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Abstract

Background Increased rectal volume is believed to be associated with diminished rectal sensation, i.e., rectal hyposensitivity.
Aims To demonstrate that patients with increased rectal volumes do not automatically have diminished rectal filling
sensations.

Methods We, retrospectively, observed 100 adult patients with defecation problems, and 44 healthy controls who had under-
gone anorectal function tests. Using the balloon retention test, we analyzed the distribution of rectal volumes and pressures
at different rectal filling sensation levels.

Results We found variance in the distribution of rectal volumes at all levels, while rectal pressures showed a normal distribu-
tion. We found no correlation between rectal volumes and pressures (constant sensation, r=0.140, P=0.163, urge sensation,
r=-—0.090, P=0.375, and maximum tolerable volumes, r=—0.091, P=0.366), or when taking age and sex into account.
The findings for the patient group were congruent with those for the control group.

Conclusions Participants with increased rectal volumes do not experience increased rectal pressures at any sensation level.
This finding, combined with the knowledge that rectal pressure triggers rectal filling sensation, indicates that rectal fill-
ing sensations in patients with increased rectal volumes are not diminished. Therefore, “rectal hyposensitivity” should be
reserved for patients with increased rectal pressure thresholds, and not for “abnormally” increased rectal volume thresholds.
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Introduction

Currently, rectal hyposensitivity (RH) is often defined as
diminished sensation in reaction to rectal filling [1, 2]. Dur-
ing clinical measurements, generally performed by insert-
ing predetermined volumes of water in a rectal balloon, the
rectal filling sensation is evoked by mechanical distension
of the rectum [3-6]. Usually, the thresholds of volumes at

P4 Sanne J. Verkuijl
s.j.verkuijl@umcg.nl

Monika Trzpis
m.trzpis-bremer @umcg.nl

Paul M. A. Broens
p-m.a.broens @umcg.nl

Department of Surgery, Anorectal Physiology Laboratory,
University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands

Department of Surgery, Division of Pediatric Surgery,
University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands

@ Springer

which patients report certain filling sensations are registered
and patients with an enlarged rectum are often classified as
being hyposensitive to rectal filling. As a consequence, cur-
rent studies investigating anorectal pathophysiology often
relate RH to increased rectal volume, a condition frequently
observed in, for instance, chronically constipated patients
[5, 7]. Indeed, RH occurs in 18-68 percent of constipated
patients [8]. Nevertheless, the physiological relationship
between these two problems is not yet fully understood [2,
4, 8-11].

Despite the clinical use of volume-based diagnoses of
RH, earlier research demonstrated that a diagnosis based
on rectal volume thresholds may be incorrect [1, 9, 12].
Since volume thresholds are highly biased by abnormal
rectal properties (i.e., increased rectal diameter), they may
lead to a false interpretation of nerve pathways [1, 9]. This
has, however, never been explored in patients using con-
ventional volume-based anorectal manometry, even though
this equipment is most commonly used in clinical practice
[13]. Conventional manometry can be used to measure both
rectal volume and rectal pressure. It was found that rectal
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pressure triggers the rectal filling sensation [5]. Changes in
intrarectal pressure activate tension-activated stretch recep-
tors in the rectal wall, which in turn lead to the perception of
rectal filling [5, 9, 14, 15]. Following from this, we expect
that a population with comparable rectal pressures would
perceive rectal filling sensation levels in the same way, irre-
spective of their rectal volumes. Our aim was to investigate
whether there is an association between rectal filling sensa-
tion, determined by rectal pressure, and rectal volume. Put
differently, are increased rectal volume thresholds, obtained
using conventional volume-based rectal distensions, reliable
indicators of rectal hyposensitivity?

Methods
Study Population

Retrospectively, between March 2010 and January 2015,
we reviewed the medical records of patients older than
17 years who had undergone anorectal function tests for
defecation problems (N =246). Altogether we excluded
146 patients for the following reasons: a medical history of
neurological dysfunction (n=40), a history of pelvic floor
surgery with a possible influence on anorectal function
(n=56), congenital abnormalities in anorectal function

(n=13), other anorectal abnormalities (n =26), includ-
ing rectovaginal fistula and radiotherapy in the pelvic
floor area, or involuntary loss of the balloon during test-
ing (n=11) (Fig. 1). Finally, we included the data of 100
patients for analysis.

