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Effect of intestinal resection on human small
bowel motility

T Schmidt, A Pfeiffer, N Hackelsberger, R Widmer, C Meisel, H Kaess

Abstract
Background-Few data are available on
adaptive changes of human small bowel
motility after intestinal resection.
Aim-To characterise jejunal motility
after extensive and limited distal intesti-
nal resection.
Methods-Seven patients with a short
bowel syndrome after total ileal and
partial jejunal resection (residual jejunal
segments between 60 and 100 cm) and six
patients with limited distal ileal resection
(resected segment between 30 and 70 cm)
underwent ambulatory 24 hour jejunal
manometry 15 (6-24) months after the
operation. Normal values were obtained
from 50 healthy subjects. Fasting motility
and the motor response to a 600 kcal solid
meal were analysed visually and by a
computer program.
Results-Limited ileal resection did not
result in changed jejunal motility. After
extensive distal resection, patients had a
significantly shorter migrating motor
complex (MMC) cycle and a significantly
shorter duration of the postprandial
motor response compared with controls
(p<0.005). Intestinal resection had no
influence on jejunal contraction frequency
and amplitude and did not lead to any
abnormal motor pattern.
Conclusion-Extensive distal resection of
the small intestine produces distinct
abnormalities of fasting and postprandial
motility in the intestinal remnant. The
shortening of digestive motility and the
increased frequency of MMC cycling
could contribute to malabsorption and
diarrhoea in the short bowel syndrome.
(Gut 1996; 38: 859-863)
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After resection of a part of the small bowel, the
intestinal remnant undergoes complex adap-
tive changes in an attempt to restore home-
ostasis. 1-3 While research had largely been

TABLE I Clinicalfeatures ofpatients with short bowel syndrot

focused on mucosal adaptation, little is known
about changes in motility, though it is assumed
to play an important part in the absorption of
nutrients and the aboral transit of luminal
contents in the gut.4 Animal studies after
intestinal resection have yielded conflicting
results.5-7 In humans with a short bowel syn-
drome, changes in the length and composition
of the cyclical fasting pattern, known as the
migrating motor complex (MMC), have been
reported8 9 using stationary manometry for six
hours. The motor response to a solid meal in
these patients has not been studied. Changes
could be expected, particularly during post-
prandial motility, as under physiological condi-
tions, nutrients in the ileum are well known to
exert an important inhibitory influence on

jejunal motor function.104 As it has become
increasingly recognised that human small
bowel motility is highly variable,15-17 some
authors have claimed that longterm recordings
are necessary to obtain reliable data on the
MMCC.18 19
The aim of this study was to characterise the

effect of intestinal resection on human jejunal
motility by 24 hour manometry. To elucidate
the role of the length of resection, patients after
both extensive and limited distal resection
were investigated.

Methods

Patients and controls
Two groups of patients were investigated 15
(6-24) months after intestinal resection. The
length of the intestinal remnant was assessed
both at operation and radiologically by the
enteroclysis technique in all patients.
The first group, seven patients (three males,

four females) aged 74 (65-81) years, had a
short bowel syndrome after extensive distal
small intestinal resection. Table I shows their
clinical data. In all short bowel patients, an
intact stomach and an intact duodenum were
present and the jejunal remnant, ranging from
30 to 100 cm in length, had been anastomosed
to the colon. All short bowel patients were in a
stable nutritional, fluid, and electrolyte state

Small bowel Stool weight
Age Sex Cause for resection remnant Current bowel anatomy (g/day) BMI*

A 72 F Mesenteric artery occlusion 30 cm Jejunum Jejunotransverse colostomy 2000 15-6
B 80 F Radiation enteritis 30 cm Jejunum Jejunotransverse colostomy 2900 13-3
C 73 M Mesenteric volvolus 40 cm Jejunum Jejunodescending colostomy 1950 14-1
D 75 M Mesenteric artery occlusion 50 cm jejunum Jejunoascending colostomy 1800 19-3
E 81 F Mesenteric artery occlusion 60 cm Jejunum Jejunotransverse colostomy 1520 16-2
F 72 M Mesenteric vein thrombosis 100 cm Jejunum Jejunoascending colostomy 1200 20.7
G 65 F Perforated caecal cancer 100 cm Jejunum Jejunotransverse colostomy 1600 15-4

