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Background/Aims

Biofeedback therapy is widely used to treat patients with chronic constipation, especially those with dyssynergic defecation. Yet, the
utility of high-resolution manometry with novel parameters in the prediction of biofeedback response has not been reported. Thus,
we constructed a model for predicting biofeedback therapy responders by applying the concept of integrated pressurized volume in
patients undergoing high-resolution anorectal manometry.

Methods

Seventy-one female patients (age: 48-68 years) with dyssynergic defecation who underwent initial high-resolution anorectal
manometry and subsequent biofeedback therapy were enrolled. The manometry profiles were used to calculate the 3-dimensional
integrated pressurized volumes by multiplying the distance, time, and amplitude during simulated evacuation. Partial least squares
regression was performed to generate a predictive model for responders to biofeedback therapy by using the integrated pressurized
volume parameters.

Results

Fifty-five (77.5%) patients responded to biofeedback therapy. The responders and non-responders did not show significant differences
in the conventional manometric parameters. The partial least squares regression model used a linear combination of eight integrated
pressurized volume parameters and generated an area under the curve of 0.84 (95% confidence interval: 0.76-0.95, P < 0.01), with
85.5% sensitivity and 62.1% specificity.

Conclusions

Integrated pressurized volume parameters were better than conventional parameters in predicting the responsiveness to biofeedback
therapy, and the combination of these parameters and partial least squares regression was particularly promising. Integrated
pressurized volume parameters can more effectively explain the physiology of the anorectal canal compared with conventional
parameters.
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Introduction

Recent developments of high-resolution anorectal manometry
(HRAM) have allowed for precise anorectal pressure measure-
ments to be obtained using densely arranged catheter sensors."”
HRAM is a basic technique used to diagnose constipation, but
it is more advanced than conventional manometry. Conventional
anorectal manometry has limitations involving data analysis and
signal interpretation because it relies on linear waves emitted from
single sensors that are intermittently spaced. HRAM provides
color-contoured topographic plots based on the distance, time, and
amplitude, whereas conventional manometry solely generates linear
plots of amplitude signals. However, although HRAM provides
a considerable amount of information, we still use the parameters
from conventional manometry linear waves, which form the basis of
the current diagnostic criteria.

In a previous study, we attempted to precisely measure anal
canal muscular contractility using HRAM.”” We reported the
potential utility of integrated pressurized volume (IPV), which can
be calculated by multiplying the distance, time, and amplitude. The
TPV is the volume under the HRAM surface plot, and the IPV pa-
rameters and their combination through partial least squares regres-
sion (PLSR) could predict the results of delayed balloon expulsion
(BE) tests.”

Biofeedback therapy (BEFT) is commonly used for patients
with chronic constipation, especially those with dyssynergic def-
ecation (DD).* Three randomized controlled trials showed that
BFT resulted in superior outcomes over other modes of therapy
such as polyethylene glycol, diazepam, and sham feedback therapy,

with a success rate of 70-81%.”” Moreover, in our previous study,

BEFT showed long-term effectiveness in patients with dyssynergic
defecation after a median follow-up of 44 months."” Despite these
encouraging results, a considerable proportion of patients with DD
do not respond to BFT] and there are conflicting reports regarding
the parameters that can be used to predict the BFT success rate.'™*
Moreover, no reports have been published describing the use of
HRAM with spatiotemporal plotting. Thus, we aim to demonstrate
the correlation between IPV and BFT responders during simulated
evacuation (SE) and use IPV to generate a predictive model for the

response to BET.

Materials and Methods

Study Population

In total, 104 female patients with constipation who underwent
more than 3 sessions of BET at Asan Medical Center from Sep-
tember 2011 to September 2015 were screened for this study. El-
evation of the rectal pressure by > 1 standard deviation (SD) from
the mean value and relaxation of the anal sphincter by > 20% of the
baseline anal sphincter tone during SE. was considered normal def-
ecation.”"* Dyssynergia was diagnosed as ineffective rectal propul-
sion (< 1 SD from the mean value or < 25 mmHg [mean, 55.51
mmHg; SD, 30.53 mmHg in asymptomatic normal volunteers])
or paradoxical anal contraction during SE. These values were ob-
tained from a previously published study involving a normal healthy
population using a HRAM catheter in our center.”*"™"* In Rao’s
study,"” these patterns were classified as 4 abnormal patterns includ-
ing paradoxical anal contraction with adequate propulsive force (type
I) or without (type 1I), or incomplete anal relaxation with adequate
propulsive force (type I1I) or without (type IV). We excluded 5 pa-
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104 female patients with constipation
underwent biofeedback therapy for > 3 sessions
from September 2011 to September 2015

