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Chronic kidney disease (CKD)-mineral and bone disorder (CKD-MBD) is a common
complication of CKD, often accompanied by extra-skeletal calcification in adult
patients. As increased vascular calcification is predicted to increase cardiovascular
mortality and morbidity, the revised Kidney Disease: Improving Global Outcomes
guidelines recommend avoiding calcium-containing phosphate chelators. How-
ever, extra-skeletal calcification is less commonly noticed in pediatric patients.
Here, we report our experience of such a complication in pediatric patients recei-
ving maintenance peritoneal dialysis. Extra-skeletal calcification was noticed at the
corneas, pelvic cavity, and soft tissues of the lower leg in 4 out of 32 patients on
maintenance peritoneal dialysis. These patients experienced the aggravation of
extra-skeletal calcifications during peritoneal dialysis, and 2 of them underwent
excisional operations. It is required to monitor extra-skeletal calcifications in child-
ren on kidney replacement therapy.

Key words: Chronic kidney disease-mineral and bone disorder, Pathologic calcifi-
cation, Peritoneal dialysis

Introduction

Chronic kidney disease (CKD)-mineral and bone disorder (CKD-MBD),
which is disturbed bone and mineral homeostasis leading to bone remode-
ling, is a common complication of CKD". Since the kidney plays a major role
in bone and mineral homeostasis by regulating serum calcium and pho-
sphorus levels, parathyroid hormone (PTH), and vitamin D metabolism?,
failing kidneys result in the disturbance of these compounds. In addition to
pathologic bone remodeling, extra-skeletal calcification often accompanies
CKD-MBD. In adult patients with kidney failure with replacement therapy
(KFRT), calcifications are present in up to 76% of patients”. Locations of cal
cification vary from the arteries to the periarticular regions to internal organs
such as the lungs and heart, eyes, and skin”. The severity of calcification is also
diverse, from simple calcification without any symptoms to calciphylaxis,
which is calcific uremic arteriolopathy characterized by the occlusion of arte-
rioles, resulting in ischemia and tissue necrosis. Depending on the location
of calcifications, symptoms could be critical; those of coronary vessels, heart,
and lungs may lead to death. Although extra-skeletal calcification is known

to be less common in pediatric patients, its localization is similar to adults in
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reported cases™. Because increased vascular calcification Casereport
is predicted to increase cardiovascular mortality and mor-
bidity, the revised Kidney Disease: Improving Global Out: Of the 32 patients who were receiving PD in Seoul Na-
comes (KDIGO) guidelines for CKD-MBD recommend tional University Children’s Hospital in 2019, extra-skeletal
maintaining a normal range of serum phosphate and cal- calcification was found in 4 patients (12.5%) (Table 1). The
cium levels in CKD patients, avoiding calcium-containing patients’ ages at the time of diagnosis of calcification ranged
phosphate chelators, and using a dialysate containing from 8.1 to 21.3 years. The locations of calcifications were
lower calcium”. diverse, including the cornea, pelvic cavity, and soft tissues
Although the significance of extra-skeletal calcification of the lower leg. The laboratory findings from the initial
in adult patients with KFRT is well known, it is less com- onset of CKD to the development of extra-skeletal calcifi-
monly noticed in pediatric patients, and calcium-contai- cation are shown in Table 2. All patients were taking pho-
ning phosphate binders remain the first choice of treatment sphate binders, including calcium carbonate, whereas 2
when hyperphosphatemia develops in patients with CKD. patients took alfacalcidol to control their hyperparathy-
However, extra-skeletal calcification does occur in pediatric roidism.
patients with KFRT. Here, we report our experience of Case 1 developed CKD due to hypoparathyroidism, sen-
extra-skeletal calcifications in pediatric patients receiving sorineural deafness, and renal disease (HDR) syndrome at
maintenance peritoneal dialysis (PD). the age of 4.9 years. She had corneal opacity, which was

