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Abstract

Lower wurinary tract dysfunction, including urinary incontinence and
Overactive Bladder (OAB) syndrome, have detrimental effects on health-related
quality of the life and also exert a significant economic burden on health care
systems. The role of imaging in managing urinary incontinence is diagnostic
and reserved only for situations based on clinical and/or neurophysiological test
findings.

Recently, the field of fMRI has grown explosively and is fast becoming a
regular feature in the news media. fMRI emerges a useful research tool for
voiding dysfunction studies. With this modern brain imaging, it is now possible
to identify the role of the supraspinal control system and brain areas in the living
human brain involved in voluntary control of the micturition reflex.

So, the combination of anatomical and functional information by fMRI
enabled us in the diagnosis of a wide range of diseases which may cause
urinary dysfunction and to develop individual accepted recommendations for all
patients. So, it assisted in the decision-making processes between invasive and
conservative management for voiding dysfunction patients.
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Introduction

Patients with Lower Urinary Tract Symptoms (LUTS), including
urinary incontinence and Overactive Bladder Syndrome (OAB)
constitute a considerable part of urology patients. The prevalence
of storage LUTS (men, 51%; women, 59%) was greater than that for
voiding (men, 26%; women, 20%). The prevalence of OAB was 12%
which was more prevalent than all types of urinary incontinence
combined (9%) [1]. Also, OAB affects approximately 15% of urgency
women and prevalence rates are higher in women than men [2].

The cause of the urinary dysfunction is usually multifactorial.
Although urinary dysfunction may entirely be non-neurogenic, it
may also present with an overt or occult neurogenic abnormality
underneath [3]. Many clinically relevant methods have been put
forward to allow an early diagnosis and identification of urinary
dysfunction. A detailed patient's history, physical examination, and
the determination of underlying pathophysiology are considered
essential components of the initial evaluation of urinary dysfunction

(4].

Beyond these assessments, there are no universally accepted
imaging recommendations for urinary dysfunction and, to
date, imaging is indicated only if pelvic pathology is suspected;
Videourodynamics (VUDE) and cystourethrography are considered
optional diagnostic tests and continue to be refined; fMRI is
considered an important research tool in evaluating lower urinary
tract disorders, but at present its clinical role remains investigational

(5].

Neurophysiology and Pathophysiology of
Micturition: Normal Volunteers

Peripheral and central processes control Micturition, in the
conscious and unconsciousness states. Peripheral innervations arise
from caudal segments of the sacral spinal cord, passes through the
cauda equina to the sacral plexus, and via pelvic and pudendal nerves
to the bladder and sphincter. The parasympathetic nervous system
controls bladder contraction and micturition, and the sympathetic
system becomes especially active during the last part of urine storage
when micturition is actively postponed [6,7].

It is generally accepted that the brain plays an important role
in normal micturition [8]. Depending upon the stage of storage
and voiding process, a network involving subcortical and cortical
structures was identified. A part of the pons and the Periaqueductal
Gray (PAG) showed activity as the bladder filled and during
emptying. Further activation was observed in some regions of the
cerebral cortex, i.e. frontal lobe, insula and anterior cingulated gyrus,
as well as in the cerebellum, putamen, thalamus, and hypothalamus.
The activation of the insular cortex is triggered by sympathetic
stimulation of the urethral sphincter [9,10].

Furthermore, the PAG plays a crucial role in regulating the
micturition reflex. The PAG directly receives information about the
bladder filling and if they exceed a certain threshold, the reflex is
triggered and a signal is sent to an area in the dorsomedial pontine
tegmentum, referred to as the Pontine Micturition Center (PMC)
called Barrington’s area or M-region. PMC excitation will produce
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complete synergic micturition via long descending motor efferents
pathways to the parasympathetic bladder motor neurons and to
sacral GABA-ergic (gamma amino butyric acid) and glycinergic
premotor interneurons that inhibit motorneurons in Onuf’s nucleus
which would lead to sphincter and pelvic diaphragm relaxation. In
addition, the excitatory parasympathetic pathway leads to detrusor
contraction [9,11]. PAG is also known as an area responsible for
emotional response, which explain the urge to void during anxiety
and emotional stress [5,12]. However, the circuitry controlling
micturition from the higher regions of the brain remained unclear.

