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Introduction
Urolithiasis is among the most common urologic diag-

noses globally, with considerable burden and cost on 

healthcare systems worldwide. The most relevant risk 

factors include diet and lifestyle trends, common diseases 

such as diabetes and obesity, and global warming [1]. The 

worldwide prevalence, incidence, and composition of 

calculi vary according to geographical area, with preva-

lence ranging from 7 to 13% in North America, 5–9% in 

Europe, and 1–5% in Asia [2]. The recurrence rate with-

out preventive treatment is approximately 10% at one 

year, 33% at five years, and 50% at ten years. Kidney stone 

recurrence rates vary by the underlying metabolic cause. 

Eligible patients including recurrent active stone form-

ers and single-stone formers with individual risk factors, 

are considered for full metabolic evaluation that relies on 

24-hour urine collection to diagnose metabolic abnor-

malities and future pharmacologic therapy to prevent 

a recurrence [3]. Nephrolithiasis is currently the most 

expensive urological condition, estimated to cost the 

healthcare system more than $10 billion per year. As well 

as anticipated population growth, current projections 

estimate costs due to stone disease to rise by $1.24 billion 

per year by 2030 [4]. The social impact is represented by 

its sequelae of renal colic, loss of work, the need for med-

ical care, hospitalization, and urological intervention. 

The renal function may be affected, and mild to moderate 

chronic renal insufficiency is expected to develop in up 

to this 20% of these patients [5]. The initial evaluation for 

most first-time stone patients includes urinalysis, urine 

culture, and blood profile including calcium, phosphorus, 

uric acid, and serum creatinine analysis. The charges for 

this evaluation range from $227 to $269, depending on 

whether urine cultures are indicated [6]. More than 10% 

of patients initially evaluated in the emergency depart-

ment (ED) require a return visit in 30 days, further exac-

erbating costs and reflecting high patient morbidity [7]. 

So, 24-hour urine collection is essential for the preven-

tion of recurrent stones in high-risk patients, but there 

are some difficulties in collecting urine samples including 

the cost, and being time-consuming. The delayed collec-

tion will increase resource use and prolong hospital bed 

occupancy. Poor quality samples lead to missed diagno-

ses, unnecessary follow-up, and investigations. Current 

guideline recommendations for urine collection methods 

do not incorporate cost-effectiveness evidence. Given the 

very high recurrence rates, treatment aimed at prevent-

ing stone formation is critical to diminishing the morbid-

ity and costs associated with the disease [8]. Therefore, 

we designed a decision tree model to evaluate the cost-

effectiveness of serum and urinary tests in the manage-

ment strategies of stone formers and identify the most 

efficient tests.

Methods
Study design

Data were provided by Persian Registry for Stones of Uri-

nary System (PERSUS). This study is an economic evalu-

ation that analyzes the normal serum and 24-hour urine 

tests proficiency in diagnosing the baseline metabolic 

abnormality of kidney stones from the provider’s per-

spective. The values for serum and 24-hour urine param-

eters are consistent with the guidelines established by the 

American Urological Association (AUA) and the Euro-

pean Association of Urology (EAU).

All patients signed the written informed consent, and 

the study was approved by the Tehran University of Med-

ical Sciences ethical committee (IR.TUMS.MEDICINE.

REC.1400.663). The target population that was included 

in the study were patients with recurrent stones and high-

risk first-time stone-formers that referred to the hospital 

for serum and metabolic 24-hour urine tests. The main 

aim of these tests was a diagnosis of the etiologic abnor-

malities of urolithiasis. The study was simulated for a 

hypothetical group of 1000 people. Decision analysis tree 

(Additional File 1) and Treeage 2011 software were used 

to analyze the cost-effectiveness of kidney stone diagno-

sis tests in patients, focusing on every test recommended 

in the main guidelines.

Targeted outcomes

The primary outcome of this study is the effectiveness of 

discrete diagnostic tests used to investigate the under-

lying metabolic abnormalities that could result in stone 

formation. The sensitivity and specificity, false and true 

positive, and negative results of the tests are extracted 

from diagnostic kits used in the laboratories of the tar-

get community. A simulation based on 1000 people was 

used to infer the results more accurately. Based on this, 

1000 people with a complaint of kidney stones are exam-

ined through 22 standard laboratory tests (Additional 

File 2). The recommended and most commonly evaluated 

metabolites are calcium, oxalate, phosphate, uric acid, 

sulfate, potassium, sodium, citrate, and magnesium in a 

24-hour urine test; and calcium, creatinine, serum uric 

acid, Vit D3, and intact parathyroid hormone (PTH) in 

serum. The results will demonstrate the possible underly-

ing causes of the stone formation.

