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S ickle cell disease is a common genetic 
disorder in the United States that dispro-

portionately affects people of African ancestry. 
The characteristic sickling of red blood cells 
under conditions of reduced oxygen tension 
leads to intravascular hemolysis and vaso-
occlusive events, which in turn cause tissue 
ischemia-reperfusion injury affecting multiple 
organs, including the genitourinary system.1–3 
 In this paper, we review the genitourinary 
effects of sickle cell disease, focusing on sickle 
cell nephropathy, priapism, and renal medul-
lary carcinoma.

 ■ THE WIDE-RANGING EFFECTS
OF SICKLE CELL DISEASE

In the United States, sickle cell disease affects 1 
of every 500 blacks and 1 of every 36,000 His-
panics.1 The term describes hemoglobinopathies 
associated with sickling of red blood cells.
 Sickling of red blood cells results from a 
single base-pair change in the beta-globin 
gene from glutamic acid to valine at position 
6, causing abnormal hemoglobin (hemoglobin 
S), which polymerizes under conditions of re-
duced oxygen tension and alters the biconcave 
disk shape into a rigid, irregular, unstable cell. 
The sickle-shaped cells are prone to intravas-
cular hemolysis,2 causing intermittent vaso-
occlusive events that result in tissue ischemia-
reperfusion injury. Genitourinary problems 
include impaired ability to concentrate urine, 
hematuria, renal medullary carcinoma, and in-
creased frequency of urinary tract infection.

 ■ SICKLE CELL NEPHROPATHY

The kidney is one of the most frequently af-
fected organs in sickle cell disease. Renal 
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ABSTRACT
Sickle cell disease is a common genetic disorder char-
acterized by sickling of red blood cells under conditions 
of reduced oxygen tension. In turn, sickling leads to 
intravascular hemolysis and vaso-occlusive events with 
subsequent tissue ischemia-reperfusion injury affecting 
multiple organs, including the genitourinary system. Our 
review of the genitourinary manifestations of sickle cell 
disease focuses on sickle cell nephropathy, priapism, 
and other genitourinary complications such as papillary 
necrosis and renal medullary carcinoma.

KEY POINTS
Microalbuminuria as seen in diabetic nephropathy is the 
earliest manifestation of sickle cell nephropathy, and the 
prevalence increases as these patients get older and live 
longer.

Ischemic priapism is a medical emergency. Treatment with 
aspiration and phenylephrine injections should begin im-
mediately and should not await treatment measures for 
sickle cell disease.

In patients with sickle cell trait and sickle cell disease, 
chronic hypoxia and subsequent sickling of erythrocytes 
in the renal medulla can lead to papillary hypertrophy 
and papillary necrosis.
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manifestations begin to appear in early child-
hood, with impaired medullary concentrating 
ability and ischemic damage to the tubular 
cells caused by sickling within the vasa recta 
renis precipitated by the acidic, hypoxic, and 
hypertonic environment in the renal medulla. 
 As in early diabetic nephropathy, renal 
blood fl ow is enhanced and the glomerular 
fi ltration rate (GFR) is increased. Increased 
cardiac output as a result of anemia, local-
ized release of prostaglandins, and a hypoxia-
induced increase in nitric oxide synthesis all 
play a role in the increase in GFR.4,5 
 Oxidative stress, an increase in markers 
of infl ammation, and local activation of the 
renin-angiotensin system contribute to renal 
damage in sickle cell disease.5–7 The resulting 
hyperfi ltration injury leads to microalbumin-
uria, which occurs in 20% to 40% of children 
with sickle cell anemia8,9 and in as many as 
60% of adults.
 The glomerular lesions associated with 
sickle cell disease vary from glomerulopathy 
in the early stages to secondary focal segmen-
tal glomerulosclerosis, membranoproliferative 
glomerulonephritis, and glomerular throm-
botic microangiopathy.10 

