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Abstract

Background and Aims.—Although high-resolution manometry (HR_ARM) is commonly used 

to diagnose defecatory disorders, its intraindividual day-to-day reproducibility is unknown. Since 

these measurements entail voluntary effort, this study aimed to evaluate the intraindividual day-to-

day reproducibility of HR_ARM.

Methods.—In 22 healthy women (35 [14] y, mean [SD]) and 53 constipated patients (42[ 13] y, 

46 women), the rectal balloon expulsion time (BET) and anorectal pressures were measured with 

HR_ARM on 2 days separated by a median (interquartile range) of 15 (11–53) days in healthy 

and 40 (8–75) days in constipated patients. Anorectal pressures were evaluated at rest (20s), 

during squeeze, and during evacuation. Rectal sensation was also evaluated in constipated patients. 

The agreement between both measurements was evaluated with Lin’s concordance correlation 

coefficient (CCC) and other tests.

Results.—Among constipated patients, the anal resting (mean CCC [95%CI] 0.62 [0.43–0.76]) 

and squeeze pressures (CCC 0.65 [0.47–0.79]), rectoanal gradient during evacuation (CCC 0.42 

[0.17–0.62]), and rectal sensory thresholds (CCC for urgency 0.72 [0.52–0.84]) were concordant. 

Between days 1 and 2, one or more outcomes, characterized as normal or abnormal, differed in 

79% of constipated patients, i.e., anal resting and squeeze pressures, the gradient, and the rectal 

BET differed in, respectively, 25%, 19%, 36%, and 10% of constipated patients. The rectal BET 

was prolonged in 3 healthy persons (both days) and either on one day (6 patients) or two days (33 

patients) in constipated patients.

Conclusions.—While HR_ARM variables and the BET are reproducible within healthy and 

constipated persons, the outcome on repeat testing differed in 79% of constipated patients.

Graphical Abstract

Reliability refers to the degree to which test results are stable in measuring what they are intended 

to measure. Our understanding of the day-to-day reproducibility of anorectal high resolution 

anorectal manometry (HR_ARM) is limited. reports. In this study, anorectal pressures, rectal 

sensation, and the BET were reproducible within healthy and constipated persons. However, 
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on repeat testing, the outcome, characterized as normal or abnormal, of one or more anorectal 

pressures or the balloon expulsion time, differed in 79% of constipated patients.

BACKGROUND

Anorectal manometry and the rectal balloon expulsion test are widely used to diagnose 

defecatory disorders (DD) in constipated patients and to identify anal weakness in 

fecal incontinence (1–3). This test can be conducted with non-high-resolution catheters, 

with high resolution anorectal manometry (HR_ARM) catheters, or with high-definition 

anorectal manometry (HD_ARM) catheters, which (4). HR_ARM and HD_ARM catheters 

measure circumferential pressures throughout the anal canal. HD_ARM catheters also 

measure circumferential pressure symmetry. The design of HR_ and HD_ARM catheters 

is manufacturer dependent. For the Manoscan HR_ARM and to a lesser extent HD_ARM 

catheters, normal values in healthy people are available (4).

Reliability refers to the degree to which test results are stable in measuring what they 

are intended to measure. Summarized elsewhere (5), anal resting and squeeze pressures 

measured with non-HR_ARM were reproducible as also when measured with a custom-built 

HR_ARM catheter (5), the Manoscan HD_ARM catheter (6), and the Manoscan HD_ARM 

catheter (7), respectively, in 80 healthy people, 16 healthy people, and 21 women with fecal 

incontinence. In the only study that also evaluated these variables, the pressures during 

evacuation were less reproducible than resting or squeeze pressure (7). More recently, 

among 28 patients who had a HR_ARM with the Manoscan HR_ARM catheter, “only a 

minority of patients who underwent repeat anorectal manometry as analyzed by the London 

Classification had stable manometric findings, raising questions regarding the validity of a 

single manometric measurement, as currently analyzed, for clinical decision-making” (8). 

Hence, our aims were to assess the day-to-day reproducibility of anorectal pressures and 

rectal sensation and rectal balloon expulsion time in healthy people and constipated patients.