Suppose the person has a kidney stone and the “meta-

bolic evaluation” tests for underlying etiology were posi-

tive. In that case, the result is truly positive, and the cause 

of the person’s stone is the item examined in the meta-

bolic test. Likewise, if a person has a kidney stone, but 

the “cause of the stone” test is negative, the results will be 

false negatives (sensitivity-1) [9]. True negatives and pos-

itive tests are considered efficient in diagnosing the cause 

of kidney stones. In contrast, false positives and negative 

tests are considered incorrect diagnoses. Both groups 
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of results (true positive and negative, false positive and 

negative) were used as the result of each diagnostic tech-

nique in the final knob of the decision tree.

Cost

The costs included direct medical expenses that were 

extracted from the receipt provided to the patients. All 

costs spent to diagnose the underlying metabolic cause 

of the stone formation were measured in rials (Iran’s 

common currency) and converted to dollars (1 dol-

lar = 280,000 rials, conversion rate in 2022). The costs 

contained in the patient receipt included all costs of sam-

pling, examination, analysis of samples, and other labora-

tory overhead costs.

Cost-effectiveness analysis

A cost-effectiveness analysis was performed based on 

each diagnostic metabolic test (serum or 24-hour urine). 

The incremental cost-effectiveness ratio (ICER) was cal-

culated and compared for each diagnostic test versus 

other tests according to the incremental cost required for 

correct diagnoses of stone causes.

The CER ratio was calculated based on the following

 
ICER =

CostTest1 − CostTes2

EffectvenessTest1 − EffctivenessTest2

ICER is a tool that can assess the economic evaluation 

of an intervention (for example, a particular drug) com-

pared to other interventions. ICER shows how much it 

costs to obtain an additional unit of health benefits from 

one intervention to another. The cost-effectiveness of 

an intervention depends on its relationship to the maxi-

mum willingness to pay for an outcome or, as the saying 

goes, the ICER threshold. If the cost-effectiveness of the 

intervention is less than the threshold, the intervention 

is considered cost-effective. The intervention is not cost-

effective if it is above the ICER threshold [10]. The risk 

of recurrence is roughly 50–80%, depending on the type 

of stone and time from the first episode of urolithiasis, 

unless secondary prevention is started. Risk-adapted sec-

ondary prevention reduces this risk to 10–15% [11].

Sensitivity analysis

Sensitivity analysis refers to changing one or more impor-

tant parameters and their effect on the model’s outcome. 

For sensitivity analysis, indeterminate parameters that 

are exogenous and beyond the researcher’s control were 

identified using tornado diagrams. Finally, using one-way 

sensitivity analysis, the effect of the parameters on the 

results was determined [10]. Since different laboratories 

might use other kits for diagnosis, the precise evalua-

tion of tests’ cost-effectiveness and stability is essential. 

One-way sensitivity analysis was used. In a one-way 

sensitivity analysis, each parameter value is evaluated 

independently. The analysis is rerun by using a range of 

assumed values for the one-parameter while keeping all 

of the others fixed at their base-case values [12]. Sensi-

tivity analysis was performed using a 10% range of the 

sensitivity and specificity rate of tests. Furthermore, the 

prevalence of kidney stones was evaluated as a param-

eter with uncertainty with a 10% change in the sensitivity 

analysis.

Data sources

Epidemiological information and probabilities of each 

branch of the decision-analysis tree were collected from 

diagnostic kits used in the laboratory, scientific sources, 

and convincing national and international articles. This 

information includes the prevalence of kidney stones and 

diagnostic methods’ sensitivity and specificity (Table 1).

Results
Our model is intended for a group of 1000 people (the 

simulation results are in Additional File 2). The cost of 

each test, the theoretical cost of each correct diagnosis, 

and its effectiveness are summarized in Table 2.

Table 3 shows the most cost-effective tests for informed 

decision-making, which might be used in groups accord-

ing to the payer’s financial resources.

Figure 1 shows that three tests to diagnose the under-

lying cause of kidney stones, including urinary uric acid, 

serum potassium (Potassium K), and urinary citrate, con-

stitute the cost-effectiveness boundary curve in this study 

(Group 1). This means that other diagnostic tests are less 

cost-effective than these three tests in terms of indexing 

at least one item of cost and effectiveness.

