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Abstract Although medical therapy is known to reduce
the risk of kidney stone recurrence, the cost effectiveness
of medical prophylaxis is controversial. We evaluated
medical treatment strategies including dietary measures
(conservative), empiric medical therapy (empiric) or di-
rected medical therapy (directed) based on comprehen-
sive metabolic evaluation (CME) for patients with
recurrent kidney stones, and compared the costs of these
strategies using cost data from ten different countries.
We previously established rates of stone formation in
recurrent stone-formers, risk reduction of medical ther-
apy, sensitivity of CME and rates of spontaneous stone
passage from a comprehensive literature search (Lotan
et al. 2004 J Urol 172: 2275). The costs of medication,
surgical therapy, emergency room visits and CME for
ten different countries were obtained from a published
report of an international cost survey (Chandhoke 2002
J Urol 168: 937) as well as from our own county hospital
in the US. Medication costs in the US were obtained
from two national pharmacy chains. A decision tree
model was created to compare the costs of different
treatment strategies assuming cost accrual for metabolic
evaluation, medical therapy and surgery or emergency
room visits. For medical therapy, we assumed the dis-
tribution of medication use described in the published
report, consisting of potassium citrate (60%), thiazide
(30%) and allopurinol (10%). A nearly 20-fold differ-
ence in the costs of shock-wave lithotripsy, ureteroscopy
and medication was found among different countries.
From the model (US dollars/patient/year), conservative
therapy alone was the most cost effective approach fol-
lowed by empiric and directed medical therapy in all

countries except in the UK. In the UK, the cost of drug
therapy (estimated at $29/patient/year) resulted in em-
piric therapy being the most cost effective strategy for
recurrent stone formers. The low likelihood of surgical
intervention, as well as the low relative cost of surgery to
medication, contributed to the higher cost of empiric
and directed medical therapy strategies. Of note, despite
the higher cost, drug treatment strategies were associ-
ated with significantly lower stone recurrence rates. We
found that drug treatment strategies are more costly
than conservative treatment but produce good control
of stone formation. In all but one country (UK), dietary
therapy was the most cost effective approach due to the
relatively low cost of surgery compared with medication.
The differential resource allocation to different compo-
nents of a healthcare system (i.e. subsidized medication
versus surgical treatment) in different countries deter-
mines the cost effectiveness of various treatment strate-
gies.
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Introduction

Nephrolithiasis is a common disorder, with an approx-
imate incidence of 0.4–1% and a prevalence of 10–12%.
As such, the economic impact of the disease is sub-
stantial. Indeed, in 2000, the total annual direct cost of
urolithiasis in the US alone, including diagnosis, emer-
gency and surgical management as well as medical pre-
vention, was estimated at nearly $2.1 billion [1]. While
medical therapy has been shown to reduce the rate of
stone recurrence [2], few studies have evaluated the cost
effectiveness of medical evaluation and prophylaxis.
Although most authors have concluded that medical
therapy for nephrolithiasis is cost effective, their con-
clusions rely on key assumptions regarding stone
recurrence rates and medication risk reduction [3–6].
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Chandhoke used a cost model specifically to determine
the stone recurrence rate at which medical prophylaxis
becomes cost effective. At a recurrence rate of 0.3–4.0
stones/year, he calculated that the cost of medical eval-
uation and treatment became equivalent to conservative
therapy (no drug) [7].

While stone recurrence rates and the costs associated
with medication, medical evaluation and surgical ther-
apy of stone recurrences are important factors in
determining the cost effectiveness of medical evaluation
and therapy, several key points have not been ade-
quately addressed in previous studies. First, dietary
modification alone is effective in reducing stone forma-
tion rates, and most medical management regimens in-
clude dietary measures in addition to medications [8].
Second, only a fraction of patients (10–20%) actually
become symptomatic from a new stone and only half of
symptomatic patients ultimately require surgical inter-
vention [9, 10, 11]. Furthermore, empiric medical ther-
apy without metabolic evaluation has been shown in
some randomized trials to reduce the risk of stone
recurrence in unselected recurrent calcium stone formers
[12]. Thus, previous evaluations have suffered from
inherent biases against conservative therapy and in favor
of metabolic evaluation and medical treatment. We
created a decision analysis model taking these factors
into consideration [13]. This study found that for first-
time stone formers, conservative therapy is cost effective
and efficacious. For recurrent stone formers, however,
conservative therapy is unsatisfactory despite the low
cost, because of a relatively high rate of stone recur-
rence. Drug treatment strategies are much more costly
than conservative treatment but yield better control of
stone formation.

