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Ultrastructural changes in the underactive bladder
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ABSTRACT

Underactive bladder (UAB) is a symptom complex suggestive of detrusor
underactivity (DU). Although it implies a primary dysfunction of the detrusor muscle, many
other conditions such as advanced age, neurogenic factors, and bladder outlet obstruction
also lead to UAB. The current understanding of the pathophysiology directly leading to
UAB is limited. We believe that by identifying the morphological changes associated with
UAB might shed light on this. Therefore, we searched literature with keywords of electron
microscopy, ultrastructure, UAB, and DU to review current ultrastructural evidence
concerning UAB.
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INTRODUCTION

@etrusor underactivity (DU) and its symptom-based
correlate underactive bladder (UAB) have gained
renewed interest in the past few years [1]. DU is defined as
a contraction of reduced strength and/or duration, result-
ing in prolonged bladder emptying and/or failure to achieve
complete bladder emptying within a normal time span [2].
Patients with UAB/DU usually have a diminished bladder
fullness or urgency sensation and cannot contract the detrusor
sufficiently to complete bladder emptying. UAB is common
in elderly patients, especially in patients with diabetes melli-
tus (DM), chronic illness, and central nervous system (CNS)
disorders, but the actual prevalence is difficult to identify in
a community-based study. It has been reported that 12%-48%
of elderly patients with lower urinary tract symptoms might
be caused by UAB [3]. It has been proposed that DU may
result from dysfunction of any of the aspects responsible for
the generation of a normal detrusor contraction, which can be
myogenic or neurogenic [4]. The urodynamic study of UAB/
DU may be characterized by a noncontractile detrusor, a low
pressure, or poorly sustained detrusor contraction in associa-
tion with a poor flow rate with or without a large post-void
residual (PVR) volume [5]. Recent studies also revealed that
the urothelial dysfunction of the urinary bladder may be asso-
ciated with impaired bladder sensation as well as impaired
detrusor contractility [6]. Patients with clinically UAB might
have several contributing factors leading to difficult bladder
emptying and large PVR.
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CLINICAL CHARACTERISTICS OF UNDERACTIVE
BLADDER

DU is common in patients with old age, general weakness,
and with medical diseases such as DM, debilitating disease,
cancer patients at terminal stage, or postmajor surgery [7].
A large proportion of patients with diabetic cystopathy have
been found to have electrophysiologic evidence of neuropathy,
and electrophysiologic evidence of neuropathy can moderately
predict the presence of cystopathy [8]. In patients with UAB/
DU, the intrinsic detrusor contraction speed is more com-
promised than intrinsic strength. When the intrinsic detrusor
contraction speed (maximum detrusor contraction velocity)
and intrinsic detrusor strength (isovolumetric detrusor pres-
sure) are low, the patients were considered to have terminal
phase of DU and had low voiding efficiency (<67% of bladder
capacity) [9]. The duration of UAB/DU may be chronic or
temporary. If the UAB/DU condition cannot be recovered after
medical treatment or management, chronic UAB/DU is likely.
In clinical practice, patients may regain voiding efficiency
after recovery from illness, but some patients might develop
chronic DU after acute illness. There must have some underly-
ing pathogenesis for the development of transient UAB/DU,
such as detrusor muscle damage or neurological inhibition
which interfere the integration of musculomucosal mechanore-
ceptors, mucosal mechanoreceptors, and chemoreceptors [10].
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PAaTHOPHYSIOLOGY OF UAB

The causes of UAB/DU include DM, bladder outlet
obstruction, aging, neurological diseases, spinal cord lesions,
pelvic plexus, and infectious neurologic problems [11]. UAB/
DU can result from the damage of the bladder afferent path-
ways, bladder efferent pathways, lumbosacral spinal cord, or
pure detrusor failure [12]. The inhibitory effects of the detrusor
contraction by the striated urethral sphincter and the bladder
neck (BN) via the alpha-adrenergic activity may also play a
role for the development of UAB/DU. Patients with a severe
cortical degenerative disease may lack of bladder perception
and unable to initiate the voiding. Aging can cause structural
and functional changes of the bladder afferent nerves and
detrusor power, the reflex activity might also be impaired [13].
In addition, recent studies showed that urothelial dysfunction
and altered sensory transduction pathways also play important
roles in the pathophysiology of UAB/DU [14,15]. It is pos-
sible that the bladder urothelial dysfunction, sensory nerve
dysfunction, detrusor myogenic dysfunction, as well as the
impaired CNS control are involved, in part or totally, in the
development of UAB/DU. In addition, bladder ischemia and
repeated ischemia/reperfusion during a micturition cycle may
also produce oxidative stress, leading to denervation and
further tissue damage in the bladder wall [16].