We also recruited a control group of healthy partici-
pants (n=44), who were informed about this study by
digital advertisement. These participants filled out the
extensive Groningen Defecation and Fecal Continence
(DeFeC) checklist, which allowed us to assure that they
had no anorectal dysfunctions [16]. The control group
was subjected to the same anorectal function tests as the
patient group and gave their informed consent.

The study was conducted at the Anorectal Physiology
Laboratory of the University Medical Center Groningen,
the Netherlands. The study protocol conforms to the ethi-
cal guidelines of the 1964 Declaration of Helsinki and
its later amendments. The study “Characteristics of rectal
functioning in patients with defecation problems’’ was
granted permission by our local Medical Ethics Review
Board in January 2016.

Balloon Retention Test

The data were obtained by administering the balloon reten-
tion test, a standard test in anorectal manometry [17]. It
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provides information about the pressures and volumes at
which rectal filling sensations are perceived. Patients were
instructed to void rectal contents if possible. Testing started
by inserting a catheter, with a deflated balloon attached to its
tip, into the rectum. The balloon was pulled slightly toward
the pelvic floor. Subsequently, the participant was asked to
sit upright on a commode seat while the balloon was filled
with 37 °C water at a rate of 1.0 mL/s. At the same time, the
pressure inside the rectal balloon was measured as well as the
volume of water that had been inserted [17]. The participant
was instructed to retain the rectal balloon for as long as pos-
sible and to report, in consecutive order, constant sensation
(CS), urge sensation (US), and maximum tolerable volume
(MTYV). The test was stopped when the participant reported
MTYV or when he or she lost the balloon involuntary.

We collected and analyzed the data with solar, gastroin-
testinal, high-resolution manometry equipment, Version 8.23
(Laborie/Medical Measurement Systems, Enschede, the Neth-
erlands) using customized solid-state circumferential catheters
and microtip pressure transducer catheters (Laborie/Unisensor,
Wiesendangen, Switzerland), as previously described [17].

Statistical Analysis

All analyses were made using IBM SPSS Statistics, Version
23.0 for Windows (IBM SPSS Statistics, IBM Corporation,
Armonk, NY). The graphs were made using Graphpad Prism,
Version 5.04 and the figure was made with Microsoft Visio
2010. The Shapiro—Wilk test was used to evaluate the normal-
ity of the data. Since the variables were not distributed nor-
mally, we used nonparametric tests and reported the median,
minimum, and maximum values. The Mann—Whitney test was
performed to compare the results of the patients and the healthy
control group. Spearman correlation was used to analyze the
correlation between rectal volumes and pressures at the differ-
ent rectal sensation levels, and MTV. Two-sided P values of less
than 0.05 were considered statistically significant.

Results
Participant Characteristics

The majority of the patient group suffered from incontinence
(48%) or chronic constipation (36%), others underwent ano-
rectal manometry for anal pain (10%) or other symptoms
(6%) (Fig. 1). There were relatively fewer men in the patient
group than in the control group (30 vs 38.6%, respectively,
P=0.309). The patient group was significantly older than
the control group (median age 50.9 vs 22.2 years, respec-
tively, P <0.001). Table 1 shows the median rectal volumes
and pressures at all rectal sensation levels and the MTVs
of the patient group and the control group. At each of the
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sensation levels investigated, namely CS, US, and MTV, the
median rectal volumes differed significantly between the
patients and the control groups (P=0.004, P =0.028, and
P <0.001, respectively). The median rectal pressures for the
sensation levels only showed a significant difference at US
and MTV (P=0.014 and P <0.001, respectively). All the
characteristics are summarized in Table 1.

