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ASE REPORT

Glomerular and Tubular Basement Membrane Calcinosis:
Case Report and Literature Review

Megan L. Troxell, MD, PhD, John P. Higgins, MD, and Richard K. Sibley, MD

Nephrocalcinosis most commonly manifests as renal calculi or deposition within the tubulointerstitial compart-
ent. Conversely, calcium deposition within glomeruli is extremely rare. We present the case of a 50-year-old man
ith multiple medical problems, including hepatitis C, diabetes, hypertension, proteinuria, and chronic renal failure.
enal biopsy showed impressive calcium deposits along glomerular basement membranes and tubular basement
embranes, within intracellular organelles, and in the interstitium in the setting of a normal serum calcium level.
even months after biopsy, the patient is on hemodialysis therapy. Although serological and medical examination

ailed to show a treatable cause for this patient’s glomerular calcinosis, individual case reports in the literature have
escribed resolution of calcinosis-associated nephrotic syndrome with treatment of the primary cause of
ypercalcemia. Am J Kidney Dis 47:E23-E26.
2006 by the National Kidney Foundation, Inc.
NDEX WORDS: Diabetic nephropathy; calcinosis; metastatic calcification; proteinuria.
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EPHROCALCINOSIS most commonly af-
fects the tubulointerstitial compartment of

he kidney in cases of systemic hypercalcemia
ue to a variety of conditions, including hyper-
arathyroidism, multiple myeloma, other malig-
ancy, hypervitaminosis D, or sarcoidosis.1 Glo-
erulosclerosis is frequently seen in such cases,

ut most often is considered secondary to tubulo-
nterstitial or vascular disease. Calcium deposi-
ion within glomeruli, including along glomeru-
ar basement membranes and within the
esangium, has been reported in rare individual

ases.2-6 We describe a case of nephrocalcinosis
nvolving glomerular basement membranes and
esangial areas, together with tubular basement
embranes and interstitium, in a patient with
ultiple medical problems.

CASE REPORT

A 50-year-old man had hepatitis C, hypertension, diabetes
ellitus type 2, and a history of intravenous drug use.
pproximately 4 years before biopsy, he had bacterial endo-

arditis, resulting in cardiac valve replacement, and was
reated transiently with hemodialysis. At the time of the
resent biopsy, the patient had chronic renal insufficiency,
ith serum creatinine values of 4.6 to 5.7 mg/dL (407 to 504
mol/L), a calculated glomerular filtration rate of 14 mL/
in (0.23 mL/s), and 3 to 4 g/24 h proteinuria. Spot

rinalysis showed 100 mg/dL (1.0 g/L) of protein, 50� white
lood cells, and 3 to 4 red blood cells/high-power field, with
ther parameters negative or normal. Multiple serum chem-
stry values during the 5 months before biopsy were as
ollows: normal sodium at 138 to 141 mEq/L (138 to 141
mol/L), hyperkalemia with potassium at 6.0 to 6.4 mEq/L

6.0 to 6.4 mmol/L), hyperchloremia with chloride at 113 to
20 mEq/L (113 to 120 mmol/L), and low bicarbonate, with
lood carbon dioxide of 12 to 17 mEq/L (12 to 17 mmol/L).

erum glucose level was as high as 164 mg/dL (9.1 mmol/L),

merican Journal of Kidney Diseases, Vol 47, No 2 (February), 20
ut liver function test results, including total bilirubin,
lkaline phosphatase, aspartate aminotransferase, and ala-
ine aminotransferase, were within normal limits. Serum
lbumin level was within the low-normal range. The patient
as anemic, with a hemoglobin level of 9.6 to 10 g/dL (96 to
00 g/L) and hematocrit of 28% to 29%; platelet count also
as low at 52 to 87 � 103/�L (52 to 87 � 109/L). The
atient’s serum calcium value was within normal limits at all
ime points tested, ranging from 8.5 to 8.9 mg/dL (2.12 to
.22 mmol/L; normal range, 8.5 to 10.5 mg/dL [2.12 to 2.62
mol/L]). Serum phosphorus concentration was elevated 1
onth before biopsy at 6.5 mg/dL (2.10 mmol/L; normal

ange, 2.4 to 4.7 mg/dL [0.77 to 1.52 mmol/L]). Serum
arathyroid hormone concentration subsequent to biopsy
as elevated at 116 to 120 pg/mL (116 to 120 ng/L; normal

ange, 6 to 40 pg/mL [6 to 40 ng/L]). Renal ultrasound
howed kidneys of 11 and 12 cm in size, without hydrone-
hrosis and with slightly echogenic cortices. Chest radio-
raph was unremarkable.
Renal biopsy tissue was submitted for light, immunofluores-

