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Hyperactive cyclic motor activity in the distal colon after colonic
surgery as defined by high-resolution colonic manometry
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Background: Recovery after colonic surgery is invariably delayed by disturbed gut motility. It is com-
monly assumed that colonic motility becomes quiescent after surgery, but this hypothesis has not been
evaluated rigorously. This study quantified colonic motility through the early postoperative period using
high-resolution colonic manometry.
Methods: Fibre-optic colonic manometry was performed continuously before, during and after surgery
in the left colon and rectum of patients undergoing right hemicolectomy, and in healthy controls. Motor
events were characterized by pattern, frequency, direction, velocity, amplitude and distance propagated.
Results: Eight patients undergoing hemicolectomy and nine healthy controls were included in the study.
Colonic motility became markedly hyperactive in all operated patients, consistently dominated by cyclic
motor patterns. Onset of cyclic motor patterns began to a minor extent before operation, occurring with
increasing intensity nearer the time of surgery; the mean(s.d.) active duration was 12(7) per cent over
3 h before operation and 43(17) per cent within 1 h before surgery (P = 0.024); in fasted controls it was
2(4) per cent (P < 0⋅001). After surgery, cyclic motor patterns increased markedly in extent and intensity,
becoming nearly continuous (active duration 94(13) per cent; P < 0⋅001), with peak frequency 2–4 cycles
per min in the sigmoid colon. This postoperative cyclic pattern was substantially more prominent than
in non-operative controls, including in the fed state (active duration 27(20) per cent; P <0⋅001), and also
showed higher antegrade velocity (P < 0⋅001).
Conclusion: Distal gut motility becomes markedly hyperactive with colonic surgery, dominated by cyclic
motor patterns. This hyperactivity likely represents a novel pathophysiological aspect of the surgical stress
response. Hyperactive motility may contribute to gut dysfunction after surgery, potentially offering a new
therapeutic target to enhance recovery.
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Introduction

The period following gastrointestinal surgery is associ-
ated with disturbed gut motility, prolonging hospital stay
and increasing morbidity, conferring a resource-intensive
burden on healthcare institutions1. This dysfunction is
thought to stem from a combination of inflammatory cell
activation, electrolyte imbalance, autonomic dysfunction
and activation of peripheral opioid receptors, and varies in
severity from a mild delay in the return of gut function to
prolonged postoperative ileus2.

Considerable progress has been made in recent years
in defining the mechanisms that underpin postoperative

gut dysfunction, complemented by advances in prevention
and management2–4. However, the mechanisms by which
pathophysiological disturbances translate into symptoms
remain incompletely understood. It is presumed that
abnormal motility is a key intermediary step, but it is
unclear whether this constitutes dysmotility, hypomotility
or atony. The colon is often the slowest gut segment
to recover after surgery and postoperative quiescence is
typically considered to be a key contributing factor5.

One barrier to understanding has been technological
limitation in investigating human colonic motor activ-
ity. Although colonic manometry has been a prominent
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method for evaluating motility in vivo, the sparse sensor
resolution of previous devices prevented reliable assess-
ment of the frequency and polarity of motor patterns
such as cyclic motor activity, which propagate over rel-
atively short distances6,7. The recent development of
high-resolution (HR) colonic manometry is now enabling
more accurate quantification of colonic motor patterns in
health and disease states8,9. In particular, these recordings
have revealed the prominence of cyclic motor patterns in
the distal colon7,10.

The aim of this study was to use HR fibre-optic mano-
metry to accurately define postoperative colorectal motil-
ity in patients undergoing elective right hemicolectomy,
in comparison to normal motility in healthy controls.
Right hemicolectomy was chosen because this operation
appears to be accompanied by slower functional recov-
ery and higher rates of postoperative ileus compared with
left-sided colorectal resections, for reasons that are cur-
rently unknown11.

Methods

Ethical approval was obtained from the New Zealand
Health and Disability Ethics Committee and Flinders Uni-
versity Human Research Ethics Committee. All partici-
pants provided informed consent.

