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Differences in colonic tone and phasic response to
a meal in the transverse and sigmoid human colon

M J Ford, M Camilleri, J A Wiste, R B Hanson

Abstract
It is not yet clear whether the regional dif-
ferences in the physical properties of the
colon influence its motor responses. Tonic
and phasic colonic motility and com-
pliance of the transverse and sigmoid
colon were therefore assessed using a
combined barostat-manometry assembly
in 22 healthy subjects. Measured colonic
compliance was corrected by subtraction
of the compliance of the closed barostat
system. The mean (SEM) preprandial
colonic volumes in the transverse and sig-
moid colon were similar (150 (12) and 128
(13) ml, p=NS), corresponding to calcu-
lated mean (SEM) colonic diameters of
4.3 cm and 4.0 cm respectively. The mean
increase in colonic tone postprandially
was significantly greater in the transverse
(24.1% (3.5)) than in the sigmoid colon
(13.1% (3.0), p<0-01). The mean increase
in phasic contractility was significantly
greater, however, in the sigmoid than in
the transverse colon (1270 (210) and 425
(60) mm Hg/90 min respectively, p<0.01).
Compliance was greater in the transverse
than sigmoid colon (7.6 (0.44) and 4.1
(0.15) mI/mm Hg, p<0.001). The fasting
volume of the colon was significantly cor-
related with the magnitude of the tonic
response to the meal in the transverse and
sigmoid colon (p<0.001 for both). In con-
clusion, there are quantitatively different
but qualitatively similar phasic and tonic
responses to the meal in the two colonic
regions. Differences in the viscoelastic
and luminal dimensions may partly
account for these differences in tonic
responses.
(Gut 1995; 37: 264-269)
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The human colon can be subdivided into two
distinct regions, proximal and distal to the
splenic flexure, on the basis of differing
embryology, innervation, blood supply.' The
anatomical differences are also reflected by
differences in the function of the proximal and
distal colon. The concept of a functional
division between the proximal and distal colon
was proposed on the basis of differences in
their luminal contents and patterns of contrac-
tile activity.2 The right colon also has a greater
diameter,3 a greater absorptive4 5 and reservoir
capacity,5 6 and different mechanical and
viscoelastic properties compared with the left
colon.7-9 Furthermore, in vitro and in vivo, the
circular smooth muscle of the human colon

exhibits regional differences in contractile
frequency,7 10 colonocyte absorptive func-
tion," myoelectrical activity,12 and responsive-
ness to pharmacological13-17 and physiological
stimulation. 15-18
Though there are numerous studies of

proximal and distal colonic as well as rectal
phasic motility responses to a meal, none have
assessed tonic responses simultaneously in
both the proximal and distal colon. Our aims,
therefore, were to assess postprandial tonic and
phasic responses of the healthy human colon
and to consider the hypothesis that the magni-
tude of tonic responses in different regions is
influenced primarily by the colonic compliance
at each region.

Methods

HEALTH VOLUNTEERS
Twenty two healthy volunteers, aged 19-62
years (mean (SEM) =31 (2. 1); 12M and 10 F),
were recruited by public advertisement. None
had previously undergone gastrointestinal
surgery; irritable bowel syndrome, anxiety, and
depressive disorders were excluded using
validated, screening questionnaires,'9 20 a
clinical interview, and physical examination.
The studies were approved by Mayo Clinic's
Institutional Review Board.

