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INTRODUCTION

ABSTRACT

Obijective: The present study evaluated use of chemical method to determine components
and category of urinary stones described in current stone disease guidelines.

Methods: Chemical analysis of total of 198 urinary stones was performed between March
2014 and September 2015. Calcium, oxalate, uric acid, magnesium, phosphate, cysteine,
ammonium, and carbonate were among components detected in stone composition. Stones
were divided into groups based on presence of |, 2, or 3 or more components. Composition
results were compared with stone composition data provided in global guidelines.

Results: Sixty-five (32.9%) samples consisted of | mineral and 133 (67.1%) contained more
than |. Of the total, 107 (54%) compositions were included in European Association of
Urology (EAU) guidelines. The 107 samples included 45 (22.7%) with components of calcium
oxalate, 22 (11.6%) of calcium phosphate, || (6.1%) of calcium and uric acid, 10 (5%) of uric
acid, 7 (3.5%) of cysteine, 7 (3.5%) of carbonate apatite, 4 (2%) of ammonium urate, and |
(0.5%) of magnesium, ammonium, and phosphate. However, 91 (46%) stones consisted of
components that are not in current EAU guidelines.

Conclusion: Chemical analysis was found insufficient to categorize stone types and com-
ponents seen in EAU guidelines. There is also a lack of information on the process in the
literature. It was concluded that chemical analysis is not the best method to evaluate urinary
stones.

not been clarified yet.[¥] Stone analysis is important in
order to be able to prevent recurrence. In all cases of

Urinary system stone disease is more frequently seen
in developed countries, with prevalence that varies
between | % and 20%.['? In addition to obesity, meta-
bolic syndrome, and type 2 diabetes,** factors such
as calcium-deficient diet, and diet rich in salt and
animal protein increase the incidence of the disease.
251 More than 100 chemical components have been
defined in urinary system stones; however, multiple
underlying molecular mechanisms of the disease have

recurrencel®’! following long-term stone-free period
achieved with pharmacological treatment, chemical
analysis of the stone is recommended.” Since most
urinary system stones are composed of complex
components, chemical methods of analysis frequently
prove to be inadequate.®’) Methods of stone analysis
currently used include infrared spectroscopy (IRS),
X-ray diffraction (XRD), and polarization micros-
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Table 1. Types of stones and components detected in the study

n % Stones described in EAU guidelines (n=107; 54%)
Stone composition Chemical symbol for mineral

composition of stone

45 22.7 Calcium oxalate CaOx

22 11.6 Calcium phosphate CaPO,

11 6 Calcium + uric acid Ca+C,H,N,O,

10 5 Uric acid C5H,N,O,

7 35 Cysteine [SCH,CH(NH,)COOH],

7 3.5 Carbonate apatite

4 2 Ammonium muriate NH,C5H,N,O,

1 0.5 Magnesium ammonium phosphate MgNH,PO,

Stones not in EAU guidelines (n=91; 46%)

Stone composition

Chemical symbol for mineral
composition of stone

27 13.6 Magnesium phosphate

22 11.1 Phosphate

18 9 Magnesium

10 5 Magnesium calcium phosphate
5 25 Calcium magnesium

2 1 Magnesium ammonium

2 1 Ammonium phosphate

2 1 Uric acid phosphate

1 0.5 Ammonium urate phosphate

1 0.5 Magnesium ammonium calcium
1 0.5 Calcium phosphate magnesium urate

MgPO,

PO,

Mg

Mg Ca PO,
Ca Mg
MgNH,
NH,PO,
C,H,N,0.,-PO,

5 4 473

NH,C.H.N,O,-PO,

475 3473

MgNH,Ca
CaPO,MgNH,C.H.N,O

5 3 473

EAU: European Association of Urology.

cope. Although not very popular, chemical analysis
(“wet” analysis) can also be used.[>'”!

This study was an investigation of the effectiveness of
chemical method for analysis of components and ca-
tegorization of urinary stones as described in current
European Association of Urology (EAU) guidelines.

PATIENTS AND METHODS

Chemical analysis of stones was performed in the clini-
cal biochemistry laboratory of Giilhane Military Medi-
cal Academy with the approval of the Giilhane Military
Medical Academy Ethics Committee between March
2014 and September 2015. Stone samples brought in
by patients and those removed using ureteroscopy or
during percutaneous renal surgery were crushed into
small fragments with mechanical lithotriptors. Frag-
ments were then divided among 8 test tubes. Compo-

sition of urinary system stone was analyzed according
to instructions of LTA Kidney Stone Analysis Kit manu-
facturer (AB Analitica, Padova, Italy). Calcium, oxalate,
magnesium, phosphate, uric acid, ammonium, cysteine,
and carbonate found in the stones were analyzed qu-
antitatively. Any stones too small to be divided among
8 test tubes were not included in the analysis. Results
of chemical analysis were retrospectively analyzed.
Stones were grouped according to number of mineral
components: |, 2 or 23. Components were compared
with types of stone described in guidelines.

