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Abstract

Background Postoperative ileus is common after gastrointestinal surgery. This network meta-analysis aimed to compare the
effectiveness of gum chewing and coffee and caffeine intake on ileus-related outcomes.

Methods A systematic literature review was performed to identify randomized controlled trials (RCTs) comparing nonin-
vasive treatments for ileus after gastrointestinal surgery. The main analyses included random effects network meta-analyses
using frequentist methods with simultaneous direct and indirect comparisons of time to first flatus, time to first defecation,
and length of stay. Bayesian network meta-analysis using Markov chains was also used.

Results A total of 32 RCTs comparing 4999 patients were included in this network meta-analysis. Time to flatus was
reduced by gum chewing (mean difference compared to control (MD): -11 h, 95% confidence interval (95% CI)— 16 to—5 h,
P <0.001). Time to defecation was reduced by gum chewing and coffee, with MDs of -18 h (95% CI—23 to— 13 h, P <0.001)
and -13 h (95% CI—24 to— 1 h, P <0.001), respectively. Length of stay was reduced by coffee and gum chewing with MDs
of — 1.5 days (95% CI: —2.5 to— 0.6 days, P <0.001) and — 0.9 days (95% CI: — 1.3 to— 0.4 days, P <0.001), respectively.
Conclusion Coffee and gum chewing were proven to be effective noninvasive approaches for shortening the postoperative
length of hospital stay and time to first defecation, especially in open gastrointestinal surgery; thus these actions should be
recommended after gastrointestinal surgery.

Keywords Coffee - Caffeine - Gum chewing - Bowel function - Postoperative ileus - Network meta-analysis - Systematic
review - Gastrointestinal surgery - Bowel surgery - Abdominal surgery

Introduction must be inserted, the patient suffers nutritional deficits, and

the risk of associated postoperative morbidity increases. '~

Postoperative ileus (POI) is a common and significant com-
plication of gastrointestinal surgery. The overall incidence
of postoperative ileus varies according to its definition and
occurs in approximately 10-30% of patients after abdominal
surgery. It is characterized by delayed passage of flatus and
defecation, abdominal distension, nausea, vomiting, and the
inability to tolerate oral food. Commonly, nasogastric tubes
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The annual costs of treating POI in the USA are esti-
mated to be at least 750 million dollars. *° This is mainly
due to the significantly increased duration of hospital stay
(approximately 4-9 days) in patients with POI compared to
patients with normal recovery of gut function but also due
to medication costs, required imaging and personnel costs. ¢

However, financial burden and POI can increase the
patient’s risk of postoperative morbidities such as aspiration
pneumonia (0.44-1.4%), anastomotic leakage (up to 5%), or
even death (0.9%). 7°

As many factors influence postoperative bowel function,
such as anesthesia, postoperative medication, or the surgical
procedure per se, numerous different and partially invasive
management solutions are discussed.

Gum chewing, caffeine intake, or coffee consumption
in the early postoperative period to reduce the occurrence
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and severity of POI is a promising noninvasive approach
that does not contain major side effects. Similar to chewing
gum, caffeine and coffee are inexpensive and widely avail-
able products that most patients are familiar with and have
good experience with, they are well-tolerated interventions
in postoperative stages.

Many studies have been conducted to investigate these
different approaches with variable outcomes. It has been
suggested that gum chewing (GC) and coffee/caffeine intake
after surgery may help to recover gastrointestinal function
by early stimulation. 10.IT The effects of coffee, caffeine,
or gum chewing on postoperative bowel movement are
debated. Earlier studies reported ambiguous results regard-
ing whether coffee or caffeine had a larger effect; however,
there was no difference between coffee and caffeine in terms
of an improvement in postoperative bowel movement and a
decrease in the length of hospital stay.

This systematic literature review and network meta-
analysis aimed to assess the treatment effect of coffee, caf-
feine, and gum chewing on postoperative bowel movement
in terms of time to first flatus, time to first defecation, and
length of stay by simultaneous direct and indirect compari-
sons. The primary analyses included random effects network
meta-analyses using frequentist methods. '>!* Bayesian net-
work meta-analyses served as sensitivity analyses.

Methods

This systematic review and network meta-analysis was reg-
istered in research registry unique identifying number (UIN)
of “reviewregistry1541.”

Data Collection

This review complies with the recommendations of the
Cochrane Handbook for Systematic Reviews and Interven-
tions and is reported in line with the PRISMA guidelines and
their extension statement for network meta-analyses. >~17 A
systematic literature search was performed using PubMed,
the Cochrane Library, and Google Scholar. The search string
was configured using Boolean operators and medical subject
headings (MeSH).

The inclusion criteria were solely randomized controlled
studies (RCTs) showing a comparison of at least two treat-
ments measuring at least one of the following outcome
parameters: time to first flatus, time to first bowel move-
ment, and length of hospital stay after gastrointestinal sur-
gery. No language restrictions were applied. We excluded
reviews, meta-analyses, case reports, letters, comments, and
non-RCTs.

A literature search was conducted in the PubMed, Google
Scholar, and Cochrane Databases until August 8th, 2022.
The search algorithm in PubMed was ((caffeine*) OR (cof-
fein*) OR (coffee) OR (chewing gum) OR (gum chewing)
OR (Chew*)) AND ((systematic review) OR (meta-analy-
sis) OR (randomized controlled trial) OR (RCT) OR (rand-
omized)) AND ((bowel function) OR (bowel movement) OR
(ileus) OR (postoperative ileus) OR (gastrointestinal motil-
ity) OR (recovery)) AND ((colorectal surgery) OR (bowel
surgery) OR (colon* surgery) OR (Gastrointestinal surgery)
OR (Abdominal surgery) OR (colectomy)).

