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Background/Aims
We aimed to evaluate associations between comorbidities, peripheral neuropathy, and spontaneous internal anal sphincter relaxation
(SAR) in patients with defecatory disorders.

Methods

A patient was considered to exhibit SAR during high-resolution anorectal manometry (HR-ARM) when the nadir pressure is < 15
mmHg and the time from onset to relaxation was > 15 seconds in the resting pressure frame. A case-control study was performed
using HR-ARM data collected from 880 patients from January 2010 to May 2015. We identified 23 cases with SAR (median age 75
years; 15 females; 12 fecal incontinence and 11 constipation). We compared HR-ARM values, Charlson index comorbidity scores,
neuropathy, and the prevalence of diseases that potentially cause neuropathy between controls and SAR patients. Each SAR case was
compared to 3 controls. Controls were selected to match the age, gender, and examination year of each SAR case.

Results

Compared to controls (26.1%), SAR patients (52.2%) exhibited a significantly higher frequency of fecal incontinence. SAR patients
also had higher Charlson index scores (5 vs 4, P = 0.028). Nine of 23 SAR patients (39.1%) exhibited peripheral neuropathy— this
frequency was higher than that for the control group (11.6%; P = 0.003). Diseases that potentially cause neuropathy were observed
in 17 of 23 SAR cases and 32 of 69 controls (P = 0.022).

Conclusions

SAR develops in patients with constipation and fecal incontinence but is more common in patients with fecal incontinence. Our
controlled observational study implies that SAR is associated with peripheral neuropathy and more severe comorbidities.
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Introduction

The internal anal sphincter (IAS) contributes approximately
70% of the resting anal pressure and plays a crucial role in main-
taining continence.' This pressure represents the tonic activity of
the TAS. On the other hand, IAS relaxation is needed to trigger the
rectoanal inhibitory reflex (RAIR) and defecation reflex.” The TAS
dysmotility spectrum includes TAS degeneration, scleroderma, ra-
diation toxicity, diabetes mellitus, anal fissures, and internal sphinc-
ter achalasia.” The clinical phenotype of TAS dysmotility diseases
may feature chronic constipation or fecal incontinence. Previously,
the IAS tone was attributed to the contractile mechanism of smooth
muscle cells (ie, myogenic activity).” However, growing evidence
indicates that the interstitial cells of Cajal (ICCs), which generate
slow waves and are present in the IAS, participate in tone genera-
tion.” Recent studies found that the TAS tone is associated with the
sum of phasic events.”’

Anorectal manometry (ARM) is a well-established tool that is
used to explore the pathophysiology of patients with chronic con-
stipation and fecal incontinence.”” Recently, high-resolution ARM
(HR-ARM), which incorporates a large number of closely-spaced
pressure sensors, is increasingly used in clinical practice, as its spa-
tiotemporal resolution is better than that of conventional ARM.'
Spontaneous and transient IAS relaxation episodes have been
reported to develop during ARM evaluation of resting anal pres-
sure’; such events were termed “spontaneous internal anal sphincter
relaxation (SAR),” which indicates unstable IAS tonic contraction,
likely plays a major role in the development of fecal incontinence.”""
Although 20 years have passed since SAR was first described, no
other study (to our knowledge) has specifically investigated SAR
in constipated patients. A subset of incontinent and constipated
patients may share similar IAS characteristics, such as a patulous
anus (ie, a low resting anal tone). This condition is associated with
severe anal injury but may also be caused by anal denervation."
The cause of SAR is unclear, and its clinical implications are poorly
understood. It is possible that SAR may reflect an imbalance be-
tween the inhibitory IAS innervation by neuronal nitric oxide and
the excitatory innervation by neuronal acetylcholine, causing an in-
complete summation of the phasic waves. Therefore, the association
between SAR and peripheral neuropathy should be investigated.
Peripheral neuropathy causes considerable morbidity and mortality
in diabetic patients.” Additionally, fecal incontinence and chronic
constipation may increase mortality risks in older patients, although

more research needs to be done on this topic.""" The Charlson co-
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morbidity index (CCI) score is an indicator of mortality in patients
with chronic diseases.'® Therefore, in this study, we evaluated asso-
ciations among peripheral neuropathy, CCI scores, and SAR status
in patients with defecatory disorders.

