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Abstract
Objective—To differentiate dys-synergic defaecation (DD) from normal function and slow
transit constipation (STC).

Methods—The medical records of 1411 patients evaluated by a single gastroenterologist over a
16-year period at a tertiary medical centre were reviewed. DD was characterised by anorectal
manometry and balloon expulsion test. There were 390 patients with DD, and 61 with STC
without DD. Transit data from 211 healthy individuals served as controls. The primary endpoints
were overall colonic transit (geometric centre) at 24 h and 48 h (GC24 and GC48). Regional
transit was measured as ascending colon half-emptying time (AC t1/2) and residual content in
descending rectosigmoid colon and stool (DRS).

Results—Age and body mass index were similar in the STC and DD groups. DD was associated
with smaller perineal descent and a greater difference in rectoanal pressure than STC. Both STC
and DD were associated with lower GC24 and GC48 and slower AC t1/2 than controls. GC48
differentiated DD from healthy controls (p<0.001) and DD from STC (p=0.007). AC t1/2 values
differentiated healthy controls from DD (p=0.006) and STC (p<0.001) and were associated with
constipation (DD vs STC, p=0.007). The regional content of DRS at 48 h discriminated DD from
STC (AUC=0.82) and stool content at 48 h, increasing the odds for DD over STC (OR per 5% in
stool 2.4, 95% CI 1.1 to 5.5, p=0.03).
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Conclusions—DD is associated with delayed overall colonic transit at 48 h and AC t1/2
compared with healthy controls. Regional scintigraphic transit profiles differentiate DD from STC
and facilitate identification of a subgroup of patients with constipation.

INTRODUCTION
Chronic constipation is a common disorder with a prevalence of 2–27% in western
countries,12 particularly in women, elderly people and those of lower socioeconomic
status.34 The diagnosis of functional constipation is often based on symptom criteria.5 After
exclusion of structural diseases there are three large categories6: normal transit constipation,
slow transit constipation (STC) and rectal evacuation disorders or dys-synergic defaecation
(DD). Treatment is optimised by correct diagnosis.6 The latter may manifest as spastic
pelvic floor dys-synergia, anismus or descending perineum syndrome.7 In spastic
defaecatory disorders there is a lack of coordinated relaxation of the pelvic floor or
paradoxical contraction of the external anal sphincter; these dysfunctions prevent rectal
evacuation despite effective contraction of the colon and increases in abdominal pressure
with straining.89 Paradoxical contraction can be observed clinically on digital rectal
examination and on anorectal endosonography.10 However, the classical clinical features6

and typical findings on digital rectal examination11 may be absent. DD may be associated
with delayed colonic transit.12 Anorectal manometry with balloon expulsion is commonly
performed to facilitate the diagnosis. STC may be caused by a colonic myopathy or
neuropathy,13 with alterations in the number of myenteric plexus neurons or interstitial cells
of Cajal.14

Measurement of colonic transit may not differentiate STC from DD. Thus, DD was
associated with delayed overall colonic transit by scintigraphy or radiopaque markers in 55–
64% of adults with DD1215 and 12% of adolescents with DD.16 Paradoxically, Grotz et al
reported longer left colon and rectosigmoid transit times for radiopaque markers in patients
with STC than in patients with pelvic floor dysfunction. Rectosigmoid transit times at 80%
sensitivity had only 48% specificity for discriminating pelvic floor dysfunction from
subgroups of slow transit or normal transit constipation.17

A non-invasive approach to identifying DD without the need for specialised anorectal
testing would be clinically advantageous, confirm the clinical diagnosis and enhance
selection of patients for specialised anorectal tests (if available) and for retraining of rectal
evacuation.

We hypothesised that DD is associated with delayed left colon transit compared with healthy
controls and patients with STC, whereas patients with STC have transit delay in the
ascending colon (AC). The aim of this study was to compare the overall and regional transit
characteristics between healthy volunteers (HV) and patients with DD or STC.