In the Cochrane database, the search items “chewing
gum bowel function surgery,” “coffee bowel function sur-
gery,” and “caffeine bowel function surgery” were used.
The Google Scholar search was performed for review arti-
cles: ((caffeine*) OR (coffein*) OR (coffee) OR (chewing
gum) OR (gum chewing) OR (chew*)) AND ((systematic
review) OR (meta-analysis) OR (randomized controlled
trial) OR (RCT) OR (randomized)) AND ((bowel function)
OR (bowel movement) OR (ileus) OR (postoperative ileus)).
Cross-referencing and manual searches of the bibliographies
of eligible publications were actively performed to identify
further relevant studies for the review. The selection of rel-
evant articles was performed in two stages. First, the titles
and abstracts of all retrieved references were screened to
determine whether they met the inclusion criteria. Studies
considered irrelevant were discarded. Second, we analyzed
the full-text articles of each selected abstract. For data
extraction, a dedicated predefined spreadsheet was used.
Study selection was performed by two researchers with dis-
crepancies resolved through discussion with the involvement
of a third researcher. The selection process is illustrated in a
PRISMA flow chart. '8

Data Extraction

An Excel sheet was created extracting the type of surgery,
measured outcomes, and type of treatment (gum, coffee, or
caffeine) from the included studies.

The number of patients in the intervention and control
groups and the mean and standard deviation (SD) of the
outcome parameters were recorded from text, tables, or fig-
ures. Some of the studies reported nonparametric measures
instead of the mean and SD for the treatment effects. Hence,
the mean and SD for treatment effects were estimated from
the mean and SD in the treatment groups. In studies showing
only quantiles, the mean and SD were estimated using the
Box—Cox power transformation into the sample mean esti-
mators by Luo et al. and the sample SD estimators by Wan
et al. ' If possible, missing data were retrieved manually
from the figures.
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Publication Bias

Publication bias was separately assessed in pairwise com-
parisons of the interventions for each outcome parameter
because, to the best of the authors’ knowledge, there was
no method readily available to examine it in the frame-
work of network meta-analysis. Assessment of publication
bias was performed using contour-enhanced funnel plots
and significance funnel plots as appropriate. >>>* The lat-
ter distinguishes between affirmative studies (i.e., those
with a statistically significant and positive estimate) and
nonaffirmative studies (i.e., those with a nonsignificant or
negative estimate). The ratio eta expresses the likelihood
of an affirmative study to be published compared to a non-
affirmative study. 2

The risk of bias was assessed by two authors using the
ROB-2 tool. 2 Consensus was performed with a third
author, if necessary.

Statistical Analysis

Statistical analyses were performed using the R environ-
ment version 4.2.1 (http://www.r-project.org) using the
recent R libraries “meta,” “netmeta” 2°, and “gemtc.” Ran-
dom effects network meta-analyses (NMA) using frequen-
tist methods were the main analyses. They are based on a
graph-theoretical method and random effects models. '#

Bayesian NMA was performed as a sensitivity analysis.
The summary measure for the outcomes was the mean dif-
ference (MD) compared to the control.

First, pooled point estimates for each of the outcomes
were estimated based on random effects models. Second,
pairwise random effects meta-analyses comparing each
intervention against the control were performed for all
outcomes because none of the included studies compared
more than one treatment against the control, hindering
such pairwise analyses. These pairwise meta-analyses
primarily served to assess statistical heterogeneity to
overcome a lack of proven statistical methods to assess
statistical heterogeneity in NMA. Statistical heterogene-
ity was assessed by visual examination of the forest plots,
quantified using > and formally tested with Cochran’s Q
statistic.

Third, the main analysis, NMA with random effects
models based on the frequentist approach, was per-
formed. The network geometry was assessed by network
plots. Treatments were ranked using the P scores. P scores
measure the extent of certainty that a treatment is bet-
ter than another treatment, averaged over all competing
treatments. 2® This interpretation is comparable to that of
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the surface under the cumulative ranking curve (SUCRA),
which is the rank of a certain treatment within the range
of treatments, measured on a scale from 0 (worst) to 1
(best). 27 The MD was estimated compared to the control.
Due to the spider-like network, net heat plots *® to elabo-
rate inconsistency in the network were not feasible.

Finally, Bayesian NMA was performed as random effects
models with Markov chain Monte Carlo (MCMC) simula-
tions based on “Just another Gibbs sampler” (JAGS) 2*-*°
with 25,000 burn-ins, 50,000 inference iterations, and a
thinning factor of 10. Point estimates and 95% credible
intervals (95% Crl) for the comparison against the control
were calculated, and the results were considered statistically
significant if zero was not included in the credible intervals.
Heterogeneity was assessed by the residual deviance and the
deviance information criteria (DIC). Time series, density
plots of the samples, and Gelman and Rubin’s plots were
used to ensure convergence.

Results
Study Selection

A total of 509 studies were identified. After removing 340
duplicates, 169 studies were screened. After excluding
noneligible studies (one study was excluded due to double
publication, 43 studies were non-RCTs, and 93 studies did
not report the required outcome parameters or were not
related to gastrointestinal surgery), 32 studies comparing at
least one of the treatments against the control and assessing
at least one of the outcomes were included in this network
meta-analysis (Fig. 1).

Study Characteristics

The 32 studies included 4999 patients in total. Twenty-
six studies reported on gum chewing, and the remaining 6
studies reported on coffee consumption or caffeine intake.
Furthermore, 5 out of 32 studies additionally reported on
other therapy methods (one studied candy usage, one studied
an attention control adhesive patch, one studied the intake
of olive oil, one studied the application of a bracelet, and
another studied acupuncture). These third arms were not
considered in quantitative analyses because they were only
assessed once. None of the studies compared more than one
treatment against the control (Table 1).

Risk of Bias

Of the included studies, 15 had a low risk of bias, 4 had a
low to moderate risk of bias, and 13 had a moderate overall
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risk of bias. None of the studies showed a high risk of bias.
As nearly no intervention was able to blind the patients,
nearly all studies therefore had a high risk of performance
bias (n=26). Only three studies 31233 were able to blind
their patients using either capsules with and without caf-
feine or by administering coffee with and without caffeine.
The remaining coffee consumption groups >*¢ were not
able to blind their patients, as they compared coffee to
placebo (mostly tea or water).

Additionally, missing outcome data (attribution bias)
were causative for overall bias (n=14). Reporting bias

was only suspected in 4 studies, and 2 studies had high
risk (Table 2).

