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Abstract

Background.—The equipment and methods for performing anorectal manometry and 

biofeedback therapy are different and not standardized. Normal values are influenced by age and 

sex. Our aims were to generate reference values, examine effects of gender and age, and compare 

anorectal pressures measured with diagnostic and biofeedback catheters and a portable manometry 

system.

Methods.—In this multicenter study, anorectal pressures at rest, during squeeze, and evacuation 

were measured with diagnostic and biofeedback catheters using Mcompass™ portable device in 

healthy subjects. Balloon expulsion time and rectal sensation were evaluated. The effects of age 

and gender were assessed.

Results.—The final dataset comprised 108 (74 women) of 124 participants with normal rectal 

balloon expulsion time (less than 60 seconds). During squeeze, anal resting pressure increased by 

approximately twofold in women and threefold in men. During evacuation, anal pressure exceeded 

rectal pressure in 87 participants (diagnostic catheter). The specific rectoanal pressures (eg, resting 

pressure) were significantly correlated and not different between diagnostic and biofeedback 

catheters. With the diagnostic catheter, the anal squeeze pressure and rectal pressure during 

evacuation were greater in men than women (P ≤ 0.02). Among women, women aged 50 years and 
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older had lower anal resting pressure; rectal pressure and the rectoanal gradient during evacuation 

were greater in older than younger women (P ≤ 0.01).

Conclusions.—Anal and rectal pressures measured with diagnostic and biofeedback manometry 

catheters were correlated and not significantly different. Pressures were influenced by age and sex, 

providing reference values in men and women.
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Background

Fecal continence is primarily maintained by the anal sphincters in concert with rectal 

sensorimotor functions, intact neurological function and the pelvic floor (1, 2). Defecation 

requires increased rectal pressure coordinated with relaxation of the anal sphincters and 

pelvic floor muscles (3). Anorectal manometry is necessary to identify impaired recto-anal 

coordination (dyssynergia) in constipated patients who have defecatory disorders (2, 4, 5), to 

recognize anal sphincter weakness in FI (6), and to retrain the pelvic floor muscles with 

biofeedback therapy (7–9).

Anorectal pressures can be measured with non-high-resolution (ie, water perfused or solid 

state), high resolution, high definition, or portable manometry (4, 10–14). There are several 

manufacturers. The methods for data acquisition and analysis are not standardized (15) and 

reference values are limited. High resolution manometry catheters are widely used but 

expensive and relatively fragile. Taken together, these gaps reduce the utility of anorectal 

manometry in clinical practice and research. Indeed, until recently, no multicenter 

therapeutic trials (eg, of biofeedback therapy or sacral nerve stimulation) have assessed 

anorectal functions with manometry (16, 17).

Designed to overcome these limitations, a portable manometry system (Mcompass, 

Medspira Inc, Minneapolis, MN) that measures pressures and can be used to provide 

biofeedback therapy in the office has been developed (10). This device was used to measure 

anal pressures and to provide biofeedback therapy in a recent multicenter trial (17, 18). 

Different catheters are used to measure pressures and provide biofeedback therapy. The 

diagnostic catheter has been validated against high resolution manometry in 20 healthy 

asymptomatic women and 10 women each with fecal incontinence and constipation (10). 

The reference values for anorectal pressures and rectal sensation assessed with the 

biofeedback catheter are unknown.

This portable manometry device is being used to record anorectal pressures and to provide 

biofeedback therapy in an ongoing multicenter trial comparing biofeedback therapy, sacral 

nerve stimulation, and perianal bulking injection for fecal incontinence. The portable 

catheters can be used in an office based setting, are less expensive and are more user-

friendly. Hence, towards the objectives of developing a database of reference values for the 

diagnostic and biofeedback versions of the portable catheter, the aims of this study were to 

evaluate rectal and anal pressures measured by portable manometry (i.e., separately with the 
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diagnostic and the biofeedback catheters) at rest, during squeeze, evacuation, and a Valsalva 

maneuver as well as rectal sensation in asymptomatic healthy women and men.