MATERIALS AND METHODS

Study Design and Participants

This retrospective cohort study was approved by the Mayo Clinic Institutional Review 

Board. Informed consent was waived for patients authorizing use of their health records 

for research. The data were gathered in participants who underwent HR_ARM as part of 

their clinical assessment and/or other research studies. In 22 healthy women (35 ± 14 y 

[Mean ± SD]) and 53 patients with constipation (42 ± 13 y, 46 women), HR_ARM and the 

rectal BET were performed on two occasions (HR_ARM1 and HR_ARM2), which were 

separated by a median of 15 (11–53) in healthy and 40 (8–75) days in constipated persons. 

Among the 53 constipated patients, 36 had functional constipation, and 17 had constipation-

predominant irritable bowel syndrome. In 35 constipated patients, one examination was 
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performed during the clinical evaluation. In the remaining participants, both assessments 

were performed for research studies, with no therapeutic intervention (i.e., changes in 

bowel regimen, anorectal biofeedback therapy or procedures, or use of a footstool to 

aid defecation) between HR_ARM1 and 2. Asymptomatic participants who had enrolled 

in previous clinical trials utilizing anorectal manometry were identified through public 

advertisements and constipated participants were identified from our clinical practice or 

from prior studies (9–13).

Anorectal Manometry and Balloon Expulsion Test

Anorectal pressures were evaluated in the left lateral position with the Manoscan HR_ARM 

catheter (Medtronic Inc) at rest (20 s), during contraction of anal sphincter (3 squeeze 

maneuvers, 20 s each), and evacuation (without rectal distention, 20s) (13, 14). In 

constipated patients, we also evaluated rectal sensation by stepwise rectal distention (10). 

During the balloon expulsion test, participants were asked to expel a water filled (50 ml) 

rectal balloon while seated on a commode; a balloon expulsion time (BET) greater than 60s 

was abnormal.

Statistical Analysis

The Lin’s concordance correlation coefficient (CCC), paired t tests, and Bland–Altman plots 

were compared HR_ARM1 and HR_ARM2. Coefficients of variation (CV) were calculated 

using a nested one-way ANOVA. The intraindividual CV (%) was computed by dividing 

the root mean square of the error by the overall mean. To estimate the inter-individual 

CV, the interindividual variance was obtained by computing 50% of the difference between 

the model mean square error and the residual mean square error, taking its square root, 

and dividing by the overall mean. On each day, all values were categorized as normal or 

abnormal with reference to sex-matched and, in women, also age-matched normal values 

(14).

RESULTS

Most pressures were significantly correlated between HR_ARM1 and HR_ARM2 (Figure 

1, Table 1). During evacuation, the rectoanal gradient was concordant in healthy and 

constipated persons; rectal and anal pressures were also concordant in patients. Measured in 

32 constipated patients, rectal sensory thresholds were also concordant between HR_ARM1 

and HR_ARM2. The Bland Altman’s test was not significant for any variable. Except for 

the anal resting pressure (p=0.018) and anal pressure during evacuation (0.014), which 

were greater in the second vs the first study in healthy participants, differences between 

HR_ARM1 and HR_ARM2 were not significant.

The intra- and inter-individual coefficients of variation for anal resting and squeeze 

pressures were less than 30% (Table 1). For the anal squeeze duration, these values were 

higher. During evacuation, the intra- and inter-individual coefficients of variation were 

greater for rectal pressure and rectoanal gradient than the anal pressure. In constipated 

patients, the intra-individual coefficient of variation for the rectal pressure and rectoanal 

gradient was 61% and 36%. Excluding 3 outliers (i.e., 2 healthy and 1 constipated 
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participant), the intraindividual coefficient of variation for rectal pressure was lower i.e., 

36% in healthy and 51% in patients. By comparison, excluding these outliers increased 
the interindividual coefficient of variation for rectal pressure in healthy (i.e., 47%) and 

constipated participants (65%).

In 12 healthy (55%) and 42 constipated participants (79%) the outcome, which was 

characterized as normal or abnormal, of one or more anorectal pressure variables or the 

BET differed between HR_ARM1 and HR_ARM2. For anal resting pressures, outcomes 

differed in 6 healthy (27%) and 13 constipated participants (25%) while squeeze pressure 

differed in 1 healthy (5%) and 10 constipated (19%) participants (Table 2).

