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Abstract

Introduction and hypothesis The objective was to assess the efficacy of intravesical hyaluronic acid (HA) and chondroitin sulfate
(CS), alone or in combination, for recurrent urinary tract infections (RUTIs) in adult female patients using a systematic review
and meta-analysis.

Methods English-language articles were obtained from the MEDLINE, Embase, and Cochrane databases through November
2016, by manual searching and cross-referencing. Randomized and nonrandomized trials of adult female patients with a docu-
mented history of RUTIs who received HA, CS or HA plus CS were included. The random effects model was applied to all
pooled analyses. Risk of bias was assessed for individual studies and across studies.

Results Two randomized (n = 85) and six nonrandomized (n = 715) studies met the inclusion criteria. These studies assessed
HA + CS; studies of CS alone were not identified in the search. HA + CS decreased the UTI rate per patient-year (pooled mean
difference [MD] —2.56; 95% confidence interval [CI] —3.86, —1.26; p < 0.001) and increased the time to first UTI recurrence
(pooled MD 130.05 days; 95% CI 5.84, 254.26; p = 0.04). There was heterogeneity in most outcomes considered, and publi-
cation bias in many studies. The standard of trial reporting was low. The patient population size, and the number of studies
included, were small.

Conclusions HA + CS appears to reduce the rate of UTI and increase the time to recurrence in women with RUTI. As randomized
controlled studies are available only for HA plus CS, the quality of evidence is higher for the combination than for HA alone.
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Introduction

Urinary tract infections (UTIs) occur more frequently in wom-
en than in men, and are a major female healthcare concern,
with an annual incidence of 30 per 1,000 people [1]. Over a
lifetime, an estimated 40-50% of women experience at least
one episode of UTI [2]. UTIs have a tendency to recur, with
the risk of a second infection being 24-27% within 6 months
of the initial episode [3, 4], and approximately 70% within
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12 months [5, 6]. According to the European Association of
Urology guidelines, recurrent UTI (RUTI) is defined as the
occurrence of at least three episodes of uncomplicated infec-
tion, documented by positive urine culture (>10° colony-
forming units/mL [cfu]) in the previous 12 months [7].
Although the specific strategy for patient care depends on
individual clinical characteristics (e.g., the number of recur-
rences per year), risk factors, and preferences, RUTIs are com-
monly managed with intermittent or prolonged antibiotics
therapy [7]. However, conventional prophylaxis does not al-
ways appear to provide satisfactory results. There is also the
important issue of antibiotics resistance. Antibiotics resistance
is a growing problem worldwide, with consumption of antibi-
otics being a major risk factor for the development of resis-
tance [8, 9]. Some analyses have shown that higher rates of
resistance are associated with longer treatment duration and
the consumption of multiple courses of antibiotics [9]. In iso-
lates from UTIs, varying degrees of resistance to multiple
antibiotics are commonly reported [10—15], and those studies
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that have investigated resistance rates over time have reported
that antibiotic resistance rates are increasing [11, 14, 15]. For
these reasons, there has been a growing interest in finding
alternative therapeutic and prophylactic drugs for RUTIs.

Another strategy for the management of RUTISs is based on
the re-establishment of the GAG layer of the bladder epitheli-
um, particularly with intravesical instillations of hyaluronic
acid (HA), alone or in combination with chondroitin sulfate
(CS) [16-18]. The efficacy of this therapy in patients with
RUTIs has been assessed in various randomized and
nonrandomized studies [17-24] and evaluated in systematic
reviews or meta-analyses [25, 26], which confirm the positive
effect of reducing the frequency of RUTIs.

The most recently conducted meta-analysis of the efficacy
of HA (with or without CS) in the prevention of RUTIs was
published in 2013 [26]. An updated summary of the current
clinical evidence regarding the efficacy of therapy with HA
and CS, alone or in combination, would therefore be useful.
As such, a meta-analysis and systematic review of all avail-
able clinical data (including randomized controlled trials and
nonrandomized studies) regarding the efficacy of HA and CS
in patients with RUTIs was conducted. The primary objective
of this meta-analysis and systematic review was to investigate
whether HA and CS, alone or in combination, are more effec-
tive than other prophylactic treatments or placebo in reducing
the occurrence of RUTISs in adult female patients.

