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Abstract
AIM: To study a novel technique to record spinal and 
cortical evoked potentials (EPs) simultaneously in re-
sponse to electrical stimulation in the human rectum.

METHODS: Eight male and nine female healthy volun-
teers participated. Stimulating electrodes were attached 
to the rectal mucosa at 15 cm and 12 cm above the 
dentate line. Recording skin electrodes were positioned 
over vertebrae L4 through S2. The electrical stimulus 
was a square wave of 0.2 ms duration and the inten-
sity of the stimulus varied between 0 and 100 mA. EP 
responses were recorded using a Nicolet Viking IV pro-
grammable signal conditioner. 

RESULTS: Simultaneous recording of cortical and spi-
nal EPs was obtained in > 80% of the trials. The EP 
responses increased with the intensity of the electri-
cal stimulation, were reproducible overtime, and were 
blocked by application of Lidocaine jelly at the site of 
stimulation. The morphology (N1/P1), mean ± SD for 
latency (spinal N1, 4.6 ± 0.4 ms; P1, 6.8 ± 0.5 ms; 
cortical N1, 136.1 ± 4.2 ms; P1, 233.6 ± 12.8 ms) and 
amplitude (N1/P1, spinal, 38 ± 7 μV; cortical 19 ± 3 μV) 
data for the EP responses were consistent with those 
in the published literature. Reliable and reproducible EP 
recordings were obtained with the attachment of the 
electrodes to the rectal mucosa at predetermined loca-
tions between 16 and 8 cm above the anal verge, and 
the distance between the attachment sites of the elec-
trodes (the optimal distance being approximately 3.0 cm 
between the two electrodes).

CONCLUSION: This technique can be used to assess 
potential abnormalities in primary afferent neural path-
ways innervating the rectum in several neurodegenera-
tive and functional pain disorders.
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INTRODUCTION
Evoked potential (EP) recordings in response to peripheral 
nerve stimulation are useful measures of  the conduction 
characteristics of  afferent sensory pathways. EP responses 
at the cortical level have been recorded in response to me-
chanical (balloon) or electrical stimulation in the gastroin-
testinal tract at several locations including the esophagus, 
colon and rectum[1-4]. These responses are reproducible, at 
least with electrical stimulation in the rectum[5,6]. The cor-
tical EP responses reflect the cumulative involvement of  
peripheral and central afferent pathways. Recording spinal 
EPs that measure the conduction characteristics of  the 
first order primary afferent neurons has been challenging 
because of  technical difficulties. For example, recording 
spinal EPs in response to balloon distention in the rectum 
is problematic because the stimulation artifact associated 
with balloon distension overlaps with the ability to record 
spinal waveforms with latencies typically < 20 ms[7]. The 
availability of  a reliable method to record visceral EPs at 
the spinal level would help address an important unre-
solved issue that involves several gastrointestinal disorders 
in which dysfunction of  primary afferent neurons has 
been implicated. For instance, visceral hypersensitivity has 
been reported in patients with irritable bowel syndrome 
but it remains unresolved whether this disorder is associ-
ated with distinct abnormalities involving the first order 
primary afferent neurons that transmit pain signals and/
or higher order processing in pain signaling pathways[8]. 
We could identify only one publication that has reported 
simultaneous recording of  cortical and spinal EPs in re-
sponse to visceral stimulation[7]. In that study, recording of  
cortical EPs in response to rectal electrical stimulation was 
observed in approximately 90% of  subjects, whereas spi-
nal EPs were recorded simultaneously with cerebral EPs 
in approximately 40% of  the subjects (personal commu-
nication). This supports the need for improved methods 
to record spinal EPs in response to stimulation of  visceral 
primary afferent neurons.

Here, we report a new technique to record spinal and 
cortical EPs simultaneously in response to electrical stimu-
lation in the rectum, which increased the percentage of  
successful spinal EP recordings to approximately 80%. We 
propose that the reliability of  this method was related to 
the direct attachment of  stimulating electrodes to the rectal 
mucosa via rigid sigmoidoscopy at specific locations, and 
the distance between the sites of  electrode attachment.

MATERIALS AND METHODS
Seventeen healthy male (n = 8) and female (n = 9) sub-
jects, with a mean age of  32 years (range: 20-44 years), 
completed the recording session. None of  the volunteers 
had a history of  medical, gastrointestinal, or neurological 
problems, or were taking any medication on a regular ba-
sis. The protocol was approved by the Institutional Review 
Board at the University Michigan Medical Center. Written 
informed consent was obtained from all participants.

