic haematuria (not always present) to an acute con-
dition involving pain, fever, and even obstructive
acute renal failure (ARF). However, a similar fre-
quency of renal papillary necrosis (RPN) has been
described in symptomatic and asymptomatic indi-
viduals (65% and 62%, respectively) (10-11). This may
be at times associated with urinary tract infections
(61.5%), for which it is considered a favour factor or
risk modifier. Haematuria is probably a consequence
of cell sickling in the renal medulla combined with
vascular obstruction and extravasation of erythro-
cytes. The medullary environment is by nature prone
to producing sickle cells due to the partial pressure
of Oz at 35-40mm Hg, below the sickling threshold of
45mm Hg, along with high osmolarity that dehy-
drates erythrocytes and concentrates the HbS and
the acidic pH that also increases the probability of
sickling.

The diagnosis of this is presence of c ontinu-
ous or persistent macroscopic haematuria in a pa-
tient with SCD or sickle cell trait (HbAS) indicates a
renal sickle cell crisis. However, other more severe
and treatable causes of haematuria, such as renal
medullary carcinoma, must first be ruled out. The
presence of intense pain widens the potential differ-
ential diagnosis, especially in the presence of a re-
noureteral crisis (lithiasis or renal papilla) or renal
infarction. Haematuria may be asymptomatic or pro-
duce a moderate lumbar pain, which, if unilateral,
can indicate the location of bleeding. Clinical suspi-
cion is very important for the diagnosis of RPN. Re-
nal ultrasound is the technique of choice for the de-
tection and differential diagnosis against lithiasis
and renal medullary carcinoma. The earliest finding
in RPN is increased echogenicity in the medullary
pyramids (the innermost region of the medulla),
which, in the absence of hypercalciuria in a patient
with SCD and haematuria suggests RPN. In later stag-
es, calcification may appear in the medullary pyra-
mids with a typical ‘garland pattern’ surrounding the
renal pelvis, or a defect in echogenicity in the pyra-
mids due to detachment of the papilla. Intravenous
pyelogram, which should be avoided in these

patients due to the elevated risk of nephrotoxicity
from iodinated contrast solutions, was used in initial
studies of SCD and showed a 39% calyceal clubbing
deformity or swelling, which is not accompanied by
the cortical scarring characteristic of chronic pyelone-
phritis. In cases of uncertainty, helical CT scans are
more sensitive than ultrasound for early detection of
RPN, as well as for renal medullary carcinoma, alt-
hough prophylactic measures must always be taken
to prevent nephrotoxicity from iodinated contrast
solutions, and especially volume expansion (11).

Tubular Function Abnormality

Defective wurinary acidification also is
well described in SCD (1112), Typically, howev-
er, patients have normal aldosterone and renin re-
sponses 13. The primary abnormality is an incomplete
distal renal tubular acidosis (RTA), and the severity of
the acidification defect is related, at least in part, to
the severity of the hyposthenuria. Defects in potassi-
um excretion are also seen in SCD. Although not clini-
cally apparent under normal circumstances, hyper-
kalemia does become manifest as overall renal func-
tion deteriorates. In addition, even SCD patients with
normal renal function are at risk for hyperkalemia
following administration of drugs such as ACE inhibi-
tors, beta-blockers, and potassium-sparing diuretics
11]ncreased creatinine secretion causes a low-
er serum creatinine level and thus an overestima-
tion of the glomerular filtration rate (GFR) in SCD-SS
patients. Differences of up to 30 percent have been
reported when creatinine clearance is compared to
inulin clearance (12-13). The significance of this en-
hanced proximal tubular function in the pharmacoki-
netics of drugs in which tubular secretion is a ma-
jor pathway of elimination is uncertain. Despite in-
creased secretion of uric acid, patients with SCD often
have hyperuricemia and are vulnerable to secondary
gout (14),

Glomerular Abnormalities and Chronic Renal
Failure

Proteinuria, which can progress to the ne-
phrotic syndrome, is the most common manifesta-
tion of glomerular injury in SCD patients. Moreover,
as many as 40 percent of SCD-SS patients with ne-
phrotic syndrome may go on to develop end-stage
renal disease (ESRD). Therefore, patients with persis-
tent proteinuria should have a wurine collec-
tion obtained for the determination of 24-
hour protein excretion, and a nephrology consulta-
tion should be requested for consideration of other,
nonsickling causes of proteinuria and possible renal
biopsy (15-17), ACE inhibitors ameliorate pathologi-
cal changes such as peripheral focal and segmental

J Clin Biomed Sci 2013; 3(3):111-16



Renal abnormalities in sickle cell disease 113

glomerulosclerosis. They also decrease uri-
nary protein excretion in patients with early manifes-
tations of sickle cell nephropathy (18). Renal insuffi-
ciency occurs earlier in SCD-SS patients than it does
in SCD-SC patients. Factors that appear to predict
renal failure in SCD-SS patients include hyperten-
sion, proteinuria, increasingly severe anemia,
and hematuria (19-20), Finally, the risk of renal failure
is increased in those SCD-SS patients with the Central
African Republic (CAR) s-gene cluster haplotype.

