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Objective: To analyze the clinical evidence
on the efficacy of phytotherapy in the treat-
ment of calculi in the urinary tract.

Methods: To be eligible, full-length articles should include the
results of randomized controlled trials enrolling patients
affected by urolithiasis, reporting any comparison between an
experimental herbal agent versus placebo or any active com-
parator, aimed at preventing the formation or facilitating the
dissolution of calculi in any portion of the urinary tract.
Fifteen databases were searched for relevant references. The
primary outcomes investigated were (i) the reduction of stone
size and/or number and (ii) the urinary excretion rates of cal-
cium, urate, or oxalate. The secondary outcome of the review
was the adverse effects (AE) of treatment. Risk of bias (ROB)
and quality of the evidence were assessed according to
Cochrane and GRADE guidelines. We performed a random-
effect meta-analysis.

Results: 541 articles were retrieved and 16 studies were final-
ly confirmed as eligible. Multiple Cochrane ROB tool items
were rated as having high risk of bias in each analyzed trial
report. Pooled analysis of continuous data could be performed
for three different comparisons: (i) phytotherapy versus citrate
as single agent (ii) phytotherapy versus placebo, (iii) prepara-
tion of Didymocarpus pedicellata (DP) -combined with other
herbal agents- versus placebo. Results showed that citrate is
superior to phytotherapy in significantly decreasing both the
size of urinary stones (mean difference: phytotherapy, 0.42
mm higher; 95% CI: 0.23 to 0.6; Z = 4.42, P < 0.0001; I =
30%) and the urinary excretion rate of urate (mean difference:
42.32 mg/24h higher, 95% CI: 19.44 to 65.19; Z = 3.63, P =
0.0003; I? = 96%), assessed after 3 months on-therapy.

No significant differences in the excretion rates of urinary
calcium or oxalate were found. The DP preparation was supe-
rior to placebo in inducing total clearance (risk ratio: 6.19,
95% CI: 2.60 to 14.74; Z = 4.12, P < 0.0001; I? = 0%) and size
reduction (mean difference: DP preparation, 4.93 mm lower;
95% CI: -9.18 to -0.67; Z = 2.27, P = 0.02; I? = 99%) of renal
and ureteral stones after 3 months of therapy. No significant
differences in the inter-arm variation of excretion rates of uri-
nary calcium or urate were found as result of the pooled phy-
totherapy-placebo comparison.

Herbal remedies were in general devoid of side effects and in
few cases citrate appeared to induce GI disturbances in a
higher fraction of patients. Most reports did not provide infer-
ential data concerning AE, and meta-analysis was not feasible.
Conclusions: Citrate is more effective than phytotherapy in
decreasing the size of existing calculi in the urinary tract and

Summary
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in decreasing the urinary excretion rate of uric acid.

A preparation containing Didymocarpus pedicellata com-
bined with other herbal agents induces stone size reduction
and clearance significantly better than placebo. Mayor limi-
tations in the applicability of these results are the low quali-
ty of the evidence and the multiple sources of bias assessed
in the studies included in the present review.

KEey worbps: Urolithiasis; Nephrolithiasis; Urinary or kidney
stones; Urinary or kidney calculi; Phytotherapy; Herbal
remedies; Plant extracts; Clinical trials.
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INTRODUCTION

The overall incidence of stone disease in the urinary tract
appears to be increasing worldwide, though such
increasing trend is sometimes debated (1). The lifetime
prevalence of urolithiasis has been estimated to be 13%
among men and 7% among women In Western coun-
tries, though figures are not always univocal (2). A 2010
study in asymptomatic subjects assessed a prevalence of
lithiasis of the urinary tract in 7.8% of all cases, occur-
ring more frequently in males (9.7% vs 6.3% in females)
(3). In Italy the prevalence of urolithiasis is 4.14%, with
men (4.53%) slightly outnumbering women (3.78%),
and shows a positive correlation with increasing age (4).
Urolithiasis is characterized by frequent recurrence,
especially in the presence of untreated metabolic disor-
ders, recurrent urinary tract infections, anatomical
abnormalities or insufficient hydration.

The composition of urinary calculi depends on the spe-
cific nucleation process triggered by calculogenic seed-
crystals in supersaturated urines. Stone nucleation is
often pH-dependent and may occur in the presence of
metabolic abnormalities like hypercalciuria, hyperox-
aluria and hyperuricosuria. Calcium-containing stones,
like calcium oxalate monohydrate/dihydrate and calcium
phosphate (brushite, apatite) calculi, are the most com-
mon, occurring approximately in 80% of cases (5).
Magnesium ammonium phosphate calculi (struvite)
occur in 10-15% of cases, followed by uric acid (3-10%)
and cystine/xantine stones (0.5-1%), though these fig-
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ures are markedly affected by geographic location, age,
gender, ethnicity and even meteorological factors (6).