COLONIC MOTOR FUNCTION
A multilumen, combined manometric and
balloon assembly was placed in the prepared
colon with the aid of colonoscopy and fluo-
roscopy.2' 22 Tonic and phasic contractile
activity of the colon were measured by barostat
balloons and conventional manometry respec-
tively. The combined assembly comprised six
manometric ports, one 10 cm orad to a 10 cm
polyethylene balloon positioned in the trans-
verse colon, one 10 cm abroad to a similar
balloon in the sigmoid colon, and four ports,
10 cm apart, between the two balloons, these
being 50 cm apart. Each balloon was tied to
two metal rings incorporated in the assembly
(10 cm apart), and was linked to a strain gauge
and an electromechanical air injection device
capable of an air injection rate of 23 ml per
second. The maximum diameter of the bal-
loons when fully distended in vitro is 7 cm.
The barostat balloons were inflated to a mini-
mum distending pressure, defined as the pres-
sure at which respiratory excursions were
regularly recorded as changes in the barostat
volume. The 'operating pressure' was set 2
mm Hg above the minimum distending
pressure (median pressure 10 mm Hg, range
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8-14 mm Hg). Intraballoon volumes and
manometric pressure changes in response to
contractile activity were monitored continu-
ously throughout the study. The technique and
its use in healthy and clinical states has pre-
viously been shown to be both safe and
effective when combined with manometry.21-24

COLONIC COMPLIANCE
Colonic compliance was assessed isobarically
as the volume response to ramped increments
in intraballoon pressures and expressed as the
slope dV/dP (ml/mm Hg) after subtraction of
the intrinsic compliance of the closed barostat
system. The compliance curve of each baro-
stat device was measured ex vivo during
calibration of the instrument immediately
before every study. Previous studies have
confirmed that the polyethylene balloon is
infinitely compliant within normal operating
ranges (intraballoon volumes <550 ml) and
that the compliance curve of the closed system
is close to linear and ranges from 5.64-5.68
ml/mm Hg for the 'Mayo' type bellows baro-

reversed immediately after the procedure with
intravenous flumazenil (0.2-0.5 mg,
Romazicon, Roche Laboratories, Nutley, NJ)
to ensure return to full consciousness. In the
absence of any endoscopic abnormality, a 4
metre Teflon coated guidewire (Microvasive,
Hobbs Medical, Stafford Springs, CT) was
placed with its tip in the proximal colon and the
colon deflated as the colonoscope was with-
drawn. The combined manometry and balloon
assembly was introduced into the colon over
the guidewire and positioned under fluoro-
scopic control. After 60 minutes equilibration,
ramp like isobaric distensions of the transverse
and sigmoid colon were undertaken in a ran-
domised sequence. Colonic tone and motility
were subsequently assessed during 10 minutes
before and for 90 minutes after consuming a
liquid meal comprising a chocolate milkshake
containing 1000 kcal (35% carbohydrate, 53%
fat and 12% protein).

DATA ANALYSIS

stat pumps used in this study. The sequence of Colonic motor parameters
balloon distension in the proximal and distal Phasic manometric pressure activity and
colon was randomised and compliance curves changes in both pressure and volume of the
obtained by increasing intraballoon pressure two barostat balloons were sampled as analog
at 30 second intervals in 4 mm Hg steps signals at 8 Hz and converted to digital signals
from 4 to 32 mm Hg above 'operating before entry into a computer. As in previous
pressure'. studies, movement and respiratory artifacts

were filtered out using a modified VAX LAB
filtering program (Digital Equipment

EXPERIMENTAL DESIGN Corporation, Boston, MA) to remove wave-
All subjects were admitted to the General forms with a frequency of greater than 10 per
Clinical Research Center at St Marys Hospital minute, pressure changes of less than 10 mm
for bowel preparation comprising 1-5-2 1 Hg amplitude or less than four seconds dura-
polyethylene glycol and electrolyte solution tion.22-24 Phasic pressure activity was
(OCL, Abbott Laboratories, Chicago, IL) on measured manometrically and expressed as the
the evening before the study. All signed manometric activity index - that is, the area
informed consent and women of childbearing under the contraction curve per 10 minute
potential had a negative plasma P human period. The mean manometric activity index in
chorionic gonadotrophin pregnancy test. After the transverse and sigmoid colon was calcu-
an overnight fast, colonoscopy was performed lated from the mean values recorded from two
under conscious sedation with intravenous sensors positioned proximal and distal to the
midazolam (0.07 mg/kg, Versed, Roche barostat balloons. High amplitude propagated
Laboratories, Nutley, NJ); sedation was contractions (HAPCs) were defined as phasic

contractions of at least 100 mm Hg in ampli-
tude and propagated between at least three
ports (that is, for at least 20 cm) at rates of

