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Abstract

Background.—High resolution manometry (HRM) measures rectoanal pressures in defecatory
disorders and fecal incontinence. This study sought to define normal values for rectoanal HRM,
ascertain the effects of age and BMI on rectoanal pressures and compare pressures in
asymptomatic women with normal and prolonged balloon expulsion time (BET).

Methods.—HRM pressures and BET were measured in 163 asymptomatic healthy participants.
Women (96) and men (47) with normal BET were used to estimate normal values and the effects
of age/BMI on pressures using a Medtronic 4.2mm diameter rectoanal catheter.

Results.—Age is associated with lower resting pressure, higher rectal pressure during
evacuation, and a higher rectoanal gradient during evacuation in women and men. In women, the
BET is also inversely correlated with age while the BMI is correlated with a higher threshold
volume for discomfort and a longer BET. The anal squeeze pressure increment, squeeze duration,
and HPZ length are higher in men than women. The rectoanal gradient during evacuation is also
lower (ie, more negative) in asymptomatic women with an abnormal than a normal BET.

Conclusions.—These findings provide an expanded database of normal values for anorectal
HRM in men and women. Age and sex affect anal resting and squeeze pressures respectively;
rectal pressure during evacuation is also higher in older people. Less than 15% of asymptomatic
people have BET greater than 60 seconds, which is associated with manometry features of
impaired evacuation.

Graphical Abstract

This study provides an expanded database of normal values for anorectal HRM in men and
women. Age and sex affect anal resting and squeeze pressures respectively. Less than 15% of
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asymptomatic people have BET greater than 60 seconds, which is associated with manometry
features of impaired evacuation.
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dysfunction

BACKGROUND

High resolution anorectal manometry (HRM) is widely used to assess anorectal functions
(i.e., anal resting pressure, voluntary contraction of the anal sphincter, rectoanal pressures
during evacuation, and rectal sensation) in fecal incontinence (FI) and chronic constipation
14 Indeed, manometry and a rectal balloon expulsion test (BET) are recommended first-
line tests in these disorders 1 5-8, There are 3 commercially-available HRM systems
manufactured by Medtronic, Sandhill Scientific, and Medical Measurement Systems. For the
Medtronic HRM catheter, which is widely used in the United States, values are interpreted
by comparison to a relatively small database of normal values in 62 women ?; to our
knowledge, there are no published normal values for men 2. A larger database of normal
values is necessary because anorectal pressures are significantly affected by age and sex.
Also, there is a significant overlap between asymptomatic healthy individuals and patients
with defecatory disorders (DD) in rectoanal pressures during evacuation 10: 11,

Some asymptomatic healthy individuals cannot expel the balloon in 60 seconds, which is
generally regarded as the upper limit of normal 12 13, Whether this represents an inability to
simulate defecation in an artificial environment or asymptomatic pelvic floor dysfunction is
unclear. While increased BMI and bariatric surgery are risk factors for FI 14-16 the effect of
increased BMI on rectoanal pressures in asymptomatic healthy people is unknown. Hence,
the objectives of this study were to define normal values for rectoanal pressures measured
with HRM in men and women, to evaluate the relationship between rectoanal pressures with
age and BMI in asymptomatic people, and to compare rectoanal pressures in asymptomatic
people with a normal and prolonged BET.

MATERIALS AND METHODS

Study Design

This report is compiled from five research studies in which rectoanal pressures were
measured with anorectal high resolution manometry in healthy people at Mayo Clinic,
Rochester, MN. The participants consented to participate in these studies that were approved
by the Institutional Review Board at Mayo Clinic. The data from some of these studies has
been presented previously & 9 17 Data from individual studies were collected from 2008—
2010, 2012-2013, 2013-2016, 2014-2017, and 2015-2017 respectively.
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Participants

This report include 113 female and 50 male healthy controls aged 18 years and older that
were recruited by public advertisement and did not have a clinically-significant systemic (eg,
cardiovascular, respiratory, gastrointestinal) disease or symptoms of a functional bowel
disorder as assessed by an interview and by a questionnaire. Subjects who had documented
anorectal trauma during delivery (i.e., grade 3 or 4 laceration) or any previous anorectal
operations including hemorrhoid procedures, were excluded. Of these 113 women and 50
men, respectively 96 and 47 had a normal BET. The mean age and BMI were not
significantly different between women (41 + 16y [Mean + SD], 25.8+4.5kg/m?) and men
(45+16y, 26.4+3.3kg/m?) with a normal BET.