In light of these findings, we sought to evaluate the
cost of medical treatment strategies including dietary
measures alone, empiric medical therapy or directed
medical therapy based on comprehensive metabolic
evaluation in ten different countries to determine if
world-wide differences in cost components result in dif-
ferences in the cost effectiveness of various treatment
strategies.

Materials and methods

Decision tree model

A decision analysis model (TreeAge [DATA] 3.5 soft-
ware with linear success rate assumptions) was con-
structed to estimate the cost of treatment and follow-up
in patients with nephrolithiasis. The decision tree was
based on cost accrual for the initial physician visit,
medical evaluation, medication and emergency room
visits and/or surgery for stone recurrences (Fig. 1).

The following treatment strategies, as previously re-
ported [13], were tested in the model:

1. Conservative therapy (conservative) comprised die-
tary modification, without drug treatment or meta-
bolic evaluation.

2. Empiric medical therapy (empiric). Both drug and
dietary treatment were initiated without metabolic
evaluation in all patients. This strategy is based on
studies demonstrating that medications such as
potassium citrate [12] and thiazide diuretics [14, 15,
16, 17] have resulted in a reduction in stone recur-
rence rates compared with placebo in recurrent cal-
cium stone formers treated non-selectively.

3. Directed medical therapy based on comprehensive
metabolic evaluation (CME) (directed). All patients
underwent a detailed metabolic evaluation for which
directed dietary and drug therapy was initiated. In
10% of patients with no demonstrable metabolic
abnormality, no drug treatment was initiated. Eval-
uation consisted of an initial office visit and two 24-h
urine collections for stone risk analysis, and follow-
up included an office visit and 24-h urine collection
every 6 months, along with a plain radiograph of the
kidneys, ureters and bladder yearly.

Baseline assumptions

We previously reported the assumptions used to
construct our decision tree model evaluating medical
strategies for management of urolithiasis [13]. The
assumptions used in the current study are based on these
previous assumptions with a few modifications.

Assumption 1. Only patients with idiopathic calcium
oxalate nephrolithiasis were considered for analysis.

Assumption 2. With dietary measures alone, stone
recurrence rates are 0.07 stones/patient/year and 0.3
stones/patient/year for first time and repeated stone
formers, respectively [13].

Assumption 3. Medical treatments evaluated in this
model included a potassium-sparing diuretic (50 mg
hydrochlorothiazide and 5 mg amiloride) twice a day,
allopurinol (300 mg once daily) and potassium citrate
(30 meq twice daily) [7]. The distribution of medications
administered was derived from previous studies report-
ing use of potassium citrate in 60%, a potassium-sparing
diuretic containing thiazide in 30% and allopurinol in
10% of stone formers, based on the distribution of
underlying metabolic abnormalities [3, 7]. This combi-
nation of medications yields a reported risk reduction of
80% [7].

Assumption 4. We assumed that 15% of recurrent
stones formers have a symptomatic stone episode each
year, and that 55% of symptomatic patients require
surgical intervention annually, if medical drug treatment
is denied, based on the combined results of published
reports [9, 10, 11, 18].

Assumption 5. Among patients who require surgical
intervention, half undergo shockwave lithotripsy (SWL)
and half ureteroscopy (URS).
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Assumption 6. Comprehensive metabolic evaluations
identify specific metabolic defects in 90% of cases,
excluding low urine volume [19].

Assumption 7. All patients treated with empiric
medical therapy derive maximum benefit from treat-
ment, even though some may have no metabolic defect.

