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Abstract

Aim: Bladder sensation is critical for coordinating voluntary micturition to

maintain healthy bladder function. Sensations are initiated by the activation of

sensory afferents that innervate throughout the bladder wall. However, the

physiological complexity that underlies the initiation of bladder sensory

signaling in health and disease remains poorly understood. This review

summarises the latest knowledge of the mechanisms underlying the

generation of bladder sensation and identifies key areas for future research.

Methods: Experts in bladder sensory signaling reviewed the literature on how

the lower urinary tract contributes to bladder sensation and identified key

research areas for discussion at the 10th International Consultation on

Incontinence—Research Society.

Results: The importance of bladder sensory signals in maintaining healthy

bladder function is well established. However, better therapeutic management

of bladder disorders with exaggerated bladder sensation, including overactive

bladder syndrome (OAB) and interstitial cystitis/bladder pain syndrome

(IC/BPS) is limited by a lack of knowledge in a number of key research areas

including; the contribution of different nerves (pudendal, pelvic, hypogastric)

to filling sensations in health and disease; the relative contribution of stretch

sensitive (muscular) and stretch‐insensitive (mucosal) afferents to bladder

sensation in health and disease; the direct and indirect contributions of the

muscularis mucosae to bladder contraction and sensation; and the impact of

manipulating urothelial release factors on bladder sensation.

Conclusion: Disturbances in bladder sensory signaling can have severe

consequences for bladder sensation and function including the development of

OAB and IC/BPS. Advancing therapeutic treatments for OAB and IC/BPS

requires a deeper understanding of the mechanisms underlying the generation

of bladder sensation, and key areas for future research have been identified.
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1 | INTRODUCTION

Bladder sensation is critical for coordinating voluntary
micturition to maintain healthy bladder function. Bladder
sensations are initiated in the bladder wall, through the
activation of sensory afferent nerves that innervate
throughout the detrusor, lamina propria, and urothelium.1,2

As the bladder fills with urine, and the bladder wall
stretches to accommodate an increase in volume, afferent
nerves are activated, and sensory signals are transduced
into the central nervous system (CNS) to provide conscious
awareness of bladder fulness.1,3,4 As the volume of urine in
the bladder continues to increase toward capacity there is a
corresponding increase in the intensity of bladder sensa-
tion. Control of micturition is ultimately achieved via
integration of bladder sensory signals with situational
awareness and social cues to determine the appropriateness
to urinate.3 As such, exaggerated sensory signaling from the
bladder can have severe consequences for bladder sensation
and function, including the development of overactive
bladder syndrome (OAB) and interstitial cystitis/bladder
pain syndrome (IC/BPS).5,6

While our understanding of the importance of
bladder sensory signals in maintaining healthy bladder
function is well established, the physiological complexity
that underlies the initiation of sensory signaling from the
bladder in health and disease remains poorly understood.
Developing a comprehensive understanding of bladder
sensory signaling has the potential to dramatically
improve the treatment of common urological disorders.
As such, unraveling the intricate mechanisms and
pathways responsible for bladder sensory signaling and
bladder sensation is a crucial area for further research. A

proposal at the 10th International Consultation on
Incontinence–Research Society (ICI‐RS‐2023) meeting
reviewed the literature, discussed new unpublished data,
and proposed priority areas for future research that
would lead to better therapeutic management of bladder
disorders in which sensory abnormalities may be, at least
in part, responsible. A comprehensive summary of the
proposal and discussion is presented below.