Rectal electrical stimulation protocol
Subjects fasted overnight before the study to eliminate 
the confounding influence of  recent food consumption. 
A 200-mL tap water enema was administered prior to the 
recording session to ensure adequate visualization of  the 
rectum. The participant was positioned in the left lateral 
decubitus position. All studies were performed in a quiet 
room with dimmed lighting. Two electrodes (Medtronic 
CapSureFix Model 5076, unipolar configuration) were 
used in this study (Medtronic Inc., Minneapolis, MN, 
USA) (Figure 1). This model has an electrically active helix 
that is designed to extend easily (up to 2 mm) for active 
fixation and retraction. The electrodes were attached to 
the rectal mucosa via a disposable rigid sigmoidoscope 
(Welch Allyn, Model 53130; All Medical Supply, Westland, 
MI). Typically, placement of  the stimulating electrodes 
was accomplished in 2-3 min with minimal discomfort to 
the participant. 

In preliminary studies, we examined placement of  
the electrodes at varying distances above the dentate line 
from 6 to 20 cm, and varied the proximal-distal distance 
between the attachment sites of  the two electrodes from 
0.5 to 4 cm. Preliminary studies revealed that the optimal 
placement to record cortical and spinal EPs simultane-
ously was between 8 and 16 cm above the dentate line, 
and 2.5-3.5 cm separation between the two electrodes. 
Recording of  spinal EPs was progressively unreliable at 
distances < 2.0 cm between the electrode attachment 
sites. Separation distances > 3.0 cm between the stimulat-
ing electrodes required progressively higher intensities of  
electrical stimulus to produce a threshold response. Based 
on the preliminary studies, we routinely attached the 
stimulating electrodes at 15 and 12 cm above the dentate 
line on the anterior wall of  the rectum. A ground elec-
trode was positioned at the back of  the neck. Cortical and 
spinal EPs were recorded simultaneously using Ag/AgCl-
skin-electrodes positioned at the vertex [midway between 
the auricular prominences (Cz)] referenced to linked ears 
(AlA2) and L4 and L5 and S1 and S2. In some studies, 
skin electrodes were also attached at L1-3 to provide ad-

Figure 1  Stimulating electrodes. Two electrodes (Medtronic CapSureFix 
Model 5076) were used in this study. This model had an electrically active helix 
that was designed to extend easily (up to 2 mm) for active fixation and retrac-
tion. The electrodes were positioned at 15 cm and 12 cm above the anal verge.
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ditional spinal EP data. EP responses were recorded us-
ing a Nicolet Viking IV programmable signal conditioner 
(Nicolet Biomedical, Madison, WI, USA). The electrode 
impedances were < 5 kΩ. Each trial represented the final 
average of  50 randomly applied stimulations (every 1-3 s)  
that was repeated three times to ensure intra-run repro-
ducibility. The random stimulation paradigm was em-
ployed to minimize any potential contribution of  stimulus 
anticipation by the participant.

The electrical stimulus was a square wave of  0.2 ms 
duration and the intensity of  the stimulus varied between 
0 and 100 mA. Recording parameters: sample frequency 
2 kHz, amplifier gain 100 K, bandpass filters at 0.5-500 
Hz for cortical EPs and 30-10 kHz for spinal EPs. EP 
waveforms exhibited characteristic prominent negative (N) 
and positive (P) peaks numbered in order of  occurrence, 
i.e. N1, P1, etc. All amplitude and latency measures were 
calculated from the responses obtained at the Cz and L5 
locations because in most subjects, the waveforms were 
best defined and highest in amplitude at these locations. 
Relative positivity resulted in a downward deflection in 
the waveform. The latency (ms) of  the spinal and cortical 
responses was measured at the peak of  the major negative 
deflection (N1) and the positive peak (P1), respectively. 
The spinal and cortical response amplitude (μV) was 
measured peak-to-peak (N1/P1). The latency reflects the 
conduction velocity characteristics of  the afferent pathway 
being investigated and, in the absence of  temporal disper-
sion, the amplitude of  a signal reflects the number of  af-
ferents contributing to the response[5,6].

Volunteers were instructed before stimulation to re-
port when they first perceived any sensation in the pelvic 
area. Electrical pulses were initiated at a current shown 
to be sub-threshold (< 5 mA) and gradually increased 
by 1-mA increments until perception was reported. All 
subjects reported a threshold non-painful pulse deep in 
the pelvis. This was identified as the threshold intensity. 
The paradigm was repeated three times to ensure repro-
ducibility of  the threshold sensation and associated EP 
profile, and again at current intensities of  1.5 and 2 times 
above the threshold intensity. The threshold for sensation 
always corresponded to the initial appearance of  the EP 
waveform. It is noteworthy that in two recording sessions, 
the EP responses became erratic. In both cases, one of  
the stimulating electrodes had detached from the mucosa. 
Reattachment of  the electrode to the mucosa resulted in 
restoration of  a reproducible cortical and spinal EP re-
sponse.

