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We report two cases of acute kidney failure (ARF) as the initial manifestation of sarcoidosis. Two
patients were sent from their primary care physicians with hypercalcemia and progressive increase of
serum creatinine. The renal biopsy revealed granulomatous interstitial nephritis (GIN). Both patients
were started on Methylprednisolone pulse therapy, followed by administration of oral prednisolone
and by a slow taper thereafter to a maintenance dose. The renal function has improved immediately
in response to this therapy. Our cases demostrates thet GIN due to sarcoidosis, although a rare entity,
can cause severe ARF and progressive ESRD. With early detection and appropriate therapy, the
majority of patients will maintain adequate renal function. Therefore the diagnosis of renal sarcoidosis
must be done quickly to prevent renal.

CaseNo 1

A 57-year-old Caucasian man is hospitalized in our Nephrology
Department with progressive increase in serum creatinine (2.48 mg/
dl; MDRD 32.6 ml/min) and proteinuria less than 500 mg/24h. The
serum creatinine level was within normal range one year before this
admission. He had a medical history of Hypertension, hearing loss
and weight loss of twelve Kg. The hypertension had been present for
8 years, and was controlled with Amlodipine and Metoprolol. We did
not rule any personal or family history of kidney disease, autoimmune
disease, diabetes or cancer. The results of his physical examination
were relatively unremarkable, except for moderate edema limited
to lower extremities. His blood pressure was 140/85 mmHg. The
renal echography was normal. We performed a renal biopsy. Light
microscopy revealed non-caseating granulomatous tubulointerstitial
nephritis with multinucleated giant and normal glomeruli (Figure
1). Furthermore foci of tubular atrophy and T-lymphocyte focal
interstitial infiltration (Figure 1). Immunofluorescence studies were
negative for Immunoglobulin (Ig) IgA, IgM, kappa, lambda, Clq and
C3. Typical findings of sarcoidosis were found, e.g., hilary lymph node

Figure 1: (Hematoxylin and Eosin). Diffuse interstitial inflammation from the
area with granulomatous response (black arrow).

uptake on Computed tomography (CT) scan of this chest, elevated
serum ACE level, hypercalcemia (12.3 mg/dL), splenomegaly, retinal
degeneration, nonischemic cardiomyophathy with hypertrophy
on echocardiography, no pathognomonic skin lesions. Serologic
testing showed normal complement levels and negative results
for anti-nuclear antibody, double-stranded DNA, antineutrophil
cytoplasmic antibody (ANCA). The presence of hypercalcemia and
very low PTHi might be mistaken for Multiple Myeloma. Monoclonal
Gammopathies were excluded by normal serum immunofixation,
absent Bence Jones proteinuria and absent k and A free light chains
(FLC). A skeletal survey showed no lytic or blastic osseous lesions.

Active tubercolosis, fungal infection, viral hepatitis, vasculitis and
malignancy were clinically excluded.

The patient started with Methylprednisolone pulse therapy,
followed by administration of oral prednisolone (1.0 mg/Kg/die)
for 12 weeks and by a slow taper thereafter to a maintenance dose of
10 mg for an additional six months period. The renal function and
hypercalcemia improved immediately in response to this therapy
after one month. The follow up was marked by complete resolution of
clinical and biological signs.

Case No 2

We report the case of a 53-year-old Caucasian woman presenting
acute renal failure (ARF), proteinuria of 1.0 gr/24H, hypercalcemia
and elevated 1.25 dihydroxycholecalcipherol. She had reported the
onset of fatigue, weight loss (about 12 Kg), artralgia, loss of appetite a
few months before hospital admission. The serum creatinine level has
been documented to be 1.0 mg/dL two months before hospitalization.
Her medical history included “rheumatica peliosis” when she was 22
years old, right pleurisy and erythematous maculopapular rash on her
face when she was 24 years old, onset of Diabetes when she was 46
years old.

On admission on physical exam, the patient was febrile,
normotensive and preserved diuresis (1800 mL/24H).