2 | BLADDER SENSATION

Bladder sensations during health are generally restricted to
relaying the intensity of bladder fullness. Bladder fullness
increases in intensity as the bladder fills with urine from the
first sensation of filling (FSF) to a first desire to void (FDV),
and finally to a strong desire to void (SDV) (Table 1). These
sensations have an obvious link to normal bladder function,
such that conscious awareness of the degree of bladder
fulness allows sentient animals, including humans, to
effectively plan an appropriate moment to urinate. SDV
may be considered as a protective sensation, and a crucial
part of the bladder's physiological feedback mechanism to
initiate urination, thereby avoiding bladder and upper tract
damage, and thus maintain healthy bladder function over a
lifetime. Technical evaluation of lower urinary tract (LUT)
sensations in humans most commonly utilizes cystometric
filling sensation assessment. Filling sensation during cysto-
metry has been well studied, standardized, and found to be
reliable and reproducible.7 In humans, bladder filling elicits
different types and grades of sensation which are integral to
normal bladder function.8 The clinical image of the evolving
sensations during continued cystometry filling shows that a

TABLE 1 The description of the sensation, its location, the easiness to recognize, the ratio with SDV, and the evolution during different
filling is given.

Description of
sensation Location

Easiness to recognize
as part of daily life

The ratio of SDV in
neurologically normal

Evolution during
further filling

FSF Vague, waxing and
waning

Lower pelvis Not recognised Appears at ±40% of SDV It can be ignored for
several minutes

FDV Familiar: persuades a
person to look for
a place to void

Lower abdomen Recognized Appears at ±75% of SDV Becomes gradually
stronger and cannot
be ignored

SDV Constant, almost
uncomfortable

Perineal/urethra Recognized =SDV Uncomfortable, filling
must be stopped

Note: The mean ratio of SDV should be interpreted with caution due to the extensive range.

Abbreviations: FDV, first desire to void; FSF, first sensation of filling; SDV, strong desire to void.
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progressive increase in bladder volume translates into
increased bladder sensation (Table 1). It Is hypothesized
that differences in the location of the sensation, easiness to
recognize, and the ratio of bladder fullness with SDV in
healthy individuals may indicate the activation of distinct
nerve populations and/or sensory afferent pathways to the
spinal cord.

Bladder sensations that occur during various clinically
distinct forms of cystitis, including bacterial, interstitial, or
radio‐, immuno‐, and chemotherapy‐induced cystitis are
often described by patients in terms distinct from those
experienced during healthy bladder function. Common
patient‐reported sensations include bladder pressure/pain,
dysuria (pain/burning sensation when peeing), and urgency
at lower bladder volumes compared to healthy subjects.9,10

Intriguingly, these irritative symptoms are not clearly linked
to exaggerated versions of bladder fullness but are entirely
distinct sensations considered exclusive to bladder pathology.
In the somatosensory system, irritative sensations present as
pain and itch, and are crucial signifiers of tissue damage,
infection, and inflammation that are necessary to evoke
protective behavioral responses.11 It could be hypothesized
that the urgency, dysuria, and pain that are known to
underlie the presence of infection and inflammation in the
bladder have evolved to provide an awareness of bladder
damage and initiate unique protective reflexes such as
frequent urination.

It is currently unclear if different sensations, such as
FSF, FDV, and SDV are carried by different nerves, for
example, pelvic, hypogastric, and pudendal. Further-
more, it is not known if distinct pathways are responsible
for relaying pathophysiological or irritative sensations, or
if overlap exists between the generation of sensations at
the upper extent of normal bladder function, such as
SDV, and those of pathophysiology, for example, urgency
as part of OAB. Furthermore, whether activation of
sensory nerves within distinct anatomical locations
within the bladder wall, such as the detrusor and/or
the urothelium/lamina propria, are responsible for
initiating distinct sensations has yet to be fully explored.
These unknowns were discussed at length as part of a
proposal at ICI‐RS, with a focus on developing future
research priorities to advance the field, discussed below.

