Vector Volume Manometry

and Neurophysiologic Assessment
in the Reoperative Case:
Recommendations

Andrew P. Zbar

Abstract

The use of anorectal physiological assessment in the management of patients undergoing
reoperative surgery has diminished over the years; it has become clear that functional out-
come does not directly correlate with preoperative manometry. Vector volume manometry
and neurophysiologic testing are outlined in this chapter along with the interpretation tech-
niques and limitations in their determination and assessment particularly as they pertain to

the reoperative case.
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Vector Volume Manometry

Longitudinal pressure profilometry is part of standard uro-
dynamic practice [1] and forms the physiological basis of
assessment of the lower esophageal sphincter before and
after antireflux surgery [2]. However, it has been used only
in a limited way in anorectal disease [3]. Longitudinal pres-
sure asymmetry across the anal canal was first recorded by
Taylor and colleagues [4] in patients with anal canals of
varying lengths, in an effort to standardize anal pressure
recordings in both men and women. They utilized a sliding
double-lumen catheter, which resulted in the simultaneous
measurement of longitudinal and radial pressure profiles.
Traditional estimates of the high-pressure zone (HPZ) (at
rest or during sustained squeeze) — the HPZ length repre-
sents that part of the sphincter where pressures exceed 50 %
of the maximal pressure — are, at best, a crude reflection of
the median physiological sphincter extent, which is not
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representative of the asymmetry expected between sexes or
in patients with known anterior, postobstetric external anal
sphincter (EAS) defects.

The recent introduction of an automated rapid pull-
through method for conducting conventional anorectal
manometry (ARM) assisted in minimizing these expected
variations in functional anal sphincter length, which nor-
mally would compromise measurements [5, 6]. To conduct
this new longitudinal pressure profilometry technique, called
vector volume manometry (VVM), the polyethylene catheter
used must be specialized at 4.8 mm in diameter (Arndorfer,
Inc., Greenvale, WI) with at least eight radially disposed
port holes for sectorial (anterior, right lateral, posterior, and
left lateral) averaging; the more lumina that are used, the
more data points will be obtained during catheter withdrawal
and consequently the less mathematical interpolation
required by the computer software (Polygram Lower GI edi-
tion software 5.05,C4 version, Synectics Medical, Inc.,
Irving, TX) to create a three-dimensional (3D) conforma-
tion of the anal sphincter zone, known as a vectorgram. This
computer software transfers the data into a 3D triplet of
coordinates, which is dependent upon the axial position of
the probe, using specified vector calculation. Here, the x and
y coordinates are recorded at an angulated point away from
the central point of the anal canal, with the z axis determined

A.P. Zbar et al. (eds.), Reconstructive Surgery of the Rectum, Anus and Perineum, 81

DOI 10.1007/978-1-84882-413-3_7, © Springer-Verlag London 2013



82

Fig. 7.1 Physical principles of vector
volume construction/manometry. An
eight-channel, radially disposed polyethylene
catheter is used. At a constant rate of
withdrawal, this provides a sector polygon of
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Vector Volume Manometry:
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summated pressures at 45° angles that are
interpreted to create a vector volume
measurement and vectorgram. L left, LA left
anterior, LP left posterior, A anterior, RA right
anterior, R right, RP right posterior, P
posterior (Reproduced with permission from
Zbar et al. [9])
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vertically so that for any given 3D pressure point, a sector
pressure polygon is created corresponding to the vector vol-
ume such that:

