
Int J Clin Exp Med 2016;9(9):18419-18426
www.ijcem.com /ISSN:1940-5901/IJCEM0019066

Original Article
Correlative anaylsis between clinical patterns  
of urolithiasis and laboratory parameters and  
evaluation of risk factors in calculous kidney damage

Lujia Wang*, Chenchen Feng*, Guanxiong Ding, Zhong Wu, Peng Gao, Haowen Jiang, Jianfeng Xu, Qiang 
Ding

Department of Urology, Huashan Hospital, Fudan University, Shanghai 200040, PR China. *Equal contributors.

Received November 3, 2015; Accepted February 20, 2016; Epub September 15, 2016; Published September 30, 
2016

Abstract: Urolithiasis is the third most common urological disease affecting the urinary tract. However, the risk 
factors that may influnce the calculous kidney damage is still unclear and needs further evaluation. We retrospec-
tively reviewed the records of 661 patients who presented to our hospital and underwent surgery for urolithiasis. 
All laboratory test results were obtained operatively, within a week before primary surgery. For plasma samples, we 
evaluated the levels of creatinine, urea, uric acid, albumin, sodium, potassium, magnesium, phosphorus, alkaline 
phosphate and carbon dioxide. The correlations were made with Spearman’s test. Analysis of variance (ANOVA) 
was applied for comparisons between more than two categories. Data were tested for homogeneity of variances 
(Levene’s test). When variances were found to be not homogeneous, Welch’s ANOVA was used in place of the usual 
ANOVA model. Male and the aged are associated with bladder calculi. Kidney calculi diseases are associated with 
stone recurrence, urinary infection and higher urine protein, whereas ureteral calculi are associated with higher 
serum calcium level. The combination of kidney and ureteral calculi are associated with higher serum creatinine. 
The correlation analyses of stone multiplicity with other clinical parameters revealed that stone multiplicity was 
positively correlated with upper tract stone sides (r=0.430, P<0.0001), large stone volume (r=0.172, P<0.0001), 
stone recurrence, urinary infection and urine protein. Upper tract stone sides number was positively correlated with 
upper tract obstruction sides (r=0.542, P<0.0001), large stone volume (r=-0.331, P<0.0001). Upper tract stone 
obstruction sides number was positively correlated with large stone volume (r=-0.548, P<0.0001). Our results dem-
onstrated that upper urinary tract obstruction are more likely to correlate with abnormal electrolyte metabolism 
in terms of serum calcium, magnesium and phosphate. Older ages and UTI were positively associated with larger 
stone volume and complex stone patterns.
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Introduction

Urolithiasis is the third most common urological 
disease affecting the urinary tract. The preva-
lence of urolithiasis varies between 2 and 20% 
throughout the world. The worldwide preva-
lence of the disease has been on the increase 
in the last three decades for both adult and 
children throughout the world [1]. There is a 
great deal of research suggests that the change 
of external factors take a significant place in 
the risk of occurrence of urolithiasis, even 
though genetic components also present a sig-
nificant cause of urolithiasis [2]. Some recent 
research suggest that the epidemic factors of 

urolithiasis includes: age, gender, obesity, 
hypertension, diabetes mellitus, hyperparathy-
roidism, gastrointestinal diseases, diet anatom-
ic anomalies, medicines, disorder of calcium-
phosphate metabolism, etc [3]. However, de- 
spite extensive study into the pathogenesis of 
urolithiasis, the recurrence rate remains high. 

Upper urinary tract urolithiasis may lead to 
hydronephrosis and renal insufficiency. Never- 
theless, hypertension, diabetes mellitus and 
chronic kidney disease (CKD) were proved to be 
correlated with nephrolithiasis. Most agree that 
stones in patients with CKD should be cleared 
[4]. However, the risk factors that may influnce 
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Table 1. Patient characteristics, demography, cormobidi-
ties, serum and urine parameters
Age; years (Mean+SD) 51.73±14.06
Gender (Male/female) 476/185
Recurrence disease (Yes/no) 166/495
BMI (Mean+SD) 24.35±3.33
Hypertension (Present/absent) 223/438
Diabetes Mellitus (Present/absent) 87/574
Stone Multiplicity (Present/absent) 395/266
Stone Location

