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Currently, no suitable delivery methods are available for the drugs to interstitial cystitis/ blad-

der pain syndrome (IC/BPS). Herein we systematically evaluated the therapeutic effects of 

intravesical infusion of hyaluronic acid (HA) and chondroitin sulfate (CS) in patients with 

IC/BPS. This study includes randomized controlled trials (RCT) and self-controlled studies of 

IC/BPS patients treated with HA, CS, or both. English databases like PubMed, Cochrane Library, 

Embase, and Medline were searched until up to January 31, 2021. Information was extracted 

based on the inclusion and exclusion criteria, and then meta-analysis was performed. Sixteen 

studies including 491 patients were included and analyzed. The responsive rate of treatment 

was 91.24%. In 3 RCTs, the analogue scale (VAS) for pain on fix-effect model was [mean dif-

ference, MD -0.57 (95%CI, -1.55, -0.41)]. A significant improvement on random-effect model was 

[MD -2.78 (95%CI, -3.48, -2.07)] in 13 self-controlled studies. Outcomes on OôLeary-Sant Inter-

stitial Cystitis Symptom Index, Problem Index, frequency, urgency, and bladder capacity were 

also significantly improved. Subgroup analysis showed significant difference between HA, CS, 

and the combination, and the perfusion of HA was more effective (Z = 29.97, P < 0.01). Also, 

different follow-up times after last treatment showed significant difference (Z = 7.69, P < 0.01). It 

can be beneficial for IC/BPS patients who have not responded to conventional treatments. 
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Introduction 
S a complex and dynamic macromolecular network in 

the cellular microenvironment, the extracellular matrix 

(ECM) plays an increasingly important role in cell 

biology, including the regulation of cell behavior, tissue devel-

opment, function and repair through direct or indirect manipula-

tion(1, 2). Glycosaminoglycans (GAGs), as an important com-

ponent of ECM, play a vital role in cell growth, angiogenesis, 

tumor metastasis, proliferation and differentiation (3-5). GAGs 

are classified into four major groups based on their structure and 

function: hyaluronic acid (HA), chondroitin sulfate (CS), hepa-

rin sulfate, and keratin sulfate (6). HA is a widely used polymer 

that is mostly found in connective, epithelial, and neural tissues. 

It is involved in cell proliferation and migration as one of the 

main components of ECM (6, 7). CS is also widely found in 

ECM and has special biological roles in regulation of cell be-

havior and fate (such as proliferation and differentiation) (8). In 

the bladder urothelium, for example, HA and CS are important 

components of the GAG layer and constitute a protective barrier. 

Interstitial cystitis/ bladder pain syndrome (IC/BPS) is a 

chronic bladder disease, which usually presents as dysuria, pel-

vic pain, dyspareunia, urinary urgency, and frequency (9). The 

disease harms many aspects of the patientsô lives, and most of 

which are female. An estimated 1.3 million people in United 

States suffer from BPS, including 1.2 million women (10). The 

age of onset of IC is usually between 39 and 73 years, with an 

average age of 63 years (11). At present, although great 

achievements have been made in the treatment of IC/BPS, there 

is no universally accepted treatment method, and the existing 

treatment methods mainly include diet therapy, behavior ad-

justment training (BAT), oral medication, intravesical perfusion, 

and surgical intervention (12). 

At present, the etiology of IC/BPS is still unknown, while 

some evidence suggests that pain syndromes are associated with 

alterations in the urothelial epithelial layer. For example, chang-

es in the urothelial barrier may cause water, urea, and other toxic 

substances to enter the basic tissues (nerve and/or muscle layers), 

resulting in symptoms of urgency, frequent urination, and pain 

during bladder filling and urination (13). Previous studies have 

shown that the disease might be related to defects in the mucin 

glycosaminoglycan (GAG) layer of the bladder urothelium (7). 

