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Abstract

Background.—The optimal methods for measuring and analyzing anal resting and squeeze 

pressure with high-resolution manometry (HRM) are unclear.

Methods.—Anal resting and squeeze pressures were measured with HRM in 90 healthy women, 

35 women with defecatory disorders (DD), and 85 with fecal incontinence (FI). Pressures were 

analyzed with Manoview™ software and a customized approach. Resting pressures measured for 

20s, 60s, and 300s were compared. During the squeeze period, (3 maneuvers, 20s each), the 

squeeze increment, which was averaged over 5s, 10s, 15s, and 20s, and squeeze duration were 

evaluated.

Results.—Compared to healthy women, the anal resting pressure, squeeze pressure increment, 

and squeeze duration were lower in FI (P≤.04) but not in DD. The 20s, 60s, and 300s resting 

pressures were strongly correlated (concordance correlation coefficients=0.96–0.99) in healthy 

and DD women. The 5s squeeze increment was the greatest; 10s, 15s, and 20s values were 

progressively lower (P<.001). The squeeze pressure increment and duration differed (P<.01) 

among the three maneuvers in healthy and DD women but not in FI women. The upper 95th 

percentile limit for squeeze duration was 19.5s in controls, 19.9s in DD, and 19.3s in FI. Adjusted 

for age, resting pressure and squeeze duration, a greater squeeze increment was associated with a 

lower risk of FI vs health (OR,0.96; 95% CI, 0.94–0.97).

Conclusions.—These findings suggest that anal resting and squeeze pressures can be accurately 

measured over 20 seconds. In most patients, one squeeze maneuver is probably sufficient.
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BACKGROUND

Anorectal manometry is widely used to assess diagnose defecatory disorders (DD) and 

evaluate anorectal functions in patients with fecal incontinence (FI) 1–5. There is consensus 

that anorectal pressures should be measured at rest, during squeeze, simulated evacuation, 

and a Valsalva maneuver 3,6,7. The rectoanal inhibitory reflex and rectal sensation are 

also evaluated during this test. Some centers also evaluate rectoanal pressures during 

a cough maneuver 8. The equipment, methods used to conduct anorectal manometry, 

and analyze studies are not standardized 9. The procedure can be performed with water-

perfused, solid state, air-charged, or high-resolution catheters 2. High resolution manometry 

(HRM) catheters provide better spatial resolution than non-HRM catheters. However, 

HRM catheters made by different manufacturers are not identical. The methods, for HRM 

(e.g., the number and duration of squeeze maneuvers) are not standardized 9. Hence, the 

findings in patients need to be compared against normal values acquired with the same 

equipment and techniques. Towards the objective of standardizing anorectal manometry, 
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a multi-center International Anorectal Physiology Working Group (IAPWG) suggested 

an anorectal manometry protocol 8. This protocol recommends that anal resting pressure 

should be measured once for 60s while anal squeeze pressure should be measured 4 times 

(i.e., 3 short (5s) and 1 long (30s) maneuvers). These recommendations are reasonable 

but are not evidence-based and differ from the protocol used at other centers and other 

guidelines 6. Other studies have explored approaches to improve the assessment and analysis 

of rectoanal pressures during evacuation 10,11. By comparing anal resting and squeeze 

pressures measured and analyzed with different methods, this study aimed to identify the 

optimal methods for measuring these pressures.

MATERIALS AND METHODS

Study Design

This report is compiled from four research studies in which rectoanal pressures were 

measured with anorectal HRM in healthy women, women with DD, and women with 

FI Mayo Clinic, Rochester, MN between 2008 and 2020. All participants consented to 

participate in these studies that were approved by the Institutional Review Board at Mayo 

Clinic.

Participants

This report comprises 90 healthy volunteers, 35 patients with DD, and 85 patients with 

FI, all women aged 18 years and older. The findings from all healthy volunteers and 

patients with DD, and 30 of 85 patients with FI have been published 12–15. The healthy 

volunteers were recruited by public advertisement and the patients were enrolled from the 

clinical practice. The healthy volunteers did not have symptom criteria for a functional 

bowel disorder as assessed with an interview and a validated questionnaire 16, and had 

no documented anorectal trauma during delivery (i.e., grade 3 or 4 laceration, forceps- 

assisted delivery) or any previous anorectal operations, including hemorrhoid procedures. 