The mentioned items changed as follows: The ICER 

index for each correct diagnosis with the urinary uric 

acid test was $ 1.25 per diagnosis, the most cost-effec-

tive test compared to serum potassium (K) and urinary 

citrate, which were on the cost-effectiveness boundary. 

Therefore, the urinary uric acid test is the most effective 

test to diagnose kidney stones cause. The ICER index for 

potassium K and Urinary citrate is $ 6 and $ 129.5 for one 

diagnosis, respectively.

The second top-ranked group of cost-effective tests is 

urinary uric acid, serum potassium (K), serum calcium, 

and urinary citrate (Group 2), especially in conditions we 

portend with resource restrictions. More tests might be 

offered if the payer’s financial resources are more flexible. 

Therefore, compared to incremental costs and incremen-

tal effectiveness and the four tests mentioned in the pre-

vious step, the urinary magnesium and phosphate tests 

are cost-effective and constitute the third superior group 

(Group 3). Group 4 includes urinary uric acid, serum 

potassium, serum potassium K, serum calcium, serum 
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Table 1 Diagnostic tests cost, sensitivity, and specificity

Diagnostic Test Cost 

(USD)

Sensitivity Specificity Reference (Senstivity&Specifity)

Serum Chloride 1.01 0.82 0.89 Linda Shavit1,2, Lucia Chen1, Fayha Ahmed3, Pietro Manuel Ferraro4, Shabbir Moochhala1, Steven B. Walsh1, Robert Unwin. Selective screening for 
distal renal tubular acidosis in recurrent kidney stone formers: initial experience and comparison of the simultaneous furosemide and fludrocorti-
sone with the short ammonium chloride test. Nephrology Dialysis Transplantation, Volume 31, Issue 11, November 2016, Pages 1870–1876

Urinary 

Calcium

1.18 0.57 0.68 Rossi MA, Singer EA, Golijanin DJ, Monk RD, Erturk E, Bushinsky DA. Sensitivity and specificity of 24-hour urine chemistry levels for detecting el-
evated calcium oxalate and calcium phosphate supersaturation. Canadian Urological Association Journal. 2008 Apr;2(2):117

Urinary 

Sodium

5.04 1.00 0.82 WolfgangWeger, Peter Kotanko, MartinWeger, Hannes Deutschmann and Falko Skrabal. Prevalence and characterization of renal tubular acidosis in 
patients with
Osteopenia and osteoporosis and in non-porotic controls. Nephrol Dial Transplant (2000) 15: 975–980

24 H Urine ph 0.98 1.00 0.62 Adrian Rossi, MD;* Eric A. Singer, MD;* Dragan J. Golijanin, MD;* Rebeca D. Monk, MD;† Erdal Erturk, MD;* David A. Bushinsky, MD†. Sensitivity and 
specificity of 24-hour urine chemistry levels for detecting elevated calcium oxalate and calcium phosphate supersaturation CUAJ 2008;2(2):117 − 22.

Urinary Oxalate 2.63 0.59 0.65 Rossi MA, Singer EA, Golijanin DJ, Monk RD, Erturk E, Bushinsky DA. Sensitivity and specificity of 24-hour urine chemistry levels for detecting el-
evated calcium oxalate and calcium phosphate supersaturation. Canadian Urological Association Journal. 2008 Apr;2(2):117

Serum 

IPTH-CLIA

5.72 0.90 0.77 Hyperparathyroidism (primary): diagnosis, assessment, and initial management Evidence review for Diagnostic Tests NICE guideline NG132 Diag-
nostic evidence review May 2019

Serum Sodium 

Na

1.08 0.82 0.31 Bruno Madeo,1 Elda Kara,1 Katia Cioni,1 Silvia Vezzani,1 Tommaso Trenti,2 Daniele Santi,1,3 Manuela Simoni,1,3,4 and Vincenzo Rochira. Serum 
Calcium to Phosphorous (Ca/P) Ratio Is a Simple, Inexpensive, and Accurate Tool in the Diagnosis of Primary Hyperparathyroidism. JBMR1 Plus, Vol. 
2, No. 2, March 2018, pp 109–117

Serum Uric 

Acid

0.93 0.98 0.87 WolfgangWeger, Peter Kotanko, MartinWeger, Hannes Deutschmann and Falko Skrabal. Prevalence and characterization of renal tubular acidosis in 
patients with
Osteopenia, osteoporosis, and non-porotic controls. Nephrol Dial Transplant (2000) 15: 975–980

Urinary Uric 

Acid

0.93 0.79 0.92 Adrian Rossi, MD;* Eric A. Singer, MD;* Dragan J. Golijanin, MD;* Rebeca D. Monk, MD;† Erdal Erturk, MD;* David A. Bushinsky, MD†. Sensitivity and 
specificity of 24-hour urine chemistry levels for detecting elevated calcium oxalate and calcium phosphate supersaturation CUAJ 2008;2(2):117 − 22.