Distribution of Rectal Volume and Pressure
at the Different Rectal Sensation Levels and MTV

First, we analyzed the distribution of rectal volumes and pres-
sures graphically (Fig. 2). We found that the rectal volumes
of all participants at CS were not normally distributed in
either the patient group or the healthy control group (Fig. 2a),
while the distribution of rectal pressure at CS was similar to
the Bell curve for both groups, indicating a normal distribu-
tion (Fig. 2d). Rectal volumes at US and MT Vs also seemed
to be abnormally distributed (Fig. 2b, c¢), while rectal pres-
sures at these levels showed normal distributions (Fig. 2e, f).
We also found that the distribution of rectal volumes and rec-
tal pressures of three subgroups of patients, namely patients
with different clinical characteristics (fecal incontinence,
constipation and anal pain) was the same as the one observed
in the total patients’ group (Appendix, Fig. 4).

The above observations from the graphic representation
of the distributions of rectal volumes and pressures at the
different rectal sensation levels and MTVs were confirmed
by statistical analyses of the normality of these distributions
(Table 2). We found that the rectal volumes at both CS, US,
and MTV were significantly different from the normal dis-
tributions (P < 0.001 for all levels). Likewise, the rectal vol-
umes of the healthy control group also showed a significant
difference from the normal distributions at CS and MTV
(P<0.001 and P=0.024, respectively).

However, all but one of the rectal pressures of the patient
group and the healthy control group did not differ signifi-
cantly from a normal distribution. The only exception to this
finding was the rectal pressure at CS in the patient group
(P=0.039). This indicates that except for the pressure at
CS, all rectal pressures were distributed normally, in contrast
to the abnormal distributions of rectal volumes in both the
patient group and the healthy control group (Table 2).

Correlation Between Rectal Volume and Pressure

We found no correlation between rectal volumes and pres-
sures in the patient group, at either CS (r=0.140, P=0.163),
US (r=-0.090, P=0.375), or MTV (r=-0.091, P=0.366).
In the healthy control group, we found only a weak correla-
tion between rectal volumes and pressures at CS (r=0.314,
P=0.040), US (r=0.421, P=0.004), and maximum toler-
able pressure (r=0.340, P=0.024). In Fig. 3a—c, this analysis
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Table 1 Comparison of baseline characteristics between the patients
and the healthy controls

Baseline Patients Healthy P value
characteristics (n=100) controls
(n=44)
Demographics
Sex, n (%) 0.309
Men 30 (30) 17 (38.6)
Women 70 (70) 27 (61.4)
Age (years), median 50.9 (18-81) 22.2 (19-31) <0.001%#*
(minimum-maximum)
Sensation to balloon distension
Constant sensation, median (range)
Rectal volume (mL) 95 (10-440) 70 (23-290) 0.004%#%*
Rectal pressure 39 (20-59) 38 (17-57) 0.305
(mm Hg)
Rectal compliance (mL/ 2.6 (0.3-14.3) 2.0 (0.8-7.3) 0.018*
mmH g)
Urge sensation, median (range)
Rectal volume (mL) 185 (45-660) 265 (70-505) 0.028%*
Rectal pressure 48 (23-78) 52 (28-85) 0.014*
(mm Hg)
Rectal compliance (mL/ 4.4 (0.9-16.9) 5.3(1.5-9.3) 0.248

mmH g)
Maximum tolerable volume, median (range)
245 (65-885)

Rectal volume (mL) 360 (160-760) <0.001**

Rectal pressure 52 (27-84) 66 (25-103) <0.001**
(mm Hg)
Rectal compliance (mL/ 4.9 (1.0-16.5) 5.8(2.7-10.4)  0.020*

mmH g)

*Statistical significance of P <0.05
**Statistical significance of P <0.005

is also displayed graphically for both rectal sensation levels
and MTVs. Moreover, the correlations between rectal vol-
ume and rectal pressure calculated separately for the three
patients’ subgroups were comparable with the correlations
found in the total patients’ group (Appendix, Fig. 5).