Upon admission, laboratory results showed creatinine of 4.7 mg/
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dL; blood urea nitrose of 60 mg/dL, calcemia of 11,8 g/DI, PTHi of
6 ng/L, white blood cell count of 6.800 mm3, normal level of ACE,
AST and ALT. Urinalysis revealed 2+ proteinuria, 20 RBC/hpf and
40 WBC/hpf. CT scan of the chest without contrast was negative.
Among the different etiologies of ARF with hypercalcemia we could
exclude Hyperparathyroidism (suppress of PTHi); Multiple Myeloma
(normal serum immunofixation, absent Bence Jones proteinuria and
absent k and A FLC); malignancy with bone methastases. The patient
underwent a renal biopsy. Light microscopy demonstrated relatively
involved glomeruli and marked diffuse interstitial inflammatory
composed of activated and rare eosinophils and neutrophils
(polymorphonuclear cells) with frequent foreign body giant cells
associated with non-caseating granulomas. There was moderate
acute tubular injury and mild interstitial fibrosis. Granulomatous
interstitial nephritis (GIN) was diagnosed. Negative
Quantiferon testing for tubercolosis and negative special staining for
acid-fas bacilli on urinary colture could exclude tubercolosis-induced
GIN. In the last months our patient has never taken drugs as anti-
microbials or analgesis (non-steroidal- anti-inflammatory drugs,
NSAID) or Diuretics (hydrochlorothiazide and triamterene) or other
medication. Viral hepatitis and vasculitis (negative ANCA and ANA,
normal complement) were excluded. A glossy normal ocular exam
and no simultaneous renal failure with uveitis could exclude Tinu
Syndrome.

serum

Morever renal involvement with ARF, hypercalcemia resulting
from increased 1.25 dihydroxyvitamin D3 production by activated
macrophages in areas of inflammation and exclusion of other causes
of GIN allowed the diagnosis of sarcoidosis GIN.

The patient started with Methylprednisolone pulse therapy for
three days, followed by administration of oral prednisolone (1.0 mg/
Kg/die) for 12 weeks and by a slow taper thereafter to a maintenance
dose of 10 mg for an additional six months period. The renal function
has improved immediately in response to this therapy after two
months. The follow up was marked by complete resolution of clinical
and biological signs.

Introduction

Sarcoidosis, formerly called Mortimer’s Malady, is a chronic
multisystem disorder without any defined etiology. It is characterized
by noncaseating granulomas in the affected organs or tissues.
Its incidence varies from 3-4 to 35-80 per 100,000 according to
ethnicity, region, and gender. Lymph nodes and lungs are the most
frequently affected tissues, but sarcoidosis can also affect other
organs and tissues like the skin, the central nervous system, the
eyes, the muscles, the bones, the heart and the kidney. Although
the incidence and prevalence of renal involvement in sarcoidosis
remain uncertain clinically important renal involvement occasionally
occurs in sarcoidosis [1]. Renal manifestations include abnormal
calcium metabolism, nephrolithiasis and nephrocalcinosis, and
acute interstitial nephritis with or without granuloma formation.
Glomerular disease, obstructive uropathy, and end-stage renal disease
(ESRD) may also occur, but are uncommon [2,3]. Renal biopsy is
essential to identify the presence of noncaseating granulomatous
interstitial nephritis.

Corticosteroids with or without immunosuppressants are the
mainstay of therapy for Renal Sarcoidosis (RS). This review will
summarize the epidemiologic, pathophysiologic, diagnostic, clinical,
and therapeutic aspects of RS.

Epidemiology

Sarcoidosis can affect people of all racial and ethnic backgrounds
and usually develops between 20 and 39 years of age [4]. The
annual incidence varies throughout the world due to differences
in environmental exposures, predisposing HLA alleles, and other
genetic factors. The annual incidence among African Americans is
three times more than among White Americans [4]. Sarcoidosis has
an increase in mortality and morbidity among African Americans.
Similarly, the Scandinavians have a higher prevalence of sarcoidosis
than other Whites [5].