Materials and Methods

Study Subjects

Between August 2010 and May 2015, 880 patients with
defecatory disorders were referred for HR-ARM at our motility
clinic at Soonchunhyang University Seoul Hospital, Korea (Fig.
1). A defecatory disorder was defined as a structural or functional
abnormality of the anorectum or pelvic floor associated with def-
ecatory symptoms such as difficult defecation, fecal incontinence,
and/or anorectal pain. Of these, 279 patients were excluded from
our study because they had undergone repeated examinations,
had an incomplete clinical assessment, or had incomplete HR-
ARM assessments—ie, the time allowed for adjustment prior to
recording resting anal pressure was inadequate (< 5 minutes). We
identified 23 cases exhibiting SAR. We compared each SAR case
to 3 controls. Controls were selected to match the age, gender, and
examination year of each SAR case. Controls meeting these criteria
were selected at random with the aid of R version 3.6.1 software
(the Matchlt package). This study was approved by the Institu-
tional Review Board of Soonchunhyang University Seoul Hospital
(SCHIRB-2019-05-001).

880 patients who undertook HR-ARM from
August 2010 to May 2015

279 excluded due to
1) Repeated examination
2) Incomplete assessment

A\ 4

y

601 met initial criteria

T,

Case group Control group
SAR (+) SAR (-)
(n=23) (n = 69)

Figure 1. Flow chart of study procedure. Patients were separated into
2 groups: (1) those exhibiting spontaneous internal anal sphincter
relaxation (SAR) and (2) the control group. Data from each SAR
patient were compared with 3 control patients. Control patients were
selected to match each SAR patient in terms of age, sex, and examina-
tion year. HR-ARM, high-resolution anorectal manometry.
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High-resolution Anorectal Manometry Procedure

HR-ARM was performed using a solid-state manometric as-
sembly featuring 12 circumferential sensors (outer diameter: 4.2
mm) spaced at 1-cm intervals (Sierra Scientific Instruments Inc,
Los Angeles, CA, USA) over 12 radially dispersed sectors. The
device uses proprietary pressure transduction technology (TactArray,
Sierra Scientific Instruments Inc); each pressure-sensing element
detects the pressure over a distance of 2.5 mm in each sector. The
catheter was placed in the rectum and the resting anal pressure mea-
sured after an adjustment period of at least 5 minutes. To evaluate
the squeezing anal pressure, pelvic floor dyssynergia, rectal sensa-
tion, and rectoanal inhibitory reflex, the following maneuvers were
performed: (1) 3 squeezing maneuvers for a maximum duration of
20-30 seconds, (2) 3 bearing-down maneuvers (simulated defeca-
tions) typically for 20-30 seconds, and (3) graded balloon inflation
in 10-mL increments from 0 mL to 100 mL, and thereafter in 20-
mL. increments to a maximum of 300 mL.. The threshold volumes
for the first sustained sensation, urge, and maximum discomfort
were recorded. We considered the patient to exhibit SAR when
the nadir pressure was < 15 mmHg and the time from onset to
relaxation was = 15 seconds in the resting pressure frame during
HR-ARM (Fig. 2). The extent of SAR agreement was assessed
with the aid of the kappa test (which evaluates whether the extent
of agreement is greater than what would be expected by chance).
Kappa values of 0.40 to 0.59, 0.60 and 0.74, and = 0.75 are consid-
ered reasonable, good, and excellent, respectively. In terms of SAR
diagnosis, the extent of agreement between the 2 gastroenterologists
(TH.L. and J.S.L..) was excellent (kappa = 0.85).

mmHg
1500

[ \
” Exte‘t'nal

5
|

|

|

|

|
oatent 7476 304

Balloon Expulsion Test

With patients lying in the left lateral position, a balloon con-
taining 50 mL of water was inserted into the rectum. Thereafter,
patients were given up to 3 minutes to evacuate the balloon (in
private) while sitting. Normal expulsion was defined as the ability to

expel the balloon within 1 minute.

