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Abstract

Background: Kidney stone disease, also termed nephrolithiasis is associated
with significant morbidities such as severe colicky flank pain, haematuria,
urinary tract infection and kidney failure. Kidney stone disease was perceived
as uncommon in developing countries; however, the global prevalence has
been rising over the past two decades due to lifestyle changes. There is very
limited literature on kidney stone composition in Africa, including Ghana
and South Africa. It was based on this evidence that this study was underta-
ken. Aim: The primary aim of this study was to describe and compare the
composition of kidney stone in patients receiving treatment at the Korle-Bu
Teaching Hospital (KBTH), Accra (Ghana) and Groote Schuur Hospital
(GSH), Cape Town (South Africa). Methods: The study was a retrospective
folder review of patients treated for nephrolithiasis at the Korle-Bu Teaching
Hospital in Accra (Ghana) and Groote Schuur Hospital in Cape Town (South
Africa). Patients who were treated for kidney stone disease between 1% June
2016 and 31% May 2018 were recruited, and their folder numbers were re-
trieved from theatre logbooks. A total of hundred and sixty-three (n = 163)
folders (n = 30 KBTH; n = 133 GSH) were subsequently retrieved from the
two facilities’ records department. Demographic data and kidney stone analy-
sis results were analyzed using the R statistical software. Results: The age of
KBTH patients ranged from 24 to 75 years and age of 45 years, while that of
GSH ranged 19 to 77 years and median age 48 years respectively. Males were
the majority stone formers for both hospitals [56.7% KBTH; 59.4% GSH].
There was no statistical difference in gender (p = 0.9447) and age (p = 0.2612)
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between the two groups. Calcium oxalate (86.7%) and uric acid (90.0%) were
the commonest components of the kidney stones analyzed from the KBTH.
Calcium oxalate (66.2%) and carbonate apatite (40.6%) were the most com-
mon components stones from GSH. Brushite (3.0%), cystine (3.8%) and stru-
vite (19.6%) stones were only found in GSH patients. All kidney stones from
the KBTH were mixed stones. Pure kidney stones were only found among the
GSH dataset constituting 48.9%, also female patients from GSH formed more
mixed stones than their male counterparts (M:F = 40.5%:66.67%) and infec-
tion kidney stones were also predominantly found among female patients.
Conclusion: The findings indicate that the two facilities’ participants are not
different in terms of gender and age. However, the composition of stones was
found to be different between participants from both hospitals. This suggests
that kidney stone composition may be influenced by patients’ geographical
location and or cultural background.
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1. Introduction

Stone disease of the urinary tract, also termed urolithiasis, is a debilitating,
chronic condition, which has affected people (perhaps) since antiquity. It results
in great morbidity like severe colicky flank pain; infection and loss of kidney
function may occur when the kidney is obstructed by a stone. It may result in
loss of working hours and productivity due to repeated patient visits to the
emergency unit or urologist, especially during those acute episodes requiring
admission and intervention [1].

Kidney stones have been shown to be associated with other chronic diseases
like coronary artery disease, hypertension and chronic kidney disease [2]-[7].
This had led to other investigators referring to kidney stone disease as a meta-
bolic disorder beyond the obstructive symptoms caused by these stones.

Kidney stone analysis is essential in assessing stone patients, not only in de-
termining stone composition, but also in providing a guide as to metabolic
anomalies that might be involved in stone formation [8] [9]. The knowledge of
stone composition is very important in further investigating and treating pa-
tients with kidney stone disease due to the high recurrence of this condition
[10].

Kidney stone disease was perceived as uncommon in developing countries
until recently [11], but they are now a health concern in many developing na-
tions as it is in developed countries. Presently, there is insufficient data in the
current literature on the incidence and prevalence of kidney stone disease in
Africa and other developing countries [12]. The prevalence of kidney stones has

been rising globally over the past two decades due to dietary and lifestyle
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changes [11] [13] [14]. Although studies have reported a low incidence of kidney
stone disease in people of African descent compared with, for example, Cauca-
sians, there is also the paucity of information regarding kidney stones and stone
composition among Africans [15] [16].

Evidently, stone disease incidence varies with race, ethnicity, occupation, geo-
graphic location, climate and diet [1]. These factors and variations in cultural
practices and diet also affect the chemical composition of kidney stones. For
example, people from South-East Asia consume betel leaves, nuts and calcium
hydroxide paste which have been associated with hypercalciuria and hypocitra-
turia. Individuals from Northern India lack intestinal Oxalobacter formigenes;
hence they are unable to metabolize dietary oxalate which causes absorptive
hyperoxaluria [1] [17].