RESULTS

A total of 198 urinary system stones were analyzed.
Majority (n=133; 67.1%) consisted of multiple mine-
ral components, while single component was found
in remainder (n=65; 32.9%).
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Table 2. Contents of stones described in EAU 2015 guidelines

Stone composition

Chemical symbols of stone contents

Calcium oxalate monohydrate (whewellite)
Calcium oxalate dihydrate (wheddelite)

Basic calcium phosphate (apatite)

Calcium hydroxyphosphate (carbonite apatite)
Beta-tricalcium phosphate (whitlockite)
Carbonate apatite phosphate (dahllite)
Calcium hydrogen phosphate (brushite)
Calcium carbonate (aragonite)

Octacalcium phosphate

Uric acid (uricite)

Uric acid hydrate (uricite)

Ammonium urate

Sodium acid urate monohydrate

Magnesium ammonium phosphate (struvite)
Magnesium acid phosphate trihydrate (newberyite)

Magnesium ammonium phosphate monohydrate (dittmarite)

Cysteine

Gypsum

Xanthine
2,8-Dihydroxyadenine
Proteins

Cholesterol

Calcite

Potassium urate
Trimagnesium phosphate
Melamine

Matrix

Medication stones
Foreign body stone

CaC,0,H,0
CaC,0,.2H,0
Ca, (PO,).(OH),
Ca,(PO,),(OH)
Ca,(PO,),
Ca,(PO,),OH
PO, H,0

CaCo,
Ca,H,(PO,).5H,0
CHN,O

5 4 473

C.H,0,2H.0

5 473

NH,C_H.N,O

4555 3543

NaC,H,N,0,H,0
MgNH,PO,.6H.0
MgHPO,.3H,0
MgNH,(PO,).TH,0
[SCH,CH(NH,)COOH],
CaSO,2H,0 Zn,(PO,),4H,0

Reprinted courtesy of Turk C., Knoll T., Petrik A., Sarica K., Skolarikos A., Straub M., et al. Guidelines on urolithiasis. European Association

of Urology (EAU) 2015.

Analysis results of 107 (54%) samples were consis-
tent with EAU guideline description. Composition
consisted of calcium oxalate (n=45; 22.7%), calci-
um phosphate (n=22; |1.6%), calcium and uric acid
(n=11; 6.1%), uric acid (n=10; 5%), cysteine (n=7;
3.5%), carbonate apatite (n=4; 2%), ammonium ura-
te (n=4; 2%), and magnesium ammonium phosphate
(n=1; 0.5%).

Chemical analysis of 91 (46%) stone samples revealed
mineral components and combinations of compo-
nents that are not in current EAU guidelines, inclu-
ding magnesium phosphate (n=27; 13.6%); phosphate

(n=22; 11.1%); magnesium (n=18; 9%); magnesium,
calcium, and phosphate (n=10; 5%); calcium and mag-
nesium (n=5; 2.5%); magnesium and ammonium (n=2;
1%); ammonium phosphate (n= 2: |%); uric acid and
phosphate (n=2; 1%), ammonium phosphate and ura-
te (n=1; 0.5%); magnesium, ammonium, and calcium
(n=1; 0.5%); and calcium phosphate, magnesium, and
urate (n=1; 0.5%) (Table I).

DISCUSSION

Urinary system stone disease is a prevalent health
problem affecting millions of people worldwide.
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In developed countries, most often upper urinary
system stones are seen; however, in developing co-
untries, endemic infantile bladder lithiasis may be
seen.!'l Prevalence rate of stone disease in the Uni-
ted States of America has been reported as nearly
12% and 6% among male and female populations,
respectively.l''! Turkey has a high (15%) incidence of
urinary system stone disease.l'?l Furthermore, high
recurrence rate within 5 and 10 years after first pa-
inful episode of stone disease (50% and 80-90%, res-
pectively) mandates pursuit of an effective strategy
for diagnosis, treatment, and follow-up of this disea-
se.l'¥ In order to prevent not only urinary system di-
seases, but also bone, parathyroid, and many endoc-
rine disorders, as well as their related complications,
metabolic evaluation guidelines should be complied
with, and stone analysis should be first among these
assessments. For correct classification, in addition
to evaluation of basic laboratory tests, urinalysis,
i.e., microscopic examination of urine sample and/
or urine culture, serum creatinine, uric acid, calcium,
sodium, potassium, C-reactive protein (CRP), who-
le blood count, and a reliable stone analysis should
be performed.>'*] Variation in composition of stone
from initial sample may occur over time, and sub-
sequent stone may be of still another composition;
therefore, analysis should be repeated in recurrent
cases.['>'®l Stone analysis can reveal risk factors for
stone disease, as well as identify treatment targe-
ted to prevent stone formation or dissolve an exis-
ting stone (litholysis).['” Stones containing brushite
(CaHPO,.2H,0), uric acid, and urate signal high risk
for recurrence.’ Stone analysis assists in establish-
ment of diagnosis of specific metabolic disorders and
can indicate if the patient would benefit from shock
wave lithotripsy. In addition, it can reveal drug meta-
bolites, such as triamterene and indanavir, which can
induce stone formation.!"!

