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Effect of the location and severity
of partial ureteral obstruction

on urinary system stone disease
formation
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This study aimed to observe the effect of the location and severity of partial ureteral obstruction,
based on ureteropelvic and ureterovesical junction strictures, on stone formation. Forty 8-week-old
male rats were divided into five groups: control and mild/severe proximal or distal ureteral obstruction
groups. A partial ureteral obstruction was created according to the type of obstruction by a surgical
procedure. After 5 days of intraperitoneal glyoxylate injection, the urine, blood samples, and kidney
tissues of the rats were examined. There were significant differences in urine citrate concentrations,
pH values, and oxalate/creatinine, citrate/creatinine, and calcium/creatinine ratios between the groups
(all p<0.05). The mean citrate/creatinine ratio was 21.13 + 0.44 in the control group, 17.31+3.82

in the distal obstruction group, and 15.48 +1.87 in the proximal obstruction group. Regarding the
degree of obstruction, urine citrate concentrations, pH values, and citrate/creatinine were lower, and
the oxalate/creatinine ratio was higher in severe obstruction than in mild obstruction (p <0.05). This
study represents an initial attempt to evaluate a model of partial ureteral obstruction and urolithiasis.
The findings indicate that obstruction alters urinary parameters, such as citrate and pH, indirectly
increasing the risk of stone formation. Furthermore, stone formation in an obstructed urinary system
appears to be a complex process. However, metabolic evaluation and treatment may help prevent
stone formation in patients with ureteral obstruction.

Keywords Partial ureteral obstruction, Ureteropelvic junction obstruction, Ureterovesical junction
obstruction, Kidney stone, Urinary system stone disease

Kidney stones occur in approximately 10% of adults, and their frequency is increasing'. The prevalence of kidney
stones varies with age, sex, genetics, dietary habits, and geographical location?. If the factors that cause stone
formation are not adequately addressed, kidney stones can recur at a rate of approximately 50% 10 years after
the initial diagnosis®. Calcium oxalate stones are the most common stone composition in children and adults in
developed countries?.

Many risk factors have been identified in the formation of urinary system stone disease. These risk factors
include anatomical disorders, such as ureteropelvic and ureterovesical junction obstructions and ureteral
strictures that cause urinary stasis. These congenital abnormalities are the most important cause of end-stage
renal failure, especially in children®. Metabolically, urinary parameters such as hypocitraturia, hypercalciuria,
and low or high urine pH encourage stone formation®.

Ureteral obstructions can occur at different levels and severities. Many surgical options are available for
ureteral obstructions and kidney stones. However, applying the ideal treatment for urinary system stone disease,
which can occur with ureteral obstruction, and making the decision to undergo simultaneous surgery are
difficult”.

Unilateral ureteral obstruction has been widely studied in animals, and this model is a suitable research
tool for evaluating renal damage because it can reliably induce tubular damage and interstitial fibrosis’. Animal
studies have shown that daily intra-abdominal glyoxylate injections produce calcium oxalate nephrolithiasis,
and renal crystal accumulation increases in the first week and then decreases and disappears on the 15th day'C.
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However, the relationship between the level and severity of the structure causing urinary stasis and stone
formation is unknown. Therefore, this study aimed to determine the effects of anatomical disorders on kidney
stone formation using a unilateral ureteral obstruction and nephrolithiasis rat model.

Materials and methods

This study was conducted by Sakarya University Animal Testing Local Ethics Committee approval in Sakarya
University Experimental Research and Medical Centre. Forty Wistar Albino adult (8-week-old) male rats
obtained from Sakarya University Experimental Research and Medical Center were used in this study. Each
experimental group included eight rats. The rats were divided into the following five groups: controls (sham
surgery; control group), mild partial obstruction in the unilateral distal ureter (mild distal obstruction
group), severe partial obstruction in the unilateral distal ureter (severe distal obstruction group), mild partial
obstruction in the unilateral proximal ureter (mild proximal obstruction group), and severe partial obstruction
in the unilateral proximal ureter (severe proximal obstruction group).

