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PURPOSE: The purpose of this study is to establish a simple
technique to evaluate anorectal motility and the dynamics of
defecation. METHODS: Pressure fluctuations in the rectum
and anal canal during 500 ml of saline infusion in the rectum
and then a saline evacuation curve were recorded using ma-
nometer and uroflowmeter. RESULTS: This study consisted of
37 patients with a mean age of 49.6 years. All patients without
problems with defecation showed periodic relaxation of the
anal canal, which was synchronized with rectal contractions
during saline infusion. The saline evacuation curves of these
patients were characterized by short evacuation time and
high-peak flow. Of the 13 patients with constipation, 9
showed no rectoanal synchronization and had segmental evac-
uation curves. The patients with incontinence tended to have
poor ability for holding saline in the rectum, resulting in
low-peaked evacuation curves. CONCLUSIONS: This simple
and noninvasive technique for recording anorectal pressure
fluctuations and dynamics of saline evacuation from the rec-
tum enables quantitative and qualitative evaluation of the abil-
ity to defecate. [Key words: Defecation; Rectum; Constipation;
Incontinence]

Kayaba H, Kodama K, Shirayama K, Kodama M. Evaluation
of ability to defecate using saline evacuation from the rec-
tum. Dis Colon Rectum 1997;40(Suppl):S96-S98.

he dynamics of defecation is not properly eval-

uated by conventional methods such as anorec-
tal manometry. This newly developed, simple tech-
nique may enable evaluation of anorectal motility and
the ability to defecate.

MATERIALS AND METHODS

This study consisted of 37 patients with a mean age
of 49.6 years, including 13 patients with chronic idio-
pathic constipation, 9 with fecal incontinence, 6 with
Hirschsprung’s disease who had undergone radical
surgery following the modified Duhamel operation,
and 9 who had no problems with defecation. Sixteen

Supported by the Toyokichi Maeta Memorial Grant for Gastroen-
terology.

Address reprint requests to Dr. Kayaba: Department of Clinical and
Laboratory Medicine, Akita University School of Medicine, 1-1-1
Hondo, Akita, Japan.
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were males and 21 were females. After emptying the
rectum using a glycerine enema (120 ml in adults),
patients lie on their left sides. One open-tipped probe
was positioned in the rectum and another in the anal
canal. Each probe was perfused with water by a
perfusion bag (TERUFLEX MEDI-QUIC ACS-222,
Terumo, Tokyo, Japan) through a low-compliance
infusion line, which was coupled to a pressure trans-
ducer (DTS DX-360, Nihon Kohden, Tokyo, Japan).
The transducer was connected via an amplifier
(AD100F, Tokyo, Nihon Kohden) to a chart recorder
(RTA-1100 M, Nihon Kohden).

First, 500 m! of saline was infused into the rectum at
a rate of 50 ml/minute, and the pressure of the rectum
and anal canal were simultaneously recorded (Fig.
1A). Then, the patient was freed from the pressure
monitoring apparatus and instructed to sit on the
commode to evacuate the saline in the same manner
as usual defecation. The commode was connected
with a Uroflowmeter (UROFLO-MET SUF200, Sakura,
Tokyo, Japan), which consisted of an electric platform
scale and a chart recorder to record the total amount
of saline evacuated (ml), a maximum flow rate (ml/
second), an evacuation time (seconds), and a saline
evacuation curve (or the fecoflowmetric curve, which
was described by Shafik®; Fig. 1B).

RESULTS

The pressure fluctuations in the rectum and anal
canal during saline infusion in the rectum were clas-
sified into Types I through V (Fig. 2). Type I, the anal
canal relaxed periodically, which was synchronous
with rectal pressure. Type 11, the anal canal relaxed
soon after saline infusion, and anal canal pressure
remained at the same level as rectal pressure. Type III,
the anal canal relaxed periodically without increases
in rectal pressure. Type IV, there was no relaxation of
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Figure 1. Diagram illustrates how to record each pres-
sure and evacuation curve. A. The method of recording
pressure fluctuations in the rectum and anal canal during
saline infusion into the rectum. B. The method of record-
ing a saline evacuation curve.

the anal canal during saline infusion. Type V, relax-
ations of the anal canal and increases in rectal pres-
sure occurred irregularly and independently of each
other, or there were no active pressure fluctuations in
the rectum or anal canal.

