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Abstract

INTRODUCTION—(RAIR) Recto-anal inhibitory reflex is an integral part of normal defecation.
The physiological characteristics of RAIR along anal length and anterior-posterior axis are
unknown.

AIM—To perform topographic and vector-graphic evaluation of RAIR along anal canal using high
definition manometry (HDM), and examine the role of various muscle components.

METHODS—Anorectal topography was assessed in 10 healthy volunteers using HDM probe
with 256 sensors. RAIR data were analyzed every mm along the length of anal canal for
topographic, baseline, residual, and plateau pressures during 5 mean volumes of balloon inflation
(15cc, 40cc, 71cc, 101cc, 177cc), and in 3D by dividing anal canal into 4x2.1 mm grids.

RESULTS—Relaxation pressure progressively increases along anal canal with increasing balloon
volume up to 71 cc and thereafter plateaus. In 3-D, RAIR is maximally seen at the middle and
upper portions of anal canal (levels 1.2-3.2 cm) and posteriorly. Peak residual pressure was seen at
proximal anal canal.

CONCLUSION—RAIR is characterized by differential anal relaxation along Anterior-Posterior
axis, longitudinally along the length of anal canal, and it depends on the rectal distention volume.
It is maximally seen at internal anal sphincter pressure zone. Multidimensional analyses indicate
that external anal sphincter provides bulk of anal residual pressure. Our findings emphasize
importance of sensor location and orientation; as anterior and more distal location may miss
RAIR.
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Introduction

The recto anal inhibitory reflex or RAIR is an anal reflex response characterized by a
transient relaxation of the anal canal following distention of the rectum. RAIR was first
described by Gowers (1) in 1877 and later by Denny-Brown (2) in 1935. Physiologically,
the RAIR is hypothesized to allow for the sampling and discrimination of rectal contents.(3)
As such, the RAIR is thought to be a major component in maintaining health in continence
and an abnormal response has been implicated in defecation disorders.(4). The RAIR is
described manometrically by the relaxation pressure or loss of anal canal pressure during
rectal balloon distention, and the residual pressure or the lowest anal canal pressure point of
the reflex, see figure 1. The amplitude and duration of the RAIR has been shown to be
dependent on the frequency and volume of rectal distention.(5-6) With increasing rectal
volumes, the RAIR residual pressure will decrease and the duration of time of the RAIR will
increase.

The anal canal is in constant communication with the rectum and central nervous system. (7)
RAIR is mediated by a complex intramural neuronal plexus(4), specifically nonadrenergic,
non-cholinergic inhibitory neurons. Several neurotransmitters have been hypothesized to
mediate the relaxation, such as VIP and ATP (8), but most recent evidence implicates nitric
oxide.(9) The modulation of the RAIR is processed in supra spinal and parasympathetic
centers.(10)

Much data exist on the normative ranges of anorectal manometry both at rest and during
squeeze maneuvers (11-14), but there has been little characterization of the pressure changes
during RAIR. Zbar et al mapped out the RAIR at three sphincter locations in healthy,
constipated, and incontinent patients. They found different relaxation pressures based on
location and between the study populations. (15) Other studies have examined the RAIR's
clinical value in general, such as in patients with constipation and incontinence, and have
found some differences. (6, 16-18) Indeed there are several conditions known to have a
complete lack of RAIR, including dysganglionosis, post circular myotomy, and lower
anterior resections. (4, 8, 19-22) Evaluation of the RAIR can be used to facilitate a diagnosis
of dyganglionosis, such as Hirschsprung's disease.(4)

The advent of HDM provides a unique opportunity to examine the anorectum. Briefly, the
probe has 256 pressure sensors that allow for a very high resolution pressure map along the
anal canal both longitudinally and circumferentially. This level of detail allows for
manometric and anatomic characterization, as recently shown. (23) Previous studies have
examined the relationships of manometric data to anatomical imaging, both with ultrasound
(24) and MRI (25-26). One study also used an ultrasound probe as water was injected into
the rectum to examine the RAIR.(27) However, these studies contributions were of low
fidelity and could not simultaneously compare or tease out the activity of the individual
muscles that make up the anal sphincter complex or examine changes in 3-D.

We tested the hypothesis that RAIR is characterized by a differential anal pressure response
that varies both circumferentially and in the posterior axis. Therefore, our aim was to
perform anal manometry (in healthy subjects) using 3-D high definition manometry, and to
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examine the anal pressure changes at every mm along the length of the anal canal and in the
circumferential axis.