Animal care and experimental procedure

The principles of 3Rs (Replacement, Reduction, and Refinement) were followed from the study design to the
termination. In this context, the animals were housed in a standard polypropylene rat cage under standardized
laboratory conditions (night/day: 12 h light/12 h dark, temperature 21 +2 °C, humidity 55%) and fed with pellet
feed and water. To prevent postoperative pain, paracetamol (2 mg/mL) was added to the drinking water until the
12th postoperative day when the study was terminated.

Sample size determination

The determination of group size was based on previous studies using a partial ureteral obstruction in an animal
model, which included an a priori power analysis. The study conducted by Cimen et al., which utilized the
partial ureteral obstruction model, was taken as a reference in determining the sample size!!. The a priori power
analysis of our study was conducted using the G*Power (version 3.1.9.6, Franz Faul, Universitat, Kiel, Germany).
In our study, for a power of 0.95, an alpha value of 0.05 and an effect size of 0.73, the number of animals required
was 8 per group. Therefore, the sample size was determined as 40 rats for 5 groups.

Procedures

Surgical procedure (day 0)

Eight-week-old male rats were prepared for the surgical procedure and administered 40 mg/kg of 10% ketamine
hydrochloride (Ketalar; Pfizer, Istanbul, Turkey) and 8 mg/kg xylazine (Rompun; Bayer, Istanbul, Turkey)
intraperitoneally, and anaesthesia was achieved. The abdominal skin of the rats was shaved before surgery, and
laparotomy was performed with a midline incision under sterile conditions. The skin of the control group was
closed with 4/0 nylon sutures without any intervention. In the mild distal obstruction group, after the right ureter
was released from the distal level, unilateral mild partial ureteral obstruction was created by ligating it with 4/0
nylon suture over a 0.6-mm diameter steel wire. In the severe distal obstruction group, after the right ureter
was released from the distal level, unilateral severe partial ureteral obstruction was created by ligating it with
4/0 nylon suture over a 0.3-mm diameter steel wire (Fig. 1). In the mild proximal obstruction group, after the
proximal right ureter (from the ureteropelvic junction) was released, unilateral mild partial ureteral obstruction
was created by tying it with 4/0 nylon suture over a 0.6-mm diameter steel wire. In the severe proximal obstruction
group, after the proximal right ureter (from the ureteropelvic junction) was released, unilateral severe partial

Fig. 1. Surgical procedures performed on the groups of rats with obstruction at the distal level (mild distal
obstruction and severe distal obstruction groups): (a) Dissection of the distal ureter; (b) Knotting of the ureter
using steel wire; (c) Appearance after removing the wire and cutting the suture.
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ureteral obstruction was created by tying it with 4/0 nylon suture over a 0.3-mm diameter steel wire. After these
procedures, the subcutaneous area and skin were closed with a 4/0 monofilament absorbable suture (Fig. 2).

Glyoxylate injection (day 7)

After 7 days, intraperitoneal administration of glyoxylic acid solution (glyoxylic acid solution, Sigma-Aldrich,
Germany) at a dose of 120 mg/kg/day was initiated in all groups. The rats were injected with glyoxylic acid for
5 days.

Performing bilateral nephrectomy (day 12)

The rats were anaesthetised by intraperitoneal administration of 40 mg/kg of 10% ketamine hydrochloride
(Ketalar; Pfizer) and 8 mg/kg of xylazine (Rompun; Bayer). The abdominal skin of the rats was shaved.
Laparotomy was performed with a midline incision under sterile conditions. During surgery, intracardiac blood
samples were collected, and the rats were sacrificed using the exsanguination method. The right kidney was
identified, and the renal artery and renal vein were cut. The ureter was also cut at the proximal level. The same
procedure was applied to the left kidney, and the specimens were treated separately with 10% formaldehyde
solution as the right kidney and left kidney. Urine was collected from the bladder of each rat using a syringe.