Fecoflowmetric curves were classified into three types
(Fig. 3). Type A, fecoflowmetric curve showed moun-
tain peaks, which may indicate that evacuation was
accomplished smoothly with high-peak flow and a short
evacuation time. Type B, the evacuation curve revealed
segmental peaks; evacuation may have required some
effort, and voiding time was longer than that of Type A.
Type C, fecoflowmetric curve was flat and had no ap-
parent peak; the peak flow was less than 20 ml/second.

The nine patients who had no difficulty with defe-
cation revealed Type I pressure fluctuations of the
rectum and anal canal and were durable to 500 ml of
saline enema. Eight patients demonstrated a Type A
fecoflowmetric curve. In patients with constipation,
Type I, Type 1I, Type III, Type IV, and Type V were
observed in four, two, three, zero, and four patients,
respectively. These 13 patients were durable to 500 ml
of saline, with the exception of two patients. Of the 13
patients, 3 revealed Type A and the remaining 10
revealed a Type B fecoflowmetric curve. All three
constipated patients with Type A evacuation had

ANORECTAL MOTILITY AND ABILITY TO DEFECATE s97

i : 20cmH20

Typel TypeIV
200ml 259m1 500m1
A
A/—\/«v\,\
v B4 v R4 R °
Re_ s A AN AL T e
Typerz | wypev .
yp' 50m1 TYPeV 4oom
A ' I 2
\/A \/\»\M M\M
R v —
¢ S
____________ B S
TypelIll |
450ml 500ml | A:Anal canal pressure
L |
R \\_;’ ,W } R:Rectal pressure
|
l «+ : l0sec.
¢
|
I

Figure 2. Pressure fluctuations in the rectum and anal canal
during saline infusion in the rectum were classified as Types

| through V. Type | = the anal canal relaxed periodically
(open triangle) and synchronous with the rectal pressure
(closed circle). Type il = the anal canal relaxed soon after
saline infusion. Type lll = the anal canal periodically relaxed

without increases in rectal pressure. Type IV = there was no
relaxation of the anal canal during saline infusion. Type V =
relaxations of the anal canal and increases in rectal pressure
occurred irregularly and independently of each other, or
there were no active pressure fluctuations in the rectum or
anal canal.

Type I pressure fluctuations. Three patients'with Type
III pressure fluctuation had low-peak flow and a long
evacuation time, which was reflected in a fecoflow-
metric curve with a long train of small humps. Of the
nine patients with fecal incontinence, seven (77.8
percent) showed a Type 1I and two of them were
durable to 500 ml of saline infusion in the rectum.
Type C fecoflowmetric curves were observed in six
patients with fecal incontinence, which may indicate
that these patients hold saline poorly. The patients
with Hirschsprung’s disease were divided into two
subgroups: three patients with good bowel habits
who showed Type A fecoflowmetric curves and Type
I pressure fluctuation curves. The other three patients
with poor bowel evacuation who had Types II or IV
pressure fluctuation required repeated straining to
evacuate saline completely (Fig. 4).
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Figure 3. Saline evacuation curves were classified into
three types. Type A = the saline evacuation curve
showed mountain peaks, which may indicate a high-peak
flow and a short evacuation time. Type B = the curve has
segmental peaks. Type C = the curve was flat and had no
apparent peak.

