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Randomized clinical trial

Multicentre randomized clinical trial of the effect of chewing
gum after abdominal surgery
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Background: Postoperative ileus is a common complication of abdominal surgery, leading to patient
discomfort, morbidity and prolonged postoperative length of hospital stay (LOS). Previous studies
suggested that chewing gum stimulates bowel function after abdominal surgery, but were underpowered
to evaluate its effect on LOS and did not include enhanced recovery after surgery (ERAS)-based
perioperative care. This study evaluated whether chewing gum after elective abdominal surgery reduces
LOS and time to bowel recovery in the setting of ERAS-based perioperative care.
Methods: A multicentre RCT was performed of patients over 18 years of age undergoing abdominal
surgery in 12 hospitals. Standard postoperative care (control group) was compared with chewing
gum three times a day for 30 min in addition to standard postoperative care. Randomization was
computer-generated; allocation was concealed. The primary outcome was postoperative LOS. Secondary
outcomes were time to bowel recovery and 30-day complications.
Results: Between 2011 to 2015, 1000 patients were assigned to chewing gum and 1000 to the control
arm. Median LOS did not differ: 7 days in both arms (P = 0⋅364). Neither was any difference found in time
to flatus (24 h in control group versus 23 h with chewing gum; P = 0⋅873) or time to defaecation (60 versus

52 h respectively; P = 0⋅562). The rate of 30-day complications was not significantly different either.
Conclusion: The addition of chewing gum to an ERAS postoperative care pathway after elective
abdominal surgery does not reduce the LOS, time to bowel recovery or the rate of postoperative
complications. Registration number: NTR2594 (Netherlands Trial Register).
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Published online 22 February 2018 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.10828

Introduction

Postoperative ileus is common after abdominal surgery
and is an important determinant of length of hospital
stay (LOS)1–3. The Enhanced Recovery After Surgery
(ERAS®) Society designed a multimodal perioperative
care pathway to enhance recovery after abdominal surgery
and reduce LOS4–9. One of the ERAS measures, early
postoperative feeding, is considered effective in stimulating
bowel movement, thereby possibly reducing postoperative
ileus10–13. However, intolerance of oral intake owing to
postoperative nausea and vomiting has been reported in up
to 27 per cent of patients after abdominal surgery14,15.

The concept of sham feeding is over a century old; it acts
via the parasympathetic nervous system, stimulating bowel
motility. The principle of preparing the bowel for food by
activating the cephalic–vagal response was first described

by Pavlov in the late 1800s10. Pavlov was the first to docu-
ment that sham feeding had a similar effect on the gastro-
intestinal tract as ‘normal’ feeding16. The thought, sight,
smell, taste and chewing of food induce the vagal nerve to
release gastrointestinal hormones17,18. Chewing gum may
elicit the same response as sham feeding by mimicking food
intake. It has been shown19–25 to stimulate the motility of
the entire gastrointestinal tract and the secretion of saliva,
gastrin and pancreatic juices. Therefore, sham feeding,
including chewing gum, has been suggested as an attrac-
tive alternative to early postoperative feeding for the pre-
vention of postoperative ileus. Other findings suggest that
the hexitols in chewing gum have a beneficial effect on the
restoration of bowel movement after abdominal surgery26.

In several trials27–34, postoperative chewing gum has
been associated with a reduced time to gastrointestinal
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and overall recovery, but often did not lead to a shorter
LOS. A recent Cochrane review35, which was based on 81
studies and included 9072 patients, showed that chewing
gum reduced the time to first flatus by 10⋅6 h, the time to
first bowel movement by 12⋅7 h and LOS by 0⋅7 days. The
evidence, however, was considered to be of low quality and
limited external validity, owing to the small sample sizes
(the largest trial only included 500 patients, and the average
number of patients per trial ranged from 20 to 50), the
absence of a perioperative ERAS setting and the limited
diversity of surgical procedures. The authors concluded
there was a case for a large RCT that investigated the effect
of adding chewing gum to ERAS postoperative care after
abdominal surgery.