Excluded:

Do not meet the criteria for dyssynergic defecation (n = 5)
Rectal hyposensitivity without dyssynergic defecation (n = 28)

Figure 1. Flowchart of the study pa-

A,

71 female patients underwent
biofeedback therapy

v v
Responder (n = 55) Non-responder (n = 16)
(77%) (23%)

tients whose medical records did not meet the criteria for DD. We
also excluded 28 patients with rectal hyposensitivity without DD
because the BE protocol was different. Finally, 71 female patients
with DD (age: 48-68 years) were included in the study (Fig. 1).
Written informed consent was obtained from all participants. This
study was approved by the Institutional Review Board of Asan
Medical Center, Seoul, South Korea (Approval No. 2012-0082,
2013-1052, and 2014-0282).

Data Assessment and Study Protocol

Anorectal physiologic tests were conducted prior to BET. All
patients underwent HRAM and BE testing, and subsequently,
BFT. Before and after BE'T] all patients completed the Rome 111
criteria-based structured questionnaires composed of 6 aspects of
constipation symptoms. The questionnaires evaluated stool fre-
quency, hard stool frequency (Bristol stool form scales 1-2), the fre-
quency of manual maneuvers for the facilitation of defecation, and
severity using self-reported numeric scales (visual analog scales) for
straining (0 = absent, 10 = severe), sensation of incomplete evacu-
ation (0 = absent, 10 = severe), sensation of anorectal obstruction
(0 = absent, 10 = severe), and global bowel satisfaction (GBS)
(0 = dissatisfaction, 10 = satisfaction). By referring to a previous
study,’ we defined responders as those who showed a 3-point in-
crease or higher in the GBS score after BE'T or a 2-point increase if

the baseline GBS score was higher than 6 points.

Anorectal Physiologic Tests

All patients underwent an initial HRAM using sensors with
a length of 6 cm and 23 channels (Sandhill, Highland Ranch,
CO, USA). All standard procedures were performed by a single
experienced nurse. The procedural details are described in a paper
published previously by our center." With the patient assuming the
left lateral decubitus position, the manometry catheter was inserted

tient selection process. Five patients not
satisfying the dyssynergic defecation
(DD) criteria were excluded, as were
28 patients who presented with rectal
hyposensitivity only. Finally, 71 female
patients with DD were enrolled in this
study.

into the rectum. The catheter had a latex balloon on its tip, and the
anal canal sensors and rectal pressure sensors were separated by 10
mm to measure the pressure of the anterior, posterior, right, and left
quadrants. To calculate the mean sphincter pressure, the pressure
values recorded by the anal sensors were averaged. The pressure
values during resting, squeezing, and SE, as well as the minimal
volumes for the first sensation, rectoanal gradient, rectoanal inhibi-
tory reflex, desire to defecate, and urgency were reported.”’ The
defecation index (DI) was calculated as the ratio of rectal pressure
to anal residual pressure during straining.™"” A rectal BE test was

performed, and an elapsed time < 1 minute was considered suc-

cessful.

Biofeedback Therapy

Details of the BET protocol have been published previously.*'’
In brief, the BE'T comprised a 40-60-minute session, performed
once or twice a week, using electromyography (Orion Platinum;
SRS Medical Systems, Redmond, WA, USA). An abdominal
sensor probe was attached to the abdomen, and surface electromy-
ography was performed in the anal canal during a sham defecation.
The patient practiced increasing the voluntary strength of the ex-
ternal sphincter while looking at the graph of the electrical activity.
Additionally, the protocol included an abdominal push effort with
anal relaxation synchronized with strain, BE retraining, and rectal
sensory retraining, while modifying inappropriate responses. An

experienced therapist performed all of the BET procedures.