DISCUSSION

Pressure fluctuation in the rectum and anal canal
during saline infusion in the rectum has been previously
reported.” Read? found that periodic relaxations of the
anal canal synchronized with contractions of the rectum
occurred in normal patients and that the pressure in the
anal canal dropped immediately after the beginning of
rectal saline infusion in incontinent patients. In the
present study, nine patients who had no difficulty with
defecation showed Type I pressure fluctuations and
eight of them had Type A fecoflowmetric curves,
whereas all patients with Type III, IV, or V pressure
fluctuations revealed Type B fecoflowmetric curves and
had problems on defecation. Type III pressure fluctua-
tion, which may result from no contraction of the rec-
tum, reflects an inactive rectum. The three patients with
Type III pressure fluctuations expended considerable
effort and time attempting evacuation, and they were
unable to achieve the sensation of complete evacuation.
These findings may suggest that rectoanal synchroniza-
tion plays an important role in the normal defecation
mechanism. The patients with Type IV pressure fluctu-
ations, all of whom had undergone surgery for Hir-
schsprung’s disease, made intermittent efforts to evacu-
ate saline with abdominal pressure, which may be the

Figure 4. All nine patients who had no difficulty with defe-
cation showed Type | pressure fluctuation in the rectum and
anal canal during infusion of saline in the rectum, and eight
of them had Type A fecoflowmetric curves. Patients with
constipation had pressure fluctuations of various types, and
nine (76.9 percent) of them revealed Type B fecoflowmetric
curve. Among the patients with fecal incontinence, the most
common type of pressure fluctuation curve and fecoflow-
metric curve were Type Il and C, respectively. Three pa-
tients with Hirschsprung's disease with good bowel habits
showed Type | pressure fluctuations and Type A fecoflow-
metric curves.

result of a nonrelaxing anal sphincter. On the other
hand, the three patients with Hirschsprung's disease
who revealed Type I pressure fluctuations and who had
good bowel habits demonstrated that rectoanal syn-
chronization induces ease in defecation, despite loss of
anorectal reflex.

CONCLUSION

This simple and noninvasive technique for recording
anorectal pressure fluctuations and dynamics of saline
evacuation from the rectum enables quantitative and
qualitative evaluation of the ability to defecate.
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Problems in defecation are one of the major clinical conditions of children who
have undergone surgery for anorectal diseases. The pathophysiology of defecation
disorders is multi-factorial. Fecoflowmetry is a simple and non-invasive method for
recording and evaluating the dynamics of defecation. In this study, the technique of
fecoflowmetry was applied to children with anorectal dyisfunctions such as anorectal
ancomalies, Hirschsprung’s disease, and spina bifida. The fecoflowmetric curve and its
parameters were closely related to the complaints of the children about their problems
in defecation. When anorectal functions in children are evaluated, more attention
should be paid to fecodynamics.



¥k 3

Evaluation of Anorectal Functions of Children
With Anorectal Malformations Using Fecoflowmetry

By Hiroyuki Kayaba, Tatsuzo Hebiguchi, Hiroaki Yoshino, Masaru Mizuno, Mamiko Yamada,
Junichi Chihara, and Tetsuo Kato
Akita, Japan

Background/Purpose: A simple and objective method eval-
uating the bowel! functions of patients with anorectal anom-
alies is necessary. The authors applied fecoflowmetry and
saline enama test for patients with anorectal anomalies to
evaluate the fecodynamics and anorectal motilities in these
children.

Methods: The bowel functions of 16 patients who underwent
repair for anorectal malformations and 5 normal conirols
were evaluated by saline enema test and fecoflowmetry. The
correlations between the clinical scores for the bowel func-
tions and the parameters in fecodynamic studies were inves-
tigated.

Results: Seven of 16 patients exhibited periodical contrac-
tions of the rectum synchronized with relaxations of the anal
canal during saline infusion as did the controls and had

significantly higher clinical scores than the other patients.
Two patients with severe chronic constipation lacked rectal
contractions. Among the fecoflowmetric parameters, the
maximum flow, average flow, and tolerable volume of saline
infused into the rectum were significantly lower in the pa-
tients with low clinical scores than those of the controls. The
maximal squeeze pressure and resting anal pressure were
not significantly different between the patients and controls.

Conclusion; Fecodynamic studies, such as fecoflowmetry
and saline enema test, help in obtaining clinical indicators for
the bowel functions of patients with anorectal anomalies.

J Pediatr Surg 37:623-628. Copyright 2002, Elsevier Science
(USA). All rights reserved.

INDEX WORDS: Anorectal anomalies, bowel function, feco-
flowmetry.