High Resolution Manometry

Rectoanal pressures were measured with Manoscan™ high resolution manometry catheters
(currently Medtronic Inc, Minneapolis, MN, USA). These catheters (diameter of 4.2mm)
contain 12 circumferential sensors, 2 within the rectal balloon and 10 sensors at 6mm
intervals along the anal canal. At each level, 36 circumferential pressure sensors detect
pressure over a length of 2.5mm at 35Hz. These pressures are averaged to obtain a single
value at each level.

Before anorectal manometry, each participant received two enemas to ensure the rectal vault
was empty before the test. All studies were performed by one of three individuals
experienced in performing HRM. With the patient in the left lateral decubitus position,
pressures were measured for 20 seconds during each of these maneuvers: at rest, voluntary
contraction of the anal sphincters and puborectalis on 3 occasions, simulated evacuation with
the catheter balloon empty and then distended with 50cc of water, and a Valsalva maneuver.
In order to standardize the Valsalva maneuver, participants used the AlveoSampler
(Quintron, Milwaukee, WI, USA), which was attached to a sphygmomanometer. They were
encouraged to generate a pressure of 20mmHg during the maneuver. During evacuation,
participants were asked to evacuate the catheter as if they were passing a bowel movement.
Then, the recto-anal inhibitory reflex and rectal sensation were concurrently assessed by
progressively distending the rectal balloon in 20-ml increments from 0 to 200 ml and, if
necessary thereafter, in 40 ml increments until a maximum volume of 400 ml. The threshold
volumes for first sensation, urge to defecate, and maximum discomfort were recorded. In
contrast to the “infinitely compliant” rectal barostat balloons, the balloons used to evaluate
sensory thresholds in this research demonstrate variable compliance and were therefore not
used to assess rectal compliance.

These parameters were analyzed using commercially available software (Manoview AR
v3.0, Medtronic Inc). For rectal pressure, the higher of two rectal balloon pressure
measurements during simulated evacuation, was used for the entire study. While the anal
pressures are recorded by several, up to 10, sensors, the software has an eSleeve function
that reduces the pressures in the anal canal demarcated by the operator to a single value for
analysis. At rest and during squeeze, the highest recorded pressure across all sensors was
used for analysis. During squeeze, the pressure is averaged across the three squeeze
maneuvers to generate the average squeeze pressure. The length of the high pressure zone
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(HPZ) is the length of the average pressure profile in the resting pressure frame defined as
{Rectal Pressure + ([Anal Resting Pressure — Rectal Pressure] *0.25)}. During simulated
evacuation, the eSleeve function identifies the most positive (or least negative) difference
between rectal and anal pressures, measured over 3 seconds during the twenty seconds
(equation 1).

Rectoanal Gradient = rectal pressure — anal pressure (1)

During the assessment of the rectoanal inhibitory reflex and simulated evacuation, anal
relaxation (%) is calculated relative to the anal pressure measured over 1.5 seconds before
the maneuver (equation 2). The rectoanal inhibitory reflex was considered present if anal
relaxation was higher than 25%.

residual anal pressure
resting anal pressure

Anal Relaxation % = (1 x 100 (2)

Balloon Expulsion Test

Participants were asked to expel a rectal balloon filled with 50cc of warm water in privacy
while seated on a commode. The time (in seconds) required to do so was measured. Patients
were given 180 seconds in which to complete this maneuver. Based on a prior study with
this technique, values of 60 seconds or less were considered normal 12.

Data and Statistical Analysis

The associations between rectoanal pressures and demographic variables (i.e., age and BMI)
were evaluated with Spearman correlation coefficients. Comparative analysis of continuous
variables was performed with use of the Mann-Whitney U tests (Wilcoxon rank-sum test)
and one-way Kruskal-Wallis tests with Chi-square approximation. Unless stated otherwise,
the data are summarized as Mean £ SD. All analyses were performed with JMP Pro version
13.0.0 (SAS Institute, Cary, NC).

RESULTS

Rectoanal Pressures in Women: Relationship with Age, BMI and Parity

The normal values were derived from 96 of 113 women who had a normal rectal BET (less
than 60 seconds) (Table 1 and Supplemental Tables 1-4). The anal squeeze pressure
increment was lower during the second (=10 £ 2 mmHg, p < 0.001) and third (-9 + 3
mmHg, p < 0.001) squeeze maneuvers.