Methods

Study design

This study was conducted in healthy volunteers at Colon and Rectal Surgery Associates in 

Minneapolis, Mn, Mayo Clinic, Rochester, Mn, Augusta University, Ga, and University of 

North Carolina at Chapel Hill, NC. After an initial screening visit, anorectal pressures and 

rectal sensation were measured with diagnostic and separately biofeedback versions of the 

portable manometry catheter; a rectal balloon expulsion test was also performed.

Participants

Including 20 women who were studied previously (May 2012 – October 2013) at Mayo 

Clinic, Rochester, MN (10) and 104 people who were evaluated in the multicenter study that 

was conducted between January 2018 and November 2018, there were 124 participants (83 

healthy women and 41 men), who were recruited by public advertisement (Figure 1). Both 

studies were performed before the nternational anorectal physiology working group 

(IAPWG) recommendations were published {Carrington, 2020 #5858}. Participants did not 

have gastrointestinal symptoms as detailed below, prior pelvic radiation, anorectal 

procedures, including treatment for hemorrhoids, or risk factors for pelvic floor trauma, i.e. 

more than 4 vaginal deliveries, known birthweight greater than 4500gms (macrosomia), 

known 4th degree perineal tear, or known forceps use (19). Participants were not taking 

medications that may affect gastrointestinal motility.

Bowel symptoms

Bowel symptoms were assessed by a questionnaire based on ROME II criteria (20). 

Participants did not have symptoms of fecal incontinence, irritable bowel syndrome, 

functional diarrhea or constipation, as defined by two or more of these symptoms for at least 

25% of the time: excessive straining, hard or lumpy stools, incomplete evacuation, a feeling 

of anorectal blockage, anal digitation, or fewer than 3 bowel movements per week.

Rectal balloon expulsion time

Participants had up to 3 minutes to expel a 4-cm-long balloon filled with 50 ml water from 

the rectum in privacy while seated on a commode (5, 21). Consistent with studies that used a 

similar balloon in healthy volunteers from our and other centers, a balloon expulsion time 

(BET) greater than 60 seconds was considered to be abnormal (21, 22).

Portable Manometry

After up to 2 sodium phosphate enemas (Fleet saline enemas, C.B. Fleet Company, Inc), the 

anorectal manometry was performed in the left lateral position with the diagnostic and 

biofeedback catheters, in randomized order, in each participant on the same day. Both 

catheters have the same polyurethane rectal balloon that is used to distend the rectum and 

measure rectal pressures. Anal pressures are measured by four air-filled balloons (ie, one in 
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each quadrant) in the diagnostic catheter. In order to reduce the cost of manufacturing 

biofeedback catheters, these catheters have only one circumferential anal balloon. These 

anal balloons are 2 cm long.

At the beginning of the procedure, the catheter was connected to the portable manometry 

device. The anal chamber was primed by inserting 3ml of air through the portable device. 

The catheter was then inserted into the rectum and the rectal balloon was primed by 

inserting 10ml of air into the rectal balloon. With both catheters, measurements were 

acquired with the distal end of the balloon just above the anal verge. To facilitate 

standardization, the user interface guides the operator in how to conduct the study. For the 

diagnostic manometry, rectoanal pressures were measured at rest [20s], during squeeze [3 

maneuvers 20s each], Valsalva [20s] and evacuation without and with rectal distention [50 

ml]). Rectal sensory thresholds for first sensation, desire, urgency, and pain were recorded 

by progressively distending the rectal ballon in 20 ml increments from 0–180 ml (10). 

Except for evacuation without rectal distension and a Valsalva maneuver, the same 

measurements were obtained with a biofeedback catheter. The average and maximum resting 

and squeeze pressures are respectively the average and highest pressures recorded during the 

corresponding epoch. During evacuation with rectal distention, the software subtracts the 

pressure (ie, 48 mmHg) in the rectal balloon inflated to 50 ml outside the body from the 

actual pressure recorded during the maneuver. For example, if the balloon pressure during 

the maneuver was 78 mmHg, the effective rectal pressure due to voluntary effort is 30 

mmHg. Rectal and anal pressures during evacuation were summarized as the rectoanal 

gradient (ie, difference between rectal and anal pressure) and index (ie, ratio of rectal to anal 

pressure). These measurements were obtained during the 2s time period during evacuation 

with the maximum (ie, most positive or least negative) difference between rectal balloon 

pressure and the mean anal pressure recorded by all four balloons.