HE BOWEL FUNCTION after the repair of anorec-

tal malformations generally is assessed by multi-
variate scoring method, because conventional anorectal
manometry often fails to correlate with symptoms in the
cases of altered anatomic structures in the anorectum. In
these patients, not only anal pressure and rectoanal re-
flex, but also the ability to defecate should be evaluated.
Incontinence and constipation are the major problems in
patients after the repair of anorectal anomalies. Feco-
flowmetry and saline enema tests provide us with objec-
tive data for continence, anorectal motilities, and the
dynamics of defecation. The purpose of this study is to
evaluate anorectal motility and the dynamics of defeca-
tion of the children treated for anorectal malformations.

MATERIALS AND METHODS
Patients

The bowel function of 16 patients (11 boys, 5 girls) who had
undergone surgical repair for anorectal malformations and 5 normal
controls (3 boys, 2 girls) was evaluated by fecodynamic study and
anorectal manometry. The mean ages of the patients and normal
controls at the time of evaluation were 8.8 * 3.2 years and 11.0 = 2.6
years, respectively. The types of anomalies of the patients were rec-
tourethral fistula (RUF; 7 patients), rectocloacal fistula (RCF; 4 pa-
tients), rectobulbar fistula (RBF; 2 patients), anovestibular fistula
(AVF,; 2 patients), and anocutaneous fistula (ACF; 1 patient). Patient
data are summarized in Table 1. Two patients with RUF and 1 patient
with RBF were evaluated from 1 year to 5 years after the initial
evaluation.

Journal of Pediatric Surgery, Vol 37, No 4 {April}, 2002 pp 623-628

Saline Enema Test and Fecoflowmetric Study

Saline enema test and fecoflowmetric studies were performed in the
manner previously described.! In brief, after emptying the rectum by
glycerine enema, patients lay on the left side. One open-tipped probe
was positioned in the rectum and another in the anal canal. Each probe
was coupled to a pressure trasducer (DTS DX-360; Nihon Kohden,
Tokyo, Japan). The transducer was connected via an amplifier
(AD100F; Nihon Kohden) to a chart recorder (RTA-1100M; Nihon
Kohden). The resting pressure of the anal canal was measured by
pull-through method. Then, the patient was instructed to squeeze
maximally to be recorded the maximal squeezing pressure by the probe
positioned at the site of the maximal resting pressure of the anal canal.
Next, 500 mL of saline was infused into the rectum at a rate of 50
mL/min, and the pressure of the rectum and anal canal were recorded
simultaneously. Saline volume required for inducing anal relaxations
and rectal contractions were recorded. The volume tolerated also was
checked on the chart. Then the patient was freed from the pressure
monitoring apparatus and instructed to sit on the commode to evacuate
saline in the same manner as usual defecation. The commode was
connected with a uro-flow meter (UROFLO-MET SUF200; Sakura
Tokyo, Japan or Menuet Compact, Dantec Medical A/S, Denmark)
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Table 1. Clinical Charecteristics of Patients
Age
Patient No. {yr) Gender  Type of Anomaly Surgical Procedures
1 [ M ACF* CB
2 7 F AVF AT
3 13 F AVF AT
4 13 M RBF SPAP
5 13 M RBF SPAP
6 12 F RCF ASPAP
7 7 F RCF ASPAP
8 13 F RCF ASPAP
9 1 M RCF{ ASPAP
10 5 M RUF SPAP
11 5 M RUF SPAP
12 9 M RUF SPAP
13 7 M RUF ASPAP
14 8 M RUF SPAP
15 5 M RUF SPAP
16 6 M RUF SPAP

NOTE. Patients 5, 14, and 16 were re-evaluated from 1 to 5 years
after the initial evaluation.

Abbreviations: CB, Cut back procedure; AT, Anal transplantation;
SPAP, Sacro-perineal anoplasty; ASPAP, Abdomino-sacro-perineal
anoplasty.

*Anocutaneous fistula accompanied by Currarino triad.

