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Abstract

Objectives To determine whether the potassium citrate therapy is more cost-effective than
diet alone.
Methods Effectiveness was rated in terms of ‘avoided recurrences’ for both interventions.
Costs were calculated on the basis of the patient’s perspective. The time horizon for this
analysis was 3 years, considering the follow-up period for patients included in this clinical
trial.
Key findings Those patients who did not show evidence of de novo stone images avoided
six recurrence episodes by using potassium citrate and a change in diet. In those patients who
showed evidence of de novo stone images with either of the two interventions, we assumed
that recurrence would not be avoided (0 avoided recurrences). The cost per individual treated
with potassium citrate who showed de novo lithiasis was US$2086 while that for untreated
individuals who showed de novo lithiasis was US$1096 under the assumption that recur-
rence would not be avoided in any case with de novo lithiasis. We calculated a cost-
effectiveness (C-E) ratio of US$360 for the intervention with potassium citrate and a C-E
ratio of US$3795 for the dietary intervention alone. The incremental C-E ratio indicated that
it is necessary to pay US$193 for every additional recurrence avoided with potassium citrate.
Conclusions Intervention with potassium citrate proved to be more cost-effective than
changes to diet alone. Two sensitivity tests proved the robustness of these results.
Keywords citrate; cost-effectiveness; diet; potassium; urolithiasis

Introduction

The incidence of urolithiasis increased in cities in the Western world in the second half of the
last century because of multiple factors, such as diet, associated comorbidity (diabetes,
overweight, hypertension, etc.) and the use of drugs, among others. The prevalence of
lithiasic disease is estimated to be 7–15% in males and 3–6% in females. It is calculated that
12% of the American population will show a urolithiasis episode in their lifetime. The
percentage recurrence after a first lithiasic episode is related to the stone composition. For
calcium oxalate lithiasis, recurrence rate are estimated to be 10% in the first year, 50% in 10
years and 98% in 25 years.[1]

In industrialized cities, the incidence of urinary lithiasis reaches 1500–2000 cases per
million inhabitants. The prevalence varies according to the geographic location, diet, envi-
ronment and climate. In the last 20 years, changes in the quality and quantity of food have
generated an increase in lithiasic disease; however, the latest endourological and extracor-
poreal techniques that remove lithiasis tend to minimize the fundamental role of prevention,
while concurrently increasing health costs.[2,3]

Urinary lithiasis affects nearly 5–10% of the population in the Western world (Europe
and USA). In cities in the Western world, stones are composed of calcium in 70% of cases,
50% are mixed (oxalates and phosphates), 40% are pure calcium oxalate stones and 10% are
pure calcium phosphate stones. Uric acid stones account for 20% and struvite stones account
for 10%, while cystine stones account for only 1% of urolithiasis cases.[4,5]

Intervention with potassium citrate has been used for many years to reduce the risk of
lithiasic recurrence in an individual who has overcome an acute episode; and its efficacy has
been evaluated in various observational studies.[6–10] However, apart from the accrued obser-
vational data, the efficacy of this intervention has also been evaluated through a randomized,
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placebo-controlled clinical trial,[11] which represents a design
of greater epidemiologic hierarchy to establish a better cau-
sality ratio with regard to the efficacy of potassium citrate.

Long-term interventions need to be submitted to pharma-
coeconomic analysis due to the impact they may have from
the cost-effectiveness (C-E) perspective, and for this reason it
is important to analyse this ratio, considering two basic inter-
ventions: the change in dietary pattern versus the daily admin-
istration of potassium citrate (along with dietary change).
Through this analysis, our study intends to achieve three main
objectives: (1) to determine whether potassium citrate therapy
is more cost-effective than changes to diet alone, (2) to deter-
mine the incremental C-E ratio and (3) to determine the
sensitivity of the study through bivariate and treatment com-
pliance tests.

Methods

To conduct this study we used a pharmacoeconomic model
based on a decision tree analysis, which will represent the
probable clinical evolution within a 3-year time horizon, by
applying two preventive intervention alternatives. Each
branch of the decision tree that reproduces the model repre-
sents one of the therapeutic options evaluated in the study
(either potassium citrate+dietary change or dietary change
alone), and the final results of each branch will combine the

probabilities of the occurrence of each event, together with
the associated costs and the finally obtained clinical result
(‘avoided recurrences’). This analysis has taken into account
the results of the study conducted by Barcelo et al.,[11] which
evaluated each intervention in the reduction of lithiasic
recurrence.