During evacuation, the rectal pressure, anal pressure, and rectoanal gradient were, 

respectively, different in 1 healthy (5%) and 5 constipated participants (9%), 4 healthy 

(18%) and 9 constipated participants (17%), and 5 healthy (23%) and 19 constipated 

participants (36%) (Figure 2). In 3 healthy participants (14%), the BET was prolonged 

in both studies. In 38 constipated patients (72%), the BET was prolonged on one (6 patients) 

or both days (33 patients).

There were 23 patients in whom the gradient and/or BET findings changed between 

HR_ARM1 and HR_ARM2. Of these 23 patients, the findings of both tests (ie, gradient 

and BET) were concurrent (ie, normal or abnormal) in 14 patients (HR_ARM1) and 7 

patients (HR_ARM2) (Figure 2). However, no patients had the same concurrent findings in 

both HR_ARM1 and HR_ARM2.

DISCUSSION

In this study, anal resting and squeeze pressures were reproducible on different days in 

healthy and constipated persons. In constipated patients, the intra- and inter-individual 

coefficients of variation of anal resting pressure were 16% and 21%, which is lower than 

corresponding values with non-HR_ARM in healthy persons (i.e., 26 and 39%). For squeeze 

pressure, the intra- and interindividual coefficients of variation measured with HR_ARM 

were 20% and 28%, vs respectively 24% and 35% with non-HR_ARM in healthy persons. 

Assuming an intra-individual coefficient of variation of 30%, a two-sample parallel group 

study with a type 1 error of 5% and a power of 80% would require 12 and 29 participants 

per group to detect a change in means of respectively 30 and 20%.

Among constipated patients, the intra- and inter-individual variation in anal pressure during 

evacuation were approximately 20%. However, the rectal pressure, hence the rectoanal 

gradient, during evacuation were more variable among and between patients. Assuming an 

intra-individual variation of 40%, which is greater than the observed variation of 36%, a trial 

comparing 2 groups (eg, pelvic floor biofeedback therapy vs placebo) would require 32 and 

81 participants per group to detect a percent change in the mean gradient of 30 and 20% 

with a type 1 error of 5% and a power of 80%. The rectal pressure during evacuation is 

generated by a voluntary effort (12), which probably explains why the rectal pressure and 

the rectoanal gradient were more variable among and within patients. Arguably, coaching 

Mishra et al. Page 4

Neurogastroenterol Motil. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients prior to the maneuver may reduce the variability in these pressures (15). But, in 

doing so, the test may not approximate the patient’s evacuation process.

Similar to our findings, another study observed that the categorization of variables (i.e., 

normal vs abnormal) differed between HRM_1 and HRM_2 in 79% of 28 patients (8). That 

study also included patients with fecal incontinence and the average interval between the 

HR_ARMs was longer (i.e., mean of 32 months) longer than in our study. Taken together, 

these studies suggest that diagnostic circumspection may be prudent when interpreting 

anorectal manometry findings (2), especially when the values are at the borderline between 

normal and abnormal. In our study, while the intraindividual coefficient of variation for 

rectal pressure during evacuation in constipated patients was 61%, the categorization, as 

normal or abnormal, differed in only 9% of patients, probably because the normal value 

range for this variable is wide. In constipated patients, the desire to defecate threshold was 

more reproducible than the first sensation threshold perhaps because participants find it 

difficult to distinguish between the perception of an undistended rectal balloon and the first 

sensation threshold. Since the instructions to participants during HR_ARM are standardized, 

the extent to which these findings are explained by differences among operators is unclear 

(16). A prospective study designed to understand this and other factors that affect day-to-day 

reproducibility of HR-ARM is necessary.

Generally reproducible (17), the BET outcome differed between days 1 and 2 in only 11% 

of patients. Hence, one BET test is probably sufficient. The test need be repeated only 

in specific circumstances (e.g., if there is concern that patients misunderstood instructions 

during the first test). The BET was prolonged in 14% of asymptomatic healthy participants, 

and on both study days, which suggests that they had asymptomatic pelvic floor dysfunction 

(14). Moreover, the rectoanal gradient was lower, suggestive of pelvic floor dysfunction, in 

asymptomatic participants with a prolonged vs normal BET (14).