Materials and Methods

Subjects

Ten healthy subjects (6 males, mean age 35 years + 4 yrs) were evaluated. All subjects filled
out a bowel symptom questionnaire addressing Gl health and anorectal function. Healthy
subjects reported no constipation or incontinence symptoms, were not taking any
medications besides oral contraceptive pill and multivitamins, and had no history of Gl
surgery other than appendectomy. All subjects had a normal physical examination. The
study was approved by the Institutional Review Board of the University of lowa, and all
participants gave written informed consent.

Study Protocol

After an overnight fast, subjects attended the motility lab. No routine bowel preparation was
used. High Definition 3-DManometry was performed with the subject in the left lateral
position. The probe measures 6.4 cm in length and has an outer diameter of 10.75 mm. It has
256 pressure sensors that are arranged in 16 rows, and each row has 16 circumferentially-
oriented sensors. The probe has a central lumen for inflation and a Luer lock at one end
through which a balloon is attached. The balloon is composed of a non-latex clear
thermoplastic elastomer, 3.3 cm long, with a 400 cc capacity. The probe is attached to an
amplifier and recorder system and the manometric and topographic images are displayed on
a computer monitor using specialized software (Motility Visualization System v.2.2, Sierra
Scientific, Los Angeles, CA). See Cheeney et al for a detailed technical discussion of the
HDM probe. (23) A digital rectal exam was performed before placement of the probe and
saline enema placed if stool was detected. The lubricated probe was inserted such that a
panel of pressure sensors lay across the anal canal, and some extending above and just
below the anal canal. The probe was oriented with the back corresponding to the dorsal
aspect of the subject. This allowed for the detailed reading of the rectum and anal canal with
respect to orientation. The probe was held in place manually during the study.

After probe placement, a rest period of 7 minutes followed to allow the resting sphincter to
baseline. Next, a hand held syringe connected to the HDM probe was used to inflate the
balloon in the rectum in a stepwise, graded fashion using intermittent balloon distention
technique. (11, 28) The subjects were given a sensation chart and asked to describe their
sensations with each distention. The sensory thresholds at which subjects reported their first
sensation, constant sensation, desire to defecate, urge to defecate, and the maximum
tolerable volume were recorded. The starting rectal distention volume used was 10 cc, with a
10 cc stepwise increase until the subject experienced the first sensation. After that a 30 cc
stepwise distention volume was used until maximum tolerable volume or a total volume of
320 cc was reached. Each distention was held for at least 30 seconds, and after a deflation
and rest period of 2 minutes was re-inflated to the next volume. The subject was unaware of
the timing or the volume of balloon distention.
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Data Analysis

Results

The HDM recordings were analyzed for the presence of RAIR. Figure 1 displays the RAIR
manometrically. Immediately following rectal distention there is a drop in anal canal
pressure till it reaches the nadir or residual pressure in the anal canal at a particular level.
This change in resting pressure is calculated as the relaxation pressure. From the residual
pressure the anal canal pressure usually recover completely, raise to a plateau pressure some
level between the baseline and lowest pressure, or remain at the residual pressure. Figure 1
shows a RAIR with the various pressure responses. Once the rectal balloon distention is
deflated, the rectal pressure returns to its baseline pressure and simultaneously the anal canal
pressure also returns to its baseline pressure. Four points in the progression of the RAIR
were analyzed, the baseline, residual, and plateau pressure, Fig 1, and from these
measurements the relaxation pressure was calculated. The baseline pressure was taken
shortly before rectal distention (within 5-10 seconds) and the plateau pressure was taken
after the upward phase of the RAIR had stabilized, but before the rectal distention was
released. Distention volumes were grouped based on the first 4 rectal distention volumes
that elicited a RAIR per subject, without any overlap in distention volume between the
groups. The range for each group was 10cc-20cc, 30-50cc, 60-80cc, 90-110cc, and the final
volume before the subjects reported maximum intolerable volume. The average volumes
were 15 cc, 40 cc, 71 cc, 101 cc, and 177 cc respectively, see table 1.

Pressure data were examined at every millimeter distance along the anal canal
simultaneously. Additionally recordings were made on 3D topographic pressure maps
(figure 1). The outer edges of the map show the pressure changes in the posterior portion of
the anal canal and the middle or the inner portion of the image show the pressure changes in
the anterior portion of the anal canal. The topographic view was used to set the zero point or
the anal verge, which was the point where the continuous pressure recording sharply
dropped to atmospheric pressure. The pressure map was further divided into 4-mm by 2.1-
mm grids and an average pressure per grid was taken to give both longitudinal and
circumferential pressure data of the anal canal during RAIR. The high pressure zone of the
three muscular structures, puborectalis, internal anal sphincter (1AS), and external anal
sphincter (EAS), of the anal canal is shown.