Bladder 37
Kidney 155
Ureter 241

Kidney+Ureter 228
Upper tract stone sides

0 39
1 436
2 186

Upper tract obstruction sides
0 47
1 587
2 27

Large stone bulk (Present/absent) 192/424
Ipsilater kidney damage

Mild 202
Moderate 226

Severe 23
Serum urea; mmol/L (Mean+SD) 6.05±2.29
Serum creatinine; μmol/L (Mean+SD) 88.13±43.02
Serum uric acid; mmol/L (Mean+SD) 0.360±0.090
Serum alkaline phosphate; U/L (Mean+SD) 73.22±25.47
Serum albumin; g/L (Mean+SD) 41.77±4.22
Serum sodium; mmol/L (Mean+SD) 143.29±2.51
Serum potassium; mmol/L (Mean+SD) 4.02±0.39
Serum calcium; mmol/L (Mean+SD) 2.28±0.12
Serum magnesium; mmol/L (Mean+SD) 0.895±0.079
Serum phosphate; mmol/L (Mean+SD) 1.14±0.19
Serum carbon dioxide; mmol/L (Mean+SD) 24.23±2.59
Urinary infection (Present/absent) 463/198
Urinary specific gravity (Mean+SD) 1.019±0.011
Urine PH (Mean+SD) 5.97±0.73
Bacteriuria (Present/absent) 201/460
Urine nitrous acid (Present/absent) 26/635
Urine protein

0 435
1 130
2 96

the calculous kidney damage is still unclear 
and needs further evaluation.

The goal of this research is to de- 
termine the correlation between dif-
ferent calculous clinical patterns and 
laboratory parameters in patients  
with urolithiasis, in order to further 
explore the mechanism of these 
parameters changes after stone for-
mation. Also to find out some risk  
factors of kidney damage after uroli-
thiasis occurs.

Material and methods

We retrospectively reviewed the re- 
cords of 661 patients who present- 
ed to our hospital and underwent  
surgery for urolithiasis from April, 
2011 to February, 2015. Diagnosis of 
urolithiasis and their clinical patterns 
were assessed by ultrasonography, 
intravenous urography or abdominal 
computed tomography (CT) scan. 
“Stone multiplicity” was define as mul-
tiple urinary tract stones present, 
regardless of their locations. “Upper 
urinary tract obstruction” was de- 
fined when ureteral calculi present or 
hydronephrosis caused by renal cal-
culi were diagnosed. “Large stone 
bulk” was defined as stone size lar- 
ger than 20 mm in diameter. We 
excluded the patients who have hor-
monal therapy which is associated 
with urolithiasis. Details on patient 
age, gender, comorbidities, significant 
medical and surgical history were 
recorded. Diagnosis of hypertension 
(HTN) and diabetes mellitus (DM) was 
based on medical history and/or cur-
rent use of medication. Height and 
weight were measured and body  
mass index (BMI) was calculated. The 
compositions of the stone were not 
indentified in this study.

All laboratory test results were 
obtained operatively, within a week 
before primary surgery. For plasma 
samples, we evaluated the levels of 
creatinine, urea, uric acid, albumin, 
sodium, potassium, magnesium, pho- 
sphorus, alkaline phosphate and car-
bon dioxide. As for urine samples, 
patients were informed to collect 

morning spot urine samples randomly at any 
point of time in the morning. The urine samples 
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Table 2. ANOVA analysis compare the inter-group difference between different stone occupation
Bladder Kidney Ureter Kidney+Ureter P value

