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functions and histopathological findings (ci, ct, ci + ct, cv, 
ah, percentage of sclerotic glomeruli) were not different at 
6 and 12 months posttransplantation.
Conclusions  Hypercalcemia and persistent hyperparathy-
roidism are not rare after KTx. Tubulointerstitial calci-
fication is more common and progressive among patients 
with persistent hypercalcemia. Normalization of calcium 
levels may contribute to regression of calcification in some 
patients.
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Introduction

Nephrocalcinosis is characterized by tubular and inter-
stitial deposits of calcium in the form of calcium oxalate 
or calcium phosphate. Calcium oxalate deposition can be 
secondary to hereditary diseases like primary hyperoxalu-
ria or acquired causes such as enteric hyperoxaluria, toxic 
exposures and excessive dietary intake of oxalate [1]. The 
most common underlying causes of calcium phosphate 
deposition are conditions related to hypercalcemia and 
hyperphosphatemia. The histopathological properties help 
to distinguish the type of calcium salts. In sections stained 
with hematoxylin–eosin, oxalate crystals appear translu-
cent, whereas calcium phosphate crystals often appear as 
blue or purple deposits. The von Kossa stain reacts with the 
phosphate moiety of calcium phosphate [1, 2].

In renal allografts, tubulointerstitial calcification is a 
common finding and occurs secondary to hyperparathy-
roidism, calcineurin inhibitor toxicity and delayed graft 
function [3–8]. Although kidney transplantation (KTx) 

Abstract 
Purpose  Persistent hypercalcemia after kidney transplanta-
tion (KTx) may cause nephrocalcinosis and graft dysfunc-
tion. The aim of this study was to evaluate patients with 
hypercalcemia and assess its effect on tubulointerstitial 
calcification.
Methods  A total of 247 recipients were enrolled. Transient 
and persistent hypercalcemia was defined as hypercalce-
mia (corrected serum calcium >10.2 mg/dL) persisting for 
6 and 12  months after KTx, respectively. The severity of 
calcification in the 0-h, 6- and 12-month protocol biopsies 
of patients with transient (n = 8) and persistent hypercalce-
mia (n = 20) was compared with a matched control group 
(n = 28).
Results  Twenty-eight patients were hypercalcemic at 
6  months posttransplantation. Serum calcium levels were 
normalized in eight of them at the end of the first year. 
Dialysis duration was a positive predictor of persistent 
hypercalcemia. Tubulointerstitial calcification was detected 
in 70.6 and 90  % of patients with persistent hypercalce-
mia at 6 and 12  months posttransplantation, respectively. 
In 20 % of patients with transient hypercalcemia, severity 
of calcification regressed at 12 months posttransplantation 
along with normalization of serum calcium levels. Graft 
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improves most of the metabolic disturbances of chronic 
kidney disease, hyperparathyroidism may persist and cause 
hypercalcemia, which may lead to adverse effects like allo-
graft and vascular calcification [3, 9].

The aim of this study was to determine the incidence 
and clinical course of persistent hypercalcemia and to 
determine the effect of hypercalcemia on tubulointerstitial 
calcification by evaluating protocol biopsies of good func-
tioning allografts during the first year after KTx.

Materials and methods

A total of 281 consecutive patients who underwent KTx 
between January 2009 and December 2011 were evalu-
ated for the study. After the exclusion of 34 patients due to 
graft dysfunction (serum creatinine level ≥3  mg/dL dur-
ing the first year), patient death, loss to follow-up or lack 
of data regarding calcium level during the first year after 
KTx, a total of 247 patients were enrolled. Demographic, 
clinical and laboratory data were collected retrospectively 
from medical records. Pretransplantation parathyroid hor-
mone (PTH) levels were obtained within 6  months before 
transplantation. Serum calcium was normalized to a serum 
albumin of 4.0 mg/dL, assuming that the calcium concen-
tration changed by 0.8  mg/dL for every 1  g/dL change in 
serum albumin concentration. Hypercalcemia was defined 
as corrected serum calcium level >10.2 mg/dL. The patients 
whose serum calcium levels were normal at 6 and 12 months 
posttransplantation were included in normocalcemia group 
(n = 219). Patients whose serum calcium levels were high 
at 6 months and had normalized at 12 months of KTx were 
diagnosed transient hypercalcemia (n = 8). Patients whose 
serum calcium levels were high at 6 and 12  months post-
transplantation were included in persistent hypercalcemia 
group (n = 20). From the normocalcemia group, a control 
group (n =  28) was chosen which matched the hypercal-
cemic patients (both transient and persistent, total n = 28) 
in age (40 ±  11  years vs 42 ±  9  years), gender (number 
of males, n = 14 vs n = 14), dialysis duration (median 78 
vs 78  months), delayed graft function (n =  9 vs n =  9), 