3 | BLADDER AFFERENT
INNERVATION

Bladder sensations are initiated via the activation of a
complex network of sensory afferent nerves that inner-
vate throughout the bladder wall. Bladder afferent nerves
travel within the hypogastric, pelvic, and pudendal
nerves that terminate within the thoracolumbar (TL)

(T10‐L1), lumbosacral (LS) (L6‐S2), and sacral spinal
cord (S2‐S5), respectively3 (Figure 1). Bladder afferents
terminating within the dorsal horn of the spinal cord
synapse with both reflex circuits that feed into efferent
modulation of bladder wall contractility as well as
second‐order ascending projection neurons.1,3 Ascending
projection neurons from the spinal cord predominantly
terminate within the periaqueductal gray (PAG) of the
midbrain and thalamus from where signals are relayed to
the somatosensory cortex and integrated with inputs
from the limbic system to generate bladder sensations.3,12

Neuronal tracing studies in rodents have revealed most
bladder afferents innervate the detrusor smooth muscle
(∼80%), and to a lesser extent the suburothelium and
urothelium (∼20%).13,14 The urethra also displays a similar
afferent fiber network, some of which are in direct contact
with endocrine cells, paraneurones, that project into the
urethral lumen.15 These may constitute a mechanism to
measure urine flow but will not be considered further here.
Electrophysiological studies have classified bladder afferents
by the location of their receptive fields and differential
responses to mechanical stimuli (mucosal, muscular,
muscular‐mucosal)16,17 (Figure 1). Detrusor (muscular)
innervating afferents are well known to be crucial in
translating confirmational changes in the bladder wall such
as bladder distension and stretch into spinal cord activation
and bladder sensation.4 Nevertheless, the extent to which
sensory perception is influenced by diverse afferent response
attributes, encompassing mechanical activation thresholds
(both low and high), conduction velocities (C fibers and Aδ
fibers), adaptation rates (slow and fast adaptors), response
variability (ranging from wide dynamic to saturated “none-
ncoding” afferents), response intensity (low and high
responders), and neurochemical coding (peptidergic and
nonpeptidergic), remains largely unresolved.1,4,16,17 Further-
more, around 20% of afferents have been found innervating
deeper into the bladder to terminate within the lamina
propria and urothelium (termed mucosal afferents) and
these afferents do not respond directly to bladder stretch.16,17

As bladder distension is the primary stimulus for initiating
bladder sensations, the relative importance of these mucosal
afferents to bladder sensation in health and disease is
currently unknown.

4 | ARE DIFFERENT NERVES
RESPONSIBLE FOR GENERATING
DIFFERENT FILLING
SENSATIONS?

Based on observations made in patients where nerves
had specifically been destroyed, a hypothesis was born
suggesting that distinct major sensations related to

GRUNDY ET AL. | 3
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bladder filling—namely FSF, FDV, and SDV—may be
associated with specific peripheral nerves. Notably, in
cases of patients with nerve lesions resulting from
unilateral or bilateral sacrum resection for tumor
treatment, FSF was found to run through the hypogastric
nerves.18 Clinical studies also indicated that pelvic nerves
might play a role in conveying the sensation of FDV,19

while pudendal nerves relay SDV.20 It is intriguing to
note that even patients who have undergone surgery
involving the spinal cord, bladder, or urethra, retain the
ability to differentiate between the desire to void and
the sensation that micturition is imminent.21 Specifically,
the sense of imminent micturition resides in the urethra,
whereas the desire to void is associated with the
stretching of the bladder wall (for detailed segmental

distribution, refer to Table 222). It is important to
acknowledge, however, that the current body of evidence
remains limited to small case series, and thus, definitive
confirmation is lacking regarding whether distinct nerves
are genuinely responsible for varying filling sensations in
humans. Electrosensation evaluation by measuring the
sensory threshold with electrical stimulation in the LUT
is an excellent way to study the afferent innervation in
specific peripheral nerves in humans. However, the
nervous pathways are different from those of filling
sensations, and electrosensation can thus not be used to
evaluate sensations elicited by bladder filling.23,24

Preclinical studies in animals have provided some
further insight into bladder sensory anatomy, however,
while there is significant overlap in the anatomy of the