Materials and methods

This systematic review and meta-analysis complies with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Guidelines [27]. A review protocol was specified in
advance, but not prospectively registered.

Study eligibility criteria

The systematic review included randomized (both open-label
and double-blind design) and nonrandomized studies investi-
gating intravesical instillation of HA, CS, or the combination
for the prevention of RUTIs in adult female patients. The
review was limited to English-language publications; howev-
er, there were no publication date or publication status restric-
tions (congress abstracts were also considered). Study patient
populations were adult women with RUTIs. Studies that in-
volved both women and men were only included if the data
relating to female participants were presented separately.
Studies were required to include an intervention of
intravesical instillation of HA and/or CS and a control group,
defined as placebo, standard of care prophylaxis, or retrospec-
tive patient review. The primary outcomes were mean rate of
UTI episodes per patient-year and mean time to first UTI
recurrence (in days). The secondary outcomes were the
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number of patients with UTI recurrence, number of 3-day
voids, pelvic pain and urgency/frequency (PUF) total, and
symptom scale scores and quality of life measures (VAS,
SF-36, and KHQ). Studies were included if they reported at
least one of the above outcomes.

Search strategy

A literature search was performed using MEDLINE (accessed
by PubMed), Embase (1947 to present), and the Cochrane
Central Register of Controlled Trials to identify relevant stud-
ies published in English up to 9 November 2016. The follow-
ing search terms were used to search all databases and trial
registers: urinary tract infections; bacteriuria; bacilluria; cysti-
tis; cystitides; urinary; bladder; urine; urologic; ureteral; infec-
tion*; inflammation; pyelonephritis; urosepsis; UTI; RUTI;
CAUTI; hyaluronic acid; hyaluron*; chondroitin sulfates;
chondroitin*; condroitin; sulfate; sulfate; Cystistat; Gepan;
Uracyst; Hyacyst; Hyachon Duo; Instillamed. The strategy
specifically focused on studies in human women, whereas
studies in animals, men, adolescents and children, and the
elderly were filtered out during the literature search; full
search strategies for each database used are available in the
Supplementary material. The search was additionally supple-
mented from the reference lists of the systematic reviews iden-
tified [16, 23, 25, 28-31] and by a manual search of the ref-
erence lists of the articles.

Study selection and data collection

Titles and abstracts of retrieved articles were independently
screened for eligibility by two external reviewers. When ab-
stracts had insufficient information for analysis of the inter-
vention or methodology regarding the inclusion and exclusion
criteria defined in this review, a full-text review was necessary.
Subsequently, the two reviewers evaluated full-text articles to
determine study eligibility. In the event that a disagreement
occurred between the reviewers, a discussion took place and
the final decision was made only once consensus had been
reached. A list of the excluded articles is available in the
Supplementary material.

Data extraction was conducted using an ad hoc extraction
form with the following fields: author; year of publication;
site; type of study; intervention and comparator; length of
follow-up; number of participants by group; and outcome.
Where data were reported as median and range (minimum,
maximum), a corresponding mean and SD was estimated
using a previously published formula; [32] when results were
reported as median and interquartile range, the corresponding
authors were contacted to obtain more information. The cor-
responding authors were not contacted to obtain other out-
come data not included in the published report.
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Risk of bias assessment

The risk of bias within each individual study was evaluated
using different items, depending on the study type. For ran-
domized trials, the risk of bias was assessed using the follow-
ing items: adequate sequence generation; allocation conceal-
ment; blinding of outcomes (participants and personnel);
blinding of outcome (assessors); description of losses and ex-
clusions; use of intention-to-treat analysis; and incomplete-
ness of outcome data. Each category was judged using the
Cochrane risk of bias tool [33]. Nonrandomized trials were
evaluated using the following items from the Risk of Bias in
Nonrandomized Studies of Interventions Score [34]: con-
founding bias; selection bias; classification bias; bias due to
deviation from intended interventions; bias due to missing
data; bias in the measurement of outcome; and bias due to
the selection of reported results. In some cases (particularly
nonrandomized trials), there was insufficient or no informa-
tion available to assess whether or not an important risk of bias
existed. No study was excluded from review if judged “high
risk of bias”, but the findings from any such trial were
regarded with increased caution.