Assumption 8. Patients with no metabolic abnor-
mality detected by CME who receive no medical treat-
ment carry the same risk of stone recurrence as those
maintained on conservative therapy.

Financial assumptions

Assumptions regarding the cost of evaluation, medical
treatment and surgical intervention were obtained from
two sources. The evaluation, treatment and follow-up
costs in the US, excluding outpatient medication, were
obtained from a large, metropolitan county hospital.
The costs of medical therapy, medical evaluation, office
visits, surgical therapy and emergency room costs for
nine different countries were obtained directly from a
previously published comprehensive economic survey
(Table 1) [7].

Assumption 1. Each patient is evaluated with a basic
serum electrolyte panel that is routinely performed; as
such, this cost was excluded from the analysis.

Assumption 2. The yearly follow-up regimen was
identical for all patients and was excluded from the cost
evaluation.

Assumption 3. The decision tree always chose the
least costly pathway for determining the final cost of
treatment.

Assumption 4. The international cost survey did not
separate the costs of the initial visit (physician fee) and
24-h urine studies separately. As such, we assumed that
the physician fee comprised half of the total cost of the
initial evaluation based on relative costs at our own
institution in the US. This figure was added to the
conservative and empiric arms to provide the cost of
physician consultation regarding dietary recommenda-
tions and empiric medication when appropriate.

Outcomes

The cost of different management strategies was calcu-
lated using the preceding assumptions. Thus, the overall
cost of each treatment strategy was determined by:
whether or not an evaluation was performed, the type of
treatment (conservative or drug), whether treatment was
provided to all or only to some patients (empiric vs
directed), the rate of stone recurrence associated with
different treatments or medications and the need for
emergency visits or surgery for recurrent stone episodes.

Fig. 1 Decision analysis model
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In addition to overall cost, the model also yielded the
rate of recurrent stone formation on treatment. Thus, it
was possible to weigh cost against efficacy for each
treatment strategy.

Sensitivity analysis

A series of one-way sensitivity analyses was performed,
which evaluated the effect of different individual prob-
abilities and costs, by varying one parameter while
holding the others fixed. As such, it was possible to
calculate the ‘‘medication cost threshold’’ at varying
levels of ‘‘risk reduction’’ that would achieve cost
equivalence with conservative therapy for each strategy.
Risk reduction was calculated as 100% minus the ratio
(in percent) of stone formation rate on a drug treatment
strategy and stone formation rate on conservative
treatment.

Results

First time stone formers

The stone recurrence rate on conservative therapy was
0.07 stones/patient/year, or one stone every 14 years.
According to the model, conservative therapy (without
drug) was the least costly strategy (Table 2) except in the
UK where conservative and empiric therapies had nearly
identical costs ($127/patient/year versus $136/patient/
year, respectively). Indeed, the cost of a conservative
strategy was only 5% of the cost of directed medical
therapy based on a comprehensive metabolic evaluation
alone. Drug treatment strategies were twofold to 20-fold
more costly than conservative therapy but also yielded
lower stone recurrence rates (by 80%).

Recurrent stone formers

For each treatment strategy, the cost of treatment and
the rate of recurrent stone formation were higher among
recurrent stone formers than first time stone formers
(Table 2). Conservative therapy was the least costly
strategy in all countries except the UK, but was associ-
ated with the highest stone recurrence rate (0.3 stones/
patient/year). The relatively large difference in cost be-
tween conservative treatment and the strategies involv-
ing drugs was largely due to the high cost of medication.
However, in the UK where the cost of medication is low
($29/patient/year), empiric therapy is more cost effective
than conservative therapy. In other countries with rel-
atively low medication costs such as Switzerland and
Turkey ($117 and $150 per patient/year, respectively),
only small differences between empiric and conservative
therapy were demonstrated. On the other hand, in
countries with high medication costs such as the UST
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($508/patient/year), Germany ($432/patient/year) and
Italy ($534/patient/year), conservative therapy offers a
significant cost advantage over empiric therapy. Given
the added cost of the metabolic evaluation and little
demonstrable improvement in stone recurrence rates,
strategies involving metabolic evaluation are less cost
effective than empiric therapy.