METHODS
Since this was a medical records review, the study was approved by the Mayo Clinic
Institutional Review Board for patients who had given prior unrestricted consent to use their
medical records for such research.

Data extraction methods are detailed in the online supplement.
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Study population
A cohort of 1411 patients was diagnosed between 1 January 1994 and 30 June 2011 by a
single gastroenterologist (MC). Figure 1 shows the participants in each group and the tests
performed.

Criteria for dys-synergic defaecation (DD)—There were 390 patients with
constipation and rectal evacuation disorder associated with (1) abnormal balloon expulsion
test (inability to expel the balloon from the rectum with <200 g added1518); and/or (2) high
anal sphincter pressure (maximum resting pressure >90 mm Hg18–20); and/or (3) failure of
the anorectal angle to open ≥15° between resting and straining.18 The criteria were
developed from a review of the published data for adults studied in Minnesota20 and Iowa,19

including consideration of the age range relevant to this cohort—for example, Fox et al20

included women aged predominantly 20–70 years (six aged >70 years) and divided their
normal data into those above or below a median age of 41 years.

We excluded patients with descending perineum syndrome (descent on straining >4.5 cm21)
or documented denervation.

Criteria for slow transit constipation (STC)—Sixty-one patients with constipation
had colonic transit geometric centre at 24 h of <1.7 or <3.0 at 48 h22 and no structural
disease of the colon or presence of DD.

Healthy controls—Scintigraphic transit data from 211 HV were collected in the research
laboratory during the same time period. Evacuation disorder was excluded clinically in all
controls.6

Physiological measurements
Anorectal manometry and balloon expulsion studies—Anorectal manometry was
performed after a sodium phosphate enema (Fleet, Lynchburg, Virginia, USA)
approximately 1 h before testing. Patients were positioned in the left lateral position.

Between 1994 and 2007, anal sphincter pressures were measured by a low compliance
pneumohydraulic manometric perfusion system (0.5 ml/min perfusion rate) and a polyvinyl
catheter (4.8 mm outer diameter; Arndorfer Medical Specialties, Greendale, Wisconsin,
USA) connected to a computerised software program (Medtronic, Minneapolis, Minnesota,
USA). The method has been described elsewhere.23 Resting and squeeze pressures were
recorded three times at consecutive 1 cm levels in the anal canal and referenced to intrarectal
pressure. A rest of 45 s separated sequential squeeze measurements.

From 2008 we used a transanal solid-state high-resolution probe with closely spaced solid-
state sensors (16 channels at each level). This allowed simultaneous high-resolution
measurement of circumferential pressures in the rectum and throughout the anal canal,
obviating the need to perform a station pull-through manoeuvre. The results of this
technique are significantly correlated with traditional manometry24 and, furthermore, it also
measures the rectoanal pressure difference.

After the manometry study, a latex balloon was inserted into the rectum and filled with 50
ml water. Additional traction weights were subsequently added if the patient was unable
spontaneously to expel the balloon from the rectum.2526

Scintigraphic defaecography—A previously described scintigraphic method was used
to assess the rectoanal angle (at rest, squeeze and strain) and perineal descent.18 A difference
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in the rectoanal angle of at least 158 between the rest and strain positions and perineal
descent of 1–4 cm are normal.

Gastrointestinal transit studies—We used our scintigraphic method2227 to evaluate
colonic transit. Our group previously evaluated colonic transit in patients with irritable
bowel syndrome classified by symptoms. 28 The relationship with bowel function,
performance characteristics and responsiveness to treatment using this method are well
established.272930

After stopping medications that could interfere with the study and overnight fasting, patients
ingested a delayed-release methacrylate-coated gelatin capsule packed with 0.1
mCi 111InCl3 adsorbed on activated charcoal31 with the aid of a glass (250 ml) of water.
Subjects were given instructions to standardise the caloric intake and general content of
lunch 4 h and dinner 8 h after swallowing the capsule. There was no bowel preparation prior
to scintigraphy and no recording of the time of last defaecation.

