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Key Messages

 Anorectal manometry (ARM) is widely used for identifying anorectal sensorimotor dysfunctions in patients
with constipation and fecal incontinence. At present, ARM is generally performed in specialized laboratories,

requires expertise, and is expensive.

« We compared anorectal pressures and rectal sensation measured by a handheld, portable manometry device and
high-resolution manometry in 20 healthy women, 19 constipated women, and 11 women with fecal

incontinence.

» Anal pressures at rest and during squeeze measured with portable and HRM were correlated but lower with

portable manometry.

e During simulated evacuation, rectoanal pressures measured with both techniques were correlated and
discriminated between participants with normal and prolonged balloon expulsion time.

Abstract

Background Currently, anorectal manometry (ARM),
which is used to diagnose defecatory disorders and
identify anal weakness in fecal incontinence (FI) is
generally conducted in specialized laboratories. Our
aims were to compare anorectal functions measured
with high-resolution manometry (HRM) and a novel
portable manometry device. Methods Anal pressures
at rest, during squeeze, and simulated evacuation, and
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rectal sensation were evaluated with portable and
HRM in 20 healthy women, 19 women with constipa-
tion, and 11 with FI. The relationship between anal
pressures measured with portable and HRM was
assessed by the concordance correlation coefficient
(CCC), Bland Altman test, and paired t-tests. Key
Results Anal pressures at rest (CCC 0.45; 95% CI:
0.29, 0.58) and during squeeze (CCC 0.60; 95% CI:
0.46, 0.72) measured with portable and HRM were
correlated and inversely associated with the risk of FL.
During simulated evacuation, the CCC for rectal
pressure (0.62; 95% CI: 0.43, 0.76) was greater than
that for anal pressure (CCC 0.22; 95% CI: 0.04, 0.39)
and the rectoanal gradient (CCC 0.22; 95% CI: 0.02,
0.41). Rectal sensory thresholds for first sensation, the
desire to defecate, and urgency measured by portable
and HRM were also significantly correlated between
techniques. For several parameters, differences
between portable and HRM were statistically signif-
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icant and the Bland Altman test was positive. Con-
clusions e Inferences Anorectal pressures and rectal
sensation can be conveniently measured by portable
manometry and are significantly correlated with high-
resolution manometry.

Keywords anorectal manometry, constipation, fecal
incontinence, rectal sensation.

Anorectal manometry {ARM) is widely used to
diagnose defecatory disorders and identify anal
weakness and rectal sensory disturbances in fecal
incontinence (FI)."'* However, anal manometry is not
universally available, requires expertise to perform, and
is relatively expensive. We developed the first hand-
held, portable manometry device to measure rectal and
anal pressures and rectal sensation at the bedside. The
aims of this study were to (i) compare anorectal
pressures measured by portable and high-resolution
manometry (HRM); (ii) the utility of anorectal pressures
for discriminating between healthy women, FI, and
chronic constipation; and (iii) participants with normal
and abnormal rectal balloon expulsion.

MATERIALS AND METHODS

Experimental design

This study was approved by the Institutional Review Board at
Mayo Clinic. After providing written informed consent, 20
healthy women, 19 constipated women, and 11 women with FI
underwent HRM and portable manometry and a rectal balloon
expulsion test with validated techniques on the same day.?*
Constipated participants had symptom criteria for functional
constipation or constipation-predominant irritable bowel syn-
drome,® while women with FI had at least one episode of FI
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unrelated to a temporary diarrheal illness in the past year.
Exclusion criteria were: significant systemic diseases, medica-
tions that can anorectal motility or sensation, and prior pelvic
radiation or inflammatory bowel disease. Healthy participants did
not have symptoms of a functional bowel disorder assessed by
Rome criteria, putative risk factors for pelvic floor trauma, or
anxiety, or depression as assessed by a questionnaire.®” The
severity of FI was rated by the Fecal Incontinence and Constipa-
tion Assessment (FICA) severity scale.”?

