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Small intestinal motor abnormalities in patients
with functional dyspepsia demonstrated by
ambulatory manometry

H J A Jebbink, G P vanBerge-Henegouwen, LM A Akkermans, A J P M Smout

Abstract
Aims/Methods-In 30 patients with
functional dyspepsia and in 20 healthy
volunteers, ambulatory duodenojejunal
manometry was performed to examine
the interdigestive and postprandial small
intestinal motility patterns in relation to
symptoms.
Results-In the fasting state, the number
of migrating motor complex cycles mean
(SEM) was significantly lower in patients,
especially in patients with dysmotility-like
dyspepsia, than in control subjects (3.8
(0.4), 2.6 (0.5), and 5.3 (0.7) cycles,
respectively; p<005), due to a longer
duration ofphase II. Non-propagated and
retrogradely propagated phase III activity
was more prevalent in patients than in
control subjects (48% V 15%; p=0.020).
During phase II and after dinner no dif-
ferences were found in contraction inci-
dence, mean amplitude or motility index.
However, 11/2 hours after completing
breakfast the motility index was higher in
patients at all three recording levels
(p<0.05). Burst activity was more preva-
lent in patients than in control subjects
(22% v 6% of the subjects; p=0.003). In
41% of the patients the symptom index
was >75%/.
Conclusions-These results suggest that
small intestinal motor abnormalities,
especially during fasting, participate in
the pathogenesis of symptoms in patients
with functional dyspepsia. Ambulatory
manometry of the small intestine is a
valuable tool to demonstrate these abnor-
malities in outpatients pursuing their
daily activities.
(Gut 1996; 38: 694-700)
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Patients with upper abdominal symptoms
occurring in the absence of an organic cause,
designated as suffering from non-ulcer or func-
tional dyspepsia, have been divided into sub-
groups based on their symptoms: reflux-like,
ulcer-like dysmotility-like, and non-specific
dyspepsia.1 2 However, evidence of a relation
between these subgroups and underlying func-
tional abnormalities has not been shown.3 4
Previous studies into the pathophysiology of
non-ulcer dyspepsia have suggested several
functional abnormalitie,, including gastric acid
hypersecretion, gastrointestinal motor disorders

(Helicobacter pylon associated) gastritis, and
duodenitis, psychological and neurohormonal
factors414

Gastric emptying and small bowel transit
studies, using radionuclide techniques, showed
a delayed gastric emptying and small bowel
transit, especially of solid food, in about 50%
of the patients with functional dyspepsia.4 15-18
Stationary short-term antroduodenal mano-
metry, using a low compliance perfusion tech-
nique, has demonstrated postprandial antral
hypomotility as the major abnormality in these
patients.'0 1119 However, studies showing a
correlation between delayed gastric emptying,
antral hypomotility, and symptoms in patients
with functional dyspepsia are lacking. Abnor-
mal small bowel motility in patients with func-
tional dyspepsia has been reported less
frequently. Some patients have been reported
to lack the interdigestive migrating motor com-
plex (MMC). Other patients showed clusters
of high amplitude contractions at a high
frequency, so called bursts.10 19 20 It is unlikely,
however, that short duration recordings
obtained by stationary antroduodenal mano-
metry will provide definitive conclusions about
the MMC, because usually only a few com-
plete MMC periods are recorded.

Recently, ambulatory manometry has been
developed for longterm studies under physio-
logical circumstances. Studies in healthy
volunteers have shown that ambulatory
longterm manometry of the small intestine is
feasible.21 22 In patients with functional dys-
pepsia, such a study has never been under-
taken. Ambulatory manometry also offers the
possibility to assess the temporal association
between the patient's symptoms and motor
abnormalities. The aim of this study was to
examine the relation between the interdigestive
and postprandial small intestinal motility
patterns and dyspeptic symptoms in patients
with (H pylori negative) functional dyspepsia,
using the technique of ambulatory manometry.