In symptomatic cases, the type of intervention depends
mainly on the size and location of the calculi. Procedures
like extracorporeal shock wave lithotripsy (ESWL), or
more invasive interventions like ureteroscopy or percu-
taneous nephrolithotomy are performed, depending on
the size and composition of the stone, and the general
condition of the patient (7, 8).

In asymptomatic subjects with small-sized stones,
watchful waiting is a frequently recommended strategy
(9). Surveillance is often associated with administration
of agents aimed at preventing the formation of new cal-
culi, or at facilitating the reduction of existing ones.
Moreover, as recurrence is a major clinical issue in post-
surgery patients, secondary prevention strategies are
often based on increased fluid intake and diuresis, aimed
at preventing supersaturation of stone components. The
armamentarium for existing stone reduction or new
stone prevention appears to be quite limited. The
European Association of Urology 2015 urolithiasis guide-
lines recommend chemolysis of uric acid stones with
alkalinizing agents like citrate or bicarbonate as the only
treatment with documented efficacy (Grade A recommen-
dation) (9). Citrate raises urinary pH and can also
decrease urinary calcium excretion and bind calcium in
a soluble complex, which reduces calcium salt supersat-
uration. Furthermore, citrate inhibits crystal formation,
growth and aggregation.

A number of herbal extracts and remedies have been
tested in vitro or in preclinical in vivo models to assess
their activity as chemolytic agents, or as agents prevent-
ing new stone formation. A number of clinical studies
have also been performed to investigate the efficacy of
various herbal remedies in the primary/secondary man-
agement of urolithiasis. However, extensive adoption of
herbal remedies for urolithiasis is at present hampered
by uncertain results of studies not always adequately
powered. Our work was aimed at systematically review-
ing the existing literature in this field and, where possi-
ble, to perform meta-analysis of data.

MATERIALS AND METHODS

This review was prepared following the PRISMA check-
list wherever possible (10), within the word count limit
established by the present journal. No funding was
received to support the present research or the prepara-
tion of this report.

Eligibility criteria - studies, participants, interventions
We included randomized controlled trials (RCT), with
an open-label or single/double-blinded design, enrolling
patients of both sexes, affected by active urinary stone
disease (stones of any size, or post-lithotripsy stone frag-
ments present in the urinary tract).

We included only full-text articles written in English,
reporting comparisons between any experimental herbal
agent (or a supplement or preparation containing, among
other components, a herbal extract/derivative), combined
or not with other medicines, and placebo or any active
comparator (herbal or non-herbal), aimed at preventing

(primary or secondary prevention) the formation or facili-
tating the dissolution of calculi in any portion of the uri-
nary tract (nephrolithiasis, ureterolithiasis or cystolithia-
sis). We excluded from this systematic review (i) obser-
vational studies, case-control studies, non-controlled
studies, dose-finding studies, studies exclusively aimed
at assessing drug toxicity (e.g., phase I studies), studies
on healthy volunteers; (ii) studies investigating phy-
totherapy agents not directly preventing or inducing the
dissolution of urinary calculi (antibacterials, disinfec-
tants, analgesics, spasmolytics, etc.), or agents facilitating
the expulsion of calculi during a renal colic (e.g.: end-
point: expulsion time), or agents “protecting” the kidney
parenchyma or ureters from lesions induced by calculi or
surgical devices (stents), or agents prepared with fos-
silized plants or organisms as single therapy; (iii) studies
on “aromatherapy”, homeopathy, or similar “alternative
medicine” procedures, or interventions performed by
non-medical healers; (iv) studies not using official taxo-
nomic or galenic terms -but rather local or unofficial jar-
gon- for describing herbal agents.

Outcomes

The primary outcomes considered for this review were
(i) the reduction of stone size and/or number (number of
residual or ejected calculi, or fragments of calculi, or
stone-free rates or analogous endpoints), and (ii) the uri-
nary excretion rates of calcium, urate, or oxalate. The
secondary outcome of the review was the adverse effects
(AE) of treatments.

Search strategy and study selection

Published study reports and supplementary material
were identified by searching 15 relevant databases and
trial registry platforms, including Medline, PreMedline,
Embase, Cochrane Library, Web of Science and CINAHL.
No date or language restrictions were applied and all
searches were assessed as up to date on December 14",
2015. An additional PubMed search for e-publications
ahead of print was also performed. Search strategies and
results are available as on-line supplementary material to
the present review.

Quality assessment

The risk of bias (ROB) of included studies was assessed by
two independent reviewers using the Cochrane
Collaboration tool (11), and was graded as high, low, or
unclear.

