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INTRODUCTION
The ureters are tubular structures which begin at the Pelviureteric 
Junction (PUJ). They descend into the abdomen where they are 
related anterior to the psoas major and then enter the urinary bladder 
at the Vesicoureteric junction (VUJ). The peristalsis rendered by the 
smooth muscle wall of the ureter, aids the passage of urine. The 
PUJ, the VUJ, and the region of the ureter crossed by the common 
iliac arteries are sites which tend to lodge the renal stones.

Ureteric calculi lie within the ureter between the PUJ to the VUJ. 
The site of pain is related to depends on the location of the calculi. 
Patients with stones in the PUJ may complain of flank pain. Pain due 
to stones in the proximal and distal part of the ureter may be referred 
to the lumbar and groin region respectively. Calculus in the middle 
part of the ureter may simulate an appendicitis or diverticulitis.

A plain abdominal Kidney Urinary Bladder (KUB) X-ray can readily 
spot a large radiopaque calculi. However, their role is limited in 
the detection of smaller calculi and radiolucent stones and in the 
assessment of hydronephrosis. Moreover, bowels shadows can 
also mask the presence of a calculus. Therefore, Non-contrast CT 
(CT KUB) is the best imaging tool.

Information on the stone size and site is vital in deciding the 
appropriate line of management. Textbooks of Anatomy have stated 
that ureteral stones frequently occur at the uretero-pelvic junction 
(UPJ), the ureter at the crossing external iliac vessel (UEIV) and the 
uretero-vesical junction (UVJ) [1,2].

Spontaneous passage and expulsion of ureteral stones is influenced 
by the size, location and laterality of the stones [3,4,5]. Hence,this 
study was designed to investigate the location of ureteral stones 
and the ureteral diameter in patients with renal colic.

Hence the study compared the mean diameter of the ureteric 
stones on both the sides at the corresponding levels of the ureter,to 

ascertain the prevalence of ureteric stones in different age groups 
and to compare the mean diameter of the ureteric stones in males 
and females. The aim of the study is to investigate the size and 
location of ureteric stones.

MATERIALS AND METHODS
This was a retrospective cross-sectional study conducted at 
Shri Sathya Sai Medical College and Research Institute between 
January 2018 and July 2019. The study was conducted among 411 
patients who presented to the Department of General Surgery with 
complaints of abdominal pain. After obtaining Institutional Ethical 
Committee clearance (IEC 2019/556).

The sample size (n) was calculated using the formula n=(z1−α/2)
2 (p)

(q)/d2=72

where, z1−α/2=1.96, p=0.06, q=1-p, d (precision)=0.05

A non-contrast computed tomography had been performed 
in these patients by using a helical scanner. Image review was 
performed at a Picture Archiving and Communication System 
(PACS) workstation. The calculi were analysed by multiplanar 
reformatting in the coronal reformat [Table/Fig-1] [6]. Stone size 
estimation with measurement of the maximal width was performed 
as it is the most important predictor of spontaneous stone 
passage [7]. The diameter of both the ureters were ascertained at 
the widest part.

The location of the ureteric stones was delineated as follows:

PUJ (Pelviureteric Junction)I. 

Proximal ureterII. 

UEIV (Ureter at the level of external iliac vessels)III. 

Distal ureter IV. 

VUJ (Vesicoureteric junction)V. 
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ABSTRACT
Introduction: Ureteric stones are said to lodge most commonly 
at the narrowest anatomical areas of the ureter. The site of pain 
depends on the location of the calculi. Spontaneous passage 
of ureteric stones is influenced by size, location and laterality 
of the stones.

Aim: To investigate the size and location of ureteric stones.

Materials and Methods: This was a retrospective study of 72 
patients in whom urinary stones were diagnosed by computed 
tomography between January 2018 and July 2019. The size of the 
ureteric stones was measured by its maximal width on Computed 
Tomography (CT) and location of the stones was also determined.
The diameter of both the ureters were ascertained at the widest 
portion. Statistical analysis was performed using SPSS version 23. 
Descriptive data was presented as percentage and mean while 
comparative analysis was done using Student’s t-test.

Results: The average patient age was 41±12.4 years (range, 17-
70 years) affecting 42 (58.33%) males and 30 females (41.77%). 
The ureteric stones were localized at the VUJ in 30 cases (41%), 
at the distal ureter in 11 (15%), at the level of external iliac 
vessel in 3 cases (5%), at the proximal part in 19 (27%) and at 
the PUJ in 9 cases (12%). Calculi were identified more often 
on the right ureter (44 cases, 61.2%) than the left (28 cases, 
38.8%). The average diameter of the ureter on the right and left 
was 3.46 mm (range, 1.8-4.7 mm), and 3.33 mm (range, 2.1-
5.5 mm) respectively. There was no significant difference in the 
mean diameter of the ureteric stones of both the sides at the 
corresponding levels of the ureter. The smaller the stones, the 
closer to the VUJ were they located.