The present study was conducted accordingly, in an
ERAS setting, and was designed to detect a clinically rel-
evant difference in LOS in addition to bowel recovery.
The study was designed to represent daily practice and
to achieve high external validity. Patients were eligible for
inclusion in the trial following various types of abdominal
surgery. It was hypothesized that chewing gum would lead
to a reduction in LOS of 1 day or more.

Methods

Study design and settings

This multicentre RCT was conducted in 12 hospitals in the
Netherlands. The hospitals were selected based on their
application of the ERAS protocol and included one aca-
demic centre and 11 teaching hospitals. Before starting,
the trial was registered in the Netherlands Trial Regis-
ter (NTR2594). All participating hospitals used the ERAS
programme as their standard perioperative protocol. This
protocol included an epidural catheter for 48 h followed by
standard oral pain medication (paracetamol and opioids in
a standard scheme), removal of the nasogastric tube directly
after surgery (excluding oesophageal resection), mobiliza-
tion on the day of surgery, and introduction and advance-
ment of a free diet from the day of surgery or as soon as
tolerated. Patients provided informed consent before ran-
domization. Subsequently, web-based computer-generated
randomization was performed before surgery using the
minimization method.

All abdominal surgical procedures were included in this
study, as the ERAS® Society principle was designed for
abdominal surgery. Subgroups were created for intesti-
nal and non-intestinal abdominal operations. Assignment
to the treatment group was stratified based on hospital
and on type of surgery: laparoscopic intestinal resection,
intestinal surgery by laparotomy and non-intestinal surgery
by laparotomy (for example vascular surgery). Patients

were assigned randomly to either standard postoperative
care (control group) or standard postoperative care plus
30 min of chewing gum three times per day (interven-
tion group). The intervention was not supervised to mimic
patient choice in early nutrition according to the ERAS
protocol. Group allocation was concealed from the oper-
ating surgeon, medical staff providing postoperative care,
and the physician or researcher who completed the trial
case report form (CRF).

Participants

Patients eligible for participation in the trial were aged
18 years or more, and were undergoing either an elec-
tive laparotomy or laparoscopic intestinal resection or
non-intestinal surgery by laparotomy. Exclusion criteria
were emergency surgery, inability to provide informed con-
sent, or risk of choking or dysphagia due to a pre-existing
neurological disorder (such as after a stroke). The medi-
cal ethics committee of Leiden University Medical Centre
and the institutional review boards of each of the 12 par-
ticipating centres approved the trial, which was performed
in accordance with the Declaration of Helsinki. No com-
mercial sponsoring was received, specifically from chewing
gum manufacturers.

Intervention

Patients in the intervention arm of the trial received
chewing gum after surgery with the instruction to chew
gum three times per day for 30 min starting on the day
of surgery, and to continue as instructed until discharge
from hospital. Patients in the control arm of the trial
were instructed not to use chewing gum, and received
standard postoperative care. The intervention was not
recorded by the researchers; patients in the intervention
arm self-reported their use of gum. The chewing gum
intervention was added to the local ERAS protocol, which
already included advised actions such as mobilization on
the ward and early oral intake. The chewing gum used
was sugarless Stimorol® Ice Peppermint (Mondelēz Inter-
national, East Hanover, New Jersey, USA). Ingredients
included natural and artificial flavours (sorbitol, maltitol
syrup, xylitol, aspartame, acesulfame K), gum base, lustring
agent (E903) and antioxidants (E321).