Among women with a normal BET, age was associated with lower resting pressure (p =
-0.34, P<0.01), higher rectal pressure during evacuation with (p =0.28, £< 0.01) and
without (p = 0.27, £< 0.01) rectal distention, a higher rectoanal gradient with rectal
distention during simulated evacuation (p = 0.24, £< 0.05), lower anal pressure during the
Valsalva maneuver (p = -0.21, A< 0.05) and shorter balloon expulsion time (p =-0.22, P<
0.05).
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Among women with a normal BET, the BMI was correlated with a longer balloon expulsion
time (p = 0.20, < 0.05) and a higher threshold volume for maximum discomfort during
rectal balloon dilatation (p = 0.30, < 0.01).

Fifty-one (53%) of the women with a normal BET had been pregnant and 48 (49%) had
delivered. Among women with a normal BET, 40 had one or more vaginal deliveries (two
assisted by forceps) and 13 had delivered at least once by cesarean section. Relative to
nulliparous women, parous women were older (47 vs. 34 years, £< 0.001) but demonstrated
similar anal resting (P = 0.3) and squeeze pressure (£ = 0.05). Parity was not correlated with
anal pressure at rest (p = —0.04, £=0.6) or during squeeze (p = —0.11, P=0.3).

Rectoanal Pressures in Men: Relationship with Age and BMI

Table 2 provides the normal values for anal pressures in men with a normal BET. Of the 50
male participants, 3 had a prolonged rectal BET. Among men with a normal BET, age was
associated with lower anal resting pressure (p = —0.49, £< 0.01), higher rectal pressures
during simulated evacuation with (p = 0.37, £< 0.05) and without (p =0.39, < 0.01)
rectal distention, and a higher rectoanal gradient (p = 0.37, £< 0.05) during simulated
evacuation with rectal distention. Similar to women, the anal squeeze pressure increment
was lower during the second (=7 £ 4 mmHg, p < 0.05) and third (-10 £ 4 mmHg, p < 0.01)
squeeze maneuvers. By contrast to women, BMI was not significantly correlated with any
rectoanal parameters (Table 2 and Supplemental Tables 1-4).

Comparison of Rectoanal Pressures in Participants with a Normal and an Abnormal Rectal

BET

Compared to women with a normal BET, women with an abnormal BET had (i) a lower
(p<0.05) rectoanal gradient during evacuation both with (67 + 37 vs. 101 + 66 mmHg, P<
0.01) and without (=52 + 27 vs —34 + 26 mmHg, P < 0.05) rectal distention (Table 3), (ii)
higher anal pressures (78 £ 23 vs 63 = 21 mmHg, £< 0.05) during simulated evacuation
without rectal distention, (iii) lower rectal pressure (138 + 36 vs 165 + 58 mmHg, £ < 0.05)
and less anal relaxation (3 £ 30 vs 14 + 25 %, £< 0.05) during simulated evacuation with
rectal distention, and (iv) higher anal pressure (146 + 52 vs 116 + 43 mmHg, £ < 0.05)
during Valsalva maneuver without rectal distention. In men there were no statistically
significant differences between participants with a normal versus prolonged BET.

Comparison of Rectoanal Pressures in Male and Female Participants with a Normal Rectal

BET

Some rectoanal parameters were significantly different between men and women with a
normal BET (Table 4, Figures 1-4). Compared to women, in men the high pressure zone
was longer (3.9£0.8 vs. 3.4+0.8 cm, P< 0.01), the anal squeeze pressure (25778 vs.
201+61 mmHg, P< 0.01) and the squeeze increment (174+81 vs. 124+56 mmHg, £ < 0.01)
were higher, as was the rectal threshold for discomfort (123+53 vs. 102+31 mL, £< 0.05).
During simulated evacuation with and without rectal distention, men had higher rectal and
anal pressures, less anal relaxation, and a lesser rectoanal gradient than women. During the
Valsalva maneuver, the anal pressure was higher in men than in women (17365 vs. 116+43
mmHg, £<0.01).
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DISCUSSION