The amount of proteinuria can be decreased
by the administration of ACE inhibitors, and it is con-
ceivable that the progression of sickle cell nephropa-
thy may be slowed by a prolonged course of
these drugs. Patients should avoid non-steroidal anti-
inflammatory drugs (NSAIDs), because NSAIDs have
been shown to produce significant declines in the
rates of glomerular filtration and renal blood flow in
patients with SCD (20-21), Effective control of blood
pressure has been reported to slow the progression
of ESRD in patients with SCD; they should be treat-
ed with standard approaches. Optimum target blood
pressure has not been defined (22). Because dehydra-
tion can precipitate vasoocclusive events, caution
should be exercised in the use of diuretic agents in an
individual with obligate hyposthenuria. Every effort
must be made to avoid additional renal damage due
to urinary tract infection. Infection must be recog-
nized and treated vigorously. Follow-up should be
maintained longer than for patients without SCD.

Although erythropoietin levels are general-
ly high in steady-state SCD-SS patients, they are not
increased to the level that would be expected for the
degree of anemia (23). One explanation for the rela-
tively decreased erythropoietin levels is the right-
shifted hemoglobin-oxygen dissociation curve seen
in SCD patients (24). Erythropoietin levels in SCD pa-
tients fall still further as renal function worsens, and
these patients may require substantially higher dos-
es of erythropoietin than are required for pa-
tients with other forms of ESRD . If erythropoietin is
ineffective, transfusions can be given; they must be
done carefully, however, to avoid volume overload .
As with all patients who develop ESRD, SCD patients
can be treated with both hemodialysis and peritoneal
dialysis, and they can undergo renal transplantation.
Although early reports suggested poor allograft sur-
vival and other disease-specific problems in SCD pa-
tients, others have reported graft and patient surviv-
al rates comparable to those of other non diabet-
ic patients . A recent study of renal transplantation in
SCD reported short-term patient and allograft out-
comes comparable to other age-matched African
Americans (19-22)-
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However, there was a shorter cadaveric
graft survival and high risk of graft loss with long-
er follow up in the SCD patient group. There was a
trend toward improved survival in those SCD patients
who received transplants compared to those on
chronic dialysis. Although many SCD patients have
done well after renal transplantation, several
unique complications have been described. Pa-
tients may experience a resumption of frequent vaso-
occlusive events which presumably are related to an
increase in whole blood viscosity accompanying a
higher hemoglobin level (23-24). Renal infarction, a
probable secondary consequence of Hb S polymeriza-
tion, cell sickling, and vaso-occlusion, has been re-
ported to occur as early as 6 days following trans-
plantation. The reappearance of sickle
cell nephropathy in the donor kidney has also been
reported (2225, It is possible that the availability of
new immunosuppressive drugs may further improve
the outcome renal transplantation in SCD patients.
Hydroxyurea is excreted by the kidney and thus its
use in patients with renal failure requires careful
monitoring. SCD patients receiving renal transplants
may benefit from exchange transfusion or even from
periodic phlebotomy, particularly when hemoglobin
level is high.

Acute Renal Failure

Acute renal failure (ARF) is not uncommon in
SCD. An estimated 10% of patients that require
hospitalisation have at least doubled values of serum
creatinine , which may be due to various causes that
often coexist. The most commonly observed precipi-
tating factor is depleted volume. The use of NSAIDs is
probably at least partially responsible for many cases
of acute renal failure by inhibiting the previously
mentioned renal compensatory mechanisms mediat-
ed by prostaglandins. It is usually associated with
infections, rhabdomyolysis, and anemia.

