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Abstract
Objective—To determine the effect of aging and continence status on the structure and function
of the external (EAS) and internal (IAS) anal sphincters

Study Design—Young (YC) and older (OC) continent women were compared to older women
with fecal incontinence (OI). Patients completed the FIQOL and FISI and underwent anorectal
manometry and transanal ultrasound.

Results—9 YC, 9 OC, and 8 OI women participated. Aging was associated with a thickening of
the IAS, while only women with FI had decreased resting pressures. Older incontinent women had
a thinner EAS, decreased maximum squeeze pressures, and were hypersensitive to rectal
distention with decreased tolerable rectal volumes and urge to defecate at lower volumes.

Conclusion—Thickening of the IAS occurs with aging. Thinning of the EAS and a
corresponding drop in squeeze pressure correlated with FI, but not with aging. Rectal
hypersensitivity was associated with FI rather than aging and may play a role in the mechanism of
FI.
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Introduction
Fecal incontinence (FI), defined as the loss of liquid or solid stool, is a frequent condition
that can have devastating social, psychological and economic consequences for older adults.
1-3 It is a common cause of institutionalization in the elderly4, and epidemiologic studies
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indicate that aging is a significant risk factor for its development.5-7 While FI in the elderly
has long been recognized as a significant medical condition and socially debilitating, little
progress has been made in discovering the mechanisms underlying the cause of FI in the
elderly. In order to further our understanding, alterations in the individual elements of
anorectal structure and function as well as integrated patterns of impairment that develop
with age, must be determined.

Fecal continence is maintained by a complex sphincter system involving three anatomical
elements: the smooth muscle internal anal sphincter (IAS), the striated external anal
sphincter (EAS), and puborectalis muscle. The objective of this study was to utilize an
integrative strategy assessing both the structure (using transrectal ultrasound) and function
(using anorectal manometry) of the three components of the fecal continence mechanism in
order to understand the extent to which age and continence status affect them.

Materials and Methods
Subjects

Between February 2006 and October 2007, 8 older women with weekly fecal incontinence
aged 63-85 (OI) as well as 9 young women aged 20-41 years (YC) and 9 older women aged
60-88 years (OC) (representing asymptomatic continent control groups) were recruited to
participate. Patients provided consent, and the study was approved by the university's IRB
(2005-0294). Subjects were recruited through the university based gynecology clinic and
campus-wide advertisements.

Older women who reported loss of solid stool ≥ once per week and had a Wexner score of
>8 were considered cases. Women who reported only incontinence of gas/flatus or reported
the use of a pad or lifestyle alterations without reporting loss of solid stool were not
included. Continent controls (both older and younger) had to have a Wexner score of <4.
Exclusion criteria for participation in the study included previous gynecological surgery for
pelvic floor disorders and prolapse, previous anal sphincter repair surgery, current treatment
for cancer, chronic use of steroids, HIV positive status, sickle cell disease, irritable bowel
syndrome, neurological conditions, uncontrolled diabetes, stroke, or Alzheimer's disease.
Women who had undergone hysterectomy were eligible if the indication for the surgery was
not prolapse and occurred at least 1 year before enrollment.

The frequency and severity of fecal incontinence as well as distress and pad use were
determined by use of the Fecal Incontinence Severity Index (FISI)8, Fecal Incontinence
Quality of Life Scale (FI-QOL)9, and Wexner questionnaires. 10 Information on comorbid
conditions was obtained using a standard patient health questionnaire. All women underwent
Pelvic Organ Prolapse Quantification (POP-Q) measurements in the semi recumbent
position at a 45 degree angle.

Anorectal Manometry
Anorectal pressures—Anal sphincter function was assessed by performing anorectal
manometry (ARM) using a micro-tipped transducer ARM system with Laborie software and
a 4-channel Gaeltec cathether (Laborie Electronic, Unisensor, Inc.). Resting and maximum
squeeze pressures at 1, 2, 3, 4, 5, and 6 centimeters proximal to the anal verge were recorded
in the semi-recumbent position. Maximum squeeze pressure was defined as the highest
pressure recorded above the baseline (zero) at any level of the anal canal during maximum
squeeze effort by the patient. All pressures were measured three times at each of the 1-cm
intervals in the anal canal. Mean resting and squeeze pressures were calculated at all levels.
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Rectal distention—Anal pressures were recorded during serial inflation of a rectal
balloon with increasing volumes of air (to a maximum of 300 cc). Rectal volumes were
increased in 10 cc increments, and the volume/sensory threshold at which subjects
experienced first sensation, urge to defecate and maximum tolerance was recorded. The
volume at which the recto-anal inhibitory reflex (RAIR) occurred was also recorded.
Measurements were recorded and reviewed by a blinded investigator to determine maximal
resting and squeeze pressures.