This is the largest study of rectoanal pressures measured with HRM in healthy people.
Seventeen of 113 asymptomatic women (15%) and three of 50 men (6%) had a BET greater
than 60 seconds, which is the upper limit of normal for comparable balloons 12 18-20_ Thijs
proportion is comparable to previous studies in which approximately 10% of healthy
participants could not expel a 50 ml balloon filled with water 18 or artificial stool from the
rectum 21, Because the BET is highly specific for diagnosing pelvic floor dysfunction
documented with defecography 20 22, the participants with an abnormal BET were not
included in the consideration of normal values. Among women, the rectoanal gradient
during evacuation was also lower (ie, more negative) in asymptomatic women with an
abnormal BET, which suggests that the inability to expel the balloon was not isolated to the
BET; these participants were either unable to replicate defecation in the test environment or
have asymptomatic pelvic floor dysfunction. Because rectoanal pressures during evacuation
are different in women with a normal and abnormal BET, the normal values in this report are
only based on men and women with a normal BET.

While the normal values are presented separately for younger and older women, only some
rectoanal parameters, notably the anal resting pressure, the BET, rectal pressure and the
rectoanal gradient during evacuation were associated with age. Among women, the normal
values for rectoanal pressures are similar to our previous report 9. However, the anal squeeze
pressure and increment were respectively 201 + 6 mmHg and 124 + 6 mmHg (mean +
SEM), which is higher than the corresponding values of 164 + 7 mmHg and 85 £ 7 mmHg
published previously. Similar to previous studies, the rectoanal gradient during evacuation
without rectal distention was negative, which contradicts the supposition that this gradient
should be positive in asymptomatic healthy people 2. Because the normal values for the
rectoanal gradient were derived from healthy people with a normal BET, it is unlikely that
these data are biased by people with asymptomatic pelvic floor dysfunction. In this study,
the lower tenth percentile value for rectoanal gradient without rectal distention was
—70mmHg in women younger than 50 years and —64mmHg in women 50 years and older.
Only when the gradient is more negative than these values is it abnormal. Several potential
explanations for a negative gradient (ie, test performance in the left lateral position or an
empty rectum or catheter displacement) are also applicable to non-HRM 23. Indeed, by
contrast to non-HRM, the topographic display in HRM allows the operator to steady the
catheter and reduce catheter displacement. In addition, similar to esophageal HRM catheters,
impingement or bending of the anorectal catheter may artefactually increase the measured
pressure, thereby predisposing to a negative rectoanal gradient 24,

Confirming previous studies with HRM and non-HRM, the anal resting pressure was lower
in older women (Figure 1) % 10, Indeed, the Spearman correlation coefficient for this
comparison in the present study (ie, —0.34) was similar to prior studies i.e., —0.47 with HRM
and —0.44 with non-HRM. During simulated evacuation with rectal distention, the rectoanal
gradient was more conducive to normal evacuation in older than younger women in this
study, similar to our prior report °. By contrast, while age is associated with neurogenic or
myogenic injury of the external anal sphincter evaluated with electromyography 25, neither
the anal squeeze pressure nor the squeeze duration were correlated with age in this study.
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These findings suggests that age has more pronounced effects on internal than external anal
sphincter function in men and women.

Similar to women with FI, the rectal threshold volume for discomfort was correlated with
BMI in healthy women 16; the BET was also correlated with BMI in this study. However, the
BMI was not associated with these parameters in men, either due to a type Il error or
because among men, the distribution of BMI values was tighter. By contrast, among 54
healthy Koreans, anal resting pressure was modestly correlated with BMI, even after
adjusting for age, sex, and vaginal deliveries 28, In that study, the rectal pressure during
evacuation without rectal distention was also correlated with BMI before but not after
adjusting for age, sex, and vaginal deliveries. Taken together, these observations suggest that
BMI has relatively modest effects on rectoanal functions and as observed previously, with
anorectal motion evaluated with MRI 27. By contrast to urinary incontinence, which is
clearly associated with BMI, the association between increased BMI and FI before bariatric
surgery is variable and weak 28, The severity of Fl is comparable in obese and non-obese
patients 16. By comparison to non-obese FI patients, decreased stool consistency and a
history of cholecystectomy are the major risk factors for FI 16,

Confirming a previous study, the anal squeeze but not resting pressure was higher in men
than women 18, Indeed, the anal squeeze pressure increment, squeeze duration, and HPZ
length were higher in men than in women. During simulated evacuation without rectal
distention, both anal and rectal pressures were higher in men than women. However, the
rectoanal gradient was lower (i.e., more negative) in men than women because sex-related
differences in anal pressures were higher than corresponding differences in rectal pressure.