Sarcoidosis is said to have a slight sex preference since females
between the ages of 20 and 40 have the highest incidence of Systemic
Sarcoidosis (SS) [6,7].

Incidence and prevalence of renal involvement in sarcoidosis
remain uncertain [8]. The reported prevalence ranges widely due
to the enormous variation in study design and enrolled patient
populations and also due to the heterogeneity and often asymptomatic
nature of renal disease. Several small series have suggested that renal
involvement occurs in approximately 35 to 50 percent of patients [8],
evenif, in most cases, the disease maybe silent and undetected for many
years or forever. Primary renal manifestations are nephrolithiasis
and nephrocalcinosis and acute interstitial nephritis with or without
granuloma formation. The nephrocalcinosis is estimated to occur
in 5 percent of patients with sarcoidosis [9]. Nephrocalcinosis may
be the most common cause of chronic kidney disease (CKD) [10].
Nephrolithiasis occurs in approximately 1 to 14 % of patients with
sarcoidosis [11]. Interstitial nephritis with granuloma formation
occurs in approximately 20 % of patients; however, renal insufficiency
is not always present [12,13]. Patients who have interstitial nephritis
may also have nephrolithiasis or nephrocalcinosis [14]. In one study
that included a cohort of 27 patients with renal sarcoidosis (four
of them with isolated renal involvement; the others with systemic
sarcoidosis), the most commonly observed histologic lesion was
nongranulomatous tubulointerstitial nephritis (44%), followed by
granulomatous tubulointerstitial nephritis (30%), immunoglobulin A
glomerulonephritis (IgAN 26%), and nephrocalcinosis (11/%) [15].
Glomerular involvement is rare. A variety of different lesions have
beendescribed inisolated cases, including Membranous Nephropathy,
IgAN, Minimal Change Disease, Proliferative or Crescentic
Glomerulonephritis,
[16,17].

and Focal Segmental Glomerulosclerosis

Pathogenesis and etiologic factors

The etiology and pathophysiology of sarcoidosis has not been
fully understood. The noncaseating epithelioid cell granuloma is
the principal lesion found in organs affected by sarcoidosis [18].
These epithelioid cell granulomas consist of highly differentiated
mononuclear phagocytes (epithelioid cells and giant cells) and
lymphocytes [19]. Granuloma formation occurs as a result of a cell-
mediated delayed hypersensitivity immune reaction in individuals
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withimmunedysfunction. After macrophages phagocytize theantigen,
they present the antigen and effector CD4+helper T cells secrete IL-2
and IFN-y that trigger a Thl immune response. Non-necrotizing
granuloma is formed as aresult of the collection of highly differentiated
mononuclear phagocytes (epithelioid cells and multinucleated giant
cells), Schaumann bodies or asteroid bodies, patchy fibrosis, and
lymphocytes [20]. Three categories of potential etiologic factors have
previously been defined: infective, noninfective, and genetic [21].
Viruses (herpes, Epstein-Barr, retrovirus, coxsackie B virus, and
cytomegalovirus), Borrelia burgdorferi, Propionibacterium acnes,
Mycobacterium tuberculosis and other mycobacteria, Mycoplasma
orale, beryllium, aluminum, zirconium, clay, talc, hairspray, pine
tree pollen, peanut dust, mineral oil, and drugs (e.g. sulfonamide
or methotrexate) can induce granulomaformation in genetically-
predisposed individuals with abnormal immune responses [21]. The
variability of disease presentation (pattern of disease, severity, and
prognosis) among different races and in individuals with specific HLA
sub-types and the presence of some familial clusters indicate a genetic
susceptibility for sarcoidosis [7]. First degree relatives of patients
with sarcoidosis were found to have a relative risk of sarcoidosis five
times that of control subjects [7]. HLA analyses of affected families
showed that inheritance of the risk for sarcoidosis can be polygenic,
most commonly including the class I HLA-A1 and -B8 and class II
HLADRS3 genotypes [22-24]. Genetically predisposed individuals are
likely to develop granulomas after exposure to antigens that trigger an
exaggerated cellular immune response [18].