deceased donor type (n = 15 vs n = 15) and immunosup-
pressive regimen (CNI-based regimen, n = 26 vs n = 25) in 
order to evaluate the severity of the allograft tubulointersti-
tial calcification and chronic histopathological changes.

The policy of our center is to perform a kidney biopsy 
(0-h biopsy) after revascularization and protocol biopsies at 
6 and 12 months after transplantation unless patients do not 
give consent or have a contraindication for biopsy. The 0-h, 
6- and 12-month protocol biopsies of patients with transient 
hypercalcemia, persistent hypercalcemia and the matched 
control group were evaluated. Analyses included 56, 50 and 
56 biopsies at 0  h, 6 and 12  months, respectively. Besides 
routine staining with hematoxylin–eosin, periodic acid–
Schiff, silver and Masson’s trichrome, von Kossa staining 
was performed on formalin (4 %)-fixed paraffin-embedded 
biopsies for visualization of tubulointerstitial calcium phos-
phate deposits. Tubulointerstitial calcification was evaluated 
according to extent (none, mild, moderate, severe, scored 
from 0 to 3, respectively) by one pathologist who was una-
ware of the serum calcium levels of the patients (Fig.  1). 
Histological slides were systematically analyzed, and scor-
ing of microcalcification was evaluated in the slides stained 
with von Kossa. The score of slides with no calcification was 
defined as none. The number of calcification foci ≤3 in serial 
histological slides, diameter of foci smaller than diameter of 
tubules and ≤3 foci in a microscopic area was defined as 
mild microcalcification. The number of calcification foci of 
>3 in serial histological slides, diameter smaller than diam-
eter of tubules and ≤3 foci in a microscopic area was defined 
as moderate microcalcification. The number of calcification 
foci of >3 in serial histological slides, diameter larger than 
diameter of tubules or >3 foci in a microscopic area was 
defined as severe microcalcification. Biopsies were evaluated 
according to Banff classification [10]. The number of glo-
meruli and percentage of sclerotic glomeruli were recorded. 
Histopathological grading for interstitial fibrosis (ci), tubu-
lar atrophy (ct), fibrous intimal thickening (cv) and arteriolar 
hyalinosis (ah) was performed, and the sum of ci and ct was 
used as interstitial fibrosis and tubular atrophy (IFTA) score.

Data were analyzed using the Statistical Package for the 
Social Sciences (SPSS) software version 15.0 for Windows. 

Fig. 1   Light microscopy of allograft histopathology demonstrating 
the scoring of tubulointerstitial calcifications. The kidney tissue was 
stained with von Kossa which is specific for calcium phosphate. a 

None (Score 0), b Mild (Score 1), c Moderate (Score 2), d Severe 
(Score 3); the last slide was obtained from a native kidney biopsy 
(von Kossa, original magnification ×10)
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Continuous variables were presented as mean ±  standard 
deviation or median and interquartile ranges and categori-
cal variables as frequency and percentage. Numerical data 
were compared with one-way ANOVA or with Kruskal–
Wallis and Mann–Whitney U test according to distribution 
of the data. Chi-square tests were used to compare categori-
cal data. Correlation analyses were performed by Spear-
man’s analysis. Predictors of persistent hypercalcemia were 
evaluated by binary regression analysis based on age, PTH 
level before transplantation, duration of dialysis, type and 
age of the donor. Predictors of presence of tubulointerstitial 
calcification in 12-month protocol biopsies were evaluated 
by age, duration of dialysis, type of donor, serum creatinine 
and calcium levels at 6 and 12 months, calcium phospho-
rus product at 6 and 12 months and PTH level before and 
12 months after transplantation. A p value <0.05 was con-
sidered to be statistically significant.

