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ABSTRACT
Introduction: Pathogenesis of kidney stones includes many factors, whereas uroliths, as a generic term for kidney stones, are of a dif-
ferent composition. In pathogenesis of calcium urolithiasis hypercalcemia/hypercalciuria takes a significant place. Hypercalcemia exists 
when the serum calcium is of increased values, along with measurement and calculation of physiologically active calcium, when there are 
differences in the Ph of the blood or albumin. Goal: the goal of this research is to determine the correlation of values of the serum (CaS) 
and ionized calcium (Ca++) in patients with the calcium nephrolithiasis, whom have been established not to have hyperparathyroidism 
and malign diseases. Material and methods: the research was prospective and implemented at the Clinical Center in Banja Luka, at the 
Urology Clinic, in the period between 1st April 2012 – 1st January 2013 and it included 120 patients with the calcium lithiasis of the upper 
part of the urinary tract, divided into three age categories. Diagnosis of the calcium lithiasis of the upper part of the urinary tract was 
established on the basis of the ultrasonography of the urinary tract as well as native urinary tract/intravenous urography and chemical 
analysis of the stone in patients with spontaneous stone emission or after some of the methods for active removal of the stone. Chemical 
laboratory analysis of the serum and ionized calcium was done for all the patients, with 3ml of blood being taken for establishing the 
aforementioned parameters (1-2 ml of the serum) in vacuumed test tubes or glass tubes of capillary blood. Increased parathormone values 
(PHT) and history of malignity were excluding factors. Results: out of the 120 patients observed, Cs(S) had the value in the reference 
interval with most of them, that is, in 110 patients (91.7%). Those, whose value was out of the interval, are of an older age (all above 40). Av-
erage value of this parameter amounted to 2.3017, with an average difference (the standard deviation) of 0.11391. Observing the value of 
Ca++, the value within the reference interval was found in 106 patients (88.3%). Out of the remaining 14 patients, only two simultaneously 
had the value of Ca(S) out of the permitted interval. The majority of this group consisted of older patients (a half of those whose values 
were outside the interval was over 60). Average value of Ca++ amounted to 1.22 mmol/L with an average difference of 0.06454. In the 2 
aforementioned patients, who simultaneously had increased values of CaS and Ca++, the blood Ph was within the referential value limits, 
which suggests that, in line with the hyporcalcemia definition, only 2 patients with nephrolithiasis, in the total sample of 120 patients of 
our research sample, could have had a true hypercalcemia. Conclusion: the biggest number of patients with the calcium urolithiasis, who 
do not have hyperparathyroidism and history of malign diseases, do not have a real hypercalcemia.
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1.	INTRODUCTION
Urolithiasis presents morbidity, which significant-

ly participates in the costs of national health systems 
throughout the world, having in mind that the patients 
have a high percentage of hospitalization with indirect 
costs related to the decrease of their work abilities and 
loss of work days (1). Urolithiasis incidence has been on 
the increase in the last three decades, both in adult pop-
ulation as well as in children. This fact suggests that the 
change of external factors take a significant place in the 
risk of occurrence of kidney stones, even though there are 
many indications that genetic components present a sig-
nificant cause of occurrence of this pathological condition 