Patients

Patients presenting to Auckland City Hospital for elective
right hemicolectomy were screened for eligibility. Included
were patients aged 18–75 years scheduled to undergo
right-sided colonic resection for any indication using a
laparoscopic or open approach. Exclusion criteria were: a
current or previous functional motility disorder, coexisting
medical illness known to affect colonic motility, ASA fit-
ness grade IV or greater, anticipation of requirement for
high-dependency or intensive care, epidural use, pregnancy
and previous gastrointestinal surgery. Patients using laxa-
tives or antidiarrhoeal medication were also excluded.

High-resolution manometry

All recordings were made using a 36-sensor fibre-optic
manometry catheter with an intersensor spacing of 1 cm,
designed and validated for HR gastrointestinal recordings8.
The catheters were attached to a spectral interrogator unit
(FBG-scan 804D; FBGS International, Geel, Belgium)
and intraluminal pressure events were recorded using
a LabVIEW© interface (National Instruments, Austin,
Texas, USA).

Participants presented to the endoscopy suite on the
morning of the scheduled colectomy. Two Fleet® (Lynch-
burg, Virginia, USA) enemas were administered before
insertion of the catheter under colonoscopic guidance,
without use of sedation or other medication. The
fibre-optic catheter was clipped to the mucosa of the
descending colon using Resolution™ Clips (Boston Sci-
entific, Marlborough, Massachusetts, USA) such that
the sensory portion was situated entirely in the rectum,
sigmoid and descending colon. Patients returned to the
recovery area with the bed inclined to 30∘, and were asked
to restrict movement. Baseline recordings were performed
for minimum of 2 h with patients fasted, before transfer to
the operating room. Care was taken to avoid movement or
displacement of the catheter on patient transfer.

Intraoperative manometric recordings began before
induction and were continued uninterrupted until emer-
gence from anaesthesia. After operation, data acquisition
was continued in recovery and on the ward with inter-
ruption only during patient transfers. Care conformed
to an enhanced recovery after surgery (ERAS) pathway,
encompassing no oral bowel preparation, routine trans-
verse abdominis plane blocks, opiate minimization and
stepwise oral analgesia progression, restricted intravenous
fluids, and early postoperative feeding. The catheter was
removed after midday on day 1, allowing data acquisition
for minimum of 16 h after operation.

Data analysis

Analytical methods for HR colonic manometry have been
published in full elsewhere7,12. The primary analysis was
performed in PlotHRM (Flinders University, Adelaide,
South Australia, Australia). Artefacts were identified as
abnormal events simultaneously spanning all channels,
and were removed. Fiducial markers were then placed by
visual inspection for propagating or simultaneous activi-
ties, defined as pressure events occurring in four or more
adjacent channels (greater than 3 cm) with an overlap-
ping time course. These sequences were classified within
five distinct patterns in accordance with a recently-devised
scheme: high-amplitude propagating sequences (HAPS),
cyclic motor patterns (repetitive propagating events with a
frequency range between 2 and 6 cycles per min (c.p.m.)),
short single motor events, long single motor events and ret-
rograde slowly propagating motor events7.

Amplitudes were calculated in PlotHRM by averaging
the pressure at all channels within each sequence. The fre-
quency of cyclic motor patterns was analysed separately in
MATLAB R.2015a (MathWorks, Natick, Massachusetts,
USA). Raw data were filtered using a second-order Butter-
worth filter with a bandpass of 0⋅01–2⋅5 Hz. The dominant
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frequency of the filtered data from each sensor was then
calculated using the fast Fourier transform (FFT) method
over an interval of 240 s with a 40-s overlap between succes-
sive periods analysed. Detected dominant frequencies lying
within a range of 0⋅001–8 c.p.m. were displayed on a colour
plot. For visualization, these data were also mapped to the
centre line of a three-dimensional colonic model generated
using data from the Visible Human Project® (US National
Library of Medicine, Bethesda, Maryland, USA), modified
for right hemicolectomy, then projected to the surface of
the model, as described previously13.