Outcomes

LOS, in days, was the primary outcome of the trial, start-
ing from the day of surgery (day 0) and ending on the
day of discharge from hospital. Secondary outcomes were
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Randomized
n=2000

Allocated to control group n=1000
 Centre 1 n=29
 Centre 2 n=56
 Centre 3 n=41
 Centre 4 n=110
 Centre 5 n=151
 Centre 6 n=161
 Centre 7 n=6
 Centre 8 n=193
 Centre 9 n=18
 Centre 10 n=89
 Centre 11 n=83
 Centre 12 n=63

Excluded n=34
 Surgery did not meet inclusion criteria n=20
 Withdrawal of consent n=4
 Patient record not found n=4
 Surgery cancelled n=3
 Double inclusion n=3

Analysed n=966
 Case report forms n=966
 Primary outcome n=966
 Returned patient diary n=620
 Completed diary n=577
 Secondary outcome flatus n=513
 Secondary outcome defaecation n=512

Analysed n=975
 Case report forms n=975
 Primary outcome n=975
 Returned patient diary n=647
 Completed diary n=592
 Secondary outcome flatus n=514
 Secondary outcome defaecation n=507

Excluded n=25
 Surgery did not meet inclusion criteria n=11
 Double inclusion n=7
 Surgery cancelled n=5
 Withdrawal of consent n=1
 Randomization of wrong patient n=1

Allocated to intervention group n=1000
 Centre 1 n=31
 Centre 2 n=57
 Centre 3 n=40
 Centre 4 n=111
 Centre 5 n=149
 Centre 6 n=158
 Centre 7 n=7
 Centre 8 n=192
 Centre 9 n=18
 Centre 10 n=87
 Centre 11 n=87
 Centre 12 n=63

Fig. 1 CONSORT diagram of included patients. Patients in the control group received standard postoperative care; those in the
intervention group received standard postoperative care and chewing gum

Table 1 Baseline characteristics of patients

Control (n=966) Chewing gum (n=975)

Age (years)* 66 (19–98) 66 (18–94)
Sex ratio (M : F) 565 : 401 552 : 423
ASA fitness grade (n=942) (n=958)

I 157 (16⋅7) 160 (16⋅7)
II 612 (65⋅0) 630 (65⋅8)
III 166 (17⋅6) 161 (16⋅8)
IV 7 (0⋅7) 7 (0⋅7)

BMI (kg/m2) 25⋅4 (14⋅4–51⋅3) 25⋅5 (11⋅7–55⋅6)
Previous abdominal surgery (n=922) (n=944)

No 596 (64⋅6) 589 (62⋅4)
Yes (open and laparoscopic) 326 (35⋅4) 355 (37⋅6)

Malignancy (n=962) (n=973)
Yes 737 (76⋅6) 742 (76⋅3)
No 225 (23⋅4) 231 (23⋅7)

Values in parentheses are percentages unless indicated otherwise; *values
are median (range).

partly patient reported, and included the time to flatus and
time to defaecation. These secondary outcomes were cal-
culated in hours and minutes from the end of surgery to
the event reported by the patient in their diary. Both surgi-
cal and non-surgical 30-day complications were reported
according to the Clavien–Dindo classification36 in the

CRF. Additional recorded data included the prolonged
placement or reintroduction of a nasogastric tube after
surgery and the use of epidural analgesia, antibiotics, opi-
oids or laxatives.

Data were obtained from patients’ diaries and the CRF.
Patients filled out the diaries on a daily basis for the dura-
tion of their hospital stay. Before enrolment in the trial, a
pilot study was performed using 20 patients to validate the
diary questionnaire (data not reported). An outline of the
questions in the diary is presented in Appendix S1 (sup-
porting information). After an interim safety analysis, an
eighth question to assess compliance was added to the diary,
regarding the number of times the patient had chewed gum
that day. The trial CRF was completed by the local clini-
cians 30 days after surgery or after discharge from the hos-
pital using a web-based data form.

