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Resume. In order to assess the contribution of the most prevalent individual factors and signs of urolithiasis in the development of a particular type of stone formation and its prediction, analysis of 197 medical histories was made. Type of stone formation was the object of the prediction and the patients were subdivided by this value as follows: calcium oxalate stones – 32.9%, calcium phosphate stones –30.5%, magnesium stones – 19.8%, uric acid stones – 12.7%, cystine stones – 4%. On the basis of certain anamnestic, clinical, and laboratory methods tabular method of predicting the type of stone formation has been designed. The necessary prognosticated event is determined by the amount of points of assessed signs. Accuracy of the proposed method is 92%, and it is expedient to apply it for the correction of the individualized treatment regimen in patients with urolithiasis.
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Introduction. Urolithiasis (UL, or kidney stone disease) is one of the actual problems of urology because of high incidence [1,3]. In some parts of the world UL is epidemic [6], it is detected at any age, but more often in younger, able-bodied population aged 25 – 50 years [5]. UL is a polyetiological disease. Stone formation may be caused by one or more factors and there are internal and external causal factors [1,3,4].

The following external factors are the most important: water and food regimen (drinking limited quantity of hard water, excessive amounts of dietary protein, use of alcohol, calcium, vitamins C and E, insufficient amounts of vitamins A and B6). Climatic conditions, especially dry and hot climate, professional factors (work in metallurgy, deep coal mines, where intensive perspiration and water loss occurs, work associated with excessive exercises etc.) are of great importance as well. Among internal factors urinary tract infections, endocrinopathies (hyperparathyroidism, hyperthyroidism), diseases of internal organs, leading to digestive disorders and intoxication are the most significant. Genetic disorders (cystinuria, hypoxanthine-guanine phosphoribozyltransferase deficiency etc.) adjoin to the mentioned internal factors of stone formation [1,4,5]. The investigation of the contribution of individual factors to the mechanism of UL development is of great interest for urology, as it allows to develop and improve techniques and methods of treatment.

The aim of the study was to assess the contribution of certain, most frequent ethiologic factors and signs of urolithiasis to the development of a particular type of stone formation (calcium oxalate, calcium phosphate, magnesium, uric acid, and cystine stones) and its prediction.

Materials and methods. This work is based on analysis of 197 medical histories of patients with UL treated in urology clinic of Donetsk National Medical University from 2000 to 2009. 42,1% of patients were male (83 patients), 57,9% – female (114 patients), 70% (138 patients|) aged 25–50 years. All patients were admitted to the clinics for UL treatment.  UL was complicated with acute pyelonephritis in 86% of patients (169 patients|). 

All patients underwent diagnostical examination and treatment (conservative methods and surgical interventions) in full measure. Examination included taking anamnesis, examination of the patient, laboratory analysis (clinical analysis of urine and blood, determination of blood biochemical values, coagulation, blood type, Rh factor), as well as instrumental, roentgenological radioisotope, ultrasound methods.
Type of stone formation was confirmed by chemical analysis of ablated calculi. 
Bacteriological examination of urine and blood including the identification of isolated cultures of bacteria and antibiotic susceptibility testing were conducted according to standard methods [4].

By the type of stones the patients were subdivided as follows:
Конец формы

1. Calcium stones: 
a) calcium oxalate  (CaOx) – 32.9%; 
b) calcium phosphate (CaPh)– 30.5%. 
2. Magnesium stones (Mg) – 19.8%. 
3. Uric acid stones (UR) – 12.7%. 
4. Protein stones (cystine, CY) – 4%.
After carrying out the treatment all patients were discharged to outpatient aftercare where metaphylaxis was performed. 

When developing a method of prediction of stone formation type, all patients  were divided into 4 groups as indicated before. Assessment of disease signs in all patients was performed by the method of Wald [2] according to the formulas
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DR – diagnostic ratio (expressed as a positive and negative scale values). Positive values ​​indicate a predominance of the signs of the first predicted event in the group that is the presence of a certain type of stone formation; negative, on the contrary, preclude this event. P1 – frequency of a certain type of stone formation (in %) in the presence of i-th sign (or sign criterion) in the patients; P2 – frequency of other types of stone formation (in %) in the presence of the same i-th sign (or sign criterion) in these patients; P3 – frequency of elimination of a certain type of stone formation (in %) in the presence of i-th sign (or sign criterion) in the patients; P4 – frequency of elimination of other types of stone formation (in %) in the absence of i-th sign (or sign criterion) in the patients. 

