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Abstract

This study was undertaken to investigate the
extent to which gastric electrical control
activity and phasic contractile activity are
preserved after Billroth II resection and to
assess the relation between these activities and
postprandial symptoms in patients who have
undergone Billroth II resection. Thirty three
patients were studied after Billroth II resection
without vagotomy. Gastric electrical activity
was recorded from surface electrodes and
intraluminal pressure was recorded simul-
taneously. The electrogastrographic signals
were analysed by Running Spectrum Analysis.
In addition, three dogs with a Billroth II
stomach and implanted serosal electrodes
were studied. Phasic gastric pressure waves
were observed in most patients. Electrogastro-
graphic signals recorded from 82% of the
Billroth II patients contained a mean (SD) peak
at 3-1 (0-2) cycles per minute (cpm). Fasting
and postprandial frequencies correlated
significantly (p<0:02) with the score for
nausea and vomiting. In 61% of the patients,
the electrogastrographic signal contained a
stable component with a frequency of 10-5
(0-6) cpm that was not caused by respiration.
We suggest that this activity is of intestinal
origin. In all three dogs studied, retrograde
conduction of jejunal electrical control activity
(16 cpm) into the distal part of the gastric
remnant was observed. In the Billroth II
patients, the presence of a 10 cpm component
correlated negatively with symptoms.

Phasic contractions in the intact distal stomach
are controlled, among other mechanisms, by a
myoelectrical phenomenon which consists of
rhythmically occurring transmembrane poten-
tial variations.' This electrical activity can also be
recorded with extracellular electrodes as a
regular, periodic signal. In man the frequency is
approximately three cycles per minute (cpm).
These so-called slow waves or electrical control
activity’ are always present and are independent
of the presence of motor activity. Phasic contrac-
tions are related to a different type of electrical
activity, characterised by spikes during a
negative deflection occurring after the primary
potential. This activity is called electrical
response activity.’ No regular slow waves are
present in the gastric fundus. The origin of this
activity — that is the pacemaker - is found on the
greater curvature, approximately in the proximal
corpus,* from where the slow waves are propa-
gated aborally,’ increasing in both amplitude and
frequency.®

The Billroth II partial gastrectomy, one of the
most commonly performed stomach resections,

is well known for the frequency of postoperative
symptoms like dumping, nausea, vomiting, and
fullness.” It has been shown that gastric empty-
ing of both solids and semi-solids is disturbed
after this surgical procedure* and that the
emptying characteristics are related to several of
these symptoms." Smout ez al have shown that
gastric emptying studies in patients with a
Billroth II gastric remnant are clinically relevant
to their symptoms." Electrical and motor activi-
ties of the gastric remnant after a Billroth II
resection are likely to be influenced by what
happens to the pacemaker area and thus to the
myoelectrical control mechanisms during and
after surgery."”

This study was undertaken to investigate the
extent to which gastric electrical control activity
and phasic contractile activity are preserved after
Billroth II resection and to assess any relation
between these activities and postprandial
symptoms in patients with a Billroth II gastric
remnant.

Material and methods

We wrote to 230 patients who had undergone a
Billroth II partial gastrectomy in our hospital
between 1970 and 1986. Ninety of the 230
patients responded and 33 of these (six women,
27 men) were studied after informed consent had
been obtained. In all 33 patients complicated
peptic ulcer disease had been the indication for
surgery — that is pyloric stenosis, history of
perforation, bleeding, or medical intractability.
All 33 patients had undergone a Billroth II
resection without vagotomy (Hofmeister-
Finsterer type gastrojejunostomy) at least 10
months previously. The mean (SD) interval
between surgery and the studies was 6:2 (5-2)
years (range 0-8-15 years). The patients’ ages
ranged from 20 to 80 years (mean (SD) 53 (14)
years).

The operations had been performed by four
different surgeons. All adhered to the same
technique in performing a two third distal
gastrectomy. The level of resection was deter-
mined by the relatively avascular plane between
the left and right gastro-epiploic artery at the
greater curvature and the division of the left
gastric artery in its descending and ascending
branch at the lesser curvature.” ™

All patients were interviewed by the same
investigator, who was unaware of the outcome of
any test. The frequency and intensity of 11
postprandial symptoms (fullness, nausea, vomit-
ing, early dumping, late dumping, cramping
pain, non-cramping pain, anorexia, regurgita-
tion, heartburn, and diarrhoea) were scored
separately, ranging from 0 (absent) to 3. The
final score for each symptom was made up by
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Figure 1: Recording of
electrogastrogram (EGG),
respiration, and intragastric
pressures one year after a
Billroth II partial
gastrectomy.