To assess the risk of bias across studies, a funnel plot of
trial-standardized MD by standard error was constructed to
evaluate the possibility of publication bias [35]. The symme-
try of the plot was evaluated both visually and formally using
Egger’s test.

Data synthesis and analysis

The primary measures of treatment effect were mean rate of
UTI episodes per patient-year and mean time to first UTI
recurrence (in days); the MD in each outcome was the asso-
ciation measure. Secondary outcome measures were number
of 3-day voids, PUF total and symptom scores, SF-36 score
(with MD as the association measure), and the proportion of
patients free from UTIs at the end of follow-up (with RR as the
association measure).

The random-effects model was used for pooling data from
the primary studies, as clinical heterogeneity was expected.
Statistical heterogeneity of the treatment effect among studies
was assessed using the inconsistency I? test, in which values
>30% were considered to be indicative of high heterogeneity.
Between-study heterogeneity was performed using the Chi-
squared test. A p value of <0.05 was considered statistically
significant.

Sensitivity and subgroup analyses were pre-specified for
primary outcomes. In the sensitivity analyses, the association
measure was examined by omitting studies individually.
Subgroup analyses aimed to assess whether there was a dif-
ference in the results of the association measure between
nonrandomized versus randomized studies, noncontrolled

versus controlled studies, and studies with different treatment
intervention (HA vs HA plus CS).

Statistical analysis was performed using R Statistical
Software (Foundation for Statistical Computing, Austria).

Results
Study selection

A flow diagram of the study search and selection is shown in
Fig. 1. The database search resulted in 1,083 articles (305
from PubMed, 610 from Embase, and 168 from the
Cochrane trial register), of which 892 were not duplicated.
Of these, 866 were excluded after reviewing the title and/or
abstract as they did not appear to meet the study inclusion
criteria. The full text of the remaining 14 articles and 12 ab-
stracts (total 26 citations) were assessed for eligibility in more
detail. Eighteen articles did not meet the inclusion criteria and
were excluded. Eight articles met the eligibility criteria and
were included in the systematic review and meta-analysis.

Study characteristics

The main characteristics of the included studies are summa-
rized in Table 1. Among the 8 studies selected for the review, 1
was published as an abstract only. All studies took place in
Europe, and 3 were multicenter trials. Some studies had re-
ceived partial industry sponsorship. Two studies were ran-
domized controlled trials [22, 23] and 6 studies were of
nonrandomized design [17-21, 24]. The duration of treatment
intervention ranged from 2 to 6 months and the duration of
total follow-up ranged from 12 to 18 months.

The eight studies included a total of 800 patients: of these,
478 patients received intravesical instillations of HA plus CS
(Ialuri1®, IBSA), 108 patients received intravesical instilla-
tions of HA (Cystistat®, Bioniche), and 214 received compar-
ator therapy with placebo, oral sulfamethoxazole plus trimeth-
oprim prophylaxis or other standard of care prophylaxis. In
265 patients, response to HA or HA plus CS treatment was
compared with a retrospective assessment of UTI recurrence
before treatment. In all studies, the main inclusion criterion
was a documented history of RUTI, defined as at least three
episodes of uncomplicated UTI with clinical symptoms and/or
a positive culture (>10° cfu/mL) in the past 12 months, in
adult female patients. In all trials, the primary outcome(s)
assessed were the mean UTI rate per patient-year and/or the
mean or median time to first UTI recurrence (in days).
Secondary outcomes included the number of 3-day voids,
PUF total and symptom scores, SF-36 scores, and the percent-
age of patients who were UTI-free during follow-up.
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Fig. 1 Flow diagram of the study
search and selection process for
systematic review and meta-
analysis