Anecdotal evidence shows that physicians manage numerous cases of upper
urinary tract stones in clinics across Africa. However, at present, no published
study has compared the stone composition between two different African coun-
tries. On premise, this study was conducted to determine the composition of
kidney stones in our sample (of patients from Korle-Bu Teaching Hospital and
Groote Schuur Hospital) and compare the results of these two countries. The
populace in Ghana is mainly of African descent, while South Africa includes
people of African, European, Asian ancestry and Coloured people. This mul-
ti-race scenario in South Africa also presents an opportunity to understand stone
composition beyond just a single race and if possible, identify the significance of

stone composition and its impact on the nature of kidney stone disease in Africa.

2. Methods

This retrospective study involved patients’ folder review from 1% June 2016 to
31* May 2018 at the Korle-Bu Teaching Hospital (Accra-Ghana) and Groote
Schuur Hospital (Cape Town, South Africa). The study is purely a descriptive
study of kidney stone composition of patients who were treated for kidney stone
disease in the two hospitals over the study period. Patients with kidney stone
disease who were treated at the Urology units of Korle-Bu Teaching hospital
(KBTH) and Groote Schuur Hospital (GSH) over the study period and had their
stones analyzed were included in this study. The study recruited consecutive pa-
tients who were treated for stone disease in the two hospitals.

Ethical approval had been sought and approved from the Surgical Divisional
research committee of Groote Schuur and the Human Research Ethics Commit-
tee (HREC) of both institutions. Patients who had radiological images (X-ray
and CT scan) confirmation of kidney stones and were surgically treated, either
by minimally invasive (URS, PCNL, Laparoscopy) or open surgery were used for
this study. Theatre logbooks between 1* June 2016 and 31% May 2018 were re-
viewed for folder numbers of patients who had stone surgeries. These were used
to source names from HREC approved urology database of the two hospitals and

variable data obtained. Stones collected from patients during surgical procedures
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were labelled and sent to the laboratory for analysis. Two laboratories (Z.e. MDS
Lancet and Pathcare laboratories) were involved in the analysis of stones for this
study. MDS lancet was involved in the analysis of stones from KBTH and Path-
care from GSH. Both laboratories used Fourier transform infrared spectrometer
(FT-IR) to analyze the stones. MDS lancet used Thermo Scientific, Nicolet iS10
FT-IR spectrometer and Pathcare used Agilent Technologies, Cary 630 FT-IR
spectrometer for stone analysis.

There was not a sufficient study population from which a statistics formu-
la-based sample size calculation could be drawn. Thus, we did not calculate a
sample size but used the available folder/data of consecutive patients who were
treated for kidney stone disease and had their stones analyzed. A total of thirty
(n = 30) and one hundred and thirty-three (n = 133) patient folders were ob-
tained from KBTH and GSH respectively. Data on date of surgery and stone
analysis, demography (country of origin, age and gender) and kidney stone
composition after analysis were collected using a data sheet. The data was coded
and captured into Excel spread sheets and then exported into the statistical
package R where it was cleaned and analyzed [18].

Descriptive statistics such as mean, standard deviation, frequencies and per-
centages were used to summarize the data (e.g. age, gender and country of ori-
gin). A student t-test was used to compare differences on age variables between
the South African and Ghanaian samples and a p-value of less than 0.05 is con-
sidered statistically significant. In cases where the variable count is more than
5%, Chi-Square goodness-of-fit tests of proportions were used to assess for sig-
nificance (gender variable between KBTH and GSH). The demographic vari-
ables, kidney stone type and kidney stone chemical composition as function of
demographic indicator was analysed and compared between the Korle-Bu

Teaching Hospital and Groote Schuur Hospital.

3. Results

A total of hundred and sixty-three (n = 163) participants (n = 30 KBTH; n = 133
GSH) were recruited for this study. The age of participants at the KBTH ranged
from 24 to 75 years with a median age of 45 years, while the ages of participants
at the GSH ranged between 19 to 77 years with a median age of 48 years. Males
were the majority stone formers for both hospitals [56.7% KBTH; 59.4% GSH]
with ratio of M:F = 1.3:1 (KBTH) and M:F = 1.5:1 (GSH). However, there was no
significant statistical difference in gender (p = 0.9447) and age (p = 0.2612) be-
tween the two groups as shown in Table 1.

Most of the kidney stones from the dataset were composed of multiple
chemical components.

Calcium apatite was only prevalent among stones of KBTH patients but was
not observed in any of GSH patients. Contrarily, Struvite was only recorded
among patients treated in GSH while none of KBTH stones contained struvite.

