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Hypothesis / aims of study

The classification of different phenotypes of interstitial cystitis/ bladder pain
syndrome (IC/BPS) provides different pathophysiology and associated
treatment strategies. Most clinical studies have focused on bladder symptoms
and cystoscopic findings. This study analyzed bladder wall thickness (BWT)
and compared bladder conditions, urinary biomarkers, and
histopathology among patients of IC/BPS with different BWT.

Study design, materials and methods

We retrospectively analyzed patients with clinically proven IC/BPS. IC
symptom scores, including the IC symptom index, IC problem index, and

Table 1. Clinical demographics, symptoms, urodynamic findings, and cystoscopic

findings in patients with different subgroups of bladder wall thickness.

Results and interpretation

Among the studied patients, 85 had smooth, 64 had focal, and 33 had diffuse
BWT. The duration of IC history was 9.45 + 8.56, 9.98 £ 9.98, and 8.03 £ 6.69
years, respectively (p = 0.599). Table 1 shows the clinical demographics,
symptoms, and urodynamic parameters of cystoscopic findings in patients
with different BWT subgroups. Patients with diffuse BWT were significantly
older, had smaller MBC and cystometric bladder capacity (CBC), higher
grade of glomerulation, and higher IC symptom scores. We found HIC in
84.8% of patients with diffuse BWT, 21.9% in patients with focal BWT, and
none in patients with smooth BWT. Patients with focal BWT had a higher rate
of small MBC than patients with smooth BWT did.

Table 2. Levels of urinary biomarkers in patients with interstitial cystitis and different

bladder wall thickness subgroups
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factor (NGF); brain-derived neurotrophic factor (BDNF); exotoxin; interleukin
(IL)-2; IL-6; IL-8, macrophage inflammatory protein—1 beta; regulated upon
activation, normally T-expressed, and presumably secreted; tumor necrosis
factor-alpha (TNF-a); prostaglandin E2; 8-hydroxy-2-deoxyguanosine (8-
OHdG); 8-isoprostane; and total antioxidant capacity.

VUDS and cystoscopic hydrodistention were well described in our previous
reports. [7,11] The purpose of performing VUDS before cystoscopic
hydrodistention was to exclude patients with a normal bladder and the
presence of bladder outlet obstruction (BOO). Cystoscopic hydrodistention
was performed under general anesthesia and an intravesical pressure of 80
cm H20 for 10 minutes, and the bladder was then evacuated slowly. The
bladder was carefully examined for the formation of petechial, glomerulation,
splotch hemorrhage, mucosal fissures, or ulceration. The glomerulation grade
was classified according to the appearance of glomerulations as follows: O,
none; 1, less than half of the bladder wall; 2, more than half of the bladder
wall; or 3, severe waterfall bleeding. Patients who had Hunner’s lesions with
or without glomerulation were classified as having HIC, regardless of the
glomerulation grade (Figure 1).

To evaluate BWT and other possible pathologies, pelvis bladder CT was
performed before cystoscopic hydrodistention during a recent admission.
Because most patients with IC/BPS could not tolerate a full bladder, bladder
volume was maintained at approximately 100 mL. Bladder CT findings were
classified as smooth bladder wall when an even thickness was observed
throughout the bladder wall; focal thickness when BWT was observed in only
a portion of the bladder, or diffused BWT when bladder wall thickening
involved more than half of the bladder (Figure 1). An experienced urologist
(Kuo HC) who was not involved in the final data analysis performed BWT
subgrouping in bladder CT.

Figure 1. Characteristic cystoscopic findings and bladder computed tomography in
patients with interstitial cystitis. Upper panel: (A) smooth, (B) focal, and (C) diffuse
bladder wall thickness. Lower panel: (A) diffuse glomerulations, and (B) (C) presence

of Hunner’s lesion.

