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Abstract
Bladder pain syndrome/interstitial cystitis is a condition with the leading clinical symptoms related to the
bladder, such as pain and voiding frequency. The present understanding is that there are a variety of
presentations representing different pathological entities, even though sharing similar symptomatology
and the same chronic course. Only a subset of patients has bleeding lesions as seen in the cystoscope
with bladder distension, previously described as ulcers, and microscopic changes with interstitial
inflammation, fibrosis and mastocytosis. These findings are nowadays consistent with classic IC with
Hunner’s lesions also designated as type 3C.

Summary of recommendations

Patients with bladder pain symptoms can be hard to treat. Studies over the years have shown that it is
important to identify classic interstitial cystitis (IC) with Hunner’s lesions since this is a well treatable
disease. Cystoscopic examination is mandatory; in classic IC typical changes, as discussed in this paper,
includes an inflamed area with central vulnerable scars which rupture with increasing bladder distension
while non-ulcer BPS displays a normal bladder mucosa at initial cystoscopy.

To make an unquestionable diagnosis, histopathology is required, too.  Deep biopsies including bladder
muscle is needed to diagnose classic IC, since the disease process involves superficial as well as deeper
layers of the bladder wall. Important features to consider when making the histopathologic diagnosis are:
denudation, ulceration, granulation tissue, fibrosis and mast cells in the urothelium as well as counts in
the detrusor muscle.

1 What is interstitial cystitis?

Much has changed since the term interstitial cystitis (IC) was first introduced by Skene in 1887 [ 1]. An
important step came almost exactly 100 years ago when Guy L. Hunner described a symptom complex of
bladder pain associated with peculiar cystoscopic findings, later denominated the Hunner’s ulcers [2], at
that time being tantamount to IC. A first stage in a change came 1949, when John Hand presented a
large series of IC patients observing that IC did not comprise just the single entity with Hunner’s ulcers,
claiming that other clinical presentations could be met [3]. Later on, in 1978, Messing and Stamey
suggested that there might be an early form of the disease characterized by small submucosal bleedings,
so-called glomerulations, potentially progressing into the well-known classic disease with Hunner’s ulcers
[4], and after that extent, the diagnose became even wider. However, subsequent observations have not
been able to confirm the progression of the ‘early form’ presentation into the classic ulcerous form,
including the end stage disease (bladder contracture). Currently, we are continuing a circle of
development again to realize that Hunner’s disease is a unique entity. The present understanding is that
different presentations stand for different pathological entities, even though sharing similar
symptomatology and the same chronic course [5], [6], [7], [8]. For example, a recent report by Killinger et
al. failed to disclose any striking differences in pain patterns between the two subtypes [9]. Between the
two main clinical (and cystoscopic) presentations, the differences are reflected in clinical manifestation
and age distribution [7], [8], and it has also been reported that the two subtypes respond differently to
many treatment procedures [8]. The notion of heterogeneity of the disease concept IC [ 5] was supported
by observations by Koziol et al. based on US epidemiological data relating to demographics, risk factors,
symptoms, pain and psychosocial factors [6]. Quite recently, Peters et al. demonstrated remarkable
differences between the two subtypes in the number of comorbid diagnoses as well as symptoms [10].

In the last few years, important changes have taken place in ideas on cornerstones in IC diagnostics.
During decades, the distribution of classic IC versus non-ulcer disease has been debated. Messing and
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Stamey stated that classic interstitial cystitis could account for about half of all patients with interstitial
cystitis [4] in agreement with our notions [ 5], [6], [7], [8] while others found Hunner’s type to be a rare
finding, accounting for 5–10% of cases of interstitial cystitis [11].

On the other hand, in their very large series. Koziol et al. noted classic interstitial cystitis in approximately
20 percent of cases [6]. That opinion of Hunner’s lesions disease being rare is a reasonable explanation
of leaving identification out and to omit separation of this entity in clinical research, leading to doubtful
usefulness of results, during several decades. Now, an increasing number of reports indicate that there is
every reason to pay attention to this entity.

Cystoscopically, classic IC displays typical reddened mucosal areas often associated with small vessels
radiating towards a central scar which ruptures with increasing bladder distension while non-ulcer IC
displays a normal bladder mucosa at initial cystoscopy [5], [6], [7], [8]. Since the time of Hand, the finding
of glomerulations has been regarded as a positive diagnostic sign. However remarkably, according to a
recent critical review the finding of glomerulations is of little diagnostic consequence [12].