Gender 0.95±0.23 0.62±0.49 0.74±0.44 0.73±0.45 <0.0001**
Age 67.27±11.71 52.01±13.47 50.49±13.75 50.32±13.68 <0.0001**
Recurrent disease 0.16±0.37 0.33±0.47 0.17±0.37 0.30±0.46 <0.0001**
BMI 23.38±3.00 24.55±3.50 24.31±3.38 24.41 ±3.20 0.284
Hypertension 0.32±0.48 0.35±0.48 0.34±0.48 0.32±0.47 0.937
Diabetes Mellitus 0.08±0.28 0.15±0.36 0.14±0.34 0.12±0.33 0.702
Serum urea 6.08±1.46 6.01±2.31 6.04±2.60 6.09±2.03 0.988
Serum Creatinine 81.43±16.61 82.22±50.25 87.00±29.70 94.43±51.17 0.030*
Serum uric acid 0.360±0.872 0.355±0.092 0.361±0.935 0.363±0.839 0.870
Serum AKP 71.57±18.27 70.92±19.75 74.79±32.25 73.40±21.51 0.505
Serum albumin 39.89±3.91 42.23±5.35 41.88±3.90 41.66±3.59 0.023*
Serum sodium 143.62±1.75 143.32±2.26 142.98±2.75 143.54±2.50 0.092
Serum potassium 4.03±0.40 4.05±0.41 4.04±0.38 3.96±0.37 0.248
Serum calcium 2.21±0.10 2.28±0.10 2.29±0.12 2.28±0.12 0.001**
Serum magnesium 0.930±0.086 0.891±0.077 0.894±0.074 0.894±0.083 0.052
Serum phosphate 1.08±0.16 1.13±0.20 1.14±0.18 1.15±0.21 0.153
Serum carbon dioxide 24.46±2.47 24.23±2.58 24.24±2.51 24.17±2.71 0.937
Urinary infection 0.51±0.51 0.77±0.42 0.65±0.48 0.74±0.44 0.004**
Urine specific gravity 1.019±0.008 1.020±0.016 1.019±0.010 1.018±0.007 0.161
Urine PH 5.91±0.71 5.90±1.01 5.96±0.57 6.03±0.64 0.321
Bacteriuria 0.43±0.50 0.34±0.48 0.28±0.45 0.28±0.45 0.215
Urine nitrous acid 0.11±0.32 0.07±0.26 0.03±0.17 0.02±0.14 0.063
Urine protein 0.26±0.38 0.33±0.40 0.19±0.33 0.24±0.38 0.005**
**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

were evaluated for leukocyte count, leukocyte 
esterase, PH, specific gravity, protein, nitrous 
acid and bacteria. Urine leukocyte count higher 
than 9/μL or positive leukocyte esterase were 
considered as definite urinary infection. Urine 
bacteria level above 400/μL was considered as 
positive bacteriuria. Urine nitrite test was 
detected qualitatively. Urine protein level were 
scored as-for negative, ±~1+ for mild, 2+~4+ 
for severe.

Some of the patients were underwent split glo-
merular filtration rate (GFR) examination as a 
part of preoperative assessment. Split-GFR 
was calculated by SPECT/CT scan. All patients 
underwent dynamic renal scintigraphy after the 
injection of 99 mTc-DTPA. Patients were hydrat-
ed under physiologic conditions starting 30 min 
before and ending 4 h after injection. The 
obtained GFR values were normalized to 1.73 
m2 body surface area. The GFR decrease of 
obstructed sided kidney below 20% than that 
of the contralateral one was considered as 
“mild damage”, whereas above 20% as “moder-

ate damage”. Ipsilateral kidney’s GFR below 10 
ml/min was considered as “severe damage”.

Informed consent was obtained from all 
patients and the study was approved by the 
Huashan institutional review board (HIRB).

SPSS 17.0 for Windows was used for statistical 
analyses. All data were presented as mean ± 
standard deviation (SD). The correlations were 
made with Spearman’s test. Analysis of vari-
ance (ANOVA) was applied for comparisons 
between more than two categories. Data were 
tested for homogeneity of variances (Levene’s 
test). When variances were found to be not 
homogeneous, Welch’s ANOVA was used in 
place of the usual ANOVA model. A P value of 
<0.05 was considered statistically significant.

Results

Patient’s characteristics and baseline metabol-
ic evaluation are shown in detail in Table 1. 

Stone location was significantly associated 
with gender, age, stone recurrence, serum cre-



Correlation between urolithiasis & laboratoy parameters

18422 Int J Clin Exp Med 2016;9(9):18419-18426

atinine, serum albumin, serum calcium, urinary 
infection and urine protein (Table 2). Among 
these parameters, male and the aged are asso-
ciated with bladder calculi. Kidney calculi dis-
eases are associated with stone recurrence, 
urinary infection and higher urine protein, 
whereas ureteral calculi are associated with 
higher serum calcium level. The combination of 
Kidney and ureteral calculi are associated with 
higher serum creatinine. 