Histopathological examination
The size of the rat kidneys was measured before histopathological evaluation. After the kidney tissues were
sectioned, haematoxylin and eosin staining was performed. The degree of hydronephrosis was assessed and
the EGTI (Endothelial, Glomerular, Tubular, and Intersitisyel) scoring system, which scores tubular damage,
endothelial damage, glomerular damage, and tubulointerstitial damage, was used to determine renal damage'.
To evaluate calcium oxalate crystal accumulation, sections stained with haematoxylin and eosin were classified
into four grades. According to the Pizzolato classification, five areas were examined at x100 magnification, and
0.1-mm crystals were counted and the average crystal count of the five areas was calculated. This system is
graded as follows: Grade 0, 0 crystals/field; Grade 1, <5 crystals/field; Grade 2, 5-10 crystals/field; and Grade 3,
>10 crystals/field!® (Fig. 3).

Biochemical examination

Urea(mg/dl) and creatinine (mg/dl) concentrations were measured in the blood collected on the day that
the glyoxylic acid injection started (day 7) and on the day that the study ended (day 12). On the day that the
study ended (day 12), concentrations of oxalate (mmol/l), calcium (mg/dl), citrate (g/ml), magnesium (mg/dl),
phosphate (mg/dl), and creatinine (mg/dl) and the pH were examined in urine collected from the bladder using
a syringe. We calculated the oxalate/creatinine, citrate/creatinine, and calcium/creatinine ratios.

Statistical analysis

Statistical analyses were conducted using SPSS (version 26, Chicago, IL, USA). Differences between groups
were evaluated using the Kruskal-Wallis test for non-parametric data and one-way analysis of variance for
parametric data. Chi-square test or Fisher’s exact test was used to test the relationships between categorical data.
The Spearman correlation test was used to determine relationships. A p value <0.05 was considered statistically
significant.

Fig. 2. Surgical procedures performed on the groups of rats with obstruction at the proximal level (mild
proximal obstruction and severe proximal obstruction groups): (a) Dissection of the ureteropelvic junction; (b)
Knotting of the ureter using steel wire; (c) Cutting the suture after removing the wire.
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Fig. 3. Histological evaluation of representative rat kidney cortex sections according to the Pizzolato
classification ((a) Grade 0; (b) Grade 1; (c) Grade 2; (d) Grade 3). Arrows show crystals in sections of renal
cortex (haematoxylin and eosin staining, x100 magnification.

Results

Biochemical findings

Serum creatinine levels were compared between the groups on the seventh day and at the end of the study. The
first serum creatinine mean was 0.20+0.02 in the control group and 0.27+£0.07 in the obstruction group. The
final serum creatinine mean was 0.50 +0.18 in the control group and 0.62+0.16 in the obstruction group. We
found that the first serum creatinine value was significantly higher in the obstruction group compared to the
control group (p <0.001), and there was no difference in the final serum creatinine value (p=0.115).

Urinary parameters were examined according to the level and degree of obstruction. For the mild obstruction
groups, the mild distal and mild proximal obstruction subgroups were combined. Similarly, for the severe
obstruction groups, the severe distal and severe proximal obstruction subgroups were combined. Additionally,
within the distal obstruction groups, the mild and severe distal obstruction subgroups were grouped together,
while for the severe obstruction groups, the severe distal and severe proximal obstruction subgroups were also
combined.

We found that the citrate/creatinine ratio was significantly lower in the distal obstruction groups (mild
distal obstruction group and severe distal obstruction group) and proximal obstruction groups (mild proximal
obstruction group and severe proximal obstruction group) compared to the control group (p <0.001). There were
differences between the degree of obstruction and citrate concentrations, pH, and citrate/creatinine and oxalate/
creatinine ratios. In mild obstruction groups (mild distal obstruction group and mild proximal obstruction
group), citrate values were significantly higher than in the control group and severe obstruction groups(severe
distal obstruction group and severe proximal obstruction group) (p=0.002). In severe obstruction groups,
urine pH was significantly lower than in the control group and mild obstruction groups (p <0.001). In mild and
severe obstruction groups, citrate/creatinine ratio was significantly lower than in the control group (p <0.001).
In mild obstruction groups, oxalate/creatinine ratio was significantly lower than in the control group (p=0.041).
(Tables 1 and 2).
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Parameters Control Distal Obstruction Groups | Proximal Obstruction Groups | p

Citrate (ug/ml) 2.47+0.53 2.65+0.32 2.77+0.44 0.055
Oxalate (mmol/l) | 62.15+7.56 61.89+16.65 93.65+74.86 0.836
pH 7.50£0.27 7.50£0.71 6.97 £0.67 0.058
Citrate/creatinine | 21.13+0.44>¢ | 17.31+3.82° 15.48+1.87% <0.001
Oxalate/creatinine | 102.33+12.44 | 76.98 +21.64 105.96+91.86 0.117

Table 1. Evaluation of urinary parameters according to the level of obstruction. Mean+SD is shown in the
table. *Compared with the control group. ®"Compared with the distal obstruction groups. “Compared with the

proximal obstruction groups.

