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Abstract
Background: Glomerulations are not speci�c for interstitial cystitis/bladder pain syndrome (IC/BPS).
Controversy exists about whether cystoscopic �ndings differ between patients with and without lower
urinary tract symptoms. We sought to compare the prevalence of cystoscopic �ndings in women with “no
or minimal” urinary symptoms to those with a “high” symptom burden.

Methods: This is a prospective cohort study performed at a University Educational Facility. Participants in
this study were part of a larger prospective study, in which female patients scheduled to undergo routine
gynecologic procedures were all consented for cystoscopy with hydrodistension (CWHD). We de�ned the
“minimally symptomatic group” as those with <1 on each of the O’Leary/Sant Interstitial Cystitis
Symptom Index (ICSI) subscores and without history of IC/BPS. The “highly symptomatic” cohort of
women had composite ICSI score > 12 and a Burning/Pain subscore of 4 or 5. All were non-smokers.

Results: 84 women underwent CWHD, with 33 having minimal symptoms and 51 being highly
symptomatic. The two groups were not statistically different when assessing for ‘any glomerulations’
compared to ‘no glomerulations.’ However, minimally symptomatic women had an eight-fold lower
prevalence of signi�cant glomerulations than highly symptomatic women 3.0% versus 23.5% vs 3.0%, p<
0.05. Pairwise comparisons showed signi�cant differences between > 10 glomerulations in 3 or 4
quadrants and no glomerations, with 4% of minimally symptomatic women having > 10 glomerulations
in 3 or 4 quadrants versus 28.6% of highly symptomatic women having > 10 glomerations in 3 or 4
quadrants (p<0.05). 

Conclusion: Extensive glomerulations (>10 in 3 or 4 quadrants) are rare in women without urinary
symptoms. These �ndings contrast with prior limited prospective data which quoted similar incidence of
glomerulations in IC/BPS patients and asymptomatic patients. This study highlights the importance of
evaluating objective evidence on CWHD and merits further investigation.

Background
Glomerulations on cystoscopy with hydrodistension (CWHD) have been classically associated with
Interstitial Cystitis/Bladder Pain Syndrome (IC/BPS), a chronic irritative bladder syndrome1,2. However,
there is increasing evidence that glomerulations are non-speci�c for IC/BPS;3–6 the diagnosis of IC/BPS
has therefore moved towards clinical criteria and in-so-doing, the understanding of IC/BPS has shifted
from a painful urothelial disorder to a chronic pain disorder, sometimes with mucosal �ndings.

Glomerulations are no longer pathognomonic for IC/BPS, but are they a marker of bladder pathology? In
the setting of limited prospective data assessing glomerulations on cystoscopy with hydrodistension in
asymptomatic women, our hypothesis was that minimally symptomatic women will be less likely to have
any glomerulations on cystoscopy than women with a high irritative bladder symptom burden. To that
aim, we examined cystoscopic �ndings in a prospective cohort of patients with a wide range of urinary
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symptoms. Included in this study are patients with minimal or no urinary symptoms and those with a
high burden of lower urinary tract symptoms (LUTS).

Methods
Participants in this study are part of a larger prospective cohort study performed between July 2015 and
June 2017 in a university setting. Patients scheduled to undergo elective gynecological procedures, such
as but not limited to excision of endometriosis, ovarian cystectomy, hysterectomy for benign indications,
and laparoscopic myomectomy, all of which included either cystoscopy or CWHD, were approached in the
pre-operative area to participate. Participants were consented for CWHD as opposed to diagnostic
cystoscopy at the time of their procedure.

Inclusion criteria for the large prospective study were as follows: females at least 18 years in age who
presented for benign gynecologic procedures. All women eligible for inclusion were initially scheduled for
procedures that included either cystoscopy or CWHD, under anesthesia. Patients had to be able to provide
informed consent. Exclusion criteria for the study were as follows: pregnancy at time of study, planned
cystotomy, incidental cystotomy at time of surgery, age > 90, history of pelvic radiation, and previous or
newly diagnosed bladder tumor. While tobacco users were included in the large cohort, we excluded
smokers from this study, because of its reported association with IC/BPS and with cystoscopic �ndings7–

9. 

