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Dynamic scanning defines a colonic defect in severe
idiopathic constipation
M A KAMM, J E LENNARD-JONES, D G THOMPSON, R SOBNACK,
N W GARVIE, AND MARIE GRANOWSKA

From St Mark's Hospital, London and the London Hospital, London

SUMMARY A technique is described in which a chemical stimulus applied to the mucosa of the right
colon is used to assess colonic motor function. Peroral intubation of the right colon was achieved
using a fine polyvinylchloride (PVC) tube. Bisacodyl was used to initiate colonic motor activity, and
colonic transit was monitored using 99mTc - DPTA and a gamma camera. In normal subjects there
was rapid movement of the radiopharmaceutical from the right colon to the rectum. In patients with
severe idiopathic constipation, a spectrum of colonic abnormality was observed from slow transit
involving the rectum and sigmoid only to slow transit involving the whole colon. The hepatic flexure
to rectum transit time for the 'head of the isotope column' in normals ranged from 1-10 minutes
(mean 5 3 minutes), whereas in patients the transit time was 14-25 minutes in four patients and
radioisotope did not reach the rectum by two hours in three other patients (controls v patients,
p<O-Ol). Patients also showed relatively impaired transport of the isotope 'mass'. This technique
has shown that the normal colon is capable of rapid effective transport in response to a standard
stimulus, and that patients with severe idiopathic constipation have a definable colonic motor
disorder.

Constipation in patients with an apparently normal
colon can be disabling and unresponsive to laxa-
tives.`2 Is it primarily an abnormality of colonic
propulsion or of rectal expulsion? Many recent
investigations have shown that these patients have
difficulty in emptying the rectum.' Is this the whole
reason for the slow passage of contents through the
colon or are there colonic and anorectal com-
ponents?
Under experimental conditions the right side of the

colon has been stimulated with a contact laxative
which normally induces immediate strong peristaltic
contractions.78 The propulsion of an isotope marker
away from the point of stimulation has been used to
determine whether colonic function is impaired in
patients troubled by constipation. The defect
observed shows that there is a colonic component to
their symptoms and also explains their resistance to
chemical laxatives.
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Methods

SUBJECTS
Four men and two women, all aged 23 years, acted as
healthy controls. None had any gastrointestinal
complaints, and their bowel frequency ranged from
one to three times per day.

Seven patients (one man and six women, aged
26-51 years) were studied. All complained of infre-
quent defecation, difficulty with rectal evacuation,
and abdominal pain. The length of history varied
from three to 40 years. None of the patients ever
experienced diarrhoea suggestive of the irritable
bowel syndrome. All patients had been investigated
for their constipation to exclude metabolic and local
causes. Defecatory function was assessed by their
ability to expel a 50 ml water filled balloon in the left
lateral position,4 and colonic transit assessed by an
abdominal radiograph five days after taking 20
radioopaque markers9 (Table). All the patients had a
normal diameter colon on barium enema and a
positive rectoanal distention reflex, excluding
Hirschsprung's disease.
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Table Patient details

Five day shape
transit study

Patient Age onset Balloon Shapes remaining
andsex Symbol Age constipation expulsion* (Normal<5) Clinicalfeatures Mainfeatures ofscan

SB (F) n 26 2 No 20 Spontaneous bowel Slow transit from right colon. Isotope did not
action each 3 weeks reach rectum by 120 minutes

AP (F) * 26 23 No 0 Bowel action 2/week Normal transit to descending colon, then slow
transit to rectum

JM (F) U 26 childhood Yes 12 Bowel action each 1-3 Slow transit throughout colon. kepeat scan after
weeks bowel preparation gave same result

TC (F) A 28 23 No 5 Bowel action 1/week Normal transit to transverse colon but then
delayed movement to rectum

JMM (M) 0 36 26 No 20 Bowel action less than Extremely slow transit throughout colon. Isotope
every 2 weeks did not reach rectum by 120 minutes

EF(F) * 31 20 No 20 Bowel action each 2-3 Normal transit to descending colon, then slow
weeks movement to rectum

FT (F) A 51 11 Not done 20 Bowel action each 3 Slow transit throughout colon. Isotope did not
weeks reach rectum by 120 minutes

*Ability to expel a 50 ml water filled balloon from the rectum (see text).

The female controls and patients were all studied
in the follicular phase of the menstrual cycle.
Each subject gave informed consent and the study

was approved by the Tower Hamlets and City and
Hackney District Health Authorities Ethical
Committees.

EXPERIMENTAL METHOD
Patient preparation
Each of the constipated patients was asked to attempt
to empty their bowel two days before having the test,
either by the use of oral laxatives or enemas. There-
after they were asked not to take any medication at
all before the test but they continued with their
normal diet.