Baseline pressures were analyzed across the length of the anal canal every millimeter and in
the anterior and posterior vectors by combining the anterior grids and posterior grids every 4
millimeters along the canal. This achieved an anterior and posterior specific longitudinal
pressure at a 4 mm resolution. Similar analysis was performed for the residual and plateau
pressures. The relaxation pressure along the anal canal and in the anterior and posterior axes
was calculated by subtracting the residual pressure from the baseline pressure. Pressures
from the 10 subjects were then averaged for each rectal distention pressure.

All subjects exhibited the RAIR at multiple rectal distention volumes, ranging from 10cc to
280cc. The average minimal rectal distention volume required to elicit the RAIR was 15cc
1.7. Rectal sensory thresholds; In rectal distention volume group 1 (10cc to 20cc), 8 subjects
experienced first sensation and 2 felt nothing. In group 2 (30cc to 50cc), 1 subject reported
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first sensation, 1 had no sensation, 7 reported constant sensation, and 1 reported desire to
defecate. In group 3 (60cc to 80cc), 6 subjects reported constant sensations and 4 a desire to
defecate. In group 4 (90cc to 110cc), 6 subjects reported a constant sensation, 2 desire to
defecate, and 2 an urge to defecate. In the highest rectal distention group (130cc to 280cc), 4
subjects reported a desire to defecate, 4 others an urge to defecate, and 1 reported a
maximum tolerable volume.

Anal Pressure Profiles

RAIR

All baseline anal pressure profiles showed a peak pressure in the range of 70-80 mmHg at a
level of 1.6cm from the anal verge, which corresponds to the level of the IAS. Additionally,
there was a hump in the posterior pressure from 2.4cm to 4cm corresponding to the
puborectalis muscle. This is consistent with previous analysis of baseline anorectal pressure
in healthy subjects. (23)

Figure 2 shows the morphologic changes in the anal pressure projected during the RAIR in
one subject at rectal distention volumes of 10 cc, 40 cc, 70 cc, 100 cc, and 160 cc in a
manometric display. From this figure, the morphology of the RAIR at different rectal
distention volumes may be appreciated. At 10 cc distention volume the RAIR is shallow and
the pressure decrease quickly recovers to baseline pressure. At 40 cc, the RAIR is deeper
and the pressure does not recover fully to the baseline pressure, which is a plateau pressure.
At 70 cc, the RAIR maximally deepens and the plateau pressure is now significantly lower
than the baseline pressure. At 100 cc, the RAIR remains deep and the plateau pressure is just
greater than the residual pressure. Finally, at very large rectal distention volumes, like 160
cc, the RAIR remains at the residual pressure for the entire duration of rectal distention.
Furthermore rectal distention volumes of 100 cc and 160 cc both show transient spike in
pressure during the down stroke of the RAIR and this is due to the sensorimotor response.
(29)

Relaxation Pressure

The relaxation pressure is a function of rectal distention volume, with the relaxation pressure
increasing until a mean rectal distention volume of 71 cc, figure 3. The maximal peak
relaxation pressure is 47.3 mmHg + 2.6. The relaxation pressure is also dependent on the
location along the anal canal. Figure 3 shows the mean relaxation pressure for the different
rectal distention volumes, with the peak relaxation pressure at 1.7 cm from the anal verge in
all groups. After the initial peak, there is a gradual decline in the relaxation pressure along
the anal canal. Figure 4 shows the mean relaxation pressure at 15 cc and 101 cc rectal
distention volumes along the anterior and posterior vectors. At a mean 15 cc distention, the
relaxation is the same circumferentially. There is a constant 20 mmHg relaxation ranging
from 1.2 cm to 3.6 cm from the anal verge occurring in both the anterior and posterior half
of the anal canal. At a mean volume of 101 cc rectal distention, however, there is an obvious
increase in relaxation pressure in the posterior vector, with both anterior and posterior
relaxation pressure peaking again at 1.7 cm from the anal verge.

Neurogastroenterol Motil. Author manuscript; available in PMC 2015 September 11.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheeney et al. Page 6

Residual Pressure

As reflected in the relaxation pressure, the residual pressure decreases to a minimum peak
pressure with increasing rectal distention volumes to 31.9 £ 1.9 mmHg starting at the mean
rectal distention volume of 71 cc, figure 5. Additionally, as the rectal distention volume
increases the peak residual pressure shifts towards the anal verge. In figure 5, the location of
the peak residual pressure for the mean 15 cc distention group is similar to the baseline peak
at 1.7 cm from the anal verge. The peak of the residual pressure starting at a mean 71 cc
rectal distention volume has shifted to 0.9 cm from the verge. Figure 6 displays the mean
residual pressure from the 101 cc rectal distention group in the anterior and posterior half of
the anal canal. There is a peak at 0.9 cm in the anterior and posterior vectors and an
additional hump in the posterior only vector ranging from 2.4 cm to 4.4 cm, corresponding
to the external anal sphincter and puborectalis muscle respectively. (23, 30) Additionally, on
visual inspection of the topographic pressure map at residual pressure, lower image of figure
1, the majority of the pressure appears to be originating from the EAS high pressure zone.