During HRM and portable manometry, pressures were
evaluated at rest (20 s), three squeeze maneuvers (20 s each),
and two simulated evacuation maneuvers (before and during
rectal distention). Rectal sensation was then evaluated during
stepwise rectal distention. The HRM catheter (Given Imaging,
Yoqneam, Israel} and analysis platform are described elsewhere.”
At rest and during squeeze, the Sleeve option program reduces
data from multiple, typically 9, cquidistant anal scnsors, to a
single value at each point in time. Summary parameters were
calculated as follows: {i) Rest — An average of eSleeve valuces across
20 s at rest, {ii) Squeeze — The maximum eSleeve pressure
recorded for 2 s during each of 3 maneuvers was obtained. An
average of these 3 maximum piessures was then calculated, and
{iii} Simulated evacuation — The eSleeve identified the 3 s period
during simulated evacuation when the rectoanal gradient was
most positive.

The portable manometry system includes a catheter, with four
radially oriented anal and one rectal balloon, a wireless manome-
ter, and a computer (Fig. 1). Summary parameters were calculated
as follows: (i) Rest — Pressures were averaged for all four balloons
over 20 s, (i) Squeeze — The maximum pressure recorded by any
balloon during 20 s was uscd, and (iii) Simulated cvacuation - The
1ectoanal gradient calculated over the 5 s period when this was
most positive. Anal pressure was averaged across all four sensors
for this calculation.

These endpoints were compared with Lin’s concordance cor-
relation coefficient (CCC),° paired t-tests, and Bland-Altman
plots.'® Logistic regression models evaluated whether rectoanal
pressures could discriminate between healthy women and Fl,
healthy women and constipation, and women with normal and
prolonged rectal balloon expulsion times (BET). Except where
stated otherwisc, data arc summarized as mean 4+ SEM.,

_ 150 Resting
£
E 1204 /
£ w! / N
5 4 e
& 60 /‘ -3 3
g - e
R I U -
£ 5 Fl
0 50 100 150
Pressure (HRM, mmHg)
Figure 1 (Left panel) Portable manometry
Squeeze device. The device comprises three
5 250 T . components: a catheter with {A) rectal and
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r > e long}, which is connected to {C) a
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RESULTS

Women with FI (55 + 3 years) were older (p = 0.02)
than healthy women (age 44 L 4 years) and patients
with chronic constipation (41 % 2 years). The FICA
score suggested mild (four patients), moderate (six
patients), or severe FI (one patient) with duration of less
than 2 (n = 4], between 2 and 10 (n = 6), and greater
than 10 years (n = 1); 2 had passive Fl, six had isolated
urge FI, and three did not meet criteria for either
passive or urge FL.

Comparison of anorectal parameters in all
participants

Rectoanal pressures and rectal sensory thresholds
measured with both techniques were significantly
correlated (Table 1). However, resting and squeeze
pressures and the anal pressure during evacuation
measured with portable manometry were lower
{Fig. 1). For some comparisons [e.g., resting pressure),
the Bland-Altman plot was significant, indicating
that the differences between the techniques were
related to the average pressure measured with both
techniques.

Differences between healthy participants,
constipation, and fecal incontinence

Higher anal resting and squeeze pressures measured
with HRM and separately with portable manometry
were associated with a lower risk of Fl (Table 2).
Except for the rectoanal gradient measured with HRM,
rectoanal pressures measured without [Table 2} and

Table 1 Comparison of anorcctal paramcters in all participants

Portable anal manometry

with balloon distention (data not shown) did not
discriminate between health and constipation. How-
ever, only six participants {one healthy woman, four
constipated patients, and one woman with FI) had a
prolonged (i.e., greater than 60 s) BET.

