
Accepted: 1 February 2000 Abstract In a previous study we de-
termined the rectal pacing parame-
ters needed for rectal evacuation in
patients with rectal inertia. Here we
investigated the effect of rectal pac-
ing on rectal myoelectric activity,
motility, and evacuation in ten pa-
tients with constipation due to rectal
inertia. A pacemaker was implanted
in a subcutaneous pocket above the
inguinal area, with a lead threaded in
the anal submucosa to be hooked at
the rectosigmoid junction. The effect
of rectal pacing on rectal electric ac-
tivity was investigated by inserting
two recording electrodes to the rectal
mucosa. The patients were then
trained for home pacing. No waves
were recorded from the rectum at
rest. On rectal pacing, slow waves 
or pacesetter potentials (mean fre-
quency 2.3±1.1 cpm, amplitude
0.86±0.1 mV, velocity 3.4±1.6 ms)
were registered after a latency period
of 5.2±1.6 min. Rectal evacuation,

on pacing, occurred in seven of the
ten patients. The three who showed
no significant response exhibited
low wave parameters. Three of 
seven patients were able to evacuate
spontaneously without pacing after
having performed daily pacing for
5–6 months. The pacemaker was re-
moved in six patients (three failures
and three after spontaneous defeca-
tion). Thus rectal pacing succeeded
in inducing rectal evacuation in 70%
of the patients. The procedure failed
in three patients. Three had sponta-
neous defecation after a few months
of rectal pacing. No complications
were encountered, and the method
was tolerated and acceptable. Further
studies on a large group of patients
are required.
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Introduction

Rectal inertia is a disorder of rectal motility, and patients
present with constipation. The intestinal markers accu-
mulate in the rectum while electromyographic findings
of the anal sphincter are normal [1–3]. Previous studies
have demonstrated that the rectum possesses electric 
activity in the form of slow waves or pacesetter poten-
tials (PPs) and action potentials [4–6] (Fig. 1). The
waves have a regular rhythm, with a mean frequency of
2.6±0.4 cycles/minute (cpm, range 2–4), amplitude of
1.9±0.6 mV (range 1–3), and velocity of conduction of

4.2±0.9 cm/s (range 3–6). They are reproducible in the
individual subject. However, they exhibit changes in the
various pathological conditions of the rectum [7–11].
The PPs in patients with rectal inertia constipation are so
scarce that a period of 30 min sometimes passes without
an electric wave being recorded [9] (Fig. 2).

Rectal electric activity seems to regulate the motility
[4–6], which is presumably impaired by a disorder af-
fecting the electric waves. This is evidenced by the
electrorectograms recorded in the various pathological
lesions [7–11]. In these conditions the electric waves
with low values (frequency, amplitude, and velocity of
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conduction) are associated with diminished rectal mo-
tility.

Therapy of rectal inertia constipation is problematic,
and the results of medical and surgical treatment are con-
troversial and in most cases unsatisfactory [12–16]. Pre-
vious studies have postulated the existence of a pace-
maker at the rectosigmoid junction (RSJ) [17–20]. Rectal
electric waves have been demonstrated to start at the RSJ
and to spread caudad along the rectum [17–20]. A RSJ
pacemaker is thought to initiate and regulate rectal elec-
tric activity. We have investigated the effect of rectal
pacing, i.e., electrical stimulation of rectal smooth mus-
cles in patients with constipation due to rectal inertia,
and the results were satisfactory [21–23]. In the most re-
cent investigation we identified the rectal pacing param-
eters that are required to produce rectal evacuation in pa-
tients with rectal inertia [24].

In the present study we examined the effect of rectal
pacing on rectal myoelectric activity, motility, and evac-
uation in the patients with rectal inertia.

Material and methods

Subjects

Ten patients complaining of constipation of long duration (seven
women, three men; age 35–55 years) were enrolled in the study.
They had been on a high-fiber diet for a long period but with no
improvement. Evacuation was achieved by laxatives, enemas,
and/or digitation (Table 1). Physical examination and laboratory
findings were normal. Intestinal transit measurement showed ac-
cumulation of the pellets in the rectum. Defecography and electro-
myography of the external anal sphincter, puborectalis, and levator
ani muscles yielded normal findings. Proctoscopy, colonoscopy,
and barium enema studies were also normal. Our Faculty Review
Board and Ethics Committee approved the study, and the subjects
gave informed consent.