Urinary 

Magnesium

1.38 0.59 0.77 Adrian Rossi, MD;* Eric A. Singer, MD;* Dragan J. Golijanin, MD;* Rebeca D. Monk, MD;† Erdal Erturk, MD;* David A. Bushinsky, MD†. Sensitivity and 
specificity of 24-hour urine chemistry levels for detecting elevated calcium oxalate and calcium phosphate supersaturation CUAJ 2008;2(2):117 − 22.

Urinary 

Potassium

1.08 0.8060 0.8570 WolfgangWeger, Peter Kotanko, MartinWeger, Hannes Deutschmann and Falko Skrabal. Prevalence and characterization of renal tubular acidosis in 
patients with
Osteopenia, osteoporosis, and non-porotic controls. Nephrol Dial Transplant (2000) 15: 975–980

Urinary Citrate 7.86 0.8600 1.0000 WolfgangWeger, Peter Kotanko, MartinWeger, Hannes Deutschmann and Falko Skrabal. Prevalence and characterization of renal tubular acidosis in 
patients with
Osteopenia, osteoporosis, and non-porotic controls. Nephrol Dial Transplant (2000) 15: 975–980

Serum Calcium 1.18 0.9 0.99 Bruno Madeo,1 Elda Kara,1 Katia Cioni,1 Silvia Vezzani,1 Tommaso Trenti,2 Daniele Santi,1,3 Manuela Simoni,1,3,4 and Vincenzo Rochira. Serum 
Calcium to Phosphorous (Ca/P) Ratio Is a Simple, Inexpensive, and Accurate Tool in the Diagnosis of Primary Hyperparathyroidism. JBMR1 Plus, Vol. 
2, No. 2, March 2018, pp 109–117

Serum Potas-

sium K

1.08 0.96 0.99 Xilian Qiu1,*, Chunyong Liu2,*, Yuqiu Ye3,*, Huiqun Li3, Yanbing Chen4, Yongmei Fu3, Zhenjie Liu2, Xianzhang Huang2, Yunqiang Zhang5, Xueyuan 
Liao5, Hongyong Liu5,*, Wenbo Zhao3 and Xun Liu. The diagnostic value of serum creatinine and cystatin c in evaluating glomerular filtration rate 
in patients with chronic kidney disease: a systematic literature review and meta-analysis. Oncotarget, 2017, Vol. 8, (No. 42),

Serum Vit D 4.16 0.91 0.95 Hyperparathyroidism (primary): diagnosis, assessment, and initial management Evidence review for Diagnostic Tests NICE guideline NG132 Diag-
nostic evidence review May 2019

Urinary Cystine 1.33 0.95 0.72 Andreassen KH, Pedersen KV, Osther SS, Jung HU, Lildal SK, Osther PJ. How should patients with cystine stone disease be evaluated and treated in 
the twenty-first century? Urolithiasis. 2016 Feb;44:65–76.

Urinary 

Phosphate

3.68 1.00 0.94 Rossi MA, Singer EA, Golijanin DJ, Monk RD, Erturk E, Bushinsky DA. Sensitivity and specificity of 24-hour urine chemistry levels for detecting el-
evated calcium oxalate and calcium phosphate supersaturation. Canadian Urological Association Journal. 2008 Apr;2(2):117
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cystine, urinary magnesium, urinary phosphate, and uri-

nary citrate in terms of unlimited resources.

Discussion
Urolithiasis is an increasing global problem, mainly due 

to industrialization, climate, and lifestyle changes, with 

a significant recurrence rate. A comprehensive workup, 

including medical history, physical examination, basic 

urine, blood analysis, and radiological studies, is recom-

mended in all patients with urolithiasis. Essential meta-

bolic evaluations comprise the serum creatinine, calcium, 

sodium, potassium, uric acid, and PTH in patients with 

an increased serum calcium level [13, 14].

