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Abstract

Objective: To determine the common location of calculus along the urinary tract using CT scan.
Methods: This cross sectional study was conducted using CT from November 2016 to September 2018,
in a tertiary hospital in Jos, Nigeria. The CT images acquired from this period were evaluated and 50
patients were positive for urolithiasis. The data was subjected to statistical analysis based on age, gender
and calculus location.

Results: Out of the 50 patients with calculi, 34 were males and 16 were females with a male to female
ratio of 2.13:1. 137 urinary calculi were documented in which 90 were in males and 47 in the female
patients. Highest occurrence of calculi was seen in age group 31-40 years (34.0%). 112(82%) were renal
stones, 12(9%) were ureteric stones, 8(6%) were found in pelvi-ureteric junction (PUJ), 3(2%) were in the
vesico-ureteric junction (VUJ), 2(1%) were in the urinary bladder and none in the urethra.

Conclusion: Kidney stones are the most common followed by the ureter, the pelvi-ureteric junction, the
vesico-ureteric junction and the bladder.
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Introduction

Urolithiasis is the presence of stone (calculus) anywhere in the urinary tract which includes the kidneys,
ureters and the urinary bladder®. Urolithiasis is the common finding in patients who presents with acute
flank pain and or haematuria. The prevalence and incidence of urolithiasis is reported to be increasing across
the world involving both industrialized and the developing countries due to changes in social and economic
conditions. The problem of stone is more predominant in the productive age groups even though the
incidence is said to be increasing across sex, age and race®*.

It has been reported that approximately 1.2 million Americans are affected annually, and it is estimated that
up to 14% of men and 6% of women will develop stone disease during their lifetime*>. In addition, many
patients will be affected by multiple stones throughout their lifetime, with estimated recurrence rates of 50%
within 5-10 years and 75% within 20 years. In Nigeria, the hospital incidence of 25.75 per 100,000 and 19,1
per 100,000 were documented for the North West and South East regions respectively®"”.

Even though the cause of urolithiasis is not known, some researchers attribute the incidence of
nephrolithiasis to a dietary protein®.

Calculi can be located anywhere along the urinary tract. A study carried out in Nepal documented the
commonest location of calculi to be in the kidneys, followed by the ureter, vesico-ureteric junction, pelvi-
ureteric junction and the urinary bladder in descending order®. Cao et al® reported 20% of urinary tract
stones found in the ureters, with 75% of these at the lower one third of the ureter.
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Imaging is the only investigating modality to confirm the presence of calculus, to determine its size,
location, possibility of it to be passed, complications as well as for follow up. Various imaging modalities
are available to diagnose and locate urinary calculi including plain abdominal radiography of the kidney
ureter bladder (KUB), ultrasonography (USG), intravenous urography (IVU) and computed tomography
(CT) scan. CT scan has become the investigation of choice for detection and characterization of urinary
calculi because of its high sensitivity. When intravenous contrast is given i.e computed tomography
urography (CTU), function of the kidney is also assessed. It is however expensive and not readily available
in all parts of the world. Radiation dose to the patient is also high. USG is good method for detection of
kidney and bladder calculi and features of urinary obstruction. However, it has low detection rate for ureteric
calculi. IVU requires use of iodinated contrast agent and gives high radiation dose. Plain radiograph KUB is
cheaper and readily available investigation for the detection of radiopaque stone in KUB region. However, it
is not specific for urinary calculi. Since, CT is very sensitive in detecting urinary calculi, it was employed in
our study™.
Treatment of urinary calculi depends on the size and location as well as the symptoms and complications
arising from the calculus, hence it is necessary to ascertain the exact location of the stone along the urinary
tract.
AIMS AND OBJECTIVES
The aim of this study was to determine the common site of urinary calculi in the kidney, ureter and urinary
bladder using CT.
The specific objective was to:

Assess the side commonly affected

Methodology
The cross-sectional study was conducted from November 2016 to September 2018 at Jos University
Teaching Hospital. The study included all patients with acute flank pain who were referred to radiology
department for Computed Tomography Urography (CTU) as well as those incidentally detected on
abdominal CT scan during the period under study.
Patients were examined using a 4-slice CT scanner Bright Speed GE (General Electric) Medical Systems
(USA). CT scans were obtained from the xiphisternum to the upper thigh with the following technique: a
collimator of 5mm, a pitch of 6, and with 200 mAs. Post intravenous (IV) contrast images were also
acquired to determine renal function. Images were reconstructed at a thickness of 2.5 mm with intervals of
1.25mm. Three-dimensional (3D) reconstructions of the nonenhanced CT images were performed on the
console as well as the work station. 3D reconstructions in coronal and sagittal projections were created for
accurate location of the calculus.
The unenhanced CT images were reviewed and 50 patients were consecutively selected based on the
criterion of positive urinary tract calculi. All the selected cases were classified according to their sites:
Kidney, Pelvi-ureteric junction (PUJ), Ureter, Vesico-ureteric junction (VUJ) and urinary bladder as well as
the urethra. The data generated were analyzed with outcome measures of age, gender and stone location by
Micro-soft Excel version 2007.
Inclusive Criteria
Adults of age >18 years for CTU or for abdominal CT scan who were positive for calculi.
Exclusive Criteria

1) Patients with a normal CTU findings.