After obtaining consent, participants completed a series of questionnaires including the IC Problem Index
(ICPI), IC symptom Index (ICSI), Pelvic Pain and Urgency/Frequency Patient Symptom Scale (PUF),
Irritable Bowel Syndrome (IBS) questionnaire. This study speci�cally examined ICSI scores, because it
provides a representation of the burden of urologic symptoms over the previous thirty days. The ICSI has
4 questions, with answers on a scale from 0-5, with 0 representing asymptomatic and 5 representing
maximally symptomatic. The four questions address the following bladder symptoms over the previous
month: urgency, frequency, nocturia, and pain/burning. Participants were also asked to complete surveys
regarding prior medical and surgical history, demographics, and smoking status. 

CWHD was performed in a standardized manner: all were performed with a 5 mm 30- or 70-degree
cystoscope, with sterile saline used as distending �uid. Fluid bag was placed to gravity 80-100 cm above
the patient. After 200 cc, the infusion was stopped and a survey of the bladder was performed. A
minimum of two pictures were taken, one of the bladder base and one of the dome of the bladder.
Hydrodistension was then performed to gravity, 80-100 cm above the bed level and bladder was �lled to
either capacity (documented) as determined by either leakage per the urethra or inability to further infuse
�uid, or when 700 cc was reached. Once the bladder was �lled, it was then emptied within 60 seconds. At
least �ve images were obtained: trigone, left bladder wall, right bladder wall, posterior bladder wall, and
dome of the bladder.
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Images were de-identi�ed, batched in sets from 25 participants, and evaluated by a panel of 3
urogynecologists. Glomerulations were graded by distribution and number on a predetermined scale that
was developed for this research project.  The scale used in our analysis is as follows; > 10 glomerulations
in 3-4 quadrants, > 10 glomerulations in 1-2 quadrants, glomerulations occurring at a lower rate, or no
glomerulations. 

Women who met the criteria for being minimally symptomatic or highly symptomatic were included in
this study. Minimally symptomatic women were de�ned as women with a score of either 0 or 1 in all
subscores of the ICSI, for a maximal score of 4.  Participants were also excluded from the minimally
symptomatic cohort if they were originally scheduled for cystoscopy with hydrodistention rather than
cystoscopy or if they had a history of IC/BPS; these patients were excluded because regardless of their
current symptoms, original scheduling for CWHD signaled that a physician had diagnosed IC/BPS. Highly
symptomatic women were de�ned as women with a composite ICSI score of 12 or greater as well as with
a score of 4 or 5 to the question: “Have you experienced pain or burning in your bladder?”  We included
the criteria of a pain/burning ICSI subscale score of 4 or greater, as we chose to focus on women with a
high irritative symptom burden. No women with intermediate symptoms identi�ed as part of the larger
prospective study were included in this study.

The primary outcome of this study was any glomerulations. Univariate associations were evaluated with
Chi-square tests. Pairwise comparisons and subgroup analyses were carried out using Chi-square tests or
Fisher’s exact test. Secondary outcomes examined the demographics and medical history of our study
groups. A power analysis was not performed prior to initiation of the study, as the cohorts examined in
this study are part of a larger prospective study and all participants meeting criteria were included.  A
threshold P-value of .05 was designated statistically signi�cant.  

A sub-analysis was performed to evaluate women with either no glomerulations or >10 glomerulations in
3 or 4 quadrants.  Multivariable logistic regression was performed on the population in the subgroup
analysis. Given the low event rate in the sub-analysis group, a series of logistic regressions were carried
out in order to avoid over-�tting our model. The variables included in our model were minimal
symptomatology, self-reported gastroesophageal re�ux disease (GERD), recurrent urinary tract infection
(rUTI), and history of endometriosis. All analyses were performed using SPSS version 23.0 for Windows
(IBM, Armonk, New York).

This study was submitted to and approved by the St. Louis University IRB. It was conducted in
accordance with relevant guidelines and regulations as outlined by the St. Louis University IRB and
incompliance with the Declaration of Helsinki.