Methods

Subjects
Thirty patients, 17 females and 13 males, aged
39.3 (13.1) years (mean (SD)), were included
in the study. These patients were referred to
the outpatient gastroenterology clinic of the
University Hospital of Utrecht because of
chronic unknown upper abdominal symptoms.
The diagnostic investigation of the patients
consisted of a physical examination, proximal
endoscopy (with prepyloric biopsy for urease
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test on H pylon), routine laboratory investiga-
tions, and an upper abdominal ultrasound
study. The entry requirements for the study
were the presence of chronic (>6 months)
dyspeptic symptoms (nausea, vomiting, heart-
burn, retrosternal pain, epigastric pain, belch-
ing, fullness, or postprandial early satiety), with
a mean symptom score for severity >1.5 (see
later) and without a known cause. Exclusion
criteria were: (a) organic gastrointestinal
disease, (b) constipation (defined as straining at
stools >25% of the time or a stool frequency
<3/week, or both) or diarrhoea (defined as loose
or watery stools >25% of the time or stool fre-
quency >3/day, or both), (c) a history of peptic
ulcer disease or major abdominal surgery, (d)
systemic, metabolic, endocrine, neurological or
psychiatric diseases, (e) use of drugs known to
influence gastrointestinal motility.
Twenty healthy H pylori negative volunteers

served as control subjects (12 women and 8
men, aged 37.8 (12-0) years). Gastroscopy was
performed to exclude organic gastrointestinal
disease and to determine their H pylon status.
Informed consent was obtained in each case and
the study protocol was approved by the ethical
committee of the University Hospital Utrecht.

Study design
Proximal small intestinal (duodenojejunal)
manometry was performed after a fasting
period of five hours using a 3 channel solid
state catheter (Sentron BV, Roden, the
Netherlands; length: 210 cm and od: 2-5 mm),
incorporating micro-transducers at intervals of
5, 10, and 15 cm from the tip. The inter-trans-
ducer distance was chosen according to the
recommendations of Waldron et al.21 The
catheter was introduced at 3 00 pm and posi-
tioned under fluoroscopic control with the
distal transducer at the ligament of Treitz
('jejunum') and the proximal and middle
transducers in the duodenum ('duodenum 1
and 2'). After positioning, the catheter was
taped to the nose and attached to a portable
data logger (Medical Measurement Systems,
Enschede, the Netherlands).
The storage capacity of the data logger was 1

MB. With the aid of data compression a storage
capacity of 1.9 MB was reached. Intraluminal
pressures were sampled at a frequency of 5 Hz,
which is double the rate required to record
phasic contractions from the upper small intes-
tine reliably.22 23 A stationary MS-DOS com-
puter served as on line monitor and retrieval
system. Before introduction of the catheter,
calibration of the three transducers of the
catheter was performed by linking the data
logger to the computer and applying two fixed
pressure levels (0 and 5 kPa) using a vertical
cylinder filled with water at 37°C. The record-
ing was started at 4 00 pm. Patients and control
subjects were allowed to do their normal daily
activities during the measurement, but more
extreme activities such as sports entailing vigor-
ous exercise were not permitted. At 6 00 pm
the subjects took a standard evening meal
(stew, mixed vegetables, and potatoes, contain-
ing 1805 kJ, 27 g protein, 29 g carbohydrate,

and 23 g fat; Iglo, Utrecht, the Netherlands)
with 200 ml water.
The subjects remained fasting until the next

morning. They went to bed at 10-11 pm and
set their alarm clocks for 6 30 am. At 7 00 am
the subjects took a standard breakfast consist-
ing of two slices of bread with margarine and
jam (1250 kJ, 6 g protein, 48 g carbohydrate,
and 10 g fat) with 200 ml water. Other food
items during or between the meals and smok-
ing were prohibited during the study. Event
buttons on the portable data logger were used
to record the exact times of meals, symptoms,
going to bed, and rising. Each subject also kept
a diary of activities pursued during the study
and of the symptoms occurring during the
study using the severity scores described
below. The next morning at 11 00 am the
catheter was removed after fluoroscopical
check of its position. The portable data logger
was connected to the computer and the data
were downloaded and archived to 3.5 inch
diskettes for later analysis.