There are still many unexplored pathophysiologies in the
research needs for DU or UAB. Despite UAB/DU being a sig-
nificant problem, historically it received a lack of attention and
with little research invested in developing a better understand-
ing of the problem and new treatments. Since morphology is
closely related to function, we hereby review and delineate the
ultrastructural changes of DU bladders, regarding the urothe-
lium, detrusor muscles, and nerves. Hopefully, we could gain
a better understanding of UAB/DU.

UROTHELIUM

The urothelium lines the entire urinary tract and forms
the interface between the urinary space and the underlying
vasculature, connective, nervous, and muscular tissues [17].
Currently, numerous studies had proven that the urothelium
not only acts as a barrier of the bladder, but also functions
as an integral part of a sensory web which receives, ampli-
fies, and transmits information about its external milieu [18].
Adenosine triphosphate (ATP) released from the urothelium
has been suggested to have an essential role in the micturi-
tion reflex. It was shown that the mean level of ATP in the
bladders of DU group was significantly lower than that in
the control group [14]. In addition, several signaling mol-
ecules such as E-cadherin, muscarinic receptors (M2 and M3),
P2 x 3 receptors, and endothelial nitric oxide synthase were
reported to have significantly lower expression in patients with
DU [15]. However, with the increasing interest of the poten-
tial role of urothelial and afferent dysfunction in DU, only
few ultrastructural studies regarding urothelial integrity can be
found. In the aging bladder, which is also a possible etiology
of DU, an electron microscopic study revealed that the endoly-
sosomes were generally much larger in umbrella cells than
those observed in the younger rats, and the endolysosomes
have a tendency to cluster in aged umbrella cells [19]. Another
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animal study found ultrastructurally swollen or completely
destroyed mitochondria and accumulation of lipofuscin pig-
ments in the aging bladder umbrella cells [20]. Nevertheless,
similar morphological changes of endolysosomes or mito-
chondria in umbrella cells of human DU bladders have not
been studied yet. Electron microscopy (EM) has been used
to investigate the ultrastructure of bladders in patients with
lower urinary tract diseases for the past 40 years [21-24]. In
the interstitial cystitis/bladder pain syndrome (IC/BPS) blad-
ders, EM study revealed large swollen epithelial cells with
decreased amount of lateral processes [21]. Our previous study
also applied EM to investigate the ultrastructure characteristics
in the IC/BPS bladder and found the defects of the urothelial
cell layers and integrity of umbrella cells [25]. In addition,
these ultrastructure findings could be correlated to the clinical
symptom severity. Although the lack of urothelial ultrastruc-
tural studies in DU limits further speculations, knowing that
the morphological changes of the bladder may contribute to
afferent activity, such studies might be helpful in identifying
potential etiology and therapeutic targets.

DETRUSOR MUSCLE

Impaired detrusor activity has been considered as the major
etiology of DU, causing prolonged bladder emptying and/or
failure to achieve complete bladder emptying. Normal detrusor
muscle lies deep to the lamina propria and consists of smooth
muscle cells arranged into several compact fascicles [Figure 1].
Muscle fascicles were surrounded by perimysium, the inter-
stitial connective tissue containing mostly collagen fibers
with blood vessels and nerve terminals in between. Individual
smooth muscle cells are separated by thinner interstitial
septum. Under the EM, the intact sarcolemma and evenly
distributed dense bodies are the characteristic of normal
smooth muscle cells [Figure 2]. Detrusor dysfunction could

Figure 1: Normeal detrusor muscle (DM) lies beneath the lamina propria (LP) and
forming several muscle fascicles, separated by perimysium (arrow)
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be attributed to aging, since aging in both sexes was associ-
ated with a decrease in the area density of smooth muscle to
connective tissue ratio [26]. In addition to the increased detru-
sor fibrosis, the ultrastructural changes in the smooth muscle
cells might also have impact on the pathogenesis of DU.
Elbadawi et al. [22-24] investigated aging detrusor biopsies
under EM and concluded three characteristic patterns: (1) dys-
junction pattern between smooth muscle cells, (2) the dense
band pattern in combination with widespread muscle cell and
axon degeneration, and (3) hypertrophy of the smooth muscle
cells. The widespread degeneration of muscle cells and axons
superimposed on the dense band pattern was proposed as the
structural correlate of impaired detrusor contractility after the
authors evaluated the correlation between the ultrastructural
changes with urodynamic studies [22]. Brierly et al. [27] con-
ducted a controlled quantitative study of ultrastructural changes
in the underactive detrusor. They reported that disruptive cell
count in the DU bladder biopsies was significantly higher than
the age-matched control specimens. Disruptive cells showed
characteristics such as sarcoplasmic vacuolation, sequestration
or blebbing, cell shriveling, cell fragmentation, and presence of
cell debris in the intercellular spaces. Since there was no corre-
lation between age and number of disruptive cells, the authors
proposed that aging itself may not contribute to muscle disrup-
tion related with DU.