Pressure waves with a
frequency of 3 cycles per
minute (cpm) are readily

recognised in the lower trace.

A weak 3 cpm component is
present in the EGG signal.

EGG

TABLE I Scores for various postprandial symptoms in
patients who underwent a Billroth I1 gastric resection

No of patients Mean (SD) score
Fullness 25 2:64(1-94)
Nausea 12 1-27 (1-88)
Vomiting 10 0-79(1-46)
Early dumping ) 0-61(1-54)
Late dumping 3 0-27 (0-96)
Cramping pain 8 0-97 (1-78)
Non-cramping pain 3 0-24(0-78)
Anorexia 3 0-30(1-11)
Regurgitation 14 1-33(1-63)
Heartburn 10 0-82(1-36)
Diarrhoea 6 0-79(1:74)

adding the values for frequency and intensity.
The general wellbeing of the patient was scored
according to Visick." Interview and recording of
intragastric pressures and electrical activity (as
described below) took place on the same day.

Intragastric pressures were recorded by means
of tube mounted miniature pressure transducers
(Gaeltec, Dunvegan, Great Britain), with trans-
ducers placed 5, 10, and 15 cm from the distal tip
respectively. The catheter was positioned with
the proximal transducer just distally to the lower
oesophageal sphincter.

Gastric  electrical activity (electrogastro-
graphy) was recorded simultaneously from
surface (skin) electrodes.’'™"* Three unipolar,
pregelled Ag/AgCl (EKG) electrodes were
positioned on a transverse line halfway between
the lower end of the sternum and the umbilicus -
one at the intersection of this line and the median
plane and the other two on either side of the first.
The distance between the individual electrodes
was 6 cm.

The electrogastrographic  signals were
amplified by a differential amplifier (amplifying
5000 times), using high pass and low pass filters
with cut off frequencies of 0-01 and 0-5 Hz
respectively. Respiration was monitored using a
temperature sensitive probe positioned at a
nostril. All signals were recorded on a six channel
Gould paper writer (paper speed 25 mm/minute)
as well as on magnetic tape (seven channel Racal
tape recorder, tape speed !%e in/second).
Recording took place during fasting and after a
semi-solid test meal consisting of 200 ml of
yoghurt to which 10 g of sugar had been added.
The total recording time was at least one hour.
The fasting and postprandial recording times
were 30 to 50 minutes each.

The pressure signals recorded on the chart
were analysed by measuring maximum and mean
pressures and by calculating the incidence and
fundamental frequency of the contraction waves
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by counting the number of contractions per unit
of time (stretches of four minutes) for both
fasting and postprandial periods.

The electrogastrographic signals were
analysed by Running Spectrum Analysis,”" a
modification of Fast Fourier Transform in which
a spectral frequency analysis is carried out on
overlapping stretches of signal. This was per-
formed by replaying the signal from tape at a
speed that was 64 times the recording speed,
using additional band pass filtering by means of
Krohn-Hite 3322 filters (24 dB/oct at high pass
and low pass filters for 0-01 and 0-5 Hz, respec-
tively). After analogue to digital conversion (real
time sample frequency 1 Hz) stretches of 240
seconds overlapping for 75% were subjected to
Fast Fourier Transform (using a programme
written in Basic and a Hewlett-Packard com-
puter). The frequency spacing was 0-25/60 Hz
(0-25 cpm). Amplitudes (powers) were repre-
sented by means of 64 different grey levels for
each point in the frequency time plane; thus a
grey plot of the running spectra was formed with
frequency on the x-axis, time on the y-axis, and
power on the z-axis."

In addition to the study in humans, three dogs
(Beagles) were operated on to study the effect of
Billroth II partial gastrectomy on the myo-
electrical activity of the gastric remnant, and
more specifically to look at the possible occur-
rence of retrograde propagation of jejunal
electrical activity. A Billroth II gastric resection
was performed followed by the implantation of
four bipolar serosal Ag/AgCl needle electrodes.
Two electrodes were sutured on the distal part of
the gastric remnant, one on the afferent jejunum
and one on the efferent jejunum. All leads were
tunnelled subcutaneously and soldered to a con-
nector cemented on the dog’s scalp, thus allow-
ing repeated recording in the conscious animal.
Recordings started two weeks after implantation
and were continued for three to six months;
recordings took place during fasting and after a
test meal of normal dog food.