Results

Of 247 patients, 28 (11.3 %) patients were hypercalcemic at 
6 months posttransplantation. At the end of the first year, eight 
of those patients’ calcium levels had normalized (transient 
hypercalcemia group) and 20 patients remained hypercalce-
mic (persistent hypercalcemia group). Demographic char-
acteristics and laboratory findings are presented in Table  1. 
Persistent hypercalcemia was associated with significantly 
longer dialysis duration and higher PTH levels before and 
1  year after KTx when compared with the normocalcemia 

group. The binary regression analysis model included age, 
PTH level before transplantation, duration of dialysis, type 
and age of donor; duration of dialysis was found to be the 
only significant predictor of persistent hypercalcemia (Exp 
(B) = 1.018, 95.0 % CI 1.009–1.028, p < 0.001).

In transient hypercalcemia group, none of the patients 
received phosphorus supplementation and hypercalcemia 
was treated with conservative recommendations such as 
adequate fluid intake and low calcium diet. In persistent 
hypercalcemia group, two patients temporarily received 
phosphorus supplementation within the first month of 
transplantation. None of the patients received calcium-
sensing receptor activators such as cinacalcet, vitamin D 
supplementation or vitamin D receptor activators.

Histopathological data based on tubulointerstitial 
calcification

The severity of calcification was evaluated in the 0-h, 
6- and 12-month graft biopsies of patients with transient 
hypercalcemia (n = 8), persistent hypercalcemia (n = 20) 
and the matched control group (n =  28). Significant dif-
ferences were detected in percentages of patients with 
different calcification scores between the groups at 6 and 
12 months posttransplantation (Table 2). None of the 0-h 
biopsies showed microcalcification. In control group, 
23  % of 6-month and 32  % of 12-month graft biopsies 
showed microcalcification. At 6  months posttransplanta-
tion, 57.1  % patients with transient hypercalcemia had 
microcalcification, but after regression of hypercalcemia, 

Table 1   Demographic and laboratory findings of the patients

$  Normocalcemia versus transient hypercalcemia p < 0.001
#  Normocalcemia versus persistent hypercalcemia p < 0.001

* Transient hypercalcemia versus persistent hypercalcemia p < 0.001
ψ  Normocalcemia versus transient hypercalcemia p < 0.01

Normocalcemia 
(n = 219)

Transient hypercalcemia 
(n = 8)

Persistent hypercalcemia 
(n = 20)

p

Age (years) 40 ± 12 39 ± 10 44 ± 9 0.284

Gender (male, n) 129 4 10 0.668

Duration of dialysis (months)# 23 (6–84) 20 (10–99) 120 (42–152) <0.001

PTH level before transplantation (pg/mL)# 330 (172–553) 339 (94–962) 580 (442–766) 0.005

Type of donor (deceased, n) 52 1 14 <0.001

Calcium level at 6 months (mg/dL)$# 9.2 (9.0–9.6) 10.5 (10.4–10.8) 10.7 (10.4–10.9) <0.001

Phosphorous level at 6 months (mg/dL)# 3.4 ± 0.7 3.0 ± 0.8 2.2 ± 0.3 <0.001

ALP level at 6 months (U/L) 80 (64–104) 116 (92–154) 89 (70–119) 0.072

Calcium level at 12 months (mg/dL)#*ψ 9.2 (8.9–9.5) 9.9 (9.2–10.0) 10.8 (10.4–11.3) <0.001

Phosphorous level at 12 months (mg/dL)# 3.5 (3.0–4.0) 3.0 (2.3–3.6) 2.7 (2.1–2.9) <0.001

ALP level at 12 months (U/L) 88 (73–120) 116 (85–153) 108 (79–169) 0.076

Creatinine level at 12 months (mg/dL) 1.21 (1.00–1.48) 1.32 (1.21–1.66) 1.10 (0.86–1.37) 0.231

PTH level at 12 months (pg/mL)# 76 (54–111) 130 (55–550) 237 (156–573) <0.001
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microcalcification disappeared in 20  % of the group at 
12 months posttransplantation. In persistent hypercalcemia 
group, tubulointerstitial microcalcification was detected 
in 70.6  % of 6-month biopsies and 90  % of 12-month 
biopsies. While 35.3 and 40 % of patients with persistent 
hypercalcemia had moderate microcalcification at 6 and 
12  months posttransplantation, respectively, the number 
of patients with moderate calcification was very small in 
control group and transient hypercalcemia group at 6 and 
12 months.