With regards to chemical composition of stones, most of the stones from
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Table 1. Demographic characteristics of kidney stone patients treated at KBTH (Accra,
Ghana) and GSH (Cape Town, South Africa).

Age
Gender Q .
uantiles Std.
Count Min. Max. Mean
Female Male 25% 50%  75% dev.
Korle-Bu
13 17
Counts 30 24.00 34.00 45.00 53.75 75.00 45.13 14.35
Proportion (%) 43.33  56.67
Groote Schuur
54 79
Counts 133 19.00 38.00 48.00 59.00 77.00 48.44 14.54

Proportion (%) 40.60  59.40

Chi-Squared p-value: 0.9447 Student t-test p-value: 0.2612

Korle-Bu patients (90%) contained uric acid, while only a few (about 20%) of the
stones from Groote Schuur contained the chemical compound. Calcium oxalate
(CaOx) formed 86.67% compared with 66.42% from Korle-Bu patients and
Groote Schuur respectively. Carbonate apatite was more common among GSH
kidney stones 40.30%, while only 16.67% of stones from KBTH contained Car-
bonate apatite. There was however, no apparent difference between stones from
both hospitals with respect to the other kidney stone composition category (10%
and 10.45% for KBTH and GSH respectively). Kidney stones such as Brushite
(3.0%), cystine (3.8%) and struvite (19.6%) were only found in the stones of par-
ticipants receiving treatment at the GSH while no patient from KBTH formed
such stones as shown in Table 2 and Table 3.

More than 49% of the kidney stones from GSH patients were made up of only
one chemical component (pure stones), none of the stones from Korle-Bu on the
other hand were pure stones. The proportion of patients who formed stones
made up of 3 chemical components are the same for the two hospitals but one
patient from Korle-Bu formed a stone made up of four chemical components
(see Figure 1 and Table 4).

The one component stones from GSH, Calcium oxalate was the most com-
mon forming 28.57% of the analysed stones. The other pure stones from GSH
were uric acid (13.53%), struvite (5.26%) and cystine (1.50%) which was classi-
fied among other categories of stones. The majority of the stones examined from
Korle-Bu patients were Calcium oxalate & Uric acid combination stones
(73.33%), only a small fraction (5.26%) of Groote Schuur patients had this type
of stone. Carbonate apatite & uric acid combinations stones (13.33%) were only
observed among Korle-Bu patients. On the other hand, calcium oxalate & car-
bonate apatite (25.56%) and carbonate apatite & struvite (6.77%) component
stones were only identified among stones from GSH as shown in Table 4.

Kidney stones were also analysed as a function of demographic indicators (i.e.
gender and age). In this regard, the age variable was subclassified into two
groups of patients (a) 45 or younger (<45) and (b) older than 45 (>45) at the
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Table 2. Chemical components present in kidney stones (number and proportion) in pa-
tients treated at KBTH and GSH.

Kidney Stone Chemical Component

L O
g [ ® R
Q - g g
2o 8 82 B2 52 3 55 2 % £
.—1'—'-—1 ]
SE 9 58 5<% 88 8 g8 &5 o 5%
ESE3e38Ese & 28 & E A
g m O ) S 5§ 5 5
< » B

(=}
—
(=}

Count 1 0 3 26 5 27 1

Korle-Bu  proportion

(%) 3.33 0.00 10.00 86.67 16.67 0.00 3.33 0.00 90.00 3.33
0

Count 5 4 0 88 54 5 0 26 27 0
Groote

Schuur FProportion

(%) 3.76 3.01 0.00 66.17 40.60 3.76 0.00 19.55 20.30 0.00
0

Table 3. Compressed kidney stone chemical composition: summary of patients treated at
Korle-Bu and Groote Schuur Hospital.

Kidney Stone Chemical Compound Constituent

Calcium Calcium Carbonate . Uric
K . Struvite . Other*

Apatite  Oxalate Apatite Acid
Count 3 26 5 0 27 3

Korle-Bu

Proportion (%) 10.00 86.67 16.67 0.00 90.00 10.00
Groote Count 0 88 54 26 27 14
Schuur  proportion (%) 0.0 66.17 40.60 19.55 20.30 10.53

*Other: Ammonium urate, Brushite, Cystine, Sodium urate monohydrate and Unknown matrix. NB: This
table is similar to Table 2, except for the new class named “Other”.

time of examination (Table 5). Regarding demographic characteristics, fe-
males tend to have more multi-component (mixed stones) as evident in the
three-component class among both Korle-Bu and GSH patients. While all the
male stone formers from Korle-Bu had two components stones, more than 23%
of the female stone formers had stones containing at least three chemical com-
ponents and the only four-component stone observed was formed by a female
from KBTH. Also, 60.8% of the male stone formers from Groote Schuur formed
one component (pure) stones. However, more than 66% of the female stone
formers from the same hospital formed stones composed of at least two chemical
components (Figure 1).