2 Bladder pain syndrome (BPS)

During the last decades, the nomenclature of the disease called interstitial cystitis has been debated. The
leading clinical symptoms are pain related to the bladder and voiding frequency while inflammation of the
bladder interstitium is found only in a subset of patients; in many cases it is hard to find the cause of
origin of complaints. Therefore, a new terminology was needed, and several organisations (the European
Society for the Study of Interstitial Cystitis/ESSIC, later International Society for the Study of Bladder
Pain Syndrome, the European Association of Urology/EAU and the American Association of
Urology/AUA) have agreed to the general term bladder pain syndrome (BPS) including interstitial cystitis,
BPS/IC. In addition, the ESSIC has constructed a classification system with classical IC with Hunner’s
lesions designated as type 3C.

3 General role of histopathological examination in BPS/IC

The primary role of histopathology in the diagnosis of bladder pain syndrome/interstitial cystitis (BPS/IC)
is one of excluding other possible diagnoses. Confusing and harmful conditions must be ruled out;
carcinoma and carcinoma in situ, eosinophilic cystitis, tuberculous cystitis, as well as any other entities
with a specific tissue diagnosis, such as metaplastic changes like enteric metaplasia, squamous cell
metaplasia and nephrogenic metaplasia.

However, it is worth noting that biopsy retrieval and histopathological examination is also needed when it
comes to diagnosing BPS/IC. Although most histopathology features are not distinctive in non-Hunner’s
diseases, certain findings are specific for classic IC. The understanding of the properties of various cell
systems has developed dramatically in recent decades and the diagnosis with standard staining
procedures and light microscopy can now be reinforced and further refined with immunohistochemistry
and even more sophisticated ancillary techniques.

4 What happens to the biopsy in the pathology laboratory?

If the clinician wants to get a correct histopathological diagnosis of BPS/IC, biopsies should preferably be
obtained by transurethral resection of large and deep strips of the bladder wall, including the detrusor
muscle; however, deep cold cup biopsies is also an acceptable option. The choice of biopsy technique is
mostly depending on local routines, but the choice of biopsy retrieval technique is also influenced by the
clinically suspected pathology and thus the pathology the clinician finds important to verify or exclude.

Formaldehyde fixation (4%, 10%) is compulsory and the fixation rate is approximately 1 mm per hour,
meaning that small biopsies are fixated by the time they reach the pathology laboratory. Then the
specimen is dehydrated, paraffin or wax embedded, and cut into series of 4 µm sections. Thereafter, the
specimen is deparaffinized and stained with hematoxylin/eosin (Htx-Eo) and mounted with coverslips.
Other staining are often performed to make it easier for the pathologist. For instance, Van Gieson or
Sirius can be used to demonstrate fibrosis. The specific antibody mast cell tryptase is nowadays
preferred to visualise tryptase in mast cells. Toluidin Blue, a metachromatic dye, may also be used to
stain mast cells but the staining procedure with Toluidin blue is tricky. This method is very dependent on
low pH, mast cell containing heparin and chondroitin-sulfate to be visualized. Additional chemicals in this
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method like HCl, citric acid, as well as the dye Toludin blue is unhealthy for people handling the dying
process. This method has now, in many laboratories, been replaced with a mast cell tryptase antibody
capable of reveal an increased number of mast cells in the mucosa and the detrusor muscle (Figure 1).

Figure 1: The detrusor muscle showing increased number of mast cells visualized by Mab Tryptase (arrows). This
case 80/mm²; magnification 100.

5 In the microscope

Bladder tissue from patients with BPS/IC type 3C (classic IC) as a rule display striking histologic
alterations from normal mucosa and detrusor musculature (Figure 2A) to changes with prominent
ulcerations that may be covered by fibrin mixed with inflammatory cells, mostly neutrophils (Figure 2B).
The ulcerations are frequently wedge shaped but always involve the superficial part of the lamina propria
extending all the way into the lamina muscularis mucosae. Granulation tissue is present in the vast
majority of the subjects [13]. These findings are in accordance with those reported already 100 years ago
by Hunner. He reported the abundance of granulation tissue formation as well as chronic inflammation
involving all layers of the bladder [14]. The micro-vascularity in the lamina propria is abnormal which may
result in petechial bleeding and because of ischemia; this may bring about haemorrhage in the entire
lamina propria. Germinal centre formation is frequently seen.
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Figure 2A: Normal Bladder showing intact urothelium with umbrella cells (star). Edema and chronic inflammation
(star) with dilated capillaries is seen (arrow). Magnification 100. Figure 2B: Abnormal bladder with denudation and
erosion of the urothelium (arrowhead).
 