Table 1. Characteristics of Patients with Extra-skeletal Calcifications

. Age of Laboratory findings at the diagnosis of calcification .
Case SOYA9e Undeibing oo iogPD  location Comeed P BUN/Cr eGRR(ML/ AP 250HD  PTH | C\D-MBD - Sumical
(years) kidney disease orrecte r el (m B (OH) medication  removal
(years) Ca* (mg/dl) (mg/dL) (mg/dl) min/1.73m%) (U/L) (ng/ml)  (pg/mL)
1 F/8.1 Clg 85 Bilateral corneas 78 4.1 31/1.86 230 43 126 <5 Alfacalcidol, Yes
nephropathy calcium
carbonate
2 M/14.8 Renal ischemic 12.7 Subcutaneous 104 38 28/6.21 93 103 228 202 Sevelamer, No
injury tissue of bilateral calcium
buttock to thigh polystyrene
sulfonate
3 M/17.9  FSGS caused 179 Pelvic cavity 94 56 68/9.8 75 55 ND 1215 Alfacalcidol, No
by a INF2 calcium
mutation carbonate
4 M/21.3 FSGS 16.3 Subcutaneous 99 57 70/25.8 26 90 ND 209.5 Sevelamer Yes
tissue of left pre-
tibial area

Abbreviations: PD, peritoneal dialysis; Ca, calcium; P, phosphorus; BUN, blood urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; ALP,
alkaline phosphatase; 25(0H)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; F, female; M, male; FSGS, focal segmental glomerulosclerosis; ND, not done.
*Corrected calcium=serum total calcium (mg/dL)+0.8 [4-serum albumin (g/dL)].

Table 2. Laboratory Findings from Initial Onset of Chronic Kidney Disease to Development of Extra-skeletal Calcifications

Mean corrected Duration of Mean P Duration of Mean corrected Duration of Mean PTH Duration of
Gase e ma/dL) hypercalcemia’ (ma/d) hyperphosphatemia’ CaxP (mg¥dl) CAP>95 mg’/dL’ (oa/mb) hyperparathyroidism®
9 (months/year) 9 (months/year) 9 (months/year) P9 (months/year)
1 88+1.0 05 55+15 8.0 4844136 6.7 17654 0
2 104+0.7 96 53+14 79 55.3+15.7 6.8 365.74267.3 4.0
3 94404 0 45408 54 421471 03 129.4+97.3 74
4 9.7+03 05 53+13 83 51.2+£12.8 4.1 182.24£92.2 1.0

Abbreviations: Ca, calcium; P, phosphorus; BUN, blood urea nitrogen; PTH, parathyroid hormone.

Corrected calcium=serum total calcium (mg/dL)+0.8 [4-serum albumin (g/dL)].

"Hypercalcemia and hyperphosphatemia are defined as values greater than the upper limit of the reference range in serum calcium and phosphorus,
respectively.

*Hyperparathyroidism is defined as serum parathyroid hormone >70 pg/mL in chronic kidney disease stage (CKD) 3, >110 pg/mL in CKD stage 4, and
>300 pg/mL in CKD stage 5.
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diagnosed as bilateral calcific band keratopathy, at the age
of 8.1 years (Fig. 1A). PD was started at the age of 8.5 years.
Two years after initiating dialysis, she underwent two oph-
thalmic surgeries due to aggravated calcification deposits
on the bilateral corneas.

Case 2 has been bedridden since birth, requiring ventila-
tion support due to birth asphyxia and resulting in multiple
organ failure. His kidney function deteriorated probably
due to repeated acute kidney injuries caused by infection,
respiratory failure, and shock. He was diagnosed with CKD
at the age of 11.4 years and started PD at the age of 12.7
years. In a span of 2 years, multiple calcifications on the
subcutaneous tissues of the bilateral leg were found (Fig.
1B). To rule out any tumors, tissue biopsy was done, and
the pathologic findings revealed fibroadipose tissue with
dystrophic calcification (Fig. 2A).

Case 3 was diagnosed with focal segmental glomerulo-
sclerosis (FSGS) caused by INF2 mutation at the age of 11.2
years. He started PD at the age of 17.9 years. At the time of
dialysis initiation, he was incidentally found to have mul-
tiple calcifications in the area of the pelvic cavity (Fig. 1C).
Although the calcifications increased in number and
extent during dialysis, he had no symptoms associated with
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calcifications.

Case 4 was diagnosed with FSGS at the age of 8.6 years
and progressed to CKD at the age of 11.2 years. His KFRT
was initiated at the age of 16.3 years. At the age of 21.3 years,
he complained of a growing palpable mass on the left lower
leg (Fig. 1D), which was excised and diagnosed as fibroadi-
pose tissue with dystrophic calcification (Fig. 2B).