Clinical presentations and workup
Clinical presentations are not limited to glo-
merular disease but include hyperchloremic 
metabolic acidosis and hyperkalemia resulting 
from defects in potassium secretion and renal 
acidifi cation.
 Hyperphosphatemia—a result of increased 
reabsorption of phosphorus, increased secre-
tion of uric acid, and increased creatinine 
clearance—is seen in patients with sickle cell 
disease.11,12 About 10% of patients can devel-
op an acute kidney injury as a result of volume 
depletion, rhabdomyolysis, renal vein throm-
bosis, papillary necrosis, and urinary tract ob-
struction secondary to blood clots.11,13 
 Up to 30% of adult patients with sickle 
cell disease develop chronic kidney disease. 
Predictors include severe anemia, hyperten-
sion, proteinuria, nephrotic syndrome, and 
microscopic hematuria.14 From 4% to 12% 
of patients go on to develop end-stage renal 
disease, but with a 1-year mortality rate three 
times higher than in patients without sickle 
cell disease.15 

 In general, patients with sickle cell anemia 
have blood pressures below those of age- and 
sex-matched individuals, but elevated blood 
pressure and low GFR are not uncommon in 
affected children. In a cohort of 48 children 
ages 3 to 18, 8.3% had an estimated GFR less 
than 90 mL/min/1.73 m2, and 16.7% had el-
evated blood pressure (prehypertension and 
hypertension).16 
 In patients with sickle cell disease, evalua-
tion of proteinuria, hematuria, hypertension, 
and renal failure should take into consideration 
the unique renal physiologic and pathologic 
processes involved. Recent evidence17,18 sug-
gests that the Chronic Kidney Disease Epide-
miology Collaboration equation provides a 
better estimate of GFR than the Modifi cation 
of Diet in Renal Disease and Cockcroft-Gault 
equations, although all three creatinine-based 
methods overestimate GFR in patients with 
sickle cell disease when compared with GFR 
measured with technetium-99m-labeled dieth-
ylenetriamine penta-acetic acid renal scanning.

Treatment options
Treatment of sickle cell nephropathy includes 
adequate fl uid intake (given the loss of con-
centrating ability), adequate blood pressure 
control, use of angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin II receptor 
blockers (ARBs) in patients who have mi-
croalbuminuria or proteinuria (or both)9,11,19 
and hydroxyurea. Treatment with enalapril 
has been shown to decrease proteinuria in pa-
tients with sickle cell nephropathy.9 In a co-
hort of children with sickle cell disease, four of 
nine patients treated with an ACE inhibitor 
developed hyperkalemia, leading to discon-
tinuation of the drug in three patients.9 
 ACE inhibitors and ARBs must be used 
cautiously in these patients because they have 
defects in potassium secretion. Hydroxyurea  
has also been shown to decrease hyperfi ltration 
and microalbuminuria in recent studies,20,21 and 
this could protect against the development of 
overt nephropathy.
 Higher mortality rates have been reported in 
patients with sickle cell disease who developed 
end-stage renal disease than in patients with 
end-stage renal disease without sickle cell dis-
ease. Sickle cell disease also increases the risk of 
pulmonary hypertension and the vaso-occlusive 

Signs of kidney
involvement 
may appear
in early
childhood
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complication known as acute chest syndrome, 
contributing to increased mortality rates. Of 
note, in a study that looked at the association 
between mortality rates and pre-end-stage care 
of renal disease using data from the Centers for 
Medicare and Medicaid Services, patients with 
sickle cell disease who had had predialysis ne-
phrology care had lower mortality rates.15

 Treatments for end-stage renal disease are 
also effective in patients with sickle cell dis-
ease and include hemodialysis, peritoneal di-
alysis, and renal transplantation. Data from 
the Organ Procurement and Transplantation 
Network and the United Network for Organ 
Sharing show that from 2000 to 2011, African 
American kidney recipients with sickle cell 
disease had better survival rates than patients 
who had undergone transplantation from 
1988 to 1999, although rates of long-term 
survival and graft survival were lower than in 
transplant recipients with other diagnoses.22 
 It is important to note that complications 
as a result of vaso-occlusive events and throm-
bosis can lead to graft loss; therefore, sickle 
cell crisis after transplantation requires careful 
management.