Therefore, according to the physiological function of the GAGs, 

early repair of the GAGs can improve the integrity and function 

of the bladder, thereby avoiding subsequent chronic bladder 

inflammation. As relevant components of the GAG layer, HA 

and CS treatments have been reported to be effective in the 

treatment of IC/BPS in many studies (14, 15). 

 However, there is still a lack of a unified basis for the ef-

ficiency of different drugs. At the same time, some contrary 

results showed that HA and CS are not better than placebo (16). 

To further investigate, we performed this systematic review and 

meta-analysis to evaluate the efficiency of intravesical HA and 

CS perfusion in patients with IC/BPS by using recent pieces of 

evidence.   

 
Materials and Methods 
Protocol Development 
According the instructions of Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA) guidelines, 

the study protocol was designed and registered in the Interna-

tional Prospective Register of Systematic Reviews database 

(PROSPERO) before the beginning of the study, with the identi-

fication number is CRD42021238485. The detailed information 

about PICO (population, intervention, comparison, and outcome) 

questions are as follows: 

 
Search Strategy 
Articles included in the review were obtained by searching 

PubMed, Medline, Cochrane Library, and Embase databases, 

from the time of database establishment up until January 31, 

2021. The search keywords were interstitial cystitis or bladder 

pain syndrome or painful bladder syndrome and hyaluronic acid 

or chondroitin sulfate. The search strategy in the PubMed data-

base are presented in Table 1, other databases have the same 

search strategy. 

 
Selection Criteria and Data Extraction 
Two reviewers screened the titles and abstracts independently. 

The full paper was obtained if any of the reviewers considered 

the reference potentially relevant. The search results were in-

cluded according to the following criteria. Inclusion criteria: (i) 

intravesical HA and/or CS perfusion were performed in human 

subjects with IC/BPS; (ii ) articles were reported in English. 

Exclusion criteria: (i) non-full -text articles; (ii ) studies using 

animals or cell lines; (iii ) articles for other diseases; (iv) studies 

using other drugs; (v) review articles. From all eligible studies, 

the following data including the first authorôs name, year of 

publication, number of patients, patientsô ages and sex, type of 

disease, intravesical perfusions products, frequency, and dura-

tion of follow-up after treatment were extracted.  

 

Methodological Quality Assessment 
For randomized controlled trial (RCT) studies, two reviewers 

independently assessed the methodological quality of the eligi-

ble studies from the following six domains according to the 

ñCochrane Handbook 5.2.0ò quality criteria: (i) random se-

quence generation; (ii ) allocation concealment; (iii ) blinding of 

patients and doctors; (iv) incomplete outcome data; (v) selective 

reporting; (vi) other biases (17). Any disagreements were re-

solved by consensus or judged by a third party. The Risk of Bias 

in Non-randomized Studies ï of Interventions (ROBINS-I) as-

sessment tool were performed to assess the self-controlled stud-

ies using the following domains: (i) bias due to confounding, 

bias in selection of participants into the study; (ii ) bias in classi-

fication of interventions; (iii ) bias due to deviations from in-

tended interventions, (iv) bias due to missing data; (v) bias in 

measurement of outcomes; (vi) bias in selection of the reported 

result (18). The risk of bias was categorized as ñLow riskò, 

ñModerate riskò, and ñHigh Riskò of bias. 

 
Statistical Analysis 
To perform the network meta-analysis, all data was analyzed 

with the Review Manager statistical software version 5.0 (Nor-

dic Cochrane Centre, Copenhagen, Denmark) and R software 

(version 4.0.4). A meta-analysis of commonly used numerical 

data was used to combine the data. Mean difference (MD) and

A 



https://bonoi.org/index.php/si SI | December 02, 2021 | vol. 39 | no. 4 363 

Table 1. Search Strategy Used in PubMed. 

