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Abstract
Purpose of review In this review, the current literature of imaging of bladder pain syndrome and interstitial cystitis (BPS/IC) will
be addressed. Topics include BPS/IC, cystoscopy, computed tomography, and magnetic resonance image (MRI).
Recent findings There are no randomized clinical trials on imaging of BPS/IC. Recently, contrast-enhancedMRI could detect the
brain alterations and the changes in bladder permeability, and detection of the latter is enhanced by intravesical injection of
contrast agents.
Summary MRI could advance the understanding of pathological changes in the brain and the bladder of BPS/IC patients.
Especially, contrast-enhanced MRI has a potential to become a diagnostic tool although more evidences are necessary for
clarifying the efficacy.
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Introduction

International continence society (ICS) defines bladder pain
syndrome/interstitial cystitis (BPS/IC) as a symptom complex
with the complaint of suprapubic pain related to bladder filling,
accompanied by other symptoms such as increased daytime and
night-time frequency, in the absence of proven urinary infection
or other obvious pathology [1••]. Cystoscopy is one of the tools
for the diagnosis of BPS/IC, and Hunner lesion, which presents
as a circumscript, reddened mucosal area with small vessels
radiating towards a central scar, with a fibrin deposit or coagu-
lum attached to this area [2], is the typical finding of IC.
However, the significant number of BPS/IC patients does not

have the Hunner lesion, which is sometimes difficult to be
confirmed by cystoscopy; therefore, the examination is not a
reliable tool for the diagnosis [3]. Furthermore, it has been
considered that typical findings of BPS/IC patients do not exist
in imaging with computed tomography (CT) or magnetic reso-
nance imaging (MRI), while these imaging techniques are use-
ful for detecting other diseases such as bladder cancer and uri-
nary stones. Thus, until recently, there is scarce evidence of
imaging of BPS/IC in clinical settings for the diagnosis and or
underlying pathophysiology [4]. However, just recently, several
studies have reported on the efficacy of MRI for detecting the
findings suggestive of BPS/IC. BPS is considered to be main-
tained by alterations in the central nervous system. For example,
functional MRI could detect an increment of gray matter vol-
ume in several brain regions of BPS/IC patients [5]. Moreover,
intravesical injection of contrast medium in MRI could help to
detect changes in bladder permeability, which is specific to
BPS/IC [6, 7]. Therefore, this review introduces the current
development of imaging of BPS/IC.

Pathophysiology of Bladder Pain
Syndrome/Interstitial Cystitis

Bladder wall is composed of several layers including
urothelium, lamina propria, smooth muscles, and serosa.
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These compartments play roles in voiding, storage, and
barrier functions.

In BPS/IC patients, the functional loss of urothelium is
considered to be an important factor in pathophysiology.
Especially, Hunner lesion found in BPS/IC patients indicates
impaired restoration of normal urothelium due to unknown
irreparable mechanisms [4]. By contrast, non-Hunner-type
BPS, which comprises the significant portion of BPS/IC, has
the relatively unaltered urothelium with sparse inflammatory
lesions [8]. Histologically, mast cells, inflammatory cells, and
cytokines are often detected in BPS/IC bladders; however,
these are not found to be specific markers of BPS/IC.
Recently, Maeda et al. have shown that inflammatory changes
are often seen in BPS/IC patients with Hunner lesion.
Substantial lymphoplasmacytic inflammation was observed
in 93% of BPS/IC with Hunner lesion, whereas only 8% of
BPS/IC without Hunner lesion were inflamed [9]. Also,
plasmacytic infiltration was more prominent in BPS/IC with
Hunner lesion compared with non-Hunner BPS/IC.

Several factors are considered to be involved in the patho-
genesis of BPS/IC [10]. As mentioned above, damaged and
leaky urothelium is observed in the BPS/IC bladder, which
increases permeability of irritative substances in urine such
as urea and potassium, resulting in bladder pain and urinary
frequency [11]. Decrement of urothelial growth factor such as
heparin-binding epidermal growth factor-like growth factor or
antiproliferative factor reduces the urothelial proliferation [12,
13]. Impaired tight junction proteins such as ZO-1, connexin
43, and connexin 45 are also reported to increase bladder
permeability [14, 15]. The release of nitric oxide and altered
expression of uroplakins are also considered to be the factor of
impaired urothelial barrier function in the bladder [16, 17].
Immunological mechanism has also been considered to play
roles in pathophysiology of BPS/IC. Several chemokines and
cytokines are upregulated in patients with BPS/IC [18, 19].
Furthermore, altered sensory nerve activity may induce the
persistence of chronic pelvic pain [20]. At present, pathophys-
iology of BPS/IC is considered as not dominated by a single
factor but is multifactorial, and unfortunately these mecha-
nisms have not been well established for the clinical use such
as biomarkers for diagnosis and treatment.