Take-home messages
• Loss of urine-concentrating ability and 

hyperfi ltration are the earliest pathologic 
changes in sickle cell disease.

• Microalbuminuria as seen in diabetic ne-
phropathy is the earliest manifestation of 
sickle cell nephropathy, and the preva-
lence increases as these patients get older 
and live longer.

• ACE inhibitors or ARBs should be used 
with caution, given the heightened risk of 
hyperkalemia in sickle cell disease.

• Recent results with hydroxyurea in de-
creasing hyperfi ltration and microalbu-
minuria are encouraging. 

• Early referral for predialysis nephrologic 
care is needed in sickle cell patients with 
chronic kidney disease.

 ■ PRIAPISM IN SICKLE CELL DISEASE

Priapism was formerly defi ned as a full, pain-
ful erection lasting more than 4 hours and 
unrelated to sexual stimulation or orgasm. 
But priapism is now recognized as two sepa-
rate disorders—ischemic (veno-occlusive, 

low-fl ow) priapism and nonischemic (arterial, 
high-fl ow) priapism. The new defi nition in-
cludes both disorders: ie, a full or partial erec-
tion lasting more than 4 hours and unrelated 
to sexual stimulation or orgasm.

Ischemic priapism 
Hematologic disorders are major contribu-
tors to ischemic priapism and include sickle 
cell disease, multiple myeloma, fat emboli 
(hyperalimentation),23 glucose-6-phosphate 
dehydrogenase defi ciency, and hemoglobin 
Olmsted variant.24

 Ischemic priapism is often seen in sickle 
cell disease and is considered an emergency. 
It is characterized by an abnormally rigid erec-
tion not involving the glans penis. Entrap-
ment of blood in the corpora cavernosa leads 
to hypoxia, hypercarbia, and acidosis, which 
in turn leads to a painful compartment syn-
drome that, if untreated, results in smooth 
muscle necrosis and subsequent fi brosis. The 
results are a smaller penis and erectile dys-
function that is unresponsive to any treatment 
other than implantation of a penile prosthesis. 
However, scarring of the corpora cavernosa 
can make this procedure exceedingly diffi cult, 
requiring advanced techniques such as corpo-
real excavation.25

 Men with a subtype of ischemic priapism 
called “stuttering” priapism26 suffer recurrent 
prolonged erections during sleep. The patient 
awakens with a painful erection that usually 
subsides, but sometimes only after several 
hours. Patients with this disorder suffer from 
sleep deprivation. Stuttering priapism may 
lead to full-blown ischemic priapism that does 
not resolve without intervention.

Nonischemic priapism
In nonischemic priapism, the corpora are en-
gorged but not rigid. The condition results 
from unregulated arterial infl ow and thus is 
not painful and does not result in damage to 
the corporeal smooth muscle.
 Most cases of nonischemic priapism follow 
blunt perineal trauma or trauma associated 
with needle insertion into the corpora. This 
form of priapism is not associated with sickle 
cell disease. Because tissue damage does not 
occur, nonischemic or arterial priapism is not 
considered an emergency.

Treatments for
end-stage renal
disease are also
effective
in patients
with sickle cell 
disease
and include 
hemodialysis,
peritoneal
dialysis, and 
transplantation
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Treatment guidelines
Differentiating ischemic from nonischemic 
priapism is usually straightforward, based on 
the history, physical examination, corporeal 
blood gases, and duplex ultrasonography.27 
 Ischemic priapism is an emergency. After 
needle aspiration of blood from the corpora 
cavernosa, phenylephrine is diluted with nor-
mal saline to a concentration of 100 to 500 
μg/mL and is injected in 1-mL amounts re-
peatedly at 3- to 5-minute intervals until the 
erection subsides or until a 1-hour time limit 
is reached. Blood pressure and pulse are moni-
tored during these injections. If aspiration and 
phenylephrine irrigation fail, surgical shunt-
ing is performed.27

 Measures to treat sickle cell disease (hydra-
tion, oxygen, exchange transfusions) may be 
employed simultaneously but should never de-
lay aspiration and phenylephrine injections.25

 As nonischemic priapism is not consid-
ered an emergency, management begins with 
observation. Patients eventually become dis-
satisfi ed with their constant partial erection, 
and they then present for treatment. Most 
cases resolve after selective catheterization of 
the internal pudendal artery and embolization 
of the fi stula with absorbable material. If this 
fails, surgical exploration with ligation of the 
vessels leading to the fi stula is indicated.