Sample size
A sample size calculation was based on the primary end-
point, postoperative LOS. The estimated median length
of postoperative LOS was based on the results of the
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Table 2 Details of surgical procedures

Control (n=966) Chewing gum (n=975)

Anatomical site of operation (n=949) (n=954)
Colon 471 (49⋅6) 529 (55⋅5)
Rectum 195 (20⋅5) 148 (15⋅2)
Combination 112 (11⋅8) 126 (13⋅2)
Other organs 69 (7⋅3) 72 (7⋅5)
Small intestine 42 (4⋅4) 40 (4⋅2)
Vascular surgery 36 (3⋅8) 23 (2⋅4)
Oesophagus/stomach 24 (2⋅5) 16 (1⋅7)

Ileostomy 97 (10⋅0) 59 (6⋅1)
Colostomy 130 (13⋅5) 123 (12⋅6)
Epidural analgesia (n=952) (n=962)

Yes 696 (73⋅1) 727 (75⋅6)
No 256 (26⋅9) 235 (24⋅4)

Surgical approach (n=964) (n=972)
Laparotomy 602 (62⋅4) 592 (60⋅9)
Laparoscopy 362 (37⋅6) 380 (39⋅1)

Duration of surgery (min)* 135 (10–479) 131 (10–558)
Operative blood loss (ml)* 150 (0–8360) 100 (0–6000)

Values in parentheses are percentages unless indicated otherwise; *values
are median (range).
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Fig. 2 Primary outcome, postoperative length of stay (LOS) in
each of the 12 hospitals. P = 0⋅702 (two-way ANOVA)

meta-analysis performed by Noble et al.28 in 2009. These
calculations showed that a sample size of 2000 patients,
equally spread in each arm of the study, would be required
to detect a clinically relevant 1-day difference in LOS. The
calculations were found to have 80 per cent power using a
two-sided P = 0⋅050 with a median postoperative LOS of
8 days in the intervention group.

Statistical analysis
Reporting was in accordance with the CONSORT
statement37. Statistical analysis was carried out using
SPSS® version 23 (IBM, Armonk, New York, USA), and
graphs were generated using GraphPad Prism® version
6.02 (GraphPad Software, San Diego, California, USA).

All analyses were based on the principle of intention to
treat, and all eligible patients were included in the analysis
in the arm to which they were randomized, independently
of whether they received the assigned treatment. The
primary and secondary outcomes measured were com-
pared using the Mann–Whitney U test, as the data were
not normally distributed (both the Kolmogorov–Smirnov
and Shapiro–Wilk tests of normality had P < 0⋅001). No
imputation for missing data was performed. To analyse the
data with a normally distributed variable, a new variable
was created: log10 of the LOS data. Nominal data were
analysed with the χ2 test. The stratification subgroup
interaction (hospital, surgical approach and surgical site)
analysis was performed using a two-way ANOVA model,
which included the two main factors and the interaction
term. A two-tailed 5 per cent significance level was used.

Results

Participant flow

Between February 2011 and February 2015, 2000 patients
were included in the trial and treated according to the local
ERAS perioperative protocol. Patients were randomized
to either the standard postoperative care group (control
group, 1000 patients) or the standard care with the addi-
tion of chewing gum three times daily group (intervention
group, 1000 patients). Fig. 1 displays a flow chart of the
inclusion of participants. Fifty-nine patients did not com-
plete the study: 31 patients were wrongfully included as the
type of surgery did not meet the inclusion criteria, ten were
included twice and their second data forms were excluded,
eight were excluded after cancellation of their surgical pro-
cedure, five withdrew their consent, four patients’ records
were missing at the time of completion of the CRF (most
likely due to wrong identifiers – first three letters of last
name and date of birth), and one patient was randomized
accidently. Exclusion of these patients left 1941 patients eli-
gible for analysis; 966 patients were in the control group
and 975 in the intervention group.

The online CRF was completed for all included patients
(100 per cent); 65⋅3 per cent of the diaries were returned,
of which 92⋅3 per cent were filled out (93⋅1 per cent in
the control group versus 91⋅5 per cent in the intervention
group; P = 0⋅297).