Clinical manifestations

Although the incidence of renal involvement in sarcoidosis
remains uncertain, several studies have suggested that renal
involvement occurs in approximately 35 to 50% of patients, even if,
in most cases, the disease may be silent and go undetected for many
years or forever [8]. Disorders related to calcium metabolism and
electrolyte abnormalities are the most common renal symptom and
observed among patients with sarcoidosis. The defect in calcium
metabolism is due to extra renal production of calcitriol by activated
macrophages. Manifestations of abnormal calcium metabolism
include increased intestinal calcium absorption, hypercalciuria
(which occurs in up to 50 percent of cases), hypercalcemia (which
occurs in 10 to 20 percent), nephrocalcinosis, and nephrolithiasis. If
untreated, renal calcium deposition can lead to chronic renal failure
and end-stage renal disease. Nephrolithiasis may be the presenting
feature of sarcoidosis [7]. In a retrospective study of 618 patients with
sarcoidosis, renal calculi were the first manifestations in 14 of them
(2.2%) [25]. The stones are usually of calcium oxalate, sometimes
mixed with calcium phosphate. Patients with nephrocalcinosis
may have polyuria, which is caused by hypercalcemia and possibly
hypercalciuria, resulting in reduced responsiveness to antidiuretic
hormone [26]. Polyuria in sarcoidosis may reflect central diabetes
in sipidus (ie, lack of antidiuretic hormone) or primary polydipsia
due to granulomatous infiltration of the hypothalamus [27]. The
differential diagnosis of sarcoidosis-related nephrocalcinosis and
nephrolithiasis includes conditions that cause hypercalcemia and
hypercalciuria (primary hyperparathyroidism, vitamin D therapy,
milk alkali syndrome, other granulomatous diseases, and congenital
hypothyroidism) and conditions that cause hypercalciuria in the

absence of hypercalcemia (distal renal tubular acidosis, medullary
sponge kidney, neonatal nephrocalcinosis and loop diuretics,
inherited tubulopathies, and chronic hypokalemia). Although only
30 to 50 percent of patients with active sarcoidosis are hypercalciuric,
abnormal calcitriol metabolism can be demonstrated in some who
are normocalciuric and normocalcemic. As an example, increasing
calcium intake appropriately lowers serum calcitriol concentrations
in normal subjects but not in patients with sarcoidosis. Ca absorption
is regulated by 1,25 (OH)2D, and serum values vary inversely with
Ca intake. In sarcoidosis 1,25 (OH)2D is produced by alveolar
macrophages in response to gamma-interferon, and patients may
develop hypercalcemia after prolonged exposure to sunlight and
increased dermal production of vitamin D3 [28]. Patients with
sarcoidosis interstitial nephritis present with an elevated serum
creatinine that is detected on routine screening or as part of their
initial evaluation for sarcoidosis. Most patients have clear evidence
of diffuse active sarcoidosis elsewhere. The urinalysis is usually
normal or shows sterile pyuria or mild proteinuria. In a review of
52 cases of sarcoidosis interstitial nephritis, sterile pyuria, hematuria,
glycosuria, and hypercalciuria were identified in 33, 21, 12, and 8%,
respectively [9]. The diagnosis of sarcoidosis interstitial nephritis is
strongly suggested by renal biopsy. Renal granulomatoses represent
0.5%-0.9% of nephropathies examined by renal biopsies. Granulomas
can be isolated to the kidney or associated with other tissue
involvement. Renal biopsy reveals normal glomeruli; interstitial
infiltration, mostly with mononuclear cells; noncaseating granulomas
in the interstitium; tubular injury; and, with more chronic disease,
interstitial fibrosis. However, these findings are suggestions, but not
diagnostic factors, of sarcoidosis. Among patients with interstitial
nephritis, other conditions that must be considered include drug-
induced interstitial nephritis, tuberculosis, other mycobacterium
infections, granulomatosis with polyangiitis (Wegener’s), brucellosis,
histoplasmosis, tubulointerstitial nephritis with uveitis (TINU)
syndrome, and, rarely, Crohn disease [29,30]. Occasionally,
patients with renal sarcoidosis have no extra renal manifestations
of sarcoidosis upon presentation. Thus, all patients who have
granulomatous interstitial nephritis detected on biopsy should have
a chest radiograph and pulmonary function tests and, if these are
nondiagnostic, a high-resolution chest computed tomography (CT)
scan to evaluate for pulmonary sarcoidosis. Patients with sarcoidosis
occasionally present glomerulonephritis, although the mechanism of
glomerular injury is not known, nor is the relationship to sarcoidosis
proven [31]. Ureteral obstruction may result from retroperitoneal
lymph node involvement, retroperitoneal fibrosis, renal stones, and
direct ureteral involvement by sarcoid [3]. Retroperitoneal fibrosis
can also involve the renal artery, which may be affected by sarcoid
angiitis. When present, vasculitis of the renal artery is commonly
associated with hypertension [32]. The recurrence in transplant
recipients renal of renal sarcoidosis is not rare [33]. In one report,
sarcoidosis recurred in five patients (27%), including two who had
extra renal involvement and three who had renal involvement [34].
Recurrence was observed a median of 13 months after transplantation.
Risk factors for recurrence included primary renal disease related to
sarcoidosis and a shorter delay between the last episode of sarcoidosis
and renal transplantation.
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Diagnosis

