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Abstract

Purpose: To evaluate the efficacy and safety of early oral feeding (EOF) in patients after upper gastrointestinal sur-
gery through meta-analysis of randomized controlled trials (RCTs).

Methods: We analyzed the endpoints of patients including the length of stay (LOS), time of first exhaust, anasto-
motic leakage and pneumonia from included studies. And we retrieved RCTs from medical literature databases.
Weighted mean difference (WMD), risk ratios (RR) and 95% confidence intervals (Cl) were calculated to compare the
endpoints.

Results: In total, we retrieved 12 articles (13 trial comparisons) which contained 1771 patients. 887 patients (50.1%)
were randomized to EOF group whereas 884 patients (49.9%) were randomized to delay oral feeding group. The
result showed that compared with the delay oral feeding group, EOF after upper gastrointestinal surgery significantly
shorten the LOS [WMD = — 1.30, 95% Cl — 1.79 to — 0.80, I>=0.0%] and time of first exhaust [WMD = — 0.39, 95% C|

readmission and mortality.

—0.581t0 —0.20, I>=62.1%]. EOF also reduced the risk of pneumonia (RR: 0.74, 95% CI 0.55 t0 0.99, 1°=0.0%). There
is no significant difference in the risk of anastomotic leak, anastomotic bleeding, abdominal abscess, reoperation,

Conclusions: Overall, compared with the traditional oral feeding, EOF could shorten the LOS and time of first
exhaust without increasing complications after upper gastrointestinal surgery.

Keywords: Early oral feeding, Upper gastrointestinal surgery, Meta-analysis

Introduction

Upper gastrointestinal surgery mainly refers to the opera-
tion of esophagus, stomach, duodenum, liver or pan-
creas [1]. Its common indication is cancer. Anastomotic
leakage after upper gastrointestinal surgery is a major
source of morbidity as it can lead to severe infection
and increase the risk of fatal sequelae in the absence of
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reasonable treatment [2]. After upper gastrointestinal
surgery, patients often have difficulty in eating, increased
catabolism, weakened anabolism and decreased immune
function, which will result in (or aggravating) malnutri-
tion [3]. It may increase the incidence of postoperative
complications and mortality.

As for the timing of eating after upper gastrointestinal
surgery, most surgeons still follow the traditional prin-
ciple of restoring intestinal function after anal exhaust
and then eating gradually. This approach is based on
avoiding complications that may be caused by excessive
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gastrointestinal volume or early gastrointestinal stimu-
lation, including nausea, vomiting, aspiration pneumo-
nia, anastomotic leakage and so on [4]. However, fasting
from postoperative to anal exhaust will lead to insuffi-
cient enteral nutrition and inhibit the secretion of saliva
and digestive glands [5]. It will also delay the recovery of
digestive system function and increase the risk of poten-
tial pathogen infection and microbial translocation which
seriously affect postoperative recovery and wound heal-
ing [6]. After all, nutritional status is an important factor
affecting postoperative recovery.

Recently, enhanced recovery after surgery (ERAS) has
attracted more and more attention, which requires mul-
tidisciplinary teamwork to accelerate recovery during
perioperative care [7]. Early oral feeding (EOF) is one of
the most important elements of ERAS [8]. A consider-
able number of literatures have confirmed that EOF can
effectively reduce the length of stay and accelerate the
recovery of gastrointestinal function without increasing
postoperative complications [9-12]. In 2016, Willcutts
et al. [13] made a meta-analysis to compare the effect
of EOF on clinical outcome after upper gastrointestinal
surgery. They concluded that compared with conven-
tional feeding, postoperative EOF was associated with a
shorter length of hospital stay and is not associated with
an increase in clinically relevant complications. In the
past 5 years, more and more randomized controlled trials
(RCTs) about the effect of EOF in upper gastrointestinal
surgery have been continuously published. However, the
clinical application of EOF is still controversial, and it is
not widely used. It remains to be seen whether the con-
clusion of Willcutts’s study is still applicable. It is neces-
sary to make an updated meta-analysis.

Methods

Search strategy

Two investigators searched published articles according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) to compare the efficacy
and safety of EOF in patients after upper gastrointes-
tinal surgery [14]. We conducted a systematic search
for RCTs in databases such as the Cochrane Library,
Embase, Baidu Schilar, PubMed, and Google Scholar
with language restrictions to English and publication
dates restricted to April 14, 2021. The following key-
words and MeSH terms were used to search: (“early oral
feeding” or “EOF” or “enhanced recovery after surgery”
or “ERAS” or “direct oral feeding”) and (“upper gastro-
intestinal surgery” or “esophagectomy” or “gastrectomy”
or “anastomosis” or “gastrointestinal” or “surgery”).
The retrieved studies were screened by one author and
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double-reviewed by another author. When there was a
dispute, a third author was involved in the discussion and
made a decision together. All data was extracted from
published studies, therefore patient consent and ethical
approval were not required.