*Body mass index (kg/M2).
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and were already receiving oral alimentation at
the time of investigation. Two patients (A and
B in Table I) received additional parenteral
nutrition, which was discontinued during the
motility recordings.
The second group, six patients (two males,

four females) aged 48 (32-78) years had
undergone resection of 40 (30-60) cm of the
terminal ileum and the caecum with ileo-
ascending colonostomy. Resection had been
performed because of adhesions (n=3) and
Crohn's disease (n=3). All patients of this
group were free of gastrointestinal symptoms
at the time of investigation and their daily stool
weight and body mass index were normal.
Patients with Crohn's disease had no evidence
of current active disease as assessed clinically,
radiologically, and biochemically.
The control group consisted of 50 healthy

volunteers (28 males, 22 females) aged 26
(19-46) years free of gastrointestinal com-
plaints who had been studied according to the
same protocol. No control subject had under-
gone previous abdominal surgery, except
uncomplicated appendicectomy. Neither the
volunteers nor the patients were taking any
medication known to affect gastrointestinal
motility.
The study protocol, which was in accor-

dance with the Declaration of Helsinki had
been approved by the local ethics committee.
Written informed consent was obtained from
each subject.

Study protocol
The protocol was designed to study both
diurnal and nocturnal fasting motility and the
response to a standardised solid meal. After an
overnight fast, intubation of the small intestine
was performed transnasally in the morning of
day 1. Using fluoroscopic guidance with a
freeze frame facility, the catheter was placed
with its proximal sensor at the ligament of
Treitz as described previously.20 Recordings
started between 11 and 12 am and were con-
tinued for 24 hours under ambulatory
conditions without any restriction of physical
activity. Food intake was standardised and
consisted of only one meal (bread, cheese,
sausages, and fruit yoghurt, 600 kcal, 400/O
proteins, 40% carbohydrates, 20% fat), which
was ingested at 6 pm on day 1. Tap water was
permitted ad libitum. Bed rest was scheduled
from 11 pm on day 1 to 6 am on day 2. Day 2
was spent fasting until the recordings were
terminated after a total recording period of 24
hours. Subjects kept a diary in which their
activities were recorded.

Digital recording system
Motility was recorded with fine (OD 2X3 mm)
flexible catheters incorporating two piezoresis-
tive miniature strain-gauge transducers (Keller
AG, Winterthur, Switzerland) spaced at 15 cm
intervals at their distal parts. Calibration of the
catheter was performed in a water bath at 37°C
for 30 minutes before each measurement. Data
were stored on a 2 MB portable data logger

(PMT Megalogger, Gottingen; Germany).
Pressure was sampled at a rate of 3 Hz, which
has been reported to detect phasic pressure
waves from the upper small intestine without
significant reduction of the signal amplitude.

Data analysis
Data were downloaded to an IBM compatible
personal computer (486 DX 2, ESCOM
Computers, Munich, Germany) without any
reduction. Both visual and computer aided
analyses22 were undertaken. All steps of visual
analysis - that is, recognition of motility phases
and identification of special motor patterns as
described below - were performed on separate
occasions by two observers without prior knowl-
edge whether patient or control recordings were
studied.

According to the subject's protocol, each
recording period was subdivided into a diurnal
and a nocturnal period (usually from 11 pm to
6 am) with reference to the waking (W) or
sleeping (S) state of the subject and marked by
mouse operation as regions of interest on the
monitor. In a similar way, fasting motility, its
constituent phases, and postprandial activity
were marked and stored on separate computer
files. Fasting motility was subdivided into
three phases.23 Phase I was defined as motor
quiescence.23 To facilitate comparison of our
MMC data with previous motility recordings
in the human short bowel syndrome,8 phase II
(irregular contractile activity) was defined to
start when the contractile activity at any
recording site exceeded more than two phasic
contractions per 10 minutes.24 Phase III was
defined as a rhythmic series of uninterrupted
contractions at a maximal rate of 10-12 per
minute and a duration of more than two
minutes followed by motor quiescence.23
Aboral migration velocity phase III was deter-
mined visually by dividing the length of the
recording segment (15 cm) by the time taken
for the onset of phase III to transverse this
distance.23 MMC cycle length was defined as
the time period between the end of successive
phase III activities at the distal recording site.
Incomplete MMC cycles were excluded from
data analysis. Postprandial motility was
defined as the time period from the beginning
of the meal to either the return of phase III or
phase 1.24 25