Patient characteristics and surgical procedures

Baseline characteristics of the included patients and surgi-
cal procedures performed in the two groups are summa-
rized in Tables 1 and 2. The median age of patients was
66 years, and 57⋅5 per cent of the patients were men. The
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Table 3 Primary and secondary outcomes

Control (n=966) Chewing gum (n=975) P†

Primary outcome
LOS (days)

Median (i.q.r.) 7 (5–10) 7 (5–10) 0⋅364
Log10 LOS* 0⋅876(0⋅260) 0⋅868(0⋅273) 0⋅471

Anatomical site of surgery (median LOS)
Colon 6 6
Rectum 8 6
Combination 8 8
Other organs 7 6
Small intestine 5 7
Vascular surgery 8 8
Oesophagus/stomach 10 8
Miscellaneous 5 7

Surgical approach (median LOS) 0⋅914
Laparoscopy 6 6
Laparotomy 7 7

Secondary outcomes
Time to first flatus (h) (n=406) (n=412)

Median (i.q.r.) 24 (13–48) 23 (14–45) 0⋅873
Time to first defaecation (h) (n=426) (n=424)

Median (i.q.r.) 60 (25–88) 52 (29–79) 0⋅562
Complications (n=965) (n=975)

Yes 371 (38⋅4) 341 (35⋅0) 0⋅113‡
Death 9 (0⋅9) 12 (1⋅2) 0⋅833‡

Surgical complications
Bleeding 11 (1⋅1) 18 (1⋅8)
Wound infection/abscess 90 (9⋅3) 87 (8⋅9)
Ileus 105 (10⋅9) 92 (9⋅4)
Anastomotic leakage 39 (4⋅0) 43 (4⋅4)
Wound dehiscence 8 (0⋅8) 9 (0⋅9)
Iatrogenic 15 (1⋅6) 15 (1⋅5)
Other 31 (3⋅2) 29 (3⋅0)

Non-surgical complications
Cardiac 23 (2⋅4) 33 (3⋅4)
Neurological 13 (1⋅3) 8 (0⋅8)
Infection, pulmonary 56 (5⋅8) 57 (5⋅8)
Infection, other 57 (5⋅9) 48 (4⋅9)
Thromboembolism 11 (1⋅1) 11 (1⋅1)
Other 7 (0⋅7) 70 (7⋅2)

Readmission within <30 days 70 (7⋅3) 57 (5⋅8)
ICU admission 45 (4⋅7) 51 (5⋅2)

Values in parentheses are percentages unless indicated otherwise; *s.d. values are shown in parentheses. LOS, length of hospital stay. †Mann–Whitney U
test, except ‡χ2 test.

majority had an ASA fitness grade38 of II, and a mean BMI
of 26. Most patients had surgery for an oncological indica-
tion. Baseline patient characteristics did not differ between
the two groups. The majority of procedures were colonic
resections, and most patients received epidural analgesia.
Almost 40 per cent of procedures were laparoscopic.

Outcomes

Primary outcome: length of hospital stay
The primary outcome was assessed for 100 per cent
of included patients (Table 3). Median LOS was not
significantly different between groups, at 7 days for both
groups (P = 0⋅364). The log10 LOS also did not differ:

0⋅876 versus 0⋅868 for the control and intervention group
respectively (P = 0⋅471), which corresponds to 7⋅5 versus
7⋅4 days.

Analyses corrected for hospital, surgical approach and
anatomical site (intestinal or non-intestinal) were per-
formed. Subgroup by treatment interaction analyses were
not significant, indicating that the effect of chewing gum on
LOS was not affected by hospital (P = 0⋅702, R2 = 0⋅042)
(Fig. 2), surgical approach (P = 0⋅924, R2 = 0⋅007) or
anatomical site (P = 0⋅694, R2 = 0⋅001).