The correlation analyses of stone multiplicity 
with other clinical parameters revealed that 
stone multiplicity was positively correlated with 
upper tract stone sides (r=0.430, P<0.0001), 
large stone volume (r=0.172, P<0.0001), stone 
recurrence, urinary infection and urine protein. 
Upper tract stone sides number was positively 
correlated with upper tract obstruction sides 
(r=0.542, P<0.0001), recurrent disease, serum 
creatinine, serum sodium, and urinary infec-
tion, whereas negatively correlated with large 
stone volume (r=-0.331, P<0.0001), age, urine 
specific gravity, bacteriuria, and urine nitrous 
acid. Upper tract stone obstruction sides num-
ber was positively correlated with BMI, serum 
creatinine, serum potassium, serum calcium, 
serum phosphate, and urinary infection, where-
as negatively correlated with large stone vol-
ume (r=-0.548, P<0.0001), age and serum 
magnesium. Large stone volume was positively 
correlated with age, bacteriuria, urine nitrous 
acid and urine protein, whereas negatively cor-
related with serum calcium and serum phos-
phate. Ipsilateral kidney damage was positively 
correlated with age, stone recurrence, hyper-
tension, serum urea and serum creatinine, 
whereas negatively correlated with serum albu-
min (Table 3).

Discussion

In our cohort, bilateral upper tract calculi are 
correlated with higher serum sodium. High 
sodium intake will significantly increase serum 
and urinary sodium. Thus, a high sodium intake 
not only increased the calcium excretion of kid-
ney, but also increased urinary pH and 
decreased citrate excretion. With these chang-
es, the urinary saturation of calcium phosphate 
and monosodium urate increased. Therefore, a 
high sodium diet was an increased propensity 
for the crystallization of calcium salts in urine 
[5, 6].

Moreover, in our study, upper urinary tract 
obstruction side number was correlated with 
higher serum potassium, calcium and phos-
phate level, as well as lower magnesium level. 

Generally, in pathogenesis of the calcium uroli-
thiasis, hypercalcemia/hypercalciuria takes a 
significant place. Hypercalcemia exists when 
serum calcium level increase, together with 
measuring and calculation of physiologically 
active calcium when there are difference in  
the PH of blood or serum albumin [7]. Hence, 
patients with lower serum albumin tended  
to have higher serum active calcium level. 
Hypercalcemia and hypercalciuria cause the 
occurrence of calcium nephrolithiasis, by in- 
creasing the urinary saturation of calcium  
salts and by binding negatively charged inhibi-
tors of stone formation [8]. Goodman et al [9] 
concluded that stone formers have a relative 
risk of having abnormal calcemia and calciuria 
9, 18 times more than nonstone formers, 
respectively. However, by definition of hypercal-
cemia (serum calcium >2.75 mmol/L), only 2 
patients (0.03‰) in our cohort were diagnosed 
as real hypercalcemia, which consistent with 
the research of Snjezana et al [3]. They con-
cluded that there was no real hypercalce- 
mia among idiopathic urolithiasis patients,  
and they suggested that external exposure  
factors take a significant place in the risk of 
urolithiasis.

Some scholars suggested that serum phos-
phate was an important risk factor of calcium 
urolithiasis [10, 11]. The renal phosphate leak 
theory has been proposed to explain calcium 
nephrolithiasis in recurrent stone formers. The 
theory suggests that defect of renal tubules will 
prevent phosphate from being properly reab-
sorbed [12]. The result is hyperphosphaturia, 
followed by hypophosphatemia, which in turn 
causes an increase in the gastrointestinal 
absorption of calcium, which results in an 
increased renal load of calcium and, hence, 
increased calcium excretion by the kidneys. 
However, the importance of renalphosphate 
leak theory in the pathogenesis of calcium 
stone formation is controversial. Some research 
showed no consistent significant association of 
patient initial serum phosphate level with stone 
recurrence [13].

Negative correlation between upper urinary 
tract obstruction side number and serum mag-
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Table 3. Correlation between clinical patterns and examined paramters
Multiplicity Stone sides Obstruction sides Large stone bulk Ipsilateral kidney damage

r P r P r P r P r P

Gender -0.017 0.666 -0.030 0.436 -0.087 0.025* 0.054 0.164 -0.064 0.291

Age 0.030 0.439 -0.134 0.001** -0.202 <0.0001** 0.226 <0.0001** 0.225 <0.0001**

Recurrent disease 0.184 <0.0001** 0.123 0.001** 0.074 0.059 0.046 0.235 0.128 0.034*