Patients had symptom criteria for constipation-predominant IBS or urge-predominant fecal 

incontinence for 1 year or longer 16,17. Among FI patients, the severity of FI was computed 

with the Fecal Incontinence Severity Score (FISS) 17. Neither patients nor controls had 

clinically significant systemic (eg, cardiovascular, respiratory, neurologic) disease. Table 1 

summarizes these studies and the participants.

High Resolution Manometry

After 1–2 sodium phosphate enemas (Fleets, C.B. Fleet; Lynchburg,VA), HRM was 

performed with participants in the left lateral position with their hips and knees flexed. 

After the catheter was introduced per anus, pressures were allowed to stabilize and return to 

baseline for 2 minutes. Rectoanal pressures at rest and during squeeze were measured with 

Manoscan™ high resolution manometry catheters (currently Medtronic Inc, Minneapolis, 

MN, USA). These catheters (4.2 mm diameter) have 2 sensors within a rectal balloon and 

10 equidistant sensors that are located at 6mm intervals along the anal canal. At each level, 

the values from 36 circumferential pressure sensors that measure pressures at 35Hz over a 

length of 2.5mm are averaged to obtain a single value. Pressures were measured at 10Hz at 

rest and during squeeze. The data were analyzed with the commercial software (Manoview 
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AR v3.0, Medtronic Inc) and separately with a customized approach (Microsoft Excel, 

Microsoft Corporation).

Resting Pressure

Methods.—Anal resting pressure was measured for 20s in all participants. Among 35 

healthy women and 35 patients with DD (Study 1, Table 1) 13,14, anal resting pressure was 

measured three times in the same study for 5 minutes on each occasion.

Data Analysis.—In all 210 participants, the 20s average values were computed with the 

Manoview program. Among study participants (i.e., in 35 healthy and 35 DD patients) in 

whom the resting pressure was measured for a longer duration, the resting pressure was 

only analyzed with the customized approach. The Manoview software analyzes pressures 

as follows. First, at each point in time, the eSleeve™ selects the highest single pressure 

recorded by any of the ten anal sensors. Then, the program averages these 200 eSleeve™ 

values (ie, over 20s) to obtain the mean resting pressure. By contrast to this method, which 

only uses the highest pressure at every instant, the customized analysis averages the values 

from 5 adjacent anal sensors to calculate the resting pressure. The location of these 5 

sensors was individualized per participant. These 5 sensors span 2.4 cm, which is the 10th 

percentile value for the length of the anal high-pressure zone in asymptomatic women 15. 

These average values were averaged over 20s in all participants and over the first 20s, first 

60s, and the entire 300s in the 35 healthy and 35 DD women.

Anal Squeeze Pressure Increment and Duration

Methods.—Participants were asked to contract or squeeze the anal sphincter three times 

(20s each), separated by 2 rest periods, each lasting 30s. They were encouraged to squeeze 

for as long as possible before they began the maneuver and through verbal feedback during 

the 20s maneuver.

Data Analysis.—The anal squeeze pressure was obtained from the Manoview™ 

program. Since the squeeze duration calculated by the Manoview™ software is erroneous 

(Supplementary Figure 1), the anal squeeze increment and duration were calculated with 

the customized program as follows. First, similar to the Manoview™ analysis, the highest 

pressure across all sensors was identified at every instant during the 20s squeeze maneuver. 

The anal squeeze pressure was the greatest 1s average value of these pressures. The squeeze 

increment was the difference (i.e., anal squeeze – resting pressure), where the anal resting 

pressure was measured over 1.5s immediately before the squeeze maneuver. The squeeze 

duration was the duration for which the anal pressure exceeded a threshold value, which was 

defined as follows:

Squeeze Tℎresℎold = Prest + Pmax − Prest *0.5

where Prest is the resting pressure measured over 1.5s before to the squeeze maneuver 

and Pmax is the maximum pressure measured over 1s during the squeeze maneuver. In 

essence, this threshold is 50% of the squeeze pressure increment. The squeeze duration was 
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computed by 2 approaches that considered all values and the longest consecutive series of 

values that exceeded this threshold during the 20s squeeze period.