Control data

Preoperative data served as a baseline for the intraopera-
tive and postoperative motility data. In addition, control
data were obtained from healthy volunteers using similar
methods7. The rationale for using this group as con-
trols was to provide a direct physiological comparison of
cyclic motor activity in subjects who were not undergo-
ing surgery, using the HR manometry technique. These
subjects underwent 2 h of preprandial and postprandial
recordings (700-kcal meal challenge) following oral bowel
preparation, using fibre-optic catheters with 72 sensors at
1-cm intervals. Motor events were analysed as described
above; however, evaluated data were limited to motor
events within the descending colon, sigmoid and rec-
tum, to allow direct comparison with the patient data
for the present study. The fasted control data were used
for comparisons with patients during the preoperative
period, who were also fasted. The postprandial control
data were used for comparisons with patients during the
postoperative period, as these patients were free to eat, in
accordance with the ERAS protocol.

Statistical analysis

Frequency, amplitude, velocity and distance of propa-
gation were determined for each motility pattern and
recording period; these data are presented as mean(s.d.).
Repeated-measures ANOVA was used to compare data
across the preoperative, intraoperative and postoperative
periods. The rate of cyclic motor events across each period
was expressed as per cent active duration (the percentage
of each recording period occupied by cyclic motor pat-
terns); these values were compared using Mann–Whitney
U or Freidman tests as appropriate. Statistical tests were
undertaken in Prism® version 5 (GraphPad Software,
La Jolla, California, USA) and SPSS® version 19 (IBM,
Armonk, New York, USA), with a significance threshold
of P < 0⋅050.

Results

A total of 29 patients were assessed for eligibility. Thir-
teen declined or were unable to consent, and eight were
excluded owing to a need for high-dependency or inten-
sive care support (2), epidural (1), operative complexity
(1), previous anterior resection (1), or because catheter
placement could not be coordinated with surgery (3). The
remaining eight patients (7 men), of median age 70 (range
25–83) years, underwent HR manometry. Indications for
surgery were neoplasia (7) or chronic stricture secondary
to ileocolic Crohn’s disease (1).

The median recording duration was 320 (range 190–432)
min before, 151 (88–207) min during and 1001 (947–1278)
min after operation. One patient had the HR manometry
catheter inserted under general anaesthetic in the oper-
ating theatre immediately before surgery, so did not have
preoperative recordings. Six patients underwent laparo-
scopic right hemicolectomy as planned, one had a limited
ileocolic resection, and one patient underwent an open
trial right-sided dissection (lasting more than 1 h) followed
by defunctioning ileostomy owing to unresectable locally
infiltrative malignant disease. No patient had an epidural.
All patients received some doses of opiate (mean(s.d.)
fentanyl dose 350(156) μg; mean morphine dose 4⋅8(4⋅5)
mg) during surgery, and opiate patient-controlled analge-
sia (PCA) during the postoperative period. Five patients
tolerated a single light meal on day 1, but none of the
patients passed flatus or stool during the postoperative
recording period.

The controls comprised nine healthy volunteers (3 men),
of median age 51 (range 30–69) years. All had complete 4-h
recordings across 2-h preprandial and postprandial periods.

Cyclic motor patterns

Perioperative motility patterns were highly consistent in
all eight patients, demonstrating the onset of marked
motility responses that were hyperactive compared with
non-operative controls. A progressive increase in the cyclic
motor pattern began before surgery, increased substantially
after the incision, and dominated the entire postoperative
recording period.

The frequency of preoperative cyclic motor patterns
was counted in five patients, who were fasted during this
time, received no premedication, and were not subject to
any other interventions. Two patients had a preoperative
carbohydrate drink 2 h before surgery, and one patient did
not have preoperative recordings. Cyclic motor patterns in
the five patients occurred for a mean(s.d.) of 22(5) per cent
of the recording time, which was a substantially greater
intensity of activity than was registered in non-operative
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Fig. 1 Mean(s.d.) percentage of recording time in which cyclic motor patterns were active in controls and patients. In all patients, there
was a marked increase in the occurrence of cyclic motor patterns that began before operation, increased during surgery and was largely
maintained after operation (P < 0⋅001, repeated-measures ANOVA)

fasted controls (2(4) per cent active duration; P < 0⋅001).
The intensity of the preoperative cyclic activity correlated
closely with proximity to surgery, increasing from 12(7)
per cent of the recording duration at more than 3 h before

surgery to 32(17) per cent at 1–2 h and 43(17) per cent
within 1 h before operation (P = 0⋅024) (Fig. 1).