BMI 0.000 0.987 0.005 0.908 0.080 0.040* -0.044 0.258 0.005 0.936

Hypertension 0.031 0.427 -0.004 0.928 0.036 0.356 0.025 0.518 0.170 0.005**

Diabetes Mellitus -0.009 0.817 -0.019 0.617 0.022 0.574 -0.008 0.835 0.034 0.570

Serum urea 0.035 0.372 0.041 0.291 0.061 0.119 0.020 0.608 0.156 0.010**

Serum creatinine 0.065 0.095 0.093 0.017* 0.127 0.001** -0.060 0.126 0.226 <0.0001**

Serum uric acid -0.047 0.230 -0.016 0.681 0.004 0.196 -0.026 0.506 0.081 0.178

Serum AKP 0.036 0.358 -0.020 0.611 0.033 0.392 -0.012 0.753 0.095 0.117

Serum albumin -0.031 0.423 0.063 0.106 0.057 0.147 -0.051 0.194 -0.173 0.004**

Serum sodium 0.067 0.083 0.096 0.014* 0.018 0.650 -0.002 0.950 -0.006 0.920

Serum potassium 0.021 0.595 0.031 0.419 0.108 0.006** -0.023 0.551 0.034 0.576

Serum calcium -0.060 0.124 0.053 0.177 0.095 0.015* -0.128 0.001** -0.019 0.754

Serum magnesium -0.048 0.228 -0.069 0.082 -0.099 0.012* 0.057 0.155 -0.008 0.899

Serum phosphate 0.034 0.378 0.003 0.929 0.097 0.013* -0.080 0.040* -0.117 0.053

Serum carbon dioxide 0.012 0.752 -0.018 0.640 -0.036 0.351 0.022 0.569 -0.013 0.835

Urinary infection 0.137 <0.0001** 0.129 0.001** 0.149 <0.0001** 0.024 0.539 0.004 0.950

Urine specific gravity -0.031 0.246 -0.077 0.047* -0.063 0.108 0.034 0.390 0.023 0.703

Urine PH 0.015 0.700 0.051 0.195 0.071 0.068 -0.048 0.215 -0.087 0.152

Bacteriuria 0.019 0.619 -0.090 0.021* -0.068 0.079 0.108 0.005** 0.009 0.879

Urine nitrite test -0.005 0.892 -0.099 0.011* -0.074 0.056 0.147 <0.0001** 0.049 0.414

Urine protein 0.091 0.020* 0.001 0.970 0.023 0.553 0.125 0.001** -0.009 0.877

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

nesium were observed in our series. Some 
research indicated that magnesium can 
decreased the risk of urolithiasis by multiple 
mechanisms. Magnesium binds to urinary oxa-
late, producing a more soluble magnesium-oxa-
late complex than calcium oxalate and increas-
es urinary citrate level [14]. A lower urinary 
magnesium level has been detected in calcium 
stones and hypercalciuria. In clinical practice, 
oral administration of magnesium oxide or 
magnesium citrate increases urinary magne-
sium and citrate. Magnesium supplemenata-
tion in deficient patients were proved to help to 
decrease the recurrence rate of urolithiasis 
[15].

Serum potassium were observed to be posi-
tively correlated with upper urinary tract 
obstruction side number. Upper urinary tract 
obstruction results in hydronephrosis and renal 
insufficiency. When renal function becomes 
compromised, the ability of the body to effec-
tively regulate serum potassium via the kidney 
declines. Although compensating mechanism 
exits, serum potassium will elevated continu-
ously after it reaches its limits. 

Our study also indicated that older patients 
were correlated with larger stone volume, high-

er risk of bilateral upper urinary tract calculi 
and obstruction, and severe ipsilateral kidney 
damage. In previous studies, older patients 
with urolithiasis had more comorbidities relat-
ed to metabolic syndromes than younger 
patients [16, 17]. The association between 
metabolic syndrome and kidney stones has 
been established by some studies [18-20]. 
Another explanantion is the steady decline in 
renal function that occurs with advanced age, 
as supersaturation and stone formation have 
been attributed to renal tubular cell damage 
[21]. Furthermore, elderly patients tended to 
have a more atypical presentation of urolithia-
sis disease, and these atypical presentations 
cause delay in the diagnosis [22]. This may 
explain why bilateral upper urinary tract calculi 
and larger stone volume were more frequent in 
older patients. In conclusion,older patients with 
urolithiasis usually have larger and more com-
plex stone disease.

