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Abstract

Few cases of uraemic tumoral calcinosis (UTC) have been reported. This study aimed to investigate the clinical efficacy of
parathyroidectomy for UTC. Historical clinical data of patients with end-stage renal disease and UTC who underwent par-
athyroidectomy were analysed. Absorption of metastatic calcification was compared before and after operation. Changes in
intact parathyroid hormone, serum calcium, phosphorus, and alkaline phosphatase levels were analysed before parathyroid-
ectomy and at 1 week and 3, 6, and 12 months after parathyroidectomy. Eight patients met the enrolment criteria (men, 6;
mean age, 38.6 SD 10.9 years). Uraemic tumoral calcinosis, which developed 2—8 years after dialysis began, was caused by
secondary hyperparathyroidism. Massive calcium deposition was found in the shoulder (n =6), hip (n=3), and elbow (n=2).
Four patients had > 2 joints affected, and a single joint was involved for four patients. Seven patients had rapid remission
(< 6 months) of the masses after parathyroidectomy. In one patient, the mass remained unabsorbed until 6 months postop-
eratively. Hypocalcaemia occurred in all patients where parathyroidectomy was successful, and calcium supplementation
was required 1 year postoperatively. Serum intact parathyroid hormone levels on day 7 and at 3 and 6 months postoperatively
decreased significantly from baseline and remained low 1 year postoperatively (22.015 SD33.134 pg/mL). Postoperative
phosphorus levels were significantly lower than preoperative levels (p < 0.05), but no significant difference was found in
alkaline phosphatase levels (p > 0.05). Parathyroidectomy has promising efficacy for UTC treatment and regulation of serum
intact parathyroid hormone and phosphorus. Hypocalcaemia is a common complication after parathyroidectomy. Current
Controlled Trials ChiCTR2000041311, date of registration: Dec. 23, 2020.
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Introduction Most patients are asymptomatic for several years, although

some may experience skin ulcerations and joint movement

Uraemic tumoral calcinosis (UTC), a disease of abnormal
bone and mineral metabolism, is a rare complication of end-
stage renal disease (ESRD) that causes abnormal deposition
of calcium and phosphorus around large articular structures.
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and activity limitations [1].

Little is known about its exact mechanism, and limited
treatments show varied efficacies. Most researchers believe
that UTC is usually caused by hypercalcaemia and hyper-
phosphataemia resulting from secondary hyperparathyroidism
(SHPT). UTC typically occurs 8-36 months after the onset
of SHPT, with morbidity rate of 0.5-3% in patients receiv-
ing haemodialysis [2]. Treatment strategies for UTC include
reduction of the Cax P product and contributors to mineralisa-
tion [3], kidney transplantation, or parathyroidectomy (PTX).
Parathyroidectomy is considered effective for the treatment
of UTC in haemodialysis patients with SHPT. In some UTC
patients, however, PTX is ineffective [4]. This study aimed to
investigate the clinical efficacy of PTX to treat UTC in eight
patients to provide a reference for clinical practice.

@ Springer
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Patients and Methods
Study Population

Patients with SHPT and UTC who underwent maintenance hae-
modialysis in our dialysis centre and underwent total PTX without
transplantation (tPTX) between January 2008 and January 2019 were
eligible for inclusion. The inclusion criteria were diagnosis of SHPT
with tumour-like metastatic calcification and tPTX. The exclusion
criteria were SHPT with a history of drug treatment and history of
multiple neck operations. Clinical data, including age, sex, body mass
index (weight/height; kg/m?), primary disease, dialysis method, dialy-
sis duration, metastatic calcification duration, and degree and time of
postoperative absorption of metastatic calcinosis, and levels of intact
parathyroid hormone (iPTH), serum calcium, phosphorus, and alkaline
phosphatase (ALP) before and after surgery, were collected. Informed
consent was obtained from all the participants. This study was approved
by the human research ethics committee of the Affiliated Hospital of
Youjiang Medical College for Nationalities (Y YFY-LL-2019-004).