Conclusion: This study provides an insight into the anatomy of 
the ureter and would be essential for selection of appropriate 
line of intervention and treatment modality.
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The proximal ureter represented the distance between the PUJ and 
the UEIV. The distal ureter represented the interval between the 
UEIV and the UVJ. The diameter of the ureters was ascertained at 
the widest part.

inclusion criteria: Patients who came to the Department of General 
Surgery aged more than 12 years and were diagnosed with ureteric 
calculi on non-CT of Kidney Urinary Bladder were included.

exclusion criteria: Patients with prior history of renal, anomalies 
like neurogenic bladder and stricture urethra were excluded.

STATISTICAL ANALySIS
Student’s t-test was employed for statistical analysis with SPSS 
version 23 to ascertain the difference in the mean diameter of the 
ureteric stones of both the sides at the corresponding levels of the 
ureter. It was also used to determine the difference in the mean 
diameter of the ureteric stones in male and female.

Sex mean (mm) Std. deviation (mm) ts p-value mean difference Std. error difference

95%  confidence interval of  difference

lower upper

Male 6.238 2.424
0.0863 0.9333 6.10 0.40667 3.223 10.114

Female 6.102 2.554

[Table/Fig-3]: Comparison of the mean size of the ureteric stones in male and female.
(Student’s t-test: Significance level 0.05)

[Table/Fig-1]: Proximal ureteral stone in coronal reformat in non-enhanced 
 computed tomography.

[Table/Fig-2]: Ureteric Calculi in different age groups.

[Table/Fig-4]: Ureteric calculus at VUJ. 
VUJ: Vesicoureteric junction [Table/Fig-5]: Calculus at External iliac vessel crossing.

RESULTS
The average age of the patient was 41±12.4 years (range 17-70) 
affecting 42 (58.33%) males and 30 females (41.77%). The peak 
incidence of ureteric stones in males and females was in the age 
group 41-50 years and 51-60 years, respectively [Table/Fig-2]. The 
variation in the mean size of the ureteric stones among male and 
female was insignificant (p=0.933) [Table/Fig-3]. The calculi were 
identified more on the right ureter (44 cases, 61.2%) than the left 
(28 cases, 38.8%). Sexual dimorphism in the mean diameter of the 
Right ureter, 3.46±0.6 mm (range, 1.8-4.7 mm), and Left ureter, 
3.33±0.8 mm (range, 2.1-5.5 mm), was insignificant (p=0.25). Renal 
calculi were frequently found in association with ureteric calculi in 
one third of the cases (23 cases, 33.3%) usually on the same side 
(19 cases) and at times bilateral (4 cases).

Amongst the 72 patients investigated, the ureteric stones were located 
at the VUJ in 30 patients (41%), [Table/Fig-4], at the distal ureter in 
11 (15%) and at the UEIV in 3 (5%) [Table/Fig-5], at the proximal ureter in 
19 patients (27%) [Table/Fig-6] and at the PUJ in 9 (12%) [Table/Fig-7].

The stone size ranged between 4-18 mm with an average size 
of 10.1±8.2 mm at the PUJ, 6.8±3.23 mm (range, 3-15 mm) at 
the proximal ureter, 6.1±2.81 mm at the UEIV (range 4-8 mm), 
4.56±1.73 mm (range 1-10 mm) at the distal ureter and 3.33±1.82 mm 
(range, 1-8 mm) at the VUJ. A comparison of the mean size of ureteric 
stones between the two sides is enlisted in [Table/Fig-8]. The smaller 
the stones, the more distally they are located in the ureter [Table/Fig-9].
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[Table/Fig-6]: Proximal ureteric calculus.
[Table/Fig-7]: Ureteric calculus at PUJ.
PUJ: Pelviureteric junction

region Side
mean 
(mm)