Parameters Control Mild Obstruction Groups | Severe Obstruction Groups | p

Citrate (ug/ml) 2.47+0.05° 2.89+£0.47%¢ 2.53+0.12° 0.002
Oxalate (mmol/l) | 62.15+7.56 57.52+25.44 98.03+69.97 0.176
pH 7.50+0.27¢ 7.72+0.51¢ 6.75+0.58>" <0.001
Citrate/creatinine | 21.13+0.44>¢ | 17.77+3.83? 15.01+1.08* <0.001
Oxalate/creatinine | 102.33+12.44> | 69.13+31.16° 113.81£85.55 0.041

Table 2. Evaluation of urinary parameters according to the degree of obstruction. Mean+SD is shown in the
table. *Compared with the control group. ®"Compared with the mild obstruction groups. “Compared with the
severe obstruction groups.

Right kidney crystal classification score
0(n=8) 1 (n=25) 2 (n=6) 3(n=1) |p
2.96+0.60 2.60£0.23 2.47+0.14 2.87 0.071

Parameters

Citrate (pg/ml)

Oxalate (mmol/l) 61.54+53.24>¢ | 81.59+55.27% | 70.24+11.06* | 32.45 0.039

Calcium (mg/dl) 3.21+£0.97 2.79+0.80 2.60+0.39 4.20 0.313
Magnesium (mg/dl) | 8.89+1.94 8.03+1.58 7.23+1.06 11.10 0.134
Phosphate (mg/dl) 8.24+2.53 7.84+2.48 6.82+£2.38 9.10 0.833
Creatinine (mg/dl) | 10.05+1.57 9.20+1.67 8.25+1.76 11.68 0.134
pH 7.31£0.65 7.20£0.71 7.50+0.55 8.00 0.537
Citrate/creatinine 17.69+4.48 17.12+£2.97 18.34+3.83 14.16 0.744

72.38+£65.33>¢ | 101.90£65.14* | 97.95+15.18 | 31.43 0.032
0.86+0.22 0.91+0.16 1.01 0.824

Oxalate/creatinine

Calcium/creatinine | 0.90+0.24

Table 3. Evaluation of urinary parameters in relation to the right kidney crystal classification score. Mean+SD
is shown in the table. *Compared with a crystal classification score of 0. "Compared with a crystal classification
score of 1. “Compared with a crystal classification score of 2. ‘Compared with a crystal classification score of 3.

When urine parameters were evaluated using the Pizzolato crystal score, we found that groups with crystal
scores of 1 and 2 had significantly higher oxalate concentrations and oxalate/creatinine ratio than those with
crystal scores of 0 (Table 3).

Right renal pelvis diameter, EGTT score and urinary parameters were examined. We found that magnesium,
phosphate, and creatinine values were positively correlated (p=0.002, p=0.014, p=0.002, respectively), and the
citrate/creatinine ratio was negatively correlated (p=0.025) with the pelvic diameter. However, no correlation
was found when the right renal EGTI score and urine parameters were examined (Table 4).

Acidic or basic urine pH was not related to the right kidney crystal score (p=0.502) (Fig. 4).

Mean + SD is shown in the table.

Histopathological findings

The parenchymal thickness and pelvic diameter were significantly different between the groups (p=0.005 and
p=0.001, respectively). There was no difference in the EGTI renal damage score or Pizzolato crystal score
between the groups (Tables 5 and 6).