L Transverse 4 0.5-2.0 cm/s.25
The barostat balloon volumes recorded in

the transverse and sigmoid colon were similarly
computer analysed to separate baseline balloon
volume from phasic volume events (PVEs).
PVEs were defined as changes in volume
greater than 10% of baseline volume23 24 and
occurring at the frequency of human colonic

4Sigmoid _¢contractions previously measured using this
technique - that is, 1-4 per minute.21 22

Baseline volumes were calculated by com-
p < 0.001 puterised exclusion of the PVEs from the baro-
n = 22 stat recordings and averaged over each 10

112 |i I I I I I I minute period to represent colonic tone.23
8 12 16 20 24 28 32 36 40 44 Postprandial changes in colonic tone were

Pressure (mm Hg) expressed as percentage changes in barostat
1: Regional colonic compliance in transverse and sigmoid colon, correctedfor the volumes compared with fasting to correct for
rnce of the barostat pump. Note the greater compliance of transverse than sigmoid interindividual variations in baseline volumes,

reflecting differences in colonic diameters.23 24
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Figure 2: Regional colonic tonic response to a meal. Note the greater magnitude
response in the transverse colon and the suggestion of a second later peak (aroun
minutes) in the tonic response, particularly in the transverse colon.

Statistical analysis
The mean (SEM) of barostat volume
10 minute periods before and for 90
after the meal were compared by paire
while the paired Wilcoxon rank sum ti
used to compare manometric activit
was not normally distributed. Colonic
ance, measured as the slope of the 1
volume curve, was compared in
regions by paired t test. Linear r

analysis was used to estimate slope of
pliance curve, as 2 was always >0
influence of baseline (or preprandial
and compliance on the mean pos
tonic response (mean A barostat volur
was assessed by regression analysis.

Results

FASTING COLONIC VOLUMES

Using identical barostat balloons, t
baseline volumes of 10 cm segmen
transverse and sigmoid colon durin:
minute period before the meal were n(

cantly different at 150 (12) and 128
respectively. Given the cylindrical sha
balloons, the calculated mean diamet
colonic segments were, therefore, 4--
4-0 cm respectively. The mean z
pressures were significantly differen
transverse and sigmoid colon at 9-8
(0-3) and 11-4 mm Hg (0-5) res
(p< 0.01). There was a significant ranl
tion between operating pressure and
volume in both regions of th
(Spearman's r=0.5, p<005).

REGIONAL COLONIC COMPLIANCE

Figure 1 shows the comparison of th4
ance curves during balloon distensic
transverse and sigmoid colon (calcul.
subtraction of the volume-pressure
the closed barostat system). The dV,
in the transverse colon was significant

than that of the sigmoid colon (7.6 (0.44) and
441 (0.15) ml/mm Hg respectively, p<0001).
There was no significant intraindividual corre-
lation between corrected compliance curves in
the transverse and sigmoid colon (r=0. 1,
p=0.67).

REGIONAL RESPONSES TO THE MEAL
Transverse and sigmoid colonic tone and
manometric activity indices increased signifi-
cantly after the meal (Figs 2 and 3). These
effects persisted throughout the 90 minutes
after the meal. The mean postprandial reduc-
tions in barostat balloon volumes (consistent
with increased colonic tone) were significantly

n= 22 greater in the transverse compared with the
sigmoid colon (24-1% (3-5) and 13-1% (3.0)

80 100 respectively, p<0-01). In three subjects, leak-
ing of the proximal balloon precluded analysis

of the of postprandial responses.
d 80 Manometric activity increased significantly

in both the transverse and sigmoid colon after
the meal. Mean fasting and postprandial
phasic contractile activities, however, were

