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the analyzed studies was generally low. The available evi-
dence shows that citrate supplement effectively reduces the 
recurrence of nephrolithiasis in patients undergoing SWL. 
However, statistical analysis of a larger trial conducted with 
methodological rigor is warranted.
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Introduction

Current guidelines recommend SWL as the method of 
choice for stones up to 2 cm diameter within the renal pel-
vis and the upper or middle calices, and for stones up to 
1.5 cm diameter within the lower pole calices [1]. However, 
high rates of recurrence are reported, even in patients with 
a stone-free status after SWL [2–4]. Retained stone frag-
ments following SWL may provide nuclei for the formation 
of new stones. This could be one of the explanations for the 
high recurrence rate [5–7].

SWL and surgical procedures for kidney stone removal 
do not change the underlying metabolic abnormalities that 
cause recurrent stone formation [8]. Hypocitraturia occurs 
in 20–60% of patients who form kidney stones [9]. Citrate 
is an important inhibitor of lithogenesis [10, 11]; it reduces 
urinary saturation as it forms complexes with calcium, 
inhibits spontaneous stone nucleation, and delays oxalate 
crystal aggregation [12]. Recent guidelines recommended 
potassium citrate therapy for patients with relatively low 
urinary citrate and recurrent calcium stones [13, 14].

It has been suggested that potassium citrate might lower 
the risk of kidney stone recurrence in patients treated with 
SWL [8, 15–18]. However, the existing evidence does not 
rigorously support this hypothesis regarding the effect of 

Abstract  This meta-analysis summarizes the available 
evidence on the effectiveness of citrate supplement for pre-
venting the recurrence of nephrolithiasis in patients under-
going extracorporeal shock wave lithotripsy (SWL). Elec-
tronic searches were conducted using Medline-PubMed, 
Web of Science, Embase, BVS (Scielo, Lilacs), and Google 
Scholar literature databases. The authors worked in pairs to 
select studies that met the following criteria: randomized 
controlled trials that were conducted in adults and assessed 
the effect of potassium citrate supplement before or after 
SWL therapy for urolithiasis. Our primary aim was to asses 
the stone-free rate among the groups included in the stud-
ies. Fixed effect was used in the meta-analysis with 95% 
confidence interval (95% CI). Heterogeneity was analyzed 
by the I2 value. A total of 2505 references were initially 
selected. Of those, four were subjected to meta-analysis 
contributing five samples. These four studies included 374 
participants who were followed for a period of 12 months 
after SWL. Mean potassium citrate dosage was approxi-
mately 55  mEq/day (18  mmol). The results showed that 
citrate supplement significantly protected against the recur-
rence of nephrolithiasis during 1 year after SWL [RR; 95% 
CI 0.21 (0.13, 0.31)]. The heterogeneity was not significant 
across the analyzed studies (p  =  0.224). The quality of 
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citrate supplement on nephrolithiasis recurrence rates for 
1  year after SWL. Therefore, this systematic review and 
meta-analysis critically analyzes the available research 
studies and presents the best available evidence related 
to the effectiveness of citrate supplement before and after 
extracorporeal SWL.

Methods

Search strategy

This review was performed with a predefined protocol, in 
accordance with PRISMA guidelines [19]. We conducted 
electronic searches using Medline-PubMed, Web of Sci-
ence, Embase, BVS (Scielo, Lilacs), and Google Scholar 
databases, and selected suitable references published 
from the database inception until May 2, 2016. We gener-
ated search terms with combinations of Medical Subject 
Headings (MeSH) and free text words that included terms 
related to the study population (humans, adults), the inter-
ventions (SWL), and the outcomes (e.g., time to stone-free 
and stone-free period). The investigated terms included 
“lithotripsy”, “citrate”, “potassium citrate”, “citric acid”, 
and “urolithiasis”. There were no language restrictions in 
our searches.

The reference lists of the selected articles were searched 
manually to ensure the capture of all relevant studies. 
Experts in the relevant subject matter and the authors of 
the obtained studies were contacted for further informa-
tion when specific data were not available in the published 
manuscripts.