Data analysis
Anorectal manometry and balloon expulsion—Maximum resting and squeeze anal
pressures were the highest pressures recorded in the anal canal during resting or squeezing23

and were expressed in mm Hg. The amount of weight in grams required to facilitate
expulsion of the rectal balloon was recorded and censored above 576 g.

Colon transit scintigraphy—Anterior and posterior images of 2 min duration were
acquired at 4, 6, 24 and 48 h, and 111In counts were quantified within a 247 keV (±10%)
window and corrected for decay of the isotope and tissue attenuation (geometric mean of
anterior and posterior counts).

Colonic transit can be assessed by calculating the geometric centre (GC), which is the
weighted average of radioactivity in the different segments of the colon.32

GC = [(%AC*1) + (%TC*2) + (%DC*3) + (%RS*4) + (%ST*5)]/100

Ascending colon half-emptying time (AC t1/2) was calculated by linear interpolation of AC
content at all times when imaging demonstrated isotope in the AC.

Statistical analysis
The results are expressed as mean±SD, with some figures reporting least squares adjusted
(for covariates) means (±SEM) from the analysis of covariance (ANCOVA) models. Our
primary endpoints for statistical analysis were the colonic GC at 24 h and 48 h (GC24 and
GC48), the percentage of radioactive tracer retained in the different segments of the colon at
24 h and 48 h and AC t1/2.

The primary analyses used ANCOVA models to assess the association of colonic transit
with group status (adjusting for age, gender and body mass index (BMI) with data
summarised as least square mean±SEM). In addition, logistic regression models were used
to evaluate the ability of these colonic transit measures (except AC t1/2) to discriminate
between healthy controls, DD and STC. Some of the AC t1/2 values were either left-
censored (eg, <8 h) or right-censored (eg, >24 h). To assess this measure of colonic transit, a
Weibull regression model was used to examine the association of group status (eg, DD vs
STC) with AC t1/2 values. Subject characteristics such as age, gender and BMI, as well as
anorectal and defaecatory functions, were summarised separately for each group. Since BMI
and gender are known to influence colonic transit time,2833 these were also included as
covariates in the logistic regression models.
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The statistical analysis used SAS Version 9.2 procedures GLM, LOGISTIC and LIFEREG
(SAS Institute), and SigmaPlot 12 software 2011–2012 (Systat Software) was used for
plotting data.

RESULTS
Participant characteristics

Among the 1411 patients evaluated, 390 were identified with a rectal evacuation disorder
and 61 with STC. The demographic characteristics of each group are shown in table 1. The
average age of the three study groups was similar. Gender was not equally distributed
(p<0.001) with 65.6% of HV, 83.1% of patients with DD and 91.8% of patients with STC
being women. The larger proportion of men among the HV group is reflected in the higher
BMI compared with the other two groups. The mean age and BMI of the DD and STC
groups were virtually identical. Among the patients with constipation, previous abdominal
operations recorded in the medical records are listed in table 2.

There were 960 patients with normal transit constipation who did not fulfil the criteria for
DD or STC. In a randomly selected sample of 10% of this cohort (13 men and 82 women)
the mean±SEM age was 42.1±1.7 years, mean BMI was 23.5±0.5 kg/m2 and colonic GC24
was 2.1±0.1. Other than the difference in colonic transit, we noted that the gender
distribution, age and BMI were similar to those of the two other constipation groups.

Defaecatory functions in the groups presenting with constipation
The results of anorectal manometry and other defaecatory function tests are summarised in
table 3. Maximum resting sphincter pressure was >90 mm Hg in 94 patients; all required
>200 g weight to expel the rectal balloon. Among the 390 patients with evacuation
disorders, the weight required to expel the balloon was >200 g in 317 patients, 188 g in 14,
94 g in four patients and 0 g in 40 patients; 15 patients did not undergo the test. Perineal
descent was <1.5 cm in 48 patients; all required >200 g to expel the balloon. The change in
the rectoanal angle was <158 in 81 patients; all required >200 g to expel the balloon. There
were more than one positive ‘criteria’ in the vast majority. In four patients with highly
consistent clinical features, evacuation disorder was associated only with a maximum
squeeze anal sphincter pressure of >180 mm Hg (double the threshold for abnormal resting
pressure).