,s during significantly greater in the sigmoid colon
minutes compared with the transverse colon; fasting

zd t tests, activities were 1018 (185) and 207 (60) mm
ests were Hg/10 min respectively, p<0O01). The mean
y, which sigmoid and transverse colon postprandial
2 compli- phasic activities calculated over the 90 minute
pressure- postprandial period were 1270 (210) and 426
the two (48) mm Hg/10 min respectively (p<0-01).
egression The pattern of both the phasic and tonic
the com- meal responses in the transverse colon differed
-95. The from those seen in the sigmoid colon; the
) volume responses peaked more rapidly, often within 10
tprandial minutes of the meal, but were less sustained in
ne in ml) the transverse colon, compared with peak

response times of 20-30 minutes in the sig-
moid colon. Tonic contractile responses may
be bimodal with a delayed, further increase in
contractility about 80 minutes after meal
ingestion (Fig 2).

he mean
ts of the HAPCs
g the 10 HAPCs were identified on only two occasions
ot signifi- (once in each of two subjects) throughout a
(13) ml total study time of 36 hours (100 minX22
pe of the subjects); one instance occurred in response to
ers of the distension of the transverse colon during the
3 cm and measurement of compliance and the other, 20
operating minutes after the meal. Both HAPCs had
it in the amplitudes in excess of 100 mm Hg, originated
>mm Hg in the transverse colon, and were propagated at
spectively least 40 cm into the sigmoid colon.
k correla-
baseline

Le colon RELATION BETWEEN FASTING VOLUME,
POSTPRANDIAL TONE, AND PHASIC
CONTRACTIONS
Overall, there was a significant inverse relation
between the fasting volume of the colonic seg-

e compli- ments evaluated and their corrected compli-
)n of the ance (r=-0.31, p=0.05). This was caused by
ated after a significant inverse correlation in the trans-
curve of verse colon (r=-0-87, p=0.001), not in the
/dP slope sigmoid colon (p=0.19). The change in
ly greater postprandial baseline volume in the barostat

a)

a)

a)
V
0)
E
'E
Co-0

0)
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Figure 3: Regional colonic phasic response to a meal. Note the greater magnitude of th&
response in the sigmoid colon.

balloon or tone relative to fasting was sig
cantly related to the fasting volume or ton
both transverse (r=0-75, p<0.001) and
moid colon (r=0.84, p<0.001, Fig 4). TM
was no relation between postprandial ph
contractions and fasting volume (data
shown).

Discussion
The increase in colonic phasic contractile a(
ity in response to feeding is well reported ar
commonly referred to as the 'gastrocol(
reflex'.2 The term is a misnomer, howevei
the colonic response to food is even n
noticeable in the absence of a stomach.
Postprandial colonic motor activity compi
an increase in non-propulsive activity and
commonly, the occurrence of HAPCs, tl
being sometimes associated with 'mass m(
ments'.2 27-30 As we wished to evaluate
tonic effects of a meal on two colonic regi(
our experiments necessitated colonic cleans

A

and tube placement could not ethically be per-
formed without sedation in most participants.
These two factors may have conceivably
changed our results. Others have shown, how-
ever, that colonic cleansing does not signifi-
cantly change fasting and postprandial colonic
phasic pressure activity.31 The effective half
lives of midazolam and flumazenil are respec-
tively 107 and 35 minutes,32 and hence the
time to perform the procedure and equilibra-
tion period of 60 minutes should have been suf-
ficient to minimise any drug effects on the
colon's motility.
The colonic response to food includes both

cephalic and intestinal phases, both of which
seem to be modulated by neural and humoral

22 mechanisms.33-38 Dietary factors, particularly
L the fat component of the meal, seem to exert

100 an important influence on the motility
response, especially with respect to the late
phase of increased postprandial activity.35 39
Furthermore, the colonic response to feeding
changes not only motor function but also
sensory function; sensitivity to distension of

nifi- the sigmoid colon is increased depending on
Le in the fat content of the meal,40 suggesting that
sig- changed tension in the wall of the colon may
here result in a change in the set point at which
asic mechanoreceptors and visceral afferents will be
not stimulated.