Inclusion and exclusion criteria

The inclusion criteria were as follows: randomized con-
trolled trials with parallel design; study population 
restricted to adults (>17  years); and assessment of the 
effect of potassium citrate supplement before or after SWL 
therapy for urolithiasis.

The exclusion criteria were as follows: study population 
including pregnant women, children, patients with congeni-
tal anomalies, or comorbidities; studies reporting lithiasis 
of etiologies other than calcium oxalate; studies on ani-
mals; and in vitro, observational, or retrospective studies.

Study identification and selection

The research group was separated into two sub-groups that 
independently pre-selected all titles and abstracts of the ini-
tially identified studies according to the selection criteria. 
Full texts of the selected studies were retrieved and eval-
uated by at least two authors to assure that all systematic 

review criteria were met. Any disagreements regarding arti-
cle selection were solved through discussion and, if neces-
sary, by a third independent reviewer.

Data extraction

Three authors extracted data using a predefined collec-
tion form, and a fourth author reviewed. The extracted 
data included the following: author; title; journal; year of 
publication; geographic origin; setting of the study; study 
design; study funding source; study subject gender, ethnic-
ity, age, and residence; comorbidities; study inclusion and 
exclusion criteria; intention to treat analysis; participants in 
the control and intervention group; type and delivery of the 
intervention; dose and duration of intervention; and citratu-
ria before and after intervention in both groups.

Our primary objective was the stone-free rate among 
groups. We recorded the number of patients who were stone 
free at the end of follow-up in each group. We utilized two 
definitions for stone-free status: (1) in cases where partici-
pants were stone-free at baseline, they had to maintain their 
stone-free status until the end of follow-up; (2) in cases 
where participants presented residual stone fragments at 
baseline, they were considered stone-free at the end of fol-
low-up if they became stone-free, or if they maintained the 
baseline residual fragments, or if they reduced their base-
line residual fragments.

Quality of studies

The quality of individual studies and risk of bias were eval-
uated by two reviewers according to Cochrane’s Tool for 
Bias Assessment [20], which analyzed the following crite-
ria: proper randomization, allocation of participants, blind-
ing of the outcome assessor, results presentation, incom-
plete data, selective reporting of results, and other sources 
of bias.

Statistical analysis

The stone-free rate in each study was calculated as the pro-
portion of participants with stone-free status in the inter-
vention group (SWL plus potassium citrate) divided by 
the proportion of participants with stone-free status in the 
control group (SWL) [21]. We standardized the time to 
follow-up described in the included studies as 12 months. 
Therefore, our estimates are expressed in nephrolithiasis 
recurrence rates during 1  year. The meta-analysis results 
are presented as fixed effects with 95% confidence interval 
(95% CI). Heterogeneity among the studies was assessed 
using I2 [22]. Publication bias was assessed by funnel plot. 
The effect of small studies was tested with the Egger test 
[22]. The significance level adopted was 5%. All analyses 
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were performed with Stata software version 12.0 (Stata-
Corp LP, CollegeStation, Tex, USA).

Results

Identification and selection of the studies

Initially, 2505 references were identified. Among these, 
417 references were evaluated as potentially eligible and 
were retrieved. The reasons for exclusion of the refer-
ences are presented in Fig.  1. Subsequently, 411 studies 
were excluded on the basis of information contained in the 
abstract. Finally, five studies were selected for inclusion in 

the systematic review after reading the full-text articles [8, 
15–18]. Four of the five studies met the inclusion criteria 
of our meta-analysis [8, 15, 17, 18], totalizing 374 partici-
pants. The fifth study [16] was excluded because it was the 
only one that reported citrate supplement before and during 
the SWL treatment, and the duration of follow-up differed 
greatly among the study participants.

General characteristics of the studies selected

Table  1 presents the main characteristics of the studies 
included in the systematic review, which involved 413 
adult participants (age ranged from 17 to 75 years, median 
age 44 years). No age- or gender-related differences were 
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Fig. 1   Flowchart of included studies
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reported between intervention and control groups; however, 
male subjects were the majority in most of the studies.