Biochemical Examination

Intact parathyroid hormone, serum calcium, serum phosphorus,
and ALP levels at 1 week and 3, 6, and 12 months after surgery
were measured. Levels of iPTH (normal, 6-80 pg/mL) were
measured using enzyme-linked immunosorbent assay. Serum
calcium (normal, 2.02-2.6 mmol/L), serum phosphorus (nor-
mal, 0.81-1.62 mmol/L), and ALP (normal, 31-135 U/L) levels
were measured using a Japanese 7600-010 Blood Biochemical
Automatic Analyser (Roche Diagnostics). Patients 4 and 7 failed
to return to our dialysis centre for postoperative re-examination
due to family circumstances; thus, the results of the blood draws
and re-examinations were obtained from the records of the local
dialysis centres where the procedures were performed.

Image Analysis

X-ray or CT scans were performed 3, 6, and 12 months
after the operations to compare the absorption of metastatic

calcinosis at each time point. Two senior imaging physicians
analysed the images independently. The patchy, lumpy, and
cluster calcification in soft tissues and the calcification area
of soft tissues were calculated.

Surgical Methods

All procedures were performed by the same gland sur-
gery team. Given the current best evidence, together with
our clinical experience and the attitudes of the patient and
family members, general anaesthesia, cervical transverse
incisions, and tPTX were performed in all eight patients.
All resected glands were sent to the Department of Pathol-
ogy of our hospital for histopathological examination.

Evaluation Index and Related Definition

Secondary hyperparathyroidism was diagnosed when the
patient’s serum iPTH was > 800 pg/mL (continuous refers
to more than two test results). Surgical success was defined
as iPTH <300 pg/mL in the first postoperative week. The
phenomenon of extraosseous calcium deposition in the soft
tissue around the joint in patients with end-stage renal dis-
ease is known UTC. The duration of UTC was defined as the
time interval between the first discovery of the tumour and
day of operation. The UTC size was defined as the size of the
tumour protruding from the skin surface. With regard to the
degree of UTC absorption, the tumour size and calcification
area were reduced by more than half postoperatively, which
was defined as obvious absorption. Complete absorption
occurred if the tumour disappeared completely. The duration
of dialysis covered the beginning of dialysis to the diagnosis.

Postoperative Calcium Supplementation

On the first postoperative day, after conventional admin-
istration of oral calcitriol (2 ug QN) and calcium bicar-
bonate (1.5 g TID), each patient received calcium glu-
conate injection, which was continuously pumped with

Table 2 Features of uraemic tumoral calcinosis and comparison of absorption lesions after operation

Patient no UTC duration Postoperative absorption Lesion location W/wot postoperative  Pathology
(months) time (months) recurrence
Patient 1 26 12 Left elbow, both shoulders, left knee Yes Hyperplasia
Patient 2 30 6 Right shoulder, left elbow, lung None Adenoma
Patient 3 3 1 Right shoulder None Adenoma
Patient 4 3 2 Right hip None Adenoma
Patient 5 12 2 Left hip None Adenoma
Patient 6 6 2 Right shoulder, both hips, right palm None Hyperplasia
Patient 7 24 5 Right shoulder, left thoracodorsal None Adenoma
Patient 8 3 1 Both shoulders None Hyperplasia
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«Fig. 1 Imaging comparison of uraemic tumoral calcinosis before
and after PTX. In patient 1, the lesion of the right shoulder joint was
completely absorbed 2 months after PTX (A). In patient 2, the lesion
of the right shoulder joint was mostly absorbed 6 months after PTX
(B). In patient 3, the lesion of the right shoulder joint was completely
absorbed 1 month after PTX (C). In patient 5, the lesion of the left
hip joint was completely absorbed 2 months after PTX (D). In patient
1, the lesion density was further increased at 12 months after PTX
(E). In patient 2, metastatic pulmonary calcifications showed remark-
able absorption on imagery 6 months after PTX (F). In patient 2, the
calciphylaxis on the left heel had progressed significantly 6 months
after PTX (G)

a micropump at 2 mg/(kg/h). Serum calcium levels were
evaluated every 6 h on the first postoperative day, and once
a day on postoperative days 2—7. Intravenous calcium sup-
plementation was terminated once the serum calcium con-
centration was > 2.8 mmol/L. Calcitriol and calcium bicar-
bonate doses were then halved, and the serum calcium
concentration was re-evaluated once a month to adjust the
oral calcium dose.