For our analysis, we calculated the C-E ratio of each
studied option, by considering that the option that yields a
lower value is more efficient. Then, the incremental C-E
analysis of both alternatives enabled us to find out the cost
necessary to achieve an extra unit of effectiveness, which
results from using the most effective alternative. All the
monetary units of this study have been expressed in US
dollars.

The time horizon for both interventions is 3 years, consid-
ering that the clinical trial of Barcelo et al. evaluated the
efficacy in the reduction of recurrences over the same period.
For this same reason, it was not important to apply any dis-
count rate. Finally, we conducted two sensitivity tests.

Effectiveness for both interventions was rated as avoided
recurrences. This unit of measure will match well with the
future quality-of-life criteria. The model used as a basis for
the C-E analysis is represented in the decision tree shown in
Figure 1. The tree branches represent the possible clinical
evolution of both interventions, stating as a basic assumption
that both may reduce the de novo appearance of lithiasic

Figure 1 Decision tree and cost-effectiveness (C-E) analysis between potassium citrate and diet.
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images. These branches show the probabilities of the occur-
rence of this event (de novo lithiasis), according to the clinical
trial results.

Costs were calculated on the basis of the actual costs from
the patient’s perspective, according to a review of the clinical
records of patients treated for uncomplicated urinary lithiasis.
We built only one outpatient care flowchart based on the
review of clinical records in medicine and urology depart-
ments of several public hospitals in Lima, Peru. This assump-
tion would be valid for an exclusive application of outpatient
setting; therefore, for this analysis, we calculated the costs
based on this assumption. The costs obtained for each inter-
vention would correspond to a patient during the previously
defined time horizon (3 years).

Results

According to the findings of Barcelo et al.’s clinical trial, the
incidence of recurrent cases in the group that had been treated
exclusively with dietary change was 0.84 (84%), and that of
the group treated with potassium citrate was 0.12 (12%).
Therefore, the relative risk for the incidence of recurrent cases
of urinary lithiasis between these groups was 7.0 (95% con-
fidence interval 3.46, 14.15); that is, for each recurrence in
the group treated with potassium citrate, we observed seven
recurrent cases in the group exclusively treated with diet,
which is equivalent to six avoided recurrences.

By observing the decision tree, we calculated an incremen-
tal effectiveness of 4.12 avoided recurrences (that is, 4.32–
0.20), an incremental cost of US$797 ($1556–$759) and an
incremental C-E ratio of $193 for each avoided recurrence
case ($797/4.12).

The costs incurred by recurrent cases (when de novo lithi-
asis appears in an X-ray) are deemed potential, since some of
these patients may not suffer a clinical episode later. This
assumption does not distort either the cost analysis or C-E
ratio.

Thus, according to the data on Table 1, in the first 3 years
of outpatient care of an individual who does not have a reap-
pearance of de novo images, the total costs of the treatment
with potassium citrate and dietary change equals $1452 and
$462, respectively. Likewise, the total and potential cost in the
patient who shows de novo lithiasis in X-rays equals $2086
and $1096 with citrate and dietary change, respectively, under
the assumption that a clinical episode cannot be avoided when
de novo images appear.

Once we obtained the costs and the corresponding effec-
tiveness measurements, we estimated a C-E ratio of $360 and
$3795 for the intervention with potassium citrate and with
dietary change alone, respectively (Figure 1). This result indi-
cates that the intervention with potassium citrate is much
more cost-effective than dietary change alone. The incremen-
tal C-E analysis indicates that each additional ‘avoided recur-
rence’ would have an estimated cost of $193.

To assess uncertainty, we used IC95 as a criterion for sen-
sitivity analysis to establish the ‘worst and best scenarios’ and
the level of treatment adherence (maximum and mean adher-
ence). According to this, in the worst scenario for potassium
citrate treatment, for each avoided recurrence in the group

treated with dietary change alone, three recurrences could be
avoided in the group treated with citrate; and, in the best
scenario, for each avoided recurrence in the group treated with
dietary change alone, 14 recurrences could be avoided in the
group given potassium citrate. In individuals showing de novo

Table 1 Costs of preventive and acute treatments

Cost (US$)

Unit costs
Preventive treatment

Laboratory and radiodiagnosis tests
Medical consultation $54
Creatinine depuration $17
Calcium in urine 24 h $8
Oxalate in urine, 24 h $14
Urine test+pH $5
Simple abdominal X-ray $19
Potassium citrate¥2 tablets/day, for 1 year $313

Acute recurrence treatment (weekly)

Laboratory and radiodiagnosis tests
Medical consultation $54
Medicines $179
Urine test+pH $5
Simple abdominal X-ray $19
Excretory urogram+preparation $62
Abdominal-pelvic CT $263