In all recordings, phase II, III, and postpran-
dial activity underwent quantitative automated
analysis by a computer program designed for
the rejection of artefacts and the recognition of
phasic small bowel contractile events that has
been developed and validated in our labora-
tory.22 Briefly, phasic pressure events exceeding
an amplitude of 9-7 mm Hg, a duration of 2-8 s,
and an area under the curve of 18.4 sxmm Hg
without simultaneous events in other recording
channels were considered by the algorithm as a
real contraction. From the data files of recog-
nised contractions, the mean values for contrac-
tion frequency (min- 1) and contraction
amplitude (mm Hg) were calculated.

Finally, as described in a previous case
report,9 phase II and postprandial motility
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TABLE II Duration and composition ofMMC cycles recorded during the waking (W and
sleeping (S) state in healthy controls, patients with short bowel syndrome, and patients after
partial ileal resection. Values are means (SEM), t test

Controls Short bowels Ileal resections
(n=50) (n=7) (n=6)

MMC (W)
Cycle length (min) 101 (5) p<0005 51 (4) p<0-01 99 (5)
Phase I (min) 16 (2) p<005 8 (2) p<005 20 (2)
Phase II (min) 81 (5) p<0 005 38 (5) p<0 01 75 (7)
Phase III (min) 4-4 (0.2) 4-7 (0.4) 4-3 (0.3)
MMC (S)
Cycle length (min) 85 (3) p<0 005 43 (5) p<0-01 90 (5)
Phase I (min) 46 (3) p<0-01 27 (4) p<0 05 54 (4)
Phase II (min) 34 (3) p<0005 10 (1) p<0-01 30 (4)
Phase III (min) 5-4 (0.2) 6-0 (0.3) 5-8 (0.5)

TABLE III Parameters ofphase II activity recorded in the waking (W) and sleeping (S)
state in healthy controls, patients with the short bowel syndrome, and patients after partial
ileal resection. Values are means (SEM), t test

Controls Short bowels Ileal resections
(n=50) (n=7) (n=6)

Phase II (9
Contraction frequency (min1) 20 (01) 2-1 (0.3) 2-1 (0.2)
Contraction amplitude (mm Hg) 23-0 (0.5) 24-7 (0.9) 24-0 (0.7)
Phase II (S)
Contraction frequency (min) 1-3 (0-1) 1-0 (0.3) 1-1 (0.2)
Contraction amplitude (mm Hg) 24-1 (1-0) 23-2 (0.8) 24-0 (0.7)

underwent visual analysis for two special
motor patterns, discrete clustered contractions
(DCCs), and prolonged contractions. A DCC
was defined as a rhythmic series of 3-10 phasic
contractions occurring at a frequency of 10-12
per minute26 preceded and followed by at least
30 seconds of absent motor activity and show-
ing aboral migration through the whole record-
ing segment of 15 cm. The overall incidence of
DCCs (per h) was determined. A prolonged
contraction was defined as a single or double
pressure wave of an amplitude >20 mm Hg
and a duration >20 s.27 In addition, it was
determined, whether DCCs and prolonged
contractions were propagated in an oral or
aboral direction or appeared simultaneously at
both recording sites. To avoid rejecting simul-
taneous events as artefacts, only unprocessed
signals were used for this step of analysis.

Statistical analysis
Results of visual and computerised analysis
were entered into a preprogrammed database
(Paradox 1.0; Borland International, Scotts
Valley, CA, USA) for further statistical evalua-
tion. According to a previous study on the short
bowel syndrome in humans,8 the replicate
observations within a subject over the recording
period (for example the duration of several
phase II(W) episodes) were first averaged to
obtain a mean value for each parameter (a

TABLE IV Parameters ofphase III motility in patients with the short bowel syndrome,
healthy controls, and patients after partial ileal resection. Values are means (SEM), t test

Controls Short bowels Real resections
(n= 50) (n= 7) (n= 6)