The quality of the evidence resulting from analysis of
pooled data was evaluated according to the GRADE
framework (12), and reported in a summary of findings
(SOF) table (Table 1).

Data collection and statistical analysis

Data extraction was performed by three independent
reviewers, using identical extraction tables. To analyze
dichotomous data (e.g., number of stone-free patients at
specific study time points) we extracted the number of
per-protocol or intent-to-treat patients and calculated
risk ratios (RR). To perform pooled analyses of continu-
ous data (e.g., average stone size), mean differences were
calculated. Analyses included the calculation of 95%
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confidence intervals (CI), and Z statistics. We analyzed
only available information (available case analysis), with-
out adopting bias-prone imputation strategies for miss-
ing data. For analysis of pooled data we used a random-
effects model. Heterogeneity was assessed by calculating
the I? value. Given the small number of studies we did
not employ formal methods to explore heterogeneity, to
analyze sensitivity or to assess for publication bias.

Data analysis was performed using the RevMan 5.3 soft-
ware.

RESuULTS

Search and study selection

A total of 541 references were retrieved from the database
searches, after de-duplication. Details are featured in the
supplementary material on-line. Three independent
reviewers selected 25 articles, which were considered of
interest to the present review on the basis of title and
abstract content. Nine articles were excluded after full-
text screening and 16 study reports were finally included
in the present review (13-28). Among these reports, three
lacked efficacy data of interest for the present review (15,
16, 21), and were only evaluated with respect to the risk
of bias and adverse effects of treatment.

On-line Table 1 summarizes the design of the included
studies, the number of randomized patients, the experi-
mental interventions, patient dropouts and other study
details.

Risk of bias in included studies

Figure 1 summarizes the ROB evaluations for the includ-
ed studies. On-line Table 2 presents the complete risk of
bias assessment for the present review.

Six trial reports disclosed the randomization strategy. In
five cases the ROB was low, as adequate randomization
techniques were adopted (15, 16, 20, 24, 26). One study
adopted block randomization, allowing foreknowledge of
the allocation in a fraction of patients (high ROB; 21). Ten
trial reports did not disclose the randomization strategy
(unclear ROB; 13, 14, 17-19, 22, 23, 25, 27, 28).
Allocation concealment was deemed as appropriate in
three cases (low ROB; 15, 16, 27), whereas in two cases
the ROB was rated as high (21, 24). The ROB was
unclear in the remaining studies, as concealment strate-
gies were not provided or not easy to interpret.

Nine trials adopted an open-label design, having high
risk of performance bias (13, 14, 17, 18, 22-25, 28). In
two studies, 30% and 10% of patients could unmask the
allocation by recognizing the peculiar taste of the exper-
imental agent (high ROB, 15, 16). Six studies were dou-
ble-blinded, and showed a low risk of performance bias
(19-21, 26-28). In six studies assessing physicians were
blinded to treatment allocation (low risk of detection
bias, 15, 16, 19, 20, 22, 24).

Five more studies were rated as having high risk of attri-
tion bias. In three cases, no explanation was given con-
cerning incomplete efficacy data (15, 16, 22). In the
Upadhyay et al. study, no information is given about data
from 8 patients that were randomized, but apparently
did not complete treatment (28). In the Shekar Kumaran
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study no details were given as to whether any censoring
was applied to the data pertaining to four patients who
discontinued treatment in the placebo group (26).

High risk of selective reporting bias was assessed in four-
teen studies (14-21, 23-28). Among these studies, eleven
lacked statistical analysis and inference of key efficacy
endpoints, including key comparisons between treat-
ment arms (14-16, 19, 21, 23-28).

All sixteen studies were characterized by a high ROB
linked to the study design, or to baseline imbalances in
the clinical presentation of patients, or to the lack of ade-
quate sample size and study power analyses. The
detailed rationale for these evaluations is listed in the
ROB Table (on-line Table 2) featured in the on-line sup-
plementary data for the present review.

The number of pooled studies was too little to allow the
evaluation of publication bias and small-study-size
effects by visual inspection of funnel plots.

Effects of interventions

A total of 928 patients were randomized to experimental
(n = 466) or control interventions (placebo/active drug;
n =415). Disclosed dropouts were 46, (one patient miss-
ing). In one study, four patients in the placebo cohort
withdrew from the trial during treatment, but it appears
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that data from these dropped-out patients were included
in data analysis, though the trial report does not mention
an intent-to-treat design (26).

In another study, 72 patients were randomized, but data
from 32 patients per-cohort (64 in total) are presented; no
information is given about the remaining 8 subjects (28).
In the following paragraphs significant differences in
outcome measures of interest for this review will be sum-
marized. Study reports not allowing full evaluation of
results due to incomplete efficacy data, or claiming inter-
arm  “significant difference” without showing statistical
inference results (e.g. significance probability, or 95%
CI), are not included in this section and are rated as hav-
ing a high risk of reporting bias.