Application of the pacemaker and electrodes

The rectum was emptied by means of a saline enema. The pace-
maker (Prevail, Medtronic, Minneapolis, Minn., USA) was im-

planted in a subcutaneous pocket in the inguinal area. Two leads
were passed subcutaneously from this area to the anal orifice and
then in the anal and rectal submucosa to be hooked to the RSJ.
Under general anesthesia a 4-cm incision was performed 2 cm
above and parallel to the middle one-third of the inguinal ligament
(Fig. 3). Dissection was performed in the subcutaneous space to
make a pocket for the pacemaker. A subcutaneous tunnel was then
created by means of a dissecting forceps that passed subcutane-
ously from the pocket and alongside of the scrotum or labium ma-
jus to the anal orifice where a 1-cm incision was made at the mu-
cocutaneous junction (Fig. 4). A long artery forceps was passed
subcutaneously from this incision until it appeared in the pocket.
The tip of the lead was grasped by the forceps and withdrawn sub-
cutaneously to come out of the anal incision. A tunnel was then
created in the submucous space of the anal canal and rectum by
means of a long artery forceps passed through the anal incision.
The lead was threaded through this tunnel until its tip reached just
above the RSJ; it was then pulled back for a short distance so that
its tip was hooked to the RSJ. The submucosal threading and
hooking of the lead was performed under sigmoidoscopic and flu-
oroscopic control. The patient left the hospital 24 h after surgery.
Analgesic (Voltaren, Novartis Pharma, Basel, Switzerland) was
given on the 1st postoperative day together with a quinolone anti-
biotic for 2 days.

Determination of the myoelectric activity: basal and after pacing

The patients were allowed 7–10 days to recover from surgery. To
determine the effect of rectal pacing on the rectal myoelectric ac-
tivity two electrodes were hooked in the rectum. On the day of the
study the patient fasted for approximately 8 h. The electrodes were
introduced through the anus and hooked to the rectal wall. The
first electrode was applied to the rectal mucosa 3 cm below the
RSJ and the second 2–3 cm above the anorectal junction. Record-
ed waves from the two rectal electrodes were amplified using an
AC amplifier with a frequency response ±3 dB from 0.016 Hz to 
1 kHz, and were displayed on a UV recorder at a sensitivity of 
1 mV/cm. After 30 min of rest for the rectum to adapt to the elec-
trode application, basal rectal myoelectric activity was measured
for 20-min. This was followed by another 20-min recording during
pacemaker stimulation. Rectal pacing parameters had previously

Fig. 1 Electrorectogram of a normal subject showing pacesetter
and action potentials. (From [5])

Fig. 2 Electrorectogram in a
patient with constipation due to
rectal inertia. Observe that re-
cording occurred in minutes
not in seconds as in normal
subjects. (From [9])

Table 1 Clinical data of the 10 patients with inertia constipation

Patient Sex Age Stool frequency Duration Treatment
no. (years) (per week) (years)

1 F 42 0–1 8 Laxatives
2 F 35 0 15 Enemas
3 M 52 0–1 5 Digitation
4 F 38 0 10 Enemas
5 F 40 0–1 12 Laxatives
6 M 48 0 14 Enemas
7 F 43 0–1 6 Digitation
8 F 39 0–1 5 Laxatives
9 F 55 0 17 Enemas

10 M 42 0 12 Digitation
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been defined and consisted of an amplitude of 5 mA and a pulse
width of 200 ms [24]. The pacemaker was programmed at the pace
rate and time.

Home pacing

When the effect of rectal pacing on the rectal myoelectric activity
had been determined, the two rectal electrodes were removed. The
patient was then trained for use of the pacemaker at home, with
the instruction to perform rectal pacing 30–60 min after breakfast
and lunch and to record the daily number of induced and sponta-
neous bowel evacuations and the need for using laxatives or ene-
mas, or for inducing defecation by digitation. The patient was
asked to return for follow-up at 2-month intervals. He or she was
assessed clinically regarding the daily recordings. The pacemaker
and leads were also examined. The results were analyzed statisti-
cally using Student’s t test. Differences of P<0.05 were taken as
statistically significant.

Results

Basal rectal waves were not recorded from the two elec-
trodes applied to the rectal mucosa, and a “silent” elec-
trorectogram was achieved in all the patients (Fig. 5).
During rectal pacing PPs were recorded with a mean fre-
quency of 2.3±1.1 cpm (range 1.6–3.2), amplitude of
0.86±0.2 mV (0.5–1.2), and velocity of 3.4±1.6 ms
(2.2–4.8; Fig. 5). The waves appeared after a mean laten-
cy period of 5.2±1.6 min (range 2.1–6.3). These vari-
ables were reproducible from the two electrodes in the
individual subject (Fig. 5). The PPs were followed by
bursts of action potentials represented by negative de-
flections (Fig. 5) The action potentials were inconsistent
and occurred randomly. The waves disappeared immedi-
ately after pacing cessation.

Fig. 3 Incision along the middle one-third of the inguinal liga-
ment

Fig. 4 Incision at the mucocutaneous junction of the anal orifice

Fig. 5a,b Electorectogram in
inertia constipation patient. 
a Before rectal pacing: no
waves recorded. b During 
rectal pacing: waves were re-
corded and were similar from
the two electrodes
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Effect on rectal evacuation

Rectal pacing induced rectal evacuation in seven of the
ten patients with constipation. The number of weekly
evacuations varied from one patient to the other 
(Table 2). All patients performed rectal pacing twice per
day. However, bowel evacuation was not achieved after
each pacing. The maximum frequency of paced defeca-

tion was 12/week. Three patients (nos. 2, 4, and 10; 
Table 2) did not show significant improvement from the
prepacing condition. Their frequency was in each case
maximally one per week. On reviewing the PP record-
ings of the three patients we found that the recorded
waves had lower frequency, amplitude, and velocity of
conduction than those of the other patients (Fig. 6). 
Table 3 presents the PP variables of these three patients,
which were probably not sufficient to effect rectal con-
traction and evacuation. The three patients continued to
use enemas or laxatives, and asked for removal of the
pacemaker and leads 2 months after the trial.