TRCF accompanied by extrophy of the urinary bladder.

which consisted of an electric platform scale and a chart recorder to
record a saline evacuation curve. A total amount of saline evacuated
(milliliters), a maximum flow rate (milliliters per second), a flow time
(seconds), a total evacuation time (flow time plus intermissions), an
average flow (iotal amount of saline evacuated per flow time) were
calculated. Clinical bowel function was converted into a score ranging
from 0 to 8 using a questionnaire. The factors of clinical bowel function
included in the questionnaire are summarized in Table 2.

Statistical Analysis

All measured values were presented as means * SD. For analysis of
significance of difference, Student’s ¢ test was used for differences
between 2 groups. In comparisons of 3 or more groups, Fisher's PLSD
(Protected Least Significant Difference) method was used as a post hoc
test, regarding P less than .05 as significant after analysis of variance.

RESULTS

As we reported in a previous study on adulit patients
with problems in defecation,! the pressure fluctuations in
the rectum and anal canal were classified into several
types (Fig 1). Four of 7 patients with RUF and 2 patients
with AVF showed periodical contractions of anal canal
accompanied by rectal contractions, that is, type I pres-
sure fluctuations. In 6 patients, the anal canal relaxed
soon after the saline infusion, and the anal canal pressure
remained at the same level as the rectal pressure, that is,
type II pressure fluctuations. Incontinence was the major
problem in 3 of 6 patients with type II pressure fluctua-
tions. Two patients with rectourethral fistula who suf-
fered from severe constipation lacked rectal contractions
even in the presence of periodical relaxations of the anal
canal (type III pressure fluctuations). In 2 patients, re-

KAYABA ET AL

laxations of the anal canal and increases in rectal pres-
sure occurred irregularly and independently of each other
(irregular type Table 3). The patients with type I pressure
fluctuations had significantly higher clinical scores
(5.3 £ 1.1) than that of the patients with other types of
pressure fluctuations (3.4 * 1.9). Fecoflowmetry curves
were recorded in all the patients but patient 3 who
refused to evacuate saline on the flowmeter. Fecoflow-
metric curves were classified into 3 types as reported in
a previous study on patients without anorectal malfor-
mation (Fig 2).! In type A, fecoflowmetric curve showed
mountain peaks, which may indicate that evacuation was
accomplished smoothly with high peak flow and a short
evacuation time. In type B, the evacuation curve showed
segmental peaks. Evacuation may have required some
effort, and voiding time was longer than that of type A.
In type C, fecoflowmetric curve was flat and had no
apparent peak. The peak flow was less than 20 mL/sec.
All of the 4 patients with middle or low anomaly were
classified into type A. Only 4 of the 10 patients with high
anomaly were classified into type A (Table 3). Patients
with type A fecoflowmetric curve had significantly
higher clinical scores (4.0 = 1.0) for the bowel function
than that (3.3 = 1.8) of patients with other type of
fecoflowmetric curves. Patients with clinical scores 5
or lower had significantly smaller tolerable volume
(214.4 + 175.6 mL) and the lower maximum flow rate
(27.3 £ 27.1 mL/sec) compared with those of controls

Table 2. Clinical Bowel Function Scoring for Children With
Anorectal Anomalies

Symptoms Scores

Feels/reports the urge to defecate

(a) Absent 0
{b) Not always 1
{c) Always 2

Constipation*
{a) Unmanageable without bowel
irrigation or manual extraction of rectal

content 1
{b) Manageable with daily enemas or
suppositorium 2
{c) Better than {b) and worse than {(d) 3
{d) No constipation 4
Incontinence®
(a) Daily 0
{b) More than twice a week 1
(c) Better than {b) and worse than (d) 2
{d) Only with diarrheal stool 3
(e) Never 4
Soiling
(a) Daily 0
(b} Better than (a) and worse than (c) 1
{c) Never 2

*If one has score 4 and 2 in the categories of constipation and
incontinence, respectively, the lower point {2} is added to the score.
The perfect score is 8.
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Fig 2. Ciassification of fecoflowmetric curve. The fecoflowmetric curves in patients 5, 14, and 9, representing type A, B, and C, respectively,

are presented.

daily life. The evaluation of bowel functions of these
children by conventional manometric studies such as
resting and squeezing anal pressures often fail to reflect
the actual bowel functions and should not simply be
compared with the data of normal controls, because the
children with anorectal malformations have altered ana-
tomic structures of the anorectum.