The diagnosis of renal involvement in sarcoidosis is somewhat
challenging because there is no single diagnostic test for sarcoidosis.
Occasionally, patients with renal sarcoidosis have no extra renal
manifestations of sarcoidosis upon presentation. Early diagnosis
and prompt initiation of anti-inflammatory therapy is crucial to
preventing poor outcomes. A comprehensive initial evaluation
should be performed in all patients with suspected sarcoidosis.

The purpose of this initial evaluation is to obtain additional data
supporting the diagnosis of sarcoidosis, while eliminating alternative
diagnoses.

The diagnosis of sarcoidosis interstitial nephritis is suggested
by renal biopsy, which shows an interstitial mononuclear infiltrate,
noncaseating granulomas, tubular injury, and, with more chronic
disease, interstitial fibrosis. These findings are suggestions, but not
diagnostic factors, of sarcoidosis. A comprehensive evaluation should
be performed in all patients with suspected sarcoidosis, including
history, physical examination, a chest radiograph, pulmonary
function tests, peripheral blood counts, serum chemistries, urinalysis,
electrocardiogram, ophthalmologic examination, and a tubecolin
skin test. The purpose of this evaluation is to obtain additional
data supporting the diagnosis of sarcoidosis and to assess disease
severity and extent, while eliminating alternative diagnoses. Thus,
all patients who have granulomatous interstitial nephritis detected
on biopsy should have a chest radiograph, pulmonary function tests,
and, if these are nondiagnostic, a high-resolution chest computed
tomography (CT) scan to evaluate for pulmonary sarcoidosis [18].
A variety of laboratory abnormalities may be seen in patients with
sarcoidosis:

Anemia is uncommon. When present, it usually results from
the anemia of chronic diseases, although hypersplenism, bone
marrow involvement, or autoimmune hemolytic anemia can occur
in some patients [35]. Leukopenia (5 to 10 %), eosinophilia (3 %) and
thrombocytopenia (rare) can be seen [36].

The erythrocyte sedimentation rate is frequently elevated, but is
not useful in assessing disease’s activity.

C-reactive protein (CRP) is mildly elevated in about one-third of
patients with sarcoidosis, but does not differentiate sarcoidosis from
other causes of inflammation and shows only a variable correlation
with fatigue among patients with sarcoidosis the relationship between
CRP and the response to therapy is an area of further research [37].
Hypercalciuria is more commonly observed than hypercalcemia.