All data are expressed as mean (SD) unless
otherwise stated. Statistical analysis of differ-
ences between groups was performed with
Wilcoxon’s rank test. Correlations between vari-
ables were assessed by calculation of Spearman’s
rank correlation coefficients.

Results

A considerable number of patients suffered from
at least some degree of postprandial symptoms.
Eight patients (24%) could be classified as Visick
I, 11 as Visick II (34%), and five (15%) and nine
(27%) patients had to be classified as Visick III
and IV respectively. Postprandial fullness,
nausea, vomiting, regurgitation, and cramping
pain were particularly troublesome, but heart-
burn was also a prominent symptom in 30% of
the patients (Table I).

Manometrically, the Billroth II gastric
remnants showed phasic activity in all but one
patient — that is, in 97% (Fig 1). The mean (SD)
fundamental repetition frequency was 2-8 (0-2)
cpm (range 2-4-3-0), both during fasting and
postprandially. During fasting, contractions
were present for 82 (29)% of the recording time.
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Figure 2: Running Spectrum
Analysts of
electrogastrographic (EGG)
recording from a patient with
a Billroth I1 gastric
remnant, showing a low
frequency component at 3
cycles per minute (cpm), as
well as a high frequency
component at 10 cpm (left
panel).

Right panel: Running
Spectrum Analysis
performed on a recording of
respiration. The 10 cpm
component in the EGG is
absent in the respiratory grey

plot.

Figure 3: Positions of the
bipolar serosal electrodes on
the gastric remnant and
proximal jejunum of a dog.
The numbers refer to the 4
recordings displayed. The
second lead shows electrical
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This incidence dropped to 39 (33)% in the first 15
minutes after the test meal, gradually increasing
to 50 (38)% in the next 15 minutes. The mean
(SD) amplitude of the contractions recorded in
the fasting state was 1-3 (0-9) kPa, but peak
values up to 5 kPa were recorded occasionally.
The mean (SD) amplitude of the postprandial
contractions was considerably smaller: 0-7 (0-4)
kPa.

In 23 of the 33 patients (70%) the electro-
gastrogram showed recognisable slow wave
activity during at least part of the recording time,
particularly after the test meal (Fig 1). Using
Running Spectrum Analysis, the presence of a
component at approximately 3 cpm could be
shown in 27 of 33 patients (82%) (Fig 2). The
incidence of the 3 cpm components recorded in
those patients in whom it was found, varied from
10 to 97% of the recording time. The incidence
after the test meal seemed to be somewhat higher
than in the fasting state (65 (26)% v 56 (30)%),
but this difference failed to reach statistical
significance.

The power of the 3 cpm component in the .
fasting state was 57 (42) arbitrary units, whereas
after the test meal it was slightly higher: 67 (45)
arbitrary units. The power ratio, defined as the
quotient of postprandial and fasting power, was
1:5 (1'1) in the Billroth II patients. The dis-
crepancy between this figure and the figures for
the mean fasting and postprandial powers is
explained by the recordings in four patients in
whom proper recordings could not be obtained
either before or after the test meal for technical
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frequency.
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reasons. In some patients even a power decreao.
after the test meal was observed (Fig 2, left
panel).

The frequency of the gastric component
varied between subjects — in the fasting state the
mean (SD) frequency was 3-1 (0-2) cpm (range
2-75-3-5) and postprandially the frequency was
3-0 (0-2) cpm (range 2-75-3-5). After the test
meal the characteristic frequency dip" ' was not
observed in our patients.

A component of approximately 10 cpm was
present in the electrogastrographic signal in 20
patients (61%) (Fig 2).

The mean (SD) power of this 10 cpm band was
about half that of the 3 cpm signal - 33 (47)
arbitrary units in the fasting state and 28 (47)
postprandially: in several patients it disappeared
completely after the test meal (Fig 2).

The mean fasting incidence of the 10 cpm
component was 49 (28)%, the mean postprandial
incidence 49 (23)%.

The frequency of this component varied
between subjects in the range of 9-5 to 12 cpm;
the mean fasting frequency being 10-7 (0-6)
cpm and the postprandial frequency 10-5 (0-8)
cpm.