We classified the patients according to different bladder CT subgroups and
compared basic demographics, IC symptoms, VUDS findings, and
cystoscopic characteristics among patients with smooth, focal, and diffuse
BWT. Furthermore, we compared the urinary levels of inflammatory proteins
and oxidative stress biomarkers and the histopathological findings from
patients with available bladder biopsy and urine specimens among the three
BWT subgroups. Thirty women without lower urinary tract dysfunction served
as comparative control group and the urine samples were collected for urine
biomarkers assay. We evaluated differences in numerical variables using the
independent t-test and differences in categorical variables using Pearson’s
chi-square test and analysis of variance was used to analyze differences
among subgroups.
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In investigating the urine biomarker levels among controls and different
IC/BPS patients with different BWT, we found the urinary biomarkers were
significantly higher in IC/BPS patients than that of controls in IL-8, CXCL10,
exotoxin, IL-6, TNF-a, PGE2, 8-OHdG, and 8-isoprostane. The levels of
urinary biomarkers were higher in patients with focal or diffuse BWT than with
smooth BWT, in IL-8, CXCL-10, exotoxin, and IL-6. The urinary levels of
oxidative stress biomarkers were significantly higher in IC/BPS patients than
the controls, but was not significantly different among IC/BPS patients with
different BWT (Table 2).

We also investigated the histopathological findings of 49 patients of
IC/BPS with smooth BWT, 34 with focal BWT, and 26 with diffuse BWT for
urothelium denudation, eosinophil and plasma cell infiltration, lamina propria
hemorrhage, and granulation and compared these among patients of different
BWT subgroups. We found significantly higher rates of mild-to-severe
urothelial denudation and presence of plasma cell infiltration in the bladder
wall among patients with focal BWT and the highest rates in patients with
diffuse BWT as compared with patients with smooth BWT. Patients with
diffuse BWT had significantly higher rates of mild-to-severe inflammatory cell
infiltration, eosinophil infiltration, nerve bundle hyperplasia, and granulation
tissue than those in the smooth and focal BWT subgroups. The other
histopathological findings were not different among patients with different
BWT subtypes (Table 3).

Table 3. Histopathological findings among patients with interstitial cystitis and
different bladder wall thickness subgroups

Histopathology Severity Smooth BWT  Focal BWT Diffuse BWT  P-value
(N=49) (N=34) (N=26)

Inflammatory cell 0,1 39 (79.6%) 28 (82.3%) 13 (50%) 0.039

infiltration 2,3 10 (20.4%) 6 (17.6%) 13 (50%)

Urothelial cell 0,1 45 (91.7%) 28 (82.4%) 11 (44.0%) 0.000

denudation 2,3 4 (8.2%) 6 (20%) 15 (56.0%)

Fibrosis Present 18 (36.7%) 8 (23.5%) 11(42.3%) 0.269
Absent 31 (63.3) 26 (76.5%) 15 (57.7%)

Eosinophil Present 7 (14.3%) 5(14.7%) 11 (42.3%) 0.010

infiltration Absent 42 (85.7%) 29 (85.3%) 15 (57.7%)

Plasma cell Present 8 (16.3%) 7 (20.6%) 13 (50.0%) 0.005

infiltration Absent 41 (83.7%) 27 (79.4%) 13 (50.0%)

Hemorrhage of Present 3(6.1%) 2 (5.9%) 4 (16.0%) 0.286

lamina propria Absent 46 (93.9%) 32 (94.1%) 21 (84.0%)

Nerve bundle Present 1(2.0%) 0 (0.0%) 5(19.2%) 0.002

hyperplasia Absent 48 (98.0%) 34 (100.0%) 21 (80.8%)

Granulation Present 5(10.2%) 3 (8.8%) 15 (60.0%) 0.0001

tissue Absent 44 (89.8%) 31(91.2%) 10 (40.0%)

Conclusions

In patients with IC/BPS, focal and diffuse BWT on bladder CT correlated well
with the presence of HIC, small MBC, and high grade glomerulation. The
presence of diffuse BWT is associated with increased bladder inflammatory
cell infiltration, urothelial cell denudation, eosinophils and plasma cells
infiltration, nerve bundle hyperplasia, and granulation tissue in patients with

IC/BPS, which might predict the presence of HIC.
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