If stone fragments are collected during surgery, they 

should be sent for analysis [15]. In recent years the main 

focus is targeted medical therapy according to the under-

lying metabolic abnormalities that predispose to stone 

formation. The main aim of individualized evaluations is 

to exclude underlying metabolic abnormalities and start 

stone-specific recurrence prevention [16]. Several stud-

ies regarding the cost-effectiveness of different treatment 

modalities in stone management are available [17–20]. 

However, to our knowledge, this study is the first eco-

nomic evaluation of the cost-effectiveness of serum and 

24-hour urine tests recommended in the main guidelines. 

A study by Lotan et al. evaluated the cost-effectiveness 

of nutritional measures and medical therapy (empiric or 

directed) according to the complete metabolic assess-

ment of recurrent stone formers. They concluded that 

conservative dietary measures are more cost-effective 

than medical drug therapy [21]. Another study by these 

authors evaluated the cost-effectiveness of primary pre-

vention in urolithiasis. They concluded that primary pre-

vention could be cost-effective for a population with high 

urolithiasis frequency (low cost and moderately effec-

tive), however, some diet modifications and subsequent 

urinary pH in patients with uric acid kidney stones does 

not change with dietary intake [22].

Strohmaier et al. evaluated the cost-effectiveness of 

dietary measures compared to medical therapy. They 

conclude that if stone incidence is more than one stone 

per patient per year, medical treatment will be more cost-

effective than dietary measures [23].

The European Urology Association (EAU) and Ameri-

can Urological Association (AUA) guidelines on uroli-

thiasis mentioned the following tests for full metabolic 

evaluation: serum evaluation including creatine, uric 

acid, calcium, sodium, potassium, C-reactive protein, 

chloride, intact PTH, and 24-hour urine evaluation 

including calcium, oxalate, citrate, uric acid, phosphate, 

sulfate, sodium, potassium, cystine, magnesium, and PH 

[24].

Table 2 Test effectiveness and the average cost of correct diagnosis

Diagnostic test effectivenessا Cost for 1000 tests (USD) Effectiveness for 1000 

tests

The average 

cost for each 

real positive 

test (USD)

Serum Chloride 17% 1012.05 172 5.90

Urinary Calcium 67% 1177.12 669 1.76

Urinary Sodium 83% 5041.19 834 6.04

24 H Urine pH 66% 981.83 655 1.50

Urinary Oxalate 64% 2627.76 642 4.10

IPTH-CLIA 78% 5720.52 780 7.33

Sodium Na 35% 1079.48 352 3.06

Serum Uric Acid 88% 926.81 877 1.06

Urinary Uric Acid 91% 926.81 910 1.02

Urinary Magnesium 76% 1377.81 759 1.81

Urinary Potassium 85% 1079.48 853 1.26

Urinary Citrate 99% 7862.17 989 7.95

Serum Calcium 99% 1176.88 987 1.19

Serum Potassium K 99% 1079.48 987 1.09

Serum Vit D 95% 4159.29 948 4.39

urinary Cystine 74% 1334.59 738 1.81

Urinary Phosphate 95% 3678.57 948 3.88

Table 3 Tests cost-effectiveness for informed decision-making

Diagnostic tests Cost per diagnosis (USD)

Urinary Uric Acid 1.24

Urinary Potassium 1.63

Serum Potassium K 6

Serum Calcium 1.39

Urinary Cystine 2.60

Urinary Magnesium 2.41

Urinary Phosphate 46

Urinary Citrate 129.5
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The main reason for these tests is the recognition of 

specific metabolic abnormalities in 24-hour urine that 

help urologists reduce recurrent stones with individual-

ized diet and medical therapy. However, the results may 

be normal in stone formers, and abnormal in non-stone 

formers. In a study by Eisner et al. on differences between 

24-hour urine abnormalities in first-time stone form-

ers and recurrent stone formers, they concluded that 

the probability of having a single abnormality of 24-hour 

urine composition was similar between the two groups 

(83.1% for first-time vs. 88.8% for recurrent) [25].

A study by Chan et al. on eighty pediatric patients with 

urolithiasis found that a restricted metabolic evaluation, 

including the calcium, oxalate, citrate, and urinary vol-

ume in a 24-hour urine test, is sufficient to recognize the 

most frequent metabolic abnormalities [26]. Also, Oguz 

et al. identified hypercalciuria, hypomagnesuria, and 

hypocitraturia as the most critical risk factors for uroli-

thiasis in 257 adults and pediatric patients with urinary 

stones [27].