(2). Uroliths, as a generic term for kidney stones, are of 
different composition. Pathogenesis of the kidney stones 
includes many factors: age, gender, obesity, hypertension, 
hyperparathyroidism, gastrointestinal diseases, genetical-
ly caused urolithiasis, medicines associated and anatomic 
anomalies associated with the occurrence of uroliths, as 
well as different external factors, such as profession (oc-
cupation), physical activities, diets, geographical location 
of residence place (3-8). Generally, in pathogenesis of the 
calcium urolithiasis, hypercalcemia/hypercalciuria takes 
a significant place. As a consequence of hypercalcemia, 
what happens in the bones is generalized demineraliza-
tion and subperiosteal bone resorption with the loss of 
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cortex, whereas the kidney changes get manifested with 
the recidive occurrence of nephrolithiasis, nephrocalci-
nosis and damage of the kidney function. Hypercalciuria, 
i.e. increased excretion of calcium through urine is also 
frequent. Basically, there are three principle organs for 
maintaining of the calcium homeostasis: the kidneys, in-
testines and bones (9). Generally, the kidneys have a key 
role in the control of the calcium balance. Each day, about 
10 g of calcium gets filtered through kidneys: about 1.5% 
of this quantity gets excreted into urine, whereas the rest 
gets reabsorbed. The stone kidneys occur when it comes 
to their crystallization in urine and formation of solid 
forms. According to the EAU, the basic laboratory anal-
ysis of the patients with renal/ureteral colic implies the 
application of urine analysis (urinary sediment/dipstick 
test), serum analysis of creatinine, uric acid, ionized cal-
cium, sodium, potassium, blood cell count and C-reactive 
protein (CRP). Evaluation of high-risk stone formers also 
requires having a metabolic evaluation of 24 h urine sam-
ples of urinary excretion calcium, citrate, cystine, oxalate, 
urate (excretion), as well as additional serum analysis of 
ionograph and blood gas analysis. Hypercalcemia exists 
when the serum calcium values are increased, together 
with measuring and calculation of physiologically active 
calcium when there are differences in the Ph of blood or 
albumin (10). Measuring of the serum calcium with as-
ymptomatic patients often leads to inaccurately-positive 
increased values caused by random errors or changes in 
the level of active calcium because of differences of the 
blood Ph or albumin serum (11). Even though calcium is 
a predominant crystalline constituent of kidney stones in 
80% of cases, it is necessary to emphasize that the calci-
um nephrolithiasis occurs both in hypercalcemia/hyper-
calciuria patients and in normocalcemia/normokalciuria 
patients (12).

2.	GOAL OF REAEARCH
The goal of this research is to determine the correlation 

of values of the serum and ionized calcium in patients 
with the calcium nephrolithiasis, who have been identi-
fied as not suffering from hyperparathyroidism and ma-
lign diseases.

3.	MATERIAL AND METHODS
The research was prospective and implemented at the 

Clinical Center in Banja Luka, at the Urology Clinic, in 
the period from 1st January 2012 – 1st January 2013 and it 
has included 120 patients with the calcium lithiasis of the 
upper part of the urinary tract, which were divided into 
three age categories, with their age being 20-40, 40-60 and 
older than 60. Diagnosis of calcium lithiasis of the upper 
part of the urinary tract was set on the basis of ultraso-
nography of the urinary tract, as well as native urinary 
tract/intravenous urography and chemical analysis of 
stones in patients suffering from spontaneous emission of 
the stone or after some of the methods for an active stone 
removal. Ultrasound examinations were conducted us-
ing the sonograph LOGIQ 5 PRO, with a transabdominal 
proble of 3.5 MHz. Generally, untrasound examination 
provides detection of all the stones, regardless of their 
chemical composition. Pathognomonic sign of calcium 

urolithiasis on native scan of the urinary tract shows the 
presence of mineral shadow of calcium intensity. Interve-
nous urography has also, in addition to pathognomonic 
sign of calcium urolithiasis on the RTG scan, given insight 
into the functionality status of the kidney, as well as mor-
phological overview of pielocaliceal system of the kidney, 
ureter and bladder, with the defining of whether there 
was an obstruction in the derivation of urine in the sense 
of anatomic or functional obstruction, which could have 
presented a cause behind the urolithiasis. Excluding fac-
tors were anatomic and functional disturbances of the 
urinary tract, the consequence of which is obstructive 
uropathy, hyperthyroidism and history of malignity. 
Laboratory analysis of the serum and ionized calcium 
was done for all the patients at the central laboratory of 
the Clinical Center. For determining the aforementioned 
parameters, 3 ml of blood (1-2 ml of serum) were taken 
in vacuumed test tubes or glass tubes of capillary blood 
and processed with equipment COBAS C 501 (CaS) and 
acidobasic device ABL 800 (Ca++). Normal values of the 
serum ionized calcium for adults, older than 18 years of 
age, at the aforementioned instruments amount to 1.15-
1.29 mmol/L, while of the serum (unionized) calcium it is 
2.2-2.65 mmol/L.