After induction of anaesthesia, but before the start of
surgery, the intensity of cyclic motor events initially
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Fig. 2 a Representative high-resolution (HR) colonic manometry data from one patient, demonstrating pressure profiles across the
preoperative, intraoperative and postoperative periods (total 14⋅5 h of data shown). The colour plots demonstrate pressure (scale bar)
across the 36-channel manometry device, arranged from proximal (top of plot) to distal (bottom) bowel. An intense cyclic motor
pattern hyperactivity is seen to arise in the preoperative period, increasing during the procedure and sustained throughout a larger area
of the colon across the entire postoperative period. b Pressure traces during a representative 12-min postoperative window in the same
patient. The selected period is indicated by the grey box above the pressure plots. Each pressure trace relates to a single manometry
channel, arranged according to distance from the anorectal junction (top channel proximal)
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Fig. 3 Representative examples of preoperative and postoperative colonic motor activity from two further patients (A and B).
Preoperative colonic motility was relatively quiescent (data shown 3–4 h before surgery). By contrast, postoperative motility (data
shown 8–10 h after surgery) was characterized by a continuous hyperactivity of cyclic motor patterns occurring at a frequency near to
3 c.p.m.
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Fig. 4 Comparison of cyclic motor patterns in two healthy controls (A and B). The colour plots are arranged as shown in Figs 2 and 3;
the grey box in the top panel indicates the selected time window for the main display. In contrast to the postoperative cyclic motor
pattern response, cyclic motor patterns in healthy controls occurred mainly in the postprandial period and in periodic bursts, rather
than continuously, and at a lower velocity (reduced event slope)
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dropped to 19(10) per cent active duration, before
markedly increasing in all patients to 51(35) per cent
after the incision, and increasing further to 93(5) per cent
in postoperative recovery (P < 0⋅001). After operation,
cyclic motor activity was then sustained at about the same
intensity (range 81–98 per cent), occupying 94(13) per
cent of the recorded duration by 2 h; this represented a
significant increase compared with both the preoperative
and intraoperative percentage active durations (P < 0⋅001).
This intensity of postoperative cyclic motor patterns was
significantly greater than was observed in postprandial
healthy controls (27(20) per cent; P < 0⋅001). These data
are summarized in Fig. 1.

A representative example of the hyperactive cyclic motor
pattern response to surgery is shown for one patient in
Fig. 2a, with the activity transition occurring over the pre-
operative, intraoperative and postoperative periods. Fig. 2b
shows traces of the pressure waveforms from this patient,
over a representative 12-min time window after surgery.
Examples from two further patients are provided in Fig. 3,
again showing intense cyclic motor pattern activity in the
postoperative period. For comparison, cyclic motor events
occurring as part of a normal postprandial response in the
non-operative controls are shown in Fig. 4.

The frequency of cyclic motor patterns identified by the
FFT method is illustrated in Fig. 5. Frequency trends are
shown for six patients and all channels across the three

recording periods, with the dominant frequency range
lying between 2 and 4 c.p.m. during active periods of motil-
ity. The average event rate per min (including periods of
motor quiescence) increased across the three periods from
a median of 1⋅3 per min before surgery, to 1⋅6 per min dur-
ing the operation to 1⋅9 per min after surgery (P < 0⋅001).
Within these data, consistent regional differences in the
event rate per minute were identified. The peak frequency
occurred between sensors 18 and 30 during all recording
periods, with a decline in frequency in the proximal and
distal directions away from this zone (Fig. 6a). This region
of maximal frequency corresponded to the sensors located
in the general proximity of the sigmoid colon (Fig. 6b).