Eyre et al. evaluated the utility of serum calcium, para-

thyroid hormone (PTH), urate, chloride, bicarbonate, 

potassium, and phosphate in screening metabolic abnor-

malities in 709 renal stones formers and revealed elevated 

serum calcium levels in 2.3% of patients. They concluded 

that serum calcium measurement alone is sufficient in 

most patients with urolithiasis [28].

An international cost survey by Chandhoke et al. 

revealed that in acute renal colic management, the met-

abolic assessment and directed medical therapy were 

only cost-effective when at least one stone episode every 

three years [29]. Ghanem et al. evaluated 457 patients 

with urolithiasis, and a low urine volume was the only 

finding in 24-hour urine metabolic workup in first stone 

former compared to recurrent stone formers. They rec-

ommended that metabolic abnormalities be evaluated 

only in recurrent stone formers [30].

Our study has distinguished properties. First, it 

could be supposed that by selecting and replacing from 

suggested Group 1 with Group 4, more tests will be 

cost-effective due to access to resources and will be eco-

nomically viable. In such a way that in the most limited 

state of allocation resources, little metabolic evalua-

tion using little tests including urinary uric acid, serum 

potassium (K), and urinary citrate might be done, and 

with fewer restrictions on funding and resources, pack-

ages with more tests can be offered. No studies have 

been found to evaluate the effectiveness of limited met-

abolic evaluation, but there is evidence of limited test-

ing effectiveness for assessing the cause of stones. In 

the best situation of allocating resources, eight tests are 

more cost-effective among the 17 mentioned in the main 

guidelines, including urinary uric acid, potassium, mag-

nesium, phosphate, citrate, serum potassium, calcium, 

and cystine. In the resource restriction, serum potassium 

is dominant to urinary potassium, and cystine is domi-

nant to serum calcium, so six tests will be cost-effective. 

In even more limited circumstances, the two urinary 

phosphate and citrate tests should be excluded.

Sensitivity analysis with a 10% change in the sensitiv-

ity and specificity of the kits used to diagnose the cause 

of the stone showed that the results did not change. 

Fig. 1 Cost-effectiveness diagrams of kidney stone diagnostic tests 
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Therefore, the cost-effectiveness is not vulnerable to the 

sensitivity and specificity variance among available tests.

After sensitivity analysis, interestingly, in the special 

tests’ categorization to present in conditions with dif-

ferent financial resources, only three group tests will 

remain, and more difficulties will be removed in the ini-

tial step of comparing incremental costs and incremental 

effectiveness. In addition, in the third group, the position 

of the tests will change in terms of cost-effectiveness. In a 

way, urinary magnesium is not more economical in this 

group than before, and urinary potassium, which was 

not previously economical, will be included. Therefore, it 

could be concluded that the obtained results are sensitive 

to the prevalence of kidney stones, and the results will 

change in different regions with a different majority.

Depending on stone incidence, type of insurance, and 

cost of interventional modalities, medical and surgi-

cal therapy cost-effectiveness is changeable in different 

countries, with a trend to more effective stone preven-

tion medical therapy in low-income countries. Since the 

targeted medical treatment based on the 24-hour urine 

findings could result in a 50% decrease in stone recur-

rence, we need to focus more on simplifying the meta-

bolic evaluation and improving patient compliance.

It was necessary to determine the cost-effectiveness 

index to provide an informed decision on the willing-

ness to pay for the correct diagnosis. Evaluating the 

ICER index according to the cost-effectiveness threshold, 

the primary outcomes of the current study were con-

sidered the number of accurate diagnoses in each test. 

In our unpublished study on PSA screening tests, the 

willingness to pay was 96 dollars. Therefore, the cost-

effectiveness of all three tests at the border of the cost-

effectiveness curve (Group 1) can be confirmed. Once 

metabolic tests are not substitutes for each other, the 

main purpose of these steps is to report the most cost-

effective tests, especially in terms of resource constraints 

and where resource allocation efficiency is essential, so 

we expand the analysis one step further than the most 

cost-effective test for diagnosing the underlying cause of 

kidney stones.

Finally, the serum blood test and 24-hour urine meta-

bolic test have several restrictions, including inadequate 

sample gathering, the need for repeat tests, the difficulty 

of analysis, and different laboratory references. Due 

to the multifactorial nature of the stone formation, it is 

tough to contribute the findings in the metabolic evalua-

tion as the only factor of the stone formation. Our results 

shed light on informed decision-making, simplifying the 

metabolic evaluation in recurrent stone formers. Stake-

holders and policymakers need to take these results 

into account when deciding on healthcare budget allo-

cation, as the management of stones can be expensive. 