8/t=1

Vector volume= Y d.sin (45){P,P, + P,P, + P,P, +

where 1 is the level above the anal verge with recordable
pressures, dis the distance between station measurements,
and P doublets of pressure are the pressure vectors for each
sector wedge. The sine is 45 given the eight different channels
used, but this would vary if more channels were employed.
As such, the volume has no parameter representing the total
integration of vector polygons at a given speed of catheter
withdrawal. The PC is interfaced with a high-resolution color
monitor, which has a graded palette to create a color-coded
vectorgram that can be rotated to assess graphic indentations
representing increases in overall sector pressure [7, 8]. For an
average sphincter length at a withdrawal speed of 1 cm/s,
there are an average of 15,000 individual data points with
smoothing vectography provided by spline-curve interpola-
tion to create the vectorgram. For this reason, an increase in
the number of channels would result in less data interpolation
and a smoother image. The vectorgram may be obtained
either as an open mesh-net or as a solid-state design. Figure 7.1
shows the physical principles of vector volume construction.
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There are few comparisons of conventional ARM and
VVM in either health [9] or disease [10]. Work comparing
conventional ARM with VVM has been conducted in normal
patients and those with passive fecal incontinence, full-
thickness rectal prolapse, and chronic anal fissure, measuring
the mean resting vector volume (MRVV), mean squeeze vec-
tor volume (MSVV), HPZ lengths (at rest and during squeeze),
maximal averaged pressure at rest (MR), maximal averaged
pressure during sustained squeeze (MPS), and the percentage
asymmetry as the percent deviation of the integrated cross-
sections from a perfect circle. Sectorial pressures have been
pooled for analysis, creating right, left, anterior, and posterior
mean pressures. As expected, significant differences at rest
and during squeeze are demonstrable for MRVV, MSVYV,
MPR, and MPS that mirror those obtained with conventional
ARM, whereas, in general, MPR values tend to exceed mean
resting anal pressure, and MPS values tend to be lower, on
average, than mean squeeze pressure values. It may be that
during automated catheter withdrawal, there is some volun-
tary sphincter contraction that triggers the MPR recording to
be higher than the mean resting anal pressure value obtained
with conventional ARM. This also may result from perfusate
leakage. The lower value of MPS over mean squeeze pressure
(in conventional ARM) may reflect a greater difficulty in sus-
taining an adequate squeeze contraction during the vector
volume technique (Table 7.1) [11].
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Table 7.1 Correlation coefficients and P values at rest and on maxi-
mal squeeze between vector volume manometry and conventional
manometric measurements

MRAP MRVV HPZ MPR
MRVV 0.51
(<0.001)
HPZ (length) 0.17 0.43
(0.07) (<0.001)
MPR 0.79 0.70 0.19
(<0.001)  (<0.001) (0.05)
Asymmetry (%) —0.21 -0.24 -0.07 -0.29
(0.027) (0.009) (0.45)  (0.003)
MSP MSVV HPZ % asymmetry
MSVV 0.59
(<0.001)
Asymmetry (%) —0.13 -0.24
(0.18) (0.01)
HPZ (length) -0.14 0.26 —-0.04
(0.14) (0.006) (0.72)
MPS 0.86 0.78 -0.11  -0.19
(<0.001) (<0.001) (0.26) (0.05)

Abbreviations: MRVV maximal resting vector volume, HPZ high pres-
sure zone (either at rest or during maximal squeeze), MPR mean vector
volume pressure at rest, MSVV mean squeeze vector volume, MPS
mean vector volume pressure during squeeze, MRAP conventional
mean resting anal pressure, MSP conventional mean squeeze pressure

Although there is an expected sectorial ordering from
patients with incontinence through to hypertonic anal
fissure, there is no evidence of inherent sectorial differences
for the different anorectal conditions, although there is a
trend toward higher anterior sector pressures in patients with
fissure. This sectorial variation has been identified in some
other studies [12—14] and is shown in Fig. 7.2a, b. The cor-
relation coefficients between conventional and vector volu-
metric variables for rest and squeeze confirm a strong
correlation for HPZ length measurement with both tech-
niques (see Table 7.1). There is, however, no correlation
between sectorial asymmetry and demonstrable EAS defects
[15] or in patients after internal anal sphincter (IAS) divi-
sion for chronic anal fissure [16], although recent data has
suggested that VVM may assist in defining those cases with
an EAS defect in the last centimeter of the anal canal [17,
18]. It would seem, however, that when initial ultrasound is
inconclusive in the diagnosis of a reparable sphincter defect,
an ultrasonographically defined use of VVM would some-
what defeat its purpose [19, 20]. Further recent data have
shown significant differences in all vector resting parame-
ters, HPZ length at rest, and percentage asymmetry at rest,
along with changes in most squeeze variables, after IAS
division for topically resistant chronic anal fissure [16], with
marked differences between postoperative continent and
incontinent cohorts, particularly in resting HPZ length. This
latter finding may suggest an overly zealous internal anal