Changes in stone size

Ten studies included changes in stone size as primary or
correlate endpoint (13, 19, 20, 22-28). The published
reports of six of these studies didn’t disclose intergroup
statistical inference (19, 23, 24, 26-28).

In one study comparing Crataeva magna plus Musa par-
adisiaca vs. placebo, patients were divided in two groups,
according to the stone size (group A, 5 to 10 mm; group
B, > 10 mm) (20). In group A, a 33.04% reduction in
size was documented in the active arm, versus a 5.13%
increase in the placebo arm (P = 0.017). In the large-
stone group B, no significant inter-arm differences in size
reduction were found.

A study comparing Orthosiphon grandiflorus infusions
with citrate evaluated the rate of stone size reduction per
year (ROSRPY) at different time-points (2, 5, 7, 10, 13,
18 months). No significant differences were found
between treatment arms at any study time-point (22).
In a study comparing Agropyrum repens extract plus
potassium citrate, allopurinol, amiloride-hydrochloroth-
iazide and pyridoxine versus the same combination with-
out the herbal extract, a significantly greater reduction of
stone size in the former arm was claimed (-3.6 + 0.9 mm
vs 0.0 + 0.8 mm; only 95% CI provided) (13).

In a study by Singh et al., it was shown that Celosia argen-
tea, a putative litholytic agent, can reduce stone size
to a greater extent than citrate, after 6 months of therapy
(-2.57 mm versus -1.82 mm, respectively; P < 0.05) (25).

Changes in stone number

Eight studies included changes in stone number as primary
or correlate endpoint (13, 14, 18, 19, 24, 26-28).
However, six studies didn’t provide inference data describ-
ing intergroup statistical significance (14, 19, 24, 26-28).
In a study by Brardi et al., comparing therapy with
Agropyrum repens extract plus potassium citrate, allopuri-
nol, amiloride-hydrochlorothiazide and pyridoxine versus
the same combination without including the herbal
agent, a significantly higher reduction in the total number
of stones was claimed in favor of the former treatment arm
(-1.0 £ 0.2 vs 0.0 = 0.2 stones; 95% confidence intervals
available; probability not disclosed) (13).

In one open-label study comparing Phyllantus niruri with
no treatment in post-lithotripsy patients, 90.6% of
patients treated with the plant extract were free of lower
caliceal stones (without residual fragments), compared
to 70% of control patients (18). The difference was sta-

tistically significant (P = 0.03). Treatment did not per-
form significantly better than no-treatment in patients
affected by upper- or middle-caliceal calculi.

Urinary excretion of calcium, urate, oxalate
CALCIUM. Six studies included changes in urinary cal-
cium excretion rates as primary or correlate endpoint
(13, 17, 19, 23-25). Four study reports didn’t disclose
inference data about intergroup statistical significance
(19, 23-25).

In the Brardi et al. study, no inter-arm differences in uri-
nary calcium excretion rates were claimed (Agropyrum
repens, -52.8 mg/24h; controls, +23.1 mg/24h; only 95%
CI provided) (13).

A study by Lin et al. compared administration of “Wu-
Ling-san” (herbal components are listed in on-line Table
1) with placebo (17). After 1-month treatment, the 24-
hour urine calcium increased by 44.6% in the herbal for-
mula arm, and by 62.7% in the placebo arm. The per-
centage of change in urinary calcium between the two
groups was not significantly different (P = 0.62).
URATE. Six studies included changes in urinary urate
excretion rates as primary or correlate endpoint (13, 17,
19, 23-25), but four study reports didn’t disclose inference
data describing intergroup comparisons (19, 23-25).

In the Brardi et al. study no inter-arm differences in uri-
nary urate excretion rates were claimed (Agropyrum
repens, -164.7 mg/24h; CIT -38 mg/24h) (13).

In the Lin et al. study (“Wu-Ling-san” versus placebo), the
24-hour urine uric acid increased by 27.6% in the herbal
formula group and by 9.5% in the placebo group.

The inter-group difference was not significant (P = 0.22)
(7.

OXALATE. Five studies included changes in urinary
oxalate concentrations as primary or correlate endpoint
(13,19, 23-25). Four study reports out of five didn’t dis-
close intergroup inference data (19, 23-25).

In the Brardi et al. study, no inter-arm differences in uri-
nary oxalate excretion rates were claimed (Agropyrum
repens, -1.5 mg/24h; CIT +0.4 mg/24h) (13).