Database  Search Strategy 

PubMed #1 Hyaluronic acid OR chondroitin sulfate 

#2 Interstitial cystitis OR bladder pain syndrome OR painful bladder syndrome 

#3 #1 AND #2 

 

 

95% confidence interval (CI) were used as the effect parameter 

of the model, in which MD was used to combine the results of 

multiple studies. Sensitivity, heterogeneity and subgroup analy-

sis were conducted to assess the heterogeneity of eligible studies 

and the impact of each study on the combined effect. The Hig-

gins (I2) index and P value were used to evaluate the effect of 

indicators. I2 over 25%, 50% and 75% indicate low, moderate 

and high heterogeneity between studies, respectively. It is gen-

erally believed that I2 Ó 50% indicates substantial heterogeneity. 

In our study, if I2 < 50% and P > 0.05, it is considered that there 

is no significant heterogeneity and the fixed effects model is 

selected; otherwise, the random effects model is used for analy-

sis, and the factors that may lead to heterogeneity are analyzed 

by subgroup analysis. For assessment of the publication bias, the 

Begg rank correlation test and Egger linear regression test were 

performed to assess the presence of study effects in the me-

ta-analysis. The results were considered statistically significant 

when the P value was smaller than 0.05. 

 
Results 
Characteristics of Included Studies 
A total of 311 articles were identified by searching the databases. 

In the primary selection process, 253 articles were excluded 

based on the following criteria: no or insufficient information, 

non-original articles, studies with animal or cell lines, studies of 

other diseases rather than IC/BPS, studies with other drugs, or 

review articles. In addition, 45 articles were excluded in the 

further evaluation of eligibility due to insufficient or no infor-

mation, other similar diseases that were not IC/BPS, studies with 

other methods, or duplication. 3 RCTs (19-21) and 9 

self-controlled studies (22-30) were ultimately selected. Among 

them, M. Özkidik et al. (22) reported the perfusion results of HA, 

CS, and the combination of HA and CS, and Arslan B et al. (23) 

reported the results of CS and their combination. Finally, 16 

studies were included. A detailed flowchart showing the selec-

tion process is shown in Figure 1, and the detailed information 

of 16 studies used in the present study is shown in Table 2. The 

patientôs response to treatment was assessed through some pa-

rameters including VAS, ICSI and ICPI. The overall response 

rate of the treatment was 91.24%. 

 
The Methodological Quality of Included Stud-
ies 
RCTs 
A quality assessment was started by measuring clinical im-

provement in pain, frequency, urgency, and bladder capacity of 

storage symptoms. Three studies were RCTs. A summary graph 

of bias risks for 3 studies using ñCochrane Handbook 5.2.0ò 

quality criteria is shown in Figure 2. This study has a high risk 

of bias concerning the randomization of participants and per-

sonnel. The included 13 studies were self-controlled studies, and 

were assessed using the Non-randomized Studies ï of Interven-

tions assessment tool. The methodological quality results are 

shown in Figure 3. Three RCTs was assessed as high risk, and 

self-controlled studies were low risk. 

 

Primary and Secondary Outcomes 
RCTs 
Heterogeneity test showed that fixed effect model was used (P = 

0.6, I2 = 0%). VAS improvement from 3 included RCTs was 

(MD -0.57 (95%CI -1.55, -0.41)), no statistical significance was 

found (Z = 1.15, P = 0.25) (Figure 4). 

 
Self-Controlled Studies 
Thirteen self-controlled studies were included. A significant 

improvement on VAS with random-effect models from 13 in-

cluded studies was found (MD -2.78 (95%CI -3.48, -2.07)) 

(Figure 5A). Included studies showed significant heterogeneity 

(I2 = 94 %, P < 0.01) (Figure 1). Significant improvements were 

found in ICSI (MD -4.59, 95% CI -5,62, -3.56) and ICPI (MD 

-4.06, 95% CI -4.93, -3.17) (Figure 5B, Figure 5C). Frequency 

and urgency data showed a significant improvement after 

IC/BPS was treated with HA/CS (frequency: MD -2.65, 95% CI 

-3.35, -1.94; urgency: MD -1.86, 95% CI -2.73, -1.00) (Figure 

5D, Figure 5E); Bladder capacity restoration was better after 

HA/CS treatment compared to before treatment (MD 25.02, 95% 

CI 19.44, 30.61) (Figure 5F). 