Intubation technique
After an overnight fast, intubation of the right colon
was achieved using the method described by Kerlin et
al. 0 A 2 mm diameter triple lumen PVC tube with a
mercury weighted capsule tip surrounded by an
inflatable balloon was swallowed. One lumen was
used to inflate and deflate the balloon, while the
other channels were used as infusion ports 4 cm and
30 cm proximal to the tip. Passage through the
pylorus was confirmed by screening, and the balloon
was then inflated with 12 ml air. The subject was
screened on one or two further occasions to confirm
progress of the tube and allowed to eat an evening
meal. The subjects were then fasted until completion
of the study the next day. Exactly 3 m of the 4 m long
tube was swallowed and on all occasions this was
sufficient to reach the right colon.
The position of the end of the tube in the right

colon was confirmed radiologically on day 2. On two

occasions the tube had entered the transverse colon,
but one perfusion port was still positioned between
the caecum and hepatic flexure. The perfusion ports
were marked by radioopaque markers placed in the
tube. Radiopharmaceutical and bisacodyl were
infused through the proximal or distal infusion port
depending on which port was situated between the
caecum and hepatic flexure. Correct placement of
isotope was confirmed by the subsequent character-
istic scan appearance. Repositioning the tube was
unsuccessful on the two occasions it was attempted,
but these studies were still able to be carried out
successfully. The tube was taken out at the comple-
tion of the test by gentle slow traction.
On all occasions the radiation dose from screening

was minimised by utilising an 'image pulse store'
facility which enables the image to be stored on
the screen and entails 1-2 seconds screening per
exposure.

Radionuclide imaging
The subject lay supine under a large field of view
gamma camera (Siemens ZLC 7500) which encom-
passed the entire colon and rectum, and which was on
line to a SSCI 100 Nodecrest computer. The gamma
camera was peaked for 99mTc energy at 140 keV with
15% window and a low energy, general purpose,
parallel hole collimator was used. 9 MBq 99m Tc-
DTPA in 10 ml 0-9% saline was infused into the right
colon and observed for 10-15 minutes. Five and a
half milligrams (5.5 mg) bisacodyl rectal solution
(Dulcolax, Boehringer Ingelheim) made up to 10
ml with 0.9% saline was then infused via the same
colonic port.
The scan was terminated when the bulk of the
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Fig. 1 To create regions ofinterest, an image is created
which is a composite ofall the acquiredframes. The seven

regions are caecum and ascending colotn, hepaticflexure,
transverse colon, splenicflexure, descending colon, sigmoid,
and rectum.

isotope had moved to the rectum and a strong desire
to defecate was experienced, or when two hours had
elapsed.
The calculated maximum whole body radiation

dose from the radionuclide was 0()1 mSv and the
radiation dose from x-ray screening was 0.5 mSv.

Radionuclide measurements and data analysis
Data were acquired in the dynamic mode and frames
were collected at one minute intervals. For the
purpose of computer analysis seven anatomical
regions of the colon were defined using a composite
picture derived from all the frames (Fig. 1). The
seven regions were caecum and ascending colon
(region 1), hepatic flexure (2), transverse colon (3),
splenic flexure (4), descending colon (5), sigmoid (6),
and rectum (7). There was occasional slight overlap
of the sigmoid and rectum, in which case the overlap-
ping region was included in the sigmoid region. Time
of arrival of the 'radionuclide head' in different
regions was easily assessed visually. Because of the
rapidity of the isotope mnovement it was not possible
to obtain lateral or posteroanterior views to compen-
sate for attenuation. The percentage count for each
region was therefore expressed as a proportion of the
total count in that frame.'
The isotope data were also used to generate a

number which would reflect the 'centre of mass' of
the activity in each frame and therefore give a guide
to the effectiveness of transport.'` This figure repre-
sents the point in the colon (according to the
predefined numbered regions) which lies ahead of
50(% of the radioisotope mass. It can be calculated:

| =Ci ]n
where n=frame number, i=the number of the region
of interest (in the order originally designated),
C=count within the region i.

Results

HEAD OF THE COL.UMN OF RADIOACTIVITY
There was no movement of isotope over a 10-15
minute observation period until bisacodyl was intro-
duced into the right colon. There was then a uni-
formly rapid response in all the controls, with
transport of nearly all the isotope to the rectum (Figs
2a, 3). The movement was associated with migratory
abdominal cramping and an urge to defecate. The
hepatic flexure to rectum transit time of the head
of a column of radioactivity in the control group
ranged from 1-10 minutes, with a mean of 5.3
minutes.
The patients all differed from the controls and

showed a spectrum of abnormal response. In four
patients there was normal rapid isotope movement to
the splenic flexure or descending colon accompanied
by abdominal cramping, with subsequent delayed
transit into the sigmoid and rectum over a total of
14-25 minutes. The other three patients experienced
no cramping, showed uniformly slow transit through-
out the colon, and the radioactivity did not reach the
rectum within two hours (Figs 2b, 2c, 3) (controls v
patients, p<001, Mann-Whitney U test).
Of the four patients who had previously retained

all radioopaque markers five days after ingestion,
three failed to propel the isotope to the rectum within
two hours after bisacodyl.