A moderate elevation in the serum alkaline phosphatase
concentration suggests diffuse granulomatous hepatic involvement.
Hypergammaglobulinemia (30 to 80 percent) and a positive
rheumatoid factor may be present, but are not usually obtained. There
are no disease-specific markers for diagnosis of RS. Although the
serum angiotensin converting enzyme (ACE) level is elevatedin 75%
percent of untreated patients with sarcoidosis [38], ACE has limited
utility as a diagnostic test, due to poor sensitivity (false negative
results) and insufficient specificity (almost a 10 % rate of false positive
results). Tissue levels of ACE are typically very high, but are not used

clinically. The value of monitoring the ACE level to assess the course
of the disease remains unclear.

The tuberculin skin testing or an interferon gamma release assay
is performed to help excluding Mycobacterium tuberculosis infection.
Diminished skin test reactivity is expected in sarcoidosis, thereforea
positive test is strong evidence in favor of mycobacterial disease.

Once the diagnosis of renal sarcoidosis is confirmed, the extent of
involvement of other organs should be determined.

In addition to clinical and laboratory assessment for
extrapulmonary sarcoidosis, all patients with a new diagnosis of
sarcoid should have an electrocardiogram performed on them.
Additional studies, such as 24 hour Holter monitoring and
echocardiography, are performed based on symptoms, signs, and
results of the electrocardiogram. These patients should also undergo
visual acuity, tonometry, slitlamp, and fundoscopic testing to assess for
ocular involvement. The differential diagnosis of sarcoidosis-related
nephrocalcinosis and nephrolithiasis includes conditions that cause
hypercalcemia and hypercalciuria (primary hyperparathyroidism,
vitamin D therapy, milk alkali syndrome, other granulomatous
diseases, and congenital hypothyroidism) and conditions that cause
hypercalciuria in the absence of hypercalcemia (distal renal tubular
acidosis, medullary sponge kidney, neonatal nephrocalcinosis and

loop diuretics, inherited tubulopathies, and chronic hypokalemia).

Also, it is necessary to obtain serum testing for vitamin D
deficiency by measuring both 25-hydroxyvitamin D (calcidiol) and
1,25-dihydroxyvitamin D [39]. Deficiency of 25-hydroxyvitamin
D is nearly universal among patients with sarcoidosis, although
1,25-dihydroxyvitamin D is sufficient in 70 percent of cases. For
patients with an elevated serum calcium, a 24-hour urine sample is
obtained to assess urinary calcium excretion and creatinine clearance.
If the urinalysis shows protein, then urinary protein is also assessed
in the 24-hour specimen. A definitive diagnostic test for sarcoidosis
does not exist. The diagnosis of sarcoidosis requires three elements:
Compatible clinical and radiographic manifestations, exclusion
of other diseases that may present similarly and histopathologic
detection of noncaseating granulomas. The diagnosis of sarcoidosis
interstitial nephritis is suggested by renal biopsy, which shows an
interstitial mononuclear infiltrate, noncaseating granulomas, tubular
injury, and, with more chronic disease, interstitial fibrosis. Biopsy
should be performed in most cases of suspected sarcoidosis as both
the incidence and the prevalence of renal involvement in sarcoidosis
remain still uncertain.

Prognosis, therapy and follow-up

Prognosis: Although end-stage renal disease (ESRD) requiring
some form of renal replacement therapy is uncommon, the sarcoidosis
cannot necessarily be considered a benign nephrologic condition.
ESRD is most often due to hypercalcemic nephropathy rather than
granulomatous nephritis or a glomerulonephropathy, some studies
have shown that granulomatous tubulointerstitial nephritis is also
associated with acute renal failure and may lead to hemodialysis. In
the largest observational study, among 46 patients with sarcoidosis-
related interstitial nephritis, only two progressed to ESRD (at 15
and 2 years after presentation) [40], although 66 % of patients had
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an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73
m?* at a median follow-up of 24 months. The prognosis is worse in
blacks, the elderly, and those patients who fail to respond to steroids
or have extensive multi-organ involvement. The prognosis of this
condition, like its natural history, is variable. The presence of scarring
within the kidney carries a less favorable prognosis. Hypercalcemia
may also cause a decreased glomerular filtration rate (GFR) through
preglomerular arteriolar vasoconstriction [41].