 

Sensitivity and Subgroup Analysis 
Sensitivity analysis showed no single study had a significant 

effect on the pooled VAS, and the MD range of the VAS was 

-2.93 to -2.64 (Figure 6). Subgroup analysis was performed to 

evaluate if the different drugs and follow-up times after treat-

ment could impact the treatment of IC/BPS. Of the trials in- 

cluded, the subgroup analysis of 6 studies reported IC/BPS in-

fused with HA (22, 24, 25, 29, 31, 32), 3 IC/BPS infused with 

CS (22, 23, 27), and 4 IC/BPS infused with HA/CS (22, 23, 26, 

28). The changes of MD on VAS improvement were -2.11 (95% 

CI -2.97, -1.26), -1.27 (95% CI -2.02, -0.52), and -2.16 (95% CI 

-3.48, -0.85) in pure HA, CS and a combination of HA and CS 

subgroups respectively, and the total effect test showed signifi-

cant difference between the three treatments (Z =7.71, P < 0.01) 

(Figure 8A). Also, different follow-up times after treatment 

showed significant difference (Z =7.69, P < 0.01) (Figure 8A).
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Figure 1. PRISMA Follow Diagram of the Research. 

 

 

 

Publication Bias 
Begg rank correlation test and Egger linear regression test were 

used to detect publication bias. The results of different outcomes 

are showed in Table 3. 

 
Discussion 
IC/BPS is a chronic bladder disorder characterized by bladder 

pain, urinary frequency, urgency, and nocturia. The mechanism 

of IC/BPS is not completely understood, but it proposed to in-

volve a defective urothelim of bladder, mast cell infiltration and 

neurogenic inflammation (32-34). The main goals of IC/BPS 

treatment are to restore bladder function, prevent recurrence, and 

improve the quality of life (35). There are numerous treatments 

for IC/BPS, including dietary modification, lifestyle interven-

tions/behavioural therapies, oral medications, intravesical perfu-

sion, and interventional/operative therapies (15, 36). Among 

these treatments, it has been reported that intravesical perfusion 

is considered the relatively better treatment technique. It is a 

procedure whereby the drug is spread directly on the inner sur-

face of the bladder to increase its local concentration and active 

time while reducing systemic side effects (35). 

As a permeability barrier, the urothelial GAG layer plays a ma-

jor role in preventing penetration of urinary toxins and patho-

gens into the bladder wall, and distruption of GAG layer con-

tributes to the development of IC/BPS (37). HA and CS are 

natural glycoproteins in the GAG layer of the urinary bladder 

wall, so intravesical perfusion of HA and CS can promote the 

regeneration of GAG, and restore the protective barrier function 

of the bladder (38). HA and CS perfusion is one of main thera-

pies for the treatment of IC/BPS. Many studies have evaluated 

the effectiveness of intravesical perfusion of CS and HA alone 

or in combination on IC/BPS (19, 22, 24). Cervigni M. et al 

reported the combination of CS (2.0% w/v) and HA (1.6% W/V) 

caused a significant improvement in urinary symptoms follow-

ing therapy (39).  

There is a published meta-analysis on the effect of HA/CS 

on IC/BPS. Pyo et al. carried out systematic review which sug-

gested that intravesical perfusion of HA alone or in combination 

with CS could improve a range of bladder symptoms (40). The 

outcomes of intravesical perfusion treatment on IC/BPS in the 

included studies in this review were generally followed-up for 6 

months. According to our previous investigation, a number of
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Figure 2. Randomized Clinical Trial Quality Assessment of Included Study Using The ñCochrane 

Handbook 5.2.0ò Quality Criteria in the Meta-Analysis: Risk of Bias Graph and Summary. 