In accordance with the inclusion criteria, the selection process identified DD and STC
groups that were clinically different with reference to anal sphincter pressure at rest and the
additional weight required to expel the rectal balloon (table 3). In addition, there was a
greater negative rectoanal pressure difference in patients with DD than in those with STC
(p=0.003), which was not in the definition of DD.

Characterisation of the colon transit profile in the three groups
Overall colonic transit in both genders, including adjustment for covariates—
Examples of colonic transit profiles in patients with DD and STC are shown in figure 2A.
Overall colonic transit in all study groups combined was faster in men than in women (see
table A in online supplement); however, gender differences in GC24 and GC48 were not
observed in the DD or STC groups.

Overall colonic transit was associated with group status at 24 h and 48 h (figure 2B and table
A in online supplement), with significant differences between the STC and HV groups at 24
h and 48 h and between the DD and HV groups at 48 h (figure 2B).
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GC24 was not a significant discriminator between DD and HV in the entire study population
(p=0.29). However, there were differences in GC24 between DD and HV groups for those
with BMI >25 kg/m2. Thus, an ANCOVA model indicated no differential association of DD
versus HV groups with GC24 due to gender (p>0.5), but a differential association depending
on BMI (overall test for interaction effect in ANCOVA model, p=0.016). In particular,
different colonic transit in DD versus HV was observed in subjects with BMI >25 kg/m2

(p=0.003) but not for BMI >25 kg/m2 (p>0.9).

The distribution of colonic transit data is illustrated in figure 2C. GC24 was still a
significant discriminator between DD and STC (p<0.0001). Similarly, in those subjects with
GC48 data (N=41 DD, N=177 HV and N=38 STC), GC48 was a significant discriminator
between DD and HV (p<0.001) and between DD and STC (p=0.007).

Regional colonic transit at 24 h and 48 h—The radioactivity in each colonic segment
and stool at different time points is shown in table A in the online supplement. A summary
of mean left colon regional percentages (descending, rectosigmoid and stool (DRS)) is
shown in figure 3.

At 24 h there were significant associations of segmental and regional percentages of
radioactivity with overall three-group status (descending colon (p<0.001), rectosigmoid
colon (p<0.01), DRS (p<0.001)). The most dramatic difference was the small percentage of
radioactive counts in DRS in the STC group; as a result, there were significant differences in
each individual region and DRS between the STC and DD groups (figure 3A).

At 48 h, only 17.3±26.4% of radioactivity was in the stool of patients with DD compared
with 37.3±40.2% in the stool of HV; this contrasts with the lack of differences in
radioactivity in the descending and rectosigmoid colon in these two groups. The overall
transit delay in the STC group was demonstrated with only 2.2%±6.7% in the stool at 48 h.
In addition, patients in the STC group had lower percentages of radioactivity in both the
rectosigmoid colon and stool compared with HV (figure 3A).

Similar to the observation at 24 h, there was more radioactivity located at 48 h in the DRS in
patients with DD than in those with STC (figure 3).

The colonic retention of isotope in patients with DD is also evident from the counts in the
transverse colon at 24 h and 48 h (36.8±23.6% at 24 h and 38.1±25.2% at 48 h) compared
with 46.2±24.9% at 24 h and 53.6±21.0% at 48 h in those with STC.