Accordingly, BPS/IC type 3C (classic IC) displays marked inflammatory changes in the lamina propria,
including the presence of lymphocytes, plasma cells and mast cells. The detection of increased number
of mast cell in the detrusor muscle is mandatory for the diagnosis. The mast cell count, using a grid, is
usually high above 25 per mm² (Figure 1).

Fibrosis is always seen in BPS/IC type 3C, and especially inter- and intra-lamellar fibrosis in the detrusor
muscle should be evaluated and reported (Figure 3A-B).

Figure 3A: The detrusor muscle, in this case sparse intra lamellar fibrosis not visualized in routine Htx/eosin.
Figure 3B: Same consecutive slide coloured with Van Gieson showing sparse but diffuse intra lamellar fibrosis
(arrows). Magnification 100.

The light microscopic features in BPS/IC type 3C differ markedly from what can be seen in non-Hunner’s
BPS. In Lepinards report [15], ulcerative disease affected the three layers of bladder wall, but this was
not the case in non-ulcerative disease, according to the terminology then. Another report, comprising 64
patients with ulcerative disease and 44 with nonulcerative IC, showed that ulcerative disease had
mucosal ulceration and hemorrhage, granulation tissue, severe inflammatory infiltrates, high mast cell
counts, and perineural infiltrates. Despite sharing a similar symptomatology and the same chronic course,
the non-ulcer group had an almost unaffected mucosa with sparse inflammatory response, the main
feature being mucosal ruptures and suburothelial haemorrhages [16], but often biopsies can be perfectly
normal in non-Hunner’s BPS.

6 Ultrastructural electron microscopy studies

Electron microscopy has had limited success in the diagnostic work on BPS/IC. Collan et al. stated in an
early paper that there was a significant similarity of the ultrastructure of epithelial cells between controls
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and IC patients [17], and around ten years later, Dixon et al. also failed to discover any differences in the
histologic appearances of urothelial cells in patients with IC as compared to controls [18]. Neither could
Anderström et al. see distinctive ultrastructural surface characteristics for IC, however, the proportion of
cells covered by round, uniform, and pleomorphic microvilli was higher in the IC patients than in controls
[19].

At variance with these reports, Elbadawi and Light concluded that ultrastructural changes appear to be
sufficiently distinctive to be diagnostic in specimens submitted for pathologic confirmation of non-ulcer
interstitial cystitis. A detailed ultrastructural study was performed on patients with non-ulcer disease [ 20].
The distinctive combination of peculiar muscle cell profiles, injury of intrinsic vessels and nerves in
muscularis and suburothelium, and discohesive urothelium was observed in the classic IC and less
markedly in non-ulcer samples of all specimens. A marked edema of various tissue elements and cells
appeared to be a common attribute of many observed changes. Urothelial changes interrupted the true
permeability barrier and neural changes included degenerative and regenerative features.

7 The role of mast cells in BPS/IC is still unresolved

The mast cell is regarded not only as a cell involved in allergic tissue reactions but also as a
multifunctional immunocompetent cell, involved in a variety of tissue reactions such as chronic
inflammation, examples of which are classic IC and rheumatoid arthritis, as well as fibrosis [21]. It has
been shown that the mast cell, in addition to histamine and heparin, also contains other inflammatory
mediators such as leucotrienes, cytokines, and the angiogenic and fibroblast stimulatory factor bFGF
(basic fibroblast growth factor) [22], [23]. Not only allergen binding but also nerve-derived mediators may
stimulate mast cell secretion [24], and the morphological association between mast cells and
neuropeptide-containing nerves has been demonstrated [25], [26], [27].

In bladder specimens from patients with classic IC, non-Hunner’s BPS, and controls it has been
demonstrated that mast cells can be visualised in several ways: metachromasia, reflecting
glycosaminoglycan content, and immunohistochemistry, visualising tryptase, chymase and IL-6 as well as
the surface markers CD 117 and stem cell factor (SCF) [28]. In that report, classic IC showed a 6-10-fold
increase of mast cells in terms of proteinase positivity while non-ulcer IC only revealed twice as many
mast cells as controls. Furthermore, in contrast to non-ulcer IC and controls, classic IC displayed an
abundance of epithelial mast cells.