Therapy and Follow-up: Corticosteroids are the mainstay of
treatment for sarcoid GIN [42]. Initial treatment requires a daily
dose of prednisone or prednisolone preferably 1mg/kg/day. In
symptomatic cases, steroids are highly effective in suppressing the
cellular inflammatory reaction of sarcoidosis and in reversing most
forms of organ dysfunction caused by granulomatous infiltration. The
best response toglucocorticoids was noted in a study by Mahevas et
al. [40], in which 47 patients with renal sarcoid received prednisolone
while 10 also received pulse methylprednisolone. The authors
concluded that at the 24th month, a complete and partial remission
had occurred in 30 and 5 patients respectively. But no response
was noted in patients with severe interstitial fibrosis of greater than
50%. Underlying functional tubular dysfunction improves with
progressive drop in serum creatinine. The presence of hypercalcemia
on presentation correlated with a complete response to glucocorticoid
therapy at one year. There are limited data to guide glucocorticoid
therapy. We suggest oral prednisonel mg/kg/day for 6 to 12 weeks,
followed by a slow taper thereafter to a maintenance dose of 10 to
20 mg for an additional six to nine months. The steroid treatment
has to be prolonged and must be continued for at least 6 months
as nephropathy relapses very frequently with short term therapy
[43]. Unfortunately, these patients are at higher risk of relapse after
steroid withdrawal and often require a longer course of corticosteroid
therapy. Close monitoring of patients is therefore essential during
tapering and after discontinuation of steroid therapy, because 25% of
treated patients experience relapse. Long term use of corticosteroids,
especially in adolescents, can cause substantial side effects including
diabetes, growth retardation and cataract. Alternative agents that have
been attempted in treating sarcoid GIN include mycophenolate [44]
and mizoribine [45,46], which are limited to case reports and have
been primarily used in pediatric patients to break steroid dependence
or ameliorate significant side effects. There has been great interest
in the use of TNF-antagonists as another modality to treat sarcoid
GIN in order to avoid use of steroids. TNF-alpha, which is expressed
by monocytes, is critical in the development of these noncaseating
granulomas.

TNF-alpha receptor antagonists have also been shown to prevent
the initiation and perpetuation of inflammation and subsequent
interstitial fibrosis. Etanercept is a soluble TNF-alpha receptor fusion
protein that binds TNF-alpha. Infliximab and adalimumab are
monoclonal antibodies that bind specifically to and neutralize TNF-
alpha. While etanercept is an ineffective agent in the treatment of
systemic sarcoidosis [47], infliximab has been shown to be effective
in a case of renal sarcoid. Although adalimumab and infliximab
are generally safe, some side effects include risk of lymphoma and
reactivation of latent tuberculosis [48]. These agents may hold
promise for future research once large scale randomized studies

are available to show consistent benefits with minimal side effects.
Other drugs that have been used in cases unresponsive to steroids are
methotrexate, chloroquine, azathioprine, and cyclophosphamide. Of
these, methotrexate seems to be more effective.

For patients who occasionally present with glomerulonephritis,
as in other forms of sarcoid nephropathy, the administration of
steroids appears to improve renal function [49,50]. Treatment of the
hypercalcemia or hypercalciuria in granulomatous disorders is aimed
at treatment of the underlying disorder. In addition, treatment of
hypercalcemia or hypercalciuria includes reducing intestinal calcium
absorption and calcitriol synthesis. These can be achieved by reducing
calcium intake (no more than 400 mg/day), reducing oxalate intake,
elimination of dietary vitamin D supplements, and avoidance of sun
exposure. In addition to dietary measures, low-dose glucocorticoid
therapy (10 to 30 mg/day of prednisone) is typically used to treat
sarcoidosis [49].

Conclusions

With early detection and appropriate therapy, the majority of
patients will maintain adequate renal function provided they follow
medical advice carefully. Therefore the diagnosis of renal sarcoidosis
must be done quickly to prevent renal failure. Also reported on the
works the key prognostic factor for renal survival in RS is the early
response to treatment.
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