ence, and electron microscopic evaluation. The light micros-
opy portion of the specimen consisted of a single subcapsular
ore of renal cortex containing 10 glomeruli. All had patent
apillaries, but were markedly abnormal (Fig 1). Hematoxylin
nd eosin– and periodic acid–Schiff–stained sections showed
lomerular ischemia, including periglomerular fibrosis and
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rinkling and retraction of capillary tufts. There was no evi-
ence of segmental or global glomerulosclerosis, crescents,
ecrosis, or karyorrhexis. Glomerular basement membranes
ppeared to have nearly normal thickness, although this was
ifficult to assess in the setting of ischemia. Mesangial areas
ere mildly expanded. The most striking finding was the

ranular amphophilic material deposited within mesangial ar- t
as, along glomerular and tubular basement membranes, and in
he interstitium. Hematoxylin and eosin staining characteristics
ere consistent with metastatic calcification. In addition, the
ranular material appeared periodic acid–Schiff positive; von
ossa and Alizarin red staining were attempted, but were
nsuccessful due to Zenker’s fixation and minimal remaining

Fig 1. Light microscopic images. (A, B) He-
matoxylin and eosin–stained sections show
amphophilic granular calcification within glo-
merular mesangial areas (arrows), Bowman
capsule, and tubular basement membranes
(arrowheads), along with tubulointerstitial ne-
phritis. (C) Toluidine blue–stained plastic sec-
tions show deep blue staining calcification in
mesangial areas (arrows) and Bowman cap-
sule (arrowhead). (Original magnification: [A,
B] �500, [C] �600.)
issue. Tubular basement membranes were markedly thickened,
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GLOMERULAR CALCINOSIS e25
urrounding atrophic tubules. The kidney appeared end stage,
nd atrophy was estimated to involve 80% to 90% of tubules.
here was lymphocytic interstitial inflammatory infiltrate, with
dmixed eosinophils and neutrophils, concentrated in the sub-
apsular area. Tamm-Horsfall protein casts were present within
ubules, as was a rare neutrophil. Small- or medium-sized
rteries were not present in the biopsy specimen.

Immunofluorescence microscopy was performed on a
ragment of cortex containing 2 open, but ischemic, glo-
eruli. Direct immunofluorescence studies for C3, immuno-

lobulin G, immunoglobulin M, immunoglobulin A, fibrino-
en, and C1q were negative (not shown). Staining for � and
light chains was attempted, but was uninterpretable be-

ause of tissue loss.
Tissue submitted for electron microscopy contained 4

schemic glomeruli. Toluidine blue–stained thick sections
howed prominent aggregates of darkly staining material
ithin mildly expanded mesangial areas, as well as along
lomerular and tubular basement membranes (Fig 1). Elec-
ron microscopic examination showed that the particulate
aterial was of extremely high electron density, with granu-

ar ultrastructure, again consistent with calcium deposition.
lectron-dense material was concentrated within mesangial
reas, but sparse particles were seen along glomerular base-
ent membranes. There was heavy deposition within Bow-
an capsule and tubular basement membranes. Calcification

f mitochondria and other intracellular organelles also was
een (Fig 2). Amyloid fibrils or evidence of monoclonal immu-
oglobulin deposition disease was not identified. Glomerular
asement membranes were wrinkled and of variable thickness,
ncluding some loops at 400 nm (within normal limits) and
ther loops with glomerular basement membrane thickness of
00 to 700 nm (mildly increased). Mesangial matrix was
ncreased, with swelling of mesangial and endothelial cell
ytoplasm. Podocyte foot processes showed partial effacement.

Given the end-stage appearance of the renal biopsy tissue,
urther serological or electrolyte workup was not pursued.
ialysis therapy was initiated approximately 7 months after
iopsy, given a serum creatinine level of 7 mg/dL (534 �mol/L)
nd significant edema. At that time, there was 2 to 3 g/24 h
roteinuria, whereas serum calcium level was still within
ormal range at 8.0 mg/dL (2.00 mmol/L), serum phospho-
us concentration remained elevated at 6.0 mg/dL (1.94
mol/L), and parathyroid hormone concentration increased

o 290 pg/mL (290 ng/L).