To exclude the possible influence of sex or age on the
outcomes of our analyses, we analyzed whether there was a
correlation between these demographic variables and rectal
volumes and pressures. In both groups, we found very weak
correlations between sex and rectal volumes and pressures
at all the sensation levels investigated and MTVs (Table 3).
Similarly, for both groups, we found very weak correlations
between age and rectal volumes and pressures at each rectal
sensation level and MTVs (Table 3).

Discussion

Our study demonstrates that in both patients with def-
ecation problems and healthy participants rectal volumes
vary considerably at each rectal sensation level and MTV.

Contrastingly, rectal pressures at the different rectal sen-
sation levels and MTVs were distributed normally in the
patients and the healthy participants. Moreover, our study
demonstrated that rectal volume and rectal pressure were
not correlated, in other words patients with increased rectal
volumes did not perceive increased rectal pressures to obtain
certain rectal filling sensations. This finding confirmed that
rectal volume and rectal pressure are independent entities.
Additionally, we found no correlation between rectal volume
or pressure and age or sex, two demographic factors known
to influence anorectal physiology.

Earlier studies identified rectal pressure as the main trigger
for the rectal filling sensation [5, 9, 14, 18]. Together with our
finding that rectal pressure operated independently of rectal
volume, the notion that rectal volume thresholds are not associ-
ated with the rectal filling sensation was also supported. Nev-
ertheless, during current clinical investigations of rectal filling
sensations, patients’ rectal volume thresholds are registered, at
which a certain filling sensation is perceived [2—4, 8, 19, 20].
In such situations, when only volume-based sensory thresh-
olds are used to test rectal filling sensation, all patients with
an increased rectal volume will be diagnosed with decreased
rectal sensation, i.e., rectal hyposensitive [1, 6, 8, 9].

Given the fact that patients who suffer from chronic con-
stipation often have increased rectal volumes [5, 7], many
of them will automatically be diagnosed with rectal hypo-
sensitivity according to the currently used volume-based
investigation, even though rectal sensation is not impaired
in all of these patients [9, 21].

Besides, our study shows that healthy participants, who
did not admit to experiencing any anorectal dysfunctions,
had even higher rectal volumes than the patients. Although
the reasons for this phenomenon are unclear, they cannot
result from technical differences because all participants
underwent tests that were performed in exactly the same
way. Possibly, the rectal volumes of the patients were not
higher than those of the healthy participants, because some
patients suffered from incontinence and not from constipa-
tion, and the constipated patients used laxatives or rectal
irrigations regularly. The important point, however, is that
the healthy participants, although they had higher rectal
volumes than patients, did not suffer from rectal hyposen-
sitivity. Therefore, in our opinion, the diagnostic process
of hyposensitivity, which currently takes rectal volume into
account, should be reconsidered. Our findings support pre-
vious reports using pressure-controlled measurements, i.e.,
barostat, that also postulate that an increased rectal volume
might lead to misdiagnosis considering the status of nerve
sensitivity, when volume-based thresholds are used in the
diagnosis of hyposensitivity [1, 9].

The patients who are currently being diagnosed with
rectal hyposensitivity actually consist of two distinct
groups: one with increased rectal volumes without sensory
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Fig.2 Distribution of rectal volumes and pressures at different rec-
tal sensation levels and MTV. There is no normal distribution of the
rectal volumes of patients (indicated in red) and healthy controls
(indicated in blue) at CS (a), US (b) and MTV (c¢). However, the rec-

Table 2 Normality of the distributions of rectal volumes and pres-
sures at the different rectal sensation levels and MTV

Patients (n=100)  Healthy con-
trols (n=44)
Rectal volumes (P value)
Constant sensation <0.001%%* <0.001%%*
Urge sensation <0.001%* 0.266
Maximum tolerable volume <0.001%%* 0.024*
Rectal pressures (P value)
Constant sensation 0.039%* 0.979
Urge sensation 0.248 0.296
Maximum tolerable pressure 0.072 0.914

*Statistical significance of P <0.05 (difference from a normal distri-
bution of data)