For recurrent stone formers, drug therapy (empiric
and directed) was associated with a significantly lower
rate of stone recurrence than conservative therapy.
However, empiric therapy was minimally more effective
than directed therapy because of our assumption that
medication is uniformly effective in all treated patients
whether or not a metabolic abnormality is present.

Sensitivity analyses

A series of one-way sensitivity analyses was performed
to determine the threshold for stone recurrence rates and
costs (in US dollars) of medication, surgery and meta-
bolic evaluation at which empiric therapy would be cost
equivalent to conservative therapy (Table 3). Because of
the cost associated with a CME, but no additional risk
reduction compared with empiric therapy, any addi-
tional cost for the metabolic evaluation rendered the
directed strategy cost inferior to empiric therapy and
therefore a cost threshold is not calculable. In most
countries, a recurrence rate in excess of one stone per
patient per year would be necessary for empiric therapy
to be more cost effective than conservative therapy.
However, in the UK, where medication cost is excep-
tionally low, a stone recurrence rate exceeding 0.12
stones/patient/year is associated with a cost benefit for

empiric therapy. Likewise, in Switzerland with a simi-
larly low medication cost, empiric therapy is cost
advantageous if the stone recurrence rate exceeds 0.67
stones/patient/year. In contrast, in all others countries,
empiric therapy reaches cost equivalence with conser-
vative therapy only if medication costs decrease or sur-
gical costs increase substantially.

Discussion

Although economic concerns have recently come to as-
sume a prominent role in healthcare policy and practice
and the US, the cost of medical treatments and new
technology has long dictated the availability of certain
healthcare resources in other industrialized countries.
Because of the high cost associated with the manage-
ment of nephrolithiasis [1], cost effective treatment reg-
imens aimed at reducing the incidence of kidney stones
are becoming increasingly important world-wide. The
objective of this study was to compare the cost effec-
tiveness of commonly used treatment strategies in the
context of their efficacy in stone prevention and to
compare costs among a number of industrialized coun-
tries.

For first time stone formers, we found that conser-
vative therapy consisting of dietary measures alone
was the least costly treatment strategy, although the
associated risk of stone recurrence was higher than
among the drug treatment strategies. With the exception
of the UK where the cost of medication is low, the use of
drugs, with or without medical evaluation, increased the
overall cost by twofold to 20-fold. Moreover, because of
the low likelihood of forming new stones (one stone

Table 2 Outcomes of the model for first-time and repeated stone formers in US dollars

Stone recurrence rate
(stones/patient/year)

Cost according to model

Australia Canada Germany Italy Japan Sweden Switzerland Turkey UK USA

First-time stone formers
Conservative 0.07 $68 $32 $24 $48 $96 $163 $101 $53 $127 $109
Empiric 0.014 $405 $216 $454 $573 $335 $432 $206 $199 $136 $587
Directed 0.02 $598 $283 $486 $671 $566 $970 $474 $347 $601 $852
Recurrent stone formers
Conservative 0.3 $86 $54 $32 $86 $141 $196 $152 $66 $179 $234
Empiric 0.06 $409 $221 $456 $580 $344 $439 $216 $202 $146 $612
Directed 0.084 $603 $289 $489 $681 $578 $979 $488 $351 $616 $887

Table 3 One-way sensitivity analyses to determine thresholds for stone recurrence rates and costs (US dollars) of medication, surgery and
metabolic evaluation. There was no cost of metabolic evaluation low enough to allow this strategy to reach cost equivalence with
conservative therapy

Australia Canada Germany Italy Japan Sweden Switzerland Turkey UK USA

Stone recurrence
(stones/patient/year)

>1 >1 >1 >1 >1 >1 0.67 >1 0.12 >1

Annual medical cost $18 $23 $8 $40 $47 $34 $52 $14 $54 $130
Surgical cost $17,057 $9,408 $21,753 $26,828 $12,471 $13,704 $5,296 $7,451 $654 $25,145
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every 14 years) and the infrequent need for surgical
intervention (0.06%/year) on conservative treatment,
the additional 80% reduction in stone recurrence rate
achieved with drug treatment may not justify the cost
and side effects of drug treatment.