Rectal balloon expulsion time—Participants were asked to expel a 4-cm-long balloon 

filled with 50 ml water from the rectum in privacy while seated on a commode 18,19. A 

balloon expulsion time greater than 60 seconds was considered to be prolonged 18,20.

Statistical Analysis

Lin’s concordance correlation coefficients (CCC) 21, Bland-Altman plots, and paired t-tests 

were used to compare the rest pressure measured over the first 20 s, first 60 s, and entire 5 

minute epoch.

Wilcoxon’s rank sum test was used to compare the squeeze pressure increment computed 

over 5, 10, 15, and 20s durations, the squeeze pressure increment and duration for the 

first, second, and third maneuvers, and the squeeze pressure increment measured with 

all values and only consecutive values. Univariate and multiple predictor variable logistic 

regression models were used to identify anorectal dysfunctions associated with FI. Odds 

ratios are reported relative to healthy women. All analyses were performed with JMP 16 

(SAS Institute, Cary, NC).

RESULTS

Clinical Features and Anal Pressures Measured with Manoview™ Analysis

The mean (SD) age was 43.3 (16.4) years in healthy women, 59.6 (11.0) years in women 

with FI, and 39.8 (11.7) years in women with DD (P<.001). The BMI was 26.2 (4.5) in 

healthy women, 29.6 (7.0) in FI, and 25.6 (5.9) in DD (P<.001).

Among patients, symptoms of chronic constipation (34 DD patients [97%] vs 21 FI patients 

[20%]) and constipation-predominant irritable bowel syndrome (15 DD patients [43%] vs 2 

FI patients [.02%]) were more common in DD than in FI (P < 0.001). Conversely, functional 

diarrhea (7 FI patients [8%] vs 0 DD patients, P=.007) and diarrhea-predominant IBS (39 FI 

patients [46%] vs 0 DD patients, P<.001) were more prevalent in FI than in DD. Among FI 

patients, the mean (SD) fecal incontinence severity scale (FISS) score was 9.7 (1.4); scores 

between 7–10 reflect moderately severe FI.

Compared to healthy (80 [24] mmHg) and DD women (83 [26] mmHg), the 20s Manoview 

anal resting pressure was lower (P<.0001) in FI women (66 [25] mmHg). Table 1 provides 

the distribution of pressures in individual studies. Compared to healthy women, the 20s 

squeeze increment was not significantly different in DD (76 [41] vs 82 [42] mmHg, P=.46) 

but was lower (76 [41] vs. 33[23] mmHg) in FI (P<.001).

Anal resting pressure

The resting pressure analyzed with the Manoview method was correlated with (rho = .93, 

P<.0001) but lower (i.e., 57 (22) vs 75 (26) mmHg, P<.0001) than the corresponding 

pressure analyzed by the customized approach, which was averaged across 5-sensors.
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During the first rest maneuver, the anal resting pressures averaged over the first 20s, first 

60s, and the entire 300s were respectively 69 (17) in HV vs 67 (23) mmHg in DD, 68 (17) in 

HV vs 67 (21) mmHg in DD, and 69 (16) in HV vs 68 (20) mmHg in DD. The differences 

between healthy and DD women were not significant.

The resting pressures averaged over 20s, 60s, and 300s were significantly correlated with 

each other, i.e., the CCCs for 20s vs 60s, 60s vs 300s and 20s vs 300s measurements were 

respectively 0.98, 0.98, and 0.96. (Supplementary Figure 2, Table 2). Of these comparisons, 

only differences between 60s and 300s pressures were significant (P=.02), but the difference 

was only −1.1 (95% CI, −0.2 −-1.9) mmHg. The Bland Altman test indicates that the 

differences between these variables were not significantly related to the average value of 

both measurements (Supplementary Figure 2).