FIGURE 1 Sensory innervation of the bladder. Afferent nerves innervate throughout the bladder wall. Detrusor innervating afferents
(muscular afferents) detect bladder stretch. Afferent nerves innervating the urothelium (mucosal afferents) do not respond to stretch, but
may have a crucial role in detecting bladder inflammation, cell destruction, and neurotransmitters released from the urothelium. The
urothelium releases an array of neurotransmitters during bladder stretch, including ATP, ACh, and NO, which can interact with bladder
afferents, interstitial cells of the lamina propria, and urothelial cells. Muscular mucosal afferents respond to both bladder stretch and
urothelial stroking. Sensory signals are relayed to the central nervous system via the hypogastric, pelvic, and pudendal nerves, which project
to the dorsal horn of the thoracic, lumbar, and sacral spinal cord, respectively. Second‐order neurons activated within the spinal cord
synapse in the thalamus or the periaqueductal gray of the midbrain. Thalamic projections provide input into limbic and cortical structures to
provide the emotional affective and conscious component of the voiding reflex pathway. Alterations in the intensity of sensory signals from
the bladder can therefore have profound impacts on bladder sensation. ACh, acetylcholine; ATP, adenosine triphosphate; GAG,
glycosaminoglycan; HGN, hypogastric nerve; NO, nitric oxide; PN, pelvic nerve; PP, pelvic plexus.

4 | GRUNDY ET AL.
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LUT between animals and humans, the lack of sensory
feedback limits extrapolation. The pelvic nerve is
considered the major pathway for the transmission of
sensory/afferent information from the bladder to the
CNS in rodents. Comparing sensory nerve recordings
from the pelvic and hypogastric nerves in rats reveals
pelvic afferents exhibit significantly greater output in
response to bladder filling than hypogastric nerves.25

Furthermore, pelvic afferents on average have lower
activation thresholds suggesting they may be more
important in signalling early bladder sensations, while
hypogastric afferents may be more relevant during
greater levels of bladder distension.25 Distinct differences
in mechanical response characteristics have been identi-
fied between the hypogastric and pelvic nerves, including
the proportions of peptidergic and nonpeptidergic
neurons, and the proportion of neurons innervating the
urothelium and muscle.1,17,26 In‐depth molecular char-
acterization of bladder‐innervating dorsal root ganglion
(DRG) has reported molecular distinction between
neuronal clusters originating from either thoracolumbar
or lumbosacral DRG, with differential expression of key
sensory ion channels and receptors.27 Whether these
clusters are correlated to distinct functional roles and/or
anatomical distribution of afferents remains unknown
but will be a crucial area for future research to identify
specific therapeutic targets. Furthermore, whether the
relative contribution of specific nerves to bladder
sensation is altered in disease states is also unclear but
will be crucial to the development of targeted therapeu-
tics in the future.

5 | ARE MUCOSAL AND
MUSCULAR NERVES
RESPONSIBLE FOR GENERATING
DISTINCT BLADDER SENSATIONS?

Bladder afferents innervating the detrusor smooth
muscle (muscular afferents) respond directly to bladder
stretch with an increase in afferent firing. Muscular

afferent responses to stretch correlate well with the
graded increase in sensation that are reported by humans
during normal bladder filling.4,8 As such, muscular
afferents are likely to be the primary driver of bladder
sensations that progress from fullness toward an SDV.
Muscular afferents are sensitive not only to maintained
changes of strain (stretch) of the bladder wall, but also
have a dynamic response to transient spontaneous
contractions.28 Phasic spontaneous smooth muscle con-
tractions trigger mechanosensitive afferent signals that
have a much larger impact on afferent output than basal
muscle tone rises, with activity that can often exceed the
maximum afferent response that is generated during
distension into supraphysiological ranges.28,29 How
afferent firing bursts during transient spontaneous
contractions translate to sensation is unknown. However,
there may be pathological consequences as the magni-
tude and frequency of spontaneous contractions can be
particularly large in detrusor overactivity syndromes; for
example, in neurogenic bladders associated with spinal
cord injury. Thus, this constitutes a mechanism that
could increase urgency sensations in overactive bladder
conditions. Enhanced responses of stretch‐sensitive
afferents, either resulting from inflammation‐induced
sensitization or from alterations in the compliance of the
bladder wall would also translate to exaggerated bladder
sensation at lower bladder volumes.

