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The objective of this study was to define the patterns of myo-
electric activity that occur throughout the gastrointestinal tract
during normal recovery from laparotomy. Electrodes were placed
on the stomach, jejunum, and transverse colon of 44 patients
undergoing laparotomy. Basal electric rhythms in all areas
showed no changes in frequency after operation (up to 1 month).
Gastric spike wave activity showed a gradient of increasing ac-
tivity from fundus to antrum. Antral spike activity was unchanged
during the study. Jejunal spike activity was present in the earliest
recordings and occurred in 45.9% * 3.5% to 59.9% * 5.5% of
slow waves. Recovery of normal colon discrete and continuous
electric response activity occurred on postoperative day 5.9 + 1.5.
Bowel sounds returned on day 2.4 + 0.5 and passage of flatus
and stool occurred on day 5.1 + 0.2. The myoelectric parameters
measured are not absolutely predictive of uneventful recovery
from postoperative ileus but they are, as a group, more infor-
mative than any currently available clinical criteria.

transient phenomenon occurring almost uni-

formly after all abdominal laparotomies. Clini-
cally it is characterized by abdominal distention, loss of
peristaltic bowel sounds, and lack of passage of flatus or
stools. Symptoms of distention, vomiting, and cramping
pain may be experienced by the patient during its onset
and reversal. Postoperative ileus remains an area in which
improved treatment could result in a further decrease in
hospitalization after laparotomy. Unfortunately the
physiologic controlling mechanisms of this process are
incompletely understood.

Despite the magnitude and frequency of the problem
of postoperative ileus, only a few investigators have done
studies involving measurement of human recovery from
postoperative ileus using physiologic parameters. Early
studies of postoperative motility using radiologic param-

P OSTOPERATIVE ILEUS IS a poorly understood

Presented at the 101st Annual Meeting of the Southern Surgical As-
sociation, Hot Springs, Virginia, December 3-6, 1989.

Address reprint requests to Bruce D. Schirmer, M.D., Department of
Surgery, Box 181, University of Virginia, Health Sciences Center, Char-
lottesville, VA 22908.

From the Department of Surgery, University of Virginia
Health Sciences Center, Charlottesville, Virginia

eters showed differences in recovery of postoperative mo-
tility between various segments of the gastrointestinal
tract.? Other investigators>* attempted to correlate the
presence and type of bowel sounds to postoperative re-
covery of motility. They showed bowel sound activity very
early after operation, which does not correlate with clinical
recovery.

The gastrointestinal tract’s smooth muscle produces
patterns of coordinated electric activity that represent the
summarized depolarizations and repolarizations of the
mass of smooth muscle cells functioning jointly. Record-
ing electrodes placed on or within the bowel wall can re-
cord such activity. Electric activity of two types is present:
slow wave and spike wave activity.

In each alimentary tract organ there is a ‘slow wave’
pattern of slowly conducted (normally aborally) waves of
electric activity that serve as a pacemaker rhythm or basal
electrical rhythm (BER). In the human stomach, for in-
stance, a pattern of three slow waves per minute is typical.
In the colon, where slow patterns are more varied in fre-
quency and slightly more complicated, the term ‘electrical
control activity’ (ECA) has been used to describe the co-
lonic slow wave pattern.® Slow waves were originally
thought to be conducted along the longitudinal layer of
smooth muscle in the intestinal wall, but more recent
evidence suggests that the submucosa/circular muscle in-
terface may be the site of conduction.®

The second type of electric activity recorded from gas-
trointestinal smooth muscle is spike wave activity. Spike
waves are believed to represent the summarized activity
of a group of cells in the circular smooth muscle layer
depolarizing and contracting in unison. The recorded
spike wave activity of smooth muscle in the gastrointes-
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tinal tract may be analogous to the action potential re-
corded from a single excitatory cell such as a neuron.
Spike wave activity must be present for peristaltic gas-
trointestinal contractions to occur, but the spike wave
activity can only occur in relation to the appropriate seg-
ment of the slow wave. Not all slow waves have associated
spike waves, but greater spike wave activity in general
indicates more peristaltic activity.