Secondary outcomes: time to flatus and defaecation
The median time to flatus was not significantly different
between control and intervention groups (24 versus 23 h
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respectively; P = 0⋅873). Neither was time to defaecation:
60 versus 52 h respectively (P = 0⋅562).

Complications
The number of complications did not differ between the
two groups. Surgical complications included ileus, defined
as the mention of ileus or gastroparesis in the patient’s
record by the treating physician; anastomotic leakage,
defined by imaging and requiring surgical or radiological
intervention; and iatrogenic complications, such as iatro-
genic injury during surgery or resulting from a surgical
intervention in the postoperative phase. No adverse events
related to chewing gum were reported. One or more com-
plications were reported in 712 (36⋅7 per cent) of the 1941
CRFs. In 220 (11⋅3 per cent) a radiological or surgical
intervention was required, and 96 patients (4⋅9 per cent)
required admission to the ICU. The 30-day postopera-
tive mortality rate was 1⋅1 per cent (21 patients); of these,
12 were patients in the intervention group. None of these
deaths were related to chewing gum. Patients who did not
return or complete their diary did not experience more
complications than those who did (P = 0⋅122).

Compliance
At the time of interim analysis, after the inclusion of 500
patients, it appeared that compliance to chewing gum was
not 100 per cent. Thereafter, as described in the methods
section, an additional question was added to the diary in
an attempt to monitor compliance with the chewing gum
protocol. However, this question was not completed in
the majority of diaries, and thus chewing gum compliance
could not be determined adequately. Of the 975 patients in
the intervention group, 78 (8⋅0 per cent) reported that they
did not chew gum on days 1–3. Their feedback indicated
that this lack of compliance was due primarily to nausea,
malaise or the belief that the chewing gum would stick to
dentures.

Discussion

In this large multicentre RCT of postoperative chewing
gum, no benefit in LOS was found following the use
of chewing gum in the postoperative phase after elective
abdominal surgery.

Several previous trials have investigated the effect of
chewing gum on gastrointestinal recovery after surgery.
Since the ERAS principle was advocated in 2000 by Kehlet
and co-workers, care providers have been paying more
attention to perioperative care regimens4,39. Subsequently
there has been increasing interest in using chewing gum
after gastrointestinal surgery as sham feeding. This has
resulted in numerous clinical trials, the first of which was

published by Asao et al.40 in 2002. The majority of these
publications report enhanced recovery of bowel move-
ments after gastrointestinal surgery or a reduced LOS after
chewing gum27,29,30,34,41. This reduction was not always
clinically significant; a few hours’ difference in bowel
movement often did not result in a reduction of LOS. Most
of these studies involved small patient numbers and had
very specific inclusion criteria, such as ‘left-sided colon or
rectal cancer surgery’ only42–45.

The 2009 meta-analysis by Noble and colleagues28

served as the basis for the present RCT. Noble et al. con-
cluded that chewing gum was associated with a reduction
in complications. The data available for this meta-analysis
were insufficient, and the authors stated that an adequately
powered and well designed trial would be required to
confirm the potential benefits of chewing gum28. In the
more recent Cochrane review35, a modest reduction in
LOS of 0⋅7 days was found, and time to bowel recovery
was also improved only moderately (10⋅6 versus 12⋅7 h).
The authors35 described statistical heterogeneity between
the studies included in the analyses, especially with respect
to postoperative care pathways and the frequency and
duration of chewing gum. Additionally, compliance and
its monitoring were heterogeneous46. In addition to the
heterogeneity, Short and co-workers35 reported that
methodology and allocation were poorly described in the
included trials, with only a few studies describing the use
of sample-size or power calculations. Finally, the mean
number of included patients per study was low (122, range
18–500), and the type of operation was mostly colorectal
surgery or caesarean section.