In patients with STC, small amounts of radioactivity were present in the rectosigmoid colon
(5.8±10.4%) at 48 h, in contrast to significant retention in the combined ascending colon and
transverse colon regions (91±25% and 74±20% at 24 h and 48 h, respectively). Figure 3 also
shows that, at 48 h, the amount of radioactivity in the entire left colon was considerably
lower in the STC group (overall association with group status, p<0.0001). In a comparison
of the DD and HV groups at 48 h, the radioactive content of the DRS between the two
groups was significantly different (p=0.026), the difference in the content of the
rectosigmoid colon was of borderline significance (p=0.06) and the content of the
descending colon was not different.

Extended left colon content at 24 h and 48 h—Since previous literature has
evaluated left and right colon transit based on intracolonic markers to the left and right of
the midline, we estimated the cumulative content at 24 h and 48 h of the DRS and half the
content of the transverse colon, and we refer to this as the ‘extended left colon’. Overall,
associations of extended left colon content at both 24 h and 48 h and group were observed
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(both p<0.0001). Figure 3B shows significantly higher amounts of isotope in the left colon
in patients with DD than in those with STC (p=0.006 at 24 h and p<0.0001 at 48 h) and
significantly larger amounts in both constipation groups than in HV. This is consistent with
the overall delay of transit documented by the GC24 and GC48.

Ascending colon (AC) half-emptying time—Using an analysis that accommodated the
left and right censoring in AC t1/2 values (either <4 or <8 and >24 or >48, respectively), the
AC t1/2 values (figure 4) were associated with group status, both constipation groups having
significantly longer AC t1/2 than controls (DD vs HV, p=0.006; DD vs STC, p=0.007). In an
assessment of the regional content of AC at 48 h in 35 patients with DD, 172 HV and 27
patients with STC, there was a significant association of group status with AC content
(p<0.0001) with observed differences for DD (least square mean±SEM 10.9±1.7) versus HV
(2.7±0.8; p<0.001) and DD versus STC (20.2±2.0; p<0.001).

Receiver operating characteristic curves to differentiate STC and DD—We
assessed the ability of regional counts in the left colon (descending colon, rectosigmoid
colon and stool individually and in combination) at 24 h and 48 h to differentiate DD from
STC (figure 5A) and, separately, DD from HV (figure 5B) using logistic regression. A
summary of the discriminant ability of these values was generated based on receiver
operating characteristic curves (ROC) and the corresponding area under the ROC curve
(AUC values). The models that yielded the largest AUC values to discriminate DD from
STC and, separately, DD from HV incorporated the cumulative DRS at 48 h. The logistic
discriminant model for DD versus STC (which included gender, BMI, descending colon,
rectosigmoid colon and stool percentages at 48 h) provided an AUC of 0.82. Using a cut-off
that provided 82% sensitivity and 65% specificity, the negative likelihood ratio (LR−) for
this combined model to discriminate STC from DD was 0.27 and the positive LR (LR+) was
2.38. In addition, the model using only stool radioactivity at 48 h as well as gender and BMI
(see figure 5A right panel) resulted in an LR− of 0.35 and LR+ of 1.65 using a cut-off
yielding 82% sensitivity and 50% specificity.

The ORs for DD (vs STC) per 5% increase in segmental percentages were 1.19 (95% CI
0.96 to 1.48; p=0.11) for descending colon, 1.04 (95% CI 0.81 to 1.34; p=0.76) for
rectosigmoid colon and 2.44 (95% CI 1.09 to 5.48; p=0.03) for stool. However, the
sensitivity of 60–70% at 80% specificity to differentiate DD from STC or HV shows that
there is only moderate discrimination between these groups.

DISCUSSION
This study shows that regional colonic transit measurement identifies a transit profile that
can differentiate DD from STC. Thus, AC t1/2 (figure 4), the content of the descending colon
and stool at 24 h (figure 3A), the cumulative content of the DRS and extended left colon at
24 h and 48 h (figure 3A, B) were significantly different in patients with STC than in those
with DD.

There are group differences in the gender (and associated BMI) of the healthy controls and
patients with constipation. However, it is relevant to note that, in people who are not elderly,
there are no significant differences between the genders in maximal resting pressure19 or
perineal descent34 or in colonic transit.22 The two constipation groups were well matched
for age, gender and BMI.