Std. deviation 
(mm) t p-value mean difference Std. error difference

95% confidence interval of the difference

lower upper

PUJ
Right 10.11 3.259

-1.13 0.259 -0.94737 0.83337 -2.607 0.7131
Left 9.69 3.970

Proximal ureter
Right 7.01 1.970

-0.267 0.790 -0.10526 0.39419 -0.8907 0.6801
Left 6.82 1.421

UEIV
Right 5.91 1.749

0.388 0.699 0.15789 0.40667 -0.6524 0.9682
Left 6.12 1.795

Distal ureter
Right 4.82 1.41421

1.745 0.089 1.60526 0.91977 -0.25671 3.4672
Left 4.56 1.26362

VUJ
Right 3.34 0.02855

-0.487 0.629 -0.00491 0.01010 -0.02521 0.01539
Left 3.32 0.03104

[Table/Fig-8]: Comparison of the mean size of ureteric stones between the two sides. 
(Student’s t test: Significance level 0.05); PUJ: Pelviureteric junction; UEIV: Ureter at the level of external Iliac vessels; VUJ: Vesicoureteric junction

[Table/Fig-9]: Size of the calculus (mm) versus location.
PUJ: Pelviureteric junction; UEIV: Ureter at the level of external Iliac vessels; VUJ: Vesicoureteric junction

DISCUSSION
In the current study, the peak incidence of ureteric stones in males and 
females was in the 4th and 5th decade respectively. Several authors 
have witnessed the maximum incidence of urinary calculi between 
30 to 50 years of age [8-13]. The current study is in agreement with 
same, with mean age of the patients being 41 years. The occurrence 
of ureteric stones in post-menopausal women has been attributed 
to urinary tract infections and a low dietary intake of magnesium 
and calcium [14,15]. The sex incidence ratio of ureteric calculi in the 
current study was 1.4:1. Jeevaraman S et al., noted that the sex 
ratio of ureteric calculi was 1.7:1 [16]. Others have observed sex 
incidence ranging between 1:1 to 3:1 [17,18]. The probable reason 
to this variation could stem from the factors like higher dietary intake 
of protein, hyperuricaemia and larger BMI [19].

There is no standardised way of ascertaining the size of a calculus. 
However, presence of a strong association between the stone width 
and length have suggested that each of the two can be utilised as 
a predictor for its passage [20]. However, it is of prime importance 

that whatever the selected criteria, it needs to be used consistently. 
In this study, the ureteral stone was measured by its width [7].

Calculi formation could result from supersaturation of urine by 
calcium or uric acid. It could also result because of the formation 
of Randall plaques [21]. In the current study, renal stones were 
observed frequently on the same side of the ureteric stones. This 
only underscores the fact that ureteral stones are mostly renal in 
origin. This study revealed the size of the stones regress as we 
proceed from the proximal to the distal part of the ureter.

In this study, majority of the stones were located at the VUJ 
(41%), followed by the proximal ureter (27%), the distal ureter was 
narrower. Observations made by Eisner BH et al., also suggested 
the same [22].

The ureteric stones in the current study were observed more often 
on the right side. Jeevaraman S et al., documented equal distribution 
of calculi in the right and left sides of the ureter with no specific 
laterality [16]. However, Drach and Segura [23] and Higgins [24] 
cited a 55% and 53 % predilection to the left respectively. However, 
this study did not witness any statistically significant variation in 
the mean diameter of the right and left ureter. The mean ureteric 
diameter of this study was larger in comparison to the observations 
made by Zelenko N et al., [25]. The reason for the variations could 
be attributed to the peristalsis. A study has elucidated that ureteral 
stones pass more often on the left side [6]. A possible anatomical 
explanation could stem from the fact that the left ureter provide 
better peristalsis in comparison to the right which are adherent to 
the peritoneum as suggested by Foungaristos S et al., [26].

The observations thus made may be pivotal in managing ureteral 
stones and in comprehending the ureteral anatomy. It is widely 
agreed that the location of the stone and size is an important 
predictor of stone passage.
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Limitation(s)
As the study was retrospective, the follow-up of these patients was 
not possible. Simple visual estimation on non-enhanced CT image 
was used for measurements as there is no standardised method 
available for ureteric stone size measurement while using non-
contrast enhanced computed tomography. Possible variations in 
measurements due to ureteral peristalsis need to be considered.

CONCLUSION(S)
The pelvi-ureteric junction and the ureter corresponding to the 
external iliac vessel level are not frequent loci of ureteric stones. VUJ 
was observed to be the commonest site of ureteric stones. Ureteric 
stones more frequently observed on the right side. However, there 
was no significant difference in the diameters of the ureters of the 
both the sides. The smaller the stones, the closer they are to VUJ.

No significant sex related difference in the mean diameter of the 
ureteric stones was witnessed. This study provides an insight into 
the location and size of the ureteric calculi that would be essential for 
selection of appropriate line of intervention and treatment modality 
as well as in further understanding ureteral anatomy.
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