Comparison of anorectal pressures during
simulated evacuation and rectal balloon
expulsion time

The median (interquartile range) rectal BET was 6
(4-16) s in controls, 15 (5-52) s in constipated patients,
and 6 (5-17) s in FL. The BET was associated with the
rectoanal gradient during simulated evacuation mea-
sured with HRM (hazard ratio [HR]: 1.02; 95% CI:
1.01-1.03} and portable manometry (HR: 1.02; 95% CI:
1.00-1.04). A HR of >1 implies that balloon expulsion
occurred earlier (i.e.,, BET was shorter] when the
rectoanal gradient was greater. The HR for rectal
pressure during evacuation vs BET were {1.01; 95%
CI: 1.00-1.04) for HRM and (1.02; 95% CI: 1.00-1.04)
for portable manometry. Conversely, the HR for min-
imum anal pressure during evacuation were <1 for
HRM (HR: 0.99; 95% CI: 0.98-1.00] and portable
manometry (HR: 0.99; 95% CI. 0.97-0.999), which
indicates that the BET was longer when the minimum
anal pressure during evacuation was greater.

DISCUSSION

While these devices employ different pressure sensing
technologies, pressure measurements and rectal sen-
sory thresholds measured with both devices were

HRM vs portable manumetry

Variable HRM Portablc manometry CCC (93% CI) Bland-Altman* p valuc’
Anal average rest pressure 77 £ 4 54 + 3 0.45 {0.29, 0.58) 0.04 0.0001
Maximum anal squeeze 158 + 8 125 + 17 0.60 {0.46, 0.72) 0.12 0.0001
Anal pressure during Valsalva mancuver 126 + 8 724+ 4 0.29 {0.16, 0.34) <0.0001 0.0001
Simulated evacuation without rectal distention
Rectal pressure 37 £ 4 35+3 0.62 {0.43, 0.76) 0.02 0.67
Anal pressure 80 +4 53+ 3 0.22 {0.04, 0.39) 0.32 0.0001
Recroanal gradient —-42 45 -17 1 4 0.22 (0.02, 0.41) 0.34 0.0001
Anal relaxation 86 —24 + 8 0.39 {0.19, 0.56) 0.04 0.0001
Simulated evacuation with rectal distention
Rectal pressure 30+4 41 +£3 0.31 {0.07, 0.51}) 0.04 0.0001
Anal pressure 75 £ 4 47+ 3 0.15 {(-0.01, 0.30) 0.0002 0.0001
Rectoanal gradient -45 + 6 —-6+4 0.25 {0.10, 0.40) 0.003 0.0001
Anal relaxation 12+ 4 —69 + 46 0.05 {0.01, 0.09) <0.0001 0.081
First sensation (mL) 55 4 4 49 + 4 0.53 {0.31, 0.70) 0.16 0.12
Desire to defecate (mL) 85 x5 82 +4 0.53 {0.29, 0.70) 0.07 0.5
Urgency {mL) 12147 13+ 5 0.46 {0.20, 0.66) 0.03 0.37

*Test for {Pearson) correlation of differences vs overall mean. 'Paired comparison between HRM and portable manometry. HRM, high-resolution

manometry.
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Table 2 Utility of anorectal pressures for discriminating between healthy controls, constipation, and fecal incontinence

Univariate odds ratio (95% CI)

Pressure Controls Constipation Fecal incontinence Controls vs constipation Controls vs FI

High-resolution manometry
Anal resting pressure 81 +5 R6 + 6 54 £ 6 1.01 [0.98, 1.04) 0.95 {0.91, 0.99)
Anal squeeze pressure 182 + 11 160 +£ 11 110+ 13 0.99 {0.98, 1.004) 0.97 (0.95, 0.99)
Rectal pressure — SE 4] + 4 275 48 + 11 0.96 {0.93, 1.00) 1.00 {0.98, 1.03)
Anal pressure - SE 75+ 4 90+ 7 70 £ 12 1.02 {0.99, 1.05) 0.99 {0.96, 1.03)
Rectoanal gradient -34 1 4 63 +£8 -22+9 0.96 {0.94, 0.99) 1.02 {0.99, 1.06}
Anal relaxation (%) 18+9 6+6 —7 + 18 0.99 (0.97, 1.01} 0.95 {0.96, 1.01])