sphincterotomy that has been previously endosonographi-
cally recorded [21] and during which the extent of TAS divi-
sion often can be far greater than intended. In continent
postoperative patients, percentage resting asymmetry tends
to increase (by about 6.7 %), whereas in incontinent postop-
erative cases it tends to fall (by about 3.1 %). The explana-
tions for these changes in squeeze parameters are not
understood, but it is conceivable that there is excessive vol-
untary sphincter fatigue after surgery between groups (even
in continent cohorts), where impending leakage occurs
because contents entering the anal canal after rectal motor
activity are poorly discriminated. This latter phenomenon,
known as ““anorectal sampling,” permitting the distinction
between flatus and feces, is discussed in the section in
Chap. 6 on the rectoanal inhibitory reflex and is believed to
represent one of the functions of the IAS [22]. It also may be
that in some patients there is a constitutively deficient sub-
cutaneous, overlapping segment of the EAS (as has been
shown using endoanal magnetic resonance imaging preop-
eratively in some patients with fissure [23]) so that distal
IAS division will render the distal anal canal unsupported
and lead to incontinence and possible attendant weakness in
postoperative squeeze function [24]. At this time, the role of
VVM must still be regarded as experimental, although it has
provided an interesting tool for the study of sectorial sphinc-
ter asymmetry. The equipment and software is expensive
and not widely available, but as a manometric instrument,
VVM has been validated sufficiently [25]. It is conceivable
that, with its use in prospective trials of patients with fissure,
it could identify those patients who are likely to function
poorly after IAS division and assist in the decision making
for sphincter-sparing surgical alternatives [26, 27]. Further
specific parameter assessment may delineate subtle dys-
functions that may predictably respond to directed biofeed-
back therapies in some forms of incontinence after anorectal
surgery and that may better identify patients more suited to
neorectal reservoir reconstruction or who are precluded
from perineal rectosigmoidectomy for rectal prolapse
[28-30].

Neurophysiologic Testing

Traditional neurophysiologic testing (NPT) in the anal canal
consisted of the use of painful concentric needle electromyo-
graphy (CNEMG) and single-fiber electromyography
(SFEMGQG); techniques that were designed to aid operative
decision making for EAS sphincter repair. This was coupled
with the use of the endoanal of pudendal nerve terminal
motor latency (PNTML) assessment using contact electro-
myography (EMG) where it had been deemed that extensive
(particularly bilateral) pudendal neuropathy was a negative
prognostic variable for the prolonged successful outcome of
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sphincteroplasty in incontinence. In the first case, the advent
of validated endoanal ultrasonography has obviated the need
for CNEMG and SFEMG [31, 32], whereas PNTML assess-
ment has not precluded the successful use of sphincter repair
[33]. NPT has taken on a resurgence, initially with an
improved understanding of the mechanism of action of
dynamic graciloplasty in fecal incontinence (covered else-
where in this book), where there was a need to correlate the
changes in muscle physiology predictive of a successful out-
come. There also has been an increase in the use of sacral
neuromodulation and peripheral nerve stimulation tech-
niques (largely for incontinence but also in some forms of
slow- and normal-transit severe constipation), where the
assessment of the central mechanisms using somatosensory

evoked potentials has proven to be of value in the prediction
of longer-term success. Much of this work has come about as
a translation of neurophysiologic and neuroanatomic under-
standing in urodynamics. Standard testing using NPT tech-
nology that was part of routine anorectal practice today has
only a specialized place in the treatment of those with incon-
tinence and in the assessment of reoperative cases [34].
Nerve conduction and EMG studies measure the efferent
(motor) innervations; afferent fiber injury is more difficult to
quantify. Traditional EMG was first described by Beck [35] in
1930, [35] with the design of a concentric needle by Adrian
and Bronck [36] in 1929 adapted for its use; the basic tech-
nique differs little from these initial descriptions. Within this
estimation, a motor unit consists of a single anterior horn cell,
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all its peripheral nerve fibers, motor end plates, and the mus-
cle fibers it innervates. One muscle fiber (MF) is innervated
by a single motor neuron (MN), but one MN can innervate
many MFs. The composition of an MF depends on its func-
tional demands, where striated MFs typically are divided into
two main types, namely, type I and type II. Type I muscle
units are slow tonic fibers, whereas type II fibers are fast pha-
sic fibers [37]. In this context, the MFs of the levator ani are
mostly type I maintaining constant tone and type II MFs are
more widely distributed in perianal and periurethral sites [38].
The use of dynamic graciloplasty as a stimulated technique of
the anal sphincter aims to convert predominantly type II into
type I fibers by conditioning, an effect that has been shown to
occur in successful cases using immunohistopathology.