Signal analysis
The motility patterns were analysed both
visually and semi-automatically. The most
proximal pressure transducer in the duodenum
was used to identify the phases of the MMC
cycle. These phases were defined as follows: (a)
phase I as motor quiescence starting immedi-
ately after the end of phase III, (b) phase III as
irregular activity with contractions of >2 kPa
occurring at a rate of more than two
contractions per 10 minute, (c) phase III as
regular, high amplitude contractile activity at a
maximal frequency (10-12 contractions per
minute in the duodenum) for at least two
minutes at the distal transducer and propagated
over at least two recording sites followed by
motor quiescence.24 25 The MMC cycles were
divided into those occurring between dinner and
breakfast (night-time cycles), and those occur-
ring before dinner and after breakfast (daytime
cycles). The duration of the MMC cycle was
taken as the time interval between the end of
phase III in the proximal duodenum to the end
of the next phase III. The postprandial period
started at the time the meal was completed and
ended at the beginning of the first phase I1.25

Firstly, the motility patterns were analysed
visually using commercially available software
(Medical measurement Systems, Enschede,
the Netherlands). With this program any
desired time window can be displayed for
analysis and the display also shows the event
markers pressed by the subjects indicating all
events. After identifying the fasting and post-
prandial periods, the number and duration of
the MMC cycles and the duration of their con-
stituent phases were determined for the total
period of the study and for the daytime and
night-time periods separately, because of a
probable circadion rhythm.23 26 The propaga-
tion velocity ofphase III activity was defined as
the distance between two sensors (cm) divided
by the time interval (min) between the onset of
phase III at the sensors.21 22 27 The propagation
of phase III activity was classified as antegrade
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or retrograde, when propagation velocity was
higher than 1 cm/min but slower than 30
cm/min. Phase III activity was judged to be
simultaneous, when propagation velocity in
either direction was higher than 30 cm/min.
The direction ofpropagation ofphase Ill (ante-
grade, retrograde or simultaneous) was deter-
mined by the computer program. Thereafter,
automated quantitative analysis of phase II and
the postprandial periods was undertaken using
a software program developed in our depart-
ment. The first step in this analysis consists of
the calculation of baseline pressures over one
minute periods. This is done by determining,
for each of the signals, the minimum pressure
within each minute block. Secondly, an algo-
rithm determines, sample for sample, the
lowest pressure values in the three individual
pressure signals. The resulting data file, of
equal length as the individual pressure files, is
referred to as the 'minimum curve'. This curve
is used in the elimination of artefacts induced
by body movements, coughing, and straining.
These artefacts occur at all transducers with
similar amplitude and identical duration. By
means of subtracting the minimum curve from
the individual pressure curves these artefacts
are eliminated. Thirdly, phasic contractions are
detected. A contraction is defined as an
increase in pressure exceeding baseline pres-
sure with more than 2 kPa, lasting longer than
2.5 seconds but shorter than 10 seconds. To be
accepted as a contraction the time interval
between the peak and the peak of the previous
contraction has to exceed three seconds. When
two closely spaced contractions are detected,
with an interval shorter than three seconds, the
highest of the two peaks is taken as the actual
contraction, the other is discarded. With this
procedure a bifid pressure wave is scored as one
single contraction rather than two closely
spaced contractions. The characteristics of the
detected contractions are stored in separate
data files. These are used for the generation of
schematised plots and for the automated quan-
titative analysis of motility variables. The con-
traction incidence (number of contractions per
minute), mean amplitude, and motility index
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Figure 1: The length of the MMC cycles (mean (SEM)) was longer in patients with
functional dyspepsia (tp= 0013), in particular in the subgroup dysmotility-like dyspepsia
(*p= 0 046), but not in reflux-like and non-specific dyspepsia, compared with control
subjects. The duration ofphase II (dotted bars), but not ofphase I (striated bars) and
phase III (closed bars), was longer in these patients (tp=0027).