Exclusion and inclusion criteria

Exclusion criteria: (1) Semi-randomized or non-ran-
domized trials; (2) Animal experiments; (3) Nonclini-
cal trials or case reports; and (4) Articles with incorrect
or incomplete data or articles whose data could not be
extracted.

Inclusion criteria: (1) Studies that compared EOF and
delay oral feeding for patients after upper gastrointesti-
nal surgery; (2) The study was a RCT; (3) Baseline char-
acteristics (e.g., age, gender and type of surgery) were not
statistically different between two groups; (4) The study
subjects were patients undergoing upper gastrointesti-
nal surgery; (5) one of groups was applied EOF; (6) The
language of the studies was restricted to English; and (7)
Included studies provided sufficient data for the analysis.

Endpoints

The primary effective endpoints were length of stay (LOS)
and time of first exhaust. The safety endpoints were anas-
tomotic leak, anastomotic bleeding, abdominal abscess,
reoperation, readmission, mortality and pneumonia.

Data extraction

The content of the included studies was independently
reviewed by two authors. Two authors extracted the pri-
mary endpoints and a third author verified endpoints.
The following main information was extracted from the
included studies: year of publication, first author’s name,
time period, country of patients, population, mean age,
operation type, endpoints in each study and intervention.
If the included studies required clarification, we con-
tacted the first author of the included study. When there
was a disagreement, we resolved it by consensus or con-
sultation with a third author.

Assessment of risk of bias

Two authors independently evaluated the quality of the
methodology according to the Cochrane Risk of Bias cri-
teria [15]. Each quality items were classified as high risk,
low risk, and some concerns. There are 5 items were used
to estimate bias for each included studies, including bias
due to deviations from intended interventions, bias aris-
ing from the randomization process, bias in measure-
ment of the outcome, bias due to missing outcome data,
bias in selection of the reported result.
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Statistical analysis

We used Stata (version 12.0) to analyze and pool the
included studies results. We recorded pooled results by
weignted mean difference (WMD), risk ratios (RR), and
95% confidence intervals (CI) with two-sided P-values.
There were considered to be statistically significant when
P-values <0.05. I” test was used to evaluate heterogeneity.
The heterogeneity was considered to be substantial and
the random effect model was used when I>>50%, while
the fixed effect model was used when I><50%. If there
were more than ten studies assessed one endpoint, we
examined the publication bias and explored sources of
heterogeneity by funnel plot [16, 17].
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Results

Features of the studies included and retrieved data
According to PRISMA guidelines, 478 studies were
enrolled. We then eliminated a portion of the articles by
screening the abstracts, and identified the final articles
for inclusion by reading the full text. Finally, 12 studies
[9, 18-28] (13 trial comparisons) were included which
contained 1771 patients as shown in Fig. 1. 887 patients
(50.1%) were randomized to EOF group whereas 884
patients (49.9%) were randomized to delay oral feed-
ing group. All included studies were RCTs. The basic
characteristics of the included studies were described
in Table 1.
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Fig. 1 Flow diagram of included studies selection
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Table 2 Assessment of methodological quality of included studies
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Study Bias arising from Bias due to Bias due Bias in Bias in selection of Overall bias

the randomisation  deviations to missing measurement of  the reported result

process from intended outcome data the outcome

interventions

Suresh et al. Low Low Low Low Low Low
Hirao et al. Some concerns Low Low Low Low Some concerns
Lassen etal. Low Low Low Low Low Low
Hur et al. Low Low Low Low Low Low
Mi et al. Low Low Low Low Low Low
Peng etal. Low Low Low Low Low Low
Mahmoodzadeh etal. Low Low Low Low Low Low
Sun etal. Low Low Low Low Low Low
Shimizu et al. Low Low Low Low Low Low
Gaoetal. Low Low Low Low Low Low
Berkelmans et al. Low Low Low Low Low Low
Masood et al. Low Low Low Low Low Low
Assessment of quality of the studies Safety endpoint

Two authors evaluated the quality of the retrieved stud-
ies by The Cochrane Risk of Bias criteria [15]. 12 studies
[9, 18-28] described random sequence generation and
allocation concealment. None of the studies described
other biases. The included studies were all RCTs. The
literature quality score was shown in Table 2.

Endpoints

Length of stay (LOS)

Four studies [19-22] (4 trial comparisons) reported LOS.
Compared to the control group, the LOS in the EOF
group was significantly shorter with statistical differences
[WMD = —1.30, 95% CI —1.79 to —0.80, >*=0.0%] as
showed in Fig. 2. The fixed effect model was applied.