Phase III (W
Contraction frequency (minm) 103 (0.1) 10-2 (0 1) 10-3 (0.2)
Contraction amplitude (mm Hg) 28-8 (0.8) 29-2 (1.0) 28-0 (0.7)
Aboral migration velocity (cm/min) 11-0 (1-2) 9-3 (1-7) 10 0 (1 1)
Phase III (S)
Contraction frequency (min) 10-2 (0-1) 10-1 (0.2) 10-3 (0.5)
Contraction amplitude (mm Hg) 27-5 (0.8) 28-0 (0.9) 26-8 (0.7)
Aboral migration velocity (cm/min) 8-0 (0.6) 7-1 (0.9) 7-5 (0.7)

mean duration of phase II(W) for that person).
Comparisons were then based on the indepen-
dent two sample t test and t test for paired
observations, when appropriate. Corrections
for multiple significance tests were made by the
Bonferroni method.28 All results are expressed
mean (SEM). Differences were considered
significant if p was less than 0.05 after correc-
tion.

Results

Fasting motility
MMC cycles - In all patients and all controls,

fasting motility in the waking and sleeping state
was characterised by recurrent MMC cycling.
Table II summarises the characteristics. During
wakefulness and during sleep, the patients with
the short bowel syndrome showed significantly
shorter MMC cycle length compared with both
controls (p<0 005), and compared with
patients with ileal resection (p<0.01). The
shortening of MMC cycles in short bowel
patients was mainly due to a shorter phase II
(W/S), but also phase I (W/S) proved to be
significantly shorter. In the patients with ileal
resection, the duration and composition of
MMC (W/S) cycles was not different from the
control group. The normal variation of the
MMC with the wake-sleep-cycle,29 that is a
shorter cycle length with a predominance of
phase I during sleep, and a predominance of
phase II during wakefulness was present in both
patient groups.

Phase IIfeatures - Table III summarises the
parameters of phase II activity. Neither the
contraction frequency nor the contraction
amplitude showed differences between the two
patient groups and healthy subjects. A signifi-
cant (p<0 01) decrease in contraction fre-
quency during sleep was seen in patients and
controls.

Phase IIIfeatures - Table IV summarises the
parameters characterising phase III activity.
The contraction frequency, the contraction
amplitude, and the aboral migration velocity of
phase III did not differ between patients and
controls. In all recordings, an aboral migration
of phase III was seen. In patients and controls,
phase III migration velocity slowed down
during sleep (p<0 05).

Postprandial motility
The intake of the standardised evening meal
induced a postprandial motor response of
irregular contractile activity in all patients and
controls. Table V shows the data on postpran-
dial motility. The duration of postprandial
motility was significantly shorter in patients
with the short bowel syndrome compared
with controls (p<0 005) and with patients
with ileal resection (p<001). In patients with
ileal resection, the duration of postprandial
motility tended to be shorter than in controls
(p=0.05 without correction). The contraction
frequency and the contraction amplitude
were not different between patients and
controls.
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TABLE V Parameters ofpostprandial motility in healthy controls, patients with the short bowel syndrome, and patients
after partial ileal resection. Values are means (SEM), t test

Controls Short bowels Ileal resections
(n=50) (n=7) (n=6)

Duration of postprandial motility (min) 263 (13) p<0005 126 (14) p<0O01 218 (12)
Contraction frequency (min- 1) 3-1 (0.2) 2-7 (0.5) 3.0 (0.5)
Contraction amplitude (mm Hg) 23-7 (0.5) 24-5 (0 9) 24-0 (0.7)

Special motor patterns
During phase II and postprandial motility,
DCCs were identified in each recording. Their
frequency during phase II was 7.0 (0.6) per h
in controls and did not differ significantly from
that in short bowel patients (6.1 (08) per h)
and ileal resection patients (6-8 (05) per h).
During postprandial motility, an increase in
DCCs (p<0 05) compared with phase II was
seen in controls (10-4 (0.8) per h), short bowel
(1 1 2 (1 1) per h), and ileal resection patients
(9.7 (1X2) per h), but no differences between
the groups were present. In controls and
patients, no simultaneous or retrograde DCCs
were detected. Prolonged contractions were
not detected in any recording.