For recurrent stone formers, conservative therapy
was also the least costly strategy in all countries except
the UK, because of the high cost of medication com-
pared with the relatively low overall cost of a stone
recurrence (emergency visits and surgery). However, the
high rate of stone recurrence associated with conserva-
tive therapy (one stone every 3 years) may be unac-
ceptable despite the low cost. In countries with low
medication costs, such as Switzerland and Turkey, the
cost difference between empiric and conservative therapy
is small; indeed, in the UK where medication costs are
only $29/patient/year, empiric therapy is the most cost
effective strategy. Because the likelihood of needing
surgical intervention is just over 2% annually, even
when the stone recurrence rate is as high as 30%, it is the
cost of medication that drives the model because it re-
quires most or all patients to take medication on a daily
basis.

One-way sensitivity analyses showed that stone
recurrence rates must exceed one stone/patient/year be-
fore empiric therapy is cost superior to conservative
therapy in all countries except the UK and Switzerland
(where stone recurrence rates must exceed only 0.12 or
0.67 stones/patient/year, respectively). Furthermore, the
additional cost of the metabolic evaluation prevents a
strategy of directed medical therapy from ever becoming
more cost effective than conservative therapy. In most
countries, medication costs must decrease or surgical
costs must increase in order for empiric therapy to reach
cost equivalence with conservative therapy.

In contrast to our study, other groups have found
drug therapy to be cost effective [3, 4, 5, 6, 7]. Parks and
Coe estimated cost savings of $1,162–$3,162/patient/
year with medical therapy in the US assuming a remis-
sion rate of 83% for medication [4]. Robertson com-
pared the cost of medical therapy with no treatment in
the UK and established that a medication regimen
associated with a 50% reduction in the risk of stone
recurrence and a cost of £8/year in patients with a stone
recurrence rate of 0.2 stones/patient/year would result in
cost savings of £38/year [5]. Tiselius assumed a baseline
stone recurrence rate of 0.3 stones/year, medication
costs of $220/year and a cost per stone episode of $2,500
in the Swedish healthcare system, and determined that
initiation of a medication known to produce a 50%
reduction in stone recurrence rates would result in cost
savings of $375/year [3]. Finally, Strohmaier and Hör-
mann calculated an annual cost savings of 333.1 million
marks in Germany for a prophylactic regimen associated
with a 40% risk reduction in patients with an annual
stone recurrence rate of 40% [6].

Chandhoke used a cost model to determine the stone
recurrence rate at which medical prophylaxis becomes
cost effective. At a recurrence rate of 0.3–4.0 stones/year,

he calculated that the cost of medical evaluation and
treatment became equivalent to conservative therapy (no
drug) [7].

Careful analysis of previous studies, however, reveals
several assumptions that may bias cost in favor drug
treatment. In most cases, the benefit derived from con-
servative measures alone, which are considerably less
costly than drug treatments, was not taken into account.
As such, the reduction in stone recurrence rates associ-
ated with drug strategies likely included that attributable
not only to drugs but to conservative dietary measures
as well. Indeed, Hosking and colleagues found no stone
growth or new stone formation in 58% of patients
treated with dietary modification alone, among patients
with mixed metabolic causes (71% with hypercalciuria
and 47% with hyperuricosuria), underscoring the benefit
of conservative dietary measures only in reducing stone
recurrence rates [8]. In addition, some of the studies
mentioned above relied on costly medical evaluations to
determine drug therapy, thereby further adding cost that
was not accounted for in the cost analyses. Furthermore,
there is evidence that empiric therapy may be effective in
reducing stone formation without the added cost of a
metabolic evaluation [12, 14, 15, 16, 17]. On the other
hand, with this strategy (empiric therapy), patients
without metabolic abnormalities are subjected, perhaps
unnecessarily, to drug treatment. Lastly, many of these
studies fail to take into account the finding that not all
recurrent stones cause symptoms or require surgical
intervention. Indeed, our search of the literature sug-
gested that only 10–20% of patients actually become
symptomatic from a new stone and only half of the
symptomatic patients ultimately require surgical inter-
vention [9, 10, 11]. Thus, the cost of conservative ther-
apy may be overestimated in studies that assume that all
stone recurrences require surgical intervention [7].