The technique was well tolerated and accepted. No in-
fection of the pacemaker or leads occurred in any of the
ten patients. None of the remaining seven patients asked
for pacemaker removal. Three of seven patients showed
an increase in the weekly bowel motions without rectal
pacing; this spontaneous evacuation occurred after hav-
ing performed daily pacing for 3, 4, and 5 months, re-
spectively (Table 4). The pacemaker was removed 
3 months after spontaneous evacuation. Pacemaker re-
moval in the six patients (three failures and three after
spontaneous evacuation) was effected by pulling the
leads gently to free them from the rectal wall. The em-
bedded pacemaker was removed under local anesthesia,
and the skin incision was sutured. No complication oc-
curred with pacemaker removal.

Discussion

Rectal pacing was effective in inducing rectal evacua-
tion in 70% of the patients with inertia constipation.
The absence of basal electric activity in these patients
seems to suggest deficient motility, which probably is
responsible for noncontractility of the rectum and for
inertia. Previous studies have demonstrated that rectal
electric waves are initiated at the RSJ and proceed cau-
dad [4–6]; RSJ anesthetization resulted in disappear-
ance of the rectal waves. It has been postulated that a
pacemaker exists at the RSJ, and that in rectal inertia
constipation this rectosigmoid pacemaker is not func-
tioning [21–23].

The present study attempted to activate this disor-
dered rectosigmoid pacemaker. After insertion of the ar-

Table 2 The frequency of rectal evacuation/week with rectal pac-
ing of twice daily

Patient Frequency (per week) Quality of life Adjuvant
no. methods

Mean Range

1 8.3±1.2 6–10 Satisfied –
2 2.8±0.9 0–1 Not satisfied Enemas
3 6.6±1.1 5–8 Satisfied –
4 0.9±0.3 0–1 Not satisfied Enemas
5 7.2±1.2 5–8 Satisfied –
6 7.3±2.1 6–9 Satisfied –
7 8.3±2.2 5–10 Satisfied –
8 5.6±1.8 4–8 Satisfied –
9 10.6±1.3 8–12 Satisfied –

10 0.6±0.2 0–1 Not satisfied Laxatives

Table 3 Frequency, amplitude, and velocity of conduction of PPs
during pacing of the three patients who showed no significant im-
provement on rectal pacing

Patient no. Frequency Amplitude Velocity 
(cpm) (mV) (ms)

2 1.7 0.5 2.3
4 1.6 0.5 2.2

10 1.6 0.7 2.3

Table 4 The weekly stool frequency of the three patients who
showed spontaneous defecation after rectal pacing for 3–5 months

Patient no. Bowel evacuation (frequency per week)

Before-pacing during pacing No pacing

3 0–1 5–8 2–4
7 0–1 5–10 3–5
8 0–1 4–8 2–4

Fig. 6 Pacesetter potentials re-
corded from a patient in whom
rectal pacing failed to induce
rectal evacuation
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tificial pacemaker at the RSJ, rectal pacing succeeded in
producing electric waves from the two electrodes applied
to the rectal mucosa. Although all the patients exhibited
electric activity, the wave parameters differed from one
patient to the other and led to the difference in the effect
of the rectal pacing on evacuation. Three patients failed
to defecate on rectal pacing, probably due to the low val-
ues of the electric waves. The remaining seven patients
achieved a weekly rectal evacuation frequency that was
comparable to that of healthy volunteers in our laborato-
ry. The seven patients who responded to rectal pacing
had high wave parameters; they were satisfied with the
results. Three of these seven patients had spontaneous
defecation after a few months of rectal pacing. It is prob-
able that repeated rectal electric activation exercised the
rectal musculature or reactivated the RSJ pacemaker so
that spontaneous evacuation could be achieved without
pacing. However, this spontaneous evacuation did not

occur in all of the seven patients in whom pacing in-
duced evacuation. Reviewing the clinical data of the
three patients with spontaneous evacuation, it appeared
that they had a stool frequency of maximally one per
week, but their constipation history was of a shorter du-
ration than that of the other patients.

The pacemaker was removed in six of the ten pa-
tients: three failures and three after spontaneous defeca-
tion. Four patients still have their pacemakers, function-
ing and effecting rectal evacuation. In conclusion, rectal
pacing succeeded in inducing rectal evacuation in 70%
of the patients with rectal inertia. No complications were
encountered. Rectal pacing is suggested as a treatment
for rectal inertia constipation when other simpler meth-
ods have failed to cure the condition.
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