Table 1 summarizes data on the amplitude, velocity
and extent of propagation for cyclic motor events. The
amplitude of the cyclic motor events peaked during the
intraoperative phase, at a mean(s.d.) of 33⋅4(17⋅9) mmHg
for antegrade contractions and 34⋅2(17⋅6) mmHg for ret-
rograde contractions, and was substantially lower before
operation (P = 0⋅045 for antegrade events, P = 0⋅015 for
retrograde events). The velocity of cyclic contractions was
similar across all three periods for antegrade (P = 0⋅909)
and retrograde (P = 0⋅359) sequences, whereas extent of
propagation was slightly shorter before surgery (P = 0⋅003
for antegrade and P = 0⋅054 for retrograde sequences).
The postoperative data showed a similar amplitude to that
in non-operative postprandial controls, a higher antegrade
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Table 1 Summary data for cyclic motor patterns

Preoperative Intraoperative Postoperative P* Controls

Antegrade

Amplitude (mmHg) 18⋅5(3⋅2) 33⋅4(17⋅9) 31⋅1(16⋅0) 0⋅045 24⋅7(7⋅4)

Velocity (cm/s) 1⋅6(0⋅2) 1⋅5(0⋅5) 1⋅5(0⋅1) 0⋅909 0⋅9(0⋅1)‡
Extent (cm) 5⋅0(0⋅4) 6⋅5(1⋅3) 7⋅1(0⋅9) 0⋅003 8⋅8(0⋅2)†

Retrograde

Amplitude (mmHg) 20⋅5(4⋅9) 34⋅2(17⋅6) 31⋅2(12⋅0) 0⋅015 31⋅5(10⋅2)

Velocity (cm/s) 1⋅4(0⋅4) 1⋅5(0⋅3) 1⋅4(0⋅3) 0⋅359 1⋅5(0⋅9)

Extent (cm) 5⋅4(0⋅5) 7⋅4(2⋅5) 7⋅5(0⋅9) 0⋅054 11⋅3(3⋅7)†

Values are mean(s.d.). *Comparison of preoperative, intraoperative and postoperative periods; †P < 0⋅050, ‡P < 0⋅001, postoperative versus control
postprandial data (normal baseline colonic activity in its active non-operative state) (repeated-measures ANOVA).

velocity (appearing with almost no delay in some traces;
Fig. 2), with a shorter distance of propagation.

Other motor patterns

A small number of other motor patterns were also observed
during the recording periods in operated patients. A total
of 123 retrograde and 60 antegrade short single motor
patterns were observed. These patterns occurred before
operation in six patients at a mean(s.d.) of 5⋅3(17⋅4)
events/h; during surgery in two patients at 2⋅2(2⋅4)
events/h; and after operation in three patients at 0⋅4(0⋅9)
events/h. A reduction in the extent of antegrade short
single motor events (P = 0⋅033), and an increased velocity
(P < 0⋅001) and reduced amplitude (P = 0⋅029) of retro-
grade short single motor events, were identified after the
start of surgery (Table S1, supporting information). Five
long single motor patterns were observed in one postop-
erative recording in a single participant, but no further
analysis of this pattern was undertaken.

Discussion

Delayed recovery of gut function remains common after
surgery, influencing duration of hospital stay, morbidity
and the cost of care1,14. Despite extensive research into the
mechanisms of ileus, and the advent of enhanced recovery
care2,3, there have been few reliable data informing the
actual patterns of gut motility after surgery. Consequently,
there is a commonly held view that colorectal motility
becomes quiescent in the postoperative period owing to
hypomotility and/or atonia. The present findings refute
this theory as colonic motility in the early postoperative
period was predominantly characterized by a marked
increase in the cyclic motor pattern for most of the record-
ing time. The increase in cyclic activity began before
surgery, increased markedly in area and amplitude after
the surgical incision, then continued largely unabated
throughout the postoperative period in all patients.