**Statistical significance of P <0.005 (difference from a normal dis-
tribution of data)

impairments and the other with increased rectal volumes
with sensory impairments. When taking rectal volume
thresholds into account, both groups of patients will be diag-
nosed as being rectally hyposensitive, while in fact only the
second group of patients is truly hyposensitive in terms of
sensory impairment. Therefore, among the patients who are
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tal pressure distributions at CS (d), US (e) and MTV (f) resembles
the Bell curve, indicating normal distributions in both patients and
healthy controls

currently diagnosed with rectal hyposensitivity, we would
prefer to distinguish between, (a) patients with rectal hypo-
sensitivity who have diminished rectal filling sensations
because of sensory impairments, and (b) rectal hypervolu-
metric patients who have enlarged rectal volumes without
sensory problems. Of course, patients with a combination
of both will also occur.

Because our study showed that either no, or a very weak
correlation between rectal volumes and pressures exists at
different rectal sensation levels and MTYV, and since we
know that rectal pressure determines rectal filling sensations,
we think that during gradual distention of the rectum, the
rectal filling sensation should be determined according to
the measured rectal pressure thresholds at which the sensa-
tions are reported, and not the rectal volumes. Rectal volume
thresholds should only be used to investigate possible rectal
enlargement or dilatation.

In general, the manometric data of the patients in this
study were comparable to the outcomes reported by other
researchers who had also used anorectal manometry [3,
14, 18], which is not surprising since the balloon retention
test was proved to be highly reproducible [5, 6]. In order to
measure rectal sensitivity, either anorectal manometry or a
barostat can be used, provided rectal pressure thresholds are
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Fig.3 Analysis of the correlation between rectal volumes and pressures at different rectal sensation levels and MTV. Analysis of the correlation
between rectal volumes and pressures in patients (indicated in red) and healthy controls (indicated in blue) at CS (a), US (b), and MTV (c)

used to determine rectal sensitivity and not rectal volume
thresholds [1, 3, 6, 22].

Limitations

It is notable that a large percentage of studies on rectal hypo-
sensitivity focus on rectal compliance. Because calculating
rectal compliance is based on rectal pressure and volume,
and because we investigated whether a correlation existed
between these two parameters, we did not include a broad
analysis of rectal compliance in this study.

Table 3 Correlation of demographic variables with rectal volumes
and pressures

Correlation variables Patients (n=100) Healthy controls

(n=44)
rvalue P value rvalue P value

Rectal volumes versus sex

Constant sensation —0.163 0.105 0.168 0.275

Urge sensation —0.088 0.381 —0.004 0.981

Maximal tolerable volume —0.058 0.568 —0.055 0.722
Rectal pressures versus sex

Constant sensation —-0.139 0.167 -0.241 0.120

Urge sensation —-0.114 0.259 —-0.423 0.004**

Maximal tolerable pressure —0.147 0.145 -0.210 0.172
Rectal volumes versus age

Constant sensation —0.008 0.936 —-0.263 0.084

Urge sensation —0.088 0.382 0.075 0.630

Maximal tolerable volume —0.104 0.304 0.102 0.512
Rectal pressures versus age

Constant sensation 0.174 0.083 0.014 0.928

Urge sensation 0.197 0.050 0.152 0.325

Maximal tolerable pressure ~ 0.119 0.239 0.077 0.618

**Statistical significance of P <0.005

Moreover, the patients in this study were given bowel
preparation before the measurements. However, the healthy
controls did not use an enema. The lack of bowel preparation
in the healthy control group might have had an influence on
the results.

Conclusions

The current nomenclature of rectal hyposensitivity should
be reconsidered because participants with increased rectal
volumes do not experience increased rectal pressures at dif-
ferent rectal filling sensations, and because earlier rectal
pressure has been proven to be the trigger for rectal filling
sensations. Rectal pressure thresholds should be used for the
diagnosis of rectal hyposensitivity instead of rectal volume
thresholds.

In our opinion, “rectal hyposensitivity” should be
reserved for patients with impaired rectal sensation and not
for patients who report rectal sensations at “abnormally”
increased rectal volume thresholds.
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Appendix

See Figs. 4 and 5.
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