Since the introduction of fMRI as an imaging modality, there
has been a growing interest in its use as an investigative tool in
the evaluation of patients with voiding dysfunction. Despite the
increasing number of animal and human experimental fMRI studies,
its application concerning central micturition control network and
the voiding control mechanism in suprapontine structures is rare.
To our knowledge little information has been reported on follow-
up fMRI in these patients and to what extent this new modality may
affect its management.

Basic role of fMRI in brain scanning

FMRI methods are used as a powerful tool for the noninvasive
mapping of brain’s functional localization and connectivity. In
functional brain MRI, the term may refer to congnitive function,
while the actual brain function occurs in neuronal activity; fMRI is
adept in characterizing the associated haemodynamic responses.

Based on Blood Oxygen Level Dependent (BOLD) contrast, fMRI
takes advantage of the changes in signal intensity, which arise due
to alterations in the local transverse relaxation times, associated with
regional changes in cerebral deoxyhemoglobin concentration. FMRI
quantifies paramagnetic properties of oxygenated and deoxygenated
hemoglobin, which correlate with neuronal activity related changes
in blood flow [13].

In noninvasive neuroimaging, neural activity is inferred from
fluctuations in deoxyhemoglobin. FMRI BOLD signal demonstrated
that there is a strong coupling between local field potentials and
changes in tissue oxygen concentrations in the absence of spikes.
These results imply that the BOLD signal is more closely coupled to
the synaptic activity. So, neurometabolic coupling in cerebral cortex
reflects synaptic more than spiking activity. Due to the small signal
activity change which results, the correlation between the task activity
and fMRI response identified in a statistical manner, using series of
images acquired during alternating periods of activity triggered
paradigm experiment or any trigger e.g. by pelvic floor muscle
contraction in alternation with periods of rest. After this holding for
a suitable level of statistical significance, the T-map of the correlation
is displayed as a color-coded image in which the color is indirectly
related to neuronal activation [14].

Furthermore, resting-state fMRI can elucidate and monitor
multiple brain activity regions during voiding in normal persons
and correlate with one another at rest. By using this method, better
understanding of normal voiding under normal physiological
conditions as well as changes that may occur in voiding dysfunction
were studied [15]. Furthermore, Diffusion Tensor Imaging (DTI)
enables visualization of brain tissue microstructure, which is

extremely helpful in understanding various neuropathologies and
neurodegenerative disorders. In DTI, the white matter tracts are
analyzed by inference from the local diffusion of water molecules.
So, the DTI method helps to identify the deficits in white matter
that appear normal by conventional radiological imaging methods.
Deficits of this region are more prevalent in younger patients and
might lead to urgency [16].

Arterial Spin Labeling (ASL) is another type of fMRI technique
that allows quantitative measurement of absolute cerebral perfusion
[17]. Unlike PET scans that require the administration of radioactive
intravenous contrast to measure cerebral perfusion, ASL uses inverted
proton spins of magnetically labeled water in the blood as a tracer.
ASL fMRI can non-invasively quantify perfusion changes in the brain
using a non-catheterized oral fluid challenge paradigm that does not
require repeated filling and emptying the bladder, unlike BOLD fMRI
[17,18]. The advantage of an oral fill protocol is that it prevents false
positive afferent signals induced by placement of a catheter, especially
in conditions such as OAB that are characterized by increased
afferent signaling. The disadvantage of this protocol is that it does not
allow bladder filling volumes to be precisely controlled. The type of
fill protocol used during imaging studies depend on the goals of the
project [18].

Role of fMRI in studying brain- bladder control of
micturition

Recent function imaging studies fMRI reveals a network of brain
regions that responds to different signals provoked by bladder filling
in response to water intake or furosemide. In the early stages of fMRI
studies, urodynamic recordings were not possible in the magnetic
field of the scanner. However, a recent study has adapted urodynamic
methods to the fMRI environment, so as to monitor bladder pressure
and brain activity in the scanner simultaneously during bladder
filling [13].

Functional studies have shown that control of bladder is a
complex process. The process of the central control mechanisms of
bladder function involves spinal reflexes and interactions between the
higher brain centers as well as many other brain regions [19]. The role
of spurapontine brain structures in the voluntary control of voiding
by fMRI based on the pelvic floor muscle function. The idea is that
repeated pelvic floor muscle contractions during full bladder induce a
stronger contrast of bladder sensation, desire to void, and the effect of
this contraction was thought to be activation of the continence areas,
and inhibition of the micturition reflex triggering, when the subjects
were asked not to urinate. Activation maps calculated by contrast of
subtracting the two different conditions were applied to reveal these
brain areas that are involved during the inhibition of the micturition
reflex [20].