Our study confirms that overall colonic transit is delayed in patients with DD and STC
relative to HV, and overall transit is slower in STC than in DD. The data in DD confirm that,

Nullens et al. Page 7

Gut. Author manuscript; available in PMC 2013 October 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



even in the presence of slow colonic transit, it is still essential to exclude an evacuation
disorder.6

Although differences between STC and DD were previously reported based on radiopaque
marker colonic transit by Grotz et al,17 our observations are very different. Grotz et al
observed more delayed left colon and rectosigmoid transit in patients with STC than in
patients with pelvic floor dysfunction, whereas we observed a higher percentage of counts in
the descending colon and stool in patients with DD than in those with STC at 24 h. Grotz et
al observed that 24 of 54 patients with DD had slow overall transit and their right colon
transit time was no different from that of patients with STC. Conversely, we showed slower
AC emptying in patients with STC than in those with DD.

There are differences in the methods of measuring transit in our study and that of Grotz et
al.17 First, scintigraphy tracks the movement of radiolabelled solids several times over 48 h
whereas the technique of Metcalf et al35 x-rays the number of markers remaining in the
colon on day 4 (or day 4 and 7) and may be less sensitive to detect the retardation of AC
emptying. Second, Grotz et al defined the left colon as the colon located to the left of the
midline and included the left half of the transverse colon.17 When we included 50% of the
counts in the transverse colon (see figure 3B) with the descending colon, rectosigmoid colon
and stool, we observed higher isotope counts in the extended left colon in the DD group than
in the STC group at 24 h and 48 h. This reflects both retention of isotope in the left colon in
DD and slower AC emptying in STC. The ability of the content of the left colon to
discriminate DD from the other groups (figure 5) is limited, with sensitivities around 60–
70% at 80% specificity.

On the other hand, AC t1/2 was significantly different for STC and DD, suggesting that AC
transit delay due to a primary motor disorder in STC is more profound than in DD. The
slower AC t1/2 in patients with DD than in HV may be explained either by ‘functional’
obstruction to entire colon emptying or by reflex inhibition of proximal colonic propulsion,
both resulting from the retention of stool in the left colon. This reflex inhibition is consistent
with colo-colonic inhibition through reflexes that relay at the prevertebral ganglia36 or at the
spine37 and are mediated by cholecystokinin, opioids and neurokinins.3839 Treatment of
rectal evacuation disorder by biofeedback in DD normalises postprandial sigmoid tone.40

In the tertiary referral practice of a single gastroenterologist, about 28% were diagnosed
with DD, 5% with STC, and the remainder with normal transit constipation. These data over
a 15-year period are similar to those reported by Pemberton et al26 in 1991 at the Mayo
Clinic and show that evacuation disorders account for a sizeable proportion of patients with
chronic constipation in referral practice in many countries including the USA,15 Italy,41

Scandinavia,42 the UK43 and Turkey.44 Questionnaire-based studies of people in the
community also show that symptoms suggestive of evacuation disorders are endorsed in
almost one-third of patients who have symptoms of chronic constipation.45

The limitations of our study are the retrospective nature and the limited number of patients
with DD who underwent colonic transit scanning at 48 h. However, the analysis of the
detailed regional 48 h data is based on 35 patients with DD, 31 with STC and 171 healthy
controls (see table A in online supplement). Another limitation is that scintigraphy was
stopped at 48 h, so we were unable to assess fully the transit of isotope through the left
colon. We are therefore unable to refute the observation of Grotz et al that transit through
the left colon was slower in patients with STC than in those with DD when assessed at 4 or 7
days.17

The strengths of the study include the large patient cohort from the practice of one
gastroenterologist and the standardised validated scintigraphic measurement of colonic
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transit in the clinical environment and research laboratory.222730 The clinical implications of
our findings are: (1) the non-invasive measurement of colonic transit may confirm a clinical
diagnosis of DD at centres that do not have specialised tests of defaecatory function; (2)
identification of a transit profile typical of STC will facilitate selection of patients for
treatment with colonic prokinetic agents; and (3) identification of a transit profile suggestive
of DD will avoid unnecessary and potentially deleterious colectomy in patients with DD.