Comparison of anal squeeze pressure increment measured over different analysis 
windows

During the first squeeze maneuver, the anal squeeze increments measured for the first 5s, 

first 10s, first 15s, and the entire 20s period were respectively 87 (41), 82 (41), 79 (42), and 

76 (41) mmHg in healthy women, 99 (51), 94 (49), 87 (46), and 82 (42) mmHg in women 

with DD, and 46 (31), 39 (27), 36 (25), and 34 (24) mmHg in women with FI (Figure 1). In 

all 3 groups, the differences between 5s vs 10s values, 5s vs 15s, 5s vs 20s, 10s vs 15s, 10s 

vs. 20s, and 15s vs. 20s were significant (P<.001).

Comparison of anal squeeze pressure increment among maneuvers

In healthy women, the 20s squeeze pressure increment was not different between the first 

and second maneuvers (P=.06) (Table 3, Figure 2). Compared to the third maneuver, this 

increment was greater during the first (P=.003) and second (P=.02) maneuvers. By contrast, 

in women with FI, the squeeze pressure increment was not significantly different among the 

three maneuvers. In DD women, the squeeze increment was greater during the first than the 

second (P=.003) and the third maneuvers (P=.006).

Assessment of anal squeeze duration

Of the 2 methods used to calculate this variable, the squeeze duration was longer when 

measured with all values rather than the longest consecutive sequence of values (P<.001) 

(Table 3). Compared to controls, the squeeze duration was shorter in FI and separately 

in DD women only when the duration was estimated with consecutive values in the first 

maneuver (Table 3, Figure 3). Hence, the squeeze duration calculated with consecutive 

values was used for subsequent analyses.

The upper 95th percentile value for squeeze duration (first maneuver) was 19.5s in healthy 

controls, 19.3s in FI, and 19.9s in DD. During the first maneuver, the squeeze duration 

computed with consecutive values was less useful (AUROC = 0.59) than the squeeze 

increment (AUROC = 0.85) for discriminating between healthy and FI women (Table 4).

The squeeze duration was longer during the first than the third maneuver in healthy controls 

(P=.003, Table 3, Figure 3) and during the first than the second maneuver in DD patients 
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(P=.008, Table 3, Figure 3). In FI women, neither the squeeze increment nor duration 

differed among the three maneuvers.

Comparison of anal squeeze pressures in healthy and FI women

In the univariate model, age was associated with an increased risk of FI (OR, 1.08; 95% CI, 

1.05–1.11) (Table 5). After adjusting for age, the anal squeeze increment (OR, 0.96; 95% 

CI, 0.94 – 0.97) but not duration were associated with a lower risk of FI (Models 2 and 3). 

The anal squeeze increment remained significant after adjusting for age and anal squeeze 

duration (Model 5) and also for resting anal pressure (Model 6).

DISCUSSION

We compared several approaches for computing anal resting and squeeze pressures with the 

Manoscan HRM system in healthy women, women with FI, and DD. In healthy women 

and DD patients, anal resting pressures measured for 20s, 60s, and 300s were significantly 

correlated. Except for a numerically small but statistically significant difference between 60s 

and 300s pressures, these values were not significantly different vs each other. In a paper 

that was published after we completed our study, the 60s resting pressure was perfectly 

correlated with the 30s pressure and strongly correlated with 10s pressure in FI women 
22. Taken together, these observations suggest that anal resting pressure can be accurately 

measured for 30s rather than 60s as recommended in the IAPWG protocol 1. Neither 20s nor 

60s measurements are sufficient to detect ultraslow waves, which have a frequency of 1–1.5 

cycles/minute and an amplitude of 40mmHg or greater; however, the clinical significance of 

ultraslow waves is uncertain 6.

The 5s anal squeeze pressure increment was greater than the increment measured over the 

first 10s, first 15s and the entire 20s squeeze maneuver. The squeeze increment was not 

significantly different among the 3 squeeze maneuvers in FI. The squeeze duration was 

shorter in FI than in healthy women only during the first maneuver. Since the squeeze 

maneuver is primarily used to identify anal hypocontractility 8, which predisposes to FI, 

one squeeze maneuver is probably sufficient unless there is a concern that patients did not 

understand instructions during the first maneuver. Other authors too observed a significant 

correlation between the first and subsequent squeeze maneuvers in DD and FI patients and 

concluded that little is gained by performing more than one squeeze maneuver in FI 23.