The most important determinant of cost effectiveness
in our model is the relative cost of medication and sur-
gical therapy. In countries where the cost of surgery and
physician reimbursement are heavily regulated, such as
the U.S., strategies involving drug therapy are not cost
effective. Medication cost, however, is unregulated, and
therefore costly medications require high out-of-pocket
expense by the patients themselves. In contrast, insurers
as well as the Centers for Medicare and Medicaid Ser-
vices (government sponsored insurer) dictate reim-
bursement rates for services including hospitalization,
surgical procedures and physician fees, leading to a
disproportionately higher cost for medication than sur-
gery when taking into account the relative frequency of
medication use (daily) and the infrequency of surgery
(0.6–2.5% annually).

The obvious limitation of any study comparing costs
of therapy in different healthcare systems is the variation
in the degree of regulation and subsidization of services.
As such, ‘‘cost effectiveness’’ of treatment strategies
depends on whose point of view is assumed, the patient,
the payer or the provider. Differences from country to
country in the cost of surgical treatment or medication
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are primarily the result of differences in the degree of
subsidization of services by healthcare systems. The
nearly 20-fold difference in the cost of SWL, ureteros-
copy and medication among different countries is evi-
dence that subsidization plays a significant role in
determining costs of the various strategies for managing
nephrolithiasis (Table 1). Any analysis attempting to
evaluate the cost effectiveness of stone management
has to take into account these artificial differences in
cost. Indeed, cost effectiveness is healthcare system-
specific, and comparison among different treatment
strategies may be best performed within a single
healthcare system.

The advantage of our decision tree model for
cost effectiveness analysis is that we can apply data
from individual institutions, patients and medications in
order to determine the cost effectiveness of any treat-
ment strategy in a particular situation. Our model offers
a unique opportunity to compare different treatment
strategies for medical evaluation and treatment of
nephrolithiasis regardless of healthcare system.
Indeed, as new medications are developed, the cost
effectiveness of treatment regimens that include them
can be assessed.

We acknowledge some limitations of our study. In our
model, we assumed that the severity of stone disease was
comparable among the various trials of stone prevention,
a factor that can influence the response to treatment, and
may have affected the recurrent stone formation rates
from different trials on which the assumption of risk
reduction for various treatment strategies was based.
Furthermore, we considered only comprehensive meta-
bolic evaluation in conjunction with drug therapy since
we had only the individualized costs from each country
based on this approach. A simplified metabolic evalua-
tion, at lower cost but similar efficacy, could yield differ-
ent results. A previous analysis found that simple
metabolic evaluation andmedical therapy was less costly,
but of comparable effectiveness, compared with compre-
hensive metabolic evaluation and treatment [13]. This
analysis, however, found that simple metabolic evalua-
tion was not as cost effective as empiric or conservative
therapy. Finally, although cost models provide valuable
information to healthcare providers regarding treatment
strategies, the decision as to how tomanage a patient after
a stone event should ultimately be left to the well-in-
formed patient and his/her physician.

Conclusions

In all but one country (UK), drug treatment strategies
are much more costly than conservative treatment, al-
though they are associated with good control of stone
formation. The relatively low cost of surgery (due to
infrequent need for intervention) compared with medi-
cation (used daily) accounted for the lower cost of die-
tary therapy. The differential resource allocation to
different components of a healthcare system (i.e. subsi-

dized medication versus surgical treatment) determines
the cost effectiveness of various treatment strategies.
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