Citrate supplement after SWL for the intervention group 
was reported in four studies, with a duration ranging from 
1  week to 48  months as presented in Table  1. The mean 
dose was approximately 55 mEq/day (30–81 mEq/day) (18; 
10–27 mmol), generally administered in three daily doses. 
Most studies encouraged participants in both the interven-
tion and control groups to make lifestyle changes, includ-
ing substantially increasing daily fluid intake and avoiding 
oxalate-rich and salty foods.

All studies evaluated citrate levels using the 24-h urine 
study; however, only two studies described urinary citrate 
levels at baseline and after follow-up for both the interven-
tion and control groups [8, 18]. Lack of standardization of 
citraturia levels prevented us from analyzing the impact of 
hypocitraturia on our outcomes of interest.

One of the studies [18] presented two analyses. The first 
one included patients with sterile calcium oxalate nephro-
lithiasis and infection-related stones. The second included 
only the subgroup of patients with sterile stones. For both 
analyses, the authors compared stone-free status during 
follow-up of the intervention group with that of the control 
group. As the control groups were different, we decided to 
analyze the two results separately in our meta-analysis, as 
if they were different studies.

Effects of potassium citrate supplement on stone‑free 
status

Three of the four studies included in the meta-analysis [8, 
15, 17] separated their baseline samples into the follow-
ing two groups: (1) patients with stone-free status after 
SWL, and (2) patients with residual stone fragments after 
SWL. We compared only two groups for each study in our 

meta-analysis, the intervention and control group, indepen-
dently of stone-free status or residual stone fragments at 
baseline.

Figure 2 shows the pre- and post-intervention stone-free 
status of the groups included in the meta-analysis. We did 
not detect any significant effect of small studies, as indi-
cated by the funnel plot (“Appendix”). The combined effect 
of the studies showed that potassium citrate supplement 
after SWL significantly protected patients from recurrence 
(0.21; 95% CI 0.13–0.31) during 1 year of follow-up. The 
effect was homogeneous across all studies (I2  =  29.7%; 
p = 0.224).

Quality of studies

Details of the risk of bias assessment are presented in 
Fig.  3. Most of the articles lack relevant information that 
is required for proper assessment of study bias. Random 
sequence generation and allocation concealment were 
unclear in all studies. Study participants were not blinded 
since the intervention groups received citrate supplement 
orally but the control groups did not receive a placebo. 
However, two of the five studies had low risk of bias from 
the blinding assessment. Although some studies analyzed 
by intention to treat [16, 17], they had relatively low enroll-
ment, and other sources of bias can be expected.

Discussion

Our systematic review and meta-analysis analyzed 2505 
references and selected five unique articles that fully met 
the selection criteria. The results indicate that potassium 
citrate supplement significantly reduced stone recurrence 
after SWL treatment during 1 year of follow-up.

Table 1   Main parameters of the studies included in the systematic review

Authors Year % Women Mean age (years) Follow-up 
(months)

Citrate  
supplement

n Drug Dose

Lojanapiwat et al. 
[8]

2011 31.57 50.3 12 After 76 Potassium citrate 81 mEq/day 
(27 mmol)

Soygur et al. [15] 2002 32.14 41.7 12 After 90 Potassium citrate 60 mEq/day 
(20 mmol)

Verdejo et al. [17] 2001 41.5 12–48 After 100 Potassium citrate 40 mEq/day 
(13 mmol)

Cicerello et al. 
[18]

1994 27.5 42 12 After 68 Potassium citrate 55.5–74.1 mEq/day 
(18.5–24.7 mmol)