Statistical Analysis

Anal resting pressure in women and men, anal squeeze pressure in women, rectal and anal 

pressures and the rectoanal gradient during evacuation in women and men were normally 

distributed; the remaining parameters were not. For both catheters, the distribution of each 

anorectal parameter was summarized, separately in men and women, as the Mean [SD], 

10th-90th percentile, and the 25th to 75th percentile reference values based on nonparametric 

distributions. The association between age and rectoanal parameters was examined with 

Spearman’s correlation coefficients in men and women. Wilcoxon’s Rank Sum test was used 

to compare measurements between men and women. Within subject differences (ie, between 

catheters) were assessed with Wilcoxon’s signed rank test. The concordance between anal 

pressures measured with the diagnostic and biofeedback catheters was assessed with 

Spearman’s correlation coefficient and with Lin’s concordance statistic (the concordance 

correlation coefficient [CCC](23). A Bland Altman assessment examined whether the 

magnitude of differences between 2 measurements is correlated with the magnitude of the 

measured responses (the average value for both studies) (24).
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Results

Study flow

Because the 20 participants reported previously were only evaluated with a diagnostic 

catheter, this report includes 124 and 104 participants studied with the diagnostic and 

biofeedback catheters (Figure 1). From this cohort, the following studies were excluded 

from further analysis: twelve participants (ie, 6 women and 6 men) with an abnormal 

balloon expulsion time suggestive of pelvic floor dysfunction and four and ten participants 

who had technically suboptimal studies respectively with the diagnostic and biofeedback 

catheters. Hence, the final dataset includes 74 women (age: 40 ± 16y, [Mean ± SD]) and 34 

men (age: 37 ± 15y) who were evaluated with a diagnostic catheter and 52 women (age: 40 

± 16y, [Mean ± SD]) and 31 men (age: 36 ± 14y) who were studied with a biofeedback 

catheter. The BET was not significantly different among participants who were evaluated 

with the diagnostic (women: 15 ± 12s and men 13 ± 11s; P-value = 0.72) and the 

biofeedback catheter (women: 17 ± 13s versus men 13 ± 11s; P-value = 0.17).

At one site, rectoanal pressures during evacuation were not measured with the biofeedback 

catheter in any (ie, 24) participants. Rectal pressures during evacuation with rectal distension 

were negative, likely inaccurate, hence excluded from analysis in 2 participants with 

diagnostic catheter and 7 with biofeedback catheter. Hence, the rectoanal gradient during 

balloon distension was measured in 106 participants with the diagnostic catheter and 52 

healthy participants with the biofeedback catheter.

Rectoanal pressures in women

Among women, the anal pressure measured with diagnostic and biofeedback catheters 

increased by approximately twofold during squeeze (Tables 1–3). During evacuation, both 

without and with rectal distention, the rectal pressure was lower than anal pressure in 61 

women and 26 men with the diagnostic catheter; hence the rectoanal gradient was negative 

and the rectoanal index was less than one.

For the diagnostic catheter, age was associated with lower resting pressure (ρ = −0.48, P < 

0.0001), greater rectal pressure during evacuation with (ρ = 0.34, P = 0.003) and without (ρ 
= 0.39, P = 0.0007) rectal distention, less anal relaxation during evacuation with (ρ = −0.31, 

P = 0.008) and without (ρ = −0.30, P = 0.01) rectal distension, higher rectoanal gradient 

during evacuation with (ρ = 0.36, P = 0.002) and without (ρ = 0.42, P = 0.0002) rectal 

distention and a higher defecation index during evacuation with (ρ = 0.39, P = 0.0006) and 

without (ρ = 0.39, P = 0.0005) rectal distention (Figure 2). However, age was not 

significantly correlated with balloon expulsion time.