Data Analysis

The MATLAB program (MathWorks, Natick, MA, USA)
was used to analyze the HRAM profiles during SE. The pressure
signals during SE. from the rectum to the anus (6-cm and 1-cm
from the distal tip of the catheter, respectively) were divided into
five 1-cm-separated regions (Fig. 2A). The 5 regions’ IPVs were
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Figure 2. Four categories of integrated
pressurized volumes (IPVs) from the
rectum to the anal canal. (A) Catego-
rization of the pressure signals during
simulated evacuation from the rectum
to the anus into § regions. (B-E) IPVs
from the lower portion (blue), upper

portion (red), and the IPV ratio.

calculated by multiplying the time, distance, and amplitude during
SE. We recorded 4 types of IPV ratio: the IPV |, ratio (upper 1-cm
to the lower 4-cm), the IPV,; ratio (upper 2-cm to the lower 3-cm),
the TPV, ratio (upper 3-cm to the lower 2-cm), and the TPV, ratio
(upper 4-cm to the lower 1-cm) (Fig. 2B-E). The IPV of each re-
gion and the IPV ratios were then compared in order to identify the

values most closely associated with the response to BF'T.

Statistical Methods

Categorical variables were analyzed using Fisher’s exact test,
and numeric values were compared using Mann—Whitney U  test
or Student’s t test. Continuous variables are reported as median (in-
terquartile range) or mean = SD. Receiver operating characteristic
(ROC) curve analysis was performed to determine the cutoff values
of significant parameters that maximize the specificity and sensitiv-
ity. All statistical analyses were performed using IBM SPSS Statis-
tics for Windows, version 21 (IBM Corp, Armonk, NY, USA). P-
values < 0.05 were considered statistically significant.

PLSR is a recently developed technique similar to principal
component analysis, and is able to generalize and combine features
from multiple regression analysis and principal component analy-

. 2122
S1S.

PLSR is useful for predicting a set of correlated variables
from a large set of independent variables." We applied the PLSR
technique to predict BE'T responders or non-responders based on
the correlations between the IPVs and the anorectal parameters. We
used numerous and collinear IPV parameters that represent the X
and Y matrices of the BFT results, and applied the PLSR tech-
nique to calculate the linear decomposition of predictors (X) and

responses (Y); X was calculated as TP’ + E and Y was calculated
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as UQ’ + E, where and P’ and Q’ are the matrices of the loadings
and T and U are the matrices of the scores. Finally, PL.SR was
used to construct estimates of the linear regression between X and
YasY = XW + E. The MATLAB toolbox (MathWorks USA)
for the PL.SR model was used to run the algorithm (Supplementary
Fig. 1).

The leave-one-out cross-validation method was used to train
and test the performance of the BET responders’ model.”” The
scheme selected 70 cases to train the model in each model training

and testing iteration.

Results

Baseline Characteristics

Among the 71 patients, 55 (77.5%) showed responsiveness to
BEFT. The baseline clinical and conventional anorectal manometric
parameters of the patients according to the response to BET are
shown in Tables 1 and 2. All patients had rectoanal inhibitory reflex
for each rectal distension volume (10-20 mL), and there were no
significant differences between the 2 groups in terms of age, body
mass index, and underlying diseases (Table 1). The median dura-
tions of the constipation symptoms were 9 and 10 years among the
responders and non-responders, respectively. Among the patients
with DD who underwent a colonic transit time study, 14 (57.7%)
had coexisting slow transit constipation. The baseline symptoms
were not significantly different between the responders and non-
responders. The GBS scores and all aspects of the constipation

symptoms, except for the hard stools, improved after BEFT (P <
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Table 1. Comparison of the Baseline Clinical Characteristics Between the Responders to Biofeedback Therapy and Non-responders