Statistical Analysis

All data were processed using SPSS 13.0 statistical soft-
ware (IBM Corp., Armonk, NY, USA). Measurement
data with normal distribution were expressed as mean
and standard deviation, and measurement data with non-
normal distribution were expressed as m (1/4, 3/4). When
the measurement data were consistent with the homoge-
neity of variance, paired z-test was used for comparison
between groups. Statistical significance was accepted
when p <0.05.

Results
Baseline Data

From January 2008 to January 2019, there were 519 mainte-
nance haemodialysis patients in our dialysis centre, among
which 205 (39.4%) patients developed SHPT and 10 (1.92%)
patients had SHPT combined with UTC. Eight patients met
the inclusion criteria of this study (among the two patients
who did not meet the inclusion criteria, one patient under-
went local resection of the shoulder joint tumour; despite
wound healing after operation, the patient died of septic
shock. The other patient’s buttock tumour subsided after
oral administration of Sevelamer Carbonate Tablets for
2 months).

We enrolled eight patients (men, 6; aged 45-60 years,
women, 2; aged 3042 years) with SHPT and UTC. The primary
disease was chronic glomerulonephritis for all eight patients.
The dialysis duration was 2—8 (average, 4.75 SD 2.12) years. The

UTC duration was 3-30 (average, 13.37 SD 11.51) months. At
disease onset, all patients presented with a painless mass, and
the surface of the mass ruptured, with chronic sinus formation
occurring 1 year after onset in patient 1. The shoulder (n=6),
hip (n=3), and elbow (n=2) were involved, and patients had a
single affected joint (n=4) or>2 affected joints (n=4). Patient
2 had pulmonary metastatic calcification and calciphylaxis of the
left heel. No patient had a history of trauma or surgery at disease
site. Baseline data are compared in Table 1.

Surgical Results

All patients underwent tPTX, and seven of the surgeries
were successful. In patient 4, only three parathyroid glands
were found. One week after surgery, the iPTH level for
this patient was still > 300 pg/mL, which did not meet the
criteria for surgical success. The pathological types of the
parathyroid glands were adenoma (n=35) and hyperplasia
(n=3) (Table 2).

Postoperative Absorption of UTC

The postoperative absorption of lesions in eight patients
is detailed in Table 2. Nearly complete absorption of the
lesions at the joint sites was observed in seven patients
1-6 months after surgery (Fig. 1A-D), including patient
4 for whom the surgery was not surgically successful. At
6 months after surgery, patient 1 had slightly reduced meta-
static calcification in the elbow joint, but at 12 months, the
patient presented with an even greater density of metastatic
calcinosis in the left elbow joint and a mass, which devel-
oped postoperatively (Fig. 1E). Patient 2 had pulmonary
metastatic calcification and calciphylaxis of the left heel,
the number of metastatic pulmonary calcifications signifi-
cantly reduced 6 months after operation (Fig. 1F), but cal-
ciphylaxis on his left heel worsened (Fig. 1G). Symptoms
of skin itching, bone pain, and insomnia were significantly
improved in all patients. The blood pressure of patients with
intractable hypertension before surgery was well controlled
postoperatively.

Dynamic Monitoring of Serum iPTH, ALP, Calcium,
and Phosphate Levels After PTX

Preoperative and postoperative biochemical indicators
are compared in Table 3. In the successful surgery group,
the serum iPTH level decreased significantly by day 7 and
remained low at 3, 6, and 12 months after surgery (p <0.001).
In patient 4, the iPTH level gradually increased to pre-
operative levels 6 months after surgery. All seven patients
whose surgery was successful developed hypocalcaemia,
and they required long-term oral calcitriol and calcium car-
bonate treatments. Subsequently, the serum calcium levels
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in these patients dropped and were maintained at 1.70 SD
0.22 mmol/L at 1 year after surgery, and hypocalcaemia
symptoms disappeared. The serum phosphorus levels of these
patients also decreased significantly after surgery (p <0.05),
whereas ALP levels did not change significantly (p > 0.05).