Result

During the study period, 50 patients were found with calculi in different anatomical site along the urinary
tract. Of the 50 patients 34 (68%) were male and 16 (32%) were female, with a male to female ratio of
2.13:1 (Figure 1). The mean age of our study population was 47.5 (range 24-90 years). Out of the 50 patients
with calculi 17 (34%) and 14(28%) belong to the age groups 31-40 and 41-50 respectively (Table 1).
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Figure 1: Pie chart showing the sex distribution of the study population.

Table 1: Age and sex distribution of urolithiasis

Age group Gender Total

Male Female N %
21-30 2 1 3 6
31-40 8 9 17 34
41-50 11 3 14 28
51-60 1 7 14
61-70 4 1 5 10
71-80 0 2 4
81-90 1 1 2 4
Total 34 16 50 100

Total number of urinary calculi was 137 in which 90 were found in male patients and 47 were found in
female patients. Analysis of age groups showed a high occurrence of urinary stones among adults between
31-40 years (34.0%). Urolithiasis in males and females was observed highest in the age group 41-50 years
(21.2%) and age group 31-40 (16.1%) respectively (Table-2).

Table 2: Showing the age and sex distribution of urolithiasis.

Gender Total
Number (%) of
calculi
Male Female
Number (%) | Number (%)
of calculi of calculi
8 (5.8) 2 (1.5) 10 (7.3)
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28(20.4)  [22(16.1) 50 (36.5)
29(212) | 6(44) 35 (25.5)
9 (6.6) 1(0.7) 10 (7.3)
12 (8.8) 15 (10.9) 27 (19.7)
3(2.2) 0 3(22)

In both males and female patients, 112(82%) calculi were located in the kidney, followed by the ureter with
12(9%), PUJ with 8(6%), VUJ with 3(2%) with the least stones 2(1%) seen in the Urinary bladder. No stone
was located in the urethra (Figure 2).

E KIDNEY ®PUJ = URETER VUJ = Bladder

Figure 2: Anatomical location of calculi irrespective of age group and sex

The anatomical location of the urinary calculi showed no variation according to age group and sex of the
patients. In males 53.3% of stones were located in the kidney and 5.1% in the ureter. In the females 28.4%
were located in the kidney and 3.7 in the ureter. All the age groups had the highest number of calculi
occurring in the kidney. The anatomical locations of the stones according to sex is as shown in figure 3
whereas Table 3 shows the anatomical locations according to age groups.
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Figure 3: Calculi anatomical location according to age group and side.

Table 3: Calculi anatomical location according to age group and side.

Age | Anatomical location and side
group
(yrs)
Kidney PUJ Ureter VU] Bladder
Number(%) Number(%) Number(%) Number(%) N(%) Total (%)
Rt Lt Rt Lt Rt Lt Rt Lt
21-30 | 3(2.2) 4(2.9) 1(0.7) | 1(0.7) 1(0.7) 10(7.2)
31-40 | 12(8.8) | 28(20.4) | 3(2.2) | 1(0.7) | 6(4.5) 50(36.6)
41-50 | 8(5.9) 19(13.9) 2(1.5) | 1(0.7) | 2(2.5) | 1(0.7) | 2(1.5) 35(25.7)
51-60 | 4(2.9) 4(2.9) 1(0.7) | 1(0.7) 10(7.2)
61-70 | 13(9.5) | 13(9.5) 1(0.7) | 27(19.7)
71-80 | 2(1.5) 1(0.7) 3(2.2)
81-90 | 1(0.7) 1(0.7) 2(1.4)
Total | 43(31.5) | 69(50.3) | 4(2.9) | 5(3.6) | 8(5.9) | 4(2.9) | 1(0.7) | 2(1.5) | 1(0.7) | 137(100)

Of the 112 renal calculi 23 stones were found in the right kidney (17 in males and 6 in females) and 36 were
found in the left kidney (26 in males and 10 in females). 53 stones were found in both kidneys of some of
the patients (21 in males and 32 in females). There were more stones on the left kidney than the right kidney

(Table 4).

Table 4: Side distribution of stone by gender.