Tubulointerstitial calcification at 12  months posttrans-
plantation was positively correlated with duration of dial-
ysis, pretransplantation PTH level and calcium levels at 6 
and 12 months after KTx, PTH level 1 year posttransplan-
tation but negatively correlated with phosphorus levels and 
calcium phosphorus product at 6 and 12  months of KTx 
(Table  3). In binary regression analysis model including 
age, duration of dialysis, type of donor, serum creatinine 
and calcium levels at 6 and 12 months, calcium phospho-
rus product at 6 and 12 months and PTH level before and 
12  months after transplantation, serum calcium level at 
12th month was the predictor of presence of microcalci-
fication at 12-month protocol biopsies (Exp (B) =  4.972, 
95.0 % CI 1.189–20.791, p = 0.028).

Means scores of allograft calcification at 0-h, 6- and 
12-month protocol biopsies are presented in Table  4. 
Among persistent hypercalcemia group, calcification 
was more extensive than matched control group at 6 and 
12  months posttransplantation and than transient hyper-
calcemia group at 12  months posttransplantation. Histo-
pathological findings based on chronic changes (ci, ct, 
ci + ct, cv, ah and percentage of sclerotic glomeruli) were 

not significantly different between three groups at 6 and 
12  months posttransplantation (Table  4). None of these 
changes were correlated with serum calcium levels at 6 and 
12 months posttransplantation.

Discussion

In the present study including 247 kidney transplant 
recipients, 11.3 and 8.1  % were hypercalcemic at 6 and 
12  months, respectively. Duration of dialysis was the 
main predictor of persistent hypercalcemia. In control 
group, incidences of patients with microcalcification were 
23.1 and 32.1  % at 6 and 12  months posttransplanta-
tion, and majority of them were mild. In transient hyper-
calcemia group, mild microcalcification was detected in 
57.1 % of patients at 6 months. Furthermore, in the same 
group, microcalcification disappeared in 20  % of patients 
at 12  months posttransplantation, along with normaliza-
tion of serum calcium levels. The number of patients with 
mild and moderate microcalcification increased from 6 to 
12 months posttransplantation in persistent hypercalcemia 
group.

The metabolic disturbances of chronic kidney disease 
may improve to a large extent after a successful KTx. 
Nonetheless, hypercalcemia and secondary hyperparathy-
roidism are among the most common abnormalities that 
persist after KTx, with a reported incidence of up to 50 % 
[11–16]. This variability in the incidence may be attribut-
able to various factors such as the use of different serum 
calcium levels for diagnosis, evaluation of ionized or total 
calcium level, whether or not calcium levels were corrected 
based on albumin, and the timing of diagnosis. In con-
cordance with previous studies, the rate of hypercalcemia 
decreased progressively during the first year in the present 
study.

The main cause of hypercalcemia after KTx is persis-
tent hyperparathyroidism, which is much more likely to 

Table 2   Rates of patients according to tubulointerstitial calcification 
scores in 0-h, 6- and 12-month protocol biopsies

p = 0.003 at 6th month between the groups, p < 0.001 at 12th month 
between the groups

Matched control 
(n = 28) (%)

Transient hyper-
calcemia (n = 8) 
(%)

Persistent 
hypercalcemia 
(n = 20) (%)