Cystoscopy

Cystoscopy detects the characteristic findings of BPS/IC in-
cluding Hunner lesion as well as glomerulations with cascade
bleeding after hydrodistension. Hunner lesion is a reddish
mucosa without the normal capillary structure associated with
converging vessels, covering fibrin clots or scars in the vicin-
ity [21••]. Glomerulations have been considered to be an im-
portant finding for the diagnosis of bladder-centric BPS/IC;
however, according to recent studies, they have a limited

association with BPS/IC [22]. Also, the incidence of Hunner
lesion varies between 5 and 57% among studies [2]. Thus,
cystoscopic diagnosis is often difficult and inconsistent for
common urologists [23], while it is useful to rule out other
diseases such as bladder cancer. It has been reported that cys-
toscopic examination assisted by narrow band images may
help to find Hunner lesion and other bladder-specific changes
in BPS/IC [24•], although the procedure has not been popular.
Further development is needed to standardize the cystoscopy-
based diagnostic methods, including the cystoscopy atlas, for
identification of Hunner lesion and other bladder-specific
pathological changes in BPS/IC.

Computed Tomography

CT has often been used in detection of urogenital diseases
such as cancer and stones. CT could be used to produce
three-dimensional images of the internal body by recording
the x-rays. Recent advancement in CT such as a multidetector
enables acquisition of multiplanar imaging to obtain sagittal,
coronal, and axial images. Dual-source CT using two rotating
tubes allows tissue differentiation of tissues as well as renal
stones [25]. The technology could detect the unenhanced le-
sion of bladder cancer. Urothelial tumor was identified on
arterial phase, nephrographic-excretory phase, and both com-
bined phases with sensitivity of 91.9%, 83.4%, and 97.3%,
respectively [26]. However, these reports did not prove the
efficacy of CT to accurately detect the tumor stage including
the cancer invasion into the bladder muscle layer. A case re-
port of BPS/IC showed efficacy of the immunosuppressive
drug on bladder thickening by CT image [27]. However, at
present, CT lacks the sensitivity to detect the changes in the
bladder wall and the tissue composition associated with fibro-
sis compared with MRI (Fig. 1). Therefore, currently, CT is
not considered as the diagnostic tool for BPS/IC.

Magnetic Resonance Imaging

MRI is also routinely used for diseases of the urinary tract
owing to the progress in this area of technology. MRI obtains
the excellent signal contrast resolution especially in the soft
tissue compared with CT imaging. The mechanisms of imag-
ing MRI are as follows: the patient is placed on a framework,
which produces a magnet field of sufficient strength, and then
the free water protons in the patient orient themselves in the
equilibrium along the magnetic field’s longitudinal axis. A
radio frequency (RF) antenna or coil is placed over the body,
which transmits the RF pulses to flip the orientation of protons
in the imaged organ of patient. When the RF pulse stops, the
magnetic dipoles of water protons return to the equilibrium
orientation in the process called relaxation and the moment of
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magnetic dipoles through the space enclosed by the receiver
coils is captured as signal for generating the MR image. The
captured signal depends on the tissue characteristics, the phys-
ics of the pulse sequence, and the speed of T1 and T2 relaxation
time to generate T1 or T2 weighted images. The T1-weighted
images are generated by the time taken to return to equilibrium
in the z-axis. The T2-weighted images are generated by the time
taken to return to equilibrium in the transversal axis. In general,
accumulation of fluids in organ appears darker and brighter in
T1-weighted and T2-weighted images, respectively. In addi-
tion, gadolinium (Gd) is used as a contrast agent inMRI, which
shortens the relaxation times of water, resulting in an increase in
the enhancement of signal in T1-weighted images.

MRI is advantageous over CT in imaging of the bladder
because of the increased signal contrast between bladder mus-
cles and urothelium. This allows for differentiation between
invasive and superficial bladder cancer with an accuracy of
85% [28]. The advantage may have the efficacy in evaluating
pathological changes in the thin bladder urothelium, which is
typical in BPS/IC with Hunner lesion [29•].