Transrectal Ultrasound
Endoanal ultrasound (EAUS) was performed with the patient in the semirecumbent position
in a urodynamics chair. A trans-rectal probe (B-K Medical Systems, Ultrasound Scanner
2101/2102, Model 1850) was used to image the internal and external sphincters. Internal and
external anal sphincters were imaged starting at 3 cm proximal to the anal verge with
screenshots and measurements taken at each centimeter distally at four locations (12, 3, 6
and 9 o'clock). Any defects in either sphincter were noted. All images were performed by
the senior author who was blinded to continence status but not age.

Statistical Analysis
All statistical analyses were completed using SPSS software version 14.0 (Chicago, IL).
Using the Wexner scores of the participants at screening, women were divided into groups:
young continent (YC), older continent (OC), and older incontinent (OI). Bivariate
relationships were explored between the YC, OC and OI groups and demographic data,
questionnaire scores, POP-Q points, anorectal manometry measures and ultrasound
measures with ANOVA tests. Additional pair-wise comparisons with Student's t-tests were
made when a significant difference between the groups was detected with the ANOVA. An
alpha of .05 was used for significance in all tests.

Results
The demographics of the three groups are shown in Table 1. The OI group was significantly
older than the YC group and also had more vaginal deliveries, forceps-assisted deliveries
and cesarean sections. The OC group was also older and had more vaginal deliveries than
the YC group. No differences were observed between the OI and OC groups.

All three groups were similar with respect to number of bowel movements per week (YC=
8.3 ± 1.3, OC= 7.6 ± 1.2, OI= 9.9 ± 2.3, p=0.34). The OI group scores differed from the
other two groups on all fecal incontinence and quality of life scales. The OI group scored
higher on the Wexner scale and significantly lower on the FIQOL in all scales. FISI scores
were higher among the OI group as well (Table 2).

Differences in pelvic organ support among the three groups varied. The YC group had better
anterior vaginal wall support than the OC and OI groups at point Aa (YC= -2.4 ± 0.2 vs.
OC= -1.4 ± 0.4 and OI= -0.1± 0.7, p<0.01) and Ba (YC= -2.4 ± 0.2 vs. OC= -1.6 ± 0.4 and
OI= 0.2 ± 0.9). Apical support (point D) was also statistically higher in the YC group than
the OC group (YC: -9.6 ± 0.4 vs. OC: -7.8 ± 0.4, p<0.01). There was a minimal difference in
apical support between the YC and OI groups as well (YC= -9.6 ± 0.4 vs. OI= -5.7 ± 1.6,
p<0.05). No other differences in POP-Q points were observed.

At two centimeters proximal to the anal verge, mean external anal sphincter (EAS)
measurements in the OI group were significantly thinner than those in the OC group. On the
other hand, both the OI and OC groups overall had thicker internal anal sphincter measures

Lewicky-Gaupp et al. Page 3

Am J Obstet Gynecol. Author manuscript; available in PMC 2011 February 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



at that location than the YC group (Figure 1). Two women in the OI group had a focal defect
in the anterior external anal sphincter which was detected on ultrasound.

At 1 and 3 centimeters proximal to the anal verge, the YC group had higher mean resting
pressures (about 60 cm H2O) than both the OC and OI groups; at 2 centimeters this was also
true, however, the difference between the YC and OC group did not reach statistical
significance. At all three levels (1, 2 and 3 cm proximal to the anal verge), no differences
were seen in resting pressures between the OC and OI groups (Figure 2A-C).

Both the YC and OC groups demonstrated significantly higher augmented squeeze pressures
than the OI group at 1 and 2 centimeters (Figure 2A-B). This trend was also seen at 3
centimeters but, again, did not reach statistical significance (Figure 2C). No differences in
augmented squeeze pressures were detected between the YC and OC groups at all levels.

During the balloon distention phase of testing, the OI group felt the sense to defecate at a
much lower volume than the YC group and also could tolerate much less volume overall
than the OC group; the volume difference in tolerable volume between the OI and the YC
group approached significance as well (Table 3).

Comment
In this study, aging (irrespective of continence status) was associated with a thickening of
the IAS smooth muscle and decrease in resting tone. FI alone (not aging) was associated
with thinning of the striated EAS muscle and a corresponding decrease in augmented
squeeze pressures. Similarly, FI was also associated with rectal hypersensitivity, but not
aging.