Barium Defecography

All patients were asked to urinate before the study. No colonic
preparation was required. A paste containing 250 mL diluted
barium and 300 g potato starch was injected into the rectum by a
mechanical applicator resembling a caulking gun until the patient
reported a sustained desire to defecate. The patient was then seated
on a special commode with a radiolucent plastic seat to increase the
soft tissue density below the pelvis and buttocks. Examinations were
performed in the sitting position and lateral images were obtained
via digital fluoroscopy (Multipurpose Imaging System VesiFlex
VISTA; Hitachi Medical Corporation, Medical System Opera-
tion Group, Kashiwa, Japan). The study ended when the rectum
was empty or when the patient was not able to evacuate the rectal
contrast after at least 60 seconds of successive attempts to defecate.
Anorectal motion, rectal evacuation, and structural abnormalities
(eg, rectocele and rectal intussusception) were evaluated by an expe-
rienced gastroenterologist (TH.L..) blinded to the results of other
tests, at rest, during squeezing, at 30 seconds and 60 seconds after
defecation, and after patients went to the toilet. Based on data from
previous studies using healthy volunteers, evacuation of > 66% of

the rectal contrast within either 30 seconds'” or 60 seconds'® was de-
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Figure 2. A patient was considered to ex-
hibit spontaneous internal anal sphincter

I

relaxation (SAR) during high-resolution
anorectal manometry (HR-ARM) when
the nadir pressure was < 15 mmHg
ot and the duration from onset to relax-

oy ation was = 15 seconds in the resting
0.0 150.0°

pressure frame.
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fined as normal. Rectal prolapse was classified as recto-rectal, recto-
anal, or external.”” The location of the anorectal junction (AR]) was
measured relative to the upper surface of the commode at rest, and
during squeezing and evacuation. When the AR]J was above the
upper surface of the commode, the value was considered negative,

and vice versa.

Collected Data

We recorded the age, sex, body mass index, and clinical infor-
mation of each patient. Patients were considered to exhibit chronic
constipation if they met 2 of the following criteria over the last 6
months: (1) fewer than 3 bowel movements per week, (2) straining
during at least 25% of defecations, (3) lumpy or hard stools during
at least 25% of defecations, (4) a sensation of incomplete evacuation
after at least 25% of defecations, (5) a sensation of anorectal ob-
struction during at least 25% of defecations, and (6) the use of man-
ual maneuvers to facilitate at least 25% of defecations. Patients with
a Wexner score = 5 were considered to exhibit fecal incontinence.”
When patients exhibited both fecal incontinence and constipation,
we considered these patients as fecally incontinent only.

The CCI was developed to measure mortality risks associated
with comorbid diseases.'® The CCI assigns 1 point for each condi-
tion to a patient with a history of myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovascular disease
(a transient ischemic attack or cerebrovascular accident with few
or no residual problems), dementia, chronic pulmonary disease,
connective tissue disorders, peptic ulcers, mild liver disease, or dia-

betes in the absence of end-organ damage; 2 points for hemiplegia,
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moderate-to-severe renal disease, diabetes featuring end-organ
damage, non-metastatic tumors, leukemia, lymphoma, and my-
eloma; 3 points for moderate or severe liver disease; and 6 points for
metastatic solid tumors or acquired immunodeficiency syndrome.
In addition, 1 point is added to the score for every decade over 40
years of age.

Patients were considered to exhibit peripheral neuropathy if
the following criteria were met: patient exhibited typical clinical
symptoms such as weakness, sensory symptoms and deficits, and
reflex loss; symptoms matched diagnostic codes for several types of
peripheral neuropathy; and electrodiagnostic tests confirmed that
problems were localized to the peripheral nerves. We also assessed
underlying diseases or medications that might contribute to periph-
eral neuropathy; including diabetes, renal insufficiency, nutritional
deficiency, alcohol abuse, monoclonal gammopathy, and neurologi-

. 21
cal disease.

Statistical Methods

Quantitative and qualitative data are represented by median
values (with interquartile ranges [IQRs]) and percentages, respec-
tively. The Mann-Whitney, chi-squared, or Fisher’s exact test was
used (as appropriate) to compare clinical data and HR-ARM pa-
rameters between SAR and control patients. We also compared the
same parameters based on SAR status among patients exhibiting
constipation and fecal incontinence. The associations between SAR
status and balloon expulsion test (BET) and defecography test
results were also assessed for constipated patients. Differences were
considered statistically significant at P < (.05.