Assessment of Publication Bias

The contour-enhanced funnel plots for gum chewing, coffee
consumption, and caffeine intake in first flatus, first defeca-
tion, and length of hospital stay were fairly robust to pub-
lication bias and did not indicate the presence of a strong
publication bias (Supplementary Figure S1). Network graphs
for the presence of publication bias including time to first
flatus, time to first defecation, and discharge were compared
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Table 1 Systematic review of the studies with descriptions of the type of surgery, measured outcomes, and type of treatment

First author (year)

Total number of
included patients

Specification of surgery

Type of Outcome measured Treatment
surgery

Abbassi (2022)

Asao (2022)

Atkinson (2016)
Bahena-Aponte (2010)
Bhatti (2021)
Bonventre (2014)

Byrne (2018)

Crainic (2009)

de Leede (2018)

Dulskas (2015)
Duluklu (2020)
Forrester (2014)

Ge (2017)
Hasler-Gehrer (2019)
Hirayama (2006)
Kobayashi (2015)
Lim (2013)

Marwah (2012)
Matros (2006)

Miiller (2012)
Ngowe (2010)
Parnasa (2021)
Piric (2015)
Quah (2006)

Schuster (2006)
Shum (2016)

Topcu (2016)

van den Heijkant (2015)
Vergara-Fernandez (2016)

Yang (2017)

Yang (2018)
Zaghiyan (2013)

60
19
402
32
100
50
25
158

42
19
1941

90
34
31
17
75
115
24
43
157
100
43

22

79
46
58
59
38

34
82

60
112
64

379

186

114

Elective colectomy (RC, LC, PC, SR, RR)
Elective colectomy not specified

Elective colorectal resection (TC, RC, LC, RR)
Elective LC

Elective ISC

Colorectal surgery (RC, LC, RR, HP, TG, GR)
Colorectal surgery (RC, LC, RR, HP, TG, GR)

Elective bowel surgery (RC, LC, TC, SR, RR,
Ileostomy closure, SBR)

Elective colectomy (RC, LC, SR, RR)
Elective colectomy (RC, LC, SR, RR)

Elective Abdominal surgery (large and small
intestine, esophagus/stomach)

Elective LC

Elective LC and/or RR

Elective SR/LC

Elective SR/LC

Elective TG, GR

Elective RC, LC, SR, RR

Elective colon resection (RC, LC, SR, RR)
Elective LC

Elective colorectal surgery (RC, LC, SC, RR)
Elective ISC

Elective colectomy (APR, colostomy reversal,
RR,RC, LC, PC

Elective colectomy (APR, colostomy reversal,
RR, RC, LC, PC

Elective colectomy (RC, LC, RR)
Emergency appendectomy

Elective colectomy (RC, LC, SR, PC, RR)
Elective colon resection (RC, LC, SR)

Elective colorectal cancer surgery (LC, RR,
SR, HP, APR)

Elective SR

Colorectal resection (RC, LC, SC, TC, RR,
APR)

Colorectal surgery (RC, LC, RR)

Elective colorectal surgery (RC, LC, SR, RR)

Elective colon or rectal resection (RC, SR, LC,
TC)

Elective colorectal cancer resection (TC, LC,
RC, RR)

Elective colorectal cancer resection (TC, LC,
RC, RR)

Elective proctectomy for rectal cancer

Colorectal surgery (RC, LC, RR, SR, APR,
IPAA, SC, SBR, TPC, IPAA, ileostomy
closure, APR, creation of ileostomy)

L FF, FD, LOS Caffeine
L FF, FD, LOS Gum

M FF, FD, LOS Gum

(6] FF, FD, LOS Gum

(0] FF, FD, LOS Gum

(0] FF, FD, LOS Gum

(0] FF, FD, LOS Olive oil
M FF, FD, LOS Gum

M FF, FD Gum

M FF, FD Hard candy
M FF, FD, LOS Gum

L FF, FD, LOS Coffee
(0] FF, FD, LOS Gum

M FF, FD, LOS Gum

M FF, FD, LOS Attention control
L FF, FD, LOS Gum

L FF, FD, LOS Coffee
(0] FF, FD Gum

(0] FF, FD, LOS Gum

M FF, FD, LOS Gum

(0] FF, FD, LOS Gum

(0] FF, FD, LOS Gum

(6] FF, FD, LOS Bracelet
M FF, FD, LOS Coffee
(6] FF, FD, LOS Gum

L FF, FD, LOS Caffeine
O FD, LOS Coffee
O FF, FD, LOS Gum

(@) FF, FD, LOS Gum

L FF, FD, LOS Gum

O FF, FD, LOS Gum

(0] FF, FD, LOS Gum

M LOS Gum

M FF, FD, LOS Gum

M FF, FD, LOS Acupuncture
(6] FF, FD Gum

M FF, FD, LOS Gum

RC right hemicolectomy, LC left hemicolectomy, SR sigmoid resection, SC subtotal colectomy, 7C total colectomy, PC partial/segmental colonic
resection, RR rectum resection, HP Hartmann procedure, 7G total gastrectomy, GR gastric resection, SBR small bowel resection, APR abdomin-
operineal resection, TPC total proctocolectomy, /PAA ileal pouch-anal anastomosis, /SC intestinal stoma closure, FF time to first flatus, FD time

to first defecation, LOS length of stay, L laparoscopic, O open, M mixed laparoscopic and open
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Table 2 Risk of bias
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Abbassi (2022) Low Moderate Low Low Low Low Low
Asao (2002) Low Low Low Low Low Low
Atkinson (2016) Low Low Moderate Low Low Low
Bahena-Aponte (2010) Low Low Low Low Low
Bhatti (2021) Moderate Low Low Moderate Moderate
Bonventre (2014) Moderate Low Low Moderate Moderate
Byrne (2018) Low Low Moderate Moderate
Crainic (2009) Low Moderate
de Leede (2018) Low Low Moderate Low Low Low/Moderate
Dulskas (2015) Low/Moderate Moderate Low Low Low
Duluklu (2020) Low Moderate Moderate Low Moderate
Forrester (2014) Low Low Moderate Moderate
Ge (2017) Low Moderate Low Low Low/Moderate
Hasler-Gehrer (2019) Low Low Low Low Low Low
Hirayama (2006) Low Low Low Low Low Low
Kobayashi (2015) Low Low Low Low Low Low
Lim (2013) Low Low Low Low Low Low
Marwah (2012) Low Low Moderate Low Low
Matros (2006) Low Low Low Moderate
Miller (2012) Low Low Low Low Low
Ngowe (2010) Moderate Moderate Low Low Low Moderate
Parnasa (2021) Moderate Low Moderate Low Low Moderate
Piric (2015) Low Moderate Low Low Low Low Low
Quah (2006) Low Low Low Low Low Low
Schuster (2006) Low Low Low Low Low Low
Shum (2016) Low Moderate Moderate Low Low Moderate
Topcu (2016) Moderate Low Low Moderate Low Moderate
van den Heijkant (2015) Low Low Low Low Low Low
Vergara-Fernandez (2016)| Low Low Low Moderate
Yang (2017) Low Moderate Low Low Low/Moderate
Yang (2018) Moderate Low Moderate Low Low Moderate
Zaghiyan (2013) Low Low Moderate Low Low Low/Moderate