One of our study’s limitations is that our model makes 

assumptions based on previously issued reports. We rec-

ommend new models that take into account the efficacy 

of various components in 24-hour urine examinations.

Conclusion
Using cost-effectiveness analysis, four different test 

groups can be distinguished in the limited metabolic 

evaluation of kidney stone patients. The simplified blood 

and 24-hour urine metabolic evaluation constitutes the 

cost-effectiveness boundary curve, including urinary uric 

acid, serum potassium, and urinary citrate. The most 

cost-effective test, unchanged in the cost-effective anal-

ysis model, was urinary uric acid measurement. Stake-

holders and policymakers need to take these results into 

account when deciding on healthcare budget allocation, 

as the management of stones can be expensive.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12894-023-01310-w.

Additional File 1: Decision analysis treeto analyze the cost-effectiveness 
tests

Additional File 2: Simulation of 22 standard laboratory test

Acknowledgements

Special thanks to the Persian Registry for Stones of Urinary System (PERSUS) to 
provide data and patients.

Authors’ contributions

AM wrote the manuscript, HF and LZB analyzed the data, BN collected data, 
LOR edited the manuscript, and SMKA is the principal investigator.

Funding

There is no funding.

Data Availability

The datasets generated and analyzed during the current study are available 
from the corresponding author upon reasonable request.

Declarations

Competing interests

The authors declare no competing interests.

Ethics approval and consent to participate

All patients signed the written informed consent, and the study was approved 
by the Tehran University of Medical Sciences ethical committee (IR.TUMS.

MEDICINE.REC.1400.663). All experiments and methods were carried out by 
relevant guidelines and regulations.

Consent for publication

Not applicable.

Consent for publication

Not applicable.

Received: 7 March 2023 / Accepted: 14 August 2023



Page 8 of 8Mohammadi et al. BMC Urology          (2023) 23:141 

References

1. LangJ,NarendrulaA,El-ZawahryA,SindhwaniP,EkwennaO.Global trends in 
incidence and burden of urolithiasis from 1990 to 2019: an analysis of global 
burden of disease study data.European Urology Open Science.2022;35:37–46.

2. LiuY,ChenY,LiaoB,LuoD,WangK,LiH,etal.Epidemiology of urolithiasis in Asia.
Asian journal of urology.2018;5(4):205–14.

3. GouruVR,PogulaVR,VaddiSP,ManneV,ByramR,KadiyalaLS.Metabolic evaluation 
of children with urolithiasis.Urology annals.2018;10(1):94.

4. Antonelli JA, Maalouf NM, Pearle MS, Lotan Y. Use of the National Health and 
Nutrition Examination Survey to calculate the impact of obesity and diabetes 
on cost and prevalence of urolithiasis in 2030. Eur Urol. 2014;66(4):724–9.

5. GambaroG,CroppiE,BushinskyD,JaegerP,CupistiA,TicinesiA,etal.The risk of 
chronic kidney disease associated with urolithiasis and its urological treat-
ments: a review.The Journal of urology.2017;198(2):268–73.

6. ZismanAL.Effectiveness of Treatment Modalities on Kidney Stone Recurrence.
Clin J Am Soc Nephrol.2017;12(10):1699–708.

7. ScalesCD,Jr.,LinL,SaigalCS,BennettCJ,PonceNA,MangioneCM,etal.Emergency 
department revisits for patients with kidney stones in California.Acad Emerg 
Med.2015;22(4):468–74.

8. ChanKH,WhittamBM,KrambeckA,DownsSM,MisseriR,CainMP,etal.Cost-Effec-
tiveness Analysis of the Management of Distal Ureteral Stones in Children.
Urology.2019;127:107–12.

9. ElwynG,TaubertM,DaviesS,BrownG,AllisonM,PhillipsC.Which test is best for 
Helicobacter pylori? A cost-effectiveness model using decision analysis.British 
journal of general practice.2007;57(538):401–3.

10. DrummondM,WeatherlyH,FergusonB.Economic evaluation of health inter-
ventions.British Medical Journal Publishing Group;2008.

11. FisangC,AndingR,MüllerSC,LatzS,LaubeN.Urolithiasis—an interdisciplinary 
diagnostic, therapeutic and secondary preventive challenge.Deutsches 
Ärzteblatt International.2015;112(6):83.