In conclusion, DD retards overall colonic transit at 48 h and AC t1/2 compared with healthy
controls. DD can be differentiated from STC by AC t1/2 and the retention of content in the
descending colon at 48 h. The measurement of regional transit by scintigraphy may be
helpful for the diagnosis of DD when anorectal manometry and defaecation testing are not
available.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Significance of this study

What is already known about this subject?

► Constipation may result from slow colonic transit (STC) or disorders of rectal
evacuation (ie, dys-synergic defaecation (DD)).

► Anorectal manometry, functional studies of defaecation and colonic
radiopaque marker transit measurement are used to differentiate STC and
DD.

► There is considerable overlap in the transit results of patients with STC and
DD.

What are the new findings?

► DD is associated with delayed overall colonoc transit at 48 h and ascending
colon half-emptying time measured by radioscintigraphy compared with
health.

► Regional scintigraphic transit profiles differentiate DD from STC.

► Regional scintigraphic transit profiles facilitate identification of subgroups in
patients with constipation.

How might it impact on clinical practice in the foreseeable future?

► Non-invasive measurement of colonic transit may confirm a clinical
diagnosis of DD at centres that do not have specialised tests of defaecatory
function.

► Identification of the transit profile typical of STC will facilitate selection of
patients for treatment with colonic prokinetic agents.

► Identification of the transit profile suggestive of DD will identify patients for
retraining of evacuation disorder.
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Figure 1.
Participants in research study and number with measurements of transit and evacuation.
NTC, normal transit constipation; STC, slow transit constipation.
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Figure 2.
(A) Examples of scintiscans at 6 h, 24 h and 48 h in patients with evacuation disorder (DD)
and slow transit constipation (STC). Note that delayed transit is also demonstrated at 48 h in
the patients with STC and the retention of isotope in the left colon in patients with
evacuation disorder. (B) Comparison of least square means (adjusted for gender and body
mass index) of colonic geometric centre at 24 h and 48 h. The DD group is best
distinguished from healthy controls at 48 h; transit is slower in the STC than DD groups at
both 24 h and 48 h. (C) Distribution of geometric centres (median, IQR, 5th and 95th
percentiles) at 24 h and 48 h in the different subgroups (n provided for each group). Note,
however, that there is considerable overlap of overall transit in the DD and STC groups.
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Figure 3.
(A) Percentage of radioactivity in left colonic regions and stool at 24 h and 48 h. The
analysis at 48 h includes data from 31 patients with slow transit constipation (STC), 35
patients with evacuation disorder (DD) and 171 healthy volunteers. (B) Content of extended
left colon in three groups (least square means±SEM). Note the higher proportion of isotope
in the left colon (including 50% of the counts in the transverse colon) in the DD than in the
STC group. There were significant differences in all pairwise comparisons among the three
groups (all p<0.001).
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Figure 4.
Ascending colon half-emptying time in the three study groups showing significant
difference between healthy controls and the two constipation groups, and between the dys-
synergic defaecation (DD) and slow transit constipation (STC) groups (ANOVA on ranks
p<0.001); all pairwise comparison p<0.05 by Dunn method.
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Figure 5.
ROC curves of content of the descending colon (DC), rectosigmoid colon (RS) or combined
regions at 24 h, and of the same regions and stool individually and in combinations at 48 h.
The largest area under the curve for discriminating evacuation disorder (DD) from the two
other groups is provided by the model incorporating DC, RS and stool content at 48 h. (A)
Discrimination between slow transit constipation (STC) and DD transit. (B) Discrimination
between DD and healthy volunteer transit.
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Table 1