0 h

 0 (none) 100 100 100

6 months

 0 (none) 76.9 42.9 29.4

 1 (mild) 19.3 57.1 35.3

 2 (moderate) 3.8 0.0 35.3

3 (severe) 0.0 0.0 0.0

12 months

 0 (none) 67.9 62.5 10.0

 1 (mild) 28.6 37.5 50.0

 2 (moderate) 3.5 0.0 40.0

 3 (severe) 0.0 0.0 0.0

Table 3   Correlation analysis between tubulointerstitial calcification 
score of 12-month protocol biopsies and clinical findings

r p

Duration of dialysis 0.361 0.007

PTH level before KTx 0.332 0.039

Calcium level at 6 months 0.526 <0.001

Phosphorus level at 6 months −0.398 0.005

Calcium x phosphorus at 6 months −0.305 0.035

Calcium level at 12 months 0.592 <0.001

Phosphorus level at 12 months −0.448 0.001

Calcium x phosphorus at 12 months −0.301 0.025

PTH level at 12 months 0.400 0.006
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occur in recipients with a longer history of dialysis and 
therefore more severe secondary hyperparathyroidism [14, 
17–19]. Our study established longer dialysis duration as a 
risk factor for persistent hypercalcemia. The patients with 
persistent hypercalcemia were transplanted mostly from 
deceased donors after a long period of dialysis. Two of the 
important consequences of longer waiting times for KTx 
are severe persistent hyperparathyroidism and hypercalce-
mia. In a previous study, patients with persistent hypercal-
cemia were found to have significantly elevated serum lev-
els of PTH, calcium and phosphorus at the time of KTx and 
to spend a longer time on dialysis [17]. Dialysis duration 
and PTH level before KTx have been determined as predic-
tors of posttransplantation hypercalcemia [19].

Calcium depositions, mostly as calcium phosphate salts, 
in the tubulointerstitium of the graft are frequently observed 
[3–6]. Microcalcification is detected in 5  % of 0-h biop-
sies, but the rate increases progressively after transplanta-
tion [4, 6]. In 114 patients with combined pancreas–kidney 
transplantation, the rate of tubular microcalcification was 
40  % at 1  year and increased to 80  % by 10  years post-
transplantation [4]. Delayed graft function, hyperparathy-
roidism, hypercalcemia and calcineurin inhibitor toxicity 
were associated with tubulointerstitial calcification [3–6]. 
In a previous study, nephrocalcinosis was observed in 17 % 
of patients within the first week of KTx in conjunction with 
delayed graft function [3]. Unlike early microcalcification, 
persistent hypercalcemia and hyperparathyroidism are the 
main causes of microcalcification developing over months 
or years after KTx, but the contribution of calcineurin 
inhibitors is controversial [4–6]. On the other hand, severe 

hypercalcemia may also cause calcification in the early 
period after KTx. In a few case reports, severe and uncon-
trolled hypercalcemia and hyperparathyroidism caused 
massive intratubular calcifications and graft dysfunction 
immediately after KTx [20, 21]. In one of these cases, graft 
dysfunction resolved after urgent parathyroidectomy [21]. 
Despite these catastrophic presentations, most patients with 
hypercalcemia have normal graft function. Nevertheless, 
they may have allograft calcification which can be detected 
only by protocol biopsies. Previous studies showed that 
hypercalcemia was associated with more severe calcium 
deposition and some demonstrated its adverse effects on 
graft survival [5, 7, 8]. Binary regression analysis model 
including age, duration of dialysis, type of donor, serum 
creatinine and calcium levels at 6 and 12 months, calcium 
phosphorus product at 6 and 12  months and PTH level 
before and 12  months after transplantation demonstrated 
serum calcium level at 12th month as a predictor of tubu-
lointerstitial microcalcification in 12-month protocol biop-
sies. We could not evaluate the effect of PTH levels at 6th 
month posttransplantation due to lack of PTH levels in nor-
mocalcemic control group. Number of patients with micro-
calcification was significantly higher in hypercalcemic 
groups when compared with normocalcemic control group. 
Moreover, tubulointerstitial microcalcification was progres-
sive in patients with persistently high calcium levels during 
the first year. These findings indicate that posttransplanta-
tion hypercalcemia is associated with tubulointerstitial 
calcification after KTx. As duration and severity of hyper-
calcemia increase, severity of tubulointerstitial calcifica-
tion increases. However, regression of microcalcification 

Table 4   Histopathological 
findings of 6- and 12-month 
protocol biopsies

* Matched control versus persistent hypercalcemia p = 0.001
$  Matched control versus persistent hypercalcemia p < 0.001
#  Transient hypercalcemia versus persistent hypercalcemia p = 0.003

Matched control 
(n = 28)

Transient hypercalcemia 
(n = 8)