For the purposes of recording, during voluntary contrac-
tion of individual units within a given muscle, these units
combine into a motor unit potential (MUP), where the ampli-
tude of the signal obtained contains each single fiber poten-
tial, and the shape of the signal depends upon the number of
fibers discharging simultaneously. The duration of the signal
is the time between the first recorded deflection and its return
to baseline. For the anus, EMG can be performed by surface,
concentric needle (CN), single fiber (SF) and wire electrodes.
EMG mapping of the anal sphincters has largely become
unnecessarily invasive, and although puborectalis EMG may
be more accurate, particularly during provocative maneuvers,
dynamic magnetic resonance imaging (MRI) has largely
replaced its use. If EMG is to be used at all, it has a special-
ized role in an ever-diminishing number of laboratories where
the overall experience of its use is now restricted. It will define
MF denervation and reinnervation and some cases of sphinc-
ter integrity where there is doubt based on ultrasonography or
MRI doubt. The latter is of little consequence in some cases
of failed sphincteroplasty because many of these patients will
be considered for sacral nerve stimulation, regardless of the
status of their sphincter integrity. The medium-term data in
this area, however, are still not available and often includes an
eclectic group of patients that may not be strictly comparable
[39]. It is potentially possible that EMG recordings may have
clinical benefit in some cases of poor functional outcome
after the repair of anorectal malformations [40].

CNEMG of the EAS (Fig. 7.3) was the first technique
used, and it evaluates spontaneous activity, recruitment pat-
terns, and MUP waveforms. The concentric needle consists
of a fine (0.7 mm) platinum wire mounted inside a metal can-
nula with a larger diameter, about 65 mm wide, so that the
inner wire is fully insulated. Optimal recording occurs with a
frequency range of 10 Hz—10 KHz and a sensitivity of 100—
500 mV, with a sweep speed of 20 ms per record at rest and
during squeeze, strain, and cough. The introduction of the CN
electrode on to the left and right sides of the sphincter is
accompanied by a reactive MUP discharge that is separable
from an initial insertion discharge, an effect that disappears

rapidly when the patient relaxes during the procedure. In
those cases of denervation, normal MUP activity is replaced
by fibrillation denervation potentials with separable EAS and
puborectalis recordings. Each of these activities are separated
during provocative maneuvers as the needle is both advanced
and withdrawn. Abnormal waveforms will be evident with a
reduction in the number of MFs or in denervation. During the
reinnervation process that occurs from preserved axons,
motor units tend to have larger amplitudes, have longer dura-
tions, and become polyphasic in character. In myopathic
states, the motor units tend to have lower overall amplitudes
and be low duration waveforms. The technique also can better
define paradoxical puborectalis syndrome with increased
activity during strain [41]. Overall decreased amplitudes, and
activity is seen in postobstetric or traumatic EAS damage. In
some cases, spontaneous fibrillation and myoclonia in under-
lying neurological disorders [42].

SFEMG was originally described by Stélberg and Trontelj
[43] to record individual MF action potentials as a comple-
ment to CNEMG [43]. An electrode with a smaller needle and
a surface of only 25 pum is used and is capable of detecting
electrical signals over a recording surface of only 0.0003 mm?.
Single fiber potentials (SFPs) have a shorter duration, higher
amplitude, and more rapid rise time than those obtained with
CNEMG, providing specific information about fiber density
(the mean number obtained from an analysis of MF potentials
in multiple different positions within the same muscle). An
increase in recordable SFPs (>100 pV) reflect reinnervation as
aresult of nerve sprouting, showing that local axons are inner-
vating new MFs, with an increase in fiber density preceding
CNEMG changes. This data must be correlated with age where
there is a trend towards an increase in fiber density (over the
normal of 1.5+0.16) over the age of 60 years [44—46].
Recently, anal sphincter EMG has been reintroduced in spe-
cialized circumstances for the diagnosis of atypical parkin-
sonism where there are subtle changes in motor evoked
potentials of the EAS in the absence of demonstrable periph-
eral neuropathy [47]. It has been used intraoperatively during
spinal surgery [48] and in autonomic disorders [49]. High-
density surface EMG has been used in a diagnostic setting to
define zones of EAS innervation, although its clinical applica-
tions are as yet untested [50]. In newer modeling of conven-
tional EMG, Bayesian analysis seems to better characterize
EMG MUPs than the visual separation into “normal” and
“abnormal” [51] through the use of newer probe electrodes
that are more selective and provide faster decays for different
depths of deployment and smaller detectable signals [52].