Phytotherapy versus citrate (pooled analysis)

We merged three studies, including in total 151 partici-
pants (75 in the phytotherapy arm, 76 in the control
arm)(23,24,25). All studies compared citrate as single
agent with phytotherapy [Dolichus biflorus (23), Saxifraga
ligulata, Crataeva nurvala and other components (24),
Celosia argentea (25)]. Data obtained after 3 months of
therapy were available for all three studies.

Pooled analysis resulted in a significantly higher decrease
in mean stone size in the citrate group, compared to the
phytotherapy group (mean inter-arm difference: 0.42
mm, 95% CI: 0.23 to 0.60; Z = 4.42, P < 0.0001) (Figure
2, panel A). Heterogeneity of this comparison was minor
(I = 30%). The quality of the evidence, according to the
GRADE guidelines (12), was rated as “low” (Table 1).
Compared to herbal agents, citrate was significantly
more effective in decreasing urinary excretion of urate
after 3 months of therapy (mean inter-arm difference:
42.32 mg/24h, 95% CI: 19.44 to 65.19; Z = 3.63, P =
0.0003) (Figure 2). Pooled analysis showed no signifi-
cant differences in the excretion rates of urinary calcium
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Figure 2.

Pooled analysis of changes in average stone size (panel A), and urinary calcium,

urate and oxalate excretion rates (panel B) extracted from three randomized trials (23-25) comparing the effect of
phytotherapy preparations with citrate after 3 months on-therapy. The number of randomized subjects, mean differences,
the 95% confidence intervals, the Z value for the overall effect, the significance of the pooled comparisons and
heterogeneity data (Chi?, I2), are presented. Data to the right or left of the vertical line of forest plots represent a greater
reduction in average stone size, or urinary excretion rates of stone components, in patients treated with citrate or
phytotherapy, respectively. Diamonds represent pooled overall effect sizes for each outcome, which extend to the limits of
the 95% confidence intervals of mean differences.

Test for overall effect: Z = 4.42 (P < 0.0001)

Mean stone size Herbal medicine Citrate Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Singh 2010 -0.58 0376 24 -1.26 0.858 23 17.9% 0.68 [0.30, 1.06]

Singh 2011 =3.55 0.0866 30 -3.93 0.088 30 73.3% 0.38[0.34, 0.42] Uil

Singh 2012 -1.09 1.09 21 -1.26 0.8B58 23 8.8% 0.17 [-0.41, 0.75] —

Total (95% CI) 75 76 100.0%  0.42 [0.23, 0.60] -
Heterogeneity: Tau? = 0.01; Chi* = 2.86, df = 2 (P = 0.24); I* = 30% _1'1 -Ei 5 3 0=5 i

Fawvours herbal medicine Favours citrate

Test for subgroup differences: Chi* = 14.28, df = 2 (P = 0.0008), I* = 86.0%

Herbal medicine Citrate Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Urinary calcium
Singh 2010 255 14.38 24 -1.5 14.88 23  33.0% 27.00([18.63, 35.37] = =
Singh 2011 =-5.53 3.54 30 1.59 3.55 30 342% -7.12[-8.91, -5.33) =
Singh 2012 18.7 15.85 21 -1.56 14.87 23 32.8% 20.26[11.16, 25.36] —
Subtotal (95% C1) 75 76 100.0% 13.11[-11.69, 37.92] = ETEe——
Heterogeneity: Tau® = 467.06; Chi* = 90.95, df = 2 (P < 0.00001); I = 98%
Test for overall effect: Z = 1.04 (P = 0.30)
1.2.2 Urinary urate
Singh 2010 26.5 28.36 24 16.05 15.59 23 31.6% 10.45 [-2.56, 23.46) T——=
Singh 2011 7.56 16.046 30 -46.94 15,59 30 33.8% 54.00[46.49, 62.51] —
Singh 2012 =45.16 8.61 21 =104.7 871 23 346% 59.54 [54.42, 64.66] —
Subtotal (95% CI) 75 76 100.0% 42.32 [19.44, 65.19] e
Heterageneity: Tau® = 386.69; Chi* = 47.44, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 3.63 (P = 0.0003)
1.2.3 Urinary oxalate
Singh 2010 -1.65 1.61 24 0.6 2.16 23 33.6% -2.25[-3.34, -1.16] L
Singh 2011 -0.78 0.27 30 -1.93 2.85 30 34.0% 1.15[0.13, 2.17] =
Singh 2012 08 219 21 06 216 23 32.4% 0.20 [-1.09, 1.49] ]
Subtotal (95% CI) 75 76 100.0% -0.30 [-2.39, 1.79] ¢
Heterogeneity: Tau? = 3.07; Chi? = 20.50, df = 2 (P < 0.0001); I = 90%
Test for overall effect: Z=0.28 (P=0.78)

-50 -25 0 25 50

Favours herbal medicine Favours citrate

or oxalate at the same time point (Figure 2, panel B).
All comparisons of excretion rates of urinary risk factors
for stone formation were characterized by considerable
heterogeneity (calcium, 1> = 98%; urate, 1> = 96%;
oxalate, 1> = 90%, Figure 2), and the quality of the evi-
dence, according to the GRADE guidelines, was rated as
“very low” in all cases (Table 1).