In addition to stretch‐sensitive afferents, we know
that in rodents (mouse, rat, guinea pig) the bladder is
also innervated by a variety of stretch‐insensitive
afferents, and their contribution to bladder sensation is
currently unclear. Studying the anatomical location and
functional properties of bladder afferents in humans
represents a major technical and ethical challenge and
has yet to be explored. However, in rodents, stretch‐
insensitive afferents have been broadly characterized
based on their location innervating deeper into the
bladder to terminate in the suburothelium and urothe-
lium (mucosal afferents).16,17 During normal bladder
function, these afferents may play a key part in
modulating bladder sensation by indirectly responding
to bladder stretch through activation by mediators
released from the urothelium30 (discussed in further
detail below) (Figure 1). These afferents may also play a
crucial role in detecting cystitis, as we know that the
inflammation associated with IC/BPS is primarily
restricted to the mucosa and submucosa.31 It is possible
that mucosal afferents are uniquely tuned to detect
urothelial damage and inflammation through the ex-
pression of distinct receptors and ion channels. This has
yet to be fully investigated, but the lack of sensitivity to
mechanical stretch confirms subtype specificity that has
likely been driven by evolutionary pressure, such as the

TABLE 2 The different sensations and the peripheral nerves
they run (adapted in Wyndaele).

Pelvic Hypogastric Pudendal

The sensation of filling Yes Probably No

Desire to void Yes Probably No

Strong desire to void Possibly Probably not Yes

Pain bladder Yes Yes No

Pain urethra Probably Probably not Yes

GRUNDY ET AL. | 5
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rapid detection of infection. Limited evidence currently
exists to support this novel hypothesis, but if true, the
consequences for targeted treatment of bladder disorders
with exaggerated sensation may be highly significant. A
recent study showed that transient intravesical infusion
of the potent TRPV1 agonist resiniferatoxin (RTX) into
the bladder lumen silenced mucosal afferents and
reversed cystitis‐induced pain responses to bladder
distension in vivo.32 This concept was built on further
at the ICI‐RS meeting in 2023, where unpublished data
was presented to show that mucosal, but not muscular
afferents exhibit hypersensitivity in a mouse model of
urinary tract infection.

If further studies confirm that mucosal afferents may
have a major role in signaling during cystitis, this could
have significant implications for future treatments of
cystitis‐related LUT symptoms. Being able to manipulate
specific subpopulations of sensory nerves to relieve
symptoms without impacting normal bladder function
would represent a major step forward in the clinical
management of bladder disorders including OAB and
IC/BPS.

6 | HOW DOES THE
UROTHELIUM/MUCOSA
CONTRIBUTE TO BLADDER
SENSATIONS?

6.1 | Direct interactions between
confirmational changes in the mucosa and
the activation of stretch sensitive afferents

While most mucosal afferents are stretch insensitive, a
minority, known as muscular‐mucosal afferents, exhibit
responses to stretch and there is increasing interest in
their role in regulating bladder afferent responses during
distension.16,17 While it is well known that the detrusor
exhibits phasic contraction, a body of research now exists
to show that the muscularis mucosae develops spontane-
ous contractions, and it is possible that the muscularis
mucosae may contribute to mechanosensitive afferent
signals directly via stretch evoked firing (only in human,
pig, guinea‐pig).33 Intriguingly, isolated mucosa prepara-
tions, including muscularis mucosae, develop more than
10 times greater muscle force per cross‐section area than
detrusor smooth muscle, which may implicate the
mucosa as a major source of sensory signaling.34 It has
been recently demonstrated that detrusor alone has very
little intrinsic ability to generate spontaneous activity and
an interaction between mucosa and detrusor is required
for the generation of phasic contractions.35 The nature of
this mucosal–muscular interaction is currently unclear,

however, recent unpublished data presented at ICI‐RS
showed physical attachment of the mucosa was neces-
sary for the restoration of phasic contractions, and
implied the presence of a diffusible factor released
from the mucosa that induces detrusor spontaneous
contractions.