During the fasted state the gut remains relatively quies-
cent in terms of spike activity. However at widely spaced
intervals (about 1 hour apart in human stomach and in-
testine) a slowly conducted wave of strong peristaltic ac-
tivity, recorded as a large number of spike waves associated
with every slow wave present for a period of several min-
utes, is observed. This is called the migrating motor com-
plex.” Fasting intestinal myoelectric activity occurs in
several stages or phases in relation to the migrating motor
complex (MMC). A period of near-complete absence of
spike wave activity (phase I) is followed by a longer period
of intermittent spike wave activity (phase II) leading to
the relatively short MMC (phase III) followed by a short
period of decreasing spike wave frequency (phase IV).
Eating disrupts this fasting pattern and a generalized pat-
tern of increased spike wave activity, a vigorous phase II-
like pattern with frequent but not constant spike waves,
occurs. These myoelectric patterns are believed to rep-
resent corresponding changes in the contractile peristaltic
patterns of the bowel and its response to digestive
stimuli.®®

Studies of gastrointestinal tract motility using the pa-
rameter of myoelectric activity have shown that the use
of seromuscular recording electrodes produces the most
artifact-free and interpretable recordings. This technique
has been used to record myoelectric activity during or
after surgery for the stomach,'*'? small intestine,'>'* and
colon.!> However these studies were generally done on
isolated areas of the gut and addressed only the type of
BER present. Aldrete’s group'®!” more recently has con-
firmed that gastric slow wave activity is unchanged in the
postoperative state following gastric surgery with or with-
out vagotomy.

In 1976 Dauchel et al.'® described the myoelectric ac-
tivity of the gut for 7 days after cholecystectomy in a group
of 13 patients. They observed increased spike wave activity
in the small bowel immediately after operation. Sarna>'®
subsequently has described the BER of the colon, or ECA,
as well as colon spike wave activity, or electric response
activity (ERA), in the postoperative state. Condon® has
recently studied human colonic activity in the immediate
postoperative period and attributed postoperative ileus to
a lack of colonic function.

The purpose of this study was to describe the postop-
erative myoelectric activity patterns present in stomach,

WALDHAUSEN AND OTHERS

Ann. Surg. * June 1990

small intestine, and colon for a large group of patients for
a period of 1 month after operation. It is hoped that these
data will further define recovery of motility for the gas-
trointestinal tract during ‘normal’ transient postoperative
ileus. We also hypothesized that traditionally used clinical
parameters of examining the patient for bowel sounds
and noting the passage of flatus and stool may not correlate
well with the actual temporal recovery of myoelectric ac-
tivity.

Materials and Methods

Forty-four patients undergoing major abdominal sur-
gery were included in this study. None of the procedures
included vagotomy. Patients were chosen at random and
studied prospectively. For the purpose of this study, post-
operative ileus was considered to be the clinical manifes-
tations of hypomotility that were experienced by patients.
At times these included symptoms of nausea, bloating,
and cramps, all of which resolved by postoperative day 7
or earlier. Resolution of postoperative ileus was charac-
terized clinically by the passage of flatus or stool. Patients
who continued to experience problems of ileus past post-
operative day 7 were considered to have prolonged post-
operative ileus and were removed from this study. In-
formed voluntary consent was obtained from each patient
under the guidelines of the University of Virginia Human
Investigation Committee.

At the end of their surgical procedures all patients un-
derwent placement of 28-gauge stainless steel bipolar re-
cording electrodes (cardiac pacing wires, A and E Medical
Corp., Farmingdale, NJ). These were partially imbedded
into the seromuscular layer of the gastrointestinal tract at
various selected locations (Fig. 1). Locations included the
fundus (n = 20), body (n = 29), and antrum (n = 17) of
the stomach as well as the jejunum (n = 44) approximately
15 cm distal to the ligament of Treitz and the mid-trans-
verse colon (n = 14). Wires were brought out percuta-
neously through the anterior abdominal wall and placed
under a sterile dressing until needed for study.

Whenever possible patients were studied within the first
12 to 24 hours after surgery, then daily until postoperative
day 4 or 5 and then every other day until discharge. In
some instances, at the patient’s request or for medical
reasons, recording sessions were not performed on all
prescheduled days. Recordings were also obtained from
most patients at approximately 1 month after operation.
These later recordings were believed to approximate as
well as possible the patient’s unoperated state because
clinical recovery of gastrointestinal function had long since
occurred. Recording wires were removed by gentle trac-
tion after the last recording session.

Most patients had nasogastric suction for the first 24
to 48 hours, at which time the tube was removed. All
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FIG. 1. Placement of seromuscular myoelectric recording wires in pairs
to serve as bipolar electrodes along the gastrointestinal tract. G, gastric,
J, jejunal, C, colonic.

patients were fasted for at least 8 hours before each re-
cording session. Recordings were performed in continuous
90-to-120-minute sessions while patients lay quietly on
a stretcher or bed. Data were recorded using either a Sen-
sormedics R611 8-channel dynograph recorder or a Hew-
lett Packard Model 7758B Stripchart Recorder with 8811-
A bioelectric amplifiers and a 3960 instrumentation re-
corder (Palo Alto, CA).