In summary, meta-analysis suggests that, compared to
the herbal remedies listed above, citrate can be more
effective in decreasing both the size of urinary tract
stones and the urinary excretion rate of urate.

It is known that the most important risk factor for urate
stone formation is persistently acidic urine, and that
alkalization of urine with potassium citrate or bicarbon-
ate is active in decreasing urinary saturation with respect
to uric acid. This is an effective strategy for dissolution of
existing stones and for prevention of recurrence (29-31).
Citrate is also known to decrease urinary excretion of
calcium, but not of oxalate (32). In this respect, visual
inspection of forest plots (Figure 2, panel B) suggests the
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absence of a frank effect of citrate or herbal medicines on
urinary oxalate excretion, but points to heterogeneity
generated by the Singh 2011 study (24) as the factor pre-
venting pooled analysis from confirming significant
superiority of citrate in decreasing urinary levels of calci-
um (sensitivity test without Singh 2011: mean difference
= 23.88 mg/24h, 95% CI. 17.29 t0 30.46; Z=7.10, P <
0.00001; 12 = 12%). In this respect, it is helpful to
remark that the Singh 2010 (23) and Singh 2012 (25)
studies were performed by the same research group, and
that the first author of Singh 2011 (24) is a coincidental
namesake. Due to the very small number of pooled stud-
ies, sensitivity test results must be interpreted with a
high degree of caution.

Phytotherapy versus placebo (pooled analysis)

Two studies compared a herbal agent [Wu-Ling-San for-
mula, whose components are listed in on-line Table 1
(17); Phillantus niruri (19)] with placebo. The only com-
parable and poolable endpoints were the variations of
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Figure 3.

Pooled analysis of mean changes in the excretion rates of urinary calcium and urate extracted from two randomized trials
(17, 19) comparing the effect of phytotherapy preparations with placebo. The number of randomized subjects, mean
differences, the 95% confidence intervals, the Z value for the overall effect, the significance of the pooled comparison and
heterogeneity data (Chi?, I?), are presented. Data to the right or left of the vertical line of forest plots represent a greater

reduction in urinary excretion rates of calcium or urate in patients treated with placebo or phytotherapy, respectively.
Diamonds represent pooled overall effect sizes for each outcome, which extend to the limits of the 95% confidence

intervals of mean differences.

Herbal medicine Placebo Mean Difference Mean Difference

Study or Subgroup  Mean 5D Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI

2.1.1 Urinary calcium

Nishiura 2004 6 22.56 a3 -1 25.57 36 52.8% 7.00 [-4.36, 18.36]

Lin 2013 52.5 45.37 14 148.8 82.3 14  47.2% -96.30 [-145.53, -47.07] —

Subtotal (95% CI) 50 100.0% =-41.76 [-142.83, 59.31]

Heterogeneity: Tau® = 5003.23; Chi* = 16.06, df = 1 (P < 0.0001); I* = 94%

Test for overall effect: Z = 0.81 (P = 0.42)

2.1.2 Urinary urate

Mishiura 2004 143.9 126.75 33 887 143.8 36 37.2% 55.20 [-8.65, 119.05] T =

Lin 2013 -14  40.79 14 -16 55.2 14 G2.8% 2.00 [-33.95, 37.95] ;

Subtotal (95% Cl) 47 50 100.0% 21.79 [-28.61, 72.19]

Heterogeneity: Tau? = 716.26; Chi® = 2.02, df = 1 (P = 0.15); I = 51%

Test for overall effect: Z = 0.85 (P = 0.40)
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Figure 4.

Pooled analysis of changes in average stone size extracted from two randomized trials (26, 27) comparing the effect of a
preparation containing Didymocarpus pedicellata (DP) combined with other herbal agents (“Cystone”; a list of components
is featured in on-line Table 1) with placebo after 3 months on-therapy. The number of randomized subjects, mean
differences, the 95% confidence intervals, the Z value for the overall effect, the significance of the pooled comparisons
and heterogeneity data (Chi?, 1?), are presented. Data to the left or right of the vertical line of forest plots represent a
greater reduction in average stone size in patients treated with the DP preparation or placebo, respectively. Diamonds
represent pooled overall effect sizes for each outcome, which extend to the limits of the 95% confidence intervals of

mean differences.