 

 

 

Figure 3. Randomized Clinical Trial Quality Assessment of Included Study Using the Non-Randomized 

Studies ï Of Interventions Assessment Tool in the Meta-Analysis: Risk of Bias Graph and Summary. 
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Figure 4. VAS Improvement in IC/BPS: A Meta-Analysis of Randomized Controlled Studies. 

VAS: Visual Analogue Scale for Pain Symptom; IC/BPS: Interstitial Cystitis/ Bladder Pain Syndrome. 

 

Table 2. Characteristics and Results on Intravesical Hyaluronic Acid (HA), Chondroitin Sulfate (CS), 
and Combination of both (HA/CS) for Interstitial Cystitis/Painful Bladder Syndrome. 

Study Design Disease Pt.# Sex(M/F) Age Intervention Frequency MFU 

Arslan B 

(2019) (23) 

SC IC/BPS 

 

28 0/28 

 

32(19-54) CS (40 ml/80 mg) (Gepan 
Instill) 

Perfusions weekly for the 
first month, biweekly for the 
second month, and 
monthly in the third and 
fourth months 

2.0 

mo 

33 0/33 

 

35(21-52) HA (1.6%,800mg/50ml) and 
CS (2%,1g/50ml) 
(iAluRil,Aspire Pharma, UK) 

Liang CC 

(2018) (31) 

SC IC/BPS 

 

30 0/30 44.1(21-80) 

 

40 mg/50 mL of HA solution 
(Cystistat®, Bioniche Teo., 
Inverin, Co. Galway, Ireland) 

Perfusions weekly for 4 
weeks, then monthly for 5 
months. 

 

3.0 

mo 

Porru D 

(2012) (26) 

SC IC/BPS 

 

22 0/22 46.6(23-60) 40mL of HA 1.6% and CS 
2.0% in 0.9% saline solution 
(IALURIL®, IBSA) 

Perfusions weekly for 8 
weeks, then once every 2 
weeks for the next 6 
months. 

0 

mo 

Akbay E 

(2018) (25) 

SC IC/BPS 

 

54 0/54 55(18-87̃ HA120 mg/50 mL (Hyacyst®) Weekly perfusion for 6 
weeks. 

3.0 

mo 

Nickel 
JC(2009)(27) 

SC IC/BPS 

 

53 0/53 44.1(21-80) 20 mL of CS 2.0% (Uracyst®) Perfusion weekly for 6 
weeks and then monthly for 
4 months 

0 

mo 

Nickel JC 

(2012) (19) 

RCT IC/BPS 

 

49 0/49 N/A 20 mL of 2% CS Weekly perfusion for 7 
weeks (8 treatments in 
total) 

1.5 

mo 

Cervigni M 

(2008) (28) 

SC IC/BPS 

 

23 0/23 46.68(20-65) HA (high molecular weight) 
1.6% and CS 2.0% 

Weekly perfusion for 20 
weeks, then monthly for 3 
months 

5.0 

mo 

Hung M-J 

(2019) (24) 

SC IC/BPS 

 

110 0/110 43.6±11.8  HA (Cystistat®, Mylan Institu-
tional, Galway, Ireland) 

Weekly perfusion for 6 
weeks, then followed by 6 
months perfusion 

0 

mo 

Özkidik M 

(2019) (22) 

SC BPS 24 20/4 37.1 HA (50 ml/120 mg) Weekly perfusion for 6 
weeks, twice a month for 6 
months, then continued 
once a month until 24th 
month. 

0 

mo 24 21/3 37.4 CS(40 ml/80 mg) 

24 21/3 37.2 HA/CS(half dose of each) 

Lv YS 

(2012) (20) 

RCT IC/BPS 

 

16 0/16 41(24-66) 40 mg HA, 10 ml of 2 % 
lidocaine and 8.4 % sodium 
bicarbonate (Bioniche, Can-
ada). 

weekly perfusion for 8 
weeks and then monthly for 
4 months with a subse-
quent follow-up of 24 
weeks 

6.0 

mo 

Shao Y 

(2010) (21) 

RCT IC 20 0/20 55(27-76) 40 mg HA, 10 ml of 2 % 
lidocaine and 8.4 % sodium 
bicarbonate (Bioniche, Can-
ada). 