Results
The overarching prospective study included 667 participants. We excluded the following participants
from the analysis: participants in whom a glomerulations category was unknown (no reviewer data) or
incomplete (with one reviewer’s data only) or in which there was not concordance among at least two of
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three image reviewers. We excluded participants in whom O’Leary/Sant questionnaire scores were
unknown. We excluded participants who withdrew from the study given that withdrawal resulted in lack
of cystoscopic data. Of the 667 women who had cystoscopy and hydrodistension, 84 met the inclusion
criteria for this study. Thirty-three comprised the “minimally symptomatic” cohort and 51 met criteria for
the “highly symptomatic” cohort. (Figure 1).

Patients in the two groups had similar age and BMI (Table 1). More women in the highly symptomatic
group were Caucasian (p<.05). Women in the minimally symptomatic group were signi�cantly less likely
to have the following self-reported conditions: gastroesophageal re�ux disease, irritable bowel syndrome,
recurrent urinary tract infections, �bromyalgia, and endometriosis. The two groups were not signi�cantly
different in regards to having diabetes, thyroid disorder, autoimmune disorders, chronic hypertension,
menopausal status, gynecologic surgical history, or parity.

Table 1: Demographics and Medical History of Participants
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Characteristic Minimally
symptomatic
(N=33)

Highly symptomatic
(N=51)

p-
value

Age (years) 49.0 (39.5, 60.0) 46.0 (34.8, 57.3) 0.25

Caucasian 24 (72.7) 46 (92.0) <0.05

African American 9 (27.3) 4 (8.0)

Body Mass Index (kg/m2) 28.3 (24.6, 37.1) 29.3 (25.4, 35.1) 0.71

Diabetes 1 (3.0) 5 (9.8) 0.40

Thyroid Disorder 3 (9.1) 7 (13.7) 0.73

Asthma 5 (15.2) 11 (21.6) 0.66

Autoimmune Disease 3 (9.1) 5 (9.8) 1.00

GERD 4 (12.1) 25 (49.0) <0.001

Chronic Hypertension 11 (33.3) 17 (33.3) 1.00

rUTI 3 (9.1) 22 (43.1) <0.01

Irritable Bowel Syndrome 2 (6.1) 21 (41.2) <0.001

Fibromyalgia 0 (0.0) 9 (17.6) <0.01

Menopausal 16 (48.5) 23 (45.1) 0.94

Menopausal and currently on Vaginal
estrogen

2 (12.5) 5 (22.7) 0.68

Menopausal and currently on hormone
replacement therapy

1 (6.3) 2 (9.1) 1.00

Total pregnancies 3 (2, 4) 2 (1, 4) 0.13

Total number of vaginal deliveries 2 (1, 3) 2 (1, 3) 0.59

Total number of cesarean deliveries 0 (0, 1) 1 (0, 1) 0.16

Abdominal hysterectomy 4 (12.1) 9 (17.6) 0.71

Vaginal hysterectomy 1 (3.0) 8 (15.7) 0.08

Laparoscopic hysterectomy 2 (6.1) 5 (9.8) 0.70

Oophorectomy 1 (3.0) 8 (15.7) 0.08

Bilateral Oophorectomy 3 (9.1) 7 (13.7) 0.73
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Prolapse surgery 3 (9.1) 9 (17.6) 0.35

Endometriosis 2 (6.1) 19 (37.3) <0.01

Incontinence surgery 2 (6.1) 5 (9.8) 0.70

Data are reported as medians, interquartile ranges (IQR) or n, percentage

When assessing for the primary outcome of “any glomerulations”, the study population was divided into
two glomerulation categories: no glomerulations versus any level of glomerulations. There was no
difference in any glomerulations seen between minimally symptomatic women and highly symptomatic
women (9/33 (27.3%) versus 21/51 (41.2%), p= .29)

When comparing the distribution of glomerulations across our two cohorts, minimally symptomatic
women were less likely to have signi�cant glomerulations (> 10 glomerulations in 3 or 4 quadrants) than
women who had high symptomatology, (3.0% versus 23.5%, p< .05, Table 2).