Table 1. Comparison of Demographic and Clinical Features Between Patients Exhibiting Spontaneous Anal Relaxation and Controls

Variables Controls SAR patients Povalue
(n=69) (n=23)

Number of females 47 (68.1) 15(65.2) 0.802
Median age (yr) 76 (65.6-81.5) 75 (70.0-82.0) 0.917
Median BMI (kg/m®) 22.2 (20.7-24.6) 21.6 (19.5-24.7) 0.427
Main indication 0.021

Number of patients with constipation 51(73.9) 11 (47.8)

Number of patients with fecal incontinence 18 (26.1) 12 (52.2)
Median Charlson comorbidity index 4(2.5-5) 5(4-7) 0.028
Number of patients with peripheral neuropathy 8 (11.6) 9(39.1) 0.003
Number of patients exhibiting diseases that potentially cause neuropathy 32 (46.4) 17 (73.9) 0.022
Number of diseases that potentially cause neuropathy 0 (0-1) 1(0-2) 0.014

“‘Each spontaneous anal relaxation (SAR) patient was matched with 3 control patients. Control patients were selected to match each SAR patient in

terms of age, sex, and examination year.
BMI, body mass index.

Data are represented as number (%) or median (interquartile range).
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Results

Clinical Features

Sex distribution, age, and body mass index were similar be-
tween the 2 groups (Table 1). HR-ARM was more frequently
indicated to assess fecal incontinence in SAR patients (52.2%) than
in controls (26.1%, P = 0.021). SAR patients (median score = 5)
had a higher median CCI score than controls (median score = 4, P
= 0.003). All patients exhibiting peripheral neuropathy evidenced
polyneuropathy. Peripheral neuropathy was also significantly more
common in SAR patients (39.1%) than in controls (11.6%, P =
0.022). There was a significant difference between the SAR patients
(72.7%) and the controls (41.2%) regarding the presence of dis-
eases that potentially cause peripheral neuropathy. Additionally, the
SAR patients had a significantly higher incidence of diseases that
potentially cause peripheral neuropathy. The following diseases were
associated with peripheral neuropathy: diabetes (n = 25), hypothy-
roidism (n = 19), alcohol abuse with/without vitamin deficiency (n
= 9), renal insufficiency (n = §), autoimmune conditions (n = 3),

chronic liver disease (n = 2), and lymphoma (n = 1).

High-resolution Anorectal Manometry Parameters
SAR patients exhibited lower rest and squeeze anal pressures
(Table 2). The median maximal resting pressures of SAR and
control patients were 14.9 (IQR, 12.4-19.8) mmHg and 45.4
(IQR, 32.8-60.5) mmHg, respectively (P < 0.001). SAR patients
exhibited a lower median maximal squeeze pressure than controls
(110.1 [IQR, 57.9-138.1] mmHg vs 137.6 [IQR, 89.8-184.8]
mmHg, P = 0.047). During the bearing-down maneuver, SAR
patients exhibited significantly lower residual anal and intrarectal
pressures than controls (P = 0.002 and P = 0.025, respectively).
The median residual anal pressures for SAR patients and controls
were 39.5 (IQR, 28.0-55.4) mmHg and 72.7 (IQR, 40.3-195.3)
mmHg, respectively, whereas the median intrarectal pressures for
SAR patients and controls were 21.2 (IQR, 7.3-39.4) mmHg and
33.8 (IQR, 18.2-54.0) mmHg, respectively. However, the thresh-
old volumes for the first sustained sensation, urge, and maximum

discomfort did not differ between groups.

Comparison of Spontaneous Internal Anal Sphincter
Relaxation and Control Patients With Constipation
We compared clinical data, HR-ARM parameters, and BET
and defecography test results between SAR patients and controls
with constipation (Table 3). Constipated patients with SAR had a

Table 2. Comparison of High-resolution Anorectal Manometry Parameters Between Patients Exhibiting Spontaneous Anal Relaxation and Con-

trols

Controls

SAR patients

Variables (n = 69) (n = 23) P-value

Resting stage 0.021

Maximal pressure (mmHg) 45.4 (32.8-60.5) 14.9 (12.4-19.8) < 0.001

Mean pressure (mmHg) 38.8 (27.6-54.7) 12.2 (10.5-15.8) < 0.001
Length of the HPZ (cm) 3.1(2.6-3.9) 3.1(2.5-3.7) 0.885
Squeezing stage