Discussion

A total of eight patients who had metastatic calcinosis at
various joint and non-joint sites (i.e. chest wall), includ-
ing the shoulder joint (5/8), hip joint (3/8), and elbow
joint (2/8), were included in this study. The predilection
sites were consistent with those in previous studies [1].
It is unclear why UTC occurs frequently at large joints.
Fukuta et al. [5] found that in patients with SHPT, pul-
monary calcinosis often occurred in the upper lung, and
onset was related to the presence of a pH gradient in the
lung tissue. The pCO, in the upper lung was lower than
that in the lower lung, and the pH was alkaline, which
resulted in calcium phosphate precipitation. This sug-
gests that the onset of UTC in large joints may be related
to a change in the pH of synovial fluid, which is similar
to the appearance of tophi in the joints of individuals
with gouty arthritis. However, no studies have examined
the correlation between the change in pH in the syno-
vial fluid of patients with SHPT and the occurrence and
progression of UTC. Uraemic tumoral calcinosis often
appears 8—36 months after SHPT onset, with an inci-
dence rate of 0.5-3.0% [6, 7], and the actual incidence
rate may be higher due to the lack of specific symptoms
at the early disease stage. With the advancements in
blood purification technologies, the incidence of SHPT is
increasing annually, and the incidence of UTC increases
accordingly [8].

A diagnosis of UTC mainly relies on the patient history
and typical imaging findings. The primary clinical mani-
festation of UTC is a painless mass in the periarticular soft

Table 3 Dynamic changes of iPTH, Ca, P, and ALP after PTX

tissues that does not involve the synovium of the joint, and
this slowly growing mass can lead to limited joint func-
tion. Uraemic tumoral calcinosis presents as subcutaneous
papules or nodules in the skin, with no significant visible
changes in the local skin, in which excessive tumours can
form a sinus with white silt-like material flowing from
the skin opening. Radiography, CT, and magnetic reso-
nance imaging are highly sensitive and can show irregular
lobulated hyperdense calcinosis without destruction of the
periarticular bone [9, 10]. In this study, microscopically,
amorphous calcium surrounded by dense fibrous tissue
was observed, and the main components were hydroxyapa-
tite and calcium pyrophosphate dihydrate crystals. An
infiltration of macrophages, fibroblasts, and osteoclast-
like giant cells was also observed in some cases. All eight
patients had a painless mass at a large joint site as the first
symptom. One patient had UTC for more than 30 months,
the surface of the mass ruptured, and a chronic sinus
formed. The texture became exceptionally hard, which was
consistent with typical clinical manifestations of UTC.
The pathogenesis of UTC has not been elucidated, and
some researchers believe that the disease is caused by
autosomal dominant genetic malformation [3, 11]. Other
researchers consider that a primary defect of the colla-
gen tissue causes a stress response of the collagen fibres
around the diseased joint [12]. Some scholars believe that
the abnormal metabolism of calcium, phosphorus, and
cholesterol results in the ectopic distribution of calcium
[13]. Vieira et al. [14] also suggested that the disease was
caused by calcium redistribution due to a local nutrient
supply disturbance following trauma. At present, scholars
mainly agree with the theory of abnormal calcium and
phosphorus metabolism. Several UTC cases with a his-
tory of calcitriol pulse therapy have been reported [15,
16]. In the present study, eight patients had a long-term
history of taking Calcitriol. Therefore, we believe that
excessive intake of active vitamin D3 may be the main
reason for the development of UTC. The primary disease
of the eight patients with chronic renal failure was primary

Time Calcium (mmol/L) Phosphorus (mmol/L) iPTH (pg/L) ALP (U/L)
Pre-op 2.28 SD 0.14 2.59 SD 0.42 1327.12 (956.5,1382.5) 284.71 SD 306.33
1 week post-op 1.88 SD 0.16 2.03SD 0.43 32(1.2,11.3)A 241.14 SD 246.29
3 months post-op 1.71 SD 0.20 2.11 SD 0.57 4.8(2.2,10.00A 183.85 SD 202.81
6 months post-op 1.58 SD 0.24 2.23 SD 0.59 2.8 (1.1,7.9) A 199.71 SD 59.42
12 months post-op 1.70 SD 0.22 2.11 SD 0.29 2.3(1.8,6.7)A 169.714 SD 42.62
P value <0.05 <0.05 <0.001 >0.05

The measurement data of normal distribution is represented by mean + standard deviation, and the measurement data of non-normal distribution
is represented by M (1/4,3/4). When the measurement data were consistent with the homogeneity of variance, used paired -test for comparison

between groups. Compared with preoperative, * P<0.05, AP <0.001
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glomerulonephritis. We searched the literature at home
and abroad and found 31 cases of UTC. There were 15
cases with glomerulonephritis as the primary disease,
accounting for 58.9% of patients. Owing to the small num-
ber of cases, we cannot confirm the correlation between
UTC and primary glomerulonephritis.