Plateau Pressure

Much like the residual pressure, the plateau pressure also has a progressive, linear decline in
pressure with increased rectal distention. Starting at mean 40 cc rectal distention, the plateau
pressure begins to fall below baseline pressure, with the plateau pressure progressively
decreasing till it merges with the residual pressure at very high rectal distention volumes, see
the 160 cc rectal distention in figure 2. There is a similar proximal shift in the location of the
peak plateau pressure with increasing rectal distention volumes, with the mean peak pressure
in the 177 cc rectal distention group having moved distally to 1.3 cm from the anal verge.

Discussion

This study provides detailed characterization of the anal pressure charges in the
circumferential and anterior-posterior axis at rest and during the RAIR. We found that
increased volume of rectal distension induces a progressively larger amplitude and greater
duration of RAIR. However, beyond 71 cc of balloon distention there is no further decrease
in anal pressure. This confirms previous observation [16] and provides significant new
information. The use of continuous pressure recording both along the anal canal and
circumferentially, has provided new and more accurate measurements to the changes.
Additionally, the HDM provided real time data for each component of the anal muscular
structures, figure 1.

The exact role of the different anal sphincters during the RAIR has not been fully evaluated
due to the limitations of current manometric techniques. Anal canal pressure is maintained
by the internal anal sphincter (1AS), external anal sphincter (EAS), and the U shaped
puborectalis sling in the superior aspect of the canal.(31) The peak pressure of the IAS is
seen at a level of 1.6cm from the anal verge, which corresponds to the peak relaxation
pressure. Here, we have independently confirmed that the major component that contributes
to the relaxation during the RAIR is the 1AS. Secondly, the EAS is the only muscular
structure located from 0.5 cm to 1 cm from the anal verge. (30-31) As the relaxation
pressure increases due to increasing IAS relaxation, the EAS becomes the prominent
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muscular structure that maintains continence as evidenced by the distal location of the peak
residual pressure. Finally the posterior superior location of the puborectalis from 2.4 cm to
4.0 cm from the anal canal (23) allows for the interpretation of puborectalis muscle activity.
This pressure zone can be seen in the residual pressure in figure 5, indicating that the
puborectalis contributes to the residual pressure, as well as the EAS, even at high rectal
distention volumes. The changing peak pressure of the residual pressure may be explained
by its relative contribution to the tone of the three anal canal structures.

The residual pressure and plateau pressure have a separate graded response that matches
rectal distention. The level of residual pressure has been shown to be related to distention
volume, (32-33). However, we found that the plateau level is also linearly related to the
volume of distention. Hence the control mechanisms between the rectum and anal canal that
govern the RAIR must mediate both an initial relaxation and a later plateau period of
relaxation. Although this study shows a RAIR with rectal distention, it has been shown that
electrical stimulation of the rectal mucosa can elicit anal canal relaxation as well. (34) These
observations warrant further investigation into how rectal innervations differentially regulate
both the residual and plateau pressures specific to the same rectal sensory perception.

Our findings further elucidate the mechanisms of defecation and attempt to explain its
voluntary nature. With higher rectal distention volumes, the anal canal tone during the RAIR
becomes progressively dependent on the voluntary EAS and the puborectalis muscle.
Physiologically, this is reflected by the voluntary effort that maintains continence with larger
rectal contents. The physiologic sensation may also be related to RAIR parameters. With
very low rectal distention volumes, the pressure recovers fully to baseline sphincter
pressure, and no subject sensed a constant sensation. It is not until the plateau pressure fails
to fully recover that subjects begin to feel a constant sensation. At very high rectal
distentions when the plateau pressure merges with the residual pressure, all subjects report
varying needs to defecate. These observations portray an updated model of the RAIR and
how it relates to the mechanism(s) of perception and defecation.