Maximal pressure (mmHg) 137.6 (89.8-184.8) 110.1(57.9-138.1) 0.047

Duration (sec) 7.7 (6.2-10.2) 6.1 (4-8.2) 0.019
Bearing-down stage

Residual anal pressure (mmHg) 72.7 (40.3-105.3) 39.5(28-55.4) 0.002

Percentage anal relaxation (mmHg) =77.0 (—141.5--20) —155.0 (—254--58) 0.14

Intrarectal pressure (mmHg) 33.8 (18.2-54.0) 21.2(7.3-39.4) 0.025

Rectoanal pressure gradient (mmHg) —30.3 (-57.0-14.9) —22.5 (-38--1.7) 0.085
Duration of sensations

First sensation (mL) 30 (20-40) 30 (20-40) 0.369

Urge sensation (mL) 70 (50-120) 60 (50-120) 0.978

Maximal tolerable sensation (mL.) 120 (80-160) 120 (60-180) 0.853

SAR, spontaneous anal relaxation; HPZ, high pressure zone.

Data are represented as median (interquartile range).
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Table 3. Comparison of Clinical Data and Physiologic Test Results Between Constipated Patients With and Without Spontaneous Anal Relaxation

Constipated patients Constipated patients

Variables without SAR with SAR P-value
(n=351) (n=11)
Clinical data
Number of females 32(62.7) 7 (63.6) > 0.999
Median age (yr) 76 (63.5-81.3) 71 (59.0-85.0) 0.796
Median BMI (kg/m?) 22.6(21.0-25.2) 23.0 (18.2-25.8) 0.714
Charlson comorbidity index 4 (3-5) 6 (3-7) 0.042
Incidence of peripheral neuropathy 5(9.8) 5(45.5) 0.011
Number of patients exhibiting diseases that potentially cause neuropathy 21(41.2) 8 (72.7) 0.057
Incidence of diseases that potentially cause neuropathy 0 (0-1) 1(0-2) 0.026
HR-ARM data
Maximal resting pressure (mmHg) 52.4 (36.4-68.1) 13.3 (12.0-18.6) < 0.001
Mean resting pressure (mmHg) 47.3 (32.4-61.7) 12.0 (10.4-15.2) < 0.001
Length of the HPZ (cm) 3.1(2.5-3.9) 3.0 (0.80-3.9) 0.692
Maximal squeezing pressure (mmHg) 151.5 (108.7-204.5) 114.7 (54.7-160.1) 0.061
Squeeze duration (sec) 7.5(5.4-9.6) 4.9 (4.0-8.0) 0.078
Residual anal pressure (mmHg) 82 (55.1-110.8) 34.4(25.9-41.3) 0.001
Percentage anal relaxation (%) —69 (—158-—18) —107 (—=349- —46) 0.131
Intrarectal pressure (mmHg) 42.6 (21.5-58.6) 16.9 (7.3-57.9) 0.092
Rectoanal pressure gradient (mmHg) —37.5 (=62.1--15.2) —19.6 (—38.0-22.5) 0.033
First sensation (mL.) 30 (20-40) 30 (20-40) 0.287
Urge sensation (mlL.) 70 (50-120) 60 (50-120) 0.683
Maximal tolerable sensation (mL) 120 (80-180) 130 (60-180) 0.963
Balloon expulsion test*
Number of patients that failed to expel balloon 21 (42.0) 3(27.3) 0.502
Median expulsion time (sec) 40 (10-180) 20 (8-180) 0.275
Defecography”
Incidence of impaired rectal emptying at 30 sec 38 (84.4) 4 (44.4) 0.019
Incidence of impaired rectal emptying at 60 sec 37 (87.2) 2(22.2) 0.001
Incidence of large rectocele 7(15.6) 1(11.1) > 0.999
Incidence of rectal intussusception 4(8.9) 1(11.1) > 0.999
Incidence of patulous anus 14 (31.1) 3(33.3) > 0.999
Location of AR]J at rest —0.8 (=1.7-0.9) 1.8 (0.4-2.4) 0.005
Location of ARJ during evacuation 2(0.4-3.1) 3.4 (1.6-6.4) 0.029

‘One constipated patient did not undergo the balloon expulsion test.
"Eight constipated patients did not undergo barium defecography.