In the present study, the endpoints of LOS, time to
flatus and time to defaecation were determined based on
the study of Noble et al.28. These variables were measur-
able endpoints and could be self-reported by the patient.
Van Bree and colleagues47 later concluded that the time
to toleration of solid food and time to first defaecation
best reflect recovery of gastrointestinal transit. With this
knowledge, the present authors recommend other primary
and secondary endpoints for any future trials of this kind,
such as the GI-2 criteria (GI-2: time to first tolerated solid
food and time to first bowel movement), which have been
used before.

The present trial included 2000 patients with various
co-morbidities, including previous abdominal surgery, who
underwent a range of elective abdominal surgery with no
upper restriction on age. The sample size of the study was
calculated to detect a clinically relevant decrease in LOS
(24 h) with a power of 80 per cent. Funnel plots in the
Cochrane review35 suggested a publication bias for time
to bowel movement and LOS; this was also suggested in
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the forest plot of trials included in the meta-analysis by Ho
and colleagues48, in which eight of the ten included trials
favoured the use of chewing gum. Based on the potential
publication bias, Ho et al.48 concluded that the addition of
chewing gum in the postoperative phase has no advantage
when patients start oral intake soon after surgery, which is
already an important part of the ERAS® Society protocol
recommendations. The outcome of the present trial is
among the few reporting no beneficial effect of adding
chewing gum to an ERAS protocol45,49–51.

Several types of abdominal surgical procedure were
included in this trial, providing a broad overview of the
effect of adding chewing gum to an existing postoperative
protocol. Upper gastrointestinal and vascular surgery may
involve different postoperative feeding regimens, but as
similar proportions of patients in the two groups had these
types of operation, analyses were performed for these
subgroups. None of the previous studies on gum chewing
reported the number of patients for whom gum chewing
was not feasible after surgery28,35. This study was started
without systematic recording of the intervention. How-
ever, during the trial, the research team encountered some
patients who did not tolerate gum chewing for reasons such
as nausea. After the interim analysis, recording of the inter-
vention was started. Not all compliance self-reporting was
completed in the patient diaries, indicating a difficulty in
compliance monitoring. It was hypothesized that patients
with incomplete diaries might not have been able to com-
plete the reports due to physical discomfort. As nausea is a
universal common symptom after abdominal surgery, the
degree of non-compliance with gum chewing may warrant
future investigation. Although non-compliance is a limita-
tion of the present trial, the authors propose that the results
do represent the real effect of introducing a measure such
as gum chewing into daily practice, where patients will not
be forced, but only encouraged, to use an intervention,
similar to early feeding as part of the ERAS protocol.

In the present study, patient-reported outcomes were col-
lected, providing a large amount of postoperative data. An
attempt was made to collect data from all patients, and
65⋅3 per cent of the diaries were collected successfully. If
patients did not return their diary at discharge, they were
called on at home, requesting return of the diary to the hos-
pital. No outcome differences were found in the CRFs of
patients who did and those who did not return the diary,
suggesting that these patient-reported outcomes are rep-
resentative of all included patients. The study protocol
involved the introduction of an unsupervised interven-
tion, and compliance monitoring was not complete for all
patients. This factor may have influenced the results of the

intention-to-treat analysis. This is, however, a represen-
tation of daily practice. In addition, the authors tried to
investigate compliance by including an additional question
in the patient diary. It is not known why all patients did not
answer this question, although one reason might be that
some patients were not willing to admit that they did not
follow the instructed protocol of chewing gum three times
per day. Other patients reported that they did not chew
gum because of nausea or fear that the gum would stick to
their dentures. These limitations of chewing gum have not
been reported in previous studies, nor are they mentioned
in the Cochrane review35.

Based on the findings of this multicentre RCT, the addi-
tion of chewing gum to an institutionalized ERAS protocol
following elective abdominal surgery did not decrease the
LOS, time to first flatus or time to first defaecation. A pos-
sible explanation is that LOS had already been maximally
optimized with the current ERAS protocol.
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