The dynamic nature of anal canal reflexes underscores the importance for a standardized and
reproducible method for sensor placement when performing anorectal manometry (ARM)
and high resolution anorectal manometry (HRM). The current study allowed for the setting
of the zero point, or anal verge, by reading the topographic pressures. This post-procedure,
individualized method is not available in the routinely used ARM. Furthermore, we showed
that pressure does not just change continuously along the anal canal, but also in the
Anterior-Posterior (A-P) vector. At larger distention volumes, the difference between the A-
P pressures can be nearly double, figure 4. Thus, proper probe placement are critical with
ARM and HRM techniques both along the anal canal and its orientation in the A-P vector
are critical with an anterior and more distal location being less likely to detect RAIR.

RAIR plays a prominent role in normal defecation and sensation; consequently a
dysfunction of RAIR leads to anorectal disorders. Enteric dysganglionoses such as
Hirschsprung's disease are classified by a lack of enteric nervous system at some level above
the 1AS. (35) The diagnostic utility of the absence of RAIR in Hirschsprung's Disease has
been reported to have a sensitivity of 91% and specificity of 94% in one systematic review.
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(36) Although others have reported lower numbers, the variability may in fact be due to how
the test is performed, and in particular where the sensors are located or at what level the
balloon is placed. HDM's ability to identify specific sphincters and its flexibility with probe
placement may improve the utility of manometry in detecting this common pediatric Gl
disorder. Perhaps more generally, conditions such as incontinence and constipation may also

be
an

nefit from a very detailed evaluation of the reflexes and sensori-motor function of the
orectum.
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Figure 1.
The top panel shows a continuous recording of the rectal and anal manometric pressure

sequences after a 70 cc rectal distention induces RAIR in one subject. The lower panel
shows the topographic pressure map of the anal canal during the baseline, residual, and
plateau pressures. The top panel exhibits the rise in rectal pressure with distention, the
reflexive relaxation of the anal canal, and its partial recovery of pressure. The puborectalis,
IAS, and EAS high pressure zones are marked in the baseline pressure map in the lower
panel. The IAS provides pressure in the anterior and posterior superior anal canal, while the
puborectalis in just the superior posterior anal canal. The pressure map at the residual
pressure indicates a decrease in pressure at the puborectalis and IAS zones, with the EAS
zone still providing anal canal pressure. The plateau topographic pressure map indicates a
partial return to the baseline pressures in the IAS and puborectalis regions.
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Figure 2.
Each panel represents a single continuous recording of the rectal and anal manometric

pressure sequences during RAIR at 10cc, 40cc, 70cc, 100cc, and 160cc in a single subject.
The panels show the progressive nature of the RAIR with increasing rectal distention
volumes. The nadir of the RAIR is progressively lower till 70cc rectal distention and the
plateau pressure also gradually decreases with larger rectal distention volumes. The pressure
scale on the left corresponds to the anal manometric pressure and the right to the rectal
manometric pressure.
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Figure 3.
Mean relaxation pressure from all subjects at every millimeter along the length of the anal

canal. The nadir of the pressure for each rectal distention group is progressively lower till an
average 71 cc rectal distention, at which the anal canal cannot relax any further. The peak
relaxation pressure is at 1.7 cm from the anal verge for 40 cc, 71 cc, 101 cc, and 177 cc
mean rectal distention and at 2.3 cm from the anal verge for the 15 cc mean rectal distention

group.
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Figure 4.
Mean relaxation pressure from all subjects every 4 millimeters along the anterior and

posterior anal canal at a mean 15 cc and 101 cc rectal distention volume. The mean 15 cc
rectal distention volume shows a constant 20 mmHg relaxation pressure ranging from 1.2
cm to 3.6 cm in the anterior and posterior anal canal, while the 101 cc rectal distention
volume shows a peak at 1.7 cm from the anal verge and a larger pressure change in the
superior-posterior anal canal region compared to the superior-anterior region, indicating
both the IAS and puborectalis are relaxing.
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Figure 5.
Mean residual pressure from all subjects at every millimeter along the length of the anal

canal. The peak residual pressure for the mean 15 cc rectal distention volume is at 1.6 cm
from the anal verge. The peak shifts distally with larger rectal distention volumes, moving to
0.9 cm from the verge at 71 cc distention volume. This indicates the increasing relaxation of
the IAS.
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Mean residual pressure from all subjects at a mean 101 cc rectal distention volume along the
anterior and posterior half of the anal canal every 4 millimeters. The residual pressure in the
anterior and posterior vectors is at 0.9 cm from the anal verge. This corresponds to the EAS
and indicates this sphincter provides anal canal pressure during the residual pressure phase

of the RAIR.
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Table 1

RAIR distention volume groupings

Group Average = SEM (cc) Range (cc)

1 15+17 10-20

2 40+21 30-50

3 71+18 60-80

4 101+18 90-110
5 177 +18.7 130-280

RAIR, recto-anal inhibitory reflex.
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