SAR, spontaneous internal anal sphincter relaxation; BMI, body mass index; HR-ARM, high-resolution anorectal manometry; HPZ, high pres-

sure zone; ARJ, anorectal junction.
Data are represented as number (%) or median (interquartile range).

higher CCI score (6 vs 4, P = 0.042), higher incidence of periph-
eral neuropathy (45.5% vs 9.8%, P = 0.011), and higher incidence
of diseases that potentially cause peripheral neuropathy (1 vs 0, P
= 0.026) than control patients. Maximal resting pressures (13.3
mmHg vs 52.4 mmHg), mean resting pressures (12 mmHg vs
47.3 mmHg), residual anal pressures while bearing-down (34.4
mmHg vs 82 mmHg), and rectoanal pressure gradients (—19.6

mmHg vs =37.5 mmHg) were also different between SAR pa-
tients and controls with contipation (all P < 0.05). However, BET
test results were similar between the 2 groups. Rectal evacuation
disorder was defined as failure to evacuate > 66% of rectal contrast
within 60 seconds in the barium defecography test. The proportion
of rectal evacuation disorder patients was higher among those with

than without SAR (87.2% vs 22.2%, P = 0.001). SAR patients
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exhibited a lower median AR]J location value at rest (1.8 cm vs —0.8
cm, P = 0.005) and during evacuation (3.4 cm vs 2.0 cm, P =
0.029) compared to controls.

Comparison of Spontaneous Internal Anal Sphincter
Relaxation and Control Patients With Fecal
Incontinence

Only resting anal pressures differed between incontinent SAR
patients and controls. Incontinent SAR patients exhibited lower
maximal (16.6 mmHg vs 35.5 mmHg, P < 0.001) and mean (13.3
mmHg vs 30 mmHg, P < 0.001) resting pressures.

Discussion

Our controlled observational study is the first to indicate that
application of HR-ARM can elucidate the association among SAR
status, peripheral neuropathy and severe comorbidities in patients
with defecatory disorders. These associations were more marked in
constipated patients.

The presence of the SAR in patients with neurogenic or diabet-
ic fecal incontinence is well documented.”"" To our knowledge, con-
ventional ARM was used to derive these conclusions, which were
confirmed in this study using HR-ARM. Consistent with previous
studies, we found that SAR was associated with a lower resting anal
pressure, which reflects TAS dysfunction.”"' When the association
between SAR and resting anal pressure was further assessed in
patients with fecal incontinence, this association was maintained. In
this sense, SAR assessment is useful for evaluating TAS dysmotility.

We identified constipated patients without fecal incontinence
who exhibited SAR. Notably, these patients exhibited a lower AR]
both at rest and during evacuation than did constipated patients
without SAR. Our results imply that SAR is associated with exces-
sive perineal descent, which in turn injures the pudendal nerves and
triggers progressive denervation of the external anal sphincters sup-
plied by these nerves. It is unclear why SAR (ie, IAS dysfunction)
is associated with excessive perineal descent in constipated patients.
A reduced resting anal pressure is found in about two-thirds of pa-
tients with neurogenic fecal incontinence; theoretically, patients with
neuropathic damage to the external anal sphincter but normal TAS
function.” It has been hypothesized that IAS dysfunction might
be associated with loss of support from the surrounding external
anal sphincter.”’ It is also possible that IAS dysfunction results from
autonomic denervation given that the IAS is innervated by both the
autonomic and enteric nervous systems.””’

We found an association between SAR and peripheral neu-

ropathy. The prevalence of peripheral neuropathy in patients with
SAR was approximately 40%, which was more than 3 times the
prevalence in patients without SAR. Furthermore, compared to
controls, SAR patients exhibited more combined diseases/history of
medications that potentially trigger neuropathy. SAR patients also
exhibited higher CCI scores (ie, severe comorbidity levels) than
control patients. The CCI is a valid measure of disease burden and
mortality risk."® Thus, assessing SAR status may help to predict the
morbidity and mortality of patients with anorectal disorders.

Our study is limited by the retrospective work, the relatively
small sample size, and the lack of healthy controls. Any retrospec-
tive case-control study is innately prone to selection bias. Longer
HR-ARM recordings in the anal canal may also detect SAR better.
In addition, we did not compare endoanal ultrasound and HR-
ARM data, and thus lack information on the relationship between
SAR status and structural IAS abnormalities. Further research in
these areas are needed.

In conclusion, this controlled observational study using HR-
ARM is the first to evaluate SAR status in both constipated and
fecally incontinent patients. SAR incidence is higher in fecally
incontinent patients. We also found that SAR was associated with
peripheral neuropathy and high CCI scores. This information can
be used to assess morbidity and mortality risks in patients with ano-

rectal disorders.
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