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Abstract 

Background:  Uroliths are stones formed in the urinary tract. Analysis of stones helps to identify risk factors for their 
development and prevention of recurrence. Standard stone analysis using modern technology is not routinely done 
in Nigeria. This study sought to determine the chemical composition of urinary stones seen in Abuja, Nigeria.

Methods:  This was a retrospective study on composition of uroliths. Urinary stones surgically removed from 155 
patients through minimal access surgical procedures between January 2015 and August 2019 were analysed. Optical 
crystallography and infrared spectroscopy were used to determine the chemical composition of the urinary stones.

Results:  A total of 155 urinary stones were assembled from the patients. More stones were removed from male 
patients and the male to female ratio was 1.9:1. Stones were rare in the extremes of age. The predominant location 
(89.7%) of stones was in the upper urinary tract. All stones were of mixed composition with calcium oxalate account-
ing for 93.55%. Calcium oxalate, calcium phosphate and uric acid stones were more common in the upper tract, while 
2 of the 3 struvite stones were found in the lower tract.

Conclusion:  Stones found in this study were of mixed composition with the most common constituent being Cal-
cium oxalate and the least common, struvite.
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1 � Background
Urolithiasis is a common cause of presentation and refer-
ral to Urology clinics. Uroliths are stones found within 
the urinary tract [1]. They are products of chemical 
substances in the urine which are present in larger than 
normal quantities with the excess precipitating to form 
stones [2]. These substances include but are not limited 
to calcium oxalate existing either in the monohydrate 
form (whewellite) or in the dihydrate form (whedellite), 
calcium phosphate, uric acid, cystine and Magnesium 
Ammonium Phosphate (struvite).

Urolithiasis is worldwide in distribution [3] though 
more common in developed regions of the world [4]. The 
incidence appears to be on the increase worldwide [4, 5]. 
In the United States of America, the prevalence of kidney 
stones for the adult population reportedly increased by 
8.8% from 2007 to 2010 [6]. The prevalence of the condi-
tion is higher among men than women both in Nigeria (1, 
2) and other parts of the world [7, 8]. It is more common 
between the 3rd and 6th decades of life [9]. It is estimated 
that without metaphylaxis, within 5–10  years, 50% of 
stone formers will have a recurrence and within 20 years, 
up to 75% will have a recurrence [10].

Knowledge of the composition of urinary stones can 
help to identify risk factors for their formation, guide 
treatment and prevent recurrence. Both the European 
Association of Urology (EAU) [11] and the American 
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Urological Association (AUA) [12] recommend that 
stones from all first time stone formers should be ana-
lysed [11]. Different methods for the analysis of kid-
ney stones exist, each with its peculiar advantages and 
limitations. Amongst them are wet chemical analysis, 
which has almost been completely abandoned except 
in resource-poor settings because of its high error rate 
[13], its ability to recognize only single ions and radicals 
[14] as well as its inability to differentiate between the 
types of calcium oxalate stones [15]. Other techniques 
for analysis include X-ray diffraction and Infrared spec-
troscopy [15, 16]. The EUA guidelines recommend the 
use of infrared spectroscopy and x-ray diffraction for 
analysis while accepting that polarization microscopy 
can give equally reliable results [11]. The guidelines do 
not advocate the use of chemical analysis (wet chemis-
try) as it is generally deemed to be obsolete [11].

In spite of the recommendations by recognized Uro-
logical authorities [11, 12], analysis of kidney stones 
in Nigeria is not routinely done. One Nigerian study 
showed that of 88 Doctors who had managed renal 
stones, 51.1% did not send the stones for analysis and 
40% of these felt it was unnecessary [17]. Even when 
analysis is attempted, wet chemical analysis alone, 
known for its numerous limitations, is used.

The technology for standard analysis is expensive 
and is not readily available in Africa. In our literature 
search, there was no report of analysis in Nigeria using 
techniques recommended by the EAU and AUA. There-
fore, to meet the recommendations of the EAU and 
AUA, uroliths have to be sent outside Africa for analy-
sis. This is not only time-consuming but equally expen-
sive. It is thus understandable that most management 
protocols in Nigeria do not incorporate stone analy-
sis. Even when laboratories for analysis are found, the 
average patient may consider it too expensive for out of 
pocket spending.

The aims of this study, then, are to identify the major 
components of uroliths retrieved during endoscopic sur-
geries from patients managed for urolithiasis in Abuja, 
Nigeria, using EAU and AUA recommended analytical 
methods and to determine if stone composition in our 
West African sub-region, and in particular Nigeria, is 
similar to what is found in other parts of the world.