12. HalpernEF,PandharipandePV.Behind the Numbers: Sensitivity Analysis in Cost-
Effectiveness Modeling.Radiology.2017;284(2):310–2.

13. Mohammadi SichaniM,VakiliMA,KhorramiMH,IzadpanahiM-
H,GholipourF,KazemiR.Predictive Values of Neutrophil to Lymphocyte Ratio 
and Platelet-to-Lymphocyte Ratio for Systemic Inflammatory Response 
Syndrome after Percutaneous Nephrolithotomy.Translational Research in 
Urology.2021;3(4):154–60.

14. KriegerNS,AsplinJR,FrickKK,GranjaI,CulbertsonCD,NgA,etal.Effect of potassium 
citrate on calcium phosphate stones in a model of hypercalciuria.Journal of 
the American Society of Nephrology.2015;26(12):3001–8.

15. SienerR,BuchholzN,DaudonM,HessB,KnollT,OstherPJ,etal.Quality assessment 
of urinary stone analysis: results of a multicenter study of laboratories in 
Europe.PloS one.2016;11(6):e0156606.

16. MohammadiA,NikoobakhtMR,HosseiniSR.Urolithiasis in Renal Transplan-
tation Patients: An Update of the Literature.Translational Research in 
Urology.2021;3(4):149–53.

17. GuitynavardF,Tamehri ZadehSS,Ahmadi PishkuhiM,EbrahimiS,ShabestariAN.
Therapeutic Efficacy of Potassium Citrate for Treating Less Than 10-Millimeter 
Renal Stones.Translational Research in Urology.2021;3(3):131–5.

18. Fakhr YasseriA,TaheriD.Measuring Stone Free Rate after Mini Percutane-
ous Nephrolithotomy: Radiography, Ultrasound, or CT scan?Translational 
Research in Urology.2020;2(2):48–50.

19. Fakhr YasseriA,TaheriD.Urinary Stone Management During COVID–19 Pan-
demic.Translational Research in Urology.2020;2(1):1–3.

20. AghamirSMK,SalavatiA,HamidiM,FallahNejadA.Primary Report of Totally 
Tubeless Percutaneous Nephrolithotomy Despite Pelvi-calyceal Perforations.
Urology journal.2017;14(4):4020–3.

21. LotanY,CadedduJA,PearleMS.International comparison of cost effective-
ness of medical management strategies for nephrolithiasis.Urological 
research.2005;33(3):223–30.

22. LotanY,Buendia JiménezI,Lenoir-WijnkoopI,DaudonM,MolinierL,TackI,etal.Pri-
mary prevention of nephrolithiasis is cost‐effective for a national healthcare 
system.BJU international.2012;110(11c):E1060-E7.

23. StrohmaierWL.Economics of stone disease/treatment.Arab Journal of 
Urology.2012;10(3):273–8.

24. SkolarikosA,NeisiusA,PetříkA,SomaniB,ThomasK,GambaroG,editors.Urolithiasis.
EAUguidelinesEdnpresentedattheEAUAnnualcongressAmsterdam;2022.

25. EisnerBH,ShethS,DretlerSP,HerrickB,PaisJrVM.Abnormalities of 
24-hour urine composition in first-time and recurrent stone-formers.
Urology.2012;80(4):776–9.

26. ChanKH,MoserEA,WhittamBM,MisseriR,CainMP,KrambeckA.The ability of a 
limited metabolic assessment to identify pediatric stone formers with meta-
bolic abnormalities.Journal of Pediatric Urology.2018;14(4):331.e1-. e6.

27. OğuzU,ResorluB,UnsalA.Metabolic evaluation of patients with urinary system 
stone disease: a research of pediatric and adult patients.International urology 
and nephrology.2014;46(2):329–34.

28. EyreK,LewisF,CuiH,GroutE,MihaiR,TurneyB,etal.Utility of blood tests 
in screening for metabolic disorders in kidney stone disease.BJU 
international.2020;127(5).

29. ChandhokePS.When is medical prophylaxis cost-effective for recurrent 
calcium stones?The Journal of urology.2002;168(3):937–40.

30. Abu-GhanemY,ShveroA,KleinmannN,WinklerHZ,ZilbermanDE.24-h urine 
metabolic profile: is it necessary in all kidney stone formers?International 
Urology and Nephrology.2018;50(7):1243–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