Characteristics BFT responders (n = 55)  BET non-responders (n = 16) P-value
Age (yr) 58 (48-68) 56 (44-70) 0.910
BMI (kg/m?) 21.4(19.6-24.8) 24.1 (21.3-26.4) 0.100
Underlying disease
Diabetes mellitus 6(10.9) 4(25.0) 0.220
Parkinson’s disease 2(3.6) 1(6.3) 0.540
Cerebral infarction 1(1.8) 1(6.3) 0.400
Lower abdominopelvic surgery 5(9.1) 2(12.5) 0.650
Spinal surgery 5(9.1) 3(18.8) 0.370
Hysterectomy 5(9.1) 3(18.8) 0.370
Hemorrhoidectomy 8 (14.5) 3(18.8) 0.700
Use of laxative 10 (18.2) 3(18.8) > 0.999
Symptom duration (yr) 9(2-20) 10 (2-28) 0.410
Number of BFT sessions 4(3-4) 4 (4-5) 0.120
Baseline symptoms
Bowel movements < 3/wk 21(38.2) 8 (50.0) 0.400
Hard stool = 25% 20 (36.4) 3(18.8) 0.190
Manual maneuvers to facilitate defecation = 25% 12 (21.8) 2(12.5) 0.500
Straining, VAS* 8 (5-10) 7 (5-10) 0.520
Sensation of incomplete evacuation, VAS* 5(3-8) 5(4-9) 0.860
Sensation of anorectal obstruction, VAS* 3(0-9) 6(5-9) 0.090
GBS’ 3(0-5) 5 (1-6) 0.050
Symptoms immediately after BE'T
Bowel movements < 3/wk 4(7.3) 6(37.5) 0.010
Hard stool = 25% 2(3.6) 0(0.0) > 0.999
Manual maneuvers to facilitate defecation = 25% 2(3.6) 1(6.3) 0.540
Straining, VAS' 5 (4-6) 7 (5-10) 0.030
Sensation of incomplete evacuation, VAS* 2(0-4) 5(4-8) < 0.01
Sensation of anorectal obstruction, VAS* 0 (0-0) 5(0-7) <0.01
GBS® 8 (6-8) 5(1-7) <0.01
Willingness to participate 7 (5-8) 6(5-8) 0.240
Slow transit constipation 33 (60.0) 8 (50.0) 0.720
Balloon expulsion time (sec) 15 (6-300) 31 (11-300) 0.150
Delayed balloon expulsion 19 (34.5) 7 (43.8) 0.500

“0: absent, 10: severe.
°0: dissatisfaction, 10: satisfaction.

BMI, body mass index; BEF'T, biofeedback therapy; VAS, visual analog scale; GBS, global bowel satisfaction.

Data are presented as median (interquartile range) or n (%).

0.01). Additionally, 18.0% of the responders used laxatives at base-
line, and the use of laxatives did not differ before and after BFT.
Other conventional manometric findings were comparable between
the groups (Table 2). Conventional manometric findings were
compared between BET responders and non-responders according
to dyssynergia type. We found that the most common type is type
I dyssynergia in BE'T responders (50.9%) and type II dyssynergia
in BFT non-responders (43.8%) without significant differences
between groups (P = 0.550). Regarding to defecation index, sig-

nificant differences were not observed between 2 groups without

612

balloon distension (P =0.090) and with balloon distension (P =
0.980).

Novel Manometric Parameters

Figure 3 shows the representative images of the patients who
failed the BE test before BF'T, and those for whom the BE test was
successful after BE'T. Figures 3A and 3C present 3-dimensional
surface plots of the pressure data used to calculate the IPVs. Figures
3B and 3D present the representative manometric cylinder plots.

When the new manometric parameters were compared, the

Journal of Neurogastroenterology and Motility
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Table 2. Comparison of the Conventional Manometric Parameters Between the Responders and Non-responders

BET responders (n = 55)

BFT non-responders (n = 16)

Variables Median 25th th e 25th 7sth el
percentile  percentile percentile  percentile

Anal resting pressure (mmHg) 28.00 24.00 38.00 30.50 26.25 38.45 0.240
Anal squeezing pressure (mmHg) 67.00 47.00 86.00 74.00 61.75 97.75 0.110
Minimal sense (mL) 20.00 10.00 30.00 15.00 10.00 20.00 0.250
Desire to defecate (mL.) 60.00 50.00 90.00 60.00 60.00 67.50 0.760
Urge sense (mL) 110.00 100.00 150.00 100.00 82.50 120.00 0.130
Maximal volume of tolerance (mL) 160.00 130.00 210.00 120.00 105.00 177.50 0.030
Compliance 5.00 2.75 8.00 5.00 3.25 11.75 0.670
Simulated evacuation without balloon distension

Maximal rectal pressure (mmHg) 47.30 34.10 60.40 44.75 28.50 66.65 0.800

Residual anal pressure (mmHg) 24.40 9.20 40.20 37.80 13.75 48.48 0.210

Defecation index 1.70 1.02 6.40 1.25 0.74 1.98 0.090

Rectoanal gradient (mmHg) 14.90 1.20 42.40 12.05 —12.93 28.73 0.290
Simulated evacuation with balloon distension