All Calcium apatite stones, as well as the Other stone category, among
Korle-Bu patients are from the females. The Other stone category is also evi-
dently common among female patients at Groote Schuur. Carbonate apatite was
absent in all the stones from younger patients of Korle-Bu. However, almost half
48.39% of stones from younger patients at Groote Schuur had kidney stones
containing a carbonate apatite component. The prevalence of carbonate apatite

kidney stones was similar for older patients (>45 years) at both hospitals.
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Table 4. Classification of kidney stone as observed among patients treated at KBTH and

GSH.
Groot
Korle-Bu r;:o €
Chemical Combinations Stone Schuur
(n =30) (n=133)
Count 0 38
Calcium oxalate
Proportion (%) 0.00 28.57
Count 0 7
Struvite
Proportion (%) 0.00 5.26
Count 0 18
Uric acid
Proportion (%) 0.00 13.53
Count 0 2
Other*
Proportion (%) 0.00 1.50
Count 0 34
Calcium oxalate & Carbonate apatite
Proportion (%) 0.00 25.56
Count 22 7
Calcium oxalate & Uric acid
Proportion (%) 73.33 5.26
Count 1 3
Calcium oxalate & Other*
Proportion (%) 3.33 2.26
Count 0 9
Carbonate apatite & Struvite
Proportion (%) 0.00 6.77
Count 4 0
Carbonate apatite & Uric acid
Proportion (%) 13.33 0.00
Count 0 3
Carbonate apatite & Other*
Proportion (%) 0.00 2.26
Count 0 4
Struvite & Other*
Proportion (%) 0.00 3.01
Calcium apatite & Calcium oxalate & Count 1 0
Uric acid Proportion (%) 3.33 0.00
Count 1 0
Calcium apatite & Calcium oxalate & Other*
Proportion (%) 3.33 0.00
Calcium oxalate & Carbonate apatite & Count 0 4
Struvite Proportion (%) 0.00 3.01
Calcium oxalate & Carbonate apatite & Count 0 2
Uric acid Proportion (%) 0.00 1.50
Count 0 2
Carbonate apatite & Struvite & Other*
Proportion (%) 0.00 1.50
Calcium apatite & Calcium oxalate & Count 1 0
Carbonate apatite & Other* Proportion (%) 3.33 0.00

*Other: Ammonium urate, Brushite, Cystine, Sodium urate monohydrate and Unknown matrix.

DOI: 10.4236/0ju.2021.113007 59 Open Journal of Urology


https://doi.org/10.4236/oju.2021.113007

E. A. Akpakli et al.

Table 5. Number of chemical components per kidney stone of patients treated at KBTH
and GSH as a function of age and gender.

Renal Stone Constituent
Chemical Count

1 2 3 4
<45 Count 0 15 1 0
n=16 Proportion (%)  0.00 93.75 6.25 0.00
Age (year)
>45 Count 0 12 1 1
n=14 Proportion (%)  0.00 85.71 7.14 7.14
Korle-Bu
Count 0 10 2 1
Female
Proportion (%)  0.00 76.92 15.38 7.69
Gender
Count 0 17 0 0
Male
Proportion (%)  0.00 100.00 0.00 0.00
<45 Count 22 36 3 0
n=61 Proportion (%) 36.07 59.02 4.92 0.00
Age (year)
>45 Count 43 24 5 0
Groote n=72 Proportion (%) 59.72 33.33 6.94 0.00
Schuur Count 18 29 7 0
Female
Proportion (%)  33.33 53.70 12.96 0.00
Gender
Count 47 31 1 0
Male
Proportion (%)  59.49 39.24 1.27 0.00
09 KEY
KB: Korle-Bu
0.8 GS: Groote Schuur
0.7
0.6
c 0.5
o
£
g
9 0.4
o
0.3
0.2
0.1
0.0 v . v v v v v v
KB GS KB GS KB GS KB GS
1 2 3 4