DISCUSSION

Rare case reports of metastatic calcinosis in-
olving glomeruli have been published in the
iterature.2-6 This phenomenon was described by

ulligan2 in 1947 in a review of metastatic
alcification; of 23 patients with metastatic calci-
cation attributed to renal disease, 10 had “sig-
ificant calcification” of the kidney localized to
ubules and interstitium, with “glomeruli and the
asement membranes of tubules less frequently
nvolved.”2 In 1969, Ross and Wing3 reported a

ramatic case of calcium deposition within glo- (

t
p
t

Fig 2. Electron microscopic images. (A) Extremely
lectron-dense granular material is concentrated in mes-
ngial areas, but also present along basement mem-
ranes. (B) Sparse granules within basement membrane
arrows) and calcification of mitochondria and other in-
racellular organelles (arrowheads) are seen. (C) High-
ower view of electron densities. (Original magnifica-

ion: [A] �2,700, [B] �11,000, [C] �23,000.)
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TROXELL, HIGGINS, AND SIBLEYe26
eruli in a pattern strikingly similar to the present
ase, in a patient with multiple myeloma, osteoly-
is, and a serum calcium level of 14.6 mg/dL
3.64 mmol/L). This patient also showed calcifi-
ation of renal tubular basement membranes, in
he walls of medium-sized arteries, as well as in
lveolar septa of the lung.3

Trillo et al5 reported a series of 5 renal biopsy
pecimens from 4 patients with sarcoidosis. Only
of 4 patients had elevated serum calcium lev-

ls, and the normocalcemic patient underwent
iopsy twice (their case 2). In addition to classic
eatures of renal sarcoidosis, including granulomas,
nterstitial calcification was seen in all cases and
egmental sclerosis was seen in 3 cases. “Calcific
icrospherules” were observed in glomeruli of 4 of
specimens, including the normocalcemic patient,
ith histomorphological features similar to the
resent case. However, ultrastructural examination
howed some lamellation to the particles, slightly
ifferent than seen in the present case.5

Fellner and Spargo4 presented a case of glomerular
alcification in a patient with hyperparathyroidism
esulting in markedly elevated serum calcium levels.
nterestingly, this patient presented with nephrotic
yndrome and the following laboratory values: 24-
our urine protein as high as 3.7 g; serum albumin as
ow as 2.0 g/dL (20.0 g/L); serum creatinine, 3.1
g/dL (236 �mol/L); and creatinine clearance, 23 to

6 mL/min (0.38 to 0.43 mL/s). Despite the presence
f segmental glomerular sclerosis, removal of a para-
hyroid adenoma resulted in dramatic improvement in
he patient’s proteinuria (protein � 0.23 g/24 h), with
mproved serum creatinine and creatinine clearance
1.9 mg/dL [145 �mol/L] and 65 mL/min [1.08
L/s], respectively), although a repeat renal biopsy at
months showed marginally decreased tissue calcifi-

ation, with aggregation of calcium particles within
esangial areas.4

A recent report by Henegar et al6 described 2
dditional cases with extremely high serum calcium
evels and tubulointerstitial, as well as glomerular,
alcification. One of these patients presented with
roteinuria with protein in the range of 3 g/24 h. Like
he patient reported by Fellner and Spargo,4 protein-
ria resolved with treatment of the primary cause of
ypercalcemia (T-cell lymphoma), although segmen-
al sclerosis was seen on renal biopsy material.6

The case reported here shares striking morphologi-
al and ultrastructural features of glomerular calcino-

is with previously reported cases, but the clinical P
resentation is unique. Although our patient had el-
vated serum parathyroid levels, these most likely are
xplained as secondary hyperparathyroidism related
o the patient’s renal failure and high serum phospho-
us levels. Despite elevated serum parathyroid hor-
one levels, our patient presented with normal serum

alcium levels, confirmed on multiple serial measure-
ents, similar to case 2 of Trillo et al.5 The cause of

ur patient’s nephrocalcinosis remains undetermined,
lthough sequelae related to the patient’s history of
emodialysis, intravenous drug use, and prior calcium
verload related to these or other unknown factors
hould be considered.At 50 years of age, the patient is
t some risk for multiple myeloma or other malignan-
ies involving bone; however, there was no clinical
ndication of bony pain or lesions. Moreover, sarcoid-
sis is an unlikely possibility given the lack of pulmo-
ary symptoms and normal chest radiograph. In addi-
ion, there was no indication of renal sarcoid on
iopsy. Like patients reported by Fellner and Spargo,4

s well as Henegar et al,6 our patient shows nearly
ephrotic-range proteinuria (protein of �3 g/24 h).
owever, our patient did not share the favorable
utcome reported in some of these previous studies,
iven the lack of a treatable proximal cause of his
etastatic calcification and, most importantly, the

resence of diffuse ischemia, as well as end-stage
ubulointerstitial damage.
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