Some factors and characteristics of UL confirmed by modern researchers as ethiologically and pathogenetically significant were analyzed in five groups of patients, viz. "hypercalciuria", "hyperoxaluria", "hyperphosphaturia", "hypermagnesiumuria", "hypomagnesiumuria", "hyperuricosuria", "cystinuria", "presence of crystals of the certain type in the urinary sediment", "urine pH", "bacteriuria", "dietary excess of the certain factors", "stool type", "degree of physical activity of the patient","comorbidity." 
 Certain digital values of all factors are given in the Table 1, the range of values is ​​specified, some concepts are explained in the notes.

The survey results were statistically processed on a personal computer using the licensed software of applied statistics «Statistica for Windows» from StatSoft Inc.

Results and discussion. DR values in five prognostic groups of patients, that differ in type of stone formation, are presented in Table 1. Thus, the first group was formed from patients with calcium oxalate stone formation type, the second – with calcium phosphate, the third – with urate, the fourth ​– with magnesium, the fifth – with cystine type. As it is seen from this table, DR is expressed as a positive and negative scale values. A number of DR values ​​equals to "0." For the estimation of the type of stone formation, when this type is unknown in patient with UL that is being examined, it is necessary to relate the signs of this patients’ disease to signs given in column 1 of the table, specified as "factors." The values of estimated signs should be placed in five columns of the new table, when all signs present in the patient are estimated, the summation of DR values ​​in each column should be done (indicators "K1" – "K5"). Maximum value of points sum in each column will indicate the probable type of stone formation in the examined patient.

Table 1

Factors that determine the type and severity of stone formation
in patients with urolithiasis
	№
	Factors
	DR by the types of stones

	
	