Maximal rectal pressure (mmHg) 47.4 29.3 63.9 47.10 33.80 62.38 0.650

Residual anal pressure (mmHg) 19.80 10.90 37.40 20.50 15.95 40.18 0.800

Defecation index 1.90 1.03 6.00 1.85 1.17 4.68 0.980

Rectoanal gradient (mmHg) 17.60 1.60 41.10 25.25 5.05 43.28 0.690
Dyssynergia 0.550

Type I dyssynergia 28 (50.9) 6(37.5)

Type 11 dyssynergia 14 (25.5) 7 (43.8)

Type I1I dyssynergia 9(16.4) 3(18.8)

Type IV dyssynergia 2(3.6) 0(0.0)

Unclassified dyssynergia (delayed relaxation) 2(3.6) 0(0.0)

BFT, biofeedback therapy.

Data are presented as median (interquartile range) or n (%).

responders had significantly lower values of the IPVs (upper 1-cm,
upper 2-cm, and upper 3-cm portions) and the IPV, and 1PV,
ratios with balloon distension compared with the non-responders
(Table 3). ROC curve analysis showed that the IPVs of the upper
1-cm portion showed the best performance for predicting respond-
ers (area under the curve [AUC], 0.74; 95% confidence interval
[CI], 0.63-0.80; P < 0.01) (Fig. 4A). At the optimal cutoff value,
the sensitivity and specificity were 74.6% and 75.0%, respectively.

Partial Least Square Regression Models Using Novel
Manometric Parameters

By using the MATLAB program, we selected 24 novel IPV
parameters for maximizing the AUC. By using these parameters,
the PL.SR model showed an AUC of 0.94 (95% CI, 0.86-1.00; P
< 0.01), with a sensitivity of 90.1% and specificity of 87.5%. To
select the variables that most contributed to each component, the

PLSR method was used. To maximize the performance, manual

Vol. 28, No. 4 October, 2022 (608-617)

selection procedures were employed for selecting the variables.
Figure 4B illustrates the ROC curves according to the number of
IPV parameters using the PLLSR model. We were able to achieve
the best prediction (AUC, 0.84; 95% CI, 0.76-0.95; P < 0.01)
when the following 8 parameters were used: the IPV of the upper
l-cm portion, IPV,, ratio, IPV,; ratio, and IPV,, ratio, all with or
without balloon distension. At the optimal cutoff value, the sensitiv-
ity was 85.5% and the specificity was 62.1%. When using a cutoff
value of 0.44, the positive predictive value was 88.7% and the nega-
tive predictive value was 55.6%. The predicted probabilities for the
responders are described in Supplementary Figure 1. We also per-
formed a leave-one-out cross-validation test. The data were divided
into a training set and a test set, and the performance was averaged
out; consequently, we achieved 79.0% sensitivity and 69.0% speci-
ficity (Supplementary Fig. 2).
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Figure 3. Three-dimensional (3D) representative manometric traces from a patient during simulated evacuation before/after the biofeedback ther-
apy (BFT). (A) Pre-BFT surface plot of pressures in patients who failed the balloon expulsion test. (B) Pre-BET 3D pressure cylinder manomet-
ric traces in patients who failed the balloon expulsion test. (C) Post-BFT surface plot of pressures in patients who passed the balloon expulsion test.
(D) Post-BET 3D pressure cylinder manometric traces obtained from a patient who passed the balloon expulsion test. (A, C) X-axis, Y-axis, and
Z-axis depict the time (seconds), distance from the anus (cm), and pressure (mmHg), respectively. (B, D) X-axis and Y-axis represent the pressure
(mmHg) along the 4 cardinal directions (north, south, east, and west), and the Z-axis represents the distance from the anus (cm).
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Figure 4. Receiver operating characteristic (ROC) curve analysis of the integrated pressurized volumes (IPV). (A) ROC curve of the IPV of the
upper 1-cm portion with balloon distension. (B) The ROC curve according to the number of IPV parameters using a partial least squares regres-

sion model. AUC, area under the curve.
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Table 3. Comparison of the New Manometric Parameters Between the Responders and Non-responders

IPVin BFT

BET responder (n = 55)

BFT non-responder (n = 16)