The use of pudendal nerve stimulation (the pudendal
nerve terminal motor latency test [PNTML]) was originally
devised by Kiff and colleagues [53] and assesses the distal
motor innervations of the pelvic floor musculature, measur-
ing the time interval between the neural stimulus and the
muscle response (Fig. 7.4). For this purpose, a patented,
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Fig. 7.3 Concentric needle electromyographic recording of the external anal sphincter (Reprinted with permission from Rosato and Lumi [46])
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Fig. 7.4 Technique of pudendal nerve terminal motor latency measurement (Reprinted with permission from Rosato and Lumi [46])
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disposable, self-adhesive electrode has been developed
(Dantec Electronic Tonsbakken 16—-18 DK-2740, Skovlunde
Denmark and St. Mark’s Hospital). This is pre-attached to
the volar aspect of the index finger of a glove and consists of
a bipolar stimulating electrode with the recording electrode
placed a standardized distance away at the base of the finger.
Direction of the recording is made by moving the index
finger toward the ischial spine until a signal is obtained, with
stimulation providing a square stimulus of 0.1-0.2 ms at 1-s
intervals up to but not exceeding 15 mA. The maneuver is
performed for the left pudendal nerve by turning the examin-
ing finger 180 degrees, resulting in an inverted wave form.
Normal PNTML values are designated as 2.0+0.2 ms per
side; prolongation of this value has been shown after vaginal
delivery, with rectal prolapse, and during aging [54]. The
presence of pudendal neuropathy (defined on the basis of
slowed PNTML), particularly if bilateral neuropathy was
thought to preclude successful sphincter repair, but it is cur-
rently regarded as only a relative contraindication and merely
as part of the counseling of incontinent patients against the
longer-term success of the procedure [33, 45, 55]. There is,
however, a clear correlation between incontinence scores and
MUP recruitment and measurable PNTML values at both the
puborectalis and EAS levels for both right and left sides [56].
These correlations are complex: A prolonged PNTML and
an abnormal SFEMG do not always correspond to the incon-
tinence score. In constipation, the recruitment MUPs may be
assessed by asking patients to relax their sphincter, and
CNEMG can assist in the diagnosis of paradoxical puborec-
talis contraction or incomplete relaxation. In this setting,
EMG may have a role in this specific diagnosis. Its value in
the IAS in states such as fissure, which has been reported in
the past, seems to have largely been abandoned in the ano-
rectal laboratory [56]. Nowadays, multichannel surface EMG
for endoanal insertion and signal recording at different depths
within the canal have been developed for less invasive use
and can provide accurate information about the innervation
zones, fiber length, amplitude, repetitive firing frequency of
individual MUPs, and conduction velocity using innovative
circumferential signaling technology, which may prove to be
of value in those cases with doubtful sphincter integrity
based on endoanal ultrasonography and in the diagnosis of
anismus in cases of evacuatory difficulty. This technology
may also provide more objective information regarding reha-
bilitative therapies in functional disease [57, 58].

Cortical Somatosensory Evoked Potentials

In some laboratories, the measurement of cortical soma-
tosensory evoked potentials (CSSEPs) has been introduced
to determine some cases of successful sacral neuromodula-
tion in patients, particularly those presenting with intractable
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fecal incontinence. This topic is covered in greater detail in
this book in Chap. 35, but the mechanisms of sacral nerve
stimulation (SNS) are currently poorly understood [59].
CSSEPs have been used extensively in voiding dysfunction
including symptoms of frequency, urgency, urge inconti-
nence, urinary retention, and painful bladder syndrome [60],
where positron emission tomography parameter mapping
analysis in regions of interest between responders and
nonresponders has been examined with stimulation off/
and anticipation of neurostimulation/threshold stimulation,
which have shown silenced premotor, somatosensory cycles,
and supplementary motor cortices during the on mode, with
secondary stimulation of the amygdala and frontal cortices
and stronger deactivation of the right premotor cortex in
responders [61]. Equally, there is a significant but poorly
understood central effect of both sacral and peripheral nerve
stimulation, wherein SNS produces a significant decrease in
pudendal somatosensory evoked potentials latency at its
first deflection at both the ipsilateral and contralateral sites.
In this sense, SNS modulates cortical activity at the afferent
level to the cortical sensory area, and this finding is believed
to function as a prognostic factor for successful SNS out-
comes [62]. Similar effects have been noted with the use of
surface sacral electrical stimulation [60].