MOVEMENT OF CENTRE' OF MASS OF

RADIOACTIVITY (Fig. 4)
The 'centre of mass' moved from the region of the
hepatic flexure to the descending colon in five of six
normal subjects before observations ended at defeca-
tion. In five of seven patients, the rate of movement
of the 'centre of mass' was slower than in the control
subjects and the final position reached was proximal
to the descending colon in all but one. The final
position of the 'centre of the mass of radioactivity'
during the scan period was significantly greater - that
is, more distal - for the controls compared with the
patients (p=002, Mann-Whitney U Test).
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DEFECATION AND ELIMINATION OF ISOTOPE

In all the control subjects, arrival of the isotope in the
rectum resulted in a strong urge to defecate. Subjects
were asked to resist this urge to enable accumulation
of the isotope in the rectum, with subsequent elimi-
nation of 69-977% (median 84 5%) of the radio-
activity by defecation in a single stool.

In four patients there was a desire to defecate,
correlated with the arrival of isotope in the rectum.

Fig. 2 Threeexamples ofcolonicscans which demonstrate
the range ofabnormality. Theposition ofthe 'isotope head' at
different times as wellas theposition ofthe bulk ofthe mass of
radioactivity can be clearlyseen. The time beneath each
frame refers to the timefrom infusion ofbisacodyl. (a) A
normalsubject. Two successive one minuteframes (fourand
five minutes) show transport ofisotopefrom the hepatic
fiexure to the rectum in one minute. Most ofthe isotope has
reachedthe rectum by 27minutes; (b) Patient (*) who
showed rapid transport to the descending colon, but delayed
movement through thesigmoid and rectum; (c) (0) who
showed veryslow transit throughout the entire colon. Isotope
had stillnot reached the rectum after2 hours.

The proportion of the total isotope excreted was
50%, 59%, 77%°, and 86%. The three patients in
whom the isotope front did not reach the rectum by
120 minutes had no urge to defecate and did not do so
within the two hour imaging period.

MEASURES TO EXCIUDE COILONIC lIOAI)ING AS A

CAUSE OF DUELIAYEI) I RANSIT
All patients were successful in achieving one or more
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* Not at rectum by 2h (120mins)

E Normal range

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 50 60 70 80 90 100
Time after Bisacodyl infusion (minutes)

Fig. 3 Location ofthe radioactivity head at different times after infusion ofbisacodyl into the right colon. The range ofall the
control lies within the shaded area.

2 4 6 8 10 12 14 16 18 20 22 24 26 2B 30 32 34 36 38 40 50 60 70 80 90 100110 120
Time after Bisacodyl infusion (minutes)

Fig. 4 Theposition ofthe 'centre ofmass' ofradioactivity in the colon at different times after infusion ofbisacodyl. The range
ofall the controls lies within the shaded area. The numerals indicate the position in the colon reached by the centre ofmass in
each patientat the end ofthestudy. * =control.
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a Scan 1
O Scan 2

Normal range

* Not at rectum by 2 hours (120 mins )

2 4 6 8 10 12 14 18 20 22 24 26 28 30 32 34 36 38 40 50 60 70 80 90 100
Time after Bisacodyl infusion (minutes)

Fig. 5 Time ofarrival ofthe 'radioactivefront' after infusion ofbisacodyl, in two scans performed in the same patient (JM).
The second scan wasperformed after extensive bowelpreparation. *Radioactivity did not reach the rectum by 120 minutes.

bowel actions by the use of oral laxatives or enemas

and suppositories two days before the test. During
radiographic screening done to monitor progress of
the peroral tube, the colon showed no evidence of
faecal loading.
One patient had two studies carried out two days

apart, using a reduced radionuclide dose of 6 MBq
(for ethical reasons) but an identical stimulus. After
the first scan the patient was maintained on clear
fluids only for two days and bowel washouts were

done. x-Ray screening confirmed the absence of
residue. The second study gave very similar results to
the first (Fig. 5).