For the biofeedback catheter, age was associated with lower resting anal pressure (ρ = −0.56, 

P < 0.0001), lower squeeze pressure (ρ = −0.34, P =0.01) and a higher rectoanal gradient 

during evacuation with rectal distension (ρ = 0.39, P = 0.03).

For the diagnostic catheter, the balloon expulsion time was correlated with a lower gradient 

(ρ = −0.29, P = 0.01), greater anal relaxation (ρ = 0.24, P = 0.04) and a lower defecation 

index (ρ = −0.27, P = 0.02) during evacuation with rectal distension. For the biofeedback 
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catheter, the balloon expulsion time was correlated with greater anal pressure during 

evacuation with rectal distension (ρ = 0.36, P = 0.03), Other anorectal measurements were 

not significantly correlated with the balloon expulsion time (data not shown).

Rectoanal pressures in men

During squeeze, the anal pressure increased by approximately threefold in men (Tables 2–4). 

During evacuation, both without and with rectal distention, the rectal pressure was lower 

than anal pressure; hence the rectoanal gradient was negative. Age had smaller effects on 

anal pressures in men than in women. With the diagnostic catheter, age was inversely 

correlated (ρ = −0.38, P = .03) with anal relaxation during evacuation with rectal distention. 

By contrast to women, other correlations between age and rectoanal pressures were not 

significant (Figure 2). With the biofeedback catheter, the correlations between age and 

rectoanal pressures were not significant (data not shown).

Comparison of rectoanal pressures in men and women

Diagnostic catheter—The anal squeeze pressure (223 ± 84 versus 150 ± 56 mmHg, P < 

0.0001) and the squeeze increment (143 ± 81 versus 77 ± 49 mmHg, P < 0.0001) were 

greater in men than in women (Table 2). The rectal pressure was greater in men than in 

women during evacuation with (61 ± 34 versus 46 ± 28, P = 0.02) and without (64 ± 32 

versus 42 ± 21 mmHg, P = 0.0004) rectal distention. The other parameters were not 

significantly different between men and women.

Biofeedback catheter—Similar to the diagnostic catheter, the anal squeeze pressure (227 

± 100 versus 152 ± 57 mmHg, P<0.0001) and the squeeze increment (154 ± 96 versus 80 ± 

44 mmHg, P< 0.0001) were also greater in men than in women (Table 3). However, the other 

parameters were not significantly different between men and women.

Rectal sensation

During rectal balloon distention with the diagnostic catheter in 108 participants, all, 106, and 

95 reported thresholds respectively for first sensation, desire to defecate, and urgency. The 

rectal pain threshold was only assessed, subject to a maximum distention of 180 ml, in the 

multicenter study with 89 participants, of whom 49 reported pain.

With the biofeedback catheter, rectal distention was performed until the pain threshold or 

until 180 ml. At one site, the catheter was not distended after participants perceived the urge 

to defecate threshold (i.e., 19 participants); hence the pain threshold was not assessed. Rectal 

sensation was assessed in 82 of 83 participants studied with the biofeedback catheter; all 

reported first sensation threshold, 79 reported the desire to defecate, and 74 reported 

urgency. Fifty three of 63 participants perceived pain. Except for the first sensation and 

urgency thresholds evaluated with the biofeedback catheter, these thresholds were not 

significantly different between younger and older women (Table 1).

Comparison of rectoanal pressures between the diagnostic and biofeedback catheters

In both men and women, rectoanal pressures measured with the diagnostic and biofeedback 

catheters were correlated and not significantly different (Table 4, Figure 3). For these 
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comparisons, Lin’s concordance correlation coefficients for resting anal pressure was 0.44 

(CI: 0.19, 0.63) in women and 0.43 (CI: 0.10, 0.68) in men and for anal squeeze pressure 

were 0.68 (CI: 0.50, 0.80) in women and 0.81 (CI: 0.65, 0.90) in men. For rectal sensory 

thresholds, these values were 0.15 (CI: −0.08, 0.36) in women and 0.24 (CI: −0.10, 0.52) in 

men for first sensation, 0.67 (CI: 0.48, 0.79) in women and 0.40 (CI: 0.06, 0.65) in men for 

desire to defecate, 0.71 (CI: 0.55, 0.82) in women and 0.61 (CI: 0.34, 0.79) in men for 

urgency, and 0.68 (CI: 0.47, 0.81) in women and 0.59 (CI: 0.26, 0.79) in men for pain.