After documenting that the EP waveform was repro-
ducible by repeating each trial three times, the stimulating 
electrodes were removed in six participants and the rectal 
mucosa at the site of  attachment was swabbed with Lido-
caine (Xylocaine) 2% topical jelly (AstraZeneca, Wilming-
ton, DE, USA), using a cotton applicator under direct vi-
sualization using the rigid sigmoidoscope. The stimulating 
electrodes were then reattached at their original sites and 
the response to electrical stimulation repeated using the 
same parameters (1.5 times threshold intensity) that were 

employed to produce the initial EP signal. In addition, six 
participants underwent repeat testing between 1 and 6 mo 
after the first recording session, to evaluate reproducibility 
of  the initial EP responses.

Statistical analysis 
For acquisition and analysis of  spinal and cortical EP 
recordings, the stimulus intensity used was 50% (1.5 ×) 
greater than threshold stimulus. Results were compared 
by two-tailed Student’s t test for paired observations. Re-
peated measures analysis of  variance was used to compare 
the latency and amplitude data from the two recording 
sessions. The level of  significance for all calculations was 
set at the 95% confidence level (P < 0.05).

RESULTS
Reproducible polyphasic cerebral EPs were recorded in 
16 of  the 17 subjects (94%) who participated in the study. 
Simultaneous spinal and cortical EPs were recorded in 
14 of  the 17 participants (82%). All participants demon-
strated the typical morphology for cortical and spinal EP 
recordings of  an N1/P1 wave form depicted in Figure 2, 
which increased with stimulus intensity (threshold inten-
sity, left panel; 2 × threshold intensity, right panel). Note 
the different scales for measuring the amplitude of  EP 
response in the left panel (cortical, 5 μV/division; spinal, 
20 μV/division) and right panel (cortical, 10 μV/division; 
spinal, 50 μV/division). Summary amplitude data for 
graded electrical stimulation (threshold and 2 × threshold) 
are presented in Table 1. The mean threshold stimulus 
intensity was 28 mA (range: 12-47 mA), which was expe-
rienced as a non-painful pulse deep within the pelvis; typi-
cally in the midline or left of  midline. Participants used 
the descriptors of  a “tapping” or “poking” sensation that 
increased in intensity and corresponded to the intensity of  
electrical stimulation. The mean ± SD values for latency 
and amplitude of  the EP responses obtained at a stimulus 
intensity of  1.5 × threshold for the 14 participants who 
demonstrated both cortical and spinal EP responses are 
presented in Table 2.

Table 1  Summary amplitude data for graded electrical 
stimulation (mean ± SD)

N1/P1 (μV) Spinal Cortical

Threshold 21 ± 4 12 ± 3
2.0 × threshold 49 ± 6 26 ± 5

Table 2  Summary data for latencies and amplitudes for spinal 
and cortical evoked potentials (mean ± SD)

Spinal Cortical

N1 latencies (ms)   4.6 ± 0.4 136.1 ± 4.2
P1 latencies (ms)   6.8 ± 0.5   233.6 ± 12.8
N1/P1 amplitude (μV) (1.5 × threshold) 38 ± 7   19 ± 3
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The six participants who underwent a second record-
ing session demonstrated reproducible EP wave forms 
and no significant changes in the latency and amplitude 
values compared to the first recording session (Table 3). 
Representative EP responses from two recording sessions 
for one volunteer are presented in Figure 3.

Application of  Lidocaine jelly to the rectal mucosa at 
the sites of  initial stimulation followed by reattachment of  
the electrodes at the original locations, and restimulation 
using the same parameters resulted in loss of  the EP wave 
forms at the spine and vertex. In addition, all participants 
experienced a loss in the perception of  the tapping or 
poking sensation in the pelvis after application of  Lido-
caine (Figure 4, right panel, n = 6). 

DISCUSSION
The goal of  this study was to evaluate a novel approach 

to stimulate the rectal mucosa electrically and simultane-
ously record EPs at the level of  the lower spinal column 
and vertex. We were able to record successfully simulta-
neous cortical and spinal EPs in approximately 80% of  
the volunteers, which represents a twofold improvement 
over a previous study[7]. We were unable to record reliable 
spinal EPs in three of  17 participants. In these three in-
dividuals, we were able to record a cortical EP waveform. 
We speculate that the inability to record a reproducible 
spinal wave form in these three individuals may be related 
to body habitus. All three individuals had a body mass in-
dex > 25. 