$581

Annual cost
Preventive treatment (annual)

Laboratory and radiodiagnosis tests
Medical consultation $107
Creatinine depuration $17
Calcium in urine, 24 h $8
Oxalate in urine, 24 h $14
Urine test+pH $5
Simple abdominal X-ray $19
Potassium citrate¥2 tablets/day, for 1 year $313

$484

Weekly cost
Acute recurrence treatment (weekly); unit costs

Laboratory and radiodiagnosis tests
Medical consultation $107
Medicines $179
Urine test+pH $5
Renal ultrasound scan $–
Simple abdominal X-ray $19
Excretory urogram+preparation $62
Abdominal-pelvic CT $263

$634

Total costs

With potassium citrate for 3 years without recurrence $1452
With potassium citrate for 3 years with recurrence $2086
With diet for 3 years without recurrence $462
With diet for 3 years with recurrence $1096

CT, computed tomography.
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lithiasic images with either treatment we assumed that clinical
episode could not be avoided (0 avoided recurrences).

In regard to the level of treatment adherence, we used the
incidence adverse-effect data that forced the suspension of
therapy in both groups. Thus, in the group that used potassium
citrate, we observed an incidence of 11%, which means that
only 89% of the individuals completed the 3-year follow-up in
this group. Likewise, the incidence of adverse effects in the
group treated only with dietary change was 5%, and so 95% of
the participants in this study group completed the follow-up.
With these data, we estimated a new effectiveness rate for
both groups according to the level of treatment adherence:
3.84 for the potassium citrate case (4.32¥0.89), and 0.19 for
the diet-only case (0.20¥0.95) (Table 2).

Discussion

In recent years it has been possible to obtain greater and better
evidence about the favourable effects of the intervention with
potassium citrate in calcium oxalate urolithiasis. Thus, the
results of important observational data were confirmed by
Barcelo et al. [11] in a randomized, placebo-controlled clinical
trial. We have preferred to develop a pharmacoeconomic analy-
sis based on this trial, due to the greater methodological quality
of this type of study to establish a causality relationship.

As the citraturic effect of potassium citrate is sustained for
as long as the intervention is maintained (this effect is asso-
ciated to a reduction in the risk of lithiasic recurrence), it is
important to evaluate such benefit from a pharmacoeconomic
point of view. Our study provides this type of analysis for a
comprehensive evaluation of the long-term benefit.

The decision tree only included urolithiasis in the outpa-
tient setting, excluding branches which would result from the
intrinsic complications of this clinical condition, such as
emergency hospitalization for a nephritic colic or secondary
pyelonephritis, as the available evidence for establishing the
probabilities that correspond to these clinical conditions has
not yet been established.

Our study also analysed the costs from the perspective of
society, having included the direct medical costs (medica-

tion, number of consultations, conducted supplementary
tests, conducted analyses and additional medical consulta-
tions). By contrast, indirect costs (such as productivity loss
for sick leave or labour absenteeism of patients and/or rela-
tives who take care of them) have not been included. Non-
medical costs, such as the transportation of patients and/or
their relatives, wages of third parties hired to take care of the
patients or the value of the time used by relatives/neighbours
to take care of the patients, have not been included either.
Also, intangible costs (resulting from suffering, anxiety,
pain, fear, etc.) have not been included, as they are very
difficult to measure.

A feature inherent to pharmacoeconomic designs is their
submission to different sensitivity tests when these designs are
deterministic (i.e. not probabilistic). Our study submitted the
results to two sensitivity tests: a bivariate test related to the
estimated confidence interval, and a univariate test related to
treatment adherence.

With regard to the first sensitivity analysis, we observed
that it was necessary to change the effectiveness of both
interventions to a great extent, to balance the C-E. By observ-
ing the graph, the global effectiveness of dietary change
would have to increase from 0.20 to 0.40 and, at the same
time, the effectiveness of potassium citrate would have to
decrease from 4.32 to 2.32, so that the C-E of both interven-
tions equated to a value between $2125 and $2017 (Figure 2).
This bivariate sensitivity tests provides robustness to this
analysis without generating greater uncertainty in the results;
however, it is important to evaluate the modification of these
same results when other clinically important factors are modi-
fied. For this reason, we modified the expected values of
effectiveness in accordance with the incidence of adverse
events, and for this purpose we assumed that the appearance
of any adverse effect could cause the dropout from the treat-
ment (non-adherence).