Multivariate scoring methods have been utilized?# for
the evaluation of the ability to defecate in the children
with anorectal malformations, because they are not in-
vasive and need no special equipment. Fecoflowm-
etry,!>-¢ defecography,” and scintigraphic defecography®
have been reported to be suitable methods for quantita-

(mi) (ml/ sec)

tive and dynamic assessment of the ability to defecate.
Defecography may be useful in the evaluation of mor-
phologic abnormality as well as functional abnormality
of the rectum, anus, and pelvic floor. Defecography
requires, however, special equipment and has a restric-
tion in applying to children because of its radiologic
invasiveness. The bowel functions of children after re-
pair of anorectal anomalies may be affected by the
function of preserved or reconstructed anatomic struc-
tures including rectum, anus, the related muscles, and
nerves. The periodical relaxations of the anal canal
synchronized with contractions of the rectum are intro-
duced in the majority of normal subjects.® In the current

{ml/ sec)
35
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Fig 3. Results of fecoflowmetric study. (A) Comparison of the tolerable volume between controls (black bar) and patients with high (6-8)
clinical score (hatched bar) or low (0-5) clinical score (white bar). The clinical score was 8 in all the controls. Results are expressed as mean
values + SD. The tolerable volume was significantly smaller in patients with low clinical score {versus that of controls}. The mean tolerable
volume of the patients with high clinical score was smaller than that of controls; however, there was no statistical difference. *P < .05. (B)
Compatison of maximum flow. The maximum flow for patients with low clinical score (white bar) was significantly lower than that of controls
{black bar). *P < .06. (C) Comparison of average flow. Both patients with low clinical score (white bar) and those with high clinical score
(hatched bar) had significantly lower average flow than the controls (black bar). **P < .01; ***P < ,001.
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Fig 1.

Classification of pressure fluctuations of the rectum and anal canal. The pressure fluctuations of the rectum and anal canal during

saline infusion in the rectum in patients 3, 1, 14, and 7, representing type |, I, I, and irregular-type pressure fluctuations, respectively, were
presented. In type I, the anal canal relaxes periodically (B), which is synchronous with rectal contractions (O). Type | is usually seen in normal
subjects. In type I, which is popular in the patients with incontinence, the anal canal relaxes soon after the saline infusion without recovery
thereafter. Rectal contractions are facking in type Il pressure fluctuations. Patients with type lll pressure fluctuations tend to have longstanding

severe constipation.

(462.5 = 65.0 mL and 574 = 22.6 ml/sec, respec-
tively). The average flow rate of the patients with low (0
to 5) clinical scores (4.6 = 3.2 mL/sec) was significantly
lower than that of the patients with clinical scores 6 or
higher (9.6 = 2.6 ml./sec) and that of controls (20.4 =
10.9 mlL/sec, Fig 3). Resting anal pressure and maximal
squeezing pressure failed to show statistical difference
between the patients and controls. In 3 patients (patients
4, 14, and 16), follow-up studies were carried out after 1
to 5 years after initial evaluation. At the follow-up

studies, all of them showed greater clinical scores, the
maximum and average flow rate, and required shorter
voiding time than those observed at the initial evalua-
tions (Fig 4).

DISCUSSION

The children who underwent repair for anorectal mal-
formations require long-term medical care and support-
ive treatment to achieve satisfactory bowel functions in

Table 3. Distribution of the Types of Pressure Fluctuation Curves and Fecoflowmetric Curves

Pressure Fluctuation Curve

Fecoflowmetric Curve

Type | Type Il Type lll Irregular Type of Anomaly Type A Type B Type C
eoe [ RCF 1) e
[-1:1-1-] [ (1] RUF -1 600060
(1 RBF [-1]
ee AVF ]
e ACF ]
eo000 Controls e0000