In our study, older continent women were able to augment their resting rectal pressures
similarly to younger women. Old incontinent women, on the other hand, were unable to do
so. This is similar to other published studies. 11 Our findings that reduced squeeze pressures
did not correlate with aging, however, are similar to some studies in asymptomatic
volunteers 12-14 and contrary to others.15 For example, Fox et al. found that in 61
asymptomatic women, aging was associated with reduced anal squeeze pressures and
reduced rectal compliance and sensation. 16 The discrepancy in these findings could be
attributed to differences in the patient populations; only 6 women in Fox's study were over
the age of 70.

Both older continent and older incontinent groups showed a thickening of the IAS on
ultrasound and decreased resting pressures compared to the young continent women. These
findings are consistent with our previous work evaluating the IAS on MRI images in old
versus young asymptomatic women. 17 This decrease is resting pressures would confirm our
hypothesis that the thickening seen is not secondary to active muscle fibers, but probable
fibrosis that (while increasing the appearance of muscle bulk), generates less resting
pressure. This finding was associated with age and did not differ with continence status. Our
manometry results complement these ultrasound findings and are consistent with the
literature showing decreased resting pressures with aging in asymptomatic and symptomatic
women. 15,18,19

Rectal hypersensitivity (i.e. lower volume and pressure thresholds for the desire to defecate)
is common in patients with FI and is associated with the symptom of urge.3, 20-23 This was
true in our study as well. Older incontinent women felt the urge to defecate and had a
maximum tolerance at a much lower volume than younger and older continent subjects.
Interestingly, while many studies have shown that aging alone is also associated with rectal
hypersensitivity16, the young continent and old continent women in this study did not differ

Lewicky-Gaupp et al. Page 4

Am J Obstet Gynecol. Author manuscript; available in PMC 2011 February 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in that respect. Wald describes three broad categories of fecal incontinence among the
elderly: (1) overflow incontinence; (2) reservoir incontinence; and (3) rectosphincteric
incontinence.24 Our older incontinent women had normal bowel function and no
constipation, and therefore none had overflow incontinence. Reservoir incontinence, as
demonstrated by rectal hypersensitivity and decreased tolerable rectal volumes on
manometry was seen in the majority of the OI women. Sphincteric incontinence was also
seen in these women, with two patients having an EAS defect and significantly lower
squeeze augmentation. Limitations of this study include the small sample size. A larger
study will be needed to further validate our results. Also, the majority of our older
incontinence women were Caucasian, and a more diverse cohort would be more
representative of community-dwelling women. The median parity of the older continent
group was higher than the younger continent group; it is difficult, however, to control for
this, as most older women have had vaginal deliveries. Differences in pelvic support
(reflecting the function of the puborectalis muscle) could confound our results, however, the
clinical relevance of the minimal differences in POP-Q findings in this study is debatable.

A variety of therapeutic interventions can be used to help elderly women with FI. These
include dietary, behavioral, pharmacological and surgical modalities, chosen on the basis of
accurate diagnosis and understanding of the primary pathophysiology. Our findings support
treatment modalities, such as pelvic floor exercises and biofeedback with rectal balloon
therapy, targeting the striated EAS muscle and rectal hypersensitivity. With an
understanding of the underlying diseases processes and the anatomical and physiological
changes that occur with aging, we can design preventive therapies. With this knowledge,
significant improvements in quality of life can be achieved in most elderly persons with
fecal incontinence.
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Figure 1. Sphincter thickness among cohorts at 2 cm proximal to anal verge (mean ± S.E.)
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Figure 2.
(A) Resting and squeeze pressures at 1cm proximal to anal verge; (B) Resting and squeeze
pressures at 2cm proximal to anal verge (C) Resting and squeeze pressures at 3cm proximal
to anal verge (mean ± S.E.)
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Table 1
Demographics among three cohorts (mean ± S.E.)

YC
(N=9)

OC
(N=9)

OI
(N=8)

ANOVA
P

Age (Yrs) 28.7 ± 2.4*† 71.6 ± 2.6 † 71.6 ± 2.6 * <0.001

BMI (kg/m2) 27.2 ± 2.5 25.4 ± 1.4 27.6 ± 1.5 0.682

NSVD 0.2 ± 0.1*† 2.7 ± 0.6 † 2.6 ± 0.4 * <0.001

FAVD 0* 0.6 ± 0.3 1.0 ± 0.4* 0.068

C/S 0.1 ± 0.1 0 0.1 ± 0.1 0.592

*
Pairwise comparison YC vs. OI, p<0.001

†
Pairwise comparison YC vs. OC, p<0.001
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