Mean stone size

"Cystone" Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Mohanty 2010 -6.05 1.39 26 1.06 1.44 26 49.7% -7.11[-7.88, -6.34] -
Shekar Kumaran 2011 -2.7 0.63 30 0.07 091 30 50.3% -2.77[-3.17, -2.37] L 3
Total (95% CI) 56 56 100.0% -4.93 [-9.18, -0.67] = ——
Heterogeneity; Tau® = 9.32; Chi* = 96.64, df = 1 (P < 0.00001); I = 99% _54 _'»2 ) 2 4

Test for overall effect: Z = 2.27 (P = 0.02)
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calcium and urate urinary excretion rates. Analysis
revealed no significant differences between treatment
arms in either endpoint comparison (Figure 3).
Heterogeneity was “considerable” for the calcium end-
point (94%), and “substantial” for the urate endpoint
(51%), according to the Cochrane Handbook hetero-
geneity interpretation guide (33). The quality of the evi-
dence was rated as “very low” for this comparison.

Two studies performed by the Pralhad Patki research
group compared the effect of a herbal preparation con-
taining Didymocarpus pedicellata (DP) combined with
other herbal agents (a complete list of components is pro-
vided in on-line Table 1) with placebo (26, 27). Pooled
analysis showed that the DP preparation was superior
than placebo in inducing size reduction (mean difference:
DP preparation, 4.93 mm lower; 95% CI: -9.18 to -0.67,
Z =227, P =0.02, Figure 4) and total clearance (risk
ratio: 6.19, 95% CI: 2.60 to 14.74; Z = 4.12, P < 0.0001,
Figure 5) of renal and ureteral stones after 3 months of
therapy. Heterogeneity was “considerable” for the stone

size endpoint (99%) and null for the stone clearance end-
point (0%). The quality of the evidence was rated as
“moderate” for this comparison.

Adbverse effects of treatments

Three study reports lacked a section listing adverse
effects (AE) of treatment (19, 23, 25). Eight studies
reported no AE or side effect, nor any complaint from
treated patients (13-18, 27, 28).

The Patankar et al. study report mentions “nausea, giddi-
ness, epigastric pain” assessed in “comparable” fractions of
patients in both treatment arms (Crataeva magna plus
Musa paradisiaca vs. placebo; data not disclosed) (20).
The Premgamone 2001 et al. study (22), comparing the
effect of Orthosiphon grandiflorus infusions with citrate,
reports fatigue and loss of appetite in 26% patients
belonging to the citrate arm, and no complaints in the
arm treated with the herbal agent (no statistics available).
In the Singh 2011 study, citrate induced upper Gl distur-
bances in 4 subjects (13.3%), whereas no AE were
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Figure 5.

Pooled analysis of mean changes in stone clearance extracted from two randomized trials (26, 27) comparing the effect
of a preparation containing Didymocarpus pedicellata (DP) combined with other herbal agents (“Cystone”; a list of
components is featured in on-line Table 1) with placebo after 3 months on-therapy. The number of randomized subjects,
risk ratios for stone clearance, the 95% confidence intervals for risk ratios, the Z value for the overall effect, the
significance of the pooled comparison and heterogeneity data (Chi?, 1), are presented. Data to the right or left of the
vertical line of forest plots represent a higher risk for stone clearance in patients treated with the DP preparation or
placebo, respectively. Diamonds represent the pooled overall effect sizes for each outcome, which extend to the limits of

the 95% confidence intervals of risk ratios.

Stone clearance "Cystone" Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Mohanty 2010 13 26 2 26 39.2% 6.50 [1.63, 25.99] —
Shekar Kumaran 2011 18 30 3 30 60.8% 6.00 [1.97, 18.25] ——
Total (95% CI) 56 56 100.0% 6.19 [2.60, 14.74] *
Total events 31 5

s 2 : 2 5 - R = } - + d
Heterogeneity: Tau® = 0.00; Chi* = 0.01, df = 1 (P = 0.93); I = 0% 001 o1 0 100
Test for overall effect: Z = 4.12 (P < 0.0001) Favours placebo Favours "Cystone”

recorded in the patient cohort treated with a Saxifraga
ligulata plus Crataeva nurvala extract (full list of compo-
nents available in on-line Table 1) (24).

In the Premgamone 2009 study, comparing the effect of
Orthosiphon grandiflorus (OG) extract versus placebo, a
significant difference in the number of patients reporting
adverse effects was found after 14 days on-therapy (treat-
ment arm: 2.8% patients with AE; placebo arm: 17.5%
patients with AE; P = 0.03) (21). Adverse effects were
myofascial pain (OG, n = 1; placebo, n = 4), fatigue (OG,
n = 0; placebo, n = 2), back pain (OG, n = 1; placebo, n
= 2), gastrointestinal symptoms (OG, n = 0; placebo, n =
3), “other” AE (OG, n = 0); placebo, n = 3) (subgroup sta-
tistics not available). In the Shekar Kumaran and Patki
trial, vomiting, gastric irritation, and dyspepsia were
recorded in three different patients belonging to the group
treated with the DP preparation. The authors report “soli-
tary incidence of gastric irritation” in the placebo group,
without disclosing additional details (26).