	CaOx
	CaPh
	Ur
	Mg
	CY

	1
	2
	3
	4
	5
	6
	7

	1
	Hypercalciuria (> 5 mmol/day)

	
	detected
	+2
	+1
	0
	0
	0

	
	not detected
	-1
	0
	0
	0
	0


Table 1, continued
	1
	2
	3
	4
	5
	6
	7

	2
	Hyperoxaluria (> 40 mmol/day)

	
	detected
	+5
	0
	0
	0
	0

	
	not detected
	-2
	0
	0
	0
	0

	3
	Hyperphosphaturia (> 35 mmol/day)

	
	detected
	0
	+5
	0
	+2
	0

	
	not detected
	0
	-1
	0
	-1
	0

	4
	Magnesium content in urine

	
	hypermagnesiumuria
	0
	0
	0
	+3
	0

	
	hypomagnesiumuria
	+2
	+1
	0
	-1
	+1

	
	normomagnesiumuria
	-1
	-1
	0
	0
	0

	5
	Hyperuricosuria (> 4,5 mmol/day)

	
	detected
	0
	0
	+4
	0
	0

	
	not detected
	0
	0
	0
	0
	0

	6
	Cystinuria 

	
	detected
	0
	0
	0
	0
	+6

	
	not detected
	0
	0
	0
	0
	-7

	7
	Presence of crystals of the certain type in the urinary sediment

	
	detected
	+5
	+5
	+5
	+5
	+5

	
	not detected
	-5
	-5
	-5
	-5
	-5

	8
	Urine рН 

	
	> 7
	+3
	0
	0
	+4
	0

	
	< 5,5
	-3
	0
	+2
	0
	+1

	
	7 > pH > 6,5
	+1
	0
	-1
	-2
	-1

	9
	Bacteriuria 

	
	a) presence of urease-producing microbial cells1 
	0
	+1
	0
	+3
	0


Table 1, continued
	1
	2
	3
	4
	5
	6
	7

	
	b) presence of other microbial flora
	+1
	0
	0
	+1
	0

	
	c) microbial cells not detected
	+2
	-2
	+1
	0
	+1

	10
	Dietary excess of the certain food components, food supplements using

	
	a) purines
	0
	0
	+3
	0
	+1

	
	b) oxalates, vitamin C etc. 3
	+2
	0
	0
	0
	0

	
	c) calcium and 
vitamin D
	+1
	+2
	0
	0
	0

	
	d) phosphates, NaCl
	0
	+1
	0
	0
	0

	
	e) hard water drinking
	0
	0
	0
	+3
	0

	
	f) balanced diet
	-1
	-1
	-1
	0
	0

	11
	Types of stool

	
	a) very dense
	+5
	0
	-2
	0
	0

	
	b) common
	0
	+1
	0
	0
	0

	
	c) unformed
	-1
	0
	+2
	0
	0

	12
	Physical activity 

	
	a) low4
	0
	+1
	+1
	0
	+1

	
	b) satisfactory and high
	+1
	0
	0
	0
	0

	13
	Comorbidities

	
	a) obesity and diabetes mellitus
	0
	0
	+3
	0
	0

	
	b) chronic infections of otorhinolaryngological organs

	0
	0
	0
	+2
	0


Table 1, continued
	1
	2
	3
	4
	5
	6
	7

	
	c) chronic diseases of the gastrointestinal system
	+2
	+2
	0
	+1
	0

	
	d) hereditary diseases  and abnormalities of development
	+1
	+2
	0
	+2
	+5


Notes: 1 – urease is produced by Proteus, Klebsiella, Pseudomonas, Providentia, Serratia, Enterobacter; 2 – urease is not produced by Staphylococcus, Streptococcus, Enterococcus, Escherichia; 3 – use of ascorbic acid at doses over 3 g per day, use of citric acid as a component of food supplements, vitamin B6 deficiency; 4 – total physical activity less than 1 hour of walking (or equivalent) per day.

If the sum of Ki values is > 20, then it can be concluded with 95% probability that the patient has predicted type of stone formation. If, however, the amount is < - 20, this type of stone formation can be precluded with 95% probability. 
It is expedient to consider several examples of prediction of stone formation type in patients with UL.
Example 1. 29-year-old female patient A. was admitted to hospital with acute right-sided renal colic and the typical clinical manifestations of acute pyelonephritis. During the patient's stay at clinic such data were established: "hypercalciuria", "hyperoxaluria", "hypomagnesiumuria", crystals of calcium oxalate in the urinary sediment, urine pH = 6,7, bacteriuria (coagulase-negative bacteria), anamnesis showed that vegetable food prevailed in the diet (vegetarian type of diet), stool type was normal, the degree of physical activity was satisfactory, there were chronic gastritis and irritable bowel syndrome.

According to the signs of the disease present in the patient, the estimation based on the Table 1 allowed to obtain the following results:

К1=2+5+2+5+1+1+2+1+2=21;

К2=1+1-5+1+2=0;

К3=-5-1=-6;

К4=-1-5-2+1+1=-6;

К5=1-7-5-1=-12.

Since K1 > 20, and the rest of values "K2–K5" have no diagnostic significance, calcium oxalate type of stone formation is probable in the patient. 

Calcium oxalate type of stone formation was later confirmed by chemical analysis of the calculus after the passage.

Example 2. 44-year-old male patient S. was admitted to the hospital with right-sided renal colic and signs of acute pyelonephritis. Diagnostic tests showed such indicators of the state of the patient: normomagnesiumuria, hyperuricosuria, the presence of urates in the urinary sediment, urine pH = 5,2. Bacteriuria was not detected. Meat product were found to be predominant in the diet of the patient, unformed stool was registered, physical activity was low. The patient was considered to be overweight. 

According to the Table 1 the estimation of the present signs of the disease was done. Total values of К1-К5 were determined. 

К1=-1-2-1-5-3+2-1=-11;

К2=-1-1-5-2+1=-8;

К3=+4+5+2+1+3+2+1+3=21;

К4=-1-5=-6;

К5=+1+1+1=+3.

Since R 3 > 20, and K1, K2, K4, K5 have no diagnostic significance, urate type of stone formation is probable in the patient. 

Urate type of stone formation was later confirmed by chemical analysis of the calculus after the passage.

The accuracy of the method was tested on an independent sample of 50 medical histories of patients treated at the clinic in 2006–2007 and estimated as 92%. In 16 patients the forecast was uncertain (data in the range 20 > Ki > -20).

In general, in the event of unknown type of stone formation, particularly at the early stages of urolithiasis, predicting of stone formation type can expand treatment options, e.g. by addition of the components changing urine pH and dissolving the stones of the certain type (urate), choice of the appropriate group of antibiotics, changes in the dietary regimen, sanitization of the foci of chronic infection. The possibility of predicting of stone formation type to the most considerable extent meet the requirements of effective UL metaphylaxis.  

Thus, the results of this study showed that on the basis of individual, ethiopathogenetically significant factors it is possible to predict the type of stone formation in patients with UL. The results of the proposed method are characterized by high accuracy, and the method can be successfully used for the improvement of the individual treatment regimen, both in acute cases and at the stage of metaphylaxis in patients with UL.
CONCLUSIONS

1. The identification of the kidney stone formation type in patients with urolithiasis is important for the choice of an effective therapy. However, available methods of laboratory diagnostics, especially at the initial stage of the disease, do not always allow to determine the type of kidney stones. 
2. Mathematical evaluation of total urolithiasis signs including data of the clinical and biochemical analysis of urine, information about certain food components, medicines, nutritional supplements, taking into account of water-salt metabolism specifity and comorbidities, allow to predict the type of possible kidney stones.
3.  The accuracy of stone formation type in patients with urolithiasis according to the proposed method equals 92%.
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