to controls. Each node represents a treatment. The thickness
of each line indicates the number of studies comparing the
two treatments. The control group constituted the center of
the spider-like network as there was no study with a head-
to-head comparison between the treatments (Supplementary
Figure S2).

Meta-analysis

Pooled point estimates for time to first flatus were 50.8 h
(95% CI: 46.0 to 55.6 h), for time to first defecation 69.4 h
(95% CI: 62.0 to 76.7 h), and for length of hospital stay
6.4 days (95% CI: 5.7 to 7.1 days) independent of the
treatment.

Pairwise meta-analyses comparing each intervention
against control for time to first flatus, time to first defeca-
tion, and length of hospital stay (Fig. 2) indicated substantial
to considerable statistical heterogeneity for gum chewing by
visual inspection of the forest plot and by /? ranging from 77
to 92%. For coffee intake, considerable statistical heteroge-
neity was observed for time to first flatus and for length of

hospital stay (*=91% and I*=92%) but not for time to first
defecation (I>=0%). For caffeine, moderate statistical heter-
ogeneity was observed for time to first defecation (> =52%).
In pairwise meta-analyses, gum chewing reduced the time
to first flatus, time to first defecation, and length of hospital
stay by MD of -11.0 h (95% CI: -15.8 to -6.1 h), -18.0 h
(95% CI: -23.2 to -12.8 h), and -0.9 days (95% CI: 1.3 to
-0.4 days), respectively, compared to the control. Coffee
intake reduced the time to first defecation by a MD of -13.4 h
(95% CI: -19.9 to -6.9 h), but not the time to first flatus (MD
of -0.5 h with 95% CI: -10.4 to 9.4 h) or length of hospital
stay (MD of -2.3 days with 95% CI: -5.5 to 0.9 days). Caf-
feine intake had no effect on time to first flatus (MD of -4.7 h
with 95% CI: -11.9 to 2.5 h), time to first defecation (MD of
-0.3 h with 95% CI: -15.7 to 15.0 h) or length of hospital stay
(MD of -0.3 days with 95% CI: -1.1 to 0.4 days).

Network Meta-analysis

The network graphs revealed spider-like nets and no
closed loops due to the lack of studies with a head-to-head
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Fig.2 Forest plot for univari-
able random-effects meta-
analyses of the mean difference
in pairwise comparisons against

A) Time to first flatus

Treatment

Control

. Study Total Mean SD Total Mean SD Mean Difference MD 95% Cl Weight

control for time to first flatus

(A), time to first defecation (B), kcatmams= Gum

and length of hospital stay (©) Asao 2002 10 504 12.0 9 76.821.6 —_— -26.4 [-42.4;-104] 3.5%
Hirayama 2006 10 553151 14 90.0180 —+— -34.7 [-48.0; -21.4] 3.9%
Matros 2006 22 66.6232 21 73.329.6 — -6.7 [-22.6; 9.2] 3.5%
Quah 2006 19 57.624.0 19 64.824.0 —+ =72 [-225; 8.1] 3.6%
Schuster 2006 17 654148 17 80.219.1 — -14.8 [-26.3; -3.3] 4.3%
Crainic 2009 17 80.2227 23 725307 —_1+ 7.7 [-8.8; 242] 3.4%
Bahena-Aponte 2010 16 36.0346 16 405 3.5 —— -4.5 [-21.5; 12.5] 3.3%
Ngowe 2010 23 528 9.6 23 720144 — -19.2[-26.3; -12.1] 5.0%
Marwah 2012 50 585227 50 73.1256 —— -14.6 [-24.1; -5.2] 4.6%
Lim 2013 77 428344 80 51.033.9 — -8.2 [-18.9; 2.5] 4.4%
Zaghiyan 2013 54 486334 60 474294 — 1.2 [-10.4; 12.8] 4.2%
Bonventre 2014 25 402232 25 57.027.0 — -16.8 [-30.7; -2.8] 3.8%
Forrester 2014 13 716784 17 821523 ——m+1+—— -10.5 [-59.8; 38.9] 0.8%
Kobayashi 2015 21 53.0 20 22 49.026.0 —+— 4.0 [-6.9; 149] 4.4%
Atkinson 2016 130 55.6 129 138 47.3255 -+ 83 [35 131 53%
Shum 2016 41 236174 41 426319 —— -19.0 [-30.1; -7.9] 4.3%
Topcu 2016 30 511196 30 87.8259 —— -36.8 [-48.4; -25.1] 4.2%
Ge 2017 38 792242 37 834356 —H— -4.2 [-18.0; 9.6] 3.8%
Yang 2017 190 61.2 59 189 632 55 -21 [-32; -0.9] 5.6%
Byrne 2018 82 585386 76 70.343.0 —+— -11.8 [-24.6; 1.0] 4.0%
de Leede 2018 412 37.644.3 406 41.2528 —r -3.6 [-10.3; 3.1] 5.1%
Yang 2018 43 423227 46 492 93 —+ -6.9 [-14.2; 04] 5.0%
Duluklu 2020 17 473139 17 63.0184 — -15.7 [-26.6; -4.7] 4.4%
Bhatti 2021 50 184 84 50 412 6.1 + -22.8[-25.7;-19.9] 5.5%
Common effect model 1407 1426 ¢ -5.4 [-6.3; -4.4] -
Random effects model <& -11.0 [-15.8; -6.1] 100.0%
Heterogeneity: 12 = 92%, 1° = 111.7, p < 0.01
Treatment = Coffee
Miller 2012 40 40.616.1 39 46.4 20.1 —H -5.8 [-13.8; 2.2] 31.3%
Dulskas 2015 60 36.514.8 30 425158 —+ -6.0 [-12.8; 0.8] 32.6%
Hasler-Gehrer 2019 56 402 51 59 317 4.2 8.5 [ 6.8; 10.2] 36.0%
Common effect model 156 128 0 7.0 [ 54; 8.7] -
Random effects model > -0.5 [-10.4; 9.4] 100.0%
Heterogeneity: 2=92%, = 67.7, p <0.01
Treatment = Caffeine
Parnasa 2021 30 53.120.3 28 58.118.3 —OI— -5.1 [-15.0; 4.9] 50.5%
Abbassi 2022 40 403194 20 445195 - -4.2 [-14.6; 6.2] 49.5%