Records identified through
database searching
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Eligibility
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The potential sources of bias within each study were assessed.
In general, the standard of trial reporting was poor, particularly
in the nonrandomized trials. There were insufficient data to
evaluate potential bias in some studies. The extent of method-
ological bias in this group of studies is therefore difficult to
accurately determine, as shown by the high frequency of “un-
clear” judgments in both randomized (Table S1) and
nonrandomized (Table S2) trials.

Results of individual studies

Overall, the individual studies showed a positive treat-
ment effect with HA or HA plus CS for the two primary
outcomes, with statistically significant differences from
comparator therapy observed in most studies (Table 1).
When compared with control treatment (i.e., placebo,
standard of care prophylaxis or a retrospective review of
patient history), HA, with or without CS, was associated
with a significantly lower mean UTI rate per patient-year
(MD -2.56; 95% CI -3.86, —1.26; p < 0.001; Fig. 2a) and
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a significantly longer time to UTI recurrence (MD
130.05 days; 95% CI 5.84, 254.26; p = 0.04; Fig. 2b).
There was evidence of heterogeneity for both outcomes
(I* = 98.8%:; p < 0.001 for heterogeneity and I* = 99.9%:;
p < 0.001 for heterogeneity respectively), and the random
effects model was used for these analyses.

Among the secondary outcomes, HA plus CS was as-
sociated with significantly greater mean reductions in
PUF total and symptom scores than control treatment
(p < 0.001; Fig. 3). The percentage of patients with UTI
recurrence during follow-up was also lower with HA plus
CS than in the control group (RR 0.75; 95% CI 0.57,
0.99; p = 0.043; Fig. 2¢). However, the number of 3-day
voids and SF-36 outcomes did not show significant dif-
ferences between the HA plus CS and control groups
(Figs. SIA and S1B). The random-effects model was ap-
plied in each of above analyses.

Risk of bias across studies

Funnel plots for both primary outcomes show evidence
for asymmetry (Fig. 4). For the mean UTI rate per
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patient-year outcome, all published studies appear on the
left of the plot (indicating a better impact of treatment),
which suggests that some studies are missing from the
right (a negative impact of treatment; Fig. 4a). For the
time to first UTI recurrence outcome, most studies appear
on the right of the plot (indicating a better impact of
treatment), which means that some studies are possibly
missing from the left (a negative impact of treatment;
Fig. 4b. However, the low number of studies does not
allow for reliable interpretation of the funnel plots or
Egger’s tests, and thus cannot be considered definitive
with regard to the assessment of bias.
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Relative Risk (log scale)

Additional analyses

Subgroup analyses showed a similar treatment effect in
nonrandomized (n = 6) versus randomized (n = 2) studies
(Fig. S2). The treatment effect was greater in noncontrolled
(n = 4) than controlled (n = 4) studies, especially with regard
to the mean UTI rate per patient-year (MD —3.98 [95% CI —
441, —3.55] vs MD —1.44 [95% CI -2.90, 0.02]; Fig. S3).
When comparing those studies that reported the use of antibi-
otics in the control group and those that did not, a considerably
greater reduction in the mean UTI rate per patient-year was
observed in the latter (Damiano et al. [22]: MD -3.52 [95% CI
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Fig. 3 The effect of hyaluronic a
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-3.97, =3.07]) compared with the former (De Vita and
Giordano [23]: —1.30 [95% CI -2.30, —0.30]; Gugliotta et al.
[24]: —0.73 [95% CI —0.99, —0.47]; Ciani et al. [20]: —0.19
[95% C1-0.68, 0.30]; Fig. S3). Greater reductions in the mean
UTI rate per patient-year and a longer time to first UTI recur-
rence were observed in HA (n = 3) compared with HA plus
CS (n = 5) studies (Fig. S4), most likely driven by the results
of Ciani and colleagues [20].