Time of first exhaust

Four studies [20-22, 26] (4 trial comparisons) reported
time of first exhaust. Compared to the control group,
time of first exhaust in the EOF group was significantly
shorter with statistical differences [WMD = —0.39, 95%
CI —0.58 to —0.20, [*=62.1%] as showed in Fig. 3. The
random effect model was applied. And we performed a
subgroup analysis by type of surgery. The results of the
subsequent subgroup analysis showed that compared
to patients undergoing other type of surgery (such as
bilioenteric anastomosis) [RR=—0.26, 95% CI —0.42 to
—0.10], the effect in those patients undergoing gastrec-
tomy was more significant [RR=—0.48, 95% CI —0.77 to
—0.19] as shown in Fig. 4.

EOF could reduce the risk of pneumonia compared with
delay oral feeding (8.4% vs 11.5%) (RR: 0.74, 95% CI 0.55
to 0.99, I>=0.0%) (Fig. 5). And there was no significant
difference between EOF group and delay oral feeding
group in the risk of anastomotic leak (RR: 0.91, 95% CI
0.60 to 1.38, I*=0.0%), anastomotic bleeding (RR: 1.47,
95% CI 0.53 to 4.03, I>=0.0%), abdominal abscess(RR:
0.54, 95% CI 0.27 to 1.07, 2=0.0%), reoperation (RR:
0.81, 95% CI 0.53 to 1.26, >=0.0%), readmission (RR:
1.08, 95% CI 0.72 to 1.61, 1*=0.0%) and mortality(RR:
0.71, 95% CI 0.36 to 1.39, I*>=0.0%) as shown in Figs. 6,
7,8,9,10, 11.

Sensitivity analysis and publication bias

The funnel plot shows a low probability of publication
bias for the included studies, as shown in Figs. 12, 13. The
results of the sensitivity analysis are shown in Fig. 14.

Discussion

ERAS promotes global evidence-based treatment in
perioperative period [29]. It was first described and per-
formed in patients after elective colorectal surgery in
European countries [30], and now it gradually extends
to any type of surgery, including some major upper gas-
trointestinal surgery [31]. The program aims to reduce
injury caused by surgery, support the recovery of intes-
tinal function and promote early activity of patients
[32]. It has adopted a variety of strategies in the postop-
erative process, such as avoiding nasotracheal intubation,
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epidural analgesia, early exercise and early oral nutrition,
most of which show obvious effects. Among them, early
oral feeding is different from the traditional oral feeding.
EOF program recommends to begin to oral fluid food
within postoperative day 1, and gradually transition to

semi-fluid and solid diet [33]. The traditional treatment is
“nil by mouth” until intestinal function recovers naturally.
It is due to fear of postoperative complications, such as
anastomotic fistula and aspiration pneumonia [34].
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Nowadays, there are only a few meta-analyses to study
the efficacy and safety of EOF in patients after upper
gastrointestinal surgery. Zhang et al. [12] assessed the
effect of EOF on the incidence of anastomotic leakage
after esophagectomy through a meta-analysis. And they

found that EOF did not increase anastomotic leakage
rate. However, due to significant heterogeneity, bias and
small samples, the results are unreliable. Another study
by Liu et al. [11] made a meta-analysis based on RCTs
to evaluate the feasibility of EOF after gastrectomy for
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Fig. 9 Forest plot of the accidence of reoperation in EOF group and the DOF group. RR risk ratio, EOF early oral feeding, DOF delay oral feeding

gastric cancer. And they suggested that EOF after gas-
tric cancer surgery seems to be feasible and safe regard-
less of the scope and type of gastrectomy. However,
only patients from China and Korea were included,
which is not representative of a broad population. Li
et al. [35] evaluate the effect of EOF on anastomotic
leakage rate after esophagectomy. They concluded that

anastomotic leakage in open esophagectomy is related
to the timing of oral feeding, and delayed oral feeding
is beneficial to reduce anastomotic leakage. However,
there was no significant difference in anastomotic leak-
age between EOF and delayed oral feeding in patients
with minimally invasive esophagectomy. This conclu-
sion is contrary to the most meta-analyses. It may be
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that most of the included studies in the meta-analysis
are retrospective studies with low quality, which may
lead to low credibility of the conclusion. Willcutts
et al. [13] also conducted a meta-analysis to compare
the effect of EOF on clinical outcome after upper gas-
trointestinal surgery. They concluded that compared
with conventional feeding, postoperative EOF was not

associated with an increase in clinically relevant com-
plications and was associated with a shorter length of
hospital stay. There was inherent clinical heterogene-
ity in their meta-analysis because studies on multiple
types of upper gastrointestinal surgery (gastrectomy,
esophagectomy, hepatobiliary, and others) were pooled
together.