Portable manomctry
Anal resting pressure 60 + 5 57 + 4 36 + 4 0.99 {0.96, 1.03) 0.93 (0.88, 0.98)
Anal squeeze pressure 142 + 11 129 + 11 86+ 9 0.99 {0.98, 1.01) 0.97 {0.95, 0.995)
Rectal pressure - SE 39+ 4 32+ 4 41 +7 0.98 {0.94, 1.02} 1.0 {0.96, 1.05)
Anal pressure - SE 66 £ 5 63+ 6 48 + 6 0.99 {0.97, 1.02) 0.97 {0.93, 1.01)
Rectoanal gradient 1715 —23+8 —5+5 0.99 (0.97, 1.02} 1.02 (0.99, 1.05)
Anal relaxation (%) -24 £ 12 —-15+ 10 ~44 + 24 1.0 {0.99, 1.02) 1.0 {0.98, 1.01)

FI, {ccal incontinencc; SE, simulated cvacuation. Bold font represents findings that arc statistically significant.

correlated, which supports the criterion validity of
measuring anorectal pressures with portable manom-
etry.!! The inclusion of healthy women and women
with constipation and FI enabled the techniques to be
compared across a range of pressures and also permit-
ted the utility of the device for discriminating between
the health and disease to be assessed. High-resolution
manometry pressures in this study were comparable to
our previous study,® but significantly greater than
pressures measured with portable manometry, proba-
bly because the eSleeve analysis in the HRM system
only uses the highest pressure along the longitudinal
axis of the anal canal to calculate anal resting and
squeeze pressure at every instant in time. In contrast,
the portable catheter measures pressures along a 2-cm
span in each of the four quadrants. Thus, the eSleeve
option can bias toward higher pressures. Allowing for
differences in techniques, definitions (e.g., for resting
pressure}, subject characteristics, and age cutoffs, the
pressure values recorded by portable manometry were
comparable to pressures recorded by traditional (water-
perfused or solid-state) manometry {e.g., anal resting
pressure of 67-75 mmHg in younger and 48-62 mmHg
in older women).!2"14

Anorectal parameters measured with HRM and
portable manometry were of comparable utility for
discriminating between the controls and patients with
constipation and FI, which also supports the criterion
validity of the device.!' Anal resting and squeeze
pressures measured by HRM and portable manometry
were lower in women with FI than in controls even
after adjusting for age.'® !7 Likewise, rectal pressure,
minimum anal pressure, and the rectoanal gradient
during simulated evacuation measured with HRM and
portable manometry discriminated between partici-

pants with a normal and prolonged BET, which is
indicative of pelvic floor dysfunction. Many healthy
women had a negative rectoanal gradient during
simulated evacuation with HRM,*'® and to a lesser
extent, with portable manometry, which highlights
the limited utility of this variable for discriminating
between healthy people and patients with defecatory
disorders.

During rectal balloon distention, sensory thresholds
measured by both devices were correlated and not
significantly different. Although different, the balloons
used for HRM and portable manometry have similar
dimensions at comparable distending volumes, i.e., for
HRM, balloon dimensions at 60 mL (48-mm long and
46-mm wide) and 120 mL (60-mm long and 58-mm
wide) and for portable manometry, at 60 mL (50-mm
long and 51-mm wide) and 120 mL (53-mm long and
63-mm wide). As observed previously,'®?° rectal sen-
sory threshold volumes measured by portable manom-
etry were lower in FL

This bedside device is portable, hence offers conve-
nience. While the precise time required to conduct the
procedure depends on rectal sensation {i.e., the pres-
sure required to reach urgency), in general, data
acquisition takes 10 min or less. Thereafter, the pro-
gram uses the event markers identified during data
collection to summarize anorectal parameters in a
report, which generally takes 2 min.

While the study was conducted with rigorous tech-
niques, it has its limitations. We enrolled only 20
healthy women because the objective was to validate
pressure measurements rather than generate normal
values. A larger dataset of healthy participants is
necessary to define normal values for portable manom-
etry in men and women, particularly because normal

© 2015 John Wiley & Sons Ltd



values are lower with portable than HRM. Further
studies should assess the usability of this device for
experienced and novice users. In summary, our obser-
vations suggest that anorectal pressures and rectal
sensation can be conveniently and accurately mea-
sured by portable manometry.
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