Perfusion weekly in the first 
month and then monthly in 
the following 2 months 

6.0 

mo 

 

Scarneciu I 

(2019) (30) 

SC 
IC/BPS 

 

24 0/24 

 

52±4.74  40mg/50 mL HA solution 
(Cystistat). 

Perfusion weekly for 4 
weeks, then continued 
once every month (21.9 ± 
8.79 weeks). 

10.0 

mo 

Peng YC 

(2020) (29) 

SC 
IC/BPS 

 

33 N/A 46.6±7.2  40mg/50 mL HA solution 
(Cystistat). 

Perfusion weekly for 4 
weeks, then monthly for 5 
months. 

3.0 

mo 

SC: Self-controlled; RCT: Random controlled trail; Pt.: Patient; HA: Hyaluronic Acid; CS: Chondroitin Sulfate; IC: Interstitial Cystitis; BPS: Bladder 
Painful Syndrome; N/A: Not Available; MFU: Mean Follow Up Times from Last Perfusion; mo: Months;  M/F: Male/Female. 
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Figure 5. VAS, ICSI, ICPI, Frequency, Urgency, and Bladder Capacity Improvement in IC/BPS: A Me-

ta-Analysis of Self-Controlled Studies. 

VAS: Visual Analogue Scale For Pain Symptom, ICSI: O'Leary-Sant Interstitial Cystitis Symptom Index (ICSI), ICPI: Problem Index (ICPI), 

IC/BPS: Interstitial Cystitis/ Bladder Pain Syndrome. (Continued with Next Page) 



https://bonoi.org/index.php/si SI | December 02, 2021 | vol. 39 | no. 4 368 

 
Figure 5. VAS, ICSI, ICPI, Frequency, Urgency, and Bladder Capacity Improvement in IC/BPS: A Me-

ta-Analysis of Self-Controlled Studies. (Continued) 

 

 

 
Figure 6. Sensitivity Analysis in VAS of IC/BPS.  

VAS: Visual Analogue Scale For Pain Symptom, IC/BPS: Interstitial Cystitis/ Bladder Pain Syndrome 

 

 

Table 3. Summary of Publication Bias. 

Outcomes Begg Rank Correlation Test Egger Linear Regression Test 

VAS t = -1.43, P = 0.1813 z = 0.37, P = 0.7143 

ICSI t = -1.78, P = 0.1055 z = 0.41, P = 0.6808 

ICPI t = -0.90, P = 0.3925 z = 0.54, P = 0.5858 

Frequency t = -1.07, P = 0.3179 z = -1.16, P = 0.2449 

Urgency t = 0.40, P = 0.6988 z = -0.80, P = 0.4208 

VAS: Visual Analogue Scale For Pain Symptom,  ICSI: O'Leary-Sant Interstitial Cystitis Symptom Index (ICSI), ICPI: Problem Index (ICPI) 
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Figure 7. Forest Plot Diagram (A) and Funnel Plot (B) for Subgroup Analysis of Different Drug Thera-

py. 

HA: Hyaluronic acid; CS: Chondroitin sulfate. 

 

 

studies have reported exploring the changes that affect the final 

treatment effect from the perspective of different follow-up 

times, and many studies have suggested that different follow-up 

times had a remarkable curative effect regarding the IC/BPS 

outcome change (19, 23, 26). Erdem Akbay et al. reported the 

mean VAS decreased from a pretreatment level of 7.9 to 3.6 

after 3-months treatment (55% decrease, P < 0.05), and there 

was also a significant correlation between the decline of ICSI 

and ICPI total scores (25). Kallestrup et al. reported a 40% de-

crease in nocturia, 30% decrease in bladder pain, 48.3% de-