The chemical basis of this action also is unknown,
although experimental studies of spinally transected rats
have shown that urinary hyperreflexia associated with spinal
transection is abolished by percutaneous SNS and is associ-
ated with an attenuated rise in various neuropeptides such as
substance P, neurokinin A, and calcitonin gene--related pep-
tide released from the dorsal root ganglia, suggesting that
blockade of C-afferent fiber activity is one of the mecha-
nisms of SNS action [63]. The effects here are complex; they
have been associated with an impaired perfusion on single
photon emission computed tomography analysis of the fron-
tal brain areas of the right anterior cingulated gyrus and right
inferior frontal gyrus, which are involved in voluntary void-
ing in elderly men, so that there is a peripheral and central
neuropeptide-brain axis in response to stimuli [64, 65].

These effects have been assessed in women with
implanted neurostimulators presenting with urge inconti-
nence. The effects on peripheral sensory, spinal, and corti-
cal areas are unknown, and because the optimum result is
not achieved initially, there is some plasticity centrally.
During SNS assessment by positron emission tomography,
there are significant decreases in cerebral blood flow in the
middle part of the cingulate gyrus, the ventromedial orbito-
frontal cortex, the midbrain, and the adjacent midline thala-
mus, with an increase in flow in the dorsolateral prefrontal
cortex. There are differences in the early part of SNS, when
during initial stimulation there is a decrease in the cerebral
blood flow in the middle cerebellum and increases in the
right postcentral gyrus, insular region, and ventromedial
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orbitofrontal cortex. In those with chronic implantation,
however, this shifts so that there are differences in group
analysis of the sensory cortex, premotor cortex, and the cer-
ebellum, all of which are areas involved in learning behav-
ior. This effect is probably influenced by the spinal cord to
re-educate the brain in areas implicated in learning behav-
ior so that acute SNS modulates areas involved in senso-
rimotor learning, presumably become less active during the
chronic course of SNS stimulation [66]. At this stage, the
central functional equivalents in anal sphincter control are
less well known than they are in urinary incontinence,
although positron emission tomography differences recently
have been shown in the premotor/anterior cingulate gyrus
and the putamen/claustrum/insula region in patients with
frontotemporal degenerative disease and incontinence [67].
In a recent study of inferior rectal nerve crush to induce an
animal model of fecal incontinence for study, Pierce and
colleagues [68] have shown reduced CSSEPs in the absence
of morphologic effects on the nerve, suggesting an altera-
tion in cortical awareness as a form of process modification
that is central and not peripheral. This alters second-order
neuronal excitation and central input. There is some cor-
roborative evidence to show (using magnetic encephalogra-
phy) that CSSEPs after sacral stimulation with surface
electrodes occurs in healthy subjects; Sheldon et al. [69]
showed an alteration by peripheral nerve injury of sensory
afferent activity, which may occur in the absence of periph-
eral nerve myelination [69].

Electrophysiological activation of the motor pathways
also can be stimulated by magnetic as well as electrical
stimulation [70], an effect that is cortically enhanced by
prior lumbosacral nerve stimulation, pudendal nerve stimu-
lation, or both [71]. This effect is asymmetric with dominant
pudendal stimulation, exerting a greater effect so that the
central pathway is affected by the pre-existing state of
pudendal nerve conditioning [72]. These results have to be
interpreted with caution because they are dependent upon
the site of sacral magnetic stimulation and the limited mag-
netic field strength used [73]. This type of stimulation phys-
iologically reduces rectal volume/capacity, with differential
central effects on the anorectal musculature when compared
with peripheral muscles when assessing motor threshold,
intracortical facilitation, and cortical silent periods during
repeated stimulation [74]. These issues are complex and
dependent upon the frequency and chronicity of stimula-
tion; in successful cases of SNS, cortical mapping shows a
decrease in representation and overall excitability immedi-
ately after SNS commences, but this decrease disappears
after SNS removal. Anal EMG is corepresented with this
cortical stimulation over multiple points using a scalp grid
covering the bilateral medial cortex [75], although this does
not actually correlate with any demonstrable improvement
in anorectal manometry [76].

Conclusion

The use of CSSEPs is, of course, experimental and spe-
cialized, but future work probably will show a coordina-
tion and differentiation with SNS and peripheral nerve
stimulation for indicated use in coloproctology, particu-
larly in patients presenting with intractable fecal inconti-
nence for whom other conventional approaches have
failed.
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