were calculated for phase II (during a 30
minute period before phase III) and the post-
prandial periods (for a total period oftwo hours
and for each 30 minute separately). The motil-
ity index was calculated using the formula
MI= in ((number of wavesX sum of ampli-
tudes) +1).28 In addition, the incidence and
duration (in minutes) of both non-propagated
and propagated clustered activity at maximum
frequency lasting at least 0.5 minutes (so
called burst activity) was determined visually
and its duration was calculated at the distal
channel.23 29

Assessment ofgastrointestinal symptoms
The severity of each of the symptoms nausea,
vomiting, retrosternal pain, heartburn, belch-
ing, epigastric pain, fullness, and postprandial
early satiety was scored daily for one week
(0=absence of symptoms; 1 =mild, symptoms
noticed only when payed attention to;
2=moderate, symptoms clearly noticed with-
out interfering with normal daily activities;
3=severe, symptoms interfering with normal
daily activities). This was done by the patients
themselves using a questionnaire. The mean
score for each individual symptom was calcu-
lated. On the basis of these scores, the patients
were divided into the subgroups: dysmotility-
like dyspepsia, reflux-like dyspepsia, ulcer-like
dyspepsia or non-specific dyspepsia. Therefore,
the mean scores of the symptoms belonging to
a subgroup were calculated and compared with
the total score of all three subgroups. Patients
were considered having a dysmotility-like dys-
pepsia if the mean score of the symptoms
nausea, vomiting, belching, fullness, and early
satiety constituted more than 50% of the total
score; reflux-like dyspepsia if the mean score of
retrosternal pain and heartburn was higher than
50°/O of this total score; ulcer-like dyspepsia if
the mean score of epigastric pain exceeded 50%
of the total score; and non-specific if none of
the mean scores constituted more than 50/o.
The relations between symptom episodes,

recorded by the event button on the data
logger, and motility abnormalities (burst activ-
ity, non-propagated, and retrograde phase III
activity) were analysed, using two different
time windows. The first was a 10 minute time
window beginning 10 minutes before and

TABLE I Contraction incidence, amplitude, and motility
index (mean (SEM)) during phase II (daytime and
night-time) in patients with functional dyspepsia and
control subjects

Daytime period Night-time period

Patients Controls Patients Controls

Contraction incidence (number/min)
Duodenum 1 2-2 (0-3) 1-4 (0-3) 0-9 (0-1) 0-9 (0-1)
Duodenum 2 2-6 (0-3) 1-9 (0-5) 1.1 (0-2) 1.1 (0-2)
Jejunum 2-6 (04) 1-8 (0-3) 1-3 (0-2) 1 1 (0 2)
Contraction amplitude (kPa)
Duodenum 1 3-7 (0-2) 3-3 (0-2) 3-6 (0-3) 3-3 (0-2)
Duodenum 2 3-7 (0.2) 3-4 (0.2) 3-3 (0.2) 3-2 (0.2)
Jejunum 4-2 (0-3) 3-8 (0-1) 3-5 (0-2) 3-2 (0-1)
Motility index
Duodenum 1 7-5 (0-2) 7-5 (0-3) 9-4 (0-4) 8-8 (0-5)
Duodenum 2 7-7 (0-3) 7-7 (0-4) 9-5 (0-5) 9-3 (0-5)
Jejunum 8-0 (0-3) 7-7 (0-3) 9-8 (0-4) 9-4 (0-2)
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Duodenum 1
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Figure 2: Antegradely propagated phase III activity in a patient with dysmotility-like
functional dyspepsia.

ending at the onset of a symptom episc
(-10/0 window). The second window began
the onset of a symptom episode and ended
minutes after the onset of a symptom episc
(0/+10 window). For these two time windo
the symptom index (SI) was calculated acco:

ing to Wiener et al 30 as: number of symptu
episodes associated with motility abnormalit
divided by the total number of symptu
episodes (multiplied by 100%).