Number of chemical components per kidney stone

Figure 1. Number of chemical components per kidney stone as a function of the geo-
graphic location of patients.
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The participants were diagnosed with kidney stone with abdominopelvic CT
scan or X-ray. Blood investigations (full blood count, blood urea, electrolytes
and creatinine) and urine studies (urinalysis, culture and sensitivity) were done.
Those with evidence of urinary tract infection (UTI) were treated to render the
urine sterile before stone extraction. The patients were counselled and consented
for surgical stone extraction (retrograde ureterorenoscopy, PCNL, laparoscopy
and open surgery). All the participants received prophylactic intravenous antibi-
otics preoperatively after induction of anaesthesia. Postoperatively the patients
were reviewed at 2 weeks, 6 weeks and 12 weeks post-discharge. At first review,
abdominopelvic CT scan or X-rays were done to assess for stone clearance.
Those found with residual fragments were then scheduled for a second proce-
dure to achieve clearance (stone clearance rate and complications data were not
captured, because that did not fall within the scope of this study). To avoid kid-
ney stone recurrence, the patients were offered diet sheet counselling on low-risk

stone regimen and liberal oral fluid intake.

4. Discussion

Our study demonstrated that the male to female ratio from KBTH was 1.3:1 and
that of GSH 1.5:1. This study shows a higher prevalence of kidney stone disease
in males than females in both hospitals. However, there is no gender diversity
among patients treated for urolithiasis in both hospitals. Various epidemiologi-
cal studies showed male preponderance [14] [19] [20] which is also confirmed
by this study as per the gender characteristics. Some studies have, however, re-
ported a higher M:F ratio: 3.5:1 in Nigeria [11], 2.7:1 in Japan [21] and 3.8:1 in
Kenya [22]. In this study, the low male-female ratio is not surprising: Scales et al.
[23], in the United States, using in-patient discharges for kidney stone disease
from 1997 to 2002 in their study, observed a dramatic rise in female discharges.
This demonstrated an increase in the incidence of kidney stone disease in fe-
males and therefore, a change in the prevalence of kidney stone disease among
men and women from a ratio of 1.7:1 to 1.3:1. This change was attributed to life-
style changes associated with risk factors such as obesity which is increasing
globally due to dietary and behavioural changes [24].

The median age of patients from the Korle-Bu was 45 years (range 24 to 75)
and 48 years (range 19 to 77) for GSH patients respectively. The age distribution
for both hospitals was similar, according to the student t-test (p = 0.2612) (Table
1). Kidney stone disease can affect all age groups from as young as 6 months to
older than 90 years, as Alaya et al [25] observed in their retrospective study in
Tunisia. Even though kidney stone disease affects patients of all age groups, it is
evident from epidemiological studies that the peak incidence for this condition
occurs between the ages of 20 and 60 years, the most productive age bracket
[20], [26] [27] [28]. In this study, the median age of patients is in the 4" decade,
with mean ages of 45.13 (+14.35 SD) and 48.44 (+14.54 SD) for KBTH and GSH
respectively. Studies of kidney stone disease in other African countries observed
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mean ages of 45 years in Nigeria [11], and 43.5 years in Kenya [22] suggesting a
similar age distribution of kidney stone patients in other African countries con-
sidered in this study.

Calcium oxalate (CaOx) is the most prevalent component of all kidney stones
from both hospitals. This is not unexpected as calcium oxalate has been found to
be the most predominant component, forming 60% to 80%, of all kidney stones
globally [29] [30] [31]. In an Iceland study conducted by Edvardsson et al [32],
they examined recent trends in the incidence of kidney stone disease in adults
over 24 years: 81% of stones in the study population were CaOx. Ansari et al
[33], reported pure calcium oxalate stones in 93% of their cohort, of which 80%
were comprised of Calcium oxalate monohydrate (COM) and 20% Calcium
oxalate dihydrate (COD). The high prevalence of CaOx component of stones in
our study is in keeping with a predominance of CaOx stones globally.