This study was conducted using standardized techniques in a large cohort of asymptomatic
participants. Because the commercially-available software program for analyzing HRM has
been modified over time, we reanalyzed the studies using the latest version of the software.
Recognizing that the accuracy of pressure measurements may be reduced by pressure drift
29 the studies were carefully inspected to ensure that thermal compensation was performed
at atmospheric pressure. Consistent with the literature, we considered 60 seconds as the
upper limit of normal expulsion time for this balloon 12 18-20_ For a Foley catheter balloon,
the normal balloon expulsion time is longer, i.e., up to 120 seconds 30. A recent study that
compared the expulsion time for 3 balloons in 44 healthy people observed that the 10-90t
percentile range for balloon expulsion time was 2-18 seconds for a party balloon, 1-20
seconds for a commercial balloon, and 4-180 seconds for a Foley catheter. Moreover, “using
a cut-off of 120 seconds for the Foley catheter would still incorrectly classify 10/40 healthy
subjects” 31.

However, there are potential weaknesses. Assessment of the effects of age and BMI on
anorectal functions and BET may have been limited by sample size. Although there was no
significant increase in individual’s maximum sphincter pressure, anal squeeze increment, or
squeeze duration between the first and final maneuvers (data not shown), it is possible that
intra-procedural coaching, which was not used in these studies, could have influenced the
test results. In one study, coaching improved the test accuracy 32. Absent anorectal imaging,
it is conceivable that asymptomatic individuals had occult disturbances (eg, rectal
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intussusception) of unclear, if any, clinical significance. It is conceivable that the observed
normal values may be affected by other obstetric variables (e.g., birthweight), which were
not evaluated, among women who had children in the study.

In summary, these findings provide normal values for rectoanal pressures measured with
HRM in women and men. The BET is longer than 60 seconds in 15% of asymptomatic
healthy females and 6% of asymptomatic healthy males. In men and women with a normal
BET, age is correlated with lower resting anal pressure and a rectoanal pressure profile that
is more conducive to evacuation; the BET was also shorter in older than younger women. By
comparison with age, the relationship between BMI and rectoanal pressures is modest.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

. Among healthy men and women, older people have a lower anal resting
pressure and higher rectal pressure during evacuation.

. Anal squeeze pressure and duration are higher in men than women. Increased
BMI is associated with a longer BET in women.

. Compared to women with a normal BET, women with an abnormal BET had
a lower (more negative or less positive) rectoanal gradient during evacuation.
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Figure 1. Resting Anal Pressure in Men and Women with Normal Balloon Expulsion Time.

Individual values are represented by unfilled diamonds (younger than 50 years) and circles
(50 years and older). The median and interquartile range is denoted by the filled symbols.
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Figure 2. Anal Squeeze Pressures in Men and Women with Normal Balloon Expulsion Time.
Individual values are represented by unfilled diamonds (younger than 50 years) and circles

(50 years and older) The median and interquartile range is denoted by the filled shapes. The
squeeze pressure is higher (P< 0.001) in men than women.
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Figure 3. Rectoanal Gradient without Rectal Balloon Distension in Men and Women with
Normal Balloon Expulsion Time.

Individual values are represented by unfilled diamonds (younger than 50 years) and circles
(50 years and older). The median and interquartile range is denoted by the filled symbols.
The rectoanal gradient is lower (= 0.02) in men than women.

Neurogastroenterol Motil. Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Oblizajek et al.

Page 15

200
O O o
O
150 O~0 O
(O hd O] ~
&0 <§ ®0 0% ©
o | &R 6 © o ©0
100 ® S <
0 o O o O 59
o & & o o
50 2 <<>S> o O ®) O Q Q}
O O e
o S o %) O
Y PSR
o %
<o O
-50 IR
oo
-100 Younger than 50 Years 50 Years and Older Younger than 50 Years 50 Years and Older

Women Men

Figure 4. Rectoanal Gradient with Rectal Balloon Distention in Men and Women with Normal
Balloon Expulsion Time.

Individual values are represented by unfilled diamonds (younger than 50 years) and circles
(50 years and older). Themedian and interquartile range is denoted by the filled symbols.
The rectoanal gradient is lower (P < 0.001) in men than women.
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