2 � Methods
2.1 � Design
This was a retrospective, cross-sectional study on uroliths 
collected from patients during percutaneous nephroli-
thotomy (PCNL and Mini-PCNL), retrograde intrarenal 
surgery (RIRS), uretero-renoscopy (URS) and Urethro-
cystoscopy for urolithiasis in Abuja, Nigeria.

2.2 � Setting
The hospital is a highly specialized urological facility 
that offers minimal access surgical procedures including 
PCNL and Mini-PCNL, URS, RIRS, combined with laser, 
ultrasonic or pneumatic lithotripsy either independently 
or sometimes in combination (the Swiss lithoclast mas-
ter) for the removal of urinary tract stones.

The samples were dried and sent to Urolab with head 
office in India, for analysis. The analysis was done using 
combination of Infra-Red Spectroscopy and Optical 
Crystallography as recommended by the EUA and AUA.

Stones were assayed for the presence of whewel-
lite, wheddellite, brushite, carbonate, dahllite, uric acid, 
ammonium urate, struvite and cystine and were classi-
fied as Calcium oxalate stones if they contained whew-
ellite and/or wheddellite, Calcium phosphate if they 
contained brushite, carbonate or dahllite, uric acid stones 
if they contained uric acid or ammonium urate and stru-
vite stones if they contained magnesium ammonium 
phosphate.

3 � Results
Of 155 stones sent for analysis, stones from 2 patients 
contained artefacts only. These patients were excluded 
from the study.

The findings of this study show that of the 153 patients 
whose stones were analysed, 100(65.4%) were male 
and 53(34.6%) were female with a male to female ratio 
of 1.9:1. Stones were commonest (27.5%) in patients 
between 31 and 40 years age bracket followed by those in 
the 41–50 age group (Table 1).

Table 2 shows that stones in 125(81.7%) patients were 
found at a single site, the kidney being the most common 
location in 103(67.3%) patients.

Table 1  Demographic characteristics of study patients

Variable Number (n = 153) Percentage

Age (years)

0–10 2 1.3

11–20 3 2.0

21–30 11 7.1

31–40 42 27.5

41–50 40 26.1

51–60 29 19.0

61–70 20 13.1

≥ 71 6 3.9

Sex

Male 100 65.4

Female 53 34.6
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Stones were more commonly seen (27.5%) in the 
31–40 age group. More males (29.0%) in the 41–50 age 
bracket were affected (Fig. 1).

Calcium oxalate, alone or in combination, was the 
commonest stone constituent found in both sexes 
(Table 3).

While calcium oxalate stones were more common 
in the fourth decade of life, the struvite stones were 
found only in the elderly (Fig. 2).

4 � Discussion
The present study shows that more males were seen with 
urolithiasis than females. This finding is in agreement 
with other studies done in Enugu, Nigeria; Kelantan, 
Malaysia and South India where a male to female ratio of 
3.3:1 [1], 1.35:1 [18] and 1.8:1 [8] was found. The higher 
prevalence in males may be due to their higher level of 
androgens which have been reported to promote stone 
formation, while estrogens in females suppress stone 
formation [19]. In Kano, Northern Nigeria, however, 
much higher male to female ratio of 6:1 [2] was seen. 
The authors attributed this higher prevalence to more 
strenuous activities men were involved in. This part of 
the country has a hot, arid and dry climate and is close 
to the Sahara desert, which predisposes men to more 
dehydration and stone formation or recurrence. Genetic 
factors are thought to outweigh the effect of climate on 
stone formation [20], however, and this could explain the 
higher incidence of urolithiasis in the Caucasian popula-
tions than in blacks.

Majority of patients with stones in this study were mid-
dle-aged. This is consistent with reports from other stud-
ies which show that urinary stone disease peaks in the 
4th and 5th decades of life [21]. This may be particularly 
so in our environment, where at this age, people are more 
likely to work outdoors for long periods of time in the 
tropical heat and are thus prone to dehydration. Obesity, 
a known risk factor for stone formation [22, 23] is also 
higher in this age group [24].