Uric acid (UA) kidney stones account for about 5% to 10% of all urinary tract
stones. However, the incidence varies globally ranging from 5% to 40% depend-
ing on the geographic location [34]. It is startling that uric acid was found in
90% of all kidney stones from Korle-Bu. This result should, however, be inter-
preted with caution due to the small sample size from Korle-Bu. Uric acid stone
formation is attributable to low urinary pH (pH < 5.5), low urine volume and
hyperuricosuria which may be associated with metabolic defect or increased in-
gestion of purine diet. Korle-Bu Hospital (Ghana) is located in the tropics with
high daily temperatures and humidity. These conditions obviously will induce
profuse sweating with ensuing dehydration and low urine volumes in the ab-
sence of adequate fluid intake. These hot and humid weather conditions in trop-
ical countries favour UA stone formation as described by some researchers [27]
[34]. The mechanism by which UA and CaOx mixed stones are formed is not
absolutely clear; however, the effect of UA on CaOx stone formation is due to
UA reducing the solubility of CaOx in urine; a process referred to as salting-out
[34] [35]. A study from Nigeria (a country with similar climatic condition to
Ghana) did not identify UA stone among their sample [11]. This might be be-
cause Ekeke er a/ used a qualitative chemical analysis approach to determine
stone composition instead of FT-IR spectroscopy. Qualitative chemical analysis
of kidney stone has been shown to be beset with many errors in the determining
kidney stone composition. Although the proportion of UA stones in the GSH
dataset is 20.2%, it evident from (Table 4) that two-thirds of these stones
(13.4%) were of pure uric acid. Pure UA stones are often formed in urine with
persistently low pH (pH < 5.5) which is the significant risk factor for their for-
mation even in the presence of normouricosuria. Pure UA kidney stones are
strongly associated with metabolic conditions such as prediabetes, type 2 di-
abetes and obesity [36] [37]. These individuals have renal tubular insulin resis-
tance and a defect in renal tubular ammonia genesis from glutamine with re-
duced excretion of ammonium to buffer hydrogen ions. Some researchers such
as Torricelli et al [38], have demonstrated that UA stone formers excrete urine

with higher sodium content, lower calcium and lower oxalate contents than
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CaOx stone formers. The GSH cohort of patients who formed pure UA stones
might have conditions associated with persistent acidic urine production, or ex-
crete urine with higher sodium, lower calcium and lower oxalate content.

From Table 2, cystine kidney stones constituted about 3.76% of stones from
the GSH sample; of these, 2 patients formed 100% cystine stones. None of the
stones analyzed from Korle-Bu contained cystine. Cystine stones are relatively
rare, constituting about 1% to 2% of all kidney stones [39] [40]. Cystine stones
are associated with cystinuria; they are usually an autosomal recessive hereditary
disorder but sometimes heterozygous gene carriers may be autosomal dominant.
The rarity of this condition and the small study population from Korle-Bu,
might explain the lack of cystine stones in the KBTH cohort. In Nigeria, another
West African country, of the eighty-nine stones analyzed in the study by Ekeke
et al. (2018) none were cystine stones. It is plausible that this type of stone might
not be found among West African patients. In a kidney stone composition study
involving over 1000 stones from northern India, none of the analyzed stones
were cystine [33]. This also confirms the rarity of cystine stones. Patients with
cystinuria are often predisposed to the development of high blood pressure and
chronic kidney disease (CKD); hence these patients should be screened for these
diseases and treated accordingly.

As per Table 2, brushite stones were only found among the GSH dataset and
constituted 3.01% of all analyzed stones, but none of the stones from Korle-Bu
were brushite. Calcium phosphate stones exist in three forms: Hydroxyapatite,
Brushite and Carbonate apatite. Approximately 15% of all kidney stones are cal-
cium phosphate, of which a quarter are brushite stones. Brushite stones are
usually the precursor to the formation of Calcium phosphate stones. In the ab-
sence of the conversion of Brushite to Hydroxyapatite, brushite stones are
formed [41] [42]. The most important risk factors associated with brushite stone
formation are hypercalciuria, elevated urine pH and higher urine supersatura-
tion with calcium phosphate [41] [42]. Brushite stone formation has been
strongly linked to the use of Extracorporeal shock wave lithotripsy (ESWL) to
treat kidney stone disease [41]. ESWL is common in Cape Town and widely used
as a treatment modality for small kidney stones. In Accra, this treatment option
is limited or nonexistent. We are unable to tell whether this might explain the
zero brushite stones among patients from Korle-Bu. Another likely explanation
for the lack of brushite stones is that at the very extremes of urine pH (ie. pH <
4 or >8) brushite can spontaneously be converted to Hydroxyapatite stone. Since
Hydroxyapatite stones existed among the Korle-Bu dataset, it is possible that
conditions (urine pH) might have favoured the conversion of brushite to Hy-
droxyapatite in the patients from Korle-Bu. Brushite stone formers have a higher
risk of developing CKD than CaOx patients with prolonged follow up [43].
Therefore, brushite stone formers should be monitored closely for CKD to avert
progression to end-stage renal disease (ESRD).

Urate kidney stone (ammonium urate and sodium urate monohydrate) com-

ponents were only found among Korle-Bu patients. These stones are usually en-
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demic bladder stones. Beukes et al. [44], reported a higher prevalence of urate
kidney stones among patients of African descent in their study (from South
Africa). On the contrary and quite remarkably, our study did not observe any
urate component stones among GSH patients.