Common effect model 70
Random effects model

Heterogeneity: ?=0%, =0, p =091

comparison between the treatments. For time to first defeca-
tion, 25, 4, and 2 studies compared gum chewing, coffee, and
caffeine intake, respectively, with control (Table 1).
Substantial statistical heterogeneity was confirmed for
all three outcomes (P <0.001), especially for gum chewing.
Gum chewing was ranked best for time to first flatus and first
defecation whereas coffee consumption was ranked best for
length of hospital stay. The P values for gum chewing, coffee
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48 -47 [-11.9; 2.5]  --
-4.7 [-11.9; 2.5]100.0%

-40-20 0 20 40
Mean Difference (hours)

consumption, and caffeine intake for time to first flatus were
0.89, 0.33, and 0.53, respectively; the P values for time to
first defecation were 0.92, 0.69, and 0.22, respectively; and
the P values for length of hospital stay were 0.61, 0.94, and
0.35, respectively. The time to first flatus was reduced by
gum chewing with a MD of -11 h, (95% CI—-16 to—5 h,
P <0.001) (Fig. 3). Time to first defecation was reduced by
gum chewing with a MD of -18 h (95% CI—-23 to— 13 h,
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Fig.2 (continued)

B) Time to first defecation

Treatment Control
Study Total Mean  SD Total Mean SD Mean Difference MD 95% Cl Weight
Treatment = Gum
Asao 2002 10 744 264 9139.2528 —+— -64.8 [-103.0; -26.6] 1.4%
Hirayama 2006 10 845 37.8 14 136.056.8 ——— -51.5 [-89.4;-13.6] 1.4%
Matros 2006 22 86.0 294 21 95.136.8 —H -9.1 [-29.1; 10.9] 3.3%
Quah 2006 19 76.8 36.0 19 93.6 36.0 — -16.8 [-39.7; 6.1] 2.9%
Schuster 2006 17 632 54 17 89.4240 -+ -26.2 [-37.9;-145] 5.0%
Crainic 2009 19 909 253 20 927407 — -1.8 [-23.0; 194] 3.1%
Bahena-Aponte 2010 16 442 176 16 5551438 -+ -11.3 [-2286; -0.0] 51%
Ngowe 2010 23 552 72 23 792 96 -24.0 [-28.9;-19.1] 6.3%
Marwah 2012 50 85.0 383 50109.237.4 — -242 [-39.1; -94] 4.3%
Lim 2013 77 896 521 80 98.663.1 — -9.0 [-27.1; 91] 3.7%
Zaghiyan 2013 54 56.9 37.8 60 63.241.9 —r -6.3 [-20.9; 8.3] 4.3%
Bonventre 2014 25 99.2 542 25 108.048.0 —H— -88 [-37.1; 19.8] 22%
Forrester 2014 912511108 15 80.036.4 ——+—— 451 [-29.6;119.8] 0.4%
Kobayashi 2015 21 940 440 22 109.035.0 —T -15.0 [-38.8; 88] 2.7%
Atkinson 2016 159 489 239 151 67.1215 -183 [-23.3;-13.2] 6.3%
Shum 2016 41 242 176 41 50.333.3 —+ -26.1 [-37.6;-14.6] 5.0%
Topcu 2016 30 73.3 30.3 30137.244.0 —— -63.9 [-83.0;-44.7] 3.5%
Ge 2017 381154 34.2 37 125.741.2 — -10.3 [-27.5; 6.9] 3.8%
Yang 2017 190 118.8 32.8 189 125.4 31.2 + -6.7 [-131; -02] 6.1%
Byrne 2018 82 67.9 455 76 86.644.8 —+ -18.7 [-32.8; -46] 4.5%
de Leede 2018 424 545 321 426 56.4 245 -19 [ -58; 1.9] 6.5%
Yang 2018 43 66.1 155 46 78.4 106 + =123 [-17.9; -6.7] 6.2%
Duluklu 2020 17 558 149 17 816157 - -25.8 [-36.1;-15.5] 5.3%
Bhatti 2021 50 232 85 50 450 6.3 -21.8 [-24.7,-189] 6.6%
Common effect model 1446 1454 ] -16.2 [ -17.8; -14.6] —
Random effects model ¢ -18.0 [ -23.2; -12.8] 100.0%
Heterogeneity: /2 = 84%, 12 = 108.0, p < 0.01
Treatment = Coffee
Miller 2012 40 604 213 39 740216 -13.6 [-23.1; -4.1] 30.7%
Dulskas 2015 60 81.0 37.2 30 99.4 276 k3 -18.4 [-32.0; -4.7] 25.6%
Piric 2015 29 80.9 371 30 96.2242 — -16.3 [-31.3; 0.8] 22.7%
Hasler-Gehrer 2019 56 759 491 59 78.347.4 -+ -24 [-20.1; 15.3] 21.0%
Common effect model 185 158 o -13.4 [-19.9; -6.9] -
Random effects model ¢ -13.4 [-19.9; -6.9] 100.0%
Heterogeneity: ?= 0%, ?= 0,p =0.56
Treatment = Caffeine
Parnasa 2021 30 656 333 28 75.839.2 — -10.2 [-29.0; 8.6] 41.2%
Abbassi 2022 40 65.0 21.8 20 59.1209 59 [ -5.5; 17.3] 58.8%
Common effect model 70 48 16 [ -8.2; 11.3] -
Random effects model -0.3 [-15.7; 15.0] 100.0%
Heterogeneity: 12 =52%, 1° = 66.8, p=0.15