The incidence of ARF during acute vaso-occlusive
crises is low (4.3%) and appears to be related to the
severity of the crisis, 13.6% in severe acute chest syn-
drome. It appears to be limited to patients with pul-
monary hypertension (PHT); therefore, venous con-
gestion may be implicated as the pathogenic phenom-
enon. Acute failure of at least two major organ sys-
tems (kidneys, heart, lungs, etc.), during an acute
painful vaso-occlusive crisis is considered to be a
multi-organ failure. In these cases, individualized
erythrocyte exchange may be indicated, according to
the USA guidelines for apheresis. Obstructive ARF
may be produced due to papillary necrosis or macro-
scopic haematuria (26-28). ARF has also been described
in subjects with sickle cell trait (HbAS) associated
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clotting after rigorous military training.
Arterial Hypertension

Patients with sickle cell disease have lower
blood pressure (BP) than healthy African American
controls adjusting for age, but this is not the case for
patients with sickle cell trait, who have similar BP
values. The prevalence of arterial hypertension (AHT)
is estimated to be lower than in the general popula-
tion (2%-6% vs 28%, respectively). The potential
aetiopathogenic mechanisms are obstruction of the
vasa recta and repeated ischaemia in the renal me-
dulla, which are involved in hyposthenuria, as well as
the lower body mass index and reduced arterial rigid-
ity described in these patients. Recent studies have
also suggested that endothelial dysfunction and sys-
temic vasculopathy are associated with a decreased
bioavailability of nitric oxide in SCD patients. Even
within the normal range of BP, the occurrence of
stroke has been associated with systolic BP of 120-
139mm Hg or diastolic BP of 70-89mm Hg, defining
the category of relative systemic AHT in SCD patients,
also associated with a higher risk of PHT and renal
dysfunction (29-31),

The relationship between PHT and higher BP
values in adults with SCD supports the possibility of a
pathophysiological mechanism acting in both condi-
tions. Additionally, AHT contributes to left ventricular
diastolic dysfunction, which has been shown to be an
independent predictive factor for SCD patient death.
Even mild increases in pulmonary arterial pressure
are poorly tolerated by SCD patients, which could be
extrapolated to AHT. Given this evidence, antihyper-
tensive treatment may be indicated in the category of
prehypertension (systolic BP: 130- 139mm Hg; dias-
tolic: 80-89mm Hg) or even earlier in SCD patients
due to the risk of target organ damage (heart, lungs,
and kidneys). This condition would be a new compo-
nent to be added to the six situations enumerated in
the seventh report by the Joint National Committee
(1) with indications for antihypertensive treatment
for patients in the prehypertension phase: heart fail-
ure, post-myocardial infarction, high risk of coronary
disease, diabetes mellitus, CKD, and the prevention of
stroke recurrence. Nevertheless, more clinical trials
are needed in order to establish the guidelines for
treatment and objectives of BP in SCD patients. Given
the aetiopathogenic mechanisms established in SCD
related CKD and their extrapolation to other glomer-
ulopathies, renin-angiotensin-aldosterone system
inhibitors would be the treatment of choice for pre-
AHT in SCD with albuminuria or PHT. In the case of
AHT, this recommendation remains valid along with
measures for avoiding hyperkalemia, especially with
regard to potassium-sparing drugs, as previously

mentioned. We do recommend special precaution
when using diuretics, since dehydration may precipi-
tate vaso-occlusive crises, and we must also remem-
ber that these patients are predisposed to these cri-
ses due to the almost universal hyposthenuria ob-
served in SCD patients.

Renal Medullary Carcinoma

Renal medullary carcinomas are rare, with
an extremely poor prognosis, and are described al-
most exclusively in the black population with sickle
cell trait, and less frequently with SCD. It appears in
the majority of cases before the patient has reached
20 years of age, with a higher incidence in men. A
genetic predisposition has been suggested, and this
disease is distinguished from carcinoma of the col-
lecting tubules by certain markers, including a factor
that is inducible by hypoxia. Medullary hypoxia in
SCD can promote its development. Its most common
clinical presentation is macroscopic haematuria,
lumbar pain, and abdominal mass and/or constitu-
tional syndrome. By the time the carcinoma is diag-
nosed, usually it has already metastasized, making
extirpation of the tumour a non-curative approach.
Survival after diagnosis does not surpass 5-12
months. The diagnosis should be confirmed by a CT
scan (9-11),

Urinary Tract Infections

Patients with SCD have reduced humoral
immune response due to splenic infarctions, which
predisposes them to encapsulated bacterial infec-
tions, including urinary tract infections (UTI). Special
attention must be given to its appearance during
gestation, and we have already mentioned that it can
contribute to RPN. The present overview concludes
that as in other infections, UTI can cause sickle cell
crises, which should be taken into consideration in
children due to the higher frequency of asymptomat-
ic UTL

Conclusion

Sickle cell nephropathy is a complication
with high prevalence, after hepatobiliary and pulmo-
nary hypertension complications. Chronic sickling
promotes different mechanism of kidney injury:
structural papillectomy, urine concentration defects,
hyperfiltration and glomerular enlargement with
scelerosis. kidney injury in SCD, channeled through
the vasculature or tubular or glomerular or papillary
damage may thereby contribute to the morbidity of
SCD. So, therapy for these renal damage requires
specialized knowledge of their distinct pathogenic
mechanisms.
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