Table 2  Location of renal stones in affected patients

Location of stones Frequency (n = 153) Percentage

Single 125 81.7

Multiple 28 18.3

Stone site

Kidney (Unilateral) 80 52.3

Ureter 33 21.6

Bladder 14 9.2

Urethra 2 1.3

Kidney (Bilateral) 13 8.5

Kidney + Ureter 8 5.2

Kidney + Bladder 2 1.3

Ureter + Bladder 1 0.7

UPPER TRACT (n = 136) (side affected)

Right 65 42.5

Left 49 32.0

Bilateral 22 14.4

0

5

10

15

20

25

30

35

40

45

0-10 11-20 21-30 31-40 41-50 51-60

Female
Male

61-70 >71

N
um

be
r o

f p
a�

en
ts

Age
Fig. 1  Distribution of the stones by age and sex of patients
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There were only two patients below the age of 10 and 
one above 90. Kidney stones are generally said to be rare 
in the extremes of life [25]. However, children can also 
develop urinary stones, as seen in our study, and a con-
scious effort should be made to exclude the presence of 
kidney stone disease in children presenting with symp-
toms, such as flank pain or haematuria.

As in this study, authors from Kenya, India and China 
reported that the majority of stones seen were in the 
upper tract [16, 26, 27]. There were 2 earlier reports from 
Nigeria showing the majority of stones, 55.7% [2] and 
75.6% [28], in the lower urinary tract. In those centres, 
mostly open surgical procedures are done, and several 
small stones in the upper tract could have been missed if 

such patients presented for surgery. If a Urologist is una-
ble to palpate the stone in the kidney during open sur-
gery, for example, he is not likely to be able to remove it. 
The urinary bladder was the commonest site for stones 
removed at surgery in both Northern and Eastern Nige-
ria [2, 28], where open surgery was the main modality 
of treatment. Also some of these stones may have been 
found incidentally during other surgeries in the lower 
urinary tract, such as for urethral strictures and enlarged 
prostate. In contrast, in this study, where only endoscopic 
procedures were done, 67.3% (103) of the stones were 
located in the kidney, a finding consistent with reports 
from centres where endoscopic treatment for stones is 
available.

Calcium oxalate existing either in monohydrate or 
dihydrate form or mixed with other stone constituents, 
was the most common urolith seen. This was similar to 
what was found in the United States of America [29] and 
South Eastern Europe [30]. In some parts of Africa and 
the middle East, however, while calcium oxalate stones 
were the most common as in this study, uric acid stones 
were the second most common stone type [31, 32].

Across all ages, Calcium oxalate stones were the most 
common stones seen in our patients with a peak between 
ages 41–50  years. Calcium oxalate stones were also the 
most common stones found in both males and females 
similar to findings in Asia [33]. Unlike our own findings 
in this study, calcium oxalate stones were found to peak 
between 31 and 40 years.

Table 3  Composition of the renal stones by sex

Stone composition Male Female Total

CaO 52 (52.0%) 25 (47.2%) 77 (50.3%)

CaO + CaP 21 (21.0%) 19 (35.8%) 40 (26.1%)

CaO + Uric acid 22 (22.0%) 5 (9.4%) 27 (17.6%)

Uric acid 1 (1.0%) 2 (3.8%) 3 (2.0%)

CaP + Struvite 1 (1.0%) 1 (1.9%) 2 (1.3%)

CaP + Uric acid 1 (1.0%) 1 (1.9%) 2 (1.3%)

CaO + CaP + Uric acid 1 (1.0%) 0 (0%) 1 (0.7%)

Uric acid + struvite 1 (1.0%) 0 (0%) 1 (0.7%)

Total 100 (100%) 53 (100%) 153 (100%)
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Struvite stones are thought to be more common in 
women [34] and persons over 50  years presumably 
because they are more prone to urinary tract infections. 
Two of the three patients with struvite stones in our 
series were males over 50  years. The 3rd patient was a 
female. Elderly male patients with bladder outlet obstruc-
tion are more predisposed to urinary stasis and infec-
tion. This may explain the greater proportion of struvite 
stones in these patients. Calcium oxalate stones were 
more common in the upper urinary tract, while 2 of the 3 
struvite stones were found in the bladder. In our study, 2 
samples were reported as artefacts. Interestingly, we did 
not find cystine, matrix, drug-induced or any other rare 
stone. This may be due to our sample size. Cystine stones 
are said to be rare, generally, occurring in people with 
cystinuria, a genetic condition that is reported only occa-
sionally in blacks [35]. Cystinuria is reported to occur in 
only 1: 600 to 1:17,000 individuals, even for populations 
that were studied [36]. Matrix stones are also very rare, 
and often present a diagnostic dilemma [37].

5 � Conclusion
Stones in our experience were of mixed composition. The 
most common constituent of stones amongst Nigerians 
across all ages was calcium oxalate. The least common 
stone constituent represented was struvite. All stones, 
including calcium oxalate stones were more common in 
males than in females. Calcium oxalate stones were more 
common in the upper tract than in the lower tract, while 
2 of the 3 struvite stones were found in the bladder.
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