Discussion
In this study, 24 hour jejunal motility was
recorded in patients with extensive and limited
distal resection of the small intestine and com-
pared with results obtained in a large groups of
healthy subjects. Two main findings emerged:
limited ileal resection including resection of
the ileocaecal valve does not result in
detectable manometric changes of jejunal
motility. In contrast, extensive distal resection
of the small intestine modifies fasting and post-
prandial motility in the intestinal remnant and
is characterised by a pronounced shortening of
the MMC cycle length and the duration of the
so called fed state.
Our data in patients after ileal resection are

in agreement with the finding of an unchanged
motor activity in the remaining jejunum after
ileal resection in the rat reported by Wittmann
et al.56 The recordings in the short bowel
syndrome, obtained for the first time over a 24
hour period, confirm and extend previous find-
ings made with stationary short-term manome-
try. Remington and coworkers8 who studied
six patients with a short bowel syndrome for six
hours found a reduction of the MMC cycle
length from 101 minutes in controls to 71
minutes in patients. A similar finding was
recently made in a single case report.9 The
reduction of the cycle length in Remington's
study8 was due to a reduced duration of phase
II. Our prolonged recordings show a more pro-
nounced shortening of the MMC cycle length
caused by a shorter duration of both phase I
and phase II, which remained fairly unchanged
in their relative contribution to the MMC
cycle. Furthermore, the shortening of the cycle
and its constituent phases was shown to be a
constant finding over the 24 hour period and to
persist during wakefulness and sleep. The
physiological diurnal variation29 of fasting
motility with the wake-sleep cycle (mainly
characterised by a predominance of phase II

during wakefulness, a predominance of phase
I, and a reduced contraction frequency of
phase II during sleep), which is believed to be
centrally mediated,30 is preserved in the short
bowel syndrome. As Husebye et a131 have
demonstrated that aging does not modify the
human MMC, the age difference between
controls and short bowel patients should not
account for our findings. We cannot exclude,
however, that differences in the intestinal
microflora, which is a luminal control factor of
MMC cycling,32-34 play a causal part.

Recently, Quigley et a17 reported that in
dogs that were studied for three months after
25, 50, and 75% distal resection of the small
bowel, fasting and postprandial motility in the
intestinal remnant is dominated by discoordi-
nate clustered activity, a finding that contrasts
with normal clustered activity in our patients.
This animal study, however, seems to reflect
the very early postoperative changes of motil-
ity, and with further adaptation six months
after resection, the clustered activity in dogs
has normalised.35 It must be emphasised that
none of our patients was investigated earlier
than six months after the operation.
With regard to postprandial motility, the

effect of solid meal has, to our knowledge, not
been studied by manometry in the short bowel
syndrome. Remington et a18 used a liquid
400 ml meal of a defined formula diet after
which the duration of postprandial motility
was not different between patients and
controls. After a solid meal of 50% more
calories in our study, short bowel patients had
a considerably shorter postprandial motor
response, which seemed to be normal in terms
of contraction frequency and contraction
amplitude. It could be assumed that a more
rapid gastric emptying accounts for this find-
ing,36 however, gastric emptying of solids is
normal in short bowel patients with a
preserved colon37 as in our patient group. At
present, the underlying mechanism why phase
III reappears so early after the meal and cycles
so frequently remains unknown. Our data
suggest that the length of the small intestine
after distal resection exerts a regulatory func-
tion on the duration of postprandial motility
and on the frequency ofMMC cycling.

Finally, could these changes in motility have
functional consequences in the short bowel
syndrome? Fasting motility returns early in the
intestinal remnant. Absorption during any
phase of fasting motility has been shown to be
much less effective than during the digestive
motor state.38 Furthermore, transit through
the small bowel is well known to be most rapid
during phase III39 which, together with its
secretory component,40 propels all luminal
contents aborally ahead of the activity front.41
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Therefore, it cannot be excluded that the early
postprandial return and the frequent recur-
rence of phase III lead to an increased loss of
calories into the colon and thus contribute to
malabsorption and diarrhoea in the short
bowel syndrome. Whether therapeutic agents
that prolong digestive motility and reduce the
frequency ofMMC cycling, as we have shown
for the antimuscarinic compound trospium
chloride20 in healthy subjects, can exert a ben-
eficial effect in patients with a short bowel
remains to be elucidated.
Part of this work was presented at the 14th International
Symposium on Gastrointestinal Motility, Muskoka, Ontario,
Canada, 29 August-3 September 1993, and has been published
in abstract form (7 Gastrointest Motil 1993; 5: 216).
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