Variables Median 25th 7sth Median 25th 7sth P-value
percentile  percentile percentile  percentile
Simulated evacuation without balloon distension
Upper 1-cm IPV (mmHg:sec-cm) 174.90 103.44 235.33 239.10 140.01 316.53 0.100
Lower 4-cm IPV (mmHg-sec-cm) 292.14 226.51 373.62 354.17 268.05 429.00 0.090
Upper 1-cm vs lower 4-cm ratio of IPV 0.59 0.41 0.86 0.64 0.54 0.76 0.500
Upper 2-cm IPV (mmHg-sec-cm) 190.83 155.06 289.34 243.11 169.98 354.38 0.150
Lower 3-cm IPV (mmHg:-sec-cm) 312.64 246.70 409.84 387.80 306.34 473.64 0.070
Upper 2-cm vs lower 3-cm ratio of IPV 0.67 0.50 0.88 0.72 0.52 0.87 0.660
Upper 3-cm IPV (mmHg-sec-cm) 223.60 180.71 323.38 279.07 205.49 389.92 0.110
Lower 2-cm IPV (mmHg:sec-cm) 327.00 248.36 462.56 397.08 344.80 482.40 0.080
Upper 3-cm vs lower 2-cm ratio of IPV 0.71 0.52 0.93 0.73 0.61 0.93 0.460
Upper 4-cm IPV (mmHg-sec-cm) 261.07 201.95 338.97 301.19 242.58 401.05 0.120
Lower 1-cm IPV (mmHg-sec-cm) 333.57 221.97 445.83 421.22 286.69 507.97 0.100
Upper 4-cm vs lower 1-cm ratio of IPV 0.79 0.62 1.00 0.79 0.67 0.94 0.860
Duration of simulated evacuation 7.30 6.50 8.20 7.15 5.90 7.95 0.480
Simulated evacuation with balloon distension

Upper 1-cm IPV (mmHg-sec-cm) 189.19 99.57 255.44 267.32 240.23 369.14 < 0.01
Lower 4-cm IPV (mmHg:-sec-cm) 285.17 219.46 391.53 359.74 257.49 402.33 0.150
Upper 1-cm vs lower 4-cm ratio of IPV 0.64 0.41 0.89 0.80 0.63 1.02 0.050
Upper 2-cm IPV (mmHg-sec-cm) 209.99 143.10 334.90 302.35 239.05 377.81 0.020
Lower 3-cm IPV (mmHg:sec-cm) 303.15 22791 418.03 362.98 248.77 433.30 0.330
Upper 2-cm vs lower 3-cm ratio of IPV 0.68 0.51 0.90 0.84 0.74 1.15 0.020
Upper 3-cm IPV (mmHg:sec-cm) 229.05 166.37 361.15 312.14 244.40 390.77 0.040
Lower 2-cm IPV (mmHg:sec-cm) 303.17 233.95 422.06 366.24 253.46 467.72 0.390
Upper 3-cm vs lower 2-cm ratio of IPV 0.74 0.57 0.97 0.85 0.71 1.24 0.090
Upper 4-cm IPV (mmHg-sec-cm) 247.11 198.32 358.13 312.92 273.32 375.24 0.060
Lower 1-cm IPV (mmHg-sec-cm) 299.66 217.38 410.41 331.83 239.87 538.63 0.360
Upper 4-cm vs lower 1-cm ratio of IPV 0.81 0.60 1.12 0.89 0.67 1.26 0.460
Duration of simulated evacuation 8.10 7.10 9.20 8.00 7.03 9.60 0.900

BFT, biofeedback therapy; IPV, integrated pressurized volume.

Discussion

In our study, the BET responders and non-responders did
not show significant differences in the conventional manometric
parameters. However, our results show that the IPV parameters can
predict responsiveness to BET better than the conventional param-
eters. Therefore, the combination of the IPV parameters obtained
using PLSR is a promising predictive method.