Response differsin subjects with good or with poor bladder control.
Among those with poor control, cortical responses were exaggerated
at larger bladder volumes and are consistent with symptoms of
urgency and frequency. These abnormalities are associated with
adequate response to bladder filling in a specific bilateral region of
the orbitofrontal cortex, an area known from clinical lesion studies
to be crucial to voluntary bladder control. Among subjects with
good control, this strengthening of response was prominent in the
orbitofrontal cortex. This suggests a similar neurophysiological basis
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Figure 1:

in dysfunction of the orbitofrontal cortex for poor bladder control in
absence of neurological lesion [13].

FMRI detected activation of many brain regions involved in
bladder control, including PAG, thalamus, insula, cingulate gyrus,
ventromedial cerebellum, PMC and preoptic hypothalamus (Figure
1).

fMRI localization of anatomical areas involved in brain-
bladder control of micturition

Primary motor cortex: fMRI showed activation in the primary
motor cortex during pelvic floor muscle contraction and relaxation.
The activation in the primary motor cortex was modulated by
attention and also, showing absence of correlation between counting
and movement, in contrast, a negative interaction was found in the
sensorimotor areas (SMA, cingulated cortex and post-central gyrus).
This suggests that this area mediates motor function differently [13].

Parietal cortex: fMRI showed that the right side of parietal
cortex seems more dominant during micturition and bladder filling.
The inferior parietal cortex activation reflects the transfer of visual
commands into the resulting muscle contraction, rather being specific
for the paradigm used than for the micturition process itself [7].

The cerebellum: The activity was shown in the cerebellum
during both relaxation and contraction of the pelvic floor muscles.
The process of increasing bladder filling was followed by bilateral
cerebellar activation [9]. However, the activity of vermis was found
during a full bladder but not during an empty contraction which
was stronger during contraction than relaxation. It seems that right
cerebellar hemisphere is more dominant than left hemisphere during
pelvic muscle contractions. It is proved that cerebellar influences
visceral functions in children who suffered from urinary and fecal
incontinence. This indicates that global cerebellar dysfunction also
affects bladder function [20].

PFC (Prefrontal cortex): Sakakibara et al. [21] reported PFC
regions activation with fMRI study during bladder filling.

Cingulated gyrus: The entire cingulated gyrus is a part of
cingulated cortex, which lies immediately above the corpus callosum.
The activity in anterior portion of the Cingulated Cortex (ACC),
which is the frontal part of the cingulate cortex surrounding the
frontal part of the corpus callosum, increased as bladder volume

increased. In contrast, to the decreased activation of the mid-portion
as urge to void. The location of activation in the ACC is widely
distributed, and depends on the type of task to be carried out. Besides
its role in the emotional and motivational aspects of micturition, it is
also involved in certain higher-level of functions, such as attention
allocation, reward anticipation, decision-making, ethics and emotion
[22-26]. Therefore, cingulated cortex might present as a complex role
of the control of micturition.

Insula: Effective connectivity between insular and ACC has
been observed in almost functional brain imaging studies. Whereas,
functional connectivity analyses of resting state fMRI BOLD have
shown that the anterior insula is connected functionally with the
anterior and mid-cingulate cortex; and the mid- and posterior
regions of the insula are connected only with the posterior region of
the mid-cingulate cortex. Furthermore, the insula is engaged in the
integration of the variety of limbic system function and autonomic
responses [27,28].

The role of the basal ganglia: Bilateral activation during states
of relaxation and contraction of pelvic floor muscle with a higher
activation level during pelvic floor muscle contraction was found by
fMRI [20]. The present findings substantiate that the basal ganglia
play an important role in the modulation of micturition reflex but
they are not responsible for the reflex itself [19,23].

Amygdala/hippocampal region: This region was activated in
bladder voiding control; this finding extends the evidence that it is
highly involved in visceral sensation like irritable bowel syndromes
[28] and in emotional processes, especially fear emotions [29]. The
amygdala is involved in the normal response to bladder filling, and in
suppression of urgency provoked by bladder filling in OAB patients
[29-31]. The amygdala/hippocampal region becomes less active after
treatment of urge incontinence by sacral neuromodulation. Studies
using dynamic causal modeling of fMRI in healthy subjects have
observed a robust increase in effective connectivity from the amygdala
to the hippocampus [29-31]. However, it is largely unknown how
these two brain structures functionally interact.

The thalamus: The activation of the thalamus was found during
bladder filling [19,32].

L-region: A few fMRI studies showed a localized activity that
corresponds to the pontine L-region or continence center [7,23,33].
This L-region is under the strong control of PAG and higher regions,
but no information exists regarding suprapontine control of the
L-region. However, not all these studies recognized the L-region as
such and still need further investigation [26].

The PMC: fMRI showed activation in the PMC in the medial
aspect of the pons during the initiation of voluntary voiding pelvic
[34,35]. No laterlization was found during pelvic floor muscle activity
in pons [23].

Role of fMRI in evaluation factors which influence voiding
mechanism

Psychological factor: Psychological factor can influence
bladder awareness by self-distraction which used as a management
strategy for “Latchkey incontinence” (Incontinence of urine as one

approaches a known toilet) e.g., reciting a poem. An fMRI study
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on painful conditions show changes in activity in the prefrontal,
cingulate PAG, and thalamic regions, demonstrated decreased pain
scores with distraction [36].

Self- control inhibition: fMRI study combined with MMPI
(Minnestoa Multiphasic Personality Inventory) suggested that self
inhibition is associated with Supplementary Motor Area (SMA)
activation during voluntary voiding control. So, SMA interpreted as
higher inhibition area suppressing voiding desire during full bladder
[37].

Performance of cognitive and motor task: fMRI experiments
with simultaneous ECG during performance of cognitive and
motor task provide evidence for a direct link, neuropsychological
and physiological observations between dorsal Anterior Cingulated
Gyrus (dACC) activity and modulation of cardiac and voiding
function via sympathetic output. However, continuous physiological
monitoring during fMRI has enabled the exploration of integrative
neural mechanisms facilitating behavior that necessarily include
modulation and feedback of bodily arousal states [38].

Role of fMRI in localizing brain- bladder pathological
conditions

fMRI of the brain proved to elucidate and confirm brain regions
involved in pathophysiology of voiding dysfunction caused by certain
neurological disease.

Overactive Bladder (OAB) syndrome and urinary urgency:
OAB, a functional disorder of bladder storage characterized by the
symptoms of urinary urgency with or without urge incontinence,
usually associated with frequency and nocturia. Urinary urgency,
which is the main symptom of OAB, is defined as a sudden compelling
desire to urinate that is difficult to control [39].

Brain imaging studies, using BOLD fMRI, reported that
urinary urgency is associated with activation of several cortical and
subcortical regions that comprise the limbic system, that is, region of
the brain that processes emotional response to pain and discomfort,
such as ACC, insula, and Prefrontal Cortex (PFC). Measuring brain

activation during urinary urgency rather than with cystometric
capacity has the advantage that it may help to elucidate mechanisms
of a functional syndrome that is defined based on symptoms such as
urinary urgency rather than objective findings such as cystometric
capacity [32,40].

Using ASL in women with OAB, urinary urgency is associated
with 10-14% increase in absolute regional CBF in the limbic system.
The using of SPM (Statistical Parametric Mapping) supports these
findings and identified additional areas of activation in the dorsolateral
PFC and the pons/midbrain area. Those findings suggest that, in
women with OAB, urinary urgency is associated with abnormal
processing of sensory input in the limbic cortex. Also, those findings
advance understanding of the pathogenesis of urinary urgency that
substantiates existing conceptual models of sensory processing in the
brain during urgency [41]. So, urgency may represent an emotional
response to discomfort and potentially explains the success of
techniques such as distraction in preventing leakage. The activation in
the pons/midbrain likely represents the Periaqueductal Gray (PAG)
where sensory information from the bladder is integrated [32].

Interstitial cystitis: Using continuous ASL in women with
interstitial cystitis, Deutsch et al. [18] reported quantitative increases
in absolute rCBF in several regions of the brain involved in the pain
matrix such as the supplementary motor area, motor and sensory
cortex, insula, hippocampus, and middle and posterior cingulate
areas during bladder filling.

Brain dysmaturation: fMRI is the imaging of choice to
evaluate brain myelination maturation and the consequences on
brain maturation of the different urinary dysfunction pathologies
encountered after birth [42].

Nocturnal enuresis (NE): fMRI found that the sensory threshold
of the urethra in NE children was significantly higher, indicating that
bladder and urethra are controlled by separate neuronal pathways.
NE is considered an inhibitory micturition control disorder from
premotor cortex [20].

Parkinson Disease (PD): In a meta-analysis of rs-fMRI studies,
connectivity changes in the right posterior Inferior Parietal Cortex
(IPC) represent the most consistent finding in PD [43] and may
disrupt activity of the precuneus, Posterior Cingulate Cortex (PCC),
mid-cingulate cortex, middle and superior frontal gyrus, and
orbitofrontal gyrus

Idiopathic focal epilepsies: The combination of EEG-fMRI is
a powerful tool to describe the irratative zone. This combination
was able to discriminate the spike onset zone from propagated
epileptiform sources activity [44].

Multiple Sclerosis (MS): Patients with MS who had demonstrable
neurogenic detrusor overactivity and Detrusor-Sphincter Dyssynergia
(DSD) showed a trend toward distinct brain (supraspinal) activation
at full urge and at initiation of voiding respectively, which are
consistent with the observation in other patients with overactive
bladder [45]. Such brain activation was studied using a concurrent
fMRI/urodynamic testing platform during the entire micturition
cycle (storage and voiding phase) in female patients with neurogenic
lower urinary tract dysfunction and multiple sclerosis [46,47].
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Role of fMRI
dysfunction

in diagnosis and therapy of urinary

Based on fMRI studies of OAB patients, a third backup continence
mechanism (paralimbic circuits) has proposed by a Pittsburgh group.
According to their theory, information of bladder filling ascending
from the PAG is relayed not only to the thalamus, but also to the
dorsal ACC and the SMA, which presumably evokes the “urgency”
[48]. The SMA is activated during contraction of the pelvic floor
muscles, and provides protection against incontinence [16,23,33].
Furthermore, ACC and SMA might bypass the brainstem switch,
which is concerned with parasympathetic control. So, bladder filling
provokes deactivations in parahippocampal complex areas, posterior
cortex and perhaps hypothalamus, which may be concerned with basic
safety of voiding. So, 3 neural continence circuits have been identified
which maintain continence by suppressing the spinobulbospinal
voiding reflex at its terminus in the PAG. Circuit 1 involves the
mPFC, and its afferent and efferent pathways, possibly including
the insula, while circuit 2 involves the dACC (midcingulate) and the
adjacent SMA, and circuit 3 may involve subcortical regions such as
the parahippocampal complex (Figure 2). In normal subjects, circuits
1 and 2 are not significantly activated during storage but circuit 1
(mPFC) is activated during voluntary voiding. fMRI study in urge
urinary incontinence patients have identified abnormalities in brain
activation provoked by bladder filling and these abnormalities predict
the response to pelvic floor muscle training therapy [33,49].

fMRI studies confirm the importance of neuroplasticity, refers
to the phenomenon of neurons and neural networks modifying
their connections and/or behavior in response to new information,
sensory stimulation, development, damage, or dysfunction. The
cortical neuroplastic changes were observed after pelvic floor muscle
training and biofeedback therapy for stress urinary incontinence.
These phenomena show that the therapeutic neurorehabilitation that
modulates some regions in the brain can change the whole network
problem. In the field of neurorehabilitation, however, assessing
neuroplasticity using task t-fMRI presents a significant challenge.
Direct measures of such changes are beneficial to understanding how
and when recovery from brain injury takes place and ultimately may
provide a novel rehabilitative treatment [50].

The quantitative measurement of cerebral perfusion by ASL fMRI
could be used for the diagnosis of both complex cases of bladder pain
syndrome and complex patients of OAB, beside clinical symptoms
[18]. As, women with overlapping symptoms of OAB and bladder
pain are in need for both a diagnostic and therapeutic challenge. fMRI
is an imaging modality that can provide a quantitative biomarker for
both the underlying pathogenesis and more specific diagnosis in
complex cases of OAB [51].

Objective measurement of cerebral perfusion could also be used to
develop novel treatments for OAB such as hypnosis and transcranial
magnetic stimulation that target cerebral perfusion in specific regions
of interest and have been used in the treatment of depression [52].
Furthermore, the effectivity of anti-OAB drugs by fMRI was studied
in OAB patients in experimental trials [50,52].

BOLD fMRI also has higher temporal resolution, making it more
suited to event-related designs, for example, in a language task, and is
technically easier to implement since it does not usually require any

additional programming of the radiofrequency and gradient pulses
provided by the manufacturer [53]. Several neuroimaging studies
using functional MRI have advanced the understanding of how
afferent signals from the bladder are processed in the brain. Of these,
BOLD fMRI and ASL have gained wide applications because both use
endogenous tracers and are therefore noninvasive.

fMRI provides preoperative cortical localization of speech, motor,
and sensory cortex in patients with supratentorial arteriovenous
malformations and parasagittal meningioma. So,
stereotactic radiosurgical dose plans were safely applied that preserve
these cortical areas [54].

recurrent

Future prospective studies for urinary dysfunction

The applied voiding dysfunction animals’ model provides a
tool that might be applicable to insert the fMRI in the noninvasive
diagnostic assessment of disorders of the central bladder control
due to different brain diseases. This will lead to the utility of fMRI
translational research from preclinical models to humans; making it
useful for longitudinal noninvasive studies. However, the additional
information on the status of the urethra sphincter and supporting
ligament provided by fluoroscopic dynamic MR imaging obtained
with the patient at rest and during contraction, combined with the
available fMRI data may contribute to the accurate diagnosis of
urinary dysfunction [55].

An accurate noninvasive method for providing information about
brain lesions would be of great benefit toward reducing potential
operative/postoperative morbidity. One of the promises of fMRI in
the clinical arena has been in pre-surgical mapping in patients with
brain lesions. This type of information can be applied by integrating
functional and anatomic information on a neurosurgical navigation
workstation. Where, vital cortical areas such as for motor function
must be precisely identified to avoid significant postoperative
morbidity resection of brain tumors. The gold standard for this
evaluation remains invasive, where cortical stimulation performed
at the time of surgery. Previous studies comparing the localization
accuracy of fMRI to intra-operative localization have shown good
correlation. These studies, however, have relied on subjective
comparison of operative photographs to make this assessment and
need further evaluation [56]. Also, fMRI provides preoperative
cortical localization of speech, motor, and sensory cortex in patients
with supratentorial arteriovenous malformations and recurrent
parasagittal meningioma. So, stereotactic radiosurgical dose plans
were safely applied that preserve these cortical areas [54].

The need for more accurate, noninvasive imaging of the fetal CNS
has been increased for assessing fetal CNS anatomy and intrauterine
therapy. Fetal MRI can support the diagnosis of aqueductal stenosis
which can differentiate between the good and bad candidates for
Endoscopic Third Ventriculostomy (ETV) which is based on the
presence and shape of the floor of the 3 ventricle together with the
presence of an abnormality of the aqueduct or midbrain [57]. In
fetal surgery centers, MRI can be performed to evaluate the lesions,
to provide the inclusion criteria for fetal surgery, and to analyze the
postoperative outcome [58]. MRI help to diagnose idiopathic normal
pressure hydrocephalus by measurement of CSF flow (>18ml/min)
at the level of the cerebral aqueduct. With further advances, it seems
fetal fMRI/MRI is an effective, noninvasive means of assessing fetal
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CNS anatomy and pathophysiology. It is conceivable that fMRI
will replace sonography in the evaluation of the fetus. So, clinical
correlation of findings on prenatal ultrasound and fetal fMRI is vital
to accurately characterize abnormalities [59].

The concept of fMRI VUDE may give us some insight into the
role of various higher centers in controlling the micturition process.
The idea was based on some interesting correlated observations of
MRI with videourodynamic findings in localized brain infarction and
multiple sclerosis. However, it brings new possibilities for the study
of voiding dysfunction and represents a useful tool for further studies
[60,61].

The longitudinal nature of the patients with voiding dysfunction
must be followed for the metabolic abnormalities. MRI is an imaging
modality that measures the mobility of water within tissues and, as
such, may function with fMRI as a surrogate biomarker for both
tissue cellularity and response to treatment e.g., Antibodies against
aquaporin-4 in Neuromyelitis Optica (NMO) [62,63].

By analyzing the frequencies present in the MR signal, the
investigator can identify the metabolites in the tissue and estimate their
concentration. This procedure forms the basis of MR spectroscopy
[64]. MR spectroscopy was found as promising tool in assessment of
spinal dysraphism surgical outcomes. Where high levels of lactate,
alanine, acetate, glycerophosphorylcholine and choline were observed
in the CSF of patients with spinal dysraphism and cord retethering
before surgery; after surgery these levels normalized. The persistence of
deranged anaerobic metabolism after surgery may be indicative of the
presence of untreatable lesioning spinal cord [65]. With this respect
to this, the correlation between fMRI and MR spectroscopy analysis
of CSF would provide several possible biochemical markers and
quantitative parameters that can be used to postulate a prognosis e.g.,
urinary excretion of L-2 hydroxyglutaric acid [66]. Also, Abnormal
MRI in chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) showed greatly enlarged nerve roots filling the lumbosacral
spinal canal. This indicates a breakdown of the blood-nerve barrier.
This appeared to be the cause of bladder dysfunction as evidenced
by voiding difficulty and urinary areflexia which appeared 10 years
after onset of CIDP [67]. So, the correlation between fMRI/MRI can
be used as a tool for providing additional diagnostic pathophysiology
information about CIPD, thereby improving prognosis owing to
early diagnosis.

We suggest further studies with raised quality of the imaging
and assess pharmacological treatment, which may bring information
about the bladder dynamics. Where, an fMRI scanning demonstrated
that after antidepressant sertraline treatment, a functional
connectivity between the ACC and limbic regions increased while
limbic activation in response to emotional stimuli decreased [68].
Also, MRI can be used in predicting response for alpha —adrenergic
blockade in patients with BPH. Since androgen deprivation causes
atrophy of epithelial tissue and a reduction in prostate volume. MRI
has the ability of estimating the area density of smooth muscle cells
in pelvic organ which was determined using immunostaining with
antiactin antibody [69]. So, certain pharmacotherapeutic products
may become treatment for urinary dysfunction with help of fMRI/
MRI imaging.

The combination of fMRI/MRI may play an important role in
assessing voiding dysfunction before and after minimally invasive
surgical treatment modalities. The safety of MRI in patients
with pelvic floor dysfunction treated by neuromodulation was
demonstrated, where, there was no change in perception of the
stimulation after re-programming of the neurostimulator. Also, no
change in bladder functions was reported after MRI examinations
[70]. This combination is, also, will be of great importance in follow
up patients in whom transperineal BTX-A injections under MRI
control are used to relieve spasticity of muscles and lower urinary
tract obstruction due to DSD [71]. Also, MRI demonstrated distinct
anatomic abnormalities in the levator plate and diminished the
levator ani muscle tissue density in patient with urinary incontinence
[72]. Where, the fibrosis at the external urethral sphincter (EUS),
detected by MRI, has a negative effect on EUS, which plays a role
in the development of postprostatectomy incontinence after TUR.
These findings may play a role in selecting patients who will benefit
from this, minimally invasive treatment modalities [73,74].

The applications of fMRI have been primarily used by diagnostic
utility in the radiological community. So, their results have to be
correlated with the clinical, pathological, immunohistochemistry
parameters for urinary dysfunction studies with the aid of meta-
analysis. So, more accurate data can be provided than structural
imaging data alone [66].

It has been difficult to compare brain activation across studies
because of the variety of different operators and presentations
modalities used. In order to avoid invalid generalizations of the
involved brain areas, the future experiment must examine fMRI-
BOLD activity in participants. For future studies, multi planner fMRI
analysis and a faster, single shot sequences imaging slices would be
needed for sufficient temporal resolution to characterize the shape
of the BOLD response and potential temporal regional differences
[29]. Smart exogenous contrast agents that are turned under specific
conditions like the presence of specific enzyme and can allow for
further refinements in efficient tissue characterization paradigms will
be one of the next revolutions in MRI. Real time MRI considered to
be one of the most important tools for future clinical MRL

Conclusion

In conclusion, this modern non-invasive imaging technology
fMRI is gaining widespread acceptance as an anatomical or
functional imaging tool for voiding dysfunction and can be used in
understanding physiology and pathophysiology that is important in
biology, and pharmacology. This may result in improved sensitivity
and /or specificity of diagnostic evaluations of voiding dysfunction,
and more importantly, accurate diagnosis at early and more treatable
course of the disease and should allow for the evaluation of novel
therapeutic interventions and preventive maneuvers.
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