The muscularis mucosae can also be more readily
affected by urothelium‐ and blood‐derived substances
compared with detrusor because of its proximity to the
urothelium and dense suburothelial capillary network.
ATP, and other soluble mediators released from the
urothelium may also interact with interstitial cells of the
lamina propria to impact mucosal contractions and
sensory output, although the interactive pathways
remain to be elucidated. Differences in stretch‐ or
chemosensitivity between muscularis mucosae and
detrusor afferents could represent a therapeutic option.
As removal of the mucosa impacts detrusor contractility,
changes in mucosal contraction frequency and/or ampli-
tude caused by urothelium‐ and blood‐derived sub-
stances could directly impact detrusor contractility, and
consequently impact sensory signaling initiated via
muscular afferent endings.

6.2 | Indirect interactions between the
urothelium, sensory nerves, and the
bladder wall

There is accumulating evidence that urothelial chemical
transduction mediates increases in bladder wall strain
and raised afferent firing.30,36 Various neurotransmitters,
including adenosine triphosphate (ATP), acetylcholine
(ACh), nitric oxide (NO•), and prostaglandins released
from the urothelium have been proposed to activate and/
or modulate the firing of bladder innervating sensory
nerves or underlying bladder wall cells.30 Receptors for
these urothelial neurotransmitters are expressed on
bladder‐innervating sensory afferents, interstitial cells
of the lamina propria, and the urothelium, providing the
cellular architecture for autocrine or paracrine signaling
of urothelial mediators to potentially influence bladder
sensation and function.

ACh and ATP are released in response to mechanical
stimuli, such as during bladder stretch, isolated mucosal
preparation subjected to strain changes, or physiological
shear forces applied to suspensions of isolated urothe-
lium cells.37,38 ACh release is more sensitive to applied
mechanical forces than ATP and the two molecules show
a facilitative autocrine/paracrine interaction as urothelial
ATP release is attenuated by M2/M3 receptor antagonists
and application of muscarinic agonists is sufficient to
induce ATP release in the absence of strain changes.39 It

6 | GRUNDY ET AL.
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is postulated that ATP is a final activator of afferent
nerves as P2X3 knock‐out mice show a reduction in the
firing rate to bladder filling, although there is a
significant residual afferent response suggesting other
signaling pathways, such as via detrusor afferent signal-
ing, is still present.40 NO• is also generated by the
urothelium41 and its release is associated with reduced
afferent firing.6 Exploitation of the NO• signaling path-
way, via the activation of soluble guanylate cyclase (sGC)
and cGMP generation, is considered below.

6.3 | Modulation of urothelial signal
transduction during bladder pathologies
and potential therapies

The association between urothelial/mucosal ATP release
and afferent firing has stimulated research to character-
ize its release from pathological bladder tissues and
investigate ways to reduce release. Increased ATP release
from bladder wall tissue and isolated cell preparations
has been measured in several LUT disorders (sum-
marised in Winder et al.30), although the cellular routes
are unclear. In addition, a greater ATP release is
associated with increased fibrosis and loss of bladder
wall compliance. This prompted the hypothesis that
stretch‐induced ATP release is not a function of the
extent of bladder length (strain) per se, but of the raised
internal tension (stress) upon stretch.39 Indeed, this is
similarly observed in ex‐vivo afferent recordings, where-
by reduced bladder compliance is associated with
increased afferent output. Thus, antifibrotic therapies
offer one route to reduce ATP release and hence urgency
symptoms that are associated with bladder filling.