Dynamic Contrast-Enhanced MRI

DCE-MRI refers to T1-weighted imaging with Gd-based con-
trast agents, which can assess vascular permeability and per-
fusion of the organs such as prostate by obtaining multiple
image acquisitions [30]. Rapid image acquisition typical of
DCE-MRI is not meant to obtain clear anatomic images; rath-
er, it is used to assess the blood flow and vascular permeability

throughout organs over time. The advantage makes it possible
to evaluate the staging of bladder cancer (Fig. 2). Rabie et al.
compared the DCE-MRI imaging with pathological findings
of bladder cancer [31•]. Kappa agreement coefficient between
imaging and pathology was 0.7, which was statistically sig-
nificant. Accuracy of DCE-MRI is dependent on the bladder
cancer stage and useful for detecting the tumor progression
and the tumor invasion depth [31•]. Hassanien et al. also
showed the usefulness of DCE-MRI on evaluation the inva-
sion of bladder cancer [32]: Overall accuracy in tumor staging
was 89.5%. In addition, they also stated that DCE-MRI was
superior to detect angiogenesis mediated growth and tissue
invasion of bladder cancer [32].

MRI-Based Diagnosis of BPS/IC

To the best of our knowledge, the investigation of MRI for the
BPS/IC was firstly focused on the brain. In a multicenter
study, high-resolution T1-weighted MRI [5] and functional
MRI (fMRI) of the brain have been used to detect alterations
in central pain processing of well-phenotyped BPS/IC patients
[33••]. Compared with healthy controls, pain, mood (anxiety),
and urological symptoms of BPS/IC, patients were associated
with a notably elevated volume of gray matter in the right
primary somatosensory cortex, the superior parietal lobule
bilaterally, and the right supplementary motor area. [5].

MRI could also detect the pelvic floor hypertonicity includ-
ing shortened levator ani muscles, increased posterior
puborectalis angles, and decreased puborectal distances,

Fig. 1 MRI and CT images of
bladder cancer. A. T2 weighted
MRI without contrast (coronal
image). B. Enhanced CT (coronal
image). C. Magnified image of
red dotted square in A. D.
Magnified image of red dotted
square in B. T2 weighed image
clearly shows the bladder wall
compared with the enhanced CT
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which may aggravate pelvic pain in patients with chronic pel-
vic pain syndrome (CPPS) including BPS/IC [34•].

More recently, Charlanes examined whether diffusion-
weighted magnetic resonance imaging (DWMRI) could con-
tribute to the diagnosis of BPS/IC. In this study, BPS/IC pa-
tients showed high signal intensity of the bladder wall with a
sensitivity of 28% and a specificity of 88%, whereas the con-
trol patients showed no signal intensity of the bladder with a
sensitivity of 96% and a specificity of 29% [35].

These reports indicate that MRI could detect the alteration
in the central nervous system and peripheral organs of the
lower urinary tract in patients with BPS/IC, and that it might
be useful for the diagnosis and treatment. However, these
studies were all retrospective studies with a small sample size;
thus, further clinical studies are essential.

The Possibility of Contrast-Enhanced MRI
for the Diagnosis of BPS/IC

Bladder permeability is one of the considered etiologies of
BPS/IC and holds the potential to become a biological tool
for the diagnosis of this disease. Towner et al. examined the
usefulness of MRI for detection of increased bladder perme-
ability in experimental models of cystitis induced by
intravesical administration of protamine sulfate [6]. Twenty-
four hours after instillation, diagnostic contrast-enhanced
magnetic resonance imaging (CE-MRI) approach involved

administration of Gd-DTPA (0.034-mM Gd-DTPA diluted
to 800 μl in saline), administered via an intravesical catheter,
for visualization of permeability of the bladder urothelium
(bladder contrast images). The enhanced contrast (7 min fol-
lowing Gd-DTPA administration) was able to establish that
there was bladder urothelium leakage of the Gd-DTPA con-
trast agent following protamine sulfate-induced damage of the
glycosaminoglycan (GAG) layer in T1-weighted (T1w) hori-
zontal MR images of rat bladders (399.7 ± 68.7% change in
MRI signal intensity for protamine sulfate-exposed rats, com-
pared with 39.2 ± 12.2 for controls; p < 0.0001). Based on
these animal experiments, they investigated the efficacy of
CE-MRI on patients with BPS/IC to evaluate changes in per-
meability of the bladder urothelium after GD-DTPA
intravesical instillation [36•]. Quantitative assessment of
MRI signal intensities indicated a significant increase in signal
intensity within anterior bladder regions compared with pos-
terior regions in BPS/IC patients, and significant increases in
signal intensities within anterior bladder regions and kurtosis
(descriptor of shape of probability distribution) and skewness
(measure of asymmetry of probability distribution) associated
with contrast enhancement in total bladders for BPS/IC pa-
tients compared with controls. Regarding symptomatology,
BPS/IC cases differed significantly from controls for the ques-
tionnaire of lower urinary tract symptoms such as SF-36,
Pelvic Pain, Urgency, and Frequency (PPUF) questionnaire
and Interstitial Cystitis Problem Index (ICPI) with no overlap
in range of scores for each group, indicating that CE-MRI