In our cohort, urinary tract infection (UTI) were 
positively correlated with multiple stone, bilat-
eral upper urinary tract stone and obstruction, 
and larger stone volume. UTI has been proved 
to link to the formation of urolithiasis, and the 
infected stones were primarily composed of 
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struvite (magnesium ammonium phosphate). 
Urease-producing bacteria can split urea into 
ammonia, resulting in an alkaline urinary PH 
and subsequently leading to struvite. However, 
not all stones associated with infection are 
composed of struvite and not all are associat-
ed with urea-splitting bacteria [23, 24]. It is 
unknown whether nonstruvite infected calculi 
result from a nidus of infection or these calculi 
become secondary infected after formation. 
Potentially, organisms from stones could ini-
tially cause kidney inflammation, which in turn 
potentiate crystal aggregation and stone for-
mation. Furthermore, the presence of bacteria 
could change the local microenvironment by 
metabolic activity and promote urolithogenesis 
[25, 26].

Instead of calculating the total estimated  
GFR from serum creatinine, we were able  
to measure the precise spilt GFR through 
SPECT/CT scan. Compared with the contra- 
lateral kidney function, this technique enable 
us to evaluate the ipsilateral kidney damage 
level caused by urolithiasis. Hence, we were 
able to study the correlation between ipsila- 
teral chronic kidney damage, urolithiasis and 
other clinical parameters.

In present study, older age, recurrence disease, 
hypertension were positively correlated with 
the level of ipsilateral kidney damage. There is 
well-established association between hyper-
tension (HTN) and nephrolithiasis, as numer-
ous studies have identified HTN as an indepen-
dent predictor of kidney stone disease [27]. 
Some authors suggested that abnormalities in 
renal calcium metabolism exist among patients 
with HTN, leading to increased urinary calcium 
excretion [28]. Additionally, among patients 
with urinary stone disease, the incidence of 
HTN has been found to be greater than that of 
patients without nephrolithiasis [29].

It is not surprising that hypertensive patients 
with nephrolithiasis have an increased risk for 
CKD since HTN are well-known to be associat-
ed with CKD. However, whether older age was a 
factor that increased the risk for comorbidities 
associated with CKD or made nephrolithiasis 
patients with multiple comorbidities more sus-
ceptible to CKD was still unclear [30]. Recurrent 
urolithiasis history were proved to be correlat-
ed with kidney damage. Amongst 171 patients 
with idiopathic calcium stones Marangella and 

colleagues [31] studied, the 30 with reduced 
GFR (estimated GFR <80 mL/min/1.73 m2) had 
severely recurrent disease with approximately 
one stone per patient per year.

In our study, Negative correlation was observed 
between ipsilateral kidney damage and serum 
albumin level. Urine protein level was positively 
correlated with larger stone bulk and stone 
multiplicity. Although no correlation was ob- 
served between ipsilater kidney damage and 
urine protein level, lower serum albumin level 
was frequently occur in CKD patient mainly 
caused by proteinuria. Proteinuria is a surro-
gate outcome in CKD, and chages in protein-
uria is recommended as a surrogate for kidney 
disease progression [32]. Kukreja et al [33] 
reported that proteinuria (>300 mg/d), atrophic 
kidney cortex (<5 mm), recurrent UTI, large 
stone bulk (>1500 mm2), and pediatric age 
group were predictors of adverse renal out-
come in upper urinary tract urolithiasis patients 
with CKD. This is consistent with our findings.

We recognized several limitations of the current 
study. We were not able to categorize patient 
according to stone compositions because they 
were not regularly indentified in our cohort. 
Twenty-four hour urine analysis for supersatu-
ration profile, including urine cacium, phos-
phate, citrate, oxalate, etc, was also not 
involved in our study. However, since different 
stone types are associated with various meta-
bolic disorders, the result could be more pre-
cise and credible if we had included these data 
in our cohort. 

Conclusion

Our results demonstrated that upper urinary 
tract obstruction are more likely to correlate 
with abnormal electrolyte metabolism in terms 
of serum calcium, magnesium and phosphate. 
Older ages and UTI were positively associated 
with larger stone volume and complex stone 
patterns. Furthermore, ipsilateral kidney dam-
age level cause by upper urinary tract calculous 
obstruction were correlated older ages, fre-
quent stone recurrence, hypertension, and 
lower serum albumin.
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