CONCLUSIONS

Studies on the effect of herbal products on the formation
and growth of urinary stones are numerous but general-
ly of low quality.

Meta-analytical evidence of moderate quality has shown
that a herbal formulation containing Didymocarpus pedi-
cellata (DP) combined with other herbal agents was
superior to placebo in inducing size reduction and total
clearance of renal and ureteral stones, whereas pooled
analysis of three studies with low quality of evidence
resulted that citrate treatment was able to decrease the
mean stone size of stones at an higher extent compared
to phytotherapy.

A limitation of most studies was the absence of informa-
tion on the composition of the stones.

Furthermore, imaging is more often based on ultrasound
that does not allow to distinguish between radiopaque
and radiolucent stones. The lack of information on stone
composition makes it difficult to fully evaluate the effects
of treatment on stone dissolution. Indeed, while uric
acid stones can be easily dissolved by administration of
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alkali salts raising the urinary pH to less acid values of
the physiological range, the dissolution of calcium stones
is more difficult. Calcium phosphate stones can be dis-
solved by irrigation of kidney cavities with solutions with
a high concentration of citrate or other inhibitors activi-
ty of the crystallization of calcium salts, as the solution of
Suby or hemiacidrin (Renacidin). The concentrations of
citrates used in these solutions are, however, higher than
those that can be achieved after oral administration of
citrate. In fact the solutions of Suby are obtained by dis-
solving more than 30 grams of citric acid monohydrate
in a liter of aqueous solvent with pH around 4. Moreover
these solutions are not capable of dissolving calcium
oxalate stones which require the addition of calcium
chelants, such as EDTA, that can cause local and sys-
temic toxicity (34).

For this reason, dissolution of calcium stones by oral
treatment is debatable, although some studies have
demonstrated the efficacy of citrate therapy in facilitating
the clearance and in preventing the regrowth of residual
fragments after lithotripsy (35-39).

The published comparisons of excretion rates of urinary
risk factors for stone formation are characterized by con-
siderable heterogeneity and very low quality of evidence.
No significant variations of calcium and urate urinary
excretion rates between treatment with herbal agents and
placebo was observed. Pooled analysis demonstrated that
citrate was significantly more effective in decreasing uri-
nary excretion of urate compared to herbal agents
although no significant differences of the two treatments
in the excretion rates of urinary calcium or oxalate were
observed. However, the measurement of uric acid in the
urine is influenced by the urinary pH; hence, the higher
levels of uric acid measured in the urine after treatment
with citrates could be an analytic effect due to higher uri-
nary pH levels.

The effect of herbal products could be unrelated to mod-
ifications of the metabolism of urinary risk factors. In
fact, herbal products may contain macromolecules with
direct inhibitory effects on crystallization or enzymes
able to digest the organic matrix of the stone. A limitation
of herbal medicine is our inability to recognize what is the
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active component among the several molecules present in
every plant. Each substance could have effects on the
metabolism with consequent modification of the excretion
of the urinary risk factors but also an antioxidant action
with protective effect on the renal parenchyma or a direct
effect on the crystalline structure of the stone.

Finally, additional factor of uncertainty are the seasonal
geographical variability, as well as the methods for culti-
vating, extracting and analyzing the bioactive components
of these plants.

Herbal medicine is an attractive alternative to the use of
synthetic drugs that are often viewed with suspicion by
patients due to the risk of side effects. The regulatory
rules for production of these preparations rigid than for
synthetic products and their marketing is less complicat-
ed and less expensive. However, the results of this meta-
analysis make available to healthcare providers a limited
amount of evidence about the possible use of herbal
products to dissolve or eliminate urinary stones.

On the other hand, these products did not show any
effect on the metabolism of the major urinary risk fac-
tors. Potential users of these products should be
informed about the lack of conclusive evidence on the
effectiveness of herbal products for stone treatment and
policy makers should seek additional information before
introducing reimbursement policies for these products.
The results of the meta-analysis do not allow robust con-
clusions on the role of herbal medicine in the treatment
of urinary stones because only a limited number of
herbal products were considered. Additional, adequately
powered and designed randomized controlled trials are
warranted to strengthen the available evidence and to
evaluate the effect of other herbal products.

Tables and Search strategy are posted as Supplemen-
tary material on www.aiua.it
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