Regional differences in the phasic motor
response to food have been reported pre-
viously.1 2 9 12-18 30 Typically, the proximal
colon exhibits a rapid, maximal response

ctiv- followed by a progressive decrease in activity
id is and the distal colon a slower and more sus-
onic tained increase in activity of considerably
r, as greater magnitude than that seen in the trans-
nore verse colon.
2627 Pharmacological stimulation of the colon
rises with methacholine, neostigmine, and serotonin
less selectively enhance phasic contractility of the
hese proximal colon alone.13 Similarly, glucagon
ove- decreases the phasic contractile and myoelec-
the trical activities in response to a meal in the
ons, right colon but has no effect on the meal
;ing, response in the left colon.4' Such findings

support the concept that different mechanisms
are at play in the control of the proximal and
distal colon motor function but do not resolve
the issue as to whether this is the result of their
different neural, hormonal or mechanical
properties.
We have shown that the colonic compliance

and the postprandial increase in colonic tone
are significantly greater in the transverse than
the sigmoid colon and that in contrast, phasic
motor activity is significantly greater pre and
postprandially in the sigmoid colon. Our data
also suggest there may be a bimodal tonic
response with a second later stimulation that
has previously only been reported in the canine
colon42; however, our studies were not long

20 40 60 80
Mean change in volume postprandially (ml)

Figure 4: Relation between fasting barostat volume and postprandial change in volume
(mean per 10 minute period over 90 minutes). Note the significant correlations for both
sigmoid and transverse colon.

enough to definitively prove the presence of a
second peak.

100 Might the observed differences in segmental
motor activity be artefactual? It could be
argued that these differences reflect the
decreased compliance and smaller luminal
diameter of the sigmoid colon, the second
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factor resulting in a proportionately greater
detection of non-lumen occluding con-
tractions. When placed in the colon, the baro-
stat balloon tied to metal rings in a multilumen
assembly assumed a cylindrical shape and con-
formed to the internal shape of the colon with
indentations caused by haustrae.21 An approxi-
mate value for the colon's diameter can be
estimated as the volume and length of the
cylindrical balloon are known (vol=7rr2h).
Previous studies suggested that, in the range
3.0-5.6 cm, the luminal diameter does not
change the ability of open tipped manometric
techniques to detect phasic contractility.23 43 44
In this study, the mean diameter in the trans-
verse colon was 4-3 cm and the maximal
diameter recorded was 5.8 cm; only one sub-
ject had a transverse colon diameter ¢5.6 cm.
Thus, in regions of high compliance such as
the transverse colon in health, the potential for
error in detection ofnon-lumen occluding con-
tractile activity was small, and the differences
in luminal diameter did not influence the
degree of phasic activity measured. Therefore,
our phasic activity data are consistent with the
previous findings of Koch et al who showed
that the increase in phasic activity post-
prandially was sixfold in the left colon and
three to fourfold in the transverse colon.16
A second potential for artefact is the entrap-

ment of the sigmoid in the confined space of
the pelvis under the pressure of overlying
viscera; this may partially explain the compara-
tively high 'operating' pressures needed to
record respiratory artefact in the sigmoid rela-
tive to the transverse colon, which is less
confined by surrounding structures but is
closer to the diaphragm. Using individualised
'operating' pressures for each region ensured
that both regions were responsive to changes in
intra-abdominal pressure in each participant
and seems preferable to an empiric, standard-
ised preset pressure. We do not believe that the
significantly higher 'operating' pressure used in
the sigmoid colon negates our findings as, in
hollow viscera of identical compliance, the
higher operating pressure would have resulted
in a larger intrabag volume rather than the
slightly lower preprandial volumes seen in the
sigmoid colon in our study. Sigmoid entrap-
ment may have contributed to the lower
volume response to an imposed pressure or
compliance and the reduced tonic responses to
a physiological stimulus in the sigmoid colon in
our study. Others have shown, however, that
even ex vivo, the compliance of the sigmoid is
less than that of the more proximal colon.9
Hence, pressure from surrounding structures
is not the only reason for the lower compliance
measured in the sigmoid colon, and differences
in the viscoelastic properties of the sigmoid
and transverse colon could at least partly
explain the quantitative differences in passive
compliance.