To investigate the nature of the 10 cpm
component in the Billroth II patients, we
performed Running Spectrum Analysis on the
respiratory signal in all patients in whom a
recognisable 10 cpm component was found. The
frequency band at 10 cpm could not be shown in
the respiratory grey plots (Fig 2), indicating that
the high frequency band in the electrogastro-
gram is not caused by respiration.

In the three dogs, electrical control activity
with a frequency of approximately 5 cpm was
recorded from the two electrodes on the gastric
remnant. In addition, a high frequency signal
was recorded from the most distal of the two
gastric electrodes in each of the three, particu-
larly in the recordings made after the first three
months after surgery (Fig 3). This signal was
found to be present in both the fasting and
postprandial states. Its frequency (approxi-
mately 18 cpm) was identical to that of the slow
waves recorded from the jejunal electrodes.

No significant correlations were found
between the characteristics of the pressure
recordings and postprandial symptoms. Several
significant correlations, however, were present
between symptoms and characteristics of both
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TABLE II

Correlations between symptom scores and electrogastrographic variables in patients

who underwent a Billroth I1 parnal gastrectomy (correlation coefficients)

Early
Fullness Nausea Vomiting dumping
Frequency of 3 cpm component (fasting) 0-37 0-42* 0-41* 0-61***
Frequency of 3 cpm component (postprandial) 0-41* 0-50** 0-58*** 0-43*
Power of 3 cpm component (fasting) -0-20 0-15 0-40* 0-20
Frequency of 10 cpm component (fasting) 0-44 0-60* 0-51* 0-49
Frequency of 10 cpm component (postprandial) 0-66* 0-62** 0-72%* 0-45

*=p<0-05; **=p<0-02; ***=p<0-01.

Figure 4: Postprandial
frequency of the 3 cycles per
minute (cpm) gastric
component in relation to the
intensity of nausea in 25
patients who underwent a
Billroth I partial
gastrectomy.

the low frequency (3 cpm) and the high fre-
quency (10 cpm) component in the electrogastro-
gram. A positive correlation existed between
fullness, nausea, vomiting, and early dumping
and the frequency of the 3 cpm component:
patients with a lower frequency tended to have
less symptoms (Table II, Fig 4). Patients with
symptoms of fullness, nausea, or vomiting had
slightly higher frequencies (3 cpm component)
compared with those without these symptoms:
3-13(0-19) 2 2-95 (0-19) cpm in the fasting state,
3-01 (0-29) » 2-95 (0-17) cpm postprandially.
These differences, did not, however, reach
statistical significance. A positive correlation
existed between the fasting power of the 3 cpm
signal and vomiting. When the patients with 3
cpm activity (27 of 33) were compared with those
without 3 cpm activity (6 of 33), no significant
difference in the occurrence or intensity of
postprandial symptoms was found.

Scores for fullness and nausea were lower in
the group of patients in whom a high frequency
band of 10 cpm was found (Fig 5) (p<0-05,
Wilcoxon test). A higher frequency within the
range of 9-5-12 cpm was associated with higher
scores for fullness, nausea, and vomiting (Table
II). Mean fasting frequencies (10 cpm com-
ponent) in those patients without any symptoms
of fullness, nausea, or vomiting were lower than
in those with symptoms: 10-29 (0-53) v 10-93
(0-45) cpm in the fasting period (p<0-05) and
9-81 (0-37) v 10-82 (0:75) cpm postprandially
(not significant).

No relation was found between electrogastro-
graphic and manometry findings or symptoms
and the time elapsed after surgery.

Discussion

This study has shown that in most patients who
have undergone a Billroth II partial gastrectomy,
phasic gastric contractions are present and can be
recorded by intraluminal manometry, in particu-
lar during the fasting period. Although mano-
metry in a wide hollow viscus is known to
provide only limited information, it is clear that
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Figure 5: Intensity of epigastric fullness in absence or presence
of a 10 cpm component. Significantly less fullness is found in
patients with a 10 cpm component in the electrogastrograph
(EGG); the interrupted lines indicate the median values
(p<0-0S, Wilcoxon test).

phasic contractile activity, when shown mano-
metrically, cannot be a false-positive finding.