Currently, the main treatment options include medica-
tion (calcium phosphate binders, calcimimetics, and sodium
thiosulfate), surgical resection of the tumour, PTX, and renal
transplantation, but there have been no large-scale controlled
studies on the optimal treatment modalities [17]. In previous
case reports, PTX was considered an effective treatment for
UTC, and metastatic calcinosis was completely absorbed
1-5 months after PTX [18, 19]. Zhou et al. [20] reported
a case of PD complicated with UTC that was completely
absorbed 3 months after PTX with forearm transplanta-
tion. Daisuke et al. [21] presented a case of parathyroid
carcinoma partially controlled by cinacalcet, in which the
tumoral calcinosis was successfully resolved 1 year after a
total PTX. However, Jaeger et al. [22] reported that, among
three patients who received PTX treatment due to SHPT
with UTC, only one had a tumour that could be absorbed
after surgery. The other two patients had low preoperative
serum ALP levels, and the tumours showed no significant
absorption after surgery. The authors concluded that PTX is
usually effective only in dialysis patients with severe hyper-
parathyroidism and high serum ALP levels. Wang et al.
[23] retrospectively analysed the clinical data of eight UTC
patients treated with PTX and found that five showed com-
plete tumour absorption within 1-6 months after surgery,
while the other four showed no significant tumour absorp-
tion. They reported that the PTX effectiveness rate for the
treatment of UTC was 62.5% and that the non-absorption
of UTC after PTX was related to a history of lower ALP
levels and UTC. Zhang et al. [24] believed that prolonged
persistence of UTC induced more fibroblasts and collagen
encasing around calcium hydroxyapatite crystals, and this
was one of the reasons why the calcinosis was difficult to
absorb after PTX. Bas et al. [25] found that macrophages
were associated with mineralised resorption and those mac-
rophages could transform into osteoclasts and degrade calci-
fied elastin. In the present study, the preoperative ALP level
was significantly lower in the patient who did not experience
UTC absorption after PTX than in the other seven patients,
and this result is consistent with those of Wang et al. [23].
However, those study results were controversial because of
the small sample size. Experimental verification with large
sample studies is required to determine whether there is a
relationship between low preoperative ALP and UTC non-
absorption after PTX. The mechanism of UTC absorption
after PTX has not been elucidated, and it may be related
to the ALP level and improvement of calcium and phos-
phorus metabolism after PTX. Serum calcium level and

phosphate were decreased post-PTX, which then prevented
the increase of tumour-like metastatic calcification [26].
Finally, hydroxyapatite and calcium pyrophosphate dihy-
drate crystals were dissolved. However, specific mechanisms
of tumour absorption have not been reported. In our study,
all eight patients with SHPT underwent PTX, of which seven
showed complete UTC absorption within 1-6 months after
PTX. Even for the patient whose surgery was unsuccessful,
the tumour was completely absorbed 3 months after sur-
gery. This confirmed the hypothesis that PTX can promote
UTC absorption by improving calcium and phosphorus
metabolism.

Regarding study limitations, first, this study fol-
lowed a single-centre design, and due to the rarity of
tumoral calcinosis in uremic SHPT patients, the number
of patients in the study group was limited. Second, two
patients failed to return to our hospital on time, and com-
plete imaging data were not collected. Third, no experi-
ments were performed to clarify mechanism of UTC
absorption. In conclusion, this study shows the effec-
tiveness of parathyroidectomy for the treatment of urae-
mic tumoral calcinosis. Thus, additional clinical studies
with large sample sizes are needed to verify the effect of
parathyroidectomy on uraemic tumoral calcinosis and to
investigate the mechanism of uraemic tumoral calcinosis
absorption after parathyroidectomy.
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