Selected rectal sensory thresholds were greater when measured with the diagnostic than the 

biofeedback catheter. This includes the first sensation threshold in women (Diagnostic: 44 ± 

4 ml vs Biofeedback: 33 ± 4 ml, P = 0.003) and the threshold for urgency in men 

(Diagnostic: 140 ± 6 ml vs Biofeedback: 127 ± 6 ml, P = 0.02). The other parameters were 

significantly different between diagnostic and biofeedback catheters.

The Bland-Altman plots (Figure 4) demonstrate a mean difference of 3 mmHg between anal 

resting pressure measured with these catheters, i.e., on average, the biofeedback catheter 

underestimated the average resting anal pressure by 3mmHg compared to the diagnostic 

catheter. For this comparison, the 95% limits of agreement were −39 mmHg and 45 mmHg. 

For anal squeeze pressure, the biofeedback catheter underestimated the average anal 

pressure during squeeze by .03 mmHg compared to the diagnostic catheter (Figure 4B); the 

95% limits of agreement were −102 mmHg and 102 mmHg. For the rectoanal gradient 

during evacuation with rectal distension (Figure 4C), the biofeedback catheter 

underestimated the average rectoanal gradient during evacuation with rectal distension by 6 

mmHg compared to the diagnostic catheter; the 95% limits of agreement were between −63 

mmHg and 74 mmHg.

Discussion

This multicenter study provides reference values measured separately for the diagnostic and 

the biofeedback catheters using the Mcompass™ portable manometry device. The sample 

size (ie, 74 women and 34 men) is comparable to studies that evaluated 96 women (47 men), 

42 women (36 men), and 85 women (0 men) respectively with the Medtronic high resolution 

manometry system (25), Medtronic high definition manometry system (11), and the Solar GI 

high resolution manometry system (13). Confirming previous studies, selected pressures 

were affected by sex and age (11, 13, 14, 25–27). In particular, the anal squeeze pressure 

was lower while the rectal pressure during evacuation was greater in men than women. 

Compared to younger women, older women had a lower anal resting pressure and a greater 

rectal pressure and rectoanal gradient during evacuation without rectal distension, 

confirming previous studies with water-perfused non-high resolution and high resolution 

manometry (25–27). The Spearman correlation coefficient for age versus anal resting 

pressure (−0.48) was similar to earlier studies with other techniques (ie, −0.34 with high 

resolution and −0.44 with water-perfused manometry) (25, 26). To a lesser extent, anal 

squeeze pressures were also affected by age and lower in older than younger women. 

Together, these findings underscore the need for age-appropriate reference values, especially 

in women. The reference values were partitioned into two categories at 50 years, which is 

similar to the median age at menopause (51.5 years) in a representative sample of healthy 
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US women (28). The 10–90th percentile reference values for anal resting pressure measured 

with the diagnostic catheter in all women, women younger than 50 years, and women aged 

50 years and older, are respectively 42–97, 48–99, and 31–70 mmHg. Because there are only 

24 women aged 50 years and older, an alternative option is to consider values outside the 

90th percentile values as definitely abnormal while values between the 10th and 25th 

percentile and between the 75th and 90th percentile values may be considered borderline 

abnormal.

Exemplifying differences among techniques, the 10–90th percentile values for anal resting 

and squeeze pressure in women were 42–97 and 81–215 mmHg, which is lower than the 

corresponding values (ie, 44–110 and 127–281 mmHg) with high resolution manometry. 