Table 2: Glomerulation Distribution for Women with Minimal vs High Symptomatology

 > 10 Glomerulations in 3
or 4 Quadrants

> 10 Glomerulations in 1
or 2 Quadrants 

Any Glomerulations
Occuring at a Lower Rate

No
Glomerulations

P-
Value

Minimally
Symptomatic
(N = 33)

1 (3.0 %) 5 (15.2 %) 3 (9.1 %) 24 (72.7 %)  
 
<.05

Highly
Symptomatic 
(N = 51)

12 (23.5 %) 6 (11.8 %) 3 (5.9 %) 30 (58.8 %)

We performed a subgroup analysis to evaluate women with the two extremes of glomerulations: women
with either > 10 glomerulations in 3 or 4 quadrants or no glomerulations. There were 67 women in the
subgroup analysis; 25 minimally symptomatic and 42 highly symptomatic. Patients in the two sub-
analysis groups also similar age, race, and BMI (Table 3). Women in the minimally symptomatic group
were signi�cantly less likely to have the following self-reported conditions: gastroesophageal re�ux
disease, irritable bowel syndrome, recurrent urinary tract infections, and endometriosis. Minimally
symptomatic women were signi�cantly less likely to have >10 glomerulations in 3 or 4 quadrants
compared to highly symptomatic women in a pairwise comparison of the subgroup analysis (1/25 (4.0%)
versus 12/42 (28.6%), p<.05).

Table 3: Demographics and Medical History of Participants For Subgroup Analysis
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Characteristic Minimally
symptomatic
(N=25)

Highly symptomatic
(N=42)

p-
value

Age (years) 53.0 (40.0, 61.0) 46.0 (32.5, 54.0) .08

Caucasian 18 (72.0) 38 (90.5) .09

African American 7 (28.0) 4 (9.5)

Body Mass Index (kg/m2) 29.8 (25.1, 38.6) 29.4 (25.1, 34.2) .73

Diabetes 1 (4.0) 5 (11.9) .40

Thyroid Disorder 3 (12.0) 6 (14.3) 1.00

Asthma 4 (16.0) 8 (19.0) 1.00

Autoimmune Disease 3 (12.0) 5 (11.9) 1.00

GERD 3 (12.0) 20 (47.6) <.01

Chronic Hypertension 8 (32.0) 12 (28.6) .98

rUTI 3 (12.0) 18 (42.9) <.05

Irritable Bowel Syndrome 1 (4.0) 17 (40.5) <.01

Fibromyalgia 0 (0.0) 6 (14.3) .08

Menopausal 14 (56.0) 17 (40.5) .33

Menopausal and currently on Vaginal
estrogen

2 (14.3) 3 (18.8) 1.00

Menopausal and currently on hormone
replacement therapy

1 (7.1) 1 (6.3) 1.00

Total pregnancies 3 (2, 4) 2 (0.75, 4) .11

Total number of vaginal deliveries 2 (1, 3.5) 2 (1, 3) .81

Total number of cesarean deliveries 0 (0, 1) 1 (0, 1) .35

Abdominal hysterectomy 4 (16.0) 5 (11.9) .72

Vaginal hysterectomy 1 (4.0) 7 (16.7) .25

Laparoscopic hysterectomy 1 (4.0) 5 (11.9) .40

Oophorectomy 1 (4.0) 4 (9.5) .64

Bilateral Oophorectomy 3 (12.0) 5 (11.9) 1.00
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Prolapse surgery 3 (12.0) 6 (14.3) 1.00

Endometriosis 1 (4.0) 16 (38.1) <.01

Incontinence surgery 1 (4.0) 4 (9.5) .64

Data are reported as medians, interquartile ranges (IQR) or n, percentage

We performed multivariable logistic regression analyses on the sub-analysis group of 67 women with no
glomerulations or >10 glomerulations in 3 or 4 quadrants to account for baseline differences between the
two groups (Table 4).  Due to low event rates we created 3 models, as the number of covariates we could
include in each model was limited. Each regression model assessed the association between minimal
symptomatology and > 10 glomerulations in 3 or 4 quadrants when controlling for one of the following
variables: GERD, endometriosis, and rUTI. In the �rst model, minimally symptomatic women were less
likely to have > 10 glomerulations in 3 or 4 quadrants when controlling for GERD (adj. OR 0.1077 (0.012-
0.928); p<.05).  Similarly, in the second model, when controlling for endometriosis, minimally
symptomatic women were less likely to have > 10 glomerulations in 3 or 4 quadrants (adj. OR 0.069
(0.008-0.589); p<.05).  However, in the third model when controlling for recurrent UTI, the association
between minimally symptomatic women and > 10 glomerulations in 3 or 4 quadrants was no longer
signi�cant (adj. OR 0.132 (0.015-1.134); p=.07). Neither GERD, endometriosis, nor rUTI had signi�cant
associations with > 10 glomerulations in 3 or 4 quadrants in any of the models.