This study also shows that in most of these
patients slow waves with a similar frequency to
those in the intact stomach can be recorded by
means of surface recording. It seems likely,
therefore, that in a Billroth II partial gastrectomy
the pacemaker area is usually left intact or only
partly removed. The amplitude of these slow
waves, certainly postprandially, seems to be
lower than in the intact stomach.” This is not
surprising since the source of the electrogastro-
graphic signal is the smooth muscle of the distal
stomach™ and most of this is removed in Billroth
II resections. Perhaps this fact is also related to
the postprandial disappearance of the 3 cpm
band (and also the 10 cpm component) in some of
our patients.

As in unoperated subjects, spectral analysis of
the electrogastrographic signals, in particular
Running Spectrum Analysis, was found to be
very useful. It provides a better insight into the
characteristics of the gastric component than can
be obtained by visual evaluation of the paper
recording. However, the usual postprandial fre-
quency dip followed by a rise in frequency" "
was not seen after Billroth II resection. We
suspect that our inability to detect these post-
prandial changes is due to the low amplitude of
the electrogastrographic signal. Also, the power
ratio in patients with a Billroth II gastric remnant
(mean (SD) 1-5 (11) arbitrary units), measured
by means of Running Spectrum Analysis, is
lower than is observed in healthy subjects in
whom a power ratio of =20 was shown by
Geldof et al."”*

The positive correlations which were found
between the frequency of the 3 cpm component
and several symptoms are difficult to explain; a
higher frequency is associated with higher scores
for fullness, and nausea, for example. One
cannot be sure that these relations are causal.
Other factors such as myogenic, hormonal, vagal
or other neural mechanisms may be responsible
for both a higher gastric frequency and the
occurrence of more severe symptoms. The
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relevance of these findings, therefore, is as yet
uncertain. '

An intriguing finding in our study was the
frequent occurrence of a high frequency band
of about 10 cpm in the electrogastrogram of
Billroth II patients. Such a component is rare
in the intact human stomach; it is found in only
4% of the recordings in healthy volunteers. A
respiratory origin was considered to be the
possible cause of this signal."”

In the dog, recordings of electrical activity by
means of serosal electrodes also show a compo-
nent of higher frequency (about 18 cpm).’" By
simultaneous recording of duodenal electrical
activity it was shown that duodenal slow waves
were the origin of the 18 cpm component.

By performing Running Spectrum Analysis of
the simultaneously recorded respiratory signal
we could exclude a respiratory origin for the high
frequency band. Its frequency of approximately
10 cpm made a relation with the jejunal slow
wave activity likely.

Our findings in the dog lend support to this
hypothesis. In all three dogs slow waves were
found in the distal gastric remnant, with a
frequency identical to the frequency in the
jejunum just distal to the anastomosis. As bipolar
electrodes were used, the slow waves recorded at
the gastric leads had to be of gastric origin and
could not just be electrotonically conducted from
the jejunum. We concluded that, in the dog,
retrograde propagation of slow wave activity
occurs across the anastomosis, from the jejunum
into the gastric remnant. Based on these find-
ings, we hypothesise that in people who have
undergone Billroth II resection, the presence of a
frequency band at 9-5-12 cpm is caused by
retrograde propagation of electrical activity from
the jejunum. After Billroth II resection the distal
stomach seems to be capable of producing not
only near to normal slow wave activity (3 cpm),
but also jejunal-like activity.

Theoretically, the altered position of the
jejunum in respect of the abdominal wall may be
responsible for the presence of the high fre-
quency band in the surface signal after gastro-
jejunostomy. The findings in dogs, however,
lend support to our assumption that this band
originates in the gastric remnant.

It is not known whether the distal gastric
remnant is also capable of contracting at jejunal
frequency. Assuming that 10 cpm contractile
activity occurs in the gastric remnant, one could
understand some of the correlations present
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between 10 cpm frequency and power, and
symptoms: a stronger 10 cpm contractile activity
might add to the emptying capacity of the
stomach. The correlation between its frequency
and several symptoms, however, is more difficult
to explain. Although it is clear that our know-
ledge of the pathophysiological mechanisms
involved in symptoms so frequently encountered
after gastric surgery is still limited, gastric
manometry and electrogastrography may help to
increase our understanding of these.

This study was supported, in part, by the Foundation of Medical
Research  MEDIGON, which is subsidised by the Dutch
Organization for the advancement of Pure Research (ZWO).
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