Manipulation of the NO• signaling pathway, in
particular, raising cellular cGMP levels, offers a treat-
ment paradigm to manipulate stress‐induced ATP
release. One intervention is to reduce breakdown of
cGMP by selective inhibition of the phosphodiesterase
type‐5 (PDE5) enzyme with agents such as sildenafil or
tadalafil. Another is to activate sGC enzymic activity to
generate more cGMP, especially useful when activity has
been reduced by oxidative stress—an example is the sGC
activator, cinaciguat. Several lines of evidence suggest
this is a useful approach. First, sildenafil and cinaciguat
have antifibrotic actions on the bladder wall associated
with outflow tract obstruction or aging42,43 and so would
reduce distension‐induced ATP‐release after normaliza-
tion of bladder wall compliance. Second, sildenafil or
cinaciguat also reduce ATP release from isolated
urothelial cells (unpublished data), or from stretch‐
activated mucosa preparations.44 Furthermore, sildenafil
reduces ATP release from the mucosal surface of bladder

wall preparations subjected to changes of transmural
pressure under normal conditions or treated with
lipopolysaccharide to enhance ATP release.45 Third,
tadalafil, or a NO• precursor, L‐arginine, reduced
A‐delta and C‐fibre nerve activity induced by bladder wall
distension as well as hyperactivity generated by inflamma-
tory agents, such as acrolein or cyclophosphamide.46

Overall, there is compelling evidence to suggest a link
between the release of chemical mediators from urothe-
lial cells and increased afferent firing, including ATP.
Enhancement of release may be the basis of increased
bladder wall sensations for LUT pathologies. Manipula-
tion of intracellular cGMP levels, to downregulate ATP
release offers one potential therapeutic route to alleviate
urgency symptoms.

7 | RESEARCH QUESTIONS AND
CONCLUSIONS

Healthy bladder function is crucial for quality of life, yet
a significant proportion of the population have chronic
functional urological disorders characterized by exagger-
ated bladder sensation that are not adequately managed
by currently available therapeutics. Unraveling the
physiological complexity that underlies the initiation of
sensory signaling and the subsequent generation of
debilitating symptoms during bladder disorders will be
a crucial step toward appropriate therapeutic manage-
ment. However, while the ICI‐RS‐2023 delegation high-
lighted important progress in the field, significant
knowledge gaps remain, and key research questions
remain to be answered (Table 3).

For some research questions, the methodology is
clear, and it is only a matter of time before further
knowledge is elucidated on the autocrine and paracrine
signaling that occurs within the bladder wall to regulate
interactions between the cells of the urothelium, mucosa,
and detrusor. A greater challenge will be understanding
how alterations in the sensory neurobiology of the
bladder translates to altered sensation. Assessing sensa-
tion requires whole intact systems, and thus live subjects,
which for obvious ethical reasons cannot be easily
performed in humans without significant technological
breakthroughs. Furthermore, interpreting the results of
preclinical animal studies is fundamentally limited by
the ability of animals, most commonly rodents, to report
sensations and the added assumption that animals
cannot contextualize sensation in the same way as
humans. The most common way to assess changes in
sensation or sensory signaling is electrophysiologically
via the visceromotor response to bladder distension in
vivo, assessing spinal cord activation following in vivo
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bladder distension, or by recording the sensory output
directly from the bladder‐innervating afferent nerves ex
vivo or in vivo. As highlighted at ICI‐RS 2023, however, it
remains unclear which sensory nerves (hypogastric,
pelvic, pudendal) and regions of the spinal cord
(thoracolumbar, lumbosacral, sacral) are most important
to bladder sensation in health and disease. As such, the
translation of preclinical findings to humans remains a
major challenge to clinical progress.

Understanding the specific nerve populations and/or
pathways responsible for sensation in health and patho-
physiology could have profound implications for future
therapeutic interventions for bladder disorders and should
be a key priority for future urology research. Being able to
target specific nerves directly or indirectly via anatomical
location, receptor expression, or neurochemistry could
translate to more effective neuromodulation and pharma-
cological targeting, leading to increased therapeutic
efficacy in the absence of side effects.
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