All patients were examined daily by the same physician
at the recording session. The patient’s abdominal exam
and the presence or absence of bowel sounds were noted.
Patients were questioned regarding passage of flatus and
the patient’s nursing were records checked for record of
bowel movements and vomiting. Records were also made
of each patient’s subjective feeling of nausea, bloating,
and cramps.

Data were analyzed for slow wave frequency (BER),
presence of spike activity, percentage of slow waves with
spike activity, presence of MMCs, and colonic discrete
and continuous electric response activity (DERA and
CERA, respectively). Data analysis was done by hand and
with the aid of a Dell Model 200 personal computer (Dell
Computer Corp., Austin, TX) and a modified ASYST
software package (ASYST Co., Rochester, NY). Data are
expressed as mean + standard error of the mean.
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Results
Slow Waves

Slow waves or BER were noted on all the initial post-
operative recordings from each gastrointestinal area. Gas-
tric BER was usually present and discernible in the fundus,
occurring in 87% to 94% of recordings. All recordings
from the gastric body and antrum had distinct BER pat-
terns at all times after operation. This cyclic activity was
very organized and constant at approximately three cycles
per minute on the initial tracings and subsequent ones
through the 1-month recordings. There was no difference
in frequency of the BER between the three gastric areas
at any time and there was little change in overall frequency
on a day-to-day basis (Table 1). Signals were diminished
in amplitude in the area of the fundus compared to the
body and were greatest in amplitude in the antrum
(Fig. 2).

Jejunal BER was also present in an organized regular
manner on all initial postoperative recordings. The BER
was approximately 11 cycles per minute (cpm) on the first
tracings and continued without change to the 1-month
tracings (Table 2, Fig. 3).

The colon presented the most complex slow wave pat-
tern. Three distinct slow wave frequencies were observed:
a low frequency range of 2 to 3 cpm, a mid range of 9 to
14 cpm, and a high range of 20 to 28 cpm (Table 3). All
three frequencies were noted in the early postoperative
recordings; however all three were not always present on
individual recordings. All three ranges were found super-
imposed on each other or individually. Mid frequency
range waves were predominant during the first 1 to 2
postoperative days, with the high frequency range waves
occurring more frequently with time until the colon re-
sembled a ‘recovered’ pattern around postoperative day
5.9 £+ 1.5. Low frequency range slow waves were present
with little change in predominance throughout the study.

Spike Activity

Gastric spike activity was present on all initial record-
ings done after surgery. This activity occurred only in a
minority of recordings from the gastric fundus. In those
few patients who demonstrated spike potentials in the
gastric fundus, the frequency of occurrence of the spike
potentials was highly variable (Table 4). Spike activity

TABLE 1. Gastric Slow Waves (cycles per minute)

Day 1-2 34 5-7 1 Month
Fundus 3.07 £ .07 295 +.09 2.83 +.06 3.06 .17
Body 3.09 = .06 3.18 £ .09 299 + .05 3.04 = .08
Antrum 3.08 £ .07 3.17 £ .11 293 + .06 3.00 .13
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FIG. 2. Myoelectric recordings of the basal electrical rhythm (BER) from fundus, body, and antrum of the stomach.

was more prevalent in the gastric body, occurring in in-
creasing numbers of patients with the passage of time.
The antrum, however, displayed the most consistent spike
activity of any area of the stomach (Table 4, Fig. 4). As
with the gastric body, increasing numbers of patients had
antral spike wave activity present with the passage of time
after operation. In those patients having such findings,
there was no difference in the amount of spike activity in
the antrum at any time during the postoperative course.

Migrating motor complexes (also known as areas of
phase III activity), in which almost all slow waves during
a 2-to-3-minute period have associated spike waves, were
seen in each gastric area studied during the initial post-
operative period. However they were not demonstrated
in all patients, and there was no consistency to their pres-
ence or absence in any gastric area throughout the study.

TABLE 2. Jejunum Slow Waves (cycles per minute)
1-2 34 5-7
11.22 + .11 11.17 £ .12 10.90 + .11

1 Month
1091 £ .16

Day

They were more prominent in the body and antrum and
in general there appeared to be no consistent propagation
of the phase III-like activity to the antrum from the body.