Fig. 2 Dynamic contrast-
enhanced MRI and CT images of
bladder cancer. A. Dynamic
contrast MRI (coronal image). B.
Enhanced CT (coronal image). C.
Magnified image of red dotted
square in A. D. magnified image
of red dotted square in B.
Dynamic contrast MRI represents
the clear outline of bladder wall
compared with the enhanced CT
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provides an objective, quantifiable measurement of bladder
permeability that could be used to stratify bladder pain pa-
tients and monitor therapy.

Using similar, but improved methods, our group recently
investigated the feasibility of intravesical instillation of con-
trast mixture (4-mM gadobutrol and 5-mM ferumoxytol) to
segment the bladder wall from the bladder lumen in a rat
cystitis model [37•]. Gadobutrol, whose molecular weight of
604.71 Da, reaches the extracellular space in the lamina
propria to produce T1 contrast, whereas ferumoxytol,
superparamagnetic iron oxide nanoparticles, increased con-
trast of the bladder wall by shortening the T2 in the bladder
lumen. Hyperintensity in the bladder wall combined with

hypointensity in the lumen is consistent with the increased
diffusion of the dissolved Gd-DTPA and simultaneous local-
ization of the larger nanoparticles of ferumoxytol in the lumen.
The hyperintense signal in the bladder wall was significantly
increased in rat cystitis models compared with normal rats
[37•]. Furthermore, the efficacy of the same compounds to
visualize the human bladder wall we investigated in 4 BPS/
IC patients and 2 controls [7] (Fig. 3). The contrast mixture
could increase the contrast on MRI without inducing bladder
pain or discomfort. A fourfold increase in the bladder wall
contrast-to-noise ratio and very small pixel size with few arti-
facts significantly allowed accurate determination of bladder
wall thinning. The contrast mixture significantly shortened the

Fig. 3 Quantitative measurement of gadolinium diffusion in the bladder
of BPS/IC patients. T1-weighted fast low angle shot (FLASH) images
with constant repetition time (TR) of 5.5 milliseconds (ms) at flip angle
(FA) of 6° (A, C, and E) and 14° (B, D, and E) demonstrate that
gadobutrol-mediated signal enhancement (visible in the right tube
containing gadobutrol 4 mM alone) is suppressed by the presence of
ferumoxytol (5 mM) in the novel contrast mixture (NCM) tube, as the
gadobutrol concentration of 4 mM is the same in both tubes (A and B).
T1-weighted FLASH images demonstrates that greater separation of
gadobutrol into the bladder wall away from the NCM instilled in the
bladder lumen occurs in Hunner-type BPS/IC patients (E and F) than in

non-Hunner BPS/IC patient (C and D), which is evident from the
dramatic increase in signal intensity in Panel F relative to Panel D at FA
of 14°. Catheter used for instillation is shown by C in panel C–H.
Constant TR of 5.5 ms at different FAs achieves the stable steady-state
conditions necessary for the differences in signal intensity of the same
slice to become a function of T1 relaxation time as indicated by the color
panel in Panel H. Greater shortening of T1 relaxation time (blue color) in
Hunner-type BPS/IC patients is consistent with higher diffusion of
gadobutrol into the expanded extracellular matrix of the thickened
bladder wall of IC/BPS patients. This figure was modified from a figure
in our previous publication [29•]
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relaxation time in Hunner-type BPS/IC compared with non-
Hunner BPS/IC and control patients, indicating that the com-
pounds could achieve the artifact-free differential contrast and
spatial resolution of human bladder wall, which is suitable for
measuring bladder wall thickness. These results are promis-
ing; however, the sample size is small, and further studies with
a large number of BPS/IC patients are needed to establish the
evidence.

Conclusion

Recent development of imaging methodologies could obtain
clear images of alterations in the bladder and the brain in
patients with BPS/IC. These findings could also help under-
stand the pathophysiology of BPS/IC. T1-weighted MRI and
fMRI can inform the change in some brain regions associated
with chronic pelvic pain of BPS/IC. Contrast-enhanced MRI
of the bladder wall has the potential to objectively separate
three types of BPS/IC: Hunner-type BPS/IC, non-Hunner
BPS/IC, and hypersensitive BPS/IC bladder. The objective
classification may establish the tailored treatments for BPS/
IC, which could reduce the subjective symptoms. However,
more studies are essential to accumulate the evidence for the
usage of imaging techniques in clinical settings.
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