Table 4: Logistic Regression Models for > 10 Glomerulations in 3 or 4 Quadrants in Sub-
analysis Population *

Table 4a: Bivariate Logistic Regression Model of Minimal Symptomatology and GERD for > 10
Glomerulations in 3 or 4 Quadrants in Sub-analysis Population

 Adjusted Odds Ratio 95% CI P-value

Minimal Symptomatology  .107 .012-.928 <.05

GERD 1.077 .291-3.981 .91

 

Table 4b: Bivariate Logistic Regression Model of Minimal Symptomatology and Endometriosis

for > 10 Glomerulations in 3 or 4 Quadrants in Sub-analysis Population

 Adjusted Odds Ratio 95% CI P-value

Minimal Symptomatology  .069 .008-.589 <.05

Endometriosis .227 .042-1.213 .08
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Table 4c: Bivariate Logistic Regression Model of Minimal Symptomatology and Recurrent UTI
for > 10 Glomerulations in 3 or 4 Quadrants in Sub-analysis Population

 Adjusted Odds Ratio 95% CI P-value

Minimal Symptomatology  .132 .015-1.134 .07

rUTI 2.172 .586-8.052 .25

*Sub-analysis Population are the 67 women with No Glomerulations and those with > 10 Glomerulation in 3 or 4 quadrants

Discussion
Our study shows a signi�cant difference in the distribution of glomerulations in minimally and highly
symptomatic women. While there was not a difference in our primary outcome of ‘any glomerulations’
between minimally and highly symptomatic women, comparison of the distribution of glomerulation
between minimally and highly symptomatic women as well  as the pairwise comparison examining only
women at the extremes of visualized glomerulations (with no glomerulations or > 10 glomerulations in 3
or 4 quadrants) did show minimally symptomatic women were signi�cantly less likely to have >10
glomerulations in 3 or 4 quadrants compared to highly symptomatic women. This re�ects that the
signi�cant difference in the glomerulation distribution between our two groups lies at the extremes of
glomerulation categories. The signi�cant association between minimal symptomatology and no
glomerulations in the univariate subgroup analysis persisted in the multivariable logistic regression
analysis when controlling for GERD and endometriosis, but not when controlling for rUTI.

This study contributes to the discussion surrounding the clinical role of glomerulations. Glomerulations
have been reported in patients with alternative diagnoses to IC/BPS5–7. However, there is limited
prospective data examining asymptomatic or minimally symptomatic women. Glomerulations on CWHD
were found in asymptomatic, normal women undergoing tubal ligation at the same rate as pictures of
historical controls with a diagnosis of IC/BPS in a study by Waxman and colleagues 10. Our study’s
�ndings contrast with those above as we found that minimally symptomatic women are signi�cantly less
likely to have a high glomerulation burden compared to highly symptomatic women. 

We used potential risk factors for glomerulations in creating our logistic regression models. Recurrent
urinary tract infections were included in the model, as they can be a frequent misdiagnosis, but also may
contribute to the development of IC/BPS and urothelial damage11. Endometriosis was selected as it is a
common comorbidity of IC/BPS that results in lesions and upregulation of neuroin�ammatory
processes12–14. We included GERD in the model because of an association of functional dyspepsia with
IC/BPS, combined with similarities in urothelium and esophageal mucosa in those with glomerulations
and erosions respectively 15,16.    