Deng et al. Cancer Cell International (2022) 22:167

Funnel plot with pseudo 95% confidence limits
o 4
/N
/ \
// L] \\
/ 1e AN
/ \
w0 | // \\
/ L[] \
—~ / \
14 / \
ﬂé, // \\
2 / \
[73 / \
o _ | ’ \
/ \
/ \
/ \
/ \
/ \
/ \
/ \
L] // \\
-~ ’ : \
/ - . \
4 -2 0 2 4
logrr
Fig. 12 Funnel plot of pneumonia in EOF group and DOF group. RR
risk ratio, EOF early oral feeding, DOF delay oral feeding

Funnel plot with pseudo 95% confidence limits
o
/N
’ N\
iy \
/ Ay
/ s
// e |* \\

w // \\
— // . \\
4 / . \
Dé // \\
o / \
7] / \
@ _ / lo \

/ \
i N\
& Ay
// 4 \\
’ A}
/ \
/ g A\
v ’ N
- ¥ A
/ 'Y . AY
4 2 0 2 4
logrr
Fig. 13 Funnel plot of anastomotic leak in EOF group and DOF
group. RR risk ratio, EOF early oral feeding, DOF delay oral feeding

Our meta-analysis evaluated the efficacy and safety of
EOF in patients after upper gastrointestinal surgery. The
results showed that compared with the traditional oral
feeding group, EOF after upper gastrointestinal surgery
significantly shorten the LOS and time of first exhaust.
EOF also reduced the risk of pneumonia (RR: 0.74, 95%
CI 0.55 to 0.99, I’=0.0%). And there is no significant
difference in the risk of anastomotic leak, anastomotic
bleeding, abdominal abscess, reoperation, readmission
and mortality.

There is a large heterogeneity in the endpoint of the
time of first exhaust (I>=62.1%). Through sensitiv-
ity analysis, we found that the heterogeneity mainly
comes from the study of Hur et al. [20] We consider
that this may be because the sample size of Hur’s study
is small (n=54). And the average age of the Hur’s study
is unknown. We know that there are great differences
in the tolerance of patients of different ages to surgery.
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Young people have significantly better tolerance than the
elderly. Besides, these studies are conducted in different
countries that the standard surgical practice may varies.
Hur’s study [20] is from Korea and the other three stud-
ies are from China, which may lead to methodological
heterogeneity.

The potential clinical implications of this meta-analy-
sis are as follows: (1) this is an updated meta-analysis to
evaluate the efficacy and safety of EOF in patients after
upper gastrointestinal surgery. Compared to previous
studies, we included 12 RCTs that contained a large
sample size of 1771 participants; (2) Sensitivity analy-
ses and subgroup analyses were conducted to decom-
pose heterogeneity and explore the influence of sample
size on the overall effect; (3) All the included studies
were RCTs and the literature was of high quality; (4)
Compared with previous studies, literature from differ-
ent regions was included in this study, such as China,
Japan, India, Norway, Iran, Netherlands, Sweden and
USA, which was widely representative; (5) The hetero-
geneity of this meta-analysis is low and the conclusions
are more reliable; (6) Only 2 of the studies [18, 28] had
sample sizes less than 50; and (7) EOF not only did not
increase the risk of pneumonia, but can significantly
reduce the risk of pneumonia, which is different from
the conclusion of previous studies. And it might be
another potential benefit of EOF in upper gastrointes-
tinal surgery, which needs to be further confirmed by
higher quality RCTs.

The limitations of our study are as follows: (1) the types
of surgery were mostly esophagectomy and gastrectomy.
Other types of surgery accounted for a lower proportion;
(2) Most of the EOF groups in the RCTs started the oral
feeding within POD 1, but there was a large variation in
when the control group started oral feeding. It leads to
methodological heterogeneity; (3) Several baseline char-
acteristics (diabetes, coronary heart disease, hyperten-
sion and neoplasm staging) were not considered which
may lead to mixed bias; (4) Most of included RCTs didn’t
describe the blinding method used, which may lead to
confounding bias; and (5) The endpoint of LOS in half of
the included studies had only the mean but no standard
deviation, which made it impossible to use these data to
calculate the effect size.

In summary, our meta-analysis has demonstrated that
compared with the traditional oral feeding group, EOF
could significantly shorten the LOS and time of first
exhaust after upper gastrointestinal surgery. EOF also
reduced the risk of pneumonia. There is no significant
difference in the risk of other complications.

Future postoperative strategies for EOF in upper gas-
trointestinal surgery require safer and more effective
multidisciplinary collaboration under better uniform
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standards and extraction of more large, high-quality sam-
ples for evidence-based analysis.
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