In sensitivity analyses, in which the studies were individu-
ally omitted from the meta-analysis, the MD remained gener-
ally similar and always statistically significant with regard to
mean UTI rate per patent-year outcome, ranging from —2.25
(95% CI: =3.61 to —0.89) to —2.96 (95% CI —4.19, —1.73;
Table S3). Data regarding the time to first UTI recurrence
outcome seem to be less robust; if any of the studies were
removed (other than the study by Ciani et al. [20]), the MD
showed no statistical significance (Table S3).

Discussion

This systematic review and meta-analysis examines all the
available evidence captured from existing nonrandomized
and randomized clinical studies on the effectiveness of HA
or HA plus CS for the prevention of RUTIs in adult female
patients. Of note, this meta-analysis did not include any

Favours HA+CS Favours control

e | 413[-488,-339]
i (p <0.001)

[ T T T I
-8.00 -6.00 -4.00 -2.00 0.00

Mean Difference

studies investigating CS alone, because studies using CS
0.2% or 2.0% alone were not identified using the search strat-
egy employed in this analysis. In the eight trials included in
this review (800 patients), there was a mean reduction in UTI
episodes of ~2.6 episodes per patient-year (Fig. 2a) and a
mean increase in the time to first UTI recurrence of <130 days
(Fig. 2b) in female patients treated with HA or HA plus CS
compared with placebo, standard of care prophylaxis or retro-
spective review of UTI recurrence. HA plus CS was also as-
sociated with mean reductions in PUF total scores of ~6.5
points (Fig. 3a) and symptom scores of =4 points (Fig. 3b),
and a 25% reduction in the risk of UTI recurrence (Fig. 2¢)
compared with the control group.

Of note, a considerably greater reduction in the mean UTI
rate per patient-year was observed in the study by Damiano et al.
[22] compared with other controlled studies, namely, De Vita
and Giordano [23], Gugliotta et al. [24], and Ciani et al. [20].
This is likely explained by the use of placebo as the comparator
in the study by Damiano et al. [22], whereas in the other con-
trolled studies, antibiotics therapy was used as the comparator.
Therefore, it is reasonable to suggest that the reduction in the rate
of UTTs of 2.6 episodes per patient-year represents a conserva-
tive estimate of the efficacy of HA in combination with CS.

In addition to treatment efficacy, the safety of HA therapy
must be considered when interpreting the results of this meta-
analysis. The method of administration (intravesical
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Fig. 4 Risk ofbias for a mean UTI rate per patient-year and b time to first
UTI recurrence

instillation) is more invasive than other standard of care op-
tions (usually oral), and can therefore be more painful. Among
the studies where adverse event data were reported, no serious
adverse events occurred; however, some cases of mild bladder
irritation and mild to moderate pain, cramping or burning after
instillation were reported (Table 1). This type of nonserious
adverse event was reported by 116 patients across all studies,
with 29 requiring anti-inflammatory medication to relieve
symptoms. All these patients were in the study treatment
group (Table 1).

The main limitation of this meta-analysis was the quality of
the primary studies, in which the methods and reporting of
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data were generally poor. The treatment schedules varied
across studies, with most studies adopting a treatment sched-
ule of one instillation every week for 4 weeks (7 out of 8
studies), followed by a monthly instillation for 4-5 months
(5 out of 8 studies). The most common treatment duration
was 6 months, and it may be that a treatment duration of
12 months would improve treatment efficacy; however, more
data are required before the best strategy for use in clinical
practice can be determined. An additional confounding factor
may be that there were differences in the control treatment
group, with some studies using antibiotics as the comparator
and other studies using placebo, which led to a much greater
heterogeneity in the control arm outcome compared with the
heterogeneity in the treatment arms. However, because differ-
ences in methodology were expected, the random effects mod-
el was used for pooling data and the analyses were stratified
on the basis of study design (randomized vs non-randomized,
controlled vs non-controlled) and type of intervention (HA vs
HA plus CS) to ensure the robustness of the results. The find-
ings of the present study indicate that HA/HA plus CS has a
positive effect in the treatment of RUTIs. Indeed, given that
there was a lack of information regarding prophylactic antibi-
otic use in many of the studies included, the positive effect of
HA/HA plus CS found in this analysis is likely to be a con-
servative estimate. Definition of the primary outcome was
usually clearly stated, but some outcomes were highly subjec-
tive and the retrospective registration in some studies may
have introduced relevant observation bias. As suggested by
the funnel plot analysis, reporting bias (particularly publica-
tion bias) is likely. On the other hand, the study populations
were quite homogeneous in terms of inclusion and exclusion
criteria, which may allow for generalization of the results.