The recognition of overarching chronic pain syndromes casts new light on debate regarding cystoscopic
�ndings, especially in regards to patients with glomerulations with other diagnoses17. A recent systematic
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review of cystoscopic �ndings as it relates to IC/BPS concluded that glomerulations are not speci�c for
IC/BPS and can be found in patients with LUTS, benign prostatic hypertrophy, overactive bladder (OAB),
prostatitis, and urolithiasis 3,4,6,18–20. Glomerulations also may be a consequence of multiple bladder
pathologies. This understanding may be useful in patients with chronic pelvic pain with multiple
etiologies, such as endometriosis, myofascial pain, and others. Bladder assessment during, for example,
a diagnostic laparoscopy that shows signi�cant glomerulations may prompt clinicians to consider
potential bladder pathology. This comes with the caveat that lack of glomerulations does not mean
bladder health, just as lack of any one speci�c pathologic sign or symptom does not mean bladder
health.  

A strength of this study was that a speci�c de�nition of IC/BPS was not employed, due to the breadth of
society de�nitions in diagnosis. Instead this study focused on symptom burden21,22. We de�ned the
minimally symptomatic group to include women with an O’Leary/Sant Score of 0-4, because we wanted
this group to re�ect women without signi�cant bladder dysfunction. We acknowledge that this serves as
an imperfect surrogate for a spectrum of low symptomatology we would consider “normal.”  Given the
heterogeneous and often overlapping causes of pelvic pain, women with intermediate levels of LUTS
were not included in this analysis in order to decrease confounders.

Conversely, we de�ned our “highly symptomatic group” as having an ICSI score cutoff of 12 or greater, as
this has been previously used as a great burden of IC/PBS-associated symptoms23,24. Given that the ICSI
assess for frequency, urgency, nocturia, and pain/burning, we chose an index to assess irritative bladder
symptoms, knowing that many will have IC/BPS as the cause whereas others would have alternative or
overlapping lower urinary tract disorders25. The use of the ICSI as part of assessment of broader LUTS,
not just IC/BPS, is supported by its use in the Multidisciplinary Approach to the Study of Chronic Pelvic
Pain (MAPP) study17. This study used stringent criteria to select sample groups with fewer confounding
variables.  

A further strength of our study is that the reviewers of the images were blinded to preoperative diagnosis,
evaluated the images separately, and there had to be consensus amongst them on the images. 

The weaknesses of this study include ranking glomerulations along an unvalidated, predetermined scale.
However, we note that the category with most glomerulations is based on the stringent National Institute
of Diabetes and Digestive and Kidney Diseases (NIDDK) criteria for IC/BPS based on cystoscopic
�ndings, on which many initial studies of IC/BPS are based: a minimum of 10 glomerulations must be
present in 3 of 4 quadrants after distension of the bladder to 80-100 cm water pressure for 1-2 minutes26.
The next category, >10 glomerulations in 1 or 2 quadrants, was selected to represent a high rate of
glomerulations that does not meet the NIDDK threshold.

Therefore, a further direction of study lies in assessing whether there is a certain burden of
glomerulations that is associated with disease states. The NIDDK research criteria may not �t with a
developing understanding of the clinical relevance of glomerulations26. Further investigations are needed
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to assess the relationship between glomerulations and broader bladder pathology. In the setting in which
glomerulations are not used for diagnosis of a certain disease condition, but rather as a marker of an
unhealthy bladder, they would prompt a clinician to investigate for clinical bladder symptoms.

Conclusions
While glomerulations are no longer used in the diagnosis of IC/BPS, minimally symptomatic women only
rarely have a signi�cant glomerulation burden3,4,20.  There is little data to support that glomerulations are
present in asymptomatic patients10. That is to say, that although glomerulations may not be limited to
IC/BPS, they may represent a pathologic state. Incidentally found glomerulations ought to prompt
investigation regarding a patient’s urinary symptoms as there is a signi�cant possibility of revealing lower
urinary tract pathology. The understanding of whether or not glomerulations represent a pathological
bladder state is important to the clinician, as we seek to de�ne both disease bladder states and the
de�nitions of bladder health.
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Figure 1

Selection of Study groups. *606 women were excluded in the following manner: 83 for no ICSI scores, 6
for partial ICSI scores, and 517 for higher ICSI scores (ICSI scores > 12). ** 428 women were excluded in
the following manner: 83 for no ICSI score, 6 for partial ICSI scores, and 339 for lower ICSI scores (ICSI
score < 12).