Prevalence in sickle cell trait
vs sickle cell disease
Ischemic priapism is uncommon in men with 
sickle cell trait, but prevalence rates in men 
with sickle cell disease are as high as 42%.28 
In a study of 130 men with sickle cell disease, 
35% had a history of prolonged ischemic pria-
pism, 72% had a history of stuttering priapism, 
and 75% of men with stuttering priapism had 
their fi rst episode before age 20.29 
 Rates of erectile dysfunction increase with 
the duration of ischemic episodes and range 
from 20% to 90%.28,30 In childhood, sickle cell 
disease accounts for 63% of the cases of isch-
emic priapism, and in adults it accounts for 
23% of cases.31

Take-home messages
• Sickle cell disease accounts for two-thirds 

of cases of ischemic priapism in children, 
and one-fourth of adult cases.

• Ischemic priapism is a medical emergency.

• Treatment with aspiration and phenyleph-
rine injections should begin immediately 
and should not await treatment measures 
for sickle cell disease (hydration, oxygen, 
exchange transfusions).

 ■ OTHER UROLOGIC COMPLICATIONS
OF SICKLE CELL DISEASE

Other urologic complications of sickle cell 
trait and sickle cell disease include microscop-
ic hematuria, gross hematuria, and renal colic. 
A formal evaluation of any patient with persis-
tent microscopic hematuria or gross hematuria 
should consist of urinalysis, computed tomog-
raphy, and cystoscopy. This approach assesses 
the upper and lower genitourinary system for 
treatable causes. Renal ultrasonography can 
be used instead of computed tomography but 
tends to provide less information.

Special considerations
In patients with sickle cell trait and sickle cell 
disease, chronic hypoxia and subsequent sick-
ling of erythrocytes in the renal medulla can 
lead to papillary hypertrophy and papillary ne-
crosis. In papillary hypertrophy, friable blood 
vessels can rupture, resulting in microscopic 
and gross hematuria. In papillary necrosis, the 
papilla can slough off and become lodged in 
the ureter.
 Nevertheless, hematuria and renal colic 
in patients with sickle cell disease or trait are 
most often attributable to common causes such 
as infection and stones. A fi nding of hydro-
nephrosis in the absence of a stone, however, 
suggests obstruction due to a clot or a sloughed 
papilla. Ureteroscopy, fulguration, and ureter-
al stent placement can stop the bleeding and 
alleviate obstruction in these cases.
Renal medullary carcinoma
Another important reason to order imaging in 
patients with sickle cell disease or trait who 
present with urologic symptoms is to rule out 
renal medullary carcinoma, a rare but aggres-
sive cancer that arises from the collecting duct 
epithelium. This cancer is twice as likely to 
occur in males than in females; it has been re-
ported in patients ranging in age from 10 to 
40, with a median age at presentation of 26.32 
 When patients present with symptomatic 
renal medullary cancer, in most cases the can-
cer has already metastasized. 

Early referral
for predialysis
nephrologic 
care is needed 
in sickle cell 
patients
with chronic 
kidney disease
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 On computed tomography, the tumor tends 
to occupy a central location in the kidney and 
appears to infi ltrate and replace adjacent kid-
ney tissue. Retroperitoneal lymphadenopathy 
and metastasis are common. 
 Treatment typically entails radical ne-
phrectomy, chemotherapy, and in some cir-

cumstances, radiotherapy. Case reports have 
shown promising tumor responses to carbo-
platin and paclitaxel regimens.33,34 Also, a 
low threshold for imaging in patients with 
sickle cell disease and trait may increase the 
odds of early detection of this aggressive 
cancer. ■
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