The high heterogeneity among studies and the likelihood of
publication bias are limitations that may lessen the validity
and robustness of the results. Despite this, however, the qual-
itative and quantitative evaluation of the overall results are still
considered to be useful and important. In fact, these data are of
intrinsic interest, even if their interpretation should be
approached with caution.

Another limitation of this review was the small number of
studies included. Of the 8 studies used in the meta-analysis,
only 2 were randomized controlled trials and only 1 of these
was of double-blind design. The remaining 6 were
nonrandomized studies, of which 4 were noncontrolled with-
out a separate control group (only an internal control with a
retrospective pre-treatment versus prospective post-treatment
analysis). However, pooled data from all of these studies were
used, and subgroup analyses were conducted on the basis of
design (nonrandomized versus randomized and noncontrolled
versus controlled studies). Among the studies considered in
this meta-analysis, HA plus CS was the only product evaluat-
ed in randomized controlled trials, where the control group
received standard prophylaxis for RUTIs (i.e., antibiotics) or
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placebo; therefore, these studies show the highest level of
evidence. As HA alone was only investigated in noncontrolled
studies with generally higher levels of bias, this evidence is
considered to be of lower quality. Thus, differences in data
quality, study design, and strength of evidence could bias the
comparison between HA and HA plus CS. Of note, all studies
included in this meta-analysis were conducted in Europe and,
therefore, the generalizability of its results may be limited.

The results of the current meta-analysis are generally con-
sistent with those of the previous meta-analysis published in
2013 [26], and provide an update to the earlier publication
with the addition of two controlled studies [20, 24] and one
large uncontrolled study [21] published from 2014 to 2016,
and one abstract from 2011 [19].

Conclusions

Intravesical instillation of HA, alone or in combination with
CS, may be a promising and feasible treatment option for
female patients with RUTIs and is generally well tolerated.
This systematic review and meta-analysis has shown that
HA or HA plus CS, compared with placebo, standard of care
prophylaxis, or retrospective patient review, is associated with
a decreased rate of UTI recurrence and with improved symp-
toms in adult females with a history of RUTI. This treatment
may therefore offer an alternative to the widespread use of
antibiotic prophylaxis. Given that antibiotic consumption is
a driver for the development of antibiotic resistance [8, 9],
and a report from the European Food Safety Authority/
European Centre for Disease Prevention and Control states
that both resistance and multidrug resistance are increasing,
such that some agents are no longer appropriate treatments for
some infections [36], alternatives to antibiotics are urgently
needed. Since there are also increasing rates of antimicrobial
resistance in pathogens that cause UTI [11, 14, 15], effective
non-antibiotic-based treatments for these infections are also
required.

It is noteworthy that evidence provided by randomized
controlled trials was available only for HA plus CS. The qual-
ity of evidence in the studies on combination therapy was
therefore higher than in those involving HA alone, although
the limited number of available randomized controlled trials
limits the ability to provide a definitive conclusion. Further
research should evaluate the efficacy and safety of HA or HA
plus CS compared with each other or with standard of care
prophylaxis for prevention of RUTIs using well-designed,
randomized, controlled clinical trials with larger patient
populations.
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