-100-50 0 50 100

P <0.001) and by coffee with a MD -13 h (95% CI-24
to—1h, P<0.001). Length of stay was reduced by coffee
and gum chewing with MDs of — 1.5 days (95% Cl: —2.5
to—0.6 days, P<0.001) and —0.9 days (95% CI: - 1.3
to— 0.4 days, P <0.001). Coffee was not superior to gum
chewing in terms of length of hospital stay, with a MD
of —0.7 days (95% CI: — 1.7 to 0.4 days, P=0.203). No sig-
nificant effect was observed for caffeine. These results were
confirmed by sensitivity analysis with Bayesian NMA with
quite similar point estimates and 95% CI (Fig. 3).

Mean Difference (hours)

The results of two subgroup analyses after laparo-
scopic and open gastrointestinal surgery are summarized
in Figs. 4a and b to elaborate possible differences in gum
chewing, coffee consumption, and caffeine intake. Studies
with mixed laparoscopic and open surgeries were added to
the open group, as there were either many conversions in
those studies or missing specifications in the percentage
of conversion rates. The subgroup analyses of gum chew-
ing and coffee consumption showed a significant reduc-
tion in time to discharge in the open surgery group (95%

@ Springer



1738

Journal of Gastrointestinal Surgery (2023) 27:1730-1745

Fig.2 (continued)

C) Length of hospital stay

Treatment Control
Study Total Mean SD Total Mean SD Mean Difference MD 95% CI Weight
Treatment = Gum
Asao 2002 10 135 3.0 9 145 6.1 — -1.0 [-54; 34] 1.3%
Matros 2006 22 52 16 21 57 30 — -05 [-2.0; 0.9] 5.0%
Quah 2006 19 94 25 19 111 73 — -1.7 [-52; 1.8] 1.9%
Schuster 2006 177 43 04 17 68 14 + -25[-32;-18] 6.8%
Bahena-Aponte 2010 16 42127 16 62155 —+—1—— -2.0 [-11.8; 7.8] 0.3%
Ngowe 2010 23 49 08 23 6.7 1.0 + -18 [-2.3;-13] 7.1%
Marwah 2012 50 83 29 50 96 42 — -13 [-2.7; 01] 51%
Lim 2013 77 10.012.7 80 12.0 155 — -21 [-6.5; 24] 1.3%
Zaghiyan 2013 54 47 07 60 45 19 4 0.2 [-03; 0.7] 7.1%
Bonventre 2014 25 68 22 25 70 25 - -02 [-1.6; 1.1] 5.3%
Forrester 2014 13 63 55 18 6.3 538 —_—t 0.0 [-4.0; 41] 1.5%
Kobayashi 2015 21 198126 22 16.416.9 ——F—+— 34 [-55;123] 0.4%
van den Heijkant 2015 52 95 49 60 14.0145 —_— -45[-84;-06] 1.6%
Atkinson 2016 199 86 57 203 84 5.1 + 0.3 [-0.8; 1.3] 5.9%
Shum 2016 41 60 30 41 68 35 —+ -0.8 [-2.1; 0.6] 51%
Topcu 2016 30 76 15 30 95 27 -+ -1.8 [-2.9;-0.7] 5.9%
Vergara-Fernandez 2016 32 7.5 51 32 9.0 57 — -15 [-42; 1.2] 2.8%
Ge 2017 38 124 50 37 107 4.2 —— 1.7 [-04; 3.8] 3.7%
Yang 2017 190 10.5 2.5 189 109 24 + -04 [-0.9; 0.1] 7.1%
Byrne 2018 82 78 65 76 89 66 — -11 [-3.1; 1.0] 3.8%
de Leede 2018 975 8.1 44 966 8.0 44 0.0 [-04; 04] 7.3%
Duluklu 2020 17 45 13 17 59 16 -+ -14[-24,-05] 6.1%
Bhatti 2021 50 35 03 50 45 03 -1.0 [-1.1;-0.8] 7.5%
Common effect model 2053 2061 | =-0.9 [ -1.0; -0.8] —
Random effects model 9 =-0.9 [ -1.3; -0.4] 100.0%
Heterogeneity: 12 = 77%, ©> = 0.7, p < 0.01
Treatment = Coffee
Mdiller 2012 40 108 44 39 113 45 —— -05 [-25; 1.5] 18.2%
Dulskas 2015 60 63 14 30 7.0 16 + -0.7 [-1.4;-0.0] 31.8%
Piric 2015 29 86 31 30 162 57 —— -76 [-9.9;-5.2] 15.1%
Hasler-Gehrer 2019 56 6.1 0.8 59 7.0 04 -0.9 [-1.1;-0.6] 34.9%
Common effect model 185 158 ) -0.9[-1.1; -0.7] -
Random effects model o -2.3 [-5.5; 0.9] 100.0%
Heterogeneity: 1>=91%, t° = 10.1, p <0.01
Treatment = Caffeine
Parnasa 2021 30 67 22 28 69 14 : -0.2 [-1.1; 0.8] 55.0%
Abbassi 2022 40 6.1 24 20 6.8 27 . 3 -0.7 [-2.1; 0.7] 45.0%
Common effect model 70 48 -0.3 [-1.1; 0.4] —
Random effects model -0.3 [-1.1; 0.4] 100.0%
Heterogeneity: 1?=0%,1°=0, p =0.54

-10 -5 0 5 10

CI (gum): -1.7 to -0.3 days, respectively 95% CI (coftee):
-6.1 to -1.4 days). In the laparoscopic group, there was no
significant effect on time to discharge (95% CI (gum): -1.2
to 1.1, 95% CI (coffee): -2.1 to 0.5).