Cyclic motor patterns are known to be a normal fea-
ture of human colonic motor activity7,15. In previous
studies7,10,15,16 under non-operative conditions, cyclic
motor patterns were shown to occur in the distal colon
and rectum, primarily in response to a meal, and mainly
propagated in a retrograde direction, potentially con-
tributing to a ‘rectosigmoid brake’ that limits rectal filling.
The postoperative cyclic activity had both similarities and
differences to the normal postprandial cyclic pattern. The
postoperative event rate was much higher (nearly continu-
ous), with a faster antegrade velocity and occurring nearly
synchronously in some traces, but events were comparable
in frequency and amplitude. The authors consider cyclic
motor patterns to be synonymous with what others have
variously termed ‘periodic rectal motor activity’ or ‘rectal
motor complexes’16, and these have notably been observed
to occur at 2–4 c.p.m. in low-resolution studies of the
healthy human colon. The cyclic motor activity in the
present study is also concordant with previous findings17

in that it appears sporadically in ‘bursts’ every 20–40 min
in the preoperative period.

It is therefore hypothesized that this postoperative
increase in the cyclic motor pattern represents overex-
pression of a normal intrinsic colonic motility pattern.
Specifically, the observed pattern and frequency is con-
cordant with bioelectrical slow-wave activity generated
by networks of interstitial cells of Cajal (ICCs) at the
submucosal plexus, which are known to depolarize
adjacent circular smooth muscle rhythmically at a fre-
quency of around 2–4 c.p.m. in humans18,19. An extrinsic
co-regulatory stimulus might be required for the expres-
sion of these motor patterns, modulating ICC networks
and/or responses in smooth muscle. Co-regulation of gut
smooth muscle by the autonomic nervous system and
ICCs is evidenced by close synaptic contacts between vagal
nerve endings and ICCs in the upper gut20, and vagal
stimulation can initiate pacemaker responses in gastric
ICCs21. Under normal circumstances it is plausible that
parasympathetic excitation might evoke ICC-mediated
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cyclic motor activity in the colorectum, explaining why
these motor patterns are expressed preferentially in the
postprandial state, and why they can also be promoted by
sacral nerve stimulation10,11,12,22.

It is currently unknown, however, why cyclic motor
patterns appear to become intensely overexpressed after
surgery, when parasympathetic outflow generally decreases
and sympathetic outflow increases2. Sympathetic innerva-
tion of the gastrointestinal smooth musculature is sparse;
adrenergic fibres instead interface with intramural ganglion
cells within the enteric plexi, where they are perceived
to play an indirect role in motility inhibition23,24. It is
theoretically possible that the sympathetic drive of surgery
inhibits intrinsic nerves that are themselves inhibitory,
thereby releasing expression of this motor pattern. Other
postoperative stress-state factors could also be responsible,
such as catecholamine release, which can influence ICC
and smooth muscle contractility2,25, or the release of vaso-
pressin, which promotes colonic motility26. Interestingly,
Welgan and colleagues27 reported a strong increase in sig-
moid colonic motor and spike potential activity at approxi-
mately 3 c.p.m. in response to anger, another physiological
state associated with parasympathetic withdrawal, sympa-
thetic arousal and adrenal responses28. The present preop-
erative finding of increasing cyclic motor activity intensity
with proximity to the time of surgery implies an additional
role for anxiety. Consistent with this hypothesis, in another
study by Welgan and co-workers29 it was shown that a fear
stressor increased the rate of rectosigmoid electrical spike
potentials and the amplitude of colonic motor activity.

An alternative explanation for the present results, which
may be safely discounted, is the impact of segmental
resection and formation of a new anastomosis. Gastroin-
testinal transection has been shown to disrupt ICCs and
slow-wave coupling acutely, with potential to affect down-
stream motility30–32. However, this mechanism cannot
have been responsible for the hyperactive cyclic motor
pattern observed here, because the length of colorec-
tum investigated was separated from the resection site by
60–90 cm of intact bowel, and the heightened motility
rapidly increased during the procedure before resection.
Furthermore, one patient who underwent bowel handling
without resection had the same hyperactivity profile.