Statistical analysis
Where there was normal distribution of
data statistical comparisons between patie:
and control subjects were made usi
Student's t tests (unpaired data), otherwise l
Mann-Whitney rank sum test was perform(
The x2 test was used to assess differences in
prevalence of burst activity, non-propagat(
and propagated phase III activity. Relatic
between symptoms and manometric variab
were examined by (rank) correlation analyr
Differences between the dyspepsia subgroc
were examined by repeated measures analy
of variance. When a significant difference v

detected, results were further compared

Duodenum 1

Duodenum 2

Jejunum 1 min

Figure 3: Retrogradely propagated phase III activity in a patient with dysmotility-like
functional dyspepsia.

statistical significance by Fisher's least signifi-
cant difference test. The level of statistical
significance was defined as a two tailed prob-
ability of <0 05. This level was adjusted to the
number of variables tested, using Bonferoni's
correction.

c, Results

General characteristics
All 30 patients and 20 control subjects com-
pleted the study. In one patient the catheter,
was found to have migrated back into the
stomach during the study and the data of this
patient were discarded. Forty three per cent of
the remaining 29 patients (n= 13) had dys-
motility-like dyspepsia, 17% (n= 5) had reflux-
like dyspepsia, and 40°/0 of the patients (n= 1 1)
had non-specific dyspepsia. Thirty seven per
cent of the patients with non-specific dyspepsia

)de (n= 10) had both dysmotility-like and reflux-
iat like symptoms and 3% of the patients (n= 1)
10 also had ulcer-like symptoms. None of the
)de patients fulfilled the criteria for ulcer-like dys-
ws pepsia. The total duration of the study in
rd- patients and control subjects was 19.0 (0 1)
om and 18-7 (0.2) hours, respectively.
ties
om

Fasting state
The number of MMC cycles recorded during
the study was significantly lower in patients,
especially in the patients with dysmotility-like

the dyspepsia, than in control subjects (3.8 (0.4),
nts 5.3 (0.7), and 2.6 (0.5) cycles, respectively;
ing p=0 048). Absence of complete MMC cycles
the was found in 10% of the patients. In the con-
ed. trol subjects, at least one completeMMC cycle
the was seen during the study. As Figure 1 shows,
ed, the length of the MMC cycles was significantly
)ns longer in patients with functional dyspepsia
'les than in control subjects. This prolonged dura-
sis. tion of the MMC cycle in patients with func-
ips tional dyspepsia was caused by a longer
rsis duration of phase II (Fig 1), both during the
vas daytime and night-time period. During phase
for II the contraction incidence, mean amplitude,

and motility index were not different between
patients and control subjects (Table I). No dif-
ferences between the groups were found in the
duration of phase I and III. A shorter duration
of phase I was significantly correlated with
higher scores for the symptoms epigastric pain
(rs=-4 0; p=0.033), belching (r,=-0 55;
p=0.007), and fullness (r,=-0.46; p=0-012).
Non-propagated and retrogradely propagated
phase III activity was found in 48% of the
patients and in 15% of the control subjects;
p=0O020). In the patients, 136 of the 170
recorded phases III was antegradely propa-
gated (Fig 2), 15 retrogradely (Fig 3), and 19
non-propagated (Fig 4), compared with 147,
1, and 4 of the 152 phases III in control sub-
jects, respectively (p<0.05).

Fed state
After dinner - the duration of the postpran-

dial period was not different between patients
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Duodenum 1

Duodenum 2

Jejunum

1 min
Figure 4: Non-propagated phase III activity in a patient with dysmotility-like functiona
dyspepsia.

and control subjects (374. 1 (32.4) and 384
(31.2) minutes, respectively). In two patien
but in none of the control subjects, not a sin;
phase III was observed between dinner ai

breakfast. In all patients except one, the po
prandial period after dinner had a duration
more than 120 minutes. In this patient, pha
III activity occurred 34 minutes after the ei

of the meal and was associated with symptor
of pain and nausea.