The time to first defecation in the gum-chewing open
group (95% CI: -23.1 to 11.2 h) showed a significant
reduction but did not carry weight in the time to discharge
in this group.

@ Springer

Mean Difference (days)

Attempts to further elucidate the within-group hetero-
geneity by mixed effects meta-regression analyses using
year of publication and laparoscopic versus open sur-
gery as moderator variables did not succeed in relevantly
decreasing the within-group heterogeneity. The /? in the
meta-regressions remained high and ranged from 51 to
84% compared to 77 to 92% in pairwise meta-analyses
with laparoscopic versus open surgery as a significant
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Network Metaanalysis on time to first flatus

Treatment Comparison against Control MD [95% CI]
Gum —a—] -11.0[-16.1 to -5.9]
Gum —eo— -10.9[-16.0 to -5.9]
Coffee } n ] -0.8[-13.8t0 12.3]
Coffee } ® | -0.7[-13.7t0o 12.1]
Caffeine | = | -4.6 [-21.7 to 12.4]
Caffeine } ® ] -4.6 [-21.3 t0 12.3]
I T T T T T T T 1
-25 -20 -15 -10 -5 0 5 10 15 20
Mean difference (hours)
Network Metaanalysis on time to first defecation
Treatment Comparison against Control MD [95% CI]
Gum —a— -17.9[-22.7 t0 -13.0]
Gum ——e— —-17.9[-23.4 t0 -12.7]
Coffee } = | -12.9 [-24.4 t0 -1.3]
Coffee } T —-12.9 [-25.5 to -0.1]
Caffeine } m | -0.6[-17.3 0 16.1]
Caffeine } @ ] -0.7 [-19.0 t0 17.3]
I T T T T T T T 1
-25 -20 -15 -10 -5 0 5 10 15 20
Mean difference (hours)
Network Metaanalysis on time to discharge
Treatment Comparison against Control MD [95% CI]
Gum —a— -0.9 [-1.3 to -0.4]
Gum ——eo— -0.9[-1.5t0-0.2]
Coffee } = | -1.5[-2.51t0 -0.6]
Coffee } ° | -1.8[-3.4t0 -0.5]
Caffeine } » ] -0.4[-1.710 0.9]
Caffeine } ® ] -0.4[-2.310 1.5]
I T T T T 1

-4 -3 -2 -1 0 1 2

Mean difference (days)

MD - Mean difference
—a—
—e—

Bayesian network metaanalysis with 95% credible interval

Random effects network metaanalysis with 95% confidence interval
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«Fig. 3 Summary plot for point estimates and their corresponding 95%
confidence and credible intervals in the frequentist and Bayesian net-
work meta-analyses

moderator variable for all outcomes comparing gum chew-
ing with control.

Discussion

This systematic review found clinically relevant and sta-
tistically significant effects on postoperative ileus after
gastrointestinal surgery for gum chewing and coffee con-
sumption but not for caffeine intake. These findings were
confirmed by pairwise meta-analysis, random effects NMA
using frequentist methods, and Bayesian network meta-
analyses. Gum chewing was associated with an improve-
ment in all assessed outcomes. Coffee consumption short-
ened the time to first defecation and length of hospital stay
but not the time to first flatus. A numerically stronger effect
for coffee consumption compared to gum chewing on the
length of hospital stay could not be proven. The grade of
evidence of this review was relevantly impaired by statisti-
cal heterogeneity, more pronounced for gum chewing than
for coffee consumption.

Subgroup analysis in laparoscopic and open surgery
confirmed a significant reduction in time to discharge
in open surgery. In the subgroup analysis with laparo-
scopic surgery, the effect of gum could not be confirmed.
One probable explanation might be the introduction of
enhanced recovery programs in laparoscopic surgery.
As the laparoscopic approach reduces abdominal wall
trauma and the resultant milieu of inflammatory, neuro-
humoral, and pain responses, the recovery process might
be accelerated. -3

For the research question at hand, length of hospital stay
could be seen as the most objective measure and the easiest
one to record. For coffee consumption and gum chewing,
clinically relevant shortening of 1.5 days and 0.9 days was
observed. In contrast, no effect was observed in the caffeine
group, thus confirming recent research reporting no effect
of caffeine on POI in a homogeneous RCT assessing exclu-
sively laparoscopic colectomy. *!

Coffee consumption and gum chewing reduce the costs
associated with the length of hospital stay. As they are
inexpensive products that many people are familiar with,
their use is widely accepted by patients. Watanabe et al.
and Eamudomkarn et al. described similar findings, which
were a shortening of LOS with postoperative coffee con-
sumption, especially with the increasing complexity of
the surgical procedure. *>*° In addition, a shortening of
the average length of hospital stay leads to a reduction in
health care costs. *!

@ Springer

Physiologically the gastrointestinal system is stimulated
by meals with high calories, acidity, or osmolarity or due to
its volume. In the case of chewing gum, coffee consumption,
and caffeine intake, their ingredients must exert biochemi-
cal effects, as they are almost free of calories and have low
osmolality. *

Coffee and its bioactive compounds are suggested to
influence the gastrointestinal mucosa (permeability, secre-
tion, and proliferation), the gut wall (and its neural and
nonneural components), and the brain—gut axis. ** Coffee
consumption also induces cholecystokinin release, gall-
bladder contraction 3, and a gastrocolic response with
increased colonic motility. ***> As different ingredients
in coffee and caffeine exist, the different outcomes in the
length of stay, time to first flatus, and time to the first def-
ecation are explained by the different ingredients, such as
melanoidins or chlorogenic acid. *° These different compo-
sitions are due to the different coffee bean species as well
as the roasting process, which leads to a strong variation
in composition. 4647

Chlorogenic acid is supposed to have an anti-inflamma-
tory effect by inhibiting the production of interleukin-6 and
tumor necrosis factor alpha and therefore reduces inflam-
mation and pain with the improvement of gastrointestinal
recovery, whereas melanoidins partially behave as dietary
fiber, as shown in in vivo experiments, and have the ability
to influence the contractility of gastric smooth muscles by
activating cholinergic receptors. 4448