Side

Gender

Total

Male

Female

KIDNEY
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Right 17(26.6) 6(12.5) 23(20.5)
Left 26(40.6) 10(20.8) 36(32.2)
Both 21(32.8) 32(66.7) 53(47.3)
Total 64(100.0) 48(100.0) 112(100.0)
PUJ

Right 3(50.0) 1(50.0) 4(50.0)
Left 3(50.0) 1(50.0) 4(50.0)
Total 6(100.0) 2(100.0) 8(100.0)
URETER

Right 3(42.9) 5(100.0) 8(66.7)
Left 4(57.1) 0(0.0) 4(33.3)
Total 7(100.0) 5(100.0) 12(100.0)
VUJ

Right 0(0.0) 0(0.0) 0(0.0)
Left 0(0.0) 1(50.0) 1(33.3)
Both 1(100.0) 1(50.0) 2(66.7)
Total 1(100.0) 2(100.0) 3(100.0)

In both males and females, most stones were located in the middle pole followed by lower pole, upper pole

(Figure 4).
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Figure 4: Distribution of stones in the poles (moieties) of the kidneys
Figure 5 shows the distribution of calculi in the ureter. 12(8.8%) stones were ureteric stone. Most stones
were present in the lower ureter 6(50.0%) followed by upper 4(33.3%) and middle ureter 2(16.7%) for the
two ureters combine. Analysis of the number of stones in the right ureter show 3 stones in the upper and
lower ureter with 2 stones in the middle part of the ureter. Whereas on the left ureter, 3 stones were noted in
the lower ureter, 1 calculus in the upper ureter. No stone was located in the middle ureter on the left.
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Figure 5: Distribution of calculi within the ureters according to side.

There were 10 patients with calculi in multiple locations (Figure 6). 5 patients (2 males and 3 females) had
stones in two locations (the kidney and ureter), 3 patients (2 males and 1 female) had stones in two locations
(the kidney and PUJ), 1 male patient had calculi located in the kidney and bladder while a male patient had
calculi in three locations (kidney, PUJ and ureter)
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Figure 6: Distribution of calculi in multiple locations by patients gender.

Discussion
Urolithiasis is quite a common problem in developing countries like Nigeria as it is elsewhere in the

developed countries. Our study showed that males are more affected than females with a male to female
ratio of 2.13:1. This is corroborated by studies that documented a male to female ratio of 3.25:1 in Enugu™,
4:1 recorded by Monu'? in Benin, Nigeria. Elsewhere in Maiduguri, Northern Nigeria and Nepal, Mshelia et
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al*® and Chand et al® also reported the predominance of calculi in men with a male to female ratio of 12:1
and 1.35:1 respectively.

This study shows that people of age group 31-40 years have the highest percentage of calculus which is
similar to the 31-40 year age group recorded by Mbonu et al**, 30— 39 age group recorded in Saudi Arabia®®
and 30-49 year age group reported in Enugu’. A younger age group 20-29 is reported in Nepal®. The reason
for the male predominance and high incidence of urinary stone in this age group is not known, but several
researchers have different observations which may relate to diet, hypercalciuria, hyperparathyroidism,
hypocitruria as well as large muscle mass of men when compared to that of women®*®. A study has found
that men have mean higher oxalate concentrations than women'’,

Renal calculi has the highest frequency in both sexes followed by the ureter with the least stones found in
the bladder. This is consistent with findings of Mshelia et al*®* and Wathigo et al'® which also recorded
highest frequency of stones in the upper urinary tract. In contrast to our finding, studies carried out in
Nigeria'*, Nepal® and Saudi Arabia® reported the urinary bladder with the highest frequency of stone in the
urinary tract. We also found more stones in the left kidney than the right kidney and in both sexes, more
calculi are located in the middle pole followed by the lower and the upper pole of the kidneys bilaterally.
This differs from the study by Chand et al® who reported the location of stones to be more in the lower pole
followed by the middle and the upper poles of the kidneys in both gender. The reason for the stone
distribution in the different poles of the kidney cannot be explained.

In the ureter, stone distribution were more in the lower followed by the ugper and the middle parts of the
ureter respectively. This is corroborates the findings of study done in Nepal® which also recorded the highest
frequency of ureteric stone in the lower followed by the upper and middle parts of the ureter.

Conclusion

Urolithiasis is a common problem in developing countries like Nigeria with the reproductive aged males
predominantly affected than females. The calculi are commonly located in the kidney, ureter, PUJ, VUJ and
the urinary bladder in descending order respectively. Most kidneys stones are located in the middle moiety
of the Kkidney. Distal ureter is the most common site of ureteric stone. Computed Tomography is vital in
locating urinary calculi for ease of accessibility for treatment.
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