Demographic characteristics of healthy volunteers, patients with rectal evacuation disorders and patients with
slow transit constipation

Study group Age (years) BMI (kg/m2)

Healthy volunteers (n=211) 33.7±0.8 (n=211) 25.6±0.3 (n=197)

  Men (n=73) 30.2±1.1 (n=73) 26.7±0.5 (n=67)

  Women (n=138) 35.6±1.1 (n=138) 25.1±0.4 (n=130)

Evacuation disorders (n=390) 39.8±0.8 (n=390) 22.3±0.2 (n=362)

  Men (n=66) 45.5±2.3 (n=66) 24.0±0.5 (n=61)

  Women (n=324) 38.6±0.8 (n=324) 22.0±0.2 (n=301)

Slow transit constipation (n=61) 42.0±1.7 (n=61) 22.3±0.5 (n=61)

  Men (n=5) 54.0±8.0 (n=5) 25.7±0.8 (n=5)

  Women (n=56) 40.9±1.6 (n=56) 22.0±0.5 (n=52)

Data shown are mean±SE.

BMI, body mass index.
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Table 2

Previous abdominal operations in patients with constipation

Evacuation disorders Slow transit constipation

Women
(n=324)

Men
(n=66)

Women
(n=56)

Men
(n=5)

Pregnancies 1.9±0.1 (n=143) NA 1.5±0.1 (n=47) NA

Appendectomy 50 6 4 0

Cholecystectomy 28 4 7 1

Caesarian section 7 NA 2 NA

Pelvic surgery 29 0 4 0

Rectocoele repair 2 0 1 0

Colonic resection: p/t 12 0 1 1

Small bowel resection 6 2 3 0

Ileostomy 2 0 0 0

Other abdominal surgery 9 9 2 0

p/t, partial/total.
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Table 3

Anorectal manometry characteristics and evacuation parameters of groups with constipation

Study group
Evacuation
disorders (n=390)

Slow transit
constipation (n=61)

Maximum anal resting pressure (mm Hg) 84.0±29.1 (n=382) 71.3±24.2 (n=44)

  10–90th percentile 49.3–118.5 41.9–100.2

  Men 92.1±32.6 (n=66) 68.2±24.0 (n=4)

  Women 82.3±28.1 (n=316) 71.6±24.5 (n=40)

Maximum anal squeeze pressure (mm Hg) 144.3±60. 3 (n=379) 149.4±66.0 (n=44)

  10–90th percentile 79.4–218.1 82.4–250.7

  Men 202.5±79.0 (n=66) 230.5±85.3 (n=4)

  Women 132.0±47.4 (n=313) 141.2±59.2 (n=40)

Rectoanal pressure difference (mm Hg) −36.3±34.2 (n=92) 3.4±46.4 (n=12)

  10–90th percentile −79.3 to −3.0 −38.2 to 31.6

  Men −42.0±52.1 (n=23) (n=0)

  Women −34.4±26.0 (n=69) 3.4±46.4 (n=12)

Added balloon weight (g) 447.8±192.3 (n=371) 25.3±67.0 (n=47)

  10–90th percentile 0–586.0 0–188.0

  Men 386.5±238.4 (n=66) 47.0±94.0 (n=4)

  Women 461.0±178.5 (n=305) 23.2±65.1 (n=43)

Perineal descent (cm) 1.6±1.4 (n=94) 2.1±0.7 (n=5)

  10–90th percentile 0.3–3.5 1.4–3.0

  Men 1.5±1.1 (n=11) 1.4 (n=1)

  Women 1.7±1.4 (n=83) 2.2±0.8 (n=4)

Change in anorectal angle (°) 7.0±13.4 (n=97) 1.0 (n=1)

  10–90th percentile −5.0–20.0

  Men 8.5±9.5 (n=11) (n=0)

  Women 6.8±13.9 (n=88) 1.0 (n=1)

Data shown are mean±SD.
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