Jejunal phase II and phase III activity was very consis-
tent throughout the early and late postoperative periods
and was no different from that observed on the 1-month
recordings (Table 5). Phase Ill-like activity was seen up
to three and four times in the same patient during a 90-
minute recording session. This activity was noted during
every study period, including the 1-month recordings.
These bursts of activity lasted 3 to 4 minutes, with more
than 95% slow waves associated with spike potentials
(Fig. 3).

Colonic spike activity in the form of discrete electric
response activity (DERA) returned on postoperative day
2.1 + 0.3. This was generally associated with the presence
of mid frequency range slow waves. Continuous electric
response activity (CERA) returned at 5.9 + 0.4 days, and
at this time the colon tracings resembled a recovered
myoelectric pattern no different from that of the 1-month
recordings (Fig. 5).
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FIG. 3. Myoelectric recordings of basal electrical rhythm (BER) and a migrating motor complex (MMC) of the j jejunum. Note the presence of spike

potentials associated with all slow waves during the MMC.

Recovery of bowel sounds occurred at day 2.4 + 0.4
and had no correlation to the time that patients were noted
to pass flatus or stool (5.1 + 0.2 days after operation).
The presence of bowel sounds also correlated poorly with
resolution of the symptoms of gastrointestinal hypomo-
tility. Patients often had normal active bowel sounds de-
spite continued symptoms of ileus with bloating and nau-
sea. Bloating, distension, and cramps generally began on
postoperative day 2 to 3 and resolved by postoperative
days 4 to 6. Passage of flatus usually preceded the first
bowel movement and the two events generally occurred
within 24 hours of each other.

TABLE 3. Colon Slow Waves (cycles per minute)

Day 1-4 5-7 1 Month
Frequency
Low 2.79 £ .08 283 +.11 3.05+.16
Mid 11.29 + .21 10.63 + .27 11.40 + .82
High 24.77 £ .76 23.88 +.76 23.67 + .84

Discussion

The phenomenon of postoperative ileus is generally
transient, and until recent times, when greater emphasis
has been placed on decreasing length of hospitalization
for financial reasons, there was little motivation to attempt
to modify or correct such a process that usually was self-
limited. Transient postoperative ileus would also seem to
be an excellent model through which to study mechanisms
that turn bowel function off and on. The combination of
these factors stimulated our investigation of the patterns
of recovery of gastrointestinal tract myoelectric patterns
during transient postoperative ileus and its resolution.

Alvarez®' described the slow wave or BER of gastric
myoelectric activity in 1922. Since that time myoelectric
activity in the small bowel and colon has also been ex-
tensively studied and characterized. Because others have
shown that myoelectric activity correlates well with gas-
trointestinal motility,®°*2 we chose to use this parameter
to examine the relationship of bowel sounds and passage
of flatus and stool to gastrointestinal function.
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TABLE 4. Gastric Spike Potentials
Day 1-2 3-4 5-7 1 Month
Fundus  13.5% 1.1/13 0/0 30.0/8 20.0/7
Body 26.6 £6.7/16 457 £10.6/16 37.0 £8.5/26  36.3 +9.4/38
Antrum 399 +69/43 335+ 6.5/40 404+59/62 47.2+9.5/60

% Slow waves with associated spike potentials/% of recordings with spike potentials
present.

Nachlas et al.? studied postoperative motility and found
that small bowel activity returned in 38% of their patients
by 4 to 8 hours and in 74% by 24 hours after operations
in which the gastrointestinal tract was entered. Gastric
motility generally returned within 24 hours and colonic
motility returned in 3 to 5 days.

We found that gastric and jejunal BER was no different
on the earliest postoperative recordings compared to the
1-month studies. Both the stomach and jejunum had a
regularly recurring BER at 12 to 24 hours after operation.
This correlates well with Sarna’s?? findings in the stomach
and the findings of others in the jejunum.?*?* We did not
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TABLE 5. Jejunum Phase II Spike Activity (% slow waves with

associated spike potentials)
Day 1-2 34 5-7 1 Month
459 + 3.5 599 +5.5 573 +t4.7 533+£5.2

note a disorganization of activity during the first 12 to 36
hours in the stomach and jejunum, as noted by Dauchel
et al.'® The observation of gastric fundus slow wave ac-
tivity on most recordings confirms our previous report of
BER in this area.?¢

Other authors have noted that gastrointestinal con-
tractions are present but not coordinated in the initial
postoperative period.?2 We could not demonstrate that this
is caused by irregular BER in the stomach or small intes-
tine. The exception to this was in patients with prolonged
postoperative ileus (ileus lasting more than 7 days). We
have studied a group of 14 such patients using the methods
described above, and these patients were found to have a
greater incidence of abnormalities in gastric BER with
normal jejunal and colon BER.?
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FIG. 4. Gastric spike activity showing antral spike activity occurring independently of any spike activity in the body of the stomach.
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FIG. 5. Recovered pattern of colon myoelectric activity showing electrical control activity (slow waves) and electrical response activity (spike potentials).