Method to be used for stone analysis may vary accor-
ding to type of sample, cost-effectiveness of method,
lengthy duration of analysis, and experience of the
analyst.l'l Most frequently used methods of stone
analysis include XRD, IRS, and polarization micros-
cope. Each method has its own advantages and disad-
vantages.l'*'®l Low error rate and cost-effectiveness
have made IRS most preferred method.l'"] Rapid re-
sults and ability to analyze even small stones with
high degree of accuracy are additional advantages of
this method.l'”) Chemical stone analysis method per-
mits quantitative and qualitative determination of li-

mited number of ions. It does not allow for identifica-
tion of crystaloid structures. For instance, it cannot
discriminate between calcium oxalate monohydrate
and dihydrate stones. Furthermore, chemical analysis
cannot identify xanthine, 2,8 —Dihydroxyadenine, or
medication-related stones. Error rates for this met-
hod have been reported as 6-94% and 13-47% for
stones with | and 2 mineral components, respecti-
vely.['%]

In our study, 107 (54%) stones with single or multip-
le mineral components as detected by our chemical
analysis were in accordance with stone types indica-
ted in EAU guidelines (Table 2), while 91 (46%) were
not described in the guidelines. Most frequently, cal-
cium oxalate (22%) and calcium phosphate (11.6%)
stones were detected. In another study performed
in this country with 6453 patients, most common
types of stones found were whewellite (calcium oxa-
late monohydrate) (55.7%), whellite plus weddellite
(calcium oxalate dihydrate) (18.8%), and weddellite:
5.9%).1'1

Data we obtained as a result of chemical method of
analysis of urinary system stones were not consistent
with the literature data, and did not meet current
guidelines. Stone composition has important role in
patient monitoring, appropriate dietary recommen-
dations, and arrangement of pharmacotherapies, and
should be determined with greater accuracy. Inaccu-
rate results may lead to problems in diagnosis, treat-
ment, and follow-up.

Conclusion

Urinary system stone disease is a widely seen health
problem. Stone analysis is an indispensable part of
diagnosis and treatment of this disease. Since treat-
ment is different depending on stone type, establish-
ment of accurate analysis and diagnosis is of utmost
importance. Quantitative analysis is possible using
chemical methods; however, if sample of adequate
size is not available and test cannot be completed in
its entirety, results obtained cannot be interpreted.
Although chemical methods had been used frequ-
ently in the past, its use should be abandoned under
current conditions because of its many disadvanta-
ges. University and training and research hospitals
should be supported regarding need to have approp-
riate stone analyzers.
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Kimyasal Yontemle Yapilan Uriner Sistem Tas Analizinin Tasi Tanimlamadaki Etkinliginin
Arastinlmasi

Amag: Bu calismada, iiriner sistem taglarinin analizinde kullanilan kimyasal yontemin giincel tas hastaligi kilavuzlarinda yer alan tas tip ve
bilesenlerini kategorize etmedeki etkinligi arastirildi.

Gereg ve Yontem: Mart 2014 ile Eyliil 2015 tarihleri arasinda toplam 198 iiriner sistem tasinin kimyasal incelemesi yapildi. Kimyasal
yontemde tas igeriginde bulunan kalsiyum, oksalat, iirik asit, magnezyum, fosfat, sistin, amonyum ve karbonat tespit edilebilmektedir. Bu
yontemle tespit edilen tas mineral igerikleri tek, iki, Gig ve daha fazla komponent olarak gruplandirildi. Elde edilen tas bilesenleri kilavuzlarda
evrensel olarak siniflandirilmis tas gesitleri ile uygunlugu agisindan kiyasland.

Bulgular: inceleme sonunda 65 (%32.9) érnekte tek mineral, 133 (%67.1) 6rnekte ise birden fazla mineral icerigi saptandi. 45 (%22.7) kal-
siyum oksalat, 22 (%1 1.6) kalsiyum fosfat, || (%6.1) kalsiyum + iirik asit, 10 (%5) trik asit, 7 (%3.5) sistin, 7 (%3.5) karbonat apatit, 4 (%2)
amonyum irat, | (%0.5) magnezyum amonyum fosfat olmak lizere 107 (%54) 6rnek EAU (European Association of Urology) kilavuzundaki
tas cesitlerinde adi gegen Srneklerle uyum gosteriyordu. Ancak 91 (%46) 6rnekteki tas analizleri bu kilavuzda yer almayan kombinasyonlardan
olusuyordu.

Sonug: Kimyasal tas analizi literatiirde belirtilen eksikliklerinin yaninda tas kilavuzlarinda yer alan tas tip ve bilesenlerini kategorize etmede
yetersiz olarak degerlendirildi. Kimyasal yontem 6zellikle ilk tani esnasinda tasin degerlendirilmesi amaciyla tercih edilecek bir yontem gibi
goriinmemektedir.

Anahtar Sozciikler: Nefrolitiazis; spektroskopi; tas analizi.