Previous studies on postoperative colonic motor activity
using other technologies have shown inconsistent results.
Roberts and colleagues30 studied left-sided resections using
a system of strain gauge transducers at 10-cm resolution,
and reported relative colonic inactivity after surgery,
although 3-c.p.m. motor complexes were identified. Other
low-resolution studies5,33,34, applying strain gauges or
electrodes to various parts of the gastrointestinal tract, also

reported that colonic segments became relatively quiescent
after surgery, contributing to the traditional notions of
postoperative colonic inactivity. The discrepancy between
these findings and those of the present investigation
may reflect differences in methodology, and particularly
the superior sensitivity of HR fibre-optic manometry
for detecting cyclic motor patterns6. In another related
study, Huge et al.35 studied postoperative motility using a
combined barostat and low-resolution manometry device.
Although only left-sided resections were studied, they
reported an increase in colonic tone 1 day after surgery,
which decreased over the following 2 days, and concluded
that ‘it seems the colon is contracted or even spastic after
surgery’. These barometric findings may be consistent
with those of the present study.

More research is needed to determine the exact func-
tional significance of these manometry results. One
specific area of possible relevance to the present cohort
is the suggested slower recovery of patients undergoing
right hemicolectomy versus left-sided colectomy, with the
former patients showing slower return of bowel function
and higher rates of prolonged ileus11. Resection of distal
bowel regions generating hyperactive motility could theo-
retically contribute to faster recovery after left- compared
with right-sided resections. This hypothesis is supported
by the recent finding that the length of bowel resected
correlated positively with speed of bowel recovery for
left-sided resections, but not for right-sided resections11.

HAPS were not observed in the patients who underwent
surgery in the present study. These relatively infrequent
propulsive events originate in the proximal colon and are
responsible for mass movement of intraluminal content36.
Although it is acknowledged that only the left and distal
colon were studied here, it is likely that HAPS would be
suppressed by preoperative fasting, resection of the right
hemicolon and by the autonomic shift after surgery, and
their absence may also contribute to postoperative bowel
inactivity. Little inference can be made on the significance
of short and long single motor patterns in recovery, given
the relative scarcity of these events in the present cohort.
It is also important to consider the potential influence of
opiate analgesia. Frantzides and colleagues37,38 studied the
colonic effects of opiates, including in humans, and showed
that opiates could stimulate colonic spike-burst electrical
activity, notably in the sigmoid. However, these events
were not observed in the first 2 days after operation, and
their frequency was different from that of the cyclic motor
patterns in the present study, suggesting a different mech-
anism of effect38. In addition, patients in this study were
treated according to an ERAS protocol, and received rel-
atively small doses of opiates during surgery and in the
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hours after laparoscopic procedures as they had transverse
abdominis plane blocks. It is therefore proposed that opi-
ates were not responsible for the hyperactivity. However, it
should be noted that real-time opioid use from PCA equip-
ment was not recorded in the postoperative period; it would
be of value to study the effect of opiates on colonic motility
using colonic HR manometry.

The use of non-operative controls allowed a useful
physiological comparison of cyclic motor activity, but it
should be acknowledged that these patients were not age-
or sex-matched, were studied with oral bowel preparation,
and probably ate a larger meal than patients would usually
manage after operation. Other comparative populations
could usefully be studied in future, such as those undergo-
ing abdominal surgery without bowel handling, or subjects
receiving opiates but not having surgery. More research
is also needed to define the duration of the hyperactive
motor response, its correlation with clinical recovery, and
potential interventions. It would also be worthwhile to
investigate motility changes occurring in other parts of the
gastrointestinal tract after surgery using HR manometry.
Although perioperative care conformed to an ERAS path-
way, it is acknowledged that the relatively short duration of
postoperative recording in the context of inpatient conva-
lescence spanning many days meant that the effects of many
aspects of ERAS protocols, such as early opiate minimiza-
tion, restricted intravenous fluids and early postoperative
feeding, were not reflected in the present data.

Hyperactive cyclic motor patterns arise in the distal colon
and rectum as a response to surgery. It is postulated that this
sustained abnormal pattern interferes with normal colonic
motility, potentially delaying gut function recovery after
right hemicolectomy. These findings may indicate a novel
therapeutic target for enhancing surgical recovery.
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