4.	RESULTS
Demographically observed, the working sample includ-

ed 120 patients, who were categorized in three age cate-
gories: 20-40, 40-60 and over 60. Each age group had 40 
patients.

Average age amounted to 50.19 years, with a standard 
deviation of 15.60, while, on the other side, the sex struc-
ture was not complete balanced, as the sample included 
52.5% of men and 47.5% of women.

Basic descriptive measures, depending on the age cat-
egory (average, minimum, maximum, difference), were 
given in Table 1.

N Mean Std. Devi-
ation

Mini-
mum

Maxi-
mum

20 to 40 40 31.5250 5.11402 21.00 40.00
40 to 60 40 52.2250 4.98967 41.00 59.00
> 60 40 66.8250 6.78946 59.00 86.00
Total 120 50.1917 15.59966 21.00 86.00

Table. 1. Demographic characteristics of working sample by age 
categories.

Values of the serum and ionized calcium in relation to 
the age category are shown in Tables 2 and 3.

Out of the observed 120 patients, calcium – Ca(S) had 
the value within the expected interval in most of them, 
that is, in 110 patients (91.7%). Those, whose value was 
out of the referential interval, were of older age (all were 
over 40 years of age). Average value of this parameter 
amounted to 2.3017, with an average difference (standard 
deviation) of 0.11391. As there is a small percentual differ-
ence, we may accept an average data as representative. It 
should be pointed out that data have been distributed in 
a normal manner, which is confirmed by the asymmetry 
coefficient (Skewness = -0.113), but also the approximate 
value of the central tendency measure. The other descrip-
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tive measures, which are related to the serum calcium, are 
shown in Table 4.

N Valid 120
Missing 0

Mean 2.3017
Median 2.3100
Mode 2.37a

Std. Deviation .11391
Skewness -.136
Range .65
Minimum 2.01
Maximum 2.66

Table 4. Descriptive measures of CaS

Observing the values of ionized calcium (Ca++), 106 
patients (88.3%) had the values within the referential 
interval. Out of the remaining 14 patients, only two si-
multaneously had the value of CaS outside the permitted 
interval. 

The majority of this group consists of older patients (a 
half of those whose value was outside the interval was over 
60). Average value, together with all the other descriptive 
measures, was shown in Table 7. It may be seen that this 
is a normal distribution, as well as that the average is a 
representative measure on the basis of which conclusions 
can be made.

N Valid 120
Missing 0

Mean 1.2203
Median 1.2200
Mode 1.18
Std. Deviation .06454
Skewness .221
Range .39
Minimum .97
Maximum 1.36

Table 5. Descriptive measures Ca ++

5.	DISCUSSION
Urolithiasis is a multifactoral disease, which occurs by 

an inter-reaction between the genetic inheritance and 
environmental exposure. In the pathogenesis of calcium 
urolithiasis, hypercalcemia/hypercalciuria take a signifi-
cant place. Hypercalcemia with hypercalciuria cause the 
occurrence of calcium nephrolithiasis, by increasing the 
urinary saturation of calcium salts and by binding nega-
tively charged inhibitors of stone formation (13,14). Be-
tween 35% and 65% of hypercalciuric stome formers and 
up to 70% of subjects with hypercalciuria have relatives 
with nephrolithiasis (15,16). Calcium stones are also as-
sociated with several monogenic mendelian traits, many 
of which affect ion channels and membrane transporters 
(16). Goodman et all concluded that stone formers have 
a relative risk of having abnormal calciemia and calciuria 
9,18 times more than do nonstone formers (17).