The difference in the effectiveness of the interventions was
4.12, and this value is closely related to the incremental C-E
ratio. We observe that the intervention with potassium citrate
is more cost-effective than dietary change alone, showing an
incremental ratio of $193 in the established time horizon. This
cost would correspond to the paid amount for each unit of
difference in the effectiveness of each therapy; that is to say,
that each additional avoided recurrence would cost $193.
Although consideration of the incremental amount will
depend on the willingness-to-pay of those who will make the
decision (the ruling agency and/or funding organization), this
amount must be submitted to a long-term evaluation, with
regard to future costs incurred by a patient with lithiasic
recurrence, as well as to the future quality of life. Therefore,
it is necessary to evaluate other criteria to take the best deci-
sion, and ponder other additional benefits and risks for each
intervention.

By considering treatment adherence as a modifying factor,
we assumed two adherence levels for each intervention:
maximum and average. The adherence level would only cause
the variation of the expected effectiveness of the intervention,
and the corresponding costs would remain constant. Thus,
according to the adherence level, the new expected effective-
ness will be determined by the product of both values
(effectiveness¥adherence factor), also considering that the

Table 2 Sensitivity test according to treatment adherence

Treatment

Potassium citrate Diet

Maximum treatment adherence
Expected cost (US$) 1556 759
Effectiveness 4.32 0.20
Cost-effectiveness (US$) 360 3795
Incremental cost-effectiveness (US$) 193

Average treatment adherence
Expected cost (US$) 1556 759
Effectiveness 3.84* 0.19†
Cost-effectiveness (US$) 405 3995
Incremental cost-effectiveness (US$) 218

*Product of multiplying 4.32 by adherence factor (0.89).
†Product of multiplying 0.20 by adherence factor (0.95).
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ideal setting would be maximum adherence, which would
correspond to a maximum value of 1 (100% of the patients
adhere to the intervention, under the assumption that there are
no adverse effects). Under this assumption, the intervention
with potassium citrate proved to be more cost-effective that
dietary change alone at the two adherence levels, adding more
robustness to the results when this new scenario is taken into
consideration.

New interventions led us to include not only the clinical
benefits, but also the economic and quality-of-life benefits
resulting from the use of a new treatment. A good example
could be therapeutic compliance (‘treatment adherence’) as an
element to take into account in therapeutic usefulness. If this
criterion is not considered, it could happen that a more effec-
tive medicine than that referred to in this study (which could
therefore have a high rating as a therapeutic novelty) could
have a low adherence rate because this new medication may
have to be taken 4 times a day, while the old medication only
has to be taken once.[11]

Notwithstanding, and despite the sensitivity analyses, the
scope of this type of study turns is limited, considering that
other clinically significant factors may continue to influence
the decision of the best intervention. Risk-benefit studies are
currently being used to try to optimize decision analysis and
solve this dilemma, mainly when there are decisions within
the regulatory scope of medicines. Therefore, it will be very
important to supplement the results of this study, conducting
other risk-benefit analyses by using designs which are
already being applied in the pharmacoeconomic field, and
which are based on multi-criteria decision analysis, or
MCDA.[12,13] This type of analysis also includes other addi-
tional benefits and risks for both interventions, which are
pondered on the basis of the best available evidence;
for this reason, this analysis minimizes the uncertainty for
decision-making.

Within the broad concept of therapeutic usefulness, other
elements must be ideally included,[11] such as (1) the degree of

innovation of the medicine, considering its quality, efficacy
and safety with regard to the available alternative treatments;
(2) the importance of the disease; for instance, new cancer
treatments must have a greater priority than medicines
devoted to other, ‘minor’ diseases; (3) the number of affected
individuals, considering the added value which this new medi-
cine may contribute to society, and whether the medical need
is not covered, as in the case of orphan medicines; (4) whether
the treatment is easy to follow, as the therapeutic compliance
and adherence are very important, and a greater therapeutic
usefulness must be assigned to those medicines that facilitate
this (e.g. one dose instead of three); (5) the needs of the health
system, considering that new medicines must cover the thera-
peutic voids of those already existing in the health system, and
not focusing so much on modifications of existing medicines
(‘me too’) and (6) the patient’s quality of life, experiences and
preferences, as well as the degree of satisfaction with the
treatment.

Conclusion

According to the results from this study, intervention with
potassium citrate proves to be more cost-effective than dietary
change alone. Sensitivity tests showed the need for a broad
margin of modification of the results, to balance the differ-
ences of both C-E values. Likewise, the lower C-E ratio for
the intervention with potassium citrate remained invariable at
the two levels of treatment compliance.
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Figure 2 Bivariate sensitivity analysis. C-E, cost-effectiveness.
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