Struvite, also known as magnesium ammonium phosphate stones, were only
found among the stones from GSH constituting 19.55% of all analyzed stone
samples. Globally, struvite stones constitute 10% to 15% of all renal stones. The
hallmark of these stones is recurrent urinary tract infections associated with urea
splitting organisms. Patients with conditions which predispose them to urinary
stasis (urinary tract obstruction, calyceal diverticulum and neurogenic bladder),
urinary diversion procedures (continent urinary diversion or ileal conduit),
neurologic disorders (spinal injury or pathology), prolonged indwelling urethral
catheter and foreign bodies, are prone to developing recurrent UTI and there-
fore form struvite stones [45]. Over the past decades, the incidence of struvite
stones has been observed to be on the decline in developed countries [46]. This
had been attributed to the use of effective antibiotics in the treatment of UTIs.
Of the 228 renal stones analyzed from the Iceland study, only one of the stones
was struvite [32]. Durgawale ef al (2010), however, reported a very high inci-
dence of struvite stones in their series, of which 71.2% of the analyzed stones
contained struvite. This is not surprising since they included stones of the lower
urinary tract in their work; stones of the lower urinary tract are often associated
with infection. Astoundingly, none of the renal stones analyzed from Korle-Bu
were struvite, this might be due to the unregulated antibiotic usage in Ghana this
might have kept the urine of stone-predisposed patients from Korle-Bu sterile,
hence preventing recurrent UTIs and struvite stone formation. Stone patients
from Korle-Bu do not have indwelling double ] (DJ) stent for prolonged periods
before surgery as in GSH patients. This could also be the reason for the lack of
struvite stones from Korle-Bu. Intriguingly, Ansari et al (2005) reported 180
(20%) of 1050 observed stones as staghorn calculi in their study of stone compo-
sition in northern India. 90% of these staghorn stones were of oxalate composi-
tion (COM and COD) while only 4% were composed of struvite. This contra-
venes the evidence that majority of staghorn kidney stones are of struvite com-
position.

Carbonate apatite stones constitute about 40.60% of stones from GSH while in
Korle-Bu only 16.67% of the stone were of carbonate apatite. This is not sur-
prising as carbonate apatite stones are formed as an extension of the cascade of
events that lead to struvite stones formation. The majority of carbonate apatite
stones are formed in patients with recurrent UTI and persistently high urine pH.
Phosphate is insoluble at high urine pH, and under such conditions, it easily
precipitates out and combines with calcium and carbonate to form carbonate
apatite stones. By extension, carbonate apatite stones are considered infection
stones and are often associated with struvite stones.

From Figure 1, stones analyzed from Korle-Bu were heterogeneous or mixed

stones made up of at least two or more components. It is therefore not surpris-
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ing that the only 4 component stone came from Korle-Bu. Of the stones from
GSH, 48.87% of the kidney stones were pure stones, and of the mixed stones, the
majority of them were of two components (45.11%). The presence of only mixed
kidney stones from Korle-Bu may probably be associated with ethnicity, dietary
habits and or climatic conditions prevailing in Ghana. The pure stones in the
GSH suggest a possible associated metabolic abnormality in patients who
formed such stones.

As illustrated in Table 4, none of the kidney stones analyzed from the two
hospitals were of pure carbonate apatite. This is not extraordinary as carbonate
apatite seldomly forms pure stones. A carbonated apatite mixed CaOx stone is
often associated with hypercalciuria and relatively alkaline urine in most cases. It
may, however, also be related to conditions such as medullary sponge kidney or
hyperparathyroidism [9] [47]. Thus, individuals who present with such stones
should be screened to exclude the aforementioned disease entities. Carbonate
apatite stones formed in combination with struvite are often associated with urea
splitting organisms; nonetheless, in the absence of struvite, non-urease produc-
ing organisms such as Escherichia coli are usually the causative organism.

Table 5 shows a noticeable difference between gender and stone composition
(i.e. pure or mixed). Although all males from the Korle-Bu formed mixed stones
made up of two chemical components, females from both hospitals were pre-
disposed to forming mixed stones with complex heterogeneity (two or more
component). Struvite stones were only found among the GSH patients and also
showed a high prevalence among females as illustrated in Figure 2. This is not
unexpected as females are more prone to developing UTI compared with males
and hence are more likely to form infection stones [45] [48] [49]. According to
Jayaraman et al (2018), globally, the female to male ratio for struvite stone for-
mers is 2:1. Our study contrarily revealed a much higher ratio of 3.3:1 (F:M)
among GSH patients than that observed globally. Notwithstanding this differ-
ence of no struvite stones in Korle-Bu cohort of patients, this study also con-
firmed the predominance of struvite stones in female stone formers. Carbonate
apatite stones from this study were predominantly found in female stone for-
mers in both hospitals. Other authors have also reported a greater prevalence of
carbonate apatite kidney stones in females than men [49] [50].