Discussion

Calcification of vessels and soft tissues is one of the mani-
festations of CKD-MBD?. Although vascular calcification
of adults are often from atherosclerotic changes in elderly
people, extra-skeletal calcifications, including vascular
calcifications in adult patients with CKD, occur even in
young patients, albeit with different mechanisms”. Decline
in kidney function, dialysis, and mineral imbalance could
accelerate calcifications of patients with CKD”. The risk
factors for extra-skeletal calcifications include age, elevated
calcium and phosphate product, hyperparathyroidism,
high calcium dialysate, vitamin D supplements, and the use
of aluminum hydroxyl as a phosphate binder. Similarly, in

Fig. 1. Calcifications shown in patients. (A) Band keratopathy in the bilateral corneas (case 1)
(B) Computerized tomography image of a palpable mass at the left flank and both hips (white
arrows, case 2) (C) Incidentally found calcifications of the pelvic cavity (white arrows, case 3) (D)
Palpable and slowly growing mass of the anterior tibial area (case 4).
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Fig. 2. Pathological slide of the palpable mass. Both slides show fibroadipose tissues
with calcifications. (green arrowhead, fibrosis; red arrowhead, adipose tissue; blue
arrowhead, calcification) (A) Specimen obtained by needle biopsy (case 2) (B)

Specimen obtained by excision (case 4).

pediatric patients with KFRT, calcifications were reported
to be associated with hypertension, elevated serum levels
of PTH, calcium and phosphate product, and long-term
dialysis*®. In the cases discussed here, calcification occurred
even before the initiation of dialysis in two patients. One
patient was at risk for extra-skeletal calcification due to an
underlying HDR syndrome, which is known to be asso-
ciated with band keratopathy'”. Another patient with pre-
KFRT extra-skeletal calcifications had a relatively long
history of CKD, along with calcium carbonate intake of a
long duration. The other two patients had low-extremity
soft tissue calcifications 2 and 5 years after initiation of PD;
one patient had a shorter duration of undergoing dialysis
but had a long history of being bedridden, which might
have contributed to bone resorption leading to unnoticed/
uncontrolled hypercalcemia. In addition, extra-skeletal
calcifications of atypical areas in our cases could result from
other causes including steroid-induced calciphylaxis in
patients with FSGS and fat tissue necrosis in a bedridden

patient.

Since the correlation between calcification and vessel
thickness/stiffness has been revealed in pediatric KFRT on
dialysis” , extra-skeletal calcification also needs to be pre-
vented and treated properly in pediatric patients. Calcifica-
tions in CKD can be managed using non-calcium-based
phosphate binders to control hyperphosphatemia, calcimi-
metics to activate calcium-sensing receptors, and kidney
transplantation'”. However, the aim of these methods is to
prevent the aggravation of calcification, not to reverse the
process”. In our cases, band keratosis and solitary mass
lesions were surgically removed; calcifications in the other
cases could not be treated, but measures to prevent aggra-
vation, as recommend in the literature, were introduced,
such as controlling serum calcium and phosphate levels
more strictly, targeting age-appropriate normal ranges for
calcium and phosphorous product <55 mg’/dL’, switching
calcium-containing phosphate binders to non-calcium-
containing ones such as sevelamer, and encouraging die-
tary restriction of phosphate®”'”. Although using dialysates
oflow-calcium concentrations (2.5 and 3.0 mEq/L) are also
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recommended”"”, their use might also be accompanied by
side effects such as cardiac arrhythmia and muscle cramp;
hence, we did not use low-calcium-containing dialysates
unless hypercalcemia was present, as was the case with case
2, which sometimes showed hypercalcemia that required
use of low-calcium dialysate. Hyperparathyroidism should
also be strictly controlled using adequate phosphate
binders, vitamin D, calcimimetics such as cinacalcet, or
even parathyroidectomy™”"*.

Extra-skeletal calcifications in pediatric patients with
KFRT are uncommon; however, they can develop due to
variable causes. Since there are no definite treatments to
completely resolve this complication, a stringent manage-
ment of CKD-MBD is required to prevent occurrence and
aggravation of calcifications. Pediatricians might also need
to monitor the development of extra-skeletal calcifications
in children with CKD.

Patients consent

This study was reviewed and approved by the Institu-
tional Review Board (IRB) of Seoul National University
Hospital (IRB No. 2004-137-1117). The requirement for
informed consent was waived due to the retrospective

nature of the study.
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