Between the bladder mucosa and detrusor, a group of
myofibroblasts or interstitial cells are found which have a
contractile phenotype and contain smooth muscle actin [28].
Currently, interstitial cells are believed to transmit the signals
from the urothelium or detrusor. Impaired function of inter-
stitial cells might cause diminished detrusor contractility
through impaired bladder urothelial sensory input. The number
of interstitial cells and the density of connexin 43 expressed
on the cells are found to increase in overactive bladder [29].
However, the density of interstitial cells in the UAB/DU
bladders has not been reported. In future, ultrastructural inves-
tigation of the interstitial cells might also reveal the possible
deficits in patients with DU/UAB.

NERVES

Neurogenic factors are the other major etiology of UAB.
Dysfunctions of the central neuronal control, peripheral motor,

Figure 2: Higher magnification of detrusor smooth muscle cells at (a) cross section
and (b) longitudinal section. Smooth and intact sarcolemma of individual cell
and evenly distributed dense bodies are shown. The endomysium (arrowhead)
surrounding each individual cell is much thinner than the perimysium (arrow)
surrounding muscle fascicles

and sensory neuropathies may both contribute to DU by affect-
ing the micturition reflex, detrusor contraction, and voiding.
In normal human bladder, efferent nerve fibers of cholinergic
neurons distributed in the detrusor muscle, and the released
acetylcholine is the predominant neurotransmitter responsible
for bladder contraction. The afferent innervation is mediated
by myelinated A-delta fibers in the detrusor muscle and unmy-
elinated C-fibers located in the detrusor muscle, lamina
propria [Figure 3], and adjacent to the urothelial cells [30].
However, studies on bladder neuronal ultrastructure are scarce.
At the ultrastructural level, disrupted axonal structures with
swollen perineurium and endoneurium were indicated to be
involved in the progression to DU under the chronic ischemic
rat model [31]. In human bladder biopsies with neurogenic
dysfunction, degeneration of intrinsic detrusor nerves (such as
reduced granular small vesicles, disrupted mitochondria, and
collapsed axon) was suggested to potentially hinder efficient
contraction of the detrusor muscle [32]. Nevertheless, more
researches are needed to understand the complex interplay
between the morphological changes and clinical symptoms.

Afferent nerves of the pudendal nerve are postulated to have
a potential modulatory effect on sympathetic neuronal control
in various neuropathic and nonneuropathic bladder dysfunc-
tions, but the mechanism and pathways remain unknown [33].
Patients with idiopathic DU may regain adequate detrusor
contractility and resume spontanecous voiding [34,35] after
transurethral incision of the BN (TUI-BN). Contractions of
the urethral sphincter stimulate firing in muscle proprioceptive
afferent nerves, which then activate the inhibition of bladder
contraction and the micturition reflex [36]. TUI-BN might
destroy the continuity of the BN and interrupt the inhibitory
effect of bladder contractility. In an animal study, decreased
urethral pressure by preganglionic pelvic nerve stimulation and
administration of alpha, beta-methylene-ATP in female pigs
also resulted in bladder detrusor contractions [37]. In addition,
leakage of urine into the proximal urethra stimulated afferent
nerves and induced or increased detrusor contractility [38].
These evidence might explain why patients with an UAB
could regain bladder contractility after TUI-BN. Investigation
of the parasympathetic and sympathetic nervous distributed in
the bladder wall might also provide fruitful evidence for the
pathophysiology of UAB/DU.

Q W A b i o I

Figure 3: (a) Unmyelinated peripheral nerves (arrow) found in the lamina
propria. (b) At higher magnification, lighter stained nerve terminals (*) are seen
wrapped around the darker stained Schwann cell (S)
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CONCLUSIONS

Patients with UAB/DU represent the difficulty in contract-
ing the detrusor sufficiently to complete bladder emptying.
This multifactorial condition has gained growing interest
recently in the need of developing more accurate diagnos-
tic criteria and better treatment plans. However, the research
and published studies are still limited, especially in the field
of bladder ultrastructure. A more thorough investigation of
the morphological changes related to UAB/DU, especially
the ultrastructures of urothelium, interstitial cells, and bladder
afferent fibers, will facilitate our understanding of the patho-
physiology of UAB/DU. In the long term, integration of
clinical, functional, and morphological findings will provide
the foundation for the development of more specific and effec-
tive pharmacotherapies of UAB/DU.
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