Discussion

Hardcastle and Mann first showed that bisacodyl
induces high pressure peristaltic waves in the colon
and that this effect can be blocked by the application
of lignocaine to the mucosa.7 The precise receptor
site for bisacodyl and its mode of action remain
unknown, although colonic instillation of bisacodyl is
associated with increased sporadic spike bursts
recorded myoelectrically.'3 These sporadic bursts,
particularly the propagating ones, are associated with
abdominal cramping and an urge to defecate.'3 In a

study of patients with constipation, bisacodyl was

introduced into the sigmoid colon.8 Pressure

measurements in some patients showed a normal
peristaltic response but others showed no activity.
Our aim was to initiate motor activity in the right

side of the colon and to monitor transit. Because of
the prolonged period of observation necessary the
radiation dose from x-ray studies is unacceptably
high. The use of a non-absorbable isotope allows
accurate quantifiable imaging of the colon with a very
small radiation dose. Spiller et al have used 111In-
DTPA to show shortened colonic transit time in
normal individuals given an infusion of oleic acid, in a
test of simulated steatorrhoea. 4 Krevsky et al used
the same isotope to accurately determine the colonic
transit rate in normal individuals.'2 Our results have
shown that the colon in normal individuals rapidly
transports contents from the right side to the rectum
in response to a standard chemical mucosal stimulus.

Patients with severe idiopathic constipation often
complain that large doses of oral laxatives either have
no effect at all, or produce abdominal cramping but
do not result in a bowel action. The findings in this
study provide a physiological basis for their observa-
tions. A high local concentration of bisacodyl in the
right colon produced either minimal symptoms with
slow transit of isotope or a normal response in the
right colon with abdominal cramping and rapid
isotope transit to the splenic flexure, but slow transit
distal to that.

SIG

r
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Dynamic scanning defines a colonic defect in severe idiopathic constipation 1091

We believe that the failure of progression of
radioisotope was related to lack of colonic response
rather than because of hypersegmentation. In the
patients in whom transit was delayed from the right
colon there was little or no abdominal cramping,
unlike those patients and all the controls in whom
there was rapid transport of isotope. Furthermore, in
an earlier study' in which a similar group of patients
had bisacodyl instilled into the sigmoid colon, the
patients exhibited either a normal peristaltic
response or no motor activity at all. Further studies
could address this question by the use of simul-
taneous pressure recordings, and the more frequent
acquisition of frames in the early part of each study.

Particular care has been taken in this study to
ensure that there was no artefactual cause for slow
colonic transport either by reduced contact of the
bisacodyl with the mucosa due to dilution or by
obstruction to forward passage due to faecal loading.
Only patients with a normal diameter colon (on
barium enema) were studied to ensure a similar area
of mucosal contact with the stimulus. Colonic loading
with faecal residue was excluded by giving purgatives
two days before the test and its absence checked by x-
ray screening. The even distribution of isotope at the
time of infusion did not give the appearance of a
loaded colon. Finally, the scan was repeated in a
patient whose colon had been thoroughly emptied
and results were similar to the first test.

Patients with severe idiopathic constipation are
almost exclusively women and usually of childbear-
ing age.' Although these patients appear to form a
homogeneous clinical group, the results of this study
tend to suggest that the colonic defect is variable.
Some patients have a defect in transport throughout
the colon, while others have an abnormality confined
to the left colon or even rectosigmoid. The colonic
abnormality in these patients could be one originat-
ing in the pelvis, with variable proximal involvement.
The major motor innervation to the left colon derives
from the sacral parasympathetic supply via the nervi
erigentes, and damage to this supply can cause left
sided colonic inertia. 15 Impulses from the pelvic
nerves may pass via the 'long colonic nerves', which
are thought to traverse most of the length of the
colon.'6

Alternatively, it is possible that the defect we have
shown is caused by a disorder of the myenteric plexus
or colonic smooth muscle. Silver staining of the
myenteric plexus in these patients does show a
decrease in number and a morphological abnormality
of neurones," but whether these changes are uniform
throughout the colon is unknown.
Two of the patients in this study had normal or near

normal whole gut transit as assessed using radio-
opaque shapes. Patients with normal transit may

experience abdominal pain and difficulty with rectal
evacuation similar to those with slow transit."5 This
study shows that there may indeed be a colonic motor
defect in these patients which is not demonstrable by
other methods.
The effective treatment of severe constipation

remains a formidable problem. Patients usually
present having tried a large range of laxatives, often
in enormous doses. They not only suffer from infre-
quent bowel actions, but also from difficult defeca-
tion, abdominal pain, and bloating. The severity of
these symptoms is such that some patients come to
colectomy, but even this extreme step is not always
successful in relieving all their symptoms. 18 It is
hoped that a test such as this one, which uses a
powerful local stimulus, will enable motor function in
different regions of the colon to be defined.

MA Kamm was supported by the St Mark's Research
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The authors wish to thank Ms L Bingham, Ms E

Walker and the Staff of the Department of Nuclear
Medicine at the London Hospital for technical assist-
ance, Mr J Northover and Dr K Britton for their
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