No differences were found in the contra
tion incidence, mean amplitude or motil
index between the groups during the to
(two hours) period or during each 30 mini
period separately (Table II). No correlatio
were found between manometric paramete
and symptoms scored before or during t
study.

After breakfast - the duration of the po
prandial period was also not different betwe
patients and control subjects (1 19.8 (10.8) a]
1 14 (16. 1) minutes, respectively). As Table:
shows, no differences were found in contra
tion incidence, mean amplitude or motil
index during the first 90 minutes after t
meal. However, 11/2 hours after completi
breakfast the motility index was higher
patients than in control subjects (p<0 0'
caused by an increase in the incidence

contractions. During the second hour after the
meal, a positive correlation was present between
the contraction incidence and symptoms scored

c before the study (r,=039; p=0 044), especially
s for pyrosis (r,=0 43; p=0.026).

Burst activity
Burst activity (Fig 5) was significantly more

L present in the patients than in the control
subjects (22% and 6% of the subjects, respec-

tively; p=0.003), both fasting and postprandi-
ally. The mean duration of burst activity was

also higher in patients than in control subjects
(22.3 (6 0) and 4-8 (2 1) minutes, respectively;

s p=0010). Burst activity was most prominent
in the distal channel (jejunum).

Symptom index
During the monitoring, 25 patients had 88
symptom episodes. For each patient 3.04

1.8 (0.63) symptom episodes occurred (range
its, from 1 to 13). Eight symptom episodes were

gle associated with motility abnormalities occur-

nd ring in the - 10/0 time window only, two with
st- abnormalities in the 0/+1 0 time window
of only, and 36 were associated with abnormali-
ise ties in both time windows. In the 10 minute
nd window preceding the symptom episode
ms (- 10/0 window) 41 (47%) symptom episodes

were associated with burst activity and three
ic- (3%) with non-propagated or retrogradely
ity propagated phase III activity. In the 10
tal minute window after the symptom episode
ite (0/+10 window) 34 (39%) symptom episodes
ons were associated with burst activity and four
ers (5%) with non-propagated or retrograde
he phase III activity. Twelve of 29 patients

(41%) had a SI >75% with the -10/0
st- window and nine of 29 patients (31%) with
en the 0/+ 10 window.
nd
III
ic- Discussion
ity The ambulatory manometric recording tech-
he nique, used in this study, permitted us to study
ng patients with functional dyspepsia for a pro-
in longed period of time and under physiological
5), circumstances. Conventional - that is, non-

of ambulatory, short-term manometric techniques

TABLE II Postprandial duodenal motility index (mean (SEM)) in 30 minute periods after dinner in patients with
functional dyspepsia and control subjects

0-30 Min 30-60 Min 60-90 Min 90-120 Min

After dinner Patients Controls Patients Controls Patients Controls Patients Controls

Duodenum 1 9-9 (0.2) 10-3 (0.2) 9-6 (0.2) 9 9 (0.2) 9.5 (0.2) 9.4 (0.2) 9 4 (0.2) 9-1 (0.3)
Duodenum 2 10-5 (0.2) 10-8 (0.2) 10.1 (0.2) 10-4 (0.3) 9.9 (0.2) 10-2 (0.3) 9.9 (0.2) 9 7 (0.4)
Jejunum 10-9 (0.2) 11.0 (0.2) 10-5 (0.2) 10-7 (0.2) 10-4 (0.2) 10-6 (0.3) 10-4 (0.2) 10-5 (0.3)

TABLE m Postprandial duodenal motility index (mean (SEM)) in 30 minute periods after breakfast in patients with
functional dyspepsia and control subjects (*p<0 05)

0-30 Min 30-60 Min 60-90 Min 90-120 Min

After breakfast Patients Controls Patients Controls Patients Controls Patients Controls