In 19 constipated patients (36%), the rectoanal gradient during defecation, which is the 

most useful HR_ARM variable for diagnosing DD (4), differed between HR_ARM1 and 

HR_ARM2. The consequence of this difference depends on (1) if only 1 criterion is 

required, which variable (ie, gradient or BET) is deemed more robust for diagnosing DD and 

(2) whether one or, as suggested by the Rome IV criteria, two abnormal tests are required to 

diagnose DD (18).

If one test is deemed sufficient and the BET is deemed more robust than the gradient (4), 

then the different gradients between HR_ARM1 and HR_ARM2 arguably have relatively 

modest consequences on the clinical diagnosis because the BET was either normal or 

abnormal on both study days in 17 of 19 patients who had a different gradient (ie, normal 

vs abnormal) between HR_ARM1 and HR_ARM2. (However, a recent study suggests that 

a reduced rectoanal gradient and a prolonged BET have comparable diagnostic utility vs 

defecography for diagnosing DD (19)).

On the other hand, if two abnormal tests (i.e., gradient and BET) are deemed necessary to 

diagnose DD, then the differences between HR_ARM1 and HR_ARM2 have a considerable 
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impact because the overall diagnosis based on a combined assessment of the gradient and 

the BET differed between HR_ARM1 and HR_ARM2 in all 23 patients.

In conclusion, HR_ARM is a reproducible test. However, in 79% of constipated patients, the 

outcome (i.e., normal or abnormal) of one or more tests is different between the first and 

second studies.
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KEY MESSAGES

• Anorectal pressures were measured with high-resolution manometry on two 

days in healthy persons and constipated patients.

• Anal resting and squeeze pressures and the rectoanal gradient during 

evacuation were reproducible in healthy and constipated participants. Rectal 

sensory thresholds were also reproducible in constipated participants. 

However, in 79% of constipated patients the outcome for one or more 

variables was different on day 1 vs 2.

• These findings suggest that HR_ARM is a reproducible test. However, 

repeated testing may reveal a different outcome, even absent an intervention 

between the first and second tests.
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Figure 1. Comparison of anal pressures at rest, squeeze, and recto-anal pressures during 
evacuation.
Panel A depicts concordance correlation coefficient while Panel B depicts Bland-Altman 

plots.
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Figure 2. Comparison of rectoanal gradient and balloon expulsion test in HR_ARM1 vs 
HR_ARM2 among 23 patients in whom the rectoanal gradient and/or balloon expulsion time 
differed between HR_ARM1 and HR_ARM2.
Filled green and red circles represent normal and abnormal results for individual tests 

(ie, HR_ARM or BET). In 19 and 6 patients, the gradient and BET result differed 

between HR_ARM1 and HR_ARM2. The open circles represent a combined assessment 

of the gradient and BET; patients in whom results of both tests were normal or abnormal 

are respectively indicated as green or red circles. The gradient and BET findings were 

both normal (green open circles) or abnormal (red open circles) during HR_ARM1 and 

HR_ARM2, respectively in 14 and 7 patients. By contrast, discordant results (eg, normal 

gradient and prolonged BET) are not surrounded by an open circle. No patients had the same 

concurrent findings i.e., normal in HR_ARM1 and HR_ARM2 or abnormal in HR_ARM1 

and HR_ARM2.
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Table 2.

Number and proportion of constipated patients with normal and abnormal values in first and second studies 
1

Evacuation

Parameter Anal resting 
pressure

Anal squeeze 
pressure

Rectal 
pressure

Anal pressure Rectoanal 
gradient

Balloon 
expulsion time

Normal in both 
HR_ARMs

34 (64%) 40 (75%) 46 (87%) 41 (77%) 26 (49%) 14 (26%)

Abnormal in both ARMs 6 (11%) 3 (6%) 2 (4%) 3 (6%) 8 (15%) 33 (62%)

Normal (HR_ARM1) 
and abnormal 
(HR_ARM2)

6 (11%) 3 (6%) 3 (6%) 5 (9%) 7 (13%) 5 (9%)

Abnormal (HR_ARM1) 
and normal 
(HR_ARM2)

7 (13%) 7 (13%) 2 (4%) 4 (8%) 12 (23%) 1 (2%)

1
Values are n (%) of participants in each category
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