Considering the physiological mechanism by which gum
chewing improves bowel function after surgery, it is assumed
that gum chewing activates the cephalic-vagal pathway via
the parasympathetic nervous system. This stimulates intesti-
nal myoelectric activity and bowel motility by counteracting
the activation of the gastrointestinal p-opioid receptor. It
also seems to release gastrointestinal hormones and increase
the secretion of saliva and pancreatic juice and therefore
stimulates bowel movement. **°° Short et al. found some
evidence that gum chewing may influence the digestive sys-
tem to recover, especially bowel sounds and decrease the
length of stay, but the involved studies were less reliable due
to poor quality and a lack of description of methodology and
allocation. >

In contrast, de Leede et al. described no evidence of gum
chewing in the postoperative care pathway to reduce the
time to bowel recovery or length of stay in their RCT, which
might be due to the heterogeneity of the frequency and dura-
tion of gum chewing. >

There are several limitations of the present study, par-
ticularly with respect to the blinding of the participants.
First, the participants in the gum-chewing group were not
blinded due to its impracticability, which can lead to a high
risk of performance bias. In the caffeine group, only two
studies were able to blind their patients by using capsules
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A) Subgroup analysis of laparoscopic surgery

Network Metaanalysis on time to first flatus

Treatment Comparison against Control MD [95% Cl]
Gum ! = | -16.3 [-29.7 to -3.0]
Gum ! ° | -16.2[-35.0t0 2.2]
Coffee } - | 1.7 [-12.0 t0 15.3]
Coffee } ® | 1.8 [-19.9 to 22.6]
f T T T T T T T T T T |
3% 30 -25 -20 -15 -10 -5 0 5 10 15 20 25
Mean difference (hours)
Network Metaanalysis on time to first defecation
Treatment Comparison against Control MD [95% CI]
Gum } » | —26.5 [-45.0 to -8.1]
Gum | ® | -27.2[-68.4 10 5.5]
Coffee } . | -11.0[-31.6 t0 9.7]
Coffee } L | -11.1 [-54.0 to 33.1]
I Y N O B I B Y B B T
=70 -60 -50 -40 -30 -20 -10 0 5 10 15 20 25 30 35
Mean difference (hours)
Network Metaanalysis on time to discharge
Treatment Comparison against Control MD [95% Cl]
Gum ! J | -0.0[-1.2t0 1.1]
Gum } | 0.0[-15101.7]
Coffee —a— -0.8[-1.310 -0.4]
Coffee } ® ] -0.8[-2.1100.5]
f T T T T |
-3 -2 - 0 1 2 3

Mean difference (days)

MD - Mean difference
—a—
—e—

Random effects network metaanalysis with 95% confidence interval

Bayesian network metaanalysis with 95% credible interval

Fig.4 Subgroup analysis for point estimates and their corresponding 95% confidence and credible intervals in random effects and Bayesian net-
work meta-analysis in laparoscopic (A) and open (B) gastrointestinal surgery
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B) Subgroup analysis of open surgery

Network Metaanalysis on time to first flatus

Treatment Comparison against Control MD [95% Cl]
Gum —a— -10.3[-15.8 to -4.7]
Gum ——e— -10.2[-16.1 to -4.5]
Coffee | ] | -5.8 [-29.7 to 18.1]
Coffee | ® |  -5.9[-30.81t0 19.3]
I T T T T T T T T T [
3 30 25 20 -15 -10 -5 0 5 10 15 20

Mean difference (hours)

Network Metaanalysis on time to first defecation

Treatment Comparison against Control MD [95% ClI]
Gum e -17.0[-22.2t0 -11.9]
Gum f——eo— -17.1[-23.1t0 -11.2]
Coffee } = | -14.3 [-30.1 t0 1.5]
Coffee } L |  -14.3[-32.71t04.0]
f T T T T T T |
-35 -30 -25 -20 -15 -10 -5 0 5

Mean difference (hours)

Network Metaanalysis on time to discharge

Treatment Comparison against Control MD [95% ClI]
Gum —=— -0.9[-1.4 to -0.5]
Gum —e—| -1.0[-1.7 to -0.3]
Coffee } » ] -3.6 [-5.4 to —1.8]
Coffee | ® | -3.7[-6.1 to -1.4]
f T T T T T |
-6 -5 -4 -3 -2 -1 0 1

Mean difference (days)

MD - Mean difference
—a— Random effects network metaanalysis with 95% confidence interval

F—e— Bayesian network metaanalysis with 95% credible interval

Fig.4 (continued)
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with and without caffeine. The coffee consumption group
contained only one study that blinded the participants by
administering coffee with and without caffeine. As cof-
fee compounds vary by region, bean type, and roasting
method, the effect of coffee consumption may not be gener-
alizable to all populations, which limits the validity of the
RCT analysis. The characteristics of regular and nonregular
coffee drinkers were not reported in the studies. Addition-
ally, the dose—response relationship between coffee and
caffeine consumption is unknown, as it was not evaluated.
Furthermore, the relevant in-group heterogeneity could not
be explained, further limiting the generalizability of the
present study, particularly for treatment with gum chew-
ing, for which a significant treatment effect could only
be proven after open surgery but not after laparoscopic
surgery. Finally, the small number of included studies has
also to be mentioned. Only four, respectively two studies
reported on coffee consumption and caffeine intake. Given
the small number of studies with a quite small included
number of participants, the power to differentiate between
these two treatments has to be considered strongly limited.
Further evidence is needed to discriminate between these
two treatments with certainty.

The main strength of the present investigation is the fact
that only RCTs were included in the study. This is the first
network meta-analysis comparing chewing gum, coffee con-
sumption, and caffeine intake. Despite relevant heteroge-
neity in the univariable meta-analyses, the random effects
NMA using frequentist methods and the Bayesian analyses
gave quite similar results. The present study demonstrated
that time to first flatus and defecation should be considered
surrogate parameters in the gum chewing and coffee con-
sumption groups for the length of hospital stay, as there were
significant reductions in the univariate analysis but not in the
network analysis.

Conclusion

Coffee and gum chewing were proven to be effective and
noninvasive approaches for shortening the postoperative
length of hospital stay and time to first defecation, especially
after open gastrointestinal surgery; thus, these actions should
be recommended after gastrointestinal surgery.
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