Duodenum 1 10-0 (0.2) 10-2 (0.2) 9-6 (0.2) 9-7 (0.2) 9-5 (0.2) 9-5 (0.3) 9-2 (0.2) 7-9 (0.4)*
Duodenum 2 10-5 (0.2) 10-6 (0.2) 9-9 (0.2) 10.1 (0.3) 9-7 (0.2) 10.1 (0.3) 10.1 (0.3) 7.7 (0.3)*
Jejunum 10-8 (0.2) 10-9 (0.2) 10-5 (0.2) 10-5 (0.3) 10-3 (0.2) 10-2 (0.2) 10-2 (0.2) 8-8 (0.3)*
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Duodenum 1

_~l1JiL II liii *L a 1L1. b..L II '5 cc

Duodenum 2

Jejunum

]0 LX~~~~~~~~~~~~~~~~~~~01

10 min
Figure 5: Burst activity in a patient with dysmotility-like functional dyspepsia. This motor
abnormality was associated with symptoms ofnausea and belching.

have the advantage that motility is studied
under standardised conditions. However, even
in non-ambulatory studies considerable inter-
individual variability of small bowel motility is
seen.25 31-33 Theoretically, variability of the
manometric parameters induced by physical
activity is a limitation of the ambulatory
recording technique. However, this technique
provides the user with much more manometric
information, especially in the fasting state.
Our study was performed in 30 patients and

20 healthy volunteers. The measurement was
well tolerated. Only in one patient did the
catheter migrate back into the stomach during
the study and data analysis was not possible. A
computerised analysis program, developed in
our department, permitted rapid interpretation
and evaluation of the considerable amount of
data acquired during such prolonged monitor-
ing.

In patients with functional dyspepsia,
defined according to the criteria published by a
working party,2 several abnormalities of the
small intestinal motor patterns were seen. In
the patients, especially in those with dysmotil-
ity-like dyspepsia, the duration of the MMC
cycles was longer and MMC cycles occurred
less frequently than in control subjects. This
abnormality might lead to delayed interdiges-
tive transit through the small intestine and to
dyspeptic symptoms in these patients. The
significantly higher incidence of non-propa-
gated and retrogradely propagated phase III
activity in the dyspeptic patients might have
similar effects. Clusters of contractions, so
called burst activity, were seen in healthy con-
trol subjects, but more frequently in patients
with functional dyspepsia, both during fasting
and postprandially. These bursts seem to be
non-specific as they are also found in patients
with a partially obstructed bowel, in diabetic
patients, and in patients with the irritable bowel
syndrome.28 29 34 However, previous reports
showed a close temporal relation between burst
activity and abdominal symptoms.34 35 Our
findings support the existence of such a relation
in patients with functional dyspepsia.

In analogy with 24 hour oesophageal moni-
toring, we used the SI, defined as the number

ofsymptom episodes associated with dysmotil-
ity divided by the total number of symptom
episodes (multiplied by 100%), to correlate
symptoms and motility abnormalities. In addi-
tion to a window preceding symptom onset,
also a window after the onset of a symptom
episode was used. This was done to investigate
the possibility that symptoms were the cause
rather than the effect of intestinal dysmotility,
as it has been shown that motor abnormalities
can be induced by stress.36 Symptom induced
motor abnormalities were made unlikely by the
finding that a motor abnormality occurred only
in two patients in the 0/+10 minute time
window after the onset of a symptom episode.
In eight patients, motor abnormalities
occurred in the -1 0/0 window and in 36
patients abnormalities were seen both in the
-10/0 and 01+10 window. In view of the
prevalence of these motor abnormalities, a
coincidence with symptoms seems to be of
lesser probability.

In conclusion, our results suggest that motor
abnormalities of the small intestine participate
in the pathogenesis of dyspeptic symptoms in
patients with functional dyspepsia. These
motor abnormalities are more pronounced
during fasting than postprandially. Variability
of the manometric parameters induced by
physical activity seems to be a limitation of
ambulatory recordings. Ambulatory mano-
metry of the small intestine provides a valuable
tool to assess correlations between dysmotility
and symptoms in outpatients, who pursue their
normal daily activities.
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