The polyphasic cortical EP wave forms that we re-
corded demonstrated similar morphology, latencies and 
amplitudes as described in previous studies[1-4]. We believe 
that any differences compared to the published literature 
can be attributed to the methodology that we employed, 
which involved direct attachment of  the electrodes to the 
rectal mucosa, and the distance between attachment of  
the electrodes. The sensory innervation of  the rectum 
involves afferent fibers that travel with sympathetic and 
parasympathetic spinal afferent nerves. The pelvic nerve 
afferents originate from the inferior hypogastric plexus[9] 
include a mixture of  unmyelinated C fibers and poorly 
myelinated Aδ fibers that transmit a variety of  sensory 
modalities that range from innocuous to painful[10-12]. 
Stimulation in this area is complicated by the proximity of  
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Figure 2  Representative cortical and spinal evoked potential responses to electrical stimulation in the rectum. Evoked potential (EP) responses demonstrat-
ed that the typical morphology for cortical and spinal EP recordings including an N1/P1 wave form that increased with stimulus intensity (threshold intensity, left panel; 
2 × threshold intensity, right panel). Note the different scales for measuring the amplitude of EP response in the left panel (cortical, 5 μV/division; spinal, 20 μV/divi-
sion) and right panel (cortical, 10 μV/division; spinal, 50 μV/division). Summary latency and amplitude results for recordings obtained using an electrical stimulus 1.5 
× threshold is presented in Table 2. 

Table 3  Summary data for reproducibility of latencies and 
amplitudes for spinal and cortical evoked potentials with 
repeat testing (mean ± SD)

 Spinal Cortical

N1 latencies (ms) 4.4 ± 0.5 132.1 ± 6.1
P1 latencies (ms) 6.6 ± 0.6   229.8 ± 15.8
N1/P1 amplitude (μV)  35 ± 8.5   18.6 ± 3.4
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Figure 3  Evoked potential responses were reproducible over time. Representative cortical and spinal evoked potential responses from two recording sessions for 
one volunteer are shown in this figure. No significant changes in the latency and amplitude values were observed compared to the initial recording session. Summary 
data are presented in Table 3. 
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Figure 4  Application of Lidocaine jelly to the rectal mucosa at the sites of electrical stimulation resulted in loss of the cortical and spinal evoked potential 
responses. A representative evoked potential response (before and after application of Lidocaine) is presented in this figure. In addition, all participants reported a 
loss in the sensory response to electrical stimulation after application of Lidocaine. 
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somatic nerves that could be activated by high-intensity 
electrical stimulation.

Very few published data exist with regard to the char-
acteristic wave form, latencies and amplitudes for spinal 
EPs using rectal stimulation. The characteristics of  the 
spinal EP wave forms that we recorded were quite similar 
to those in a previous study that used a different electrical 
stimulation methodology[7]. Neurophysiological testing 
has been employed in the diagnoses of  neurogenic disor-
ders that involve the lower urinary tract and spinal cord, 
including somatosensory EP measurements[13,14]. How-
ever, the performance of  cortical and spinal EP testing in 
response to bladder or urethra stimulation has not gained 
broad acceptance in clinical practice because of  technical 
challenges.

We employed electrical stimulation in this study be-
cause currently available technologies using balloon dis-
tention obscure the recording of  spinal EP wave forms. 
A potential drawback of  using electrical stimulation is that 
this approach can result in nonspecific activation of  all af-
ferent pathways, depending on the stimulation parameters. 
On the other hand, it is possible that specific electrical 
stimulation parameters can be used to stimulate prefer-
entially subpopulations of  primary afferent neurons. For 
example, using our stimulation parameters, participants 
reported the perception of  a non-painful “tapping” or 
“poking” sensation that increased with the intensity of  
electrical stimulus. This is similar to previous studies[1,3,4]. 
Others have used electrical stimulation protocols (typically 
involving high stimulation intensities) that evoke the per-
ception of  pain[8]. The sensations reported by our partici-
pants may be mediated by Aδ-fiber somatic afferents that 
are thought to encode non-painful stimuli, but saturate 
at stimulation levels well below pain threshold. It is pos-
sible that customized electrical stimulus parameters might 
prove useful to assess Aδ-fiber afferents in isolation. 
This may be important in sensitization states because this 
population of  afferents can undergo phenotypic changes 
after the development of  central sensitization[12]. Pain 
perception is thought to involve slower conducting small 
myelinated Aδ and unmyelinated C fibers and require 
more intense stimulation for activation[15]. It remains to 
be determined whether individuals with neurodegenera-
tive disorders or chronic pain syndromes will demonstrate 
detectable changes in latency or amplitude of  EP wave 
forms recorded at the lower spinal.

In conclusion, this study demonstrates that is possible 
to record cortical and spinal EPs simultaneously using rec-
tal electrical stimulation with a relatively high level of  reli-
ability, e.g. approximately 80%. We believe that this meth-
odology can be employed to improve our understanding 
of  the potential contribution of  rectal primary afferent 
neurons in various neurodegenerative and functional pain 
disorders. We anticipate that combining this technology 
with other assessments of  anorectal physiology and func-
tional neuroimaging techniques will result in novel insights 
regarding the neurophysiological characteristics of  visceral 
afferent pathways in both health and disease.
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