Discussion

It has been reported in studies that ureteropelvic junction obstruction and stone disease are seen together at
a rate of 20%°. However, studies indicating the incidence between ureterovesical junction stricture and stone
formation are limited.
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Right renal Right renal EGTI
Spearman’s correlation | pelvic diameter | score
Urinary parameters Test value | p Test value | p
Citrate (pg/ml) 0.216 0.181 | 0.038 0.816
Oxalate (mmol/l) 0.152 0.349 | 0.113 0.487
Calcium (mg/dl) 0.087 0.593 | -0.102 0.532
Magnesium (mg/dl) 0.473 0.002 | -0.055 0.736
Phosphate (mg/dl) 0.386 0.014 | 0.047 0.775
Creatinine (mg/dl) 0.473 0.002 | -0.055 0.736
pH -0.278 0.082 | -0.045 0.781
Citrate/creatinine -0.353 0.025 | 0.068 0.675
Oxalate/creatinine -0.006 0.972 | 0.258 0.108
Calcium/creatinine -0.137 0.399 | -0.060 0.713

Table 4. Right renal pelvic diameter and EGTI score relationship with urinary parameters. EGTI (Endothelial,
Glomerular, Tubular, and Intersitisyel) scoring system.

When serum creatinine levels were examined in the control and obstruction group, the first serum creatinine
value was higher in the obstruction group, while no difference was observed in the final serum creatinine value.
In previous studies, it was shown that the increase in serum creatinine value on day 10 in the partial obstruction
model was not significant'*. Furthermore, no correlation was found between histologically EGTI score and urine
parameters. The results in our study may be due to the physiological response of the kidney and the injection of
glyoxylic acid administered to all rats.

In this study, we performed spot urine analysis. Twenty-four-hour urine collection creates difficulties in daily
practice compared with spot urine analysis. Many studies have compared a 24-hour urine analysis with a spot
urine analysis, showing that a spot urine analysis can be used to analyse urine metabolites!>~!”.

In the present study, we found that the oxalate value and oxalate/creatinine ratio are significantly higher in
rats with crystal scores of 1 and 2 than in rats with crystal scores of 0. Moreover in one rat, the right kidney crystal
score was evaluated as 3. Our findings showed that the oxalate/creatinine ratio is important in crystal formation,
but this ratio decreases in the presence of mild obstruction. We recommend that the oxalate/creatinine ratio
can be used in the management of patients with urinary stasis because it indicates the onset of stone formation.

Twenty-four-hour urine analysis shows that low citrate concentrations, high urine pH, high calcium
concentrations, and the presence of oxalate are risk factors for calcium oxalate stone formation'®. In the present
study, we found that oxalate concentrations and the oxalate/creatinine ratio were related in crystal formation,
and there were no relationships between citrate, pH, and calcium values and calcium oxalate crystals.

Alelign and Petros showed that a urine pH between 5.0 and 6.5 is a risk factor for calcium oxalate stone
formation'. In contrast, in the present study, no relationship was found between pH < 6.5 and crystal formation.
However, a significant relationship was found between the severity of obstruction and pH<6.5. All rats (n=8)
with pH<6.5 were observed to have severe obstruction. Our findings suggest that severe obstruction is a risk
factor for stone formation in some types of stones by decreasing the pH level.

It is known that epithelial injury and progressive inflammation is caused by CaOx crystals, rather than CaOx
crystals forming secondary to renal damage®. In our study, no difference was found in right kidney EGTI renal
damage score between the groups. The level and degree of obstruction did not have a statistically significant
impact on renal injury. The intraperitoneal glyoxylic acid injection administered to all groups may have caused
this outcome.

To the best of our knowledge, no studies have performed a urine analysis in patients with uterovesical
junction obstruction. In the present study in which urine parameters of the control group and the groups with
uterovesical junction obstruction were evaluated, we found that the citrate/creatinine ratio was lower in the
groups with uterovesical junction obstruction than in the control group.

Wang et al. showed that there was no difference in the recurrence of stones between patients with and those
without urinary system anomalies. In addition, they highlighted that parameters such as urine volume, calcium,
citrate, and phosphate play a significant role in the recurrence of kidney stones?!. Our study showed that ureteral
obstruction did not directly cause crystal formation, but urinary metabolites played a role in crystal formation,
and the results of our study are consistent with with those of the meta-analysis by Wang et al.