Goktas et al. [16] 2012 48 46.1 1 week Before and 
during

40 Potassium citrate 30 mEq/day 
(10 mmol)
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Since its introduction in 1980, SWL has effectively 
become the treatment of choice for the majority of patients 
with urinary stones. SWL therapy is noninvasive, is associ-
ated with low morbidity, and has high acceptance among 

patients and physicians [23]. In appropriately selected 
patients, the overall SWL success rate is greater than 90% for 
stone clearance. However, several factors affect the outcome 
of SWL therapy, including stone burden (size and number), 
stone composition, and location [24]. For example, stones 
composed of calcium oxalate monohydrate, brushite, or cys-
tine are usually resistant to SWL, whereas struvite calculus 
responds to SWL treatment [18]. However, the majority of 
studies included in the meta-analysis had excluded patients 
with urinary tract infection [8, 15, 17]. Only Cicerello et al. 
[18]. performed an analysis of 30 struvite stone patients who 
also received antibiotics for urinary tract infection. It could 
be anticipated that the effect of potassium citrate in this 
study would differ from other studies not reporting infected 
stones. However, citrate potassium supplement also appeared 
to prevent stone recurrence in this group.

Some authors recommend surgical treatment for kidney 
stones, such as PCNL, because residual stone fragments 
after SWL treatment frequently do not pass spontaneously 
and often lead to stone recurrence [3]. One of the studies 
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included in our meta-analysis [8] evaluated post-PCNL 
patients and concluded that potassium citrate supplement 
also reduces the risk of stone recurrence in this subgroup.

The choice of treatment also considers the stone loca-
tion. SWL therapy is not generally selected for treatment of 
lower calyceal calcium stones, which have a lower stone-
free rate compared with those of middle and upper calyceal 
stones [25]. The lower location favor stone fragment reten-
tion, which renders the therapy less beneficial. Soygur et al. 
[15] reported that potassium citrate inhibits calcium oxalate 
nucleation and growth of the remaining stone fragments in 
lower calyceal calculi after SWL.

The studies included in this meta-analysis evaluated a 
considerable percentage of patients with hypocitraturia [8, 
15, 18]. However, lack of standardization for measuring 
citraturia prevented us from performing a consistent com-
parative analysis. Nevertheless, it is clear that clinical man-
agement of stones should include therapies to correct these 
underlying alterations [8].

In this meta-analysis, our primary outcome was stone-
free status. We compared intervention and control groups 
with respect to stone-free status outcome, independently 
of patient baseline status (stone-free or presenting residual 
fragments). However, three of the included studies [8, 15, 
17] performed a separate analysis of these baseline groups, 
and the incidence of stone-free status after potassium cit-
rate intervention was higher in groups with stone-free sta-
tus at baseline than in those with residual stone fragments. 
This result can be anticipated because retained stone frag-
ments can aggregate or nucleate new stone formation, caus-
ing a higher rate of stone growth [5–7]. For infected stones, 
the residual fragments may serve as a nidus for persistent 
infection, thereby maintaining the conditions for further 
stone formation and growth [18].

Some limitations of this review are acknowledged. We iden-
tified few eligible studies that met our selection criteria because 
we focused on healthy adult subjects without comorbidities. 
The clinical trials did not utilize a standard protocol and, over-
all, had low methodological quality, which introduced bias into 
the quality assessment. Basic trial parameters such as partici-
pant age, gender, and follow-up were not adequately described. 
None of the studies met all of the quality requirements because 
they did not report rigorous methods of randomization. The 
study participants were not blinded because the trials did not 
report the use of placebo in control groups.

However, our meta-analysis does contribute evidence 
that supports the use of SWL therapy combined with potas-
sium citrate supplement. To the best of our knowledge, this 
is the most comprehensive systematic review to date on this 
topic that fulfills all aspects of PRISMA [26]. Although this 

study supports a positive association between SWL therapy 
and citrate supplement, additional studies with improved 
methodological rigor and larger patient cohorts are required 
to better determine the benefits of routine prescription of 
potassium citrate after SWL.

In conclusion, the results of this study suggest that 
potassium citrate supplement significantly protects against 
recurrence of nephrolithiasis after SWL treatment and that 
citrate supplement can have an important role in preventing 
kidney stone formation.
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Appendix

See Fig. 4.
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