These differences are at least partly explained by differences between these techniques. The 

resting pressure measured by portable manometry reflects the average pressure recorded by 

four anal balloons, each 2 cm long, over 20 seconds while high resolution manometry 

provides the highest pressure averaged over 20 seconds recorded by any anal sensor. These 

differences are more pronounced during the squeeze maneuver probably because portable 

manometry expresses the greatest squeeze pressure across the entire length of the anal canal 

averaged across all 4 anal balloons (ie, a 2 cm span) over the 20 second squeeze period. By 

contrast, high resolution manometry measures the highest squeeze pressure recorded by a 

single sensor in the anal canal. Similar to previous studies (4, 25), the rectoanal pressure 

gradient during evacuation was negative in many healthy people, at least partly because 

manometry is performed in the left lateral position with an empty balloon. In healthy 

women, the correlation between the balloon expulsion time and the high resolution 

manometry rectoanal gradient, is comparable with an empty or distended rectal balloon (27). 

To reduce the risk of damaging the high resolution manometry catheter, evacuation is 

evaluated with an empty balloon. The 10th percentile for the rectoanal gradient in women in 

this study (ie, −57 mmHg without and −55 mmHg with rectal distention) is similar to the 

corresponding parameter measured with high resolution manometry (−66 mmHg).

By contrast to high resolution manometry, portable manometry offers a single solution for 

diagnostic purposes and biofeedback therapy. Hence portable manometry is less expensive 

and more user-friendly than using different systems for these purposes. Except for small 

differences in rectal sensory thresholds, the pressures measured with diagnostic and 

biofeedback catheters were not significantly different. This was not due to a type 2 error. 

Based on the observed variation in pressures for diagnostic and portable catheters, we had 

80% power at an alpha level of 0.05 to detect differences of 2.5 mm Hg and 4.2 mm Hg 

respectively in resting and squeeze pressures between the catheters. While the correlation 

between pressures measured by both catheters is reassuring, the 95 percentile confidence 

intervals for agreement are wide (eg, −39 to 45 mmHg for anal resting pressure), which 

limits the extent to which pressures are interchangeable across catheters.

In this study, all 108, 106, and 95 healthy participants reported first sensation, desire to 

defecate, and urgency during balloon distention. Allowing for differences among techniques, 

the values for rectal sensory thresholds measured with the Mcompass system in this study 

and the ManoScan system in previous studies are comparable (25). Moreover, the in vitro 

dimensions and compliance of the Mcompass and the ManoScan rectal balloons are also 
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similar (unpublished data). For example, at the highest distending volume of 180 ml, the 

intraballoon pressure and diameter are respectively 85 mmHg and 75 mm for the Mcompass 

and 74 mmHg and 69 mm for the Manoscan balloon. Patients who do not perceive the desire 

the defecate at this distending volume probably have reduced rectal sensation.

This multicenter study measured and analyzed anorectal pressures with standardized 

techniques in a relatively large cohort of healthy asymptomatic people. However, there are 

limitations. In some subgroups (eg, women older than 50 years), the sample size was less 

than 40, which is the minimum required to estimate the 2.5 and 97.5 percentiles. Ideally, at 

least 120 reference values are required to obtain reliable estimates (29). Future studies 

should evaluate the precision of these measurements by assessing the day-to-day variability.

In summary, this multicenter study provides the reference values for rectoanal pressures 

measured with the Mcompass™ portable anorectal manometry device and demonstrates that 

selected pressures are correlated with age and sex.
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Figure 1. 
Study Flow
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Figure 2. 
Relationship between age and resting anal pressure (A) and rectal pressure (B) and rectoanal 

gradient (C) during evacuation without rectal distension measured with the diagnostic 

catheter.
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Figure 3. 
Relationship between pressures measured with the diagnostic and biofeedback catheters: 

resting anal pressure (A) anal anal pressure during squeeze (B).
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Figure 4. 
Bland Altman plots showing the agreement between pressures measured with the diagnostic 

and the biofeedback catheters: resting anal pressure (A) and anal pressure during squeeze 

(B) and rectoanal gradient during evacuation with rectal distension (C). The horizontal lines 

in each plot are the means and the means ± 1.96*standard deviation (SD) limits.
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