The squeeze duration calculated with consecutive values was shorter than the duration 

calculated with all values. Intuitively, the squeeze pressure calculated from consecutive 

values is probably more representative of sphincter endurance than the calculation based 

on all values. Only the duration calculated with consecutive values discriminated between 

healthy women and patients with FI. Hence, this approach should be used to calculate the 

squeeze duration.

The squeeze duration provided by the Manoview™ program is erroneous. Prior studies 

that compared anal pressures measured with HRM in healthy people and FI patients did 

not report the anal squeeze duration 24–26. One study calculated the contractile integral 26, 

which is a product of the squeeze increment and duration. The anal squeeze duration is 
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a physiologically relevant measure of sphincter endurance that improves with pelvic floor 

biofeedback therapy in men and women with FI 27. Since the 95th percentile value for 

squeeze duration is 19.5 s in healthy women, we recommend that patients should be asked 

to contract the anal sphincter for 20 seconds. After adjusting for other variables, age and 

the squeeze increment but not duration independently discriminated between healthy women 

and women with FI, which suggests that the squeeze duration is not independently useful for 

discriminating between healthy and FI women.

Perhaps the anal squeeze increment and duration predominantly represent the function of 

fast-twitch (type 2) and slow-twitch (type 1) fibers respectively 28. Compared to other 

striated muscles, the external anal sphincter has a higher percentage of slow-twitch fibers 

and is therefore relatively fatigue resistant. In studies that were performed with non–high-

resolution manometry, the external anal sphincter was more fatigable after childbirth 29 and 

in women with FI 30,31. However, differences between men and women with FI were not 

significant 27.

Similar studies are necessary to determine if these findings apply to other catheters, and to 

men, because the anal squeeze pressure is higher than in men than women 15. The upper 

95th percentile value for squeeze duration (first maneuver) was between 19.3 – 19.9s in all 

3 cohorts. Consistent with the standard, automated recording time for the squeeze maneuver 

in the Manoscan HRM program, participants were asked to squeeze for 20s. It is conceivable 

that a longer assessment may uncover more pronounced differences in the squeeze duration 

between healthy and FI women.

Taken together with other recent studies, these findings provide the basis for streamlining the 

anorectal HRM procedure. Because anal pressures stabilized within 150s, typically in 90s, 

after the catheter was inserted 32, the equilibration period before pressure measurements 

commence can perhaps be shortened to less than the 3 minutes recommended by the 

IAPWG 8. Among FI patients, the London group observed that resting pressures can be 

evaluated over 30 instead of 60 seconds recommended by the IAPWG protocol 33 and that 

2 rather than 3 squeeze maneuvers are sufficient 22. Our findings suggest that anal resting 

and squeeze pressures should each be measured for 20s. As suggested above, arguably, a 

longer squeeze maneuver may be more useful for distinguishing between healthy and FI 

women. While one squeeze maneuver is probably sufficient 23, an additional maneuver may 

be reasonable if there is concern that patients did not understand the instructions during 

the first squeeze maneuver. So implemented, these changes will take less time than the 

IAPWG guidelines that recommend one resting maneuver lasting 60s followed by 3 squeeze 

maneuvers of 5s and 1 squeeze maneuver lasting 20s each.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Comparison of anal squeeze increment computed for the first 5 s, 10s, and 15s, and the 

entire maneuver (20s) during the first squeeze maneuver. * P < .05; ** P < .01.
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Figure 2. 
Comparison of anal squeeze increment (20s) during the three maneuvers. In healthy controls 

and DD but not FI patients, differences among maneuvers were significant. The increment 

was lower in FI than in healthy women. * P < .05 and ** P < .01 for within group 

comparisons; *** P < .001 for healthy controls vs FI.
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Figure 3. 
Comparison of squeeze duration between controls and patients. Compared to the first 

squeeze maneuver, the third and second maneuvers were respectively shorter in controls 

and DD patients (** P < .01). During the first maneuver, the squeeze duration was also 

shorter in FI women than in healthy controls (*P < .05).
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