Persistent hypercalcemia 
(n = 20)

p

6 months

 Microcalcification 
score*

0.3 ± 0.5 0.6 ± 0.5 1 ± 0.8 0.003

 gs (%) 6.4 ± 6.2 5.9 ± 5.3 4.6 ± 6.2 0.52

 ci + ct 1.3 ± 1.2 1.3 ± 0.8 1.1 ± 0.8 0.79

 ah 0.2 ± 0.6 0.1 ± 0.4 0.2 ± 0.5 0.80

 cv 0.2 ± 0.5 0.5 ± 0.8 0.4 ± 0.7 0.49

12 months

 Microcalcification 
score$#

0.4 ± 0.6 0.4 ± 0.5 1.3 ± 0.7 <0.001

 gs (%) 8.0 ± 8.8 7.9 ± 6.0 6.1 ± 8.7 0.51

 ci + ct 1.8 ± 1.0 2.1 ± 0.9 1.5 ± 0.9 0.34

 ah 0.3 ± 0.7 0 0.2 ± 0.5 0.45

 cv 0.3 ± 0.6 0.5 ± 0.8 0.5 ± 0.6 0.51
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in 12-month graft biopsies of some patients with transient 
hypercalcemia may indicate that tubulointerstitial microc-
alcification secondary to hypercalcemia may be reversible, 
especially in early years of KTx.

There are conflicting data in the literature regarding the 
association of hypercalcemia and allograft calcification 
with graft dysfunction. Some studies demonstrated adverse 
effects on graft survival [5, 7, 8, 22]. In a previous study, 
Gwinner et al. evaluated the effect of allograft calcification 
in serial protocol biopsies to analyze the relationship with 
graft outcome at 1  year posttransplantation. In this study, 
patients with calcification had significantly higher serum 
calcium levels and an inferior graft outcome was detected 
with higher PTH levels for patients with calcification [5]. 
Schwarz et  al. [8] determined nephrocalcinosis to be a 
risk factor for chronic allograft nephropathy in a protocol 
biopsy study. Calcium oxalate deposits were detected in 
half of graft biopsies of recipients with early graft dysfunc-
tion. A lower 12-year graft survival rate was shown in the 
presence of early nephrocalcinosis related to early graft 
dysfunction. Although the underlying reason was different 
in this study, it demonstrated that calcification is an inde-
pendent predictor for long-term graft functions [22]. In 
two different studies, persistent hypercalcemia and calcium 
phosphorus product were found to be risk factors for graft 
failure [7, 13]. In contrast, a study in which 44 % of graft 
biopsies showed calcification did not demonstrate a corre-
lation between microcalcification and serum calcium levels 
or outcome in pediatric patients [23]. In our study, neither 
histopathological findings based on chronic changes and 
percentage of sclerotic glomeruli nor graft functions at 6 
and 12 months were significantly different between patients 
with or without hypercalcemia. However, these time points 
are too early to evaluate the effect of microcalcification on 
graft function and chronic histopathological findings. Per-
sistently high levels of serum calcium and subsequent tubu-
lointerstitial microcalcification might adversely affect graft 
function in the long term.

This is the first study that compared the allograft tubu-
lointerstitial calcification in 0-h, 6- and 12-month proto-
col biopsies of recipients with or without hypercalcemia. 
The main limitations include the retrospective design of 
the study and limited number of patients. Another limita-
tion is that the study did not include data regarding uri-
nary excretion of calcium and phosphorus, which may also 
affect calcification of the allograft. The effect of CNI lev-
els on occurrence or progression of microcalcification was 
not analyzed. Lack of analysis with regard to the effects of 
vitamin D levels on microcalcification after KTx and lack 
of PTH levels at 6th month in normocalcemic matched 
control group are the other limitations.

In conclusion, persistent hypercalcemia is a com-
mon finding, especially among patients with long dialysis 

duration and severe secondary hyperparathyroidism before 
KTx. Tubulointerstitial calcification is more common in the 
presence of hypercalcemia, but may regress after normali-
zation of serum calcium levels. In most recipients, hyper-
calcemia and tubulointerstitial calcification occur in the 
presence of good graft functions during the first years of 
KTx. However, they may contribute to graft dysfunction in 
the long term.
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