Gastric antral and jejunal spike activity was also found
to be no different in the initial postoperative recordings
from the 1-month recordings. Jejunal phase II and phase
III activity occurred in a cyclic fashion. Gastric spike ac-
tivity correlated well with function. In the fundus, where
the stomach serves as a reservoir, there were few spikes
and few bursts of phase III-type activity. Activity increased
toward the body and antrum; in these areas bursts of phase
III activity became more prominent. This coincides with
the increased contractile and grinding activity of the an-
trum.

The colon was the last area to establish a normal BER
and spike activity pattern. We noted a low and mid fre-
quency range that agree with those reported by Sarna,'’
Bueno,?® and Taylor,? as well as a higher range of 20 to
28 cpm similar to that reported by Huizinga.*® Recordings
similar to the 1-month tracings showing a fairly equal
predominance of mid and high frequency range BER were
not present routinely until the fifth to sixth postoperative
day. Low frequency BER was present without change in
predominance with time.

Colon spike activity also was delayed in its return. Dis-
crete electric response activity was at times present on
postoperative day 1, but a normal spike activity pattern
with both DERA and CERA was not present until day 5
or 6. This correlated well with the patient’s clinical signs
of passage of flatus and stool and relief of abdominal
cramps and bloating.

While the fasting phase II myoelectric pattern in the
jejunum appeared to be normal in the first postoperative
recordings, there is some question whether the small bowel
is capable of converting to the fed pattern in the first 1 to
2 postoperative days. We have studied several patients in
a different protocol who were given liquids during the
postoperative day 1 and 2 recording sessions. The small
bowel did not usually convert to a fed-type pattern on
those days, while it did in those same patients by post-
operative days 3 and thereafter. We have also noted in
patients receiving jejunal tube feedings on postoperative
days 1 and thereafter that the small bowel did not convert
to a fed pattern.>! Because this observation in the small

intestine temporally correlates well with return of gastric
function after operation, it suggests the possibility that
some unknown factor from the stomach, perhaps myo-
electric coordination or hormonal or neural feedback, is
required to convert the small bowel to the fed pattern.

The pathophysiology of postoperative ileus is poorly
understood. Initial investigators of this problem cited the
effects of perioperative medications,*? while others*® be-
lieved the problems of fluid and electrolyte imbalances,
hypoproteinemia, and reflex inhibition were the primary
cause. Rough handling of the intestine has been believed
to be the cause of ileus,>* as has duration of the operative
procedure.*® Each of these last two factors has been shown
to be of little consequence in primate studies.?*

More recently the pathogenesis of ileus after surgery
has been attributed to an increased effect of the sympa-
thetic nervous system.>¢ Elevated catecholamine levels in
the postoperative state,>” as well as the finding of increased
synthesis and release of norepinephrine in the bowel wall
after operation,® all suggest that sympathetic neural in-
fluences may be a factor. Regulatory reflexes and con-
trolling mechanisms within the enteric nervous system
itself may play a key role, as may the many circulating
peptide hormones that have been shown to influence
intestinal activity in a variety of animal and human
studies. 343

Bowel sounds appear to have little relation to myo-
electric function and we could not find any correlation
with activity in the gastrointestinal tract and return of
myoelectric activity in any area to return of bowel sounds.
Bowel sounds were often present and ‘normal’ when the
patient was still experiencing abdominal discomfort and
sounds were often hypoactive or absent when the patient
appeared to be doing well.

The gastric fundus, body, antrum, and the jejunum
have normal patterns of BER and spike activity in the
fasted state as early as 12 to 24 hours after operation. The
colon is the last to regain a recovered, normal type of
pattern. Bowel sounds have little correlation with myo-
electric activity, although passage of flatus and stool co-
incides closely with return of normal colon myoelectric
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activity. Symptoms of bloating and nausea did not com-
pletely resolve until normal colon myoelectric patterns
were established. While the colon is to some extent clearly
responsible for many of the symptoms of postoperative
ileus, especially the bloating, distention, and cramps, it is
not clear that the patient’s inability to take oral nourish-
ment for the first several postoperative days is a colonic
problem. This is a question that requires further investi-
gation before the causes for the complete spectrum of
postoperative ileus symptoms can be resolved.
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