Overall, BFT improved the DD symptoms in approximately
70-80% of the included patients. Our current results are in line with
those of several other previously published studies.””** Although
BET is safe and effective, it is also labor-intensive and requires

patient prioritization. Several predictive factors of the success rate

have been described for DD, including older age, patient motiva-
tion, stool consistency, pelvic floor dysfunction, inability to evacuate
a 40-mL balloon, presence of dyssynergia with the absence of ab-
dominal pain, > § BFT sessions, and low DI during straining.*"""*
However, the results of these previous studies are inconsistent, and
the discordant results hinder clinicians from determining which
patients are most likely to show desired outcomes after BF'T. Also,
these parameters are based on the previously used linear wave sig-
nals from manometry sensors. Therefore, we used a new technology
(MATLAB) to postulate or assess the factors that would result in
favorable BF'T outcomes using HRAM based on spatiotemporal
plots.

Using HRAM, we determined which factors are important
for predicting BE'T outcomes for female patients with chronic con-
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stipation and DD. We demonstrated that IPV parameters can be
used to predict the responsiveness of women with DD to BET. IPV
parameters are superior to conventional parameters more effectively
explaining the physiology of the anorectal canal.” For the first time
in the literature, we showed that the IPV of the upper 1-cm portion
was associated with successful BE'T outcomes. Compared with
non-responders, the BET responders had significantly lower values
of IPVs of the upper 2- and 3-cm portions as well as the IPV |, and
IPV,; ratios with balloon distension. The IPVs of the upper 1-,
2-, and 3-cm portions represent the rectal pressure better than the
conventional manometric parameters. In our previous study, the
TPV was found to represent the muscular contractility of the entire
anal canal; this is especially relevant for the IPV,, ratio, which may
be useful as a marker of the rectoaxial force.”* The IPV,, and IPV,,
ratios during SE can explain the rectoaxial force more precisely than
the previously used DI, which is based on the linear wave signals at
a given time during SE. Consequently, low IPVs of the upper 1-,
2-, and 3-cm portions, and low IPV,, and IPV,, ratios are features
of DD. In this study, the previously meaningful parameter (the
1PV, ratio) used during SE. with balloon distension showed a mar-
ginal significance between the BE'T responders and non-responders
(P = 0.050) (Table 3). However it failed to show statistical signifi-
cance, which we believe may have been due to the small sample size.
Considering that the IPV is a quantitative measurement based
on HRAM spatiotemporal plots, this model allows easy compre-
hension and identification of abnormalities compared to the previ-
ous model. Moreover, the combination of 8 IPV parameters (IPV
of the upper 1-cm portion, and the IPV,, IPV,,, and IPV, ratios
with and without balloon distension) can improve the prediction
of BEFT responders using PLLSR analysis. The development of the
equation only required a few seconds in the MATL.AB program.
Conventional anorectal parameters have the following limita-
tions. Hirst, these parameters are not always correlate with patients’
symptoms. One study showed that predictions about patient
continence cannot be made with conventional resting and squeez-
ing pressures.”’ Second, the novel parameters, including the
HRAM squeeze profile and HRAM resting integral, detected
anal hypocontractility better than the conventional parameters; this
significantly increased the diagnostic accuracy for discriminating
between 403 patients with fecal incontinence and 85 healthy con-
trol subjects.” In our previous study, the IPV,, ratio and PLSR
method significantly discriminated between the symptoms of hard
stools and anorectal obstruction sensation for > 25% of the bowel
movements. The conventional parameter is based on a linear wave-

form and may not be reflective of the patients’ symptoms, whereas

IPV is better at predicting BE'T responders because it conveys the
symptoms well. We believe that these novel parameters explain the
anorectal pathophysiology better than conventional parameters.

This study has some limitations. A previous study demon-
strated a significant improvement in DD, a higher rectal pressure,
and a lower anal sphincter residual pressure than the baseline values
with follow-up anorectal manometry.”” However, our study did not
show these improvements using the IPV parameters with follow-
up manometry due to the high number of patients lost to follow-up.
Nevertheless, some of these patients showed improvements with the
new [PV parameters, but not with the conventional parameters (Fig.
3). In addition, this study had limitations inherent to the nature of
a retrospective, single-center study. Exclusion of patients made the
sample size small. A large-scale, prospective study is needed to con-
firm these findings.

This study shows clinically meaningful results. IPV parameters
can be used to predict responsiveness to BE'T better than conven-
tional parameters, especially for female patients with DD. A combi-
nation of IPV parameters using PLSR was superior to conventional
parameters in predicting the BE'T responsiveness and explaining
the physiology of the anorectal canal. The current data and the pre-
dictive model may be useful for clinicians in prioritizing patients for

treatment with anorectal BFT.
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