8 What about autoimmunity in BPS/IC?

Previously, the presence of autoantibodies in patients with IC have been reported repeatedly [ 29], [30],
[31], and some of the common clinical and histopathological characteristics present in IC patients show
specific similarities with other well-known autoimmune events. Therefore, speculatively, IC may arise
from autoimmune disturbances. The role of autoimmunity in IC is still controversial, however, and the
disease has so far not been demonstrated to originate from a direct autoimmune attack on the bladder,
but rather it can be assumed that some of the autoimmune symptoms and pathologic findings arise
indirectly, as a result of tissue destruction and inflammation from other yet unknown causes.

In a study of 47 patients, Mattila et al. found immune deposits in the vessel walls of 33 patients [ 32], and
in a following study, they found electron microscopic evidence of endothelial injury in 14 out of 20 IC
patients [33]. The inflammatory response in classic IC is of a chronic nature, and potentially there is a
cell-mediated autoimmune response at hand. In a study comprising 24 classic IC patients, 9 non-ulcer
patients, and 10 controls [34], it was found that the classic IC patients displayed aggregates of T-cells as
well as B-nodules with focal germinal centres. There was either a decreased or normal helper/suppressor
ratio, and suppressor cytotoxic cells were present in the germinal centres. On the other hand, the non-
ulcer patients only showed slightly increased numbers of lymphoid cells, dominated by T-helper cells. The
non-ulcer group did not differ significantly from the controls. In agreement with these findings, in a
recently published paper by Maeda et al., patients with Hunner’s type interstitial cystitis (HIC) and non-
Hunner’s type interstitial cystitis (NHIC) were compared [35] using immunohistochemical quantification of
infiltrating T-lymphocytes, B-lymphocytes, and plasma cells. The authors were able to demonstrate that
lymphoplasmacytic infiltration was significantly more severe in HIC samples than in NHIC samples. They
also disclosed that the loss of residual epithelium was considerably decreased in HIC specimens but not
in NHIC specimens. Complementary in situ hybridization of the light chains was performed to examine
clonal B-cell expansion, and the authors demonstrated that such expansion of light-chain-restricted B-
cells was observed in 31% of cases of HIC. Consequently, Maeda et al concluded that NHIC and HIC
appear to be divergent pathological entities, the latter being characterized by pancystitis, frequent clonal
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B-cell expansion and epithelial denudation. They also used double-immunofluorescence for CXCR3 and
CD138 to detect CXCR3 expression in plasma cells from subjects with HIC and NHIC, respectively. The
authors studied the correlation between CXCR3 positivity and lymphocytic and plasma cell numbers and
clinical parameters. The density of CXCR3-positive cells showed no apparent differences between HIC
and non-IC cystitis samples although distribution of CXCR3-positivity in plasma cells indicated co-
localization of CXCR3 with CD138 in HIC specimens, but not in non-IC cystitis specimens [36].

9 Nitric oxide metabolism and BPS/IC

Studies by us and others have suggested that nitric oxide (NO) metabolism might play an important role
in this condition since the luminal production of NO is high in HIC but not so in NHIC [37], [38]. Inducible
nitric oxide synthase (iNOS) has been demonstrated to be abundant in the urothelium and in
inflammatory cells in patients with HIC, not only as determined by immunohistochemistry but also on the
transcriptional level [39], [40].

10 Further research

A dominating clinical problem is the diversity of pathological mechanisms that can result in bladder pain
and how to define recognizable phenotypes within this great number of possible entities; there is still no
overall worldwide acceptance and consensus on classification [41]. One well definable phenotype,
however, is classic IC with Hunner’s lesions [5], [7], [8], [42], but even when it comes to this diagnosis,
there are discrepancies to be found when comparing different centres. Systematic cystoscopy training,
use of markers (like NO), and broader engagement by pathologists will hopefully make interpretations
more uniform. The desired team is the well-trained urologist working closely together with the devoted
pathologist and in cooperation with a multidisciplinary group, when needed.

The histopathologic features of classic IC are characteristic and the interesting combination of cell
elements, the association of inflammation to excessive evaporation of NO and production of other
inflammatory markers might give clues to disease mechanisms, hopefully eventually resulting in the
development of rational, pharmacological treatment.

11 Conclusion

BPS/Classic IC with Hunner’s lesions is a well-defined disease with characteristic cystoscopy and
microscopy. It is important to identify this category among the great number of patients with bladder pain
symptoms since it can be successfully treated with hydro-distention, intra-lesional cortisone injections,
fulguration, or resection of bladder tissue. It is mandatory that urologists and pathologists who manage
BPS are aware of this specific entity of patients: IC with Hunner’s lesions.
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