Having in mind the previously stated facts, it is neces-
sary to emphasize that, regardless to the calcium being 
a predominant constituent of kidney stones, the calcium 
nephrolithiasis occurs in both hypercalcemic/hypercal-
ciuric patients as well as with normocalcemic/normo-
calciuric patients. Sakhaee K. and associates have come 
up with a conclusion that increased fracture risk may be 
evident in both hypercalciuric and normocalciuric kidney 
stone-forming subjects as low BDM is present in each 
population (18).

The results of our study have shown that, out of the 
observed 120 patients with calcium urolithiasis, calcium 
CaS was within referential values for most of them, that 
is, for 110 patients (91.7%). Those, whose value was out of 
the referential interval, are of older age (all being over 40). 
Average value of this parameter amounted to 2.3017, with 
an average difference (standard deviation) of 0.11391.

Hypercalcemia is defined with an increased values of 
the serum calcium, with measuring and calculation of 
phyisiologically active calcium when there are differences 
in the blood or albumin Ph. Nominal exact values of the 
serum ionized calcium for adults older than 19 may vary 
from laboratory to laboratory, while usage of the ABL 800 
at the laboratory of our Clinical Center amounts to 1.15-
1.29 mmol/L (10). It is known that metabolic acidosis re-
duces also reabsorption of calcium in the kidneys, caus-

N Mean Std. Deviation
95% Confidence Interval for Mean

Minimum Maximum
Lower Bound Upper Bound

20 to 40 40 2.3172 .09282 2.2876 2.3469 2.15 2.48
40 to 60 40 2.2910 .10756 2.2566 2.3254 2.02 2.52
over 60 40 2.2968 .13790 2.2526 2.3409 2.01 2.66
Total 120 2.3017 .11391 2.2811 2.3223 2.01 2.66

Table 2. Values of CaS by age groups

N Mean Std. Deviation
95% Confidence Interval for Mean

Minimum Maximum
Lower Bound Upper Bound

20 to 40 40 1.2255 .05800 1.2070 1.2440 1.05 1.34
40 to 60 40 1.2235 .07142 1.2007 1.2463 .97 1.36
over 60 40 1.2118 .06429 1.1912 1.2323 1.05 1.33
Total 120 1.2203 .06454 1.2086 1.2319 .97 1.36

Table 3. Value of Ca++ by age groups.

LA3
Line
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ing hypercalciuria, which participates in the occurrence 
of kidney stones (19,20). Our research has shown that 106 
patients (88.3%) had the values of ionized calcium, Ca++, 
within the referential interval. Average values of ionized 
calcium amounted to 1.22 mmol/L. Out of the remain-
ing 14 (11.7%) patients, only two simultaneously had the 
value of CaS outside the permitted interval. The majority 
of this group consisted of older patients (a half of those 
whose value was outside the interval was over 60). As for 
the aforementioned 2 patients, who simultaneously had 
increased values of the serum and ionized calcium, the 
blood Ph was within the referential values, as well as the 
values of the serum albumin, which suggests that, by defi-
nition of hypercalcemia, only 2 patients with the calcium 
nephrolithiasis, in the total sample of 120 patients who 
underwent our research, could have had a true hypercal-
cemia. Reference data show that measuring of the serum 
calcium, which is used in the cases of hypertension, gen-
erally resulted in the epidemics of incidental hypercalce-
mia, without a confirmed calcium nephrolithiasis (9).

6.	CONCLUSION
Having in mind the definition of urolithiasis, as a multi-

factoral disease on one side and the fact on the other side 
that calcium is the most frequent constituent of uroliths, 
the biggest number of patiens with the calcium urolithia-
sis do not suffer from hyperthyroidism and have a history 
of malign diseases, there is no real hypercalcemia, which 
indirectly suggests that external exposure factors take a 
significant place in the risk of occurrence of calcium kid-
ney stones.
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