Indeed, Waldron et al have shown that the
pressure increase in response to an imposed
volume (that is, elastance, the reciprocal of
compliance) is much greater in the descending
than ascending colon,9 and in vitro studies
show that human colonic muscle obtained

from the proximal colon was more distensible
than that from the sigmoid colon.7 These in
vitro data are consistent with the greater dis-
tensibility or compliance of the transverse than
the sigmoid colon, as seen in our studies. It is
conceivable that differences in position in the
abdomen render the transverse colon more
susceptible to diaphragmatic compression and
the sigmoid less compliant because of con-
straint by pelvic contents and bones. Thus,
interpretations of resting volumes and mini-
mum distending pressures are suspect; by way
of contrast, compliance measurements, which
depend on a wide spectrum of distending pres-
sures, and estimations of the postprandial
response as a proportionate change from base-
line are more robust measurements.
The higher contractile frequency of human

colon circular muscle strips obtained from
ascending and transverse colon, compared
with descending and sigmoid colon, depends
on the length of muscle fibres.7 The magnitude
of the tonic response to the meal is related to
baseline volume in both regions, suggesting
that the more relaxed the colon is, the greater is
its tonic response to the meal in the two
regions. Thus, physical properties partly influ-
ence the quantitative response to the meal in
different regions, even if the qualitative nature
of the responses is similar. Further studies are
necessary to obtain a clearer understanding of
the neurohumoral factors controlling regional
colonic motor responses to physiological
stimuli in humans. In vitro, excitatory trans-
mitters such as substance P and acetyl choline
have different contractile effects on the circular
muscle of proximal and distal segments of the
rabbit colon.45
The rarity with which HAPCs were seen is

quite consistent with published reports; our
study encompassed 36 hours of colonic
pressure monitoring in 22 healthy subjects who
had had prior bowel preparation, and we saw
two HAPCs of > 100 mm Hg amplitude.
Soffer et al 46 observed no more than two
HAPCs per 24 hours using an ambulatory
recording device with the colon unprepared.
Crowell et al 47 observed on average 6.2
HAPCs of >75 mm Hg per 24 hours, and 49%
occurred within one hour after eating. As their
subjects ate three times during a 24 hour study
(total energy intake, 2500 kcal), our aggregate
findings in a total of 36 hours associated with
only one meal are consistent with the previous
findings.

In any hollow viscus, muscle tone provides
the active component of compliance, while the
viscoelastic properties of the connective tissue
and muscle fibres provide the passive com-
ponent. Studies of the human colon in vivo
and ex vivo show that muscle tone provides a
proportionately greater contribution to total
compliance in the proximal colon compared
with the distal colon.6-8 There is also evidence
that active compliance resulting from the
muscle response requires a lesser degree of
stretch or stimulation in the sigmoid colon.
Thus, maximum active force generated in
taenial longitudinally oriented as well as
circular muscle occurred at greater length in
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ascending and transverse colon strips than
with strips obtained from the descending and
sigmoid colon.7
Our findings on regional colonic tone

suggest a decreased ability of the distal colon to
either relax to accommodate an imposed
pressure load or to contract in response to
stimulation by a meal, compared with the
proximal colon; in contrast, the transverse
colon exhibits a significantly greater dynamic
range of muscle tone. The magnitude of the
tonic response to the meal is significantly
related to the fasting tone in both regions. The
differences in passive compliance may, in part,
influence the point at which tension receptors
in the wall of the colon are stimulated by an
imposed volume or pressure, and may explain
the greater propensity for symptoms to be
referred to the sigmoid region rather than the
transverse colon in irritable bowel syndrome,
and for the propensity for development of
higher intraluminal pressures that result in the
formation of diverticula in the sigmoid colon.
In conclusion, although qualitatively similar,
the phasic and tonic responses to a meal are
quantitatively different in two colonic regions
and seem to partly reflect differences in the
viscoelastic properties of these two colonic
regions.
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