The category of stones labelled as Other were mostly stones formed by females
from both hospitals. A study from Mayor Clinic Metal Laboratory in the USA
reported that over 43,500 of the kidney stones analyzed showed gender varia-
tions in stone composition. Females were found to form more apatite (calcium
phosphate) and struvite stones while men were prone to forming CaOx and UA
stones [51]. In the same study, Lieske et al (2014), also observed that females,
particularly younger than 40 years, predominantly formed apatite kidney stones.
Our study also confirmed that apatite stones were largely found among female
stone formers as illustrated in Figure 2. On the contrary, Wathigo et al (2017)
in Kenya and Ansari et a/ (2005) in India did not observe any gender disparity

of stone composition in their studies.
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Figure 2. Prevalence of chemical component in the kidney stone of patients treated in KBTH(K) and GSH(G) as a function of Age

and Gender.

There is evidence that the incidence of kidney stone disease increases with in-
creasing age and also varies with age stratification as observed in some epidemi-
ological studies [24]. Although, our study stratified age of patients into <45 years
and >45 years, we did not study the incidence of stone disease in these age
groups. On the whole, the analysis of kidney stone composition among our co-
hort of patients did not vary between the age groups provided the patients came
from the same geographic location. The observation of no difference in stone
composition regardless of age has also been reported by other researchers in
other countries where kidney stone compositional studies have been conducted
[22] [33] [51].

A study conducted in the late 1980s by Beukes et al [44], on composition and
racial distribution of kidney stones from Bloemfontein, South Africa, observed
the predominance of CaOx stones among the racial groups studied. This obser-
vation is confirmed by this current study that CaOx stones are the most com-
mon stone type as seen among patients from Ghana (mainly African descent)
and South Africa (mixed race) although race was not directly a subject matter in
our study. Beukes et al (1987), observed a higher proportion of struvite and

ammonium urate stones (infection stones) among the patients of African des-
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cent in their patient population at the time. Contrary to their observation none
of the patients from Ghana had struvite stones. We are unable to confirm in this
study whether the infection stones among the South African cohort were more
common in a particular race as race stratification was not considered in the
study.

The limitation of this study was that: the study did not consider the metabolic
abnormalities or the 24-hour urine studies, which are associated with stone for-
mation. If it did, such consideration may have given insight as to why certain
stones where formed. This was not an objective of this study but can however be
the focus of future studies into comparative analysis of stone composition
among different African countries. Furthermore, urinalysis and urine culture
were not included in this study though they also affect stone formation and can
also be used to assess treatment and follow up on patients with regards to urine
pH and specific gravity.

Lastly, the study used results of stone analysis of patients who were treated in
the two hospitals only. Though other institutions also treat patients with stone
disease such patients have not been accounted for in this study. Hence the data
used for the study might not be as representative of the entire population in
Ghana and South Africa. Due to the small data size from Korle-Bu we were una-
ble to stratify age into groups (decades) to determine the incidence of kidney
stone disease among different age groups. Notwithstanding the aforementioned
limitations, this study set the platform for future collaborative studies between
hospitals and laboratories in Africa to determine the incidence of urolithiasis in
Ghana and South Africa (and other countries on the continent) on a much

broader scale.

5. Conclusion

The analyses discussed in this study are based on samples from KBTH and GSH.
Both hospitals are open to the public and offer a variety of services to their pa-
tients. The study shows a similar gender distribution of kidney stone patients
who were treated in Korle-Bu and GSH. There is also no significant difference in
age distribution of patients treated for stone disease in both hospitals. Majority
of the kidney stones from both countries were made up of CaOx stones; how-
ever, the stones from the Ghanaian cohort were mixed stones of which majority
were an admixed calcium oxalate/uric acid composition. Pure kidney stones
such as calcium oxalate, uric acid, struvite and cystine were only present among
the South African patients. Although some patients from Ghana formed carbon-
ate apatite stones, most stones with this component in this study were predomi-
nantly formed by South African patients. Certain kidney stone types, especially
brushite, cystine and struvite were only found among the South African popula-
tion. In contrast, calcium apatite and ammonium urate components stone were
found in kidney stones from Ghanaian patients. Female patients predominantly

formed carbonate apatite and stones with multiple components (mixed stones)
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from both countries. Notwithstanding the small data especially from Ghana, it is
noteworthy to infer from this study that kidney stone composition in Ghana is
different from South Africa. Therefore, the composition of kidney stone is rec-
ognizably dependent on the demographic region from which the patient origi-

nates.
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