Medical treatment is used in the prophylaxis of urinary system stone disease. Potassium citrate has been
demonstrated to reduce stone recurrence in patients with calcium oxalate stones by lowering urinary calcium
levels and increasing urinary citrate concentration?2. Furthermore, the ILLUMINATE-B study, which evaluated
the efficacy and safety of Lumasiran in patients with hyperoxaluria type 1, it was shown that oxalate and oxalate/
creatinine ratio decreased with treatment and nephrocalcinosis decreased at 12-month follow-up?.

It is clinically difficult to apply the ideal treatment for urinary system stone disease that can be seen together
with ureteral obstruction and to decide on simultaneous surgical intervention. Moaveni et al. reported in a study
of 76 patients with unilateral ureteropelvic junction obstruction that 2 (8%) of 26 patients with supranormal
differential renal function required pyeloplasty at 9-month follow-up. This study recommends an individualized
management plan for ureteropelvic junction obstruction in the decision of conservative follow-up or
pyeloplasty?*.
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Fig. 4. Evaluation of the right renal crystal score according to the pH ( X2 = 3.031, p<0.502)

Previous studies have demonstrated that animal models of ureteropelvic junction obstruction closely replicate
human pathology®. As a result of our study, we believe that a personalized treatment or follow-up plan should
be established after metabolic evaluation such as spot urine or 24-hour urine analysis in patients with urinary
tract stones with ureteral obstruction. Regulation of abnormal oxalate level, oxalate/creatinine ratio and urine
pH detected in urine analysis can prevent patients with urinary stasis from unnecessary surgical interventions.

Conclusion
This study suggests that the level and degree of ureteral obstruction do not directly cause kidney stones. Urinary
stasis changes parameters such as citrate, pH, and the citrate/creatinine ratio in urine. Changes in urinary
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Mild Distal Severe Distal Mild Proximal Severe Proximal
Control Obstruction Group | Obstruction Group | Obstruction Group | Obstruction Group | p
EGTI score 2.00 £0.76 1.50 £0.53 1.38 £0.52 2.13+1.25 1.88 £0.35 0.286
Parenchymal thickness (mm) | 7.63 £0.922% | 5.00 +£2.07* 6.00 £2.27 4.63 £2.00! 4.13 +1.64! 0.005
Pelvic diameter (mm) 2.75+0.71>% | 6.63 +2.45! 5.88 £2.29° 9.88 +4.76' 10.25 £2.60%3 0.001

Table 5. Evaluation of the right renal EGTI score, parenchymal thickness, and pelvic diameter between the
groups. EGTI (Endothelial, Glomerular, Tubular, and Intersitisyel) scoring system. Mean + SD is shown in the
table. '\Compared with the control group. 2Compared with the mild distal obstruction group. *Compared with
the severe distal obstruction group. *Compared with the mild proximal obstruction group. >Compared with
the severe proximal obstruction group.

Right kidney crystal score

0 1 2 3 Total P
Group 1 | 0 (0) 5(62.5) |3(37.5) | 0(0) 8(100)
Group2 |2(25) |5(625) |1(12.5) |0(0) |8(100)
Group 3 | 1(12.5) | 5(62.5) |2(%5) |0(0) 8(100)

Groups 0.333

Group 4 | 3 (37.5) | 4(50) 0(0) 1(12.5) | 8(100)
Group 5 | 2 (25) 6(75) 0(0) 0(0) 8(100)
Total 8(20) 25 (62.5) | 6 (15) 1(2.5) |40 (100)

Table 6. Evaluation of the right kidney crystal score according to group. Data are n (%). Group 1: control
group; group 2: mild distal obstruction group; group 3: severe distal obstruction group; group 4: mild proximal
obstruction group; group 5: severe proximal obstruction group. Mean + SD is shown in the table.

citrate and pH, along with a decreased citrate/creatinine ratio in patients with urinary stasis, these patients are
indirectly at risk for stone formation. Treating kidney stones and ureteral obstruction simultaneously can involve
major surgery for patients. Therefore, in patients with upper urinary tract obstruction, additional surgical
procedures can be avoided by examining urinary parameters and providing medical treatment. Evaluating
urinary parameters may also be useful in follow-up after stone surgery or unsuccessful ureteral stenosis surgery.
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