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Abstract

Neurophysiological tests of anorectal function can provide useful information regarding the
integrity of neuronal innervation, as well as neuromuscular function. This information can give
insights regarding the pathophysiological mechanisms that lead to several disorders of anorectal
function, particularly fecal incontinence, pelvic floor disorders and dyssynergic defecation.
Currently, several tests are available for the neurophysiological evaluation of anorectal function.
These tests are mostly performed on patients referred to tertiary care centers, either following
negative evaluations or when there is lack of response to conventional therapy. Judicious use of
these tests can reveal significant and new understanding of the underlying mechanism(s) that
could pave the way for better management of these disorders. In addition, these techniques are
complementary to other modalities of investigation, such as pelvic floor imaging. The most
commonly performed neurophysiological tests, along with their indications and clinical utility are
discussed. Several novel techniques are evolving that may reveal new information on brain—gut
interactions.
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Neuroanatomy & physiology of the anorectum

Structure of the anorectum

The rectum is a muscular tube that is 12- to 15-cm long and composed of a continuous layer
of longitudinal muscle that interlaces with the underlying circular muscle [1]. The anus is 2-
to 4-cm long. At rest, it forms an angle of approximately 90° with the axis of the rectum [1,
2]. During voluntary squeeze, the angle becomes more acute, whereas during defecation, the
angle becomes more obtuse. The anal sphincter consists of two muscular components: the
internal anal sphincter (1AS), a 0.3- to 0.5-cm thick expansion of the circular smooth muscle
layer of the rectum; and the external anal sphincter (EAS), a 0.6- to 1.0-cm thick expansion
of the levator ani muscles. Morphologically, both sphincters are separate and heterogeneous.
The 1AS is a predominantly slow-twitch, fatigue-resistant smooth muscle [1, 2]. The IAS
generates mechanical activity, with a frequency of 15-35 cycles/min, and ultra-slow waves
at 1.5-3 cycles/min [3]. The IAS contributes approximately 70-85% of the resting sphincter
pressure, but only 40% after sudden distention of the rectum and 65% during constant rectal
distention [1-3]. Thus, the IAS is primarily responsible for maintaining anal continence at
rest. The anus is normally closed by the tonic activity of the IAS. This barrier is reinforced
during voluntary squeeze by the EAS. The anal mucosal folds, together with the expansive
anal vascular cushions, provide a tight seal. These barriers are further augmented by the
puborectalis muscle, which forms a flap-like valve that creates a forward pull and reinforces
the anorectal angle.

Rectal distention is associated with a decrease in anal resting pressure known as the
rectoanal inhibitory reflex (RAIR) [1-4]. The amplitude and duration of this relaxation
increases with the volume of rectal distention. This reflex is mediated by the myenteric
plexus and is present in patients with transection of the hypogastric nerves and in patients
with spinal cord lesions [5]. It is absent in patients with Hirschsprung’s disease, after
circular rectal myotomy and sometimes after lower anterior resection [6, 7]. In addition, it
has been shown that the amount of distension required to produce maximum inhibition of
the anal sphincter during the RAIR is significantly diminished after radiotherapy [8]. The
RAIR is likely to play an important role in the sampling and discrimination of rectal
contents; preservation of this reflex correlates with a decrease in the incidence of nocturnal
soiling after double-stapled ileoanal reservoir construction [9].

The arrival of flatus mimics sudden rectal distention and this is associated with a decrease in
anal pressure. Although the RAIR may facilitate discharge of flatus, rectal distention also
induces an anal contractile response — recto anal contractile reflex (RACR), a subconscious
reflex effort to prevent release of rectal contents [1, 10]. The RACR involves contraction of
the EAS, and it is mediated by the pelvic splanchnic and pudendal nerves. Abrupt increases
in intra-abdominal pressure, such as those that occur after coughing or laughing, are
associated with simultaneous increases in anal sphincter pressure brought about by reflex
contraction of the puborectalis and anal sphincters. These local reflexes are independent of
rectal sensation [10]. However, recently it has been described that perception of rectal
distension is associated with a unique, consistent and reproducible anal contractile response
— the sensory—motor response (SMR) [10].

Innervation & sensory function

The anorectum is richly innervated by sensory, motor and autonomic nerves and by the
enteric nervous system. The principal nerve is the pudendal nerve, which arises from the
second, third and fourth sacral nerves (S2, S3 and S4) and innervates the EAS. The pudendal
nerve is a mixed nerve that subserves both sensory and motor function [1, 2]. Pudendal
nerve block creates a loss of sensation in the perianal and genital skin and weakness of the
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anal sphincter muscle, but does not affect rectal sensation. Pudendal nerve block also
abolishes rectoanal contractile reflexes, which suggests that pudendal neuropathy may affect
the rectoanal contractile reflex response. The sensation of rectal distention is most likely
transmitted along the S2, S3 and S4 parasympathetic nerves. These nerve fibers traverse
along the pelvic splanchnic nerves and are independent of the pudendal nerve.

It is not completely understood how humans perceive stool contents in the anorectum.
Earlier studies failed to demonstrate rectal sensory nerves. Subsequent studies have
confirmed that balloon distention is perceived in the rectum and that such perception plays a
role in maintaining continence [11]. Despite the absence of specialized receptors in the
rectal mucosa, such as Pacinian corpuscles or Golgi-Mazzoni bodies, there is some evidence
to suggest that rectal sensation arises from the stimulation of nerve endings and
mechanoreceptors, both in the rectal wall and the adjacent pelvic structures [12]. In addition,
recent studies from rat models have confirmed the existence of intraganglionic laminar
nerve endings in the myenteric plexus of the rectal wall that are sensitive to mechanical
distension [13]. Furthermore, sensory conditioning can improve both hyposensitivity and
hypersensitivity of the rectum [14]. Mechanical stimulation of the rectum can produce
cerebral evoked responses, which confirms that the rectum is a sensory organ. Although
there are no organized nerve endings in the rectal mucosa or in the myenteric plexus, both
myelinated and unmyelinated nerve fibers are present [1-3]. These nerves most likely
mediate the distention-or stretch-induced sensory responses, as well as the vis-cero-visceral,
the recto—anal inhibitory and the recto—anal contractile reflexes. Rectal sensation and the
ability to defecate can be abolished completely by resection of the nervi erigentes. If
parasympathetic innervation is absent, rectal filling is only perceived as a vague sensation of
discomfort. Even paraplegics or persons with sacral neuronal lesions may retain some
degree of sensory function, but virtually no sensation is felt if lesions reach the higher spine
[1]. Thus, the sacral nerves are intimately involved with the maintenance of continence.

It has been suggested that bowel contents are periodically sensed by anorectal sampling [11,
12], the process by which transient relaxation of the IAS allows the stool contents from the
rectum to come into contact with specialized sensory organs, such as the Krause end-bulbs,
Golgi—Mazzoni bodies and genital corpuscles, and the sparse Meissner’s corpuscles and
Pacinian corpuscles in the upper anal canal [1, 2]. Specialized afferent nerves may exist that
subserve sensations of touch, temperature, tension and friction, but these are incompletely
understood [15]. Incontinent patients appear to sample rectal contents less frequently than
continent subjects. The likely role of anal sensation is to facilitate discrimination between
flatus and feces and the fine-tuning of the continence barrier, but its precise role has not
been characterized [12].

Neurotransmitters

The IAS is densely innervated by adrenergic nerves in humans [1]. Stimulation of
adrenergic a and B receptors can produce contraction and relaxation of human IAS [16]. All
three B adrenoreceptor (B1, B2 and p3) agonists relax the opossum internal anal sphincter;
the B3 receptor effect is mediated by the cyclic guanylate monophosphate pathway similar to
nitric oxide (NO). The IAS is more sensitive to adrenergic compared with cholinergic
agonists; cholinergic agonists either contracted or relaxed IAS in humans [2]. Nicotinic
agonists also relaxed 1AS, probably via nonadrenergic—noncholinergic mechanisms. NO
mediates IAS tone and the RAIR [17]. Recent studies suggest that the isoforms of NO
synthase — neuronal (nNOS) and endothelial (eNOS) — modulate distinct components of IAS
function. Vasoactive intestinal peptide, an inhibitory neurotransmitter also plays a role in
RAIR [18].
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The act of defecation & the maintenance of continence

Many neuromuscular factors are involved in the act of defecation and maintenance of
continence. Defecation begins with the movement of feces from the colon into the rectum
[19]. A complex and coordinated sequence of movements is involved in this process, which
includes segmental, propagated and retrograde pressure waves, and high-amplitude
propagated contractions [19]. The next stage consists of several stereotyped events that are
under the control of reflex mechanisms. The basic regulatory mechanisms are present in the
newborn but the art of controlled defecation develops through training and is controlled by
higher cortical centers. Arrival of stool in the rectum causes rectal distension and induces a
desire to defecate along with a decrease in the anal resting pressure — the RAIR [4, 20].
These events allow the rectal contents to come into contact with the sensitive anoderm and,
based on the nature of fecal material ‘sampled’ — solid, liquid or gas [21] — an urge to
defecate is induced that can only be resisted by vigorous contractions of the EAS and
puborectalis muscle. If social and environmental conditions are favorable and voluntary
defecation is desired, the subject sits or squats, contracts the diaphragm, abdominal muscles
and rectal muscles, and simultaneously relaxes the EAS and puborectalis muscle. These
maneuvers open the anus and facilitate stool expulsion. Thus, sensory perception and
coordinated movement of stool are important physiologic variables that affect anorectal
function [22]. Impairment of these mechanisms may result in functional anorectal disorders.

Neurophysiological tests commonly performed in clinical practice

Anorectal manometry

Anorectal manometry (ARM) provides information regarding anal sphincter function at rest,
together with changes that occur during voluntary squeeze or bearing down and reflex
activation of the pelvic floor. Adequate measurements of anal sphincter responses can be
obtained with either open-tipped or side-opening water-perfused catheters or direct online
solidstate microtransducers, or air- or water-filled balloons [23, 24]. Normal anal sphincter
pressures vary according to gender, age and testing methodology used. In general, pressures
are higher in men and younger persons, but there is a considerable overlap in values [24].

It is the preferred method for defining the functional weakness of the EAS or IAS and for
detecting abnormal recto—anal reflexes. These tests may also facilitate biofeedback training.
Recently, a novel solid-state manometric assembly with 36 circumferential sensors spaced at
1-cm intervals (4.2 mm outer diameter) has been used to perform anorectal manometry
(high-resolution manometry [HRM], Sierra Scientific Instruments, CA, USA) [25]. This
device uses novel pressure transduction technology (TactArray) that allows each of the 36
pressure-sensing elements to detect pressure over a length of 2.5 mm and in each of 12
radially dispersed sectors. This HRM provides greater physiologic resolution and minimizes
movement artifact. The data can be displayed in isobaric contour plots that can provide a
continuous, dynamic representation of pressure changes. In a pilot study, Jones et a/. [25]
reported good correlation, although anal sphincter pressures were higher with HRM than
those recorded with water-perfused manometry.

Clinical utility of ARM testing in fecal incontinence—~Patients with incontinence
demonstrate several neurophysiological abnormalities, such as disruption or weakness of the
EAS and IAS. These are common causes of fecal incontinence.

In addition, the ability of the EAS to contract reflexively during abrupt increases of intra-
abdominal pressure, such as when coughing or sneezing is impaired. This can be assessed by
having subjects blow up a balloon [24-26]. This reflex response causes the anal sphincter
pressure to rise above that of the rectal pressure to preserve continence. The response is
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triggered by receptors on the pelvic floor and mediated through a spinal reflex arc. In
patients with spinal cord lesions above the conus medullaris, this reflex response is present
but the voluntary squeeze response may be absent, whereas in patients with lesions affecting
the cauda equina or sacral nerve plexus, both the reflex response and the voluntary squeeze
response are absent [1, 27].

In a prospective study, anorectal manometry with sensory testing not only confirmed a
clinical impression but also provided new information that was not detected clinically [28].
Furthermore, the diagnostic information obtained from these studies influenced both the
management and the outcome of patients with incontinence [28]. The gold standard for
detecting structural abnormalities are imaging studies, such as anal endosonography or
pelvic MRI; these tests are beyond the scope of this review but are described elsewhere [29].

Clinical utility of ARM in chronic constipation—Anorectal manometry detects
abnormalities that facilitates the diagnosis of Hirschsprung’s disease and dyssynergic
defecation [30]. The absence of a recto—anal inhibitory reflex is considered pathognomonic
for Hirschsprung’s disease [30, 31]. In a prospective study of 111 children, anorectal
manometry had a sensitivity of 83% and specificity of 93% when compared with rectal
suction biopsy (sensitivity 93% and specificity 100%) for detecting Hirschsprung’s disease
[31].

When a subject attempts to defecate, there is usually a rise in intrarectal pressure, which is
synchronized with a fall in anal sphincter pressure due to relaxation of the puborectalis and
EAS [32, 33]. This maneuver is under voluntary control and is primarily a learned response.
The inability to perform this coordinated maneuver represents the chief pathophysiological
abnormality in patients with dyssynergic defecation [32—34]. This inability may be due to
impaired expulsion forces, paradoxical anal contraction or impaired anal relaxation, or a
combination of these mechanism(s) [34]. However, during attempted defecation, some
subjects may not produce a normal relaxation largely because of the laboratory conditions.
For example, in a recent study in 25 healthy volunteers, ARM in the lying position revealed
that a third of the subjects had dyssynergia and half could not expel artificial stool [35].
Whereas when sitting with a distended rectum, most showed normal defecation pattern and
ability to expel stool. Thus, body position, sensation of stooling and stool characteristics
may each influence defecation [35]. Hence, the occurrence of this pattern alone is not
diagnostic of dyssynergic defecation. In addition, rectal sensory testing has revealed that the
thresholds for first sensation and desire to defecate are impaired in 60% of patients with
dyssynergic defecation [34]. Also, a case-controlled study demonstrated that anorectal
manometry revealed a dyssynergic defecation pattern in up to 82% of patients with solitary
rectal ulcer syndrome [36].

Recommendation—Anorectal manometry is recommended for the routine evaluation of
patients with fecal incontinence and chronic constipation, and can reveal neuromuscular
dysfunction of the anal sphincter, recto—anal reflexes and recto—anal coordination.

Rectal sensory testing

This test is usually performed by distending the rectum with either an air- or water-filled
balloon. Typically, this can be used for the assessment of rectal sensory responses comprised
of measuring the thresholds for first perception, a desire or urgent desire to defecate and the
maximum tolerable volume (FIGURE 1) [24, 26]. Most investigators test sensory thresholds
by rapidly injecting air into a balloon, although some use continuous infusion [37, 38]. The
type of inflation (phasic vs continuous) and the speed of inflation can affect the sensory
thresholds [38]. The size and shape of the balloon can also affect the threshold volume [38].
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Consequently, the normal ranges differ between laboratories. Some of this variability can be
reduced by using a highly compliant, computer-controlled balloon-distension device, the
barostat.

In the barostat technique, a highly compliant PVVC balloon is placed inside the rectum and
stepwise or ramp balloon distensions are performed [39]. The barostat consists of a pump,
often a piston located inside a hollow cylinder, a motor and pressure transducers [39]. At
preset pressures, the piston drives air out of the cylinder into a highly compliant balloon,
which then distends the lumen. Thereafter, intraballoon pressures and intraballoon volumes
are continuously recorded and displayed on a monitor. The primary function of the barostat
is to maintain a constant intraballoon pressure or volume. When the rectum contracts or its
tone increases, the balloon is compressed. This increases the intra-balloon pressure. In order
to maintain the preset pressure, the pump withdraws air from the balloon into the cylinder.
This changes the intraballoon volume, which is displayed on the recorder as a decrease in
the balloon volume. By contrast, when the muscle wall relaxes, the intraballoon pressure
falls. In order to maintain the preset pressure the pump pushes air to expand the balloon.
Consequently, the intraballoon volume increases. Thus, by plotting the changes in balloon
volume, the barostat method can indirectly assess the tonic changes of the luminal wall [39].

To overcome response bias, three distension paradigms have been used: sham distensions
randomly interspersed with true distensions, a forced-choice technique and tracking or
double-random staircase technique. With the forced-choice technique, patients are told that
the distensions will always occur in one of two intervals, and they are to indicate their
responses [39].

Although rectal sensation is typically assessed by balloon distension, it can also be evoked
by using an electrical stimulus applied to the rectal mucosa. This technique is not only
feasible, but is also reproducible and provides comparable information to balloon
distensions [40, 41]. In addition, it allows the neurophysiological characterization of visceral
afferent pathways between the gut and the brain through the recording of cortical sensory-
evoked potentials.

Clinical utility of rectal sensory testing—This test is commonly used in patients with
constipation, incontinence, irritable bowel syndrome (IBS) and anorectal pain [14, 26]. The
maximum tolerable volume or pain threshold may be reduced in patients who have a
noncompliant rectum (e.g., abdominoperineal pull-through, proctitis, rectal ischemia) [26].
The pain threshold may also be reduced in patients with IBS (FIGURE 1) [42-44]. By
contrast, a higher threshold for sensory perception suggests impaired rectal sensation or
rectal hyposensitivity [14, 26].

Rectal distension also induces the RACR and RAIR [10]. The RAIR is absent in patients
with Hirschsprung’s disease, after circular rectal myotomy and after low anterior resection
[6-9]. It has been shown that the volume required to induce reflex anal relaxation is lower in
incontinent patients than controls [22]. All of the aforementioned local reflexes are
independent of rectal sensation. Recently a reproducible anal contractile response — the SMR
has been described in association with rectal sensory perception, typically a desire to
defecate [10]. Interestingly, the SMR was present in patients with rectal hyposensitivity, but
its amplitude, duration and area under the curve were higher than in healthy controls [45].
The SMR could play an integral role in regulating anorectal sensation and function, but its
exact role merits further study.

Clinical utility of the barostat—Currently, the barostat is used widely for clinical and
research studies. This technique allows the examination of sensory function and compliance
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of the rectal wall [46]. In addition, the barostat is useful for examining the tonic changes of
the rectum after pharmacomodulation.

Technical factors that affect the measurement of compliance include the size and shape of
the balloon, and the materials from which the balloon is constructed [39]. With this method,
normal values vary according to the range of distention volumes; some investigators have
measured pressures over a predetermined range of volumes (50-250 ml), whereas others
have measured pressures up to the maximal tolerable volume, which varies greatly in control
subjects [39].

Using the barostat, it has been demonstrated that IBS patients have diminished rectal
sensory thresholds [47, 48]. Furthermore, subjects with fecal incontinence can demonstrate a
hypersensitive and poor compliant rectum [49] or rectal hyposensitivity [14]. By contrast,
subjects with dyssynergic defecation demonstrate an increase in rectal tone, abnormal
sensory perception and/or altered rectal wall contractility [50].

Alterations in rectal compliance may result in decreased or increased rectal capacity,
impaired ability to perceive rectal distention and altered threshold for reflex IAS inhibition.
Conditions that decrease rectal compliance include ulcerative colitis [51], radiotherapy [8,
52], surgical replacement of rectum with sigmoid colon or Koch pouch, and drugs [1].

Anal sensory testing

Since sampling of rectal contents by the anal mucosa may play an important role in
maintaining continence, quantitative assessment of anal perception using either electrical or
thermal [26] stimulation has been tested [53]. In one study, anal mucosal sensation was
assessed by recording perception threshold for electrical stimulation of the mid-anal canal
using a ring electrode [12, 53].

Clinical utility of anal sensory testing—A combined sensory and motor defect was
seen in patients with incontinence [54]. In another study, although anal canal perception was
impaired immediately after a vaginal delivery, there was no difference at 6 months [55]. The
role of thermosensitivity appears controversial. In one study, the ability of healthy anal
mucosa to differentiate between small changes in temperature has been questioned [56].
Hence, under normal conditions it may not be possible to appreciate the temperature of fecal
matter passing from the rectum to the anal canal. Whether patients have a pure sensory
defect of anus without coexisting sphincter dysfunction or rectal sensory impairment has not
been shown.

Recommendation—Rectal sensory testing, preferably using the barostat, is indicated for
the detection of rectal hyposensitivity or rectal hypersensitivity. Altered rectal perception is
seen in a variety of conditions that include fecal incontinence, chronic constipation, IBS and
after rectal surgery.

Electromyography

Electrical recording of the muscle activity from the anal sphincter (electromyography
[EMG]) is a useful technique of identifying sphincter injury as well as denervation—
reinnervation potentials that can indicate neuropathy [26]. Although anal sphincter EMG
activity is variable and subject to significant artifacts, recent studies show that concentric
needle EMG provides more robust data without significant artifacts [57, 58]. However, it is
still considered to be a research tool and is not routinely used in clinical practice for
diagnostic purposes. EMG can be performed using a fine wire needle electrode or a surface
electrode such as an anal plug [59-61].
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Needle EMG is often used to map the presence or absence of striated muscle within the EAS
[26, 59]. This is useful in the assessment of EAS damage (e.g., obstetric injury, surgical or
spinal cord injury), and in patients with congenital abnormalities of the anorectum such as
imperforate anus. Needle EMG mapping correlates well with anal ultrasonography for
identifying EAS injury [62, 63]. Two types of needle electrodes, a concentric needle that
samples a large number of motor units simultaneously or a single-fiber electrode whose
small recording surface samples the electrical activity of one motor unit at a time, have been
used [59]. Concentric needle EMG is usually performed with a disposable electrode that
records the spontaneous activity of motor unit potential, and also during voluntary or reflex
contraction [59, 64]. The number of motor units recruited during anal squeeze maneuver
highly correlates with anal canal squeeze pressure [61].

Single-fiber EMG provides information on fiber density, which is defined as the mean
number of muscle fibers that belong to an individual motor unit per detection site [26, 58—
61]. The normal fiber density of the EAS is below 2.0. An increase in fiber density is a
sensitive indicator of reinnervation following nerve or muscle injury, for example, in
patients with fecal incontinence [26, 59, 65-67].

Although, needle EMG provides more accurate information, surface EMG has its own
advantages [68]. Surface EMG recorded from the anal canal is painless when compared with
needle EMG, and can provide qualitative information. The quality and reliability of anal
sphincter EMG using surface electrodes depends on the orientation, size and number of
electrodes. Recently, an anal plug holding an array of 16 equally spaced silver bar electrodes
has been tested [69], that may provide important pathophysiological information.

Clinical utility of EMG—Abnormal EMG activity, such as fibrillation potentials and high-
frequency spontaneous discharges, provide evidence of chronic denervation [26, 59]. For
example, the finding of polyphasic motor unit potentials is indicative of denervation and
reinnervation. Anal sphincter denervation is commonly seen in patients with fecal
incontinence secondary to pudendal nerve injury or cauda equina syndrome [70]. The EAS
may be affected in multiple system atrophy [71, 72]. However, the interpretation of EMG
findings requires specialized training and experience.

Single fiber EMG is useful for the measurement of jitter, which is the variability of
consecutive muscle fiber discharges. This correlates with the stability of terminal motor
axons and neuromuscular transmission [59]. Jitter is most helpful in detecting disorders of
neuromuscular junction, for example, myasthenia gravis, and only rarely in anorectal
dysfunction.

Surface EMG can be combined with anorectal manometry to reveal abnormal patterns of
muscle activation in patients with dyssynergic defecation because it can determine the
presence of inappropriate sphincter relaxation during defecation [73]. In one study, inability
to relax the anal sphincter detected by EMG correlated with inability to expel a balloon in
82% of subjects (dyssynergic defecation) [74]. Finally, insufficient anal sphincter activation
during attempts to retain a manometric balloon in the anorectum can be seen in fecal
incontinence [59].

Recommendation—Surface, needle and concentric needle EMG techniques have been
used to define an underlying neuropathy or muscle dysfunction in selected cases and in
research studies. They are recommended for specialist use but not for routine clinical
practice.
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Pudendal nerve terminal motor latency

The pudendal nerve terminal motor latency (PNTML) measures neuromuscular integrity
between the terminal portion of the pudendal nerve and the anal sphincter (FIGURE 2).
PNTML may be useful in the assessment of patients with fecal incontinence prior to anal
sphincter repair and is particularly helpful in predicting the outcome of surgery [26, 59, 75].
However, other studies have shown that this technique may be useful in the evaluation of
perineal descent [76, 77] and constipation [78]. An injury to the pudendal nerve leads to
denervation of the anal sphincter muscle and muscle weakness. Thus, measurement of
PNTML can identify if a weak sphincter muscle is due to muscle injury or nerve injury. A
disposable electrode (St Mark’s electrode; Dantec-Medtronics, MN, USA) is commonly
used [79].

Clinical utility of PNTML—A prolonged nerve latency time suggests pudendal
neuropathy. Women who delivered vaginally and had a prolonged second stage of labor or
had forceps-assisted delivery were more likely to have prolonged PNTML when compared
with women who delivered by cesarian section [80]. Furthermore, after an obstetric injury,
women who develop fecal incontinence have been shown to have both pudendal neuropathy
and anal sphincter defects. Fecal incontinence is often the end result of both nerve and
muscle injury. In one study, women with obstetrical injury developed fecal incontinence
only when there was associated pudendal neuropathy [81]. Thus, PNTML by itself cannot
identify the underlying mechanism for fecal incontinence. However, in conjunction with
manometry and/or anal endosonography, it can provide the missing link. In a retrospective
study of 55 patients with fecal incontinence, secondary to obstetric trauma and who
underwent surgery, five patients with intact anal sphincter and six with a nonintact anal
sphincter had a poor surgical outcome [81]. Thus, neither anal endosonography nor PNTML
could predict surgical outcome. Others have shown that no single test of anorectal function
has a high enough discriminatory value or predictive value for identifying the underlying
pathophysiology [82]. One study showed that surgical repair produced a good-to-excellent
result in 80% of women with fecal incontinence but without pudendal neuropathy compared
with 11% of women with neuropathy [83]. Thus, it appears that women with sphincter
defects alone fare better following sphincter repair than women with both sphincter defects
and neuropathy.

The American Gastroenterological Association technical review did not recommend
PNTML for the evaluation of patients with fecal incontinence because it correlates poorly
with clinical symptoms and histology findings; it does not discriminate muscle weakness
caused by nerve or muscle injury; it has poor sensitivity and specificity; it was operator
dependent (e.g., a short latency could be due to stimulation of the nerve more distally); and
that it does not predict surgical outcome [26]. However, reviews of eight uncontrolled
studies reported that patients with pudendal neuropathy generally have a poor surgical
outcome when compared with those without neuropathy [84, 85]. A normal PNTML does
not exclude pudendal neuropathy, because the presence of a few intact nerve fibers can give
a normal result, whereas an abnormal latency time is more significant. Thus, when
interpreting the PNTML result, it is important to consider whether a patient has muscle
injury or neurogenic injury or mixed injury. In a patient with only muscle injury, there may
be little or no nerve damage whereas in a patient with only neurogenic injury there may be
little or no muscle disruption. In the vast majority of patients, however, there is mixed
injury. If so, the prognostic value of PNTML will depend to some extent on the degree of
each type of injury, the age of the patient and other coexisting problems. A well-designed
multicenter prospective controlled trial is needed to better define the utility of this test, both
for diagnostic purposes and for predicting the clinical outcome of therapeutic
intervention(s).
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Recommendation—PNTML may be useful in the assessment of patients with fecal
incontinence, particularly when considering surgical intervention.

Novel & emerging neuropysiological tests

Somatosensory cortical evoked potentials

Efferent and afferent neuronal pathways between the brain and gut are intimately involved
in mediating sensations and reflexes that govern anal and rectal function [86—-89]. Thus,
dysfunction of the efferent or afferent pathways from the rectum or the pelvic floor could
lead to disorders of defecation, such as constipation and fecal incontinence [86]. Today, we
can investigate the bidirectional neural pathways between the anal canal, rectum, spinal cord
and brain using magnetic or electrical or mechanical stimulation [89-93].

The afferent neural circuitry can be studied using either cortical evoked potentials (CEP) or
by examining PET or functional MRI (fMRI), or magnetic encephalography (MEG)
techniques [86, 92, 93]. CEP recording provides an objective, quantifiable tool for the
evaluation of sensory disorders that affect the afferent tracts, the spinal cord and the cerebral
cortex. Neurophysiologists have used CEP to study somatosensory, visual, auditory and pain
pathways for over 50 years. This technique involves a brief sensory stimulation, which is
time and phase locked to the electroencephalogram recording via surface electrodes placed
on the scalp. The event-related signal is small in amplitude but occurs at the same moment
in time following each stimulus while the large amplitude background electroencephalogram
occurs randomly. In order to extract the desired signal, repeated stimuli are given and the
subsequent brain activity is averaged. The resultant waveform represents the brain’s
response to a stimulus as it changes with each millisecond. CEP responses are reproducible
and have been recorded in response to stimulation of many regions of the Gl tract [89-92].
A recent study described a “human visceral homunculus’ to electrical evoked pain in the
esophagus, stomach, duodenum and colon and anorectum (FIGURE 3) [90].

The advantages of the CEP over other brain imaging techniques include inexpensive
equipment, wide availability and the ability to incorporate this in physiology laboratories.
However, CEP represents a summation of cortical activity, which makes it difficult to
precisely localize the neural correlates of the evoked response.

Clinical utility of CEP—Two studies have concluded that CEP responses to rectal
stimulation may provide useful pathophysiological information in patients with 1BS [91, 92].
Chan et al. recorded CEP in response to rhythmic rectal distensions in 22 pairs of age-
matched healthy females and IBS patients [91]. IBS patients demonstrated higher prevalence
of cerebral evoked potential early peaks (latency: 100 ms) postprandially, and uniformly
shorter cerebral evoked potential latencies, both before and after a meal. In another study,
patients with IBS had shorter latency and increased amplitude compared with controls [92].
These findings provide supporting evidence for visceral afferent hypersensitivity.

Loening-Baucke et a/. studied anorectal CEP responses in children with constipation and
encopresis and found that the latencies of the early-onset evoked potentials were prolonged
[93]. Recently, we have found that adult patients with dyssynergic defecation exhibit
prolonged latencies as well as significantly attenuated amplitudes of both the anal and rectal
CEP responses when compared with healthy controls. This shows that the afferent neuronal
transmission between the gut and the brain is impaired in patients with dyssynergic
defecation [94].

Expert Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2013 September 06.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Remes-Troche and Rao Page 11

Motor evoked potentials

The integrity of the efferent motor pathways that control anorectal function can be assessed
by recording the motor evoked potentials (MEPS) of the rectum and anal sphincter response
to magnetic stimulation of the motor cortex (transcranial magnetic stimulation [TMS]) [95,
96]. TMS is a new noninvasive technique of magnetic stimulation of the cortical neurons
and with minimal discomfort [95]. It relies on Faraday’s principle, which states that in the
presence of a changing electrical field, a magnetic field is generated. Consequently, when a
current is rapidly discharged through a conducting coil, a magnetic flux is produced around
the coil. The magnetic flux causes stimulation of neural tissue. Recently, TMS has been used
to map the cortical location of human anorectal musculature (FIGURE 4) [96]. Cortical
mapping with transcranial magnetic stimulation suggests that rectal and anal responses are
bilaterally represented on the superior motor cortex — that is, Brodmann area 4 [46].

In addition, the peripheral component of the efferent pathways can be assessed by
stimulating the lumbo-sacral nerve roots (translumbar magnetic stimulation [TLMS]), and
transsacral magnetic stimulation (TSMS) [97-100]. Magnetic stimulation of the lumbosacral
roots (TLMS and TSMS) may allow more precise localization of the motor pathways
between the brain and the anal sphincter, as well as subcomponent analysis of the efferent
nervous system between the brain and end organ [97-100].

Clinical utility of MEP—ElIectric or magnetic stimulation of the lumbosacral nerve roots
facilitates measurement of the conduction time within the cauda equina and diagnose sacral
motor radiculopathy, as a possible cause of fecal incontinence [101-103]. Recently, a
combined technique of CEP and MEP evaluation has been described in healthy humans
[100]. This combined technique provides a novel, integrated, comprehensive and objective
method of assessment of gut-brain—gut interactions but further prospective studies are
awaited.

Positron emission tomography

Positron emission tomography relies on the principle of detecting positron-emitting
radionuclides that are intravenously injected into a subject [104, 105]. PET has a high spatial
resolution and sources of brain activity can be identified with sufficient accuracy.
Furthermore, unlike MEG and CEP, subcortical brain structures can also be identified. PET
can also be used to determine the size of an area where there is metabolic change [104, 105].
The main limitation of PET is that it requires radioactive compounds and is therefore
invasive, repeat studies are problematic, it is expensive and sophisticated, and the equipment
is only available in specialized centers.

Clinical utility of PET—Positron emission tomogrphy is essentially a research tool for
assessing the brain—gut axis. In healthy subjects, perception during either actual or simulated
delivery of painful rectal stimulation is associated with increased activity of the anterior
cingulate cortex [104]. In patients with IBS, anterior cingulate cortex activation failed to
occur and, by contrast, the left prefrontal cortex was activated, suggesting an aberrant CNS
processing [104, 105]. Further studies in patients with IBS also suggest that rectal
hypersensitivity induced by repetitive distention of the sigmoid colon correlates closely with
an increase in blood flow in the thalamus and that an abnormal thalamic response to pain
may be responsible for the abnormal sensitization [105]. Although it reveals novel
pathophysiological mechanisms, the clinical relevance of these findings is uncertain and its
clinical use has not been tested.
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Functional MRI

Whereas MRI is a well-established technique for imaging brain structure, fMRI is a
technique for correlating brain structure and function. fMRI produces images of active brain
regions by detecting indirect effects of neural activity on local blood flow, volume and
oxygen saturation, giving detailed information regarding the functional neuroanatomy of the
brain [104, 105]. The most commonly used fMRI technique relies on the detection of
deoxygenated hemoglobin, due to its paramagnetic properties within the blood, and to
identify changes in its regional distribution during conditions wthat change neuronal
activation. Similar to PET, fMRI is largely used in research laboratories and clinical trials to
examine the brain—gut interactions in IBS patients [103, 104]. It has not been tested for
clinical use.

Expert commentary

Disorders of the anorectum affect 15-20% of the population and most of these are a
consequence of altered neuromuscular function [106]. Hence, neurophysiological testing can
provide information regarding the physiology and pathophysiology of common anorectal
disorders, such as fecal incontinence, dyssynergic defecation, rectal hyposensitivity, rectal
hypersensitivity and pelvic neuropathy.

In this review, we examined the functional neuroanatomy and physiology of the anorectum,
and provided detailed description(s), including indications and clinical utility of several
commonly performed neurophysiological tests, as well as those that are regarded as novel
and emerging techniques. These tests are complementary to other methods of investigation,
such as pelvic floor imaging. Currently, several new techniques are being tested that,
hopefully, may provide novel insights regarding the brain—gut interactions.

Five-year view

Although many of the neurophysiological tests discussed previously are at present mainly
used in tertiary care centers and for research purposes, it is possible that over the next 5
years some of these tests could become more widely available and prove useful in the
diagnosis of anorectal disorders. However, prospective, well-controlled clinical trails are
required to assess their feasibility and clinical utility. Furthermore, the techniques should be
standardized and made more user friendly for community use. It is likely that some of the
emerging techniques may provide a more accurate and reliable diagnosis of anorectal
disorders that could conceivably lead to more effective treatment approaches.
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Key issues

Neurophysiological tests, such as anorectal manometry, rectal sensory and
compliance testing with a barostat, electromyography of the anal sphincter and
pudendal nerve terminal motor latency, are useful for defining the
pathophysiology of anorectal disorders and, in some instances, for facilitating
better treatment of these disorders. However, many of these tests lack well-
controlled, prospective evaluations particularly with regards to their clinical
utility and impact on treatment outcome. Such systematic studies are eagerly
awaited.

No single neurophysiological test will provide comprehensive information
regarding the pathophysiology of anorectal disorders since these disorders are
heterogeneous and often multifactorial.

Today, several innovative techniques, such as PET, functional MRI, cortical
evoked potentials and transcranial magnetic stimulation, are available and are
being tested in research centers. These innovative tests may provide novel
information regarding the neuronal connections between the anorectum and the
brain as well as the brain—gut axis. A better understanding of the underlying
neurophysiological mechanisms could pave the way for more rational therapy
for many of these disorders.
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Figure 1. Rectal sensory testing after balloon distention
These tracings show intrarectal balloon pressures during balloon distension with increments

in balloon volume together with the sensory responses. (A) Rectal balloon distention test in
a normal subject, who reported first sensation at less than 40 cc balloon distension, urge to
defecate at 160 cc and the MTV at 190 cc. (B) A patient with rectal hypersensitivity with
lower sensory thresholds, with an urge to defecate (40 cc), pain (70 cc) and MTV (100 cc).
(C) A subject with rectal hyposensitivity with first sensation (130 cc) and a slight desire to
defecate at 180 cc and much higher threshold for urge to defecate. DD: Desire to defacate;
MTV: Maximal tolerated volume.
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Figure 2. Normal and abnormal right-sided pudendal nerveterminal motor latency recordings
(A) A healthy subject and (B) in a patient with fecal incontinence.
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Figure 3. Cortical evoked potentials after anal electrical stimulation

Typical examples from (A) one patient with predominant IBS-C, (B) a healthy control and
(C) a dyssynergic constipated patient. The anal cortical evoked potentials latencies are
shorter and the amplitudes are higher in IBS-C than control or dyssynergia patient. By
contrast, the anal cortical evoked potential latency for P1 is prolonged, and the N2 amplitude
is lower in the subject with dyssynergia. These preliminary data suggest that the gut—brain
axis is altered in subjects with functional anorectal disorders. IBS-C: Predominant
constipation irritable bowel syndrome.
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Figure 4. Anal motor evoked potentials after transcranial magnetic stimulation
A patient with IBS-C has shorter latency whereas a subject with dyssynergea has prolonged
